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FUNCTIONAL INDEX II 
High Speed Microprogrammable Registered ALUs 

Part 
Description Number 

4-Bit Slice, 16 Registers Am2901B 

Higher Speed 4-Bit Slice, 16 Registers Am2901C 

Speed Selected Version of 2901C Am2901C-l 

Expanded Function 4-Bit Slice, 16 Registers Am2903 

Higher Speed Version of Am2903 Am2903A 

Enh~ncement of Am2903A, Including BCD Arithmetic Am29203 

16-Bit Microprocessor Optimized for High Speed Control Am29116 

Multiport, Pipelined Processor, 8-Bit Slice Am29501 

ALU Auxiliary Circuits 

Part 
Description Number 

Carry Lookahead Am2902A 

Status and Shift Control Unit for 2901, 2903, 29203 Am2904 

Register File Extensions for ALUs 

Part 
Description Number 

16-Word by 4-Bit Two-Port Register File, for 2903 Am297Q5 

Higher Speed Version of 29705, for 2903A A,m29705A 

16-Word by 4-Bit Two-Port Register File, for 29203 Am29707 

Multipliers 

Part 
Description Number 

16 x 16 Parallel Multiplier, with Accumulator Am29510 

Higher Sp~ Version of Am2951 0 Am29510A 

65ns, 16 x 16 Parallel Multiplier with Registers Am29516 

Speed Selected Version of Am29516 Am29516-1 

Fastest Version of Am29516 Am29516A 

Low-Power Version of Am29516, <.100ns Am29L516 

Faster Version of Low-Power 29L516 Am29L516A 

65ns, Single-Clock 16 x 16 Parallel Multiplier with Registers Am295'17 

Speed Selected Version of Am29517 Am29517-1 

Fastest Version of Am29517 Am29517A 

Low-Power Version of Am29517, <lOOns Am29L517 

Faster Version of Low-Power 29L517 Am29L517A 

6-Bit'Seriai/Paraliei Multiplier Am25LS14A 

8 x 8 Parallel Multiplier, with Latchable Outputs Am25S557 

B x 8 Parallel Multiplier Am25S558 

03785A-MPL 
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FUNCTIONAL INDEX (Cont.) 

Microprogram Sequencers 

Part 
Description Number 

4~BilSequencer Slice Am2909A 

12-8R Single-Chip Sequencer, lor up to 4K Microwords Am291 0 

Speed Selected Version 01 Am291 0 Am291 0-1 

Fastest (IMOX) Version 01 Am291 0, Plus Deeper Stack Am2910A 

4-Bit Sequencer Slice, Compact Version 01 Am2909A Am2911A 

4-Bit Program Control Slice Am2930 

4-Bit Program Control Slice, Compact Version 012930 Am2932 

Interruptible Sequencer, 31-Deep Stack, 8-Bit Slice Am29112 

16-Way Branch Control Unit, lor 2909A and 2911A Am29B03A 

Next Address Control Unit, lor 2909A and 2911A Am29811A 

Clocks 

Part 
Description Number 

Single-Chip Clock, MiCroprogrammable Cycle Lengths Am2925 

Interrupt Control 

Part 
Description Number 

Vectored Priority Interrupt Controller, Expandable , Am2914 

Priority Interrupt Expander Am2913 

Direct Memory Access 

Part 
Description Number 

8-Bit DMA Slice, Microprogrammable Am2940 

6-Bit DMA Slice, Compact Version 01 Am2940 Am2942 

I/O Ports 

. Part 
Description Number 

8-Bit BidirectionalI/O Port with Handshake Am2950 

High Speed (IMOX) Version 01 Am2950 Am2950A 

8-Bit BidirectionalI/O Port with Handshake, Inverting Arn2951 

High Speed (IMOX) version 01 Am2951 Am2951A 

. 8-Bit BidirectionalI/O PorI, 24-Pin Slim Package Am2952 

High Speed (IMOX) Version 01 Am2952 Am2952A 

8-Bit BidirectionalI/O Port, 24-Pin Slim, Inverting Am2953 

High Speed (IMOX) Version 01 Am2953 Am2953A 

8-Bit Bidirectional I/O Port, for 29116 Am29118 
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Dynamic Memory Support Circuits 

FUNCTIONAL INDEX (Cont.) II 
Part 

Description Number 

Error Detection and Correction Unit, 16 Bits, Expandable Am2960 

Spe\d Selected Version 01 Am2960 Am2960·1 , 
Fastest (lMOX) Vel:llion 01 Am2960 Am2960A 

Multiple Bus Buffer lor Am2960, Inverting Am2961 

Multiple Bus Buffer lor Am2960, Noninverting Am2962 

Dynamic Memory Controller, 64K DRAMs, up to 256K Words Am2964B 

Octal Dynamic Memory Drivers, Three·Slate, Inverting Am2965 

Octal Dynamic Memory Drivers, Three-State, Noninverting Am2966 

Dynamic MemoryController, 256K DRAMs, up to 1 Megaword Am2968 

Memory System Timing Controller, Including EDC Am2969 

Memory System Timing Controller Am2970 

Timing, Refresh, and EDC Controller lor MOS MPUs Am8163 

Timing, Refresh, and EDC Controller lor MOS MPUs Am8167 

Array Processing and Digital Signal Processing 

Part 
Description Number 

Multiport, Pipeiined Processor, 8-Bit Slice Am29501 

Multilevel Pipeline Registers, 8-Bit Am29520 

Multilevel Pipeline Registers, 8-Bit Am29521 

Sine Generator Am29526 

Sine Generator Am29527 

Cosine Generator Am29528 

Cosine Generator Am29529 

FFT Address Sequencer Am29540 

Diagnostics 

Part 
Description Number 

Error Det8ction and Correction Unit, 16 Bila, Expandable Am2960 

Speed Selected Version 01 Am2960 Am2960-1 

Fastest (IMOX) Version 01 Am2960 Am2960A 

Diagnostics Register, 8 Bits Am29818 

Pipeline Registers 

Part 
Description Number 

Diagnostics Register. 8 Bits Am29818 

Multiievel Pipeline Register, 8 Bits Am29520 

Multilevel Pipeline Register, 8 Bits Arri29521 
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FUNCTIONAL INQEX (Cont.) 

MSI Logic 

Part 
Description Number 

One-of-Eight Decoder, Three-State, Polarity Control Am2921 

8-lnput Multiplexer with Control Register Am2922 

8-lnput Multiplexer Am2923 '" 

Three-to-Eight Decoder/Demultiplexer Am2924 

6-Bit Comparator Am29806 

9-Bit Comparator Am29809 

4-Bit Shifter, Three-Stat~ Outputs Am25S10 

8-Bit SeriaVParaliel MuHiplier Am25LS14A 

4-Bit SeriaVParaliel Adder/Subtractor Am25LS15 

8-Bit SeriaVParaliel Register, Sign-Extend Am25LS22 

~Bit Shift Register, Synchronous Clear Am25LS23 

Eigrt-to-Three Line Priority Encoder, Three-State Am25LS2513 

4-Bit ALU/Function Generator Am25LS2517 

8-Bit Comparator Am25LS2521 

Fastest (IMOX) Version of 25LS2521 Al:Q25LS2521A --
8-Bit Decoder with Control Storage Am25LS2536 

One-of-Ten Decoder, Three-State Am25LS2537 

, Dual l-of-4 Decoder, Three-State Am25LS2539 

Chip Select Address Decoder Am25LS2548 -
BCD Decad.e Up/Down Counter,Three-State Am25LS2568 

4-Bit Up/Down Counter, Three-State Am25LS2569 
,. 

Data Communications 

Part 
Descr~ption Number 

Dual Party-Line Transceivers, Serial Am26LS27 

Dual Party-Line Transceivers, Pa~allel Am26LS28 

Quad Driver RS423, Three-State Am26LS29 

Quad Driver RS4221423 Am26LS30 

Quad Driver RS422, High-Speed Am26LS31 

Quad Differential Line Receivers Am26LS32 

Quad Differential Line Receiver RS4221423 Am26LS32B '. 

Quad Differential Line Receiver, High Common Mode Am26LS33 



FUNCTIONAL INDEX (Cont.) II 
Description 4 Bits 8 Bits 9 Bits 10 Bits 

Bus Drivers 2912 2958 29827 
2959 29828 
2965 
2966 

Bus Trlinsceivers (Bidirectional) 2926 2946 29833 29861 
2929 2947 29834 29862 
26810 2948 29863 
26811 2949 29864 
26812A 29853 

29854 

Registered Bus Drivers and Latched Receivers 2905 
2906 
2907 
2908 
2915A 
2916A 
2917A 
2927 
2928 

Latches 2956 29843 29641 
2957 29844 29642 
29645 
29646 

Registers 2918 2920 29823 29821 
29L818 2954 29824 29822 
2919 2955 

29825 
29826 
8120 

Multilev.el Pipeline Registers 29520 
29521 

Diagnostics Register 29818 

Bidirectional, Double-Registered Bus Transceivers 29501A 
2951/A 
2952/A 
2953/A 
29118 
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Bipolar Technologies 
Advanced Micro Devices emphasizes Research and Develop
ment expenditures for developing the most advanced 
technologies for Bipolar' processing, Circuit design, and Very 
Large Scale Integration (VLSI). 

Today; A<;Ilianced Micro Devices' bipolar products combine 
ECL-internal circuitry, the super high performance IMOXT. 
process, and VLSI integration to offer the system designer the 
most compact high performance integrated circuits. This, plus 
AM D's systems solution approach to design problems, makes 
the Am2900 Family the best choice for fastest applications. 

IMOX 

First introduced in 1980, IMOX is the name of Advanced Micro 
Devices' proprietary bipolar process. IMOX is an acronym 
which means: 1) Ion-IMplantation of dopants for tighter 
parameter control and lower power consumption; and, 
2) OXide-isolation of transistor structures which results in fas
ter transistor switching and tighter packing. Older, LS-type pro
cesses used diffused isolation for isolating transistor structures; 
this had the disadvantage of a large die area and high parasitic 
capacitance. 

AMD is also applying IMOX to bring out higher-speed versions 
of earlier Am2900 devices. Figure 1 shows the evolution of the 
Ari12901 Four'bit Microprocessor Slice. First introduced in 1975, 
the Am2901 l:1as been repeatedly redesigned and is now avail
able in the IMOX Am2901C version, which is less than half the 
size and more than twice the speed of the original Am2901 -
and costs less. The current generation IMOX process has an 8 
micron pitch (pitch equals the total of the width of metal lines 

plus the spacings between metal lines). In 1983, AMD is bring, 
ing into full scale production a completely new Fabrication 2 
Facility in San Antonio, Texas which will feature the state-of-
the-art in process and masking equipment, and allow products 
which feature the IMOX process but with a pitch of only 4 mic-
rons, by late 1983. This version of IMOX is termed IMOX-S2. 
The 50% reduction in metal pitch will dramatically increase the 
level of integration of new products and also provides >30% 
increase in device speed. 

Eel-INTERNAL CIRCUITRY 

All Am2900 devices today are TTL-compatible on inputs and 
outputs and use standard +5V and ground for supply voltages. 
TTL is a good interface standard for systems design today, but 
TTL gates are slow, and ECL gates are much faster. To offer 
TTL-compatibility but near-ECL speeds to our customers, 
AMD has adopted a circuit design approach which features all 
ECL-circuitry for the internal circuitry of all LSI and VLSI 
devices (see Figure 2). 

This approach, ECL-internal circuitry, provides near-ECL 
speeds to TTL-I/O designers. Of course the ECL gate struc
tures inside the device are completely transparent to system 
designers because of the 100% adherence to TTL standards 
for I/O specs. Also, these chips only require +5V and ground 
because internal gates are not the same type of ECL gates as 
those used with 10K or lOOK logic. The final point to note is 
that ECL has a reputation for being very power intensive. While 
the Am2900 Family are not low-power devices, they do signifi
cantly reduce the total power usage in a high performance 

Figu,", 1. Bipolar Speed/Density Improvements 
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Bipolar Technologies 

,systems design because of the large number of SSI/MSI de
vices they replace. These Eel gates are not run' at the very 
high power levels of traditional ECl circuits. 

Using internal ECl with TTL-I/O does involve paying a transla
tion speed penalty at the inputs and outputs of the device, but 
because these devices are LSI and VlSI with many levels of 
internal gating between input and output, the translation pen
alty is more than compensated for by the extra performance 
gained by the multiple layers of high speed ECl gates. Figure 
3 shows. an approximate comparison of the IMOX-with
internal'ECl approach to other process/circuit offerings avail
able to designers utilizing, high speed. TTL-compatible ICs. 
IMOX offers an excellent combination of high speed and rela
tivelylow power. The speed comes not only from the IMOX 
process but also from the \lse of ECl gates lor internal cir
cuitry. The FAST and AS/AlS Families are populated primarily 
with MSI devices where ECl-internal gating is not feasible due 
to the few layers of internal gating relative' to the TTL/ECl 

Figure 2; Am2900 Circuit Design for Maximum Speed 
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translation delay penalty. Note also that Am2900/iMOX devices 
use an order of magnitude less power per gate than traditional 
ECl 10K and 100K devices. 

BIPO,LAR VLSI 

Advanced Micro Oevices is the leader in high integration, high 
performance integrated circuits. Our largest device,to date, the 
Am29116, is a 2500-gate device measuring 68,000 square mils 
in area, and currently in development are devices of four times 
that complexity using our new IMOX-S2 process. AMO's em
phasiS on Very Large Scale Integration bipolar is best illus-
trated in Figure 4 below. . 

Figure 4 demonstrates AMD's commitment and leadership in 
large scale integration bipolar since the introduction of the 

, original Am2901 in 1975. Another graphic demonstration of the 
growing complexity of bur devices' is the relative die 'sizes 
of successively complex arithmetic processors, as shown in 
Figure 5. 

Figure 3. 
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Am2900 Components Continuously 
Become Faster and Faster 

MORE SPEED: NO MORE POWE~ 

There's a good old tried and proven way to make faster IC's -
burn more power. (That's the only real·difference between "lS" 
and "S" devices). But that solution isn't satisfactory for lSI de
vices like the Am2900 Family. Power is constrained to existing 
levels for reliability reasons. 

Am2900parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types and 
operating environment of the part. To increase speeds, new 
technologies must be used to build faster compon~nts at no 
increase in power. 

NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER 
GATES 

bne way to make faster components is to use new circuit de
sign techniques. The ",ost obvious is internal ECl, which pro
vides very fast gates at similar power levels to lS TTL. The 
Am29116 reaches microcycle times of lOOns through the use of 
internal ECl. Other design techniques, such as low-level logic 
(with very small logic swings on-Chip), can also provide higher 
speeds without introducing the time penalty of ECl to TTL 
conversion. 

Finally, very low power gates used in non-critical speed paths 
make more power available for use in critical speed paths. As 
the 2900 Family develops, all these technologies will be used 
within a single component to achieve the highest speeds with
out increasing power. The Am2903A is one of the first products 
to take. advantage 01 this mixed circuit technology. 

IMPROVED PROCESS CONTROL ALLOWS TIGHTER 
SPECS . 

Today's 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters be
fore an AC specification is published: As manufacturing 

Figure 1. Price/Performance Improvements 
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technology improves, the process is subject to smaller run-to
run variations, so that all of the product is closer to design 
nominal. This makes it possible 'to specify parameters more 
closely to typical without incurring large yield losses. The first 
product reflecting this is the Am2903. 

WHAT'S GOOD FOR THE GOOSE IS GOOD FOR THE 
GANDER 

Many new tools in production technology are emerging, primar
ily spurred by the emphasis on high-speed MOS memories. 
The same tools, such as projection masking, also provide for 
smaller geometries in bipolar circuits. As MOS gets faster, so 
does bipolar. The Am2901C obtains its speed improvement 
over the Am2901B through these tools. 

PROCESS TECHNOLOGY TAKES A QUANTUM LEAP 

Current generation lSI/vlSI bipolar devices call for state-of
the-art processing technologies. IMOX'· ion-implanted 
micro-oxide technology gives the Am2901C its performance 
improvement over the Am2901B. IMOX also generates incredi
ble packing densities - the Am29116 has 2500 gates on a 
single bipolar chip! 

DESIGN FOR THE FUTURE 

Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part type 
will continuously become faster. The results are easy to ob
serve - increases in performance at no additional cost (see 
Figure 1). 

Most existing 2900 designs can be offered in higher perfor
mance versions simply by substitution of the 2901C' for the 
2901B, the 2909A for the 2909, the 2903A for the 2903, and so 
forth. Your 2900 design won't run out of speed in a few years. 
Advanced Micro Devices' 2900 Family will serve tomorrow's 
needs as well as today's. 

Figure 2_ Bipolar Speed/Density linprovements 
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THREE GENERATIONS OFrT'L 
Transistor-transistor logic has been the dominant technology 
for digitai circuits since it was developed in the mid-1960's. 
It has proven itself to be manufacturable in high volume using 
an extremely reliable process technology. The processes used 
for TTL have eVQlved over the years, making components 
small~r, faster' and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate 'on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 

The circuits built using TTL technology have gone, through 
two generations; the Am2900 Family represents the beginning 
of the third. Each generation consists of circuits which lire 
.fundamental building blocks of systems - circuits which can 
be interconnected in many different ways to' build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the 
rapid cost reductions characteristic of the integrated circuit 
industry. 

The quality which distinguishes one generation from another 
is the level of integration IJsed, and, because of the level of 
integration, the philosophy behind the circuit.' ' 

If one draws a corve plot~ing the cost of an individual gate 
against the number of gates on a chip, Figure 1 results. 

LABOR 

'<:J 
l 

SILICON 
INTENSIVE 

GATES/CHIP 

Figure 1. MPR-OOl 

At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enolJgh that 
it does not represent a significant portion of the cost of the 
product - it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of processing 
an order, shipping'and fixed overhead. Doubling the number of 
gates on the chip'doesn't materially affect the cost so the cost, 
per gate halves. As the number o~ gates per chip increases, the 
die b~git;l,s to cost more, reverSing the dOwnw/ird trend. As die 
cosf'dorriinates, the Cost per gate remains 'relatively flat until 
the yield of the die begins to decline markedly. The cost per 
gate then begins to rise again; The lowest cost per gate is 
achieved at ale)lel of integration corresponding to the flat 
region. This is the optimum level of integration. 

As technology improves, costs are constantly reduced a~d the 
optimum level of integration occurs at more and more gates 
per cliip. ' 

The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 

w 
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Figure 2; MPR·002 

GENERATION 1- SSI, 1965 
In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates - the 7400, 741,0, .,7420 ~ and, pressing the 
state of the art, S()me flip-flops. They wtlre fundamental 
building blocks. 

GENERATION II - MSI, 1970 

Beginning around 1968, it became economical to put more 
gates on a chip and the industry was faced with 'a problem: 
How does one put 20 gates on a Chip and build a,universal 
building block? Clearly, one answer was, 10 bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer' was to' redefine, funda

, mental building blocks. The neW building blocks full into seven 
categories: 

• Counters 
• Decoders 
• Multiplexers 
• Operators (adders, comparatorsl 
• Encoders 
• Registers 
'. Latches 

All systems could be defined in terms of these seven functions, 
and integrated circuits could be defined at the 20-50 gate/ 
chip level which performed these functions efficiently. This, 
of course, is MSI. Over the last six or seven years, more and 
more circuits of this type have been introduced, utilizing 
standard gold-doped technology, low-power TTL, high-speed 
TTL, Schottky TTL, and now low-power Schottky TTL ' 
technology. Today, there are over 250 different MSI circuits 
and new ones appear every month. But in today's technology, 
many ,of these circuits are not particularly cost effective. They 
are too small for today's technology and their ~osts are laoor 
intensive. (Labor costs do not follow traditional semiconductor 
pricing patterns.l In 1977, the optimum level of integration 
for bipolar logic 'was around 500 'gates chip. 

GENERATION 111- The Am2900 Family, 1976 

At a500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system function$ was needed. Advanced 
Micro Devices has defined these eight categories: 



• Data Manipulation 
• Microprogram Control 
• Macroprogram Control 
• Priority I nter~upt 
• Direct Memory Access 
• I/O Control 
• Memory Control 
• Front Panel Control 

The Am2900 Family includes circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; 
they are fast - utilizing Low-Power Schottky TTL techno-
10gV and AMD's proprietary IMOX™ technology; they are 
expandable; they are flexible - useful in emulation; and 
they are driven under microprogram control. 

IMOX AND EeL - THE NEXT STEP 

'Ever increasing device complexity placed greater and 
greater demands on existing process technologies. Ad
vanced Micro Devices responded to this challenge by 
introducing its revolutionary IMOX ion-implanted micro
oxide technology in 1980. Oxide isolation generated 
faster transistor switching and tighter packaging. lon
implantation meant tighter parameter control and lower 
power consumption. The bottom line - an unequalled 
combination of speed and density culminating in the 
Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shows this climb in gate density. 
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Figure 3. Am2900 Bipolar LSI/VLSI 

Future refinements of IMOX and new device techno
logies will keep AMD on the leading edge in bipolar LSI! 
VLSI. Designed to take advantage of these improvements 
in process technology, a new family of microprogram

,mabie 32-bit controller' products will set the pace for 
bipolar VLSI in the mid-1980s. 

THE Am2900 FAMILY 

The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and con
trollers. Each deVice is designed to be expandable and suffi
ciently flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures pos
sible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am8086. 

While an Am8086 can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 
or 40 or more. The Am8086 design will, therefore, almost al
ways be cheaper. But the Am8086, or any other fixed' 
instruction processor, can execute only one instruction set, so 
itis not really suitable for emulation of another machine. 

Moreover, a fixed·instruction processor operates only on 
words of a single length, usually eight bits. An Am2900 design, 
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on the other ha(ld; can be constructed for any word ,length 
which is a multiple ?f four bits. 

Many applications require specialized operations to be per
formed at relatively high speed. Such functions as multiply 
and divide and speCial graphic control operations, can be done 
in microcode 10-100 times faster than in fixed-instruction 
MOS processors. 

MICROPROGRAMMED ARCHITECTURE 

Most small processors today are being designed using a tech
nique called microprogramming. In microprogrammed systems, 
a large portion of the system's control is performed by a read 
only memory (usually PROM) rather than large arrays of gates 
and flip-flops. This technique frequently reduces the package 
count in the controller and provides a highly ordered structure 
in the controller; not present when random logic is used. 
Moreover, microprogramming makes changes in the machines' 
instruction set very simple to perform - reducing the post· 
production engineering costs for the system substantially. 

The Am2900 Family of Bipolar LSI devices has been designed 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of control lines 
from a' microinstruction. 

Figure 4 illustrates a typical system architecture. 'There are 
two "sides" to the system. At the left is the control circuitry 
and on the right is the data manipulation circuitry. The block 
labeled "2901 C array" consists of the ALU, scratchpad re
gisters, data steering logic (all internal to the Am2901 Cs), 
plus left/right shift control and carry lookat)ead circuit. Data is 
processed by moving it from main memory (not shown) into 
the 2901 C registers, performing the required operations on it 
and returning the result to main memory. Memory addresses 
may also be generated in the 2901 Cs and sent out to the 
memory address register (MAR). The'four status bits from the 
2901Cs ALU are captured in the status register after each 
operation. 

The logic on the left side is the control section of the compu
ter. This is where the Am2909A, 2910A, or 2911 A is used . 
The entire system is controlled by a memory, usually PROM, 
which contains long Words called microinstructions. Each mi
croinstruction contains bits to control each of the data man
ipulation elements in the system. There are, for example, nine 
bits for the 2901 C instruction lines, eight bits for the A and B 
register addresses, two or three bits to control the shifting 
multiplexers at the ends of the 2901C array (see Figure 19, 
2901C data sheet), and bits to control the register enables 
on the MAR, instruction register, and various bus trans
ceivers. When the bits in a microinstruction are applied to 
all the data elements and everything is clocked, then one 
small operation (such as a data transfer or a register-to
register add) will occur. 

A "machine instruction" (such as a minicomputer instruction 
or an 8086 instruction) is performed by' executing several 
microinstructions in sequence. Each microinstruction therefore 
contains not only bits to control the data hardware, but also 
bits to define the location in PROM of the next microinstruc
tion ,to be executed. The fields are labeled in Figure'4 as I; ce, 
and BA. The I field controls the sequencer. It indicates where 
the next address, is located - the J,lPC, the stack, or the direct 
inputs- and whether the stack is to be pushed or, popped. 

The ce field contains bits indicating the conditions under 
which the I field applies. These are compared with the condi
tion codes in the status register and may cause modification to ' 
the I, field. The comparing and modification occurs in the 

I 
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block labeled "control logic". Frequently this is a PROM or PLA. 
In the case ofthe Am2910, it is built into the chip. The SA field 
is a branch address or the address of a subroutine. 

PIPEL.INING 

The address for the microinstructions is generated by. the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the micro
instructionis at the ROM outputs. 

A pipeline register is a register placed on the output of the 
microprogram memory to eSl;E!ntiaily split the system in two. 
The pipeline registllr contains the microinstruction currently 
being executed (D. (Refer to the circled numbers in Figure 4.) 
The data manipulation control- bits go out to the system 

elementsand.a portion of the microinstruction is returned to 
the sequencer @ to determine the address of the next micro
instruction to be executed. That address @ is sent to the ROM 
and the next microinstruction @) sits at the input of the 
pipeline register. So while the 2901Cs are executing one in
struction, the next instruction is being fetched from ROM. Note 
that there is no sequential logic in the sequencer between the 
select lines and the output. This is important because the loop 
(D to @ to @ to @ must occur during a single clock cycle. 
During the same time, the loop from CD to @ must occur in 
the 2901Cs. These two paths are roughly the same (around 
200ns worst case fora l6-bit system), The presence of the 

'pipeline register allows the. microinstruction fetch to occur 
in parallel with the data operation rather than serially, allowing 
the clock frequency to be doubled. 
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The system shown in Figure 4 works as follows. A sequence 
of microinstructions in the PROM is executed to fetch an· 
instruction from main memory. This requ.ires that the program 
counter, often in a 2901C working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 

. or PLA to generate the address of the first microinstruction 
which must be executed to perform the required function; 
A branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations,test.for overflow; and so forth. Then 
a branch·will be.made back to the instruction fetch cycle. At 

. this point, there may be branches to other sections of micro-
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code. For example, the machine might test for an interrupt 
here and obtain an interrupt service routine address from 
another mapping ROM rather than start on the next machine 
instruction. There are obviously r\lany possibilities. Through
out this data book, in application notes, and within data 
sheets, some suggested techniques will be found. 

Additional application notes are in preparation and are planned 
for publication. Advanced Micro Devices' Applications' staff 
is available to answer questions and provide technical assistance 
as well. They may be reached by calling (408) 732-2400, or, 
outside California (800) 538-8450. Ask for Am2900 Family 
Applications. 
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Am29100 High-Performance 
Controller Products 

A BETTER WAY. IS HERE 

A new family of products from Advanced Micro Devices makes 
high-performance controller design a snap. 

MICROPROGRAMMING; BEST FOR COMPUTERS, 
BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for computer 
design, offers lots of advantages in controllers as well. The ease 
with which the functions of a microprogrammed controller can be 
enhanced and modified made the original 2900 Family popular 
for many disk, printer and communications controllers. The 
high-speed operation of these microprogrammed systems 
makes it possible to handle higher data rates from newer 
peripheral devices and to build intelligence into the controller. 

But the original 2900 products are architecturally oriented to
ward computers; with design features optimized for arithmetic 
functions and short sequences of microinstructions. MOS pro
cesso'rs are good choices for many low-speed applications, but 
when the demand for speed and intelligence goes up, they can
not keep pace. Controllers need something better: the 29100 
Family. 

The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They are. 
fast, they are optimized for bit-manipulation, character handling, 
data communication and long, sophisticated microprograms and 
they are designed to work together in a system. 

FAST LIKE YOU'VE NEVER HAD 

The central element of our new high-speed controller family is 
the Am29116 - a 16-bit bipolar microprocessor. It's not a slice -
it's a complete 16-bit processor, with three-input ALU, 32 
scratchpad registers, an accumulator, data latch, barrel shifter, 

priority encoder and status register with conditional code gener
ation logic. But the Am29116 is far more than a very fast number 
cruncher - it's been optimized for controller-oriented applica
tions. It's instruction set has instructions often needed in con
trollers that are not available in any other processor. 

A WHOLE FAMILY OF FAST LSI CONTROLLER PARTS 

There's more to our controller family than just the Am29116. A 
new sequencer, the Am29112, has been expressly designed for 
10MHz microprogram control, with features like real-time inter
rupt servicing and deep subroutining. Rapid internal data trans
fer is handled by the Am2940 DMA Address Generator and by 
the Am2950 handshaking I/O port. The Am9520 Burst Error 
Processor will provide a solution for error correction on disk 
reads. Now, more than ever, the 2900 Family is the better solu
tion for high data rate and highly intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. The 
basic controller consists of the Am29116, a microprogram con
trol unit and a high-speed buffer memory. Each microinstruction 
includes: a) a 16-bi! instruction field to the Am29116, 
b) next-microinstruction selection bits, c) control for the buffer 
memory, d and e) control for the interface circuits and f) possi
bly an 8 or 16-bit data field. 

Interface circuits like the Am2940 and Am2950 are used to pro
vide DMA and to pass data between the controller and the host 
computer. Other circuits are used to interface to the peripheral. 
In this example, a disk interface is shown with a serial-parallel 
converter, a FIFO and a burst error processor. Controllers for 
other peripherals use identical hardware except for the 
peripheral interface itself. 

HIGH-PERFORMANCE INTELLIGENT CONTROLLER 
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The Am29500 Family 
A New High.Performance Architecture 

for Digital Signal/Arra., Processing 

The-new system designs of the '80s will continue to press the 
performance limits of technology. Parallel processing and 
pipelined architectures will become the standard approach. The 
new architectures are best implemented with a chip set thaI has 
been designed from the ground up with high speed array 
processing in mind. 

The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the system end 
objective of maximum performance and flexibility. These include: 

• Microprogrammable, parallel functions 
• Pipe lined organization used throughout 
• IMOX™ process and ECl internal structures 
• TTL 1/0 for easy interfacing 

The first members of the family are targeted fot the efficient 
execution of DSP and array processing algorithms. The most 
common include Infinite Impulse Response (IIR) and Finite Im
pulse Response (FIR) digital filters and Filst Fourier Transform 
(FFT) processors. 

The first major building blocks are designed to support maximum 
performance signal processing applications. 

Included are: 

• Am29501 Multi-Port Pipelined Processor 

A specialized parallel processor which executes multiple 
simultaneous data operations. Its Register/AlU structure pro
vides the key functional element for a high performance signal 
processing system. Eight-bit slice! 

• Am29540 FFT Address Sequencer 
This algorithm-specific VLSI chip generates data and coeffi
cient addresses for the Fast Fourier Transform. It supports a 
wide variety of FFT algorithms' in either radix-2 or radix-4. 

• Am29516129517 High Speed 16 x 16-Bit Parallel Multipliers 
Both are 16 x 16-bit Parallel Multipliers. The Am29516 is pin 
and functionally compatible with the MPY-16HJ, but with an 
added multiplexer to output the LSP at the MSP port. The 
Am29517 is the same function, but with clock enables for 
microprogrammed applications. 

• Am29520/29521 Mllitilevel Pipeline .Registers 

Both devices contain four 8-bit registers for dual two-stage 
(FFT butterfly) or single fow-stage (general purpose) data 
or address pipelining. Combined load-and-shift (Am29520) 
or separate load-and-shift (Am2952f) control opt(ons are 
available. 

• Am29526/29527/29528/29529 High-Speed Sine/Cosine 
Function Generators 

The sine and cosine functions are necessary for Fast Fourier 
Transforms (FFT). The Am295261527 generate the most sig
nificant and least significant byte of the 16-bit sine function 
and the Am29528/529 generate the most significant and least 
significant byte of the 16-bit cosine function. The sine and 
cosine functions are generated to provide a range of IJ for a 
half cycle, 0 .;: (J .;: 11", in increments of 11"12048. All four units 
have a 50ns maximum commercial generation time. 

HIGH PERFORMANCE SIGNAL PROCESSOR 

Am29520/21 
ADDRESS MULTIL~VEL 
CONTROL PIPELINE 

REGISTER 

Am29540 
FFTADDRESS 
GENERATOR 

'\2 
Am29501 . 

MULTI·PORT 
PIPELINED PROCESSOR 

Am2909/10/11 MICROPROGRAM SEQUENCER 
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A high-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices. 
Such a processor is attached as a slave to the main system 
bus to perform the multitude of arithmetic operations which 
prevail in DSP algorithms. 

The Am29500 Family 

The multiply accumulator provides single cycle multiply ac
cumulation or subtraction. The Am29510 is a pin- and 
function-compatible alternate source for the TRW 
TDC1010J. As illustrated with the Am29516/517, the multi
ply accumulator will have a speed improvement over 
existing multiply accumulators .. 

Using this architecture it is possible to implement a radix-
2FFT butterfly in four instruction cycles. This allows a 1024-
point complex FFT to be performed in approximately 2ms. 

• Am295XX to be announced. 

Fast multiplication is the key to high-speed digital-signal pro
cessing and high-speed array processing. In addition to the 
Am29516.and Am29517, Advanced Micro Devices is de
veloping an extensive family of multipliers. The first addition to 
the high-performance multiplier group: 

• Am29510 High-Performance 16 x 16 Bit Multiply 
Accumulator 

- More Multipliers 
A proliferation of the existing multiplier architectures will 
generate a complete family of multipliers and multiplier 
accumulators. 

- Floating Point Processors (FPP) 
A 32-bit FPP capable of performing single-cycle 
double-precision floating-point addition, subtraction, 
and multiplication. The FPP performs the arithmetic op
erations in DEC or IEEE format. Available 1984. 

Am29500 ARRAY PROCESSOR 

HOST COMPUTER 

{} 
INTERFACE 

2ll'Z1/2B/40/42/Sll/51/52/53 .A 
IMAGINARY DATA 

ALGORiTHM #1 10.-

~ ~ Am29540 ADDRESS 
FFT ADDRESS I- rV PIPELINE DATA RAM 

SEQUENCER Am29520f1 Am93422 ~ REAL DAT{~} OR 
.... ~ 7 Am9147 

REAL IMAGINARY 
PROCESSOR PROCESSOR 

Am29501 Am29501 -

~~1 
II> 
:> 

ALGORITHM #2 
1-111 

I-~ ~ ~ 

8 c 

MIO 

~ ----y 16 X 16 
~ 

~ ~ 
SINE/COSINE MULTIPLIER 

ALGORITHM #3 ~ ADDRESS FUNCTION Am29516/7 

ru-v PIPELINE r-v GENERATORS X 
Am29825 Am29626/27 V Am29528/29 

t t 
MICROCODE MEMORY I Am27S35 

MICROPROGRAM CONTROL 1 Am2910/14/25 

MPL-026 
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Am2960-70 M,emory Support Family 
System Overview . 

Memory system designs are increasingly shaped by three re
quirements: 

1. Higher system performance 
2. More memory capacity in less space 
3. Increased reliability 

The Am2960-70 Memory Support Family is a family of LSI 
building blocks which excels in satisfying these three require
ments and provides a complete systems solution for designs 
using 64K or 256K DRAMs. The family members include: 

Am2960 Error Detection and Correction Unit 
Am2961/62 EDC Bus Buffers 
Am2964B Dynamic Memory Controller (64K DRAM Version) 
Am2965/66 Dynamic RAM Drivers 
Am2968 Dynamic Memory Controller (256K DRAM Version) 
Am2969 Timing Controller 
Am2970 Timing Controller 
Am8163/67 System and Timing Controller for MOS MPUs 

These are general purpose products. They will support any 
suppliers' DRAMs and will work with any processor type: 8086, 
80186, 80286, 68000, Z8000, and Am2900 processors. They 
may also be used to support word widths of any size from 8 bits 
to 64 bits. 

Figure 1 shows the system interconnection for a typical memory 
system for 256K DRAMs, and Figure 2 shows the system inter
connection for a typical memory system using 64K DRAMs. In 
both cases, the memory support subsystem interfaces to the 
System Data Bus, Address Bus, and control signals. Also, in 
both cases all, or almost all, of the memory support functions 
are handled by AMD Lsi devices. This simplifies the design of 

. the memory system and, more importantly, allows the board 
space available for DRAMs to be maximized because the LSI 
solution for control and error correction is very compact. 

ERROR DETECTION AND CORRECTION 

It is important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory sys
tems at the same time that the density of the MOS DRAMs is 
growing. With 64K and 2.56K DRAMs, alpha particle sensitivity 
is much greater than that of smaller DRAMs because of the 
reduced size of the memory cells and the smaller stored charge 
of the cell. A Technical Report follows the Am2960 d!)ta sheet in 
this section arid is entitled "Am2960 Boosts Memory Reliability." 
This technical report gives some statistics on soft error rates for 
DRAMs and demonstrates the dramatic increase in memory 
reliability gained from the use of Hamming Code Error Detection 
and Correction schemes, such as .those used by the Am2960 
EDC (Error Detection and Correction) unit. 

Data interface between the dynamic memories, the Am2960 
EDC chip and the system data bus is accomplished by means of 
the Am2961/62 bus buffers. Figure 3 depicts the architecture of 
these devices along with a simplified block diagram of the 
Am2960. The Am2961 is inverting between the system data bus 
and the EDC bus while the Am2962 is noninverting. As shown in 
Figure 3, the Am2961 and Am2962 contain two internal latches, 
a mu~iplexer"and a RAM driver output buffer. 

IMOX is a trademark of Advanced Micro Devices, Inc. 

These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (BI) 
latch is used predominantly in byte WRITE operations, so that 
an incoming byte from the system data bus can be stored while 
the memory is being read, and any necessary correction made 
in the bytes not being changed. The bus-output (BO) latch is 
used predominantly for storing the output data if the processor is 
in the single-step mode. In the single-step mode it is necessary 
to hold the output data on the system data bus, but the memory 
must be released for refresh. 

The Am2960 Error Detection and Correction Unit contains all the 
logic necessary to generate check bits on a 16-bit data field 
according to a modified Hamming code and to correct the data 
word when check bits are supplied. Operating on the data read 
from memory, the Am2960 will correct any single~bit error and 
will detect all double- and some triple-bit errors. For 16-bit 
words, 6 check bits are used. The Am2960 is expandable to 
operate on 32-bit words (7 check bits) and 64-bit words (8 
check bits). In all configurations, the device makes the error syn
drome bits available on separate outputs for data logging. 

The Am'2960 also features two diagnostic modes in which diag
nostic data can be forced into portions of the device to simplify 
device testing arid to execute system diagnostic functions. 

The 16-bit Diagnostic Latch is loadable from the bidirectional 
data lines under control of the Diagnostic Latch Enable, LE 
DIAG. It contains cheCk bit information in one byte and control 
information in the other, and is used for driving the device 'when 
in the Internal Control mode, or for supplying check bits when in 
one of the Diagnostic modes. 

The control logic determines the specific operating mode. Nor
mally the control logic is driven by external control inputs; how
ever, in the Internal Control mode, the control signals are instead 
read from the Diagnostic Latch. • 

The Am2960 is a very fast EDC device, but even faster versions 
will soon be available. A speed selected version, the Am2960-1, 
is described in the Am2960 data sheet, and an IMOXTM version, 
the Am2960A, will be available by early 1984. All speed
improved versions have identical functions and are electrically 
plug-compatible with the current Am2960. 

MEMORY SYSTEM CONTROL AND TIMING 

Two Dynamic Memory Controllers are available for generating 
address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which each 
device ca"n handle up to four banks for a total control capacity of 
256K words. The new Am2968 is designed to work with 256K 
DRAMs and can also handle up to four banks for a total control 
capacity of 1 Megaword (the words can be as many bits wiele as 
desired). Also, the Am2968 does not require external driver 
chips as does the Am2964B - the Arn2968 has the memory 
drivers, with all of the undershoot contro.1 and speed features of 
the Am2965/66, built right into its address, RAS, and CAS 
outputs. 

For generating the timing and control signals required by the 
Am2964B/68 and the Am2960/61/62, there are several different 
devices available, optimized for different system requirements. 
For MOS Microprocessor systems, use the Am8163 or Am8167. 
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Am2960/70 System Overview 

Figure 1. Am2900 High Performance Memory Subsystem Using 256K DRAMs 
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Am2960/70 System Overview 
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Both of these devices will interface easily to iAPX86/186/286. 
l8000. or 68000 microprocessors. The Am8163 and Am8167 
provide the control signals and timing signals for the memory 
controllers. the EDC. and the data bus buffers - in addition. the 
Am8163/67 decode the memory system control signals directly 
from the MaS Microprocessor. requiring in most cases only a 
single PALT. for interfacing. In this section are detailed block 
diagrams of systems showing how to interface the Am2960-70 
Family devices to the most popular MaS microprocessors. 

For high-performance Am2900-based processors or other 
high-speed processor designs. use the Am2969 or Am2970 to 
generate timing and control signals. 

Following is a description of the function of the Am2964B/65/66 
for Dynamic Memory Control for 64K DRAMs. The Am2968 in
corporates these features and more into a single IC for use with 
256KDRAMs. 

The Am2964BDynamic Memory Controller is used to provide all 
address handling. as well as RAS and CAS decoding and con
trol. A block diagram of the Am2964B Dynamic Memory Con
troller is shown in Figure 5. The device contains 18 input latches 
for capturing an 18-bit address for memory control; the two 
highest order addresses are decoded in the Am2964B to select 
one of four banks of RAM by selecting one of the four RAS 
outputs. 

The Am2964B is designed to operate with either 16K Dynamic 
RAMs or 64K Dynamic RAMs. Thus. the designer either uses 14 
of the multiplexer address inputs and 7 of the address outputs or 
all 16 of the multiplexer address inputs and all 8 of the address 
outputs as needed by the memory. In the case of 16K Dynamic 
RAMs. 7 address inputs are provided to the RAM during the 
RAS LOW signal, and then the 8-bit multiplexer is switched so 
that 7 upper address bits are provided to the RAM for the CAS 

Am2960/70 System Overview 

LOW part of the cycle. The Am2964B Dynamic Memory Con
troller contains an 8-bit refresh counter that is used to supply the 
refresh address to the dynamic memory during the refresh 
cycle. This counter can be used in either the 128 or 256 line 
refresh mode. A CAS buffer is included in the dynamic memory 
controller so that the CAS output can be inhibited during refresh. 

Normal operation of the Dynamic Memory Controller is to pro
vide the address. close the input address latches and kick off a 
normal memory cycle. This is accomplished by bringing the 
RASI input LOW. which will cause one of the RAS outputs to go 
LOW. After the required memory timing. the MSEL input will be 
used to switch the multiplexer to the other address latch. then. 
the CASI input will be driven LOW causing the CASO output to 
go LOW and execute the CAS part of the memory cycle. The 
refresh cycle is executed by driving the RFSH input LOW which 
causes the multiplexer to connect the refresh counter to its ad
dress outputs. Then. the RASI input is driven LOW which 
causes all four RAS outputs to go Law. This will simultaneously 
refresh all four banks of dynamic RAMs controlled by the 
Am2964B DynamiC Memory Controller. When either the RFSH 
or RASI input is brought HIGH. the refresh counter is advanced 
so it will be ready for the next refresh cycle. 

As can be seen in Figure 1. Dynamic RAM Drivers can be used 
in large memory systems to buffer the Address. RAS. CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive. 
guaranteed maximum undershoot of less than -0.5 volts and 
high VOH of greater than Vee -1.15 volts. The Am2965 is in
verting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpD specifications for both 50pF and 500pF loads .. 

Figure 5. Am2964B Dynamic Memory Controller 
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Am2900 Family Applications Literature 
Available from AMD's Customer Education Center 

Bit-Slice Design: Controllers 
and ALUs, White D.E., 
Garland STPM Press, N.Y. © 1981 
Price: $34.50 + Tax + Shipping 
ISBN 0-8240-7103-4 

Bit-Slice Microprocessor 
Design, Mick and Brick, 
McGraw-Hili Publishing Co. 
1221 Avenue of the Americas 
New York, N.Y. 10020 
Price: $18.50 + Tax + Shipping 
ISBN 0-07-041781-4 

ED2900A Study Guide 
Price: $18.00 + Tax + Shipping 

This book provides the inexperienced bit-slice design engineer II 
with an easily understood description of how a computer control 
unit and ALU is built with the fundamental Am2900 devices 
(Am2901 B, Am2909/11, Am2903, Am2910 and Am2914). 
This book forms the basis of the introductory bit-slice design 
course (ED2900A) at the AMD Customer Education Center. 

This comprehensive book discusses in detail the design of a 
microprogrammed computer using the Am2900 Family for the 
more experienced bit-slice designer. The book also includes 
sections on DMA design with the Am2940/Am2942 
and Program Control Unit design with the Am2930/Am29,32. 
The book's chapters are: 

I - Computer Architecture 
II - Microprogrammed Design 

III - The Data Path 
IV - The Data Path, Part Two 
V - Program Control Unit 

VI - Interrupt 
VII - Direct Memory Access 
VIII - The Hex 29 
IX - The Super Sixteen 

This study guide is used in conjunction with the ED2900A course 
and complements Bit-Slice Design: Controllers 
and ALUs. The study guide contains example design problems, 
exercises and example AMSYS@29 programs. 

Ordering Information 

The above literature may be ordered directly from: 

Customer Education Center 
Advanced Micro Devices, Inc. 
490-A Lakeside Drive, MS: 71 
Sunnyvale, CA 94086 
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The Am2900 
Evaluation and Learning Kit 

The Am2900 Evaluation Kit system consists of a micropro
grammed control unit which controls all the inputs to an 
Am2901 microprocessor slice. Thirty-two bit microinstructions 
are entered into a RAM in the control unit using the switch re
gister .. Each microinstruction contains bit to control the 
Am290i'A's A and B addresses,. instruction, carry in, and data 
input. Additional bits in the microinsfruction control an Am2909 
sequencer which generates the addresses for the micropro
gram memory. Once entered, microinstructions may be exe
cuted using a single step clock or using a pulse generator. The 
LED display provides access to nearly every Signal path in the 
system. 

Sixteen "sequence control" instructions are available, including 
execute, branch conditional, jump-\c)-subroutine, retum, .and 

loop. Because the set of sequence instructions is implemented. 
in a PROM, the user can devi~e his own set of operations by 
programming a new PROM. 

The kit is supplied as a preassembled board with a manual 
containing theory and a set of exercises .. The user need only 
attach a 5V power supply (2.0 ampere rating). 

Working with the kit, the user will gain familiarity with a high 
performance pipelined microprogrammed architecture, imd.with 
the operation of the Am2909 and Am2901A. By driving the kit 
from a pulse generator, the user ,can observe the operation of 
the components in real time, executing real instructions. 

The part number for this kit is Am2900K1. 

Figure 1. Block Diagram of the Am2900 Evaluation and Learning Kit 
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Am29203 Evaluation Board 
Microprogramming Evaluation System 

DISTINCTIVE CHARACTERISTICS 

• 16-bit word size -
System based around four Am29203 bipolar 
microprocessor slices 

• Structured system approach -
Integrated system features Am29203, Am2910, Am2904, 
Am2902, and Am2925 functional modules 

• Monitor interface -
Allows user to develop and analyze microprograms 
through an external screen oriented terminal 

• I/O capability - . 
Memory mapped I/O serial port via microprogram 
controllable UART. Additional RS-232 serial port 
dedicated for use by monitor terminal 

• Sequence control -
Monitor allows Halt, Single Step, and Run control as well 
as breakpoints and escapes from program flow 

• On-board memory -
1024 word by 48-bit Writeable Control Store and 1 K by 
16-bit RAM macro-memory on-board 

• Complete user's manual 

FUNCTIONAL DESCRIPTION 

The Am29203 Evaluation Board is a complete 16-bit 
microprogrammable computer system based on the 
Am29203 bit-slice microprocessor. This 'single board com
puter is designed to demonstrate comprehensively the 
execution of a microprogrammed bit-slice system. 

The Am29203 Evaluation Board consists of two logical 
parts, the primary system and the monitor as shown in 
Figure 1. The primary system contains a microprogram 
controller, the Am2910, an arithmetic section centered 
around the Am29203 and Am2904, and a macro~memory 
module which includes an I/O controller. This portion of 
the system is designed for user control and interaction 
(Figure 2). 

The monitor functional unit provides the user interface for 
control of the primary system from an external terminal or 
computer. 

It allows the user to examine and load, vanous memory, 
register, and ALU bus contents. Additional features include 
run/halt/single-step control modes, breakpoint and escape 
capability, and bulk I/O transfer. 

The system comes completely assembled on a, single cir
cuit board. Two serial I/O ports allow the monitor to inter
face with an external terminal while'leaving one port free for 
user applications. On-board memory includes a lK word 
Writeable Control Store for microcode and a 1 K word macro 
memory. All control signals are available at an edge con
nector for support of up to 32K words of external memory. 

The Am29203 Evaluation Board is intended to familiarize 
the user with a high-performance pipelined micropro
grammed architecture; To that end, the board,can execute 
preprogrammed microcode routine examples as well as 
user programs. The board supports, more than nineteen 
different macroinstructiorfs in six different formats (includ
ing indexed addressing). 

A complete user's manual covers architecture, micropro
gramming; I/O control, monitor operation, and interface to 
external devices. It includes definition files, schematics, and 
timing diagrams. 

Figure 1. Evaluation Board Organization 
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School of Advanced Engineering 

BIPOLAR APPLICATION DESIGN COURSES 

AMD's School of Advanced Engineering offers graduate-level instruction in design
ing with the newest technologies. Bipolar design courses take you from the basics of 
bit-slice architecture through basic design with the 2900 Familyon to the micropro
gramdevelopment system and its application to your design and finally to emulation 
and CPU architecture where students create microcode to drive an actual system, 
using the writable control stqre of the AmSYS29 development system. 

For More Information: 

Contact your AMD Sales Representative or write to: 

Advanced Micro Devices 
School of Advanced Engineering 
Customer Education Center 
490-A Lakeside Drive 
P.O. Box 453 
Sunnyvale, California 94086 U.S.A. 
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AmSYS®29 
Microprogram Development Svstem 

AmSYS29, from Advanced Micro Computers, is the proven sys
tem for developing microprogrammed machines. It greatly 
simplifies the speed of developing and integrating software and 
hardware for Am2900 based microprogrammed machines. 
AmSYS29 supports 2901/03 based CPU designs, 29116 based 
controller designs and 295XX based signal processing designs. 

A microcode assembly language of your specifications is im
plementedttJrough AMDASM'·. You can then write the micro
program in your symbolic language and assemble the source file 
withAMDASM. 

The Control Store Emulator contains a high-speed Writable Con
trol Store to replace microprogram PROM during development. 
Your microsequencer address accesses a block of microcode in 
WCS RAM that can be mapped anywhere in your target system 
memory. 

3-7 

Emulator Control Logic controls the target system clock providing 
single-step and full speed control with multiple breakpoints. 
Monitor points provide measurements of the target system logic 
state during hardware debug. 

Microprogram support software moves microcode object files out 
to Writable Control Store and saves working programs on to disk; 
DDT29 procedure interfaces the system console to the Control 
Store Emulator providing clock control, breakpoint setting, mi
croprogram address control, logic state traCing and microcode 
editing. 

AmSYS29 provides complete software and hardware support for 
the development of any microprogrammed system. 
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Macro Meta Assembler 
from Microtec* 

The Macro Meta Assember is a valuable programming tool for 
those .faced with the problem of writing micro-programs for bit 
I\iie~processors such as the AMD 2901 and other similar mi
ctoprogrammable microprocessors. It is a n8(;essity for anyonE! 
faced with the problem of micro-programming any wide-word 
driven micro-sequencer system. 

The Macro Meta Assembler is an enhanced version of 
Microtec's Meta Assembler. It is totally upward compatible, yet 
can perform many functions that are difficuit or impossible willi 
more basic packages. 

The principal new feature of the Macro Meta Asseml1ler is a 
powerful macro facility that enables the user to define variable 
length microinstructions using a single mnemonic; to encode 
complex overlayed instructions, and to encode non-contiguous 
fields. Macros may be pas~d a variety of parameter 
tyPes: Symbols, Numbers, OpCbdes, and Character Strings. 
Within the Macro-expansion parameters may be dynamically 
concatenated to existing text or other parameters, Symbols may 
be declared Local to the current Macro or be defined globally, 
and a wide variety of operators have been implemented for use 
with conditional Macro expansion. Macro calls may be nested 
and may be recursive. 

Other features that have been added to the language include the 
availability of boolean and relational operatqrs in expressions, 
automatic generation of parity bits and entry point PROMs. 

The Meta Assembler consists of three separate programs: the 
Definition Program, the Assembly Program, and the PROM 
Formatter Program. These programs allow the user to define a 
unique assembly language, assemble a program written in the 
user-defined language, and organize the resulting object mod· 

,ule into arrays that are compatible with the target ROM/PROM 
memories. 

The Definition Program allows the user to define instruction 
mnemonics and their. associated formats. Instruction lengths 
may vary from 1 to 128 bits. An instruction format is defined by 
breaking the microword into fields as variables, constants, or 
"don't care" bits. The variable fields are filled in at Assembly 
time. Default values and certain permanent attributes may also 
be assigned to variable fields at Definition time, The Definition 
Program produces an output listing and a disk file which con
tainsthe symbols and instruction-mnemonics. This Definition file 
is used· by the Assembly prOgram as a reference when as
sembling a program. 

'The Assembly Program is similar to a traditional' fwo-pass as: 
sembler. A symbolic source program utilizing the mnemonics 
and symbols defined in the Definition Program is read as input;.a 
program listing and object module are generated as output. The 
Assemblerprovides symbolic addressing, relative addressing, 
paged addressing, and other features found in typical assembly 
programs. The instruction syntax and assembler directives are. 
compatible with those utilized by AMD in its literature and 
software products. Additional directives have been implement~d 
for versatile listing and output controls. 

Both the Definition Program and the Assembly Program are 
implemented with Conditional Assembly Operators. Conditional 

'This inform$tion was provided by Microtec, AMD Is not associated with Microtec 
and does not guarantee their products, 

... 
statements may be nested up to 16 levels and can be made 
dependent on general expressions, character string equality, 
and symbol definition status. A full crOss reference lable is pro
vided in both progrl;lms. 

The following directives are included in Microtec's Macro Meta 
Assembler Program: . 

. MACRO - Define a Macro 
ENDM End a Macro Definition 
EXITM - Alternate Macro Exit 
LOCAL - Define a Macro Local Symbol 
IF - Conditional Assembly if ExpreSSion is 

ELSE 
ENDIF 
IFC 

IFNC 

IFD 
IFND 
MAP 
DUP 

DATA 

Non-Zero . 
I . 

- Conditional Assembly Statement Converse 
- Conditional Assembly'Statement E~d 
- Conditional Assembly if Character 

Strings Compare 
- Conditional Assembly if Character Strings 

Don't Compare 
- Conditional Assembly if Symbol Defined 
- Conditional Assembly if Symbol Not Defined 
- Generate Entry Point Table 
- Duplicate a Line (in timesharing version 

ofAMDASM) 
- Define Data Word (in timesharing version 

ofAMDASM) 

The PROM Formatter Program reads the object module pro
duced py the Assembly Program and translates the format into 
one that can be read by a PROM programmer. BNPF, Data I/O 
ASCII hexadecimal, and the Step Engineering format are sup; 
ported. Microwords in the object modUle can. be divided into 
organizations that are compatible with the tatget PROM/ROM 
array, The length and width of PROMS may be specified as well 
as the value of "don't care" bits. The PROM Formatter has three 
new features that add to the versatility of the program: single bit 
parity generation; column switching; and column overlaying. 

The Macro Meta Assembler is written in ANSI Fortran and will 
run on any general purpose digital computer tllat has a Fortran 
IV compiler, a word length of a! least 16 bits, a disk or magnetic 
tape facility and 20-24K words of program memory. In 'most 
systems these programs can be run in an overlayed mode If the 
required memory is not available. 

. The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program output 
listings accompany each software order. The test programs 
allow the operation of the software to be verified quickly and 
easily, A manual is avail!jble for a small fee, if further information 
is desired. 
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Meta Assembler Program 
from Microtec* 

Microtechas available a Meta Assembler program for the AMD 
2900 microprocessor and other similar microprogrammable mi
croprocessors. The Assembler is compatible with AMD's 
AMDASM program, but is written in ANSI standard Fortran IV 
and will run on any machine that has: 

1. A Fortran IV compiler 
2. A word length of at least 16 bits 
3. A disc or magnetic tape faCility 
4. 18K words of Random Access Memory 

(in most systems these programs can be run in an 
overlayed mode if the required memory is not available) 

The Meta Assembler Software Package actually consists of 
three separate programs, a Definition Program, an Assembly 
Program, and a PROM Formatter Program. 

The Oefinition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction lengths 
may vary from 1 to 128 bits. Symbolic Constants and reserved 
words may also be defined in the Definition Program. An in
struction 'format is defined by breaking the microword into fields 
and defining the fields as constants, don't care bits, or variables 
which are filled in at assembly time. Default values and certain 
permanent attributes may also be assigned to variable fields at 
Definition time. The Definition Program produces an output list
ing and a disk file consisting of the defined symbols and instruc
tion mnemonics. This Definition file is used by the Assembly 
program as a reference when assembling a program. 

The Assembly program operates like a traditional assembler. A 
symbolic source program utilizing the mnemonics and symbols 
defined in the befinition Program is read as input, and a listing 
and object module are generated as outplJl. The Assembler 
provides symbolic addressing, relative addressing, paged 
addressing, and other features found in typical assembly 
programs. The instruction syntax and assembler directives are 
compatible with those utilized by AMD in its literature and 
software products. Additional directives have been implemented 
to provide for versatile listing and output controls; 

'This information was provided by Microtec. AMD is not associated with Microtec, '3-9 
and does not 'guarantee their products. 

Conditional Assembly statements are provid!!d in both the De
finition and Assembly programs. These statements may be 
nested up to 16 levels and can be made dependent on general 
expression. A full cross reference table is also provided in both 
programs. 

Some features of Microtec's Meta Assembler are particularly 
helpful when assembling code for microprogram mabie 
machines. The existence of don't care bits and instruction over
laying are included among these features. Bits of a microword 
which are not relevant to a particular instruction format may be 
defined as don't care bits. Don't care bits are printed as X's on 
the listing and do not have to be defined until the PROM For
matter program is executed. An instruction format with don't 
care bits can be overlayed with other instruction formats. 
Therefore when useful, an instruction format can be used to 
define only part of the microword, padding out the word with 
don't care bits. ' 

The PROM Formatter Program reads the object module file pro
duced by the Assembly program and translates the format into 
one that can be read by a PROM programmer. Both BNPF and 
Data I/O's ASCII hexadecimal format are supported. MI
crowords in the object module can be broken up into organiza
tions that are compatible with the target PROM/ROM array. 
Users may specify PROMs of any width and length, as well as 
the value of don't care bits. Any or all PROMs may be listed 
and/or punched. 

The programs are well ,commented and m,odular. A detailed 
manual, source listing, test programs, and test program output 
listings accompany each software order. The test programs 
allow the operation of the software to be verified quickly and 
easily. If the information given here is not sufficient, a manual is 
available for a small fee. 

For additional information, contact Microtec, P.O. Box 60337 
Sunnyvale, Ca. 94088 (408) 733-2919 
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Videotape Semin,ar Kits 

" Advanced Micro Devices regularly prepares and presents seminars worldwide that 
describe the function and application of its Am2900 Family products. These seminars 
may also b~ presented at local factory or design centers through arrangement with the 
Field Applications Engineer located at the local AMD Sales Office. 

It is now also possible to order the following seminars in videotape form with 
literature kits. 

The videotape is a 2 - 3 hour seminar covering the products function in detail and 
demonstrating aspects ,of system integration using the products. The literature kit in
cludes a slid,e booklet, data sheets of all products covered in the seminar, and other 
relevant material. 

These kits may be ordered from AM D's Customer Education Center. Contact your 
AMD Sales Representative for more information. 

Order Code Price (USA) 

Am29116 Sixteen-Sit Bipolar 
Microprocessor and Peripherals 

- Videotape (includes one set of literature) Am29116-VIDEO $99/Videotape 

- Uterature Kit (each additional set) Am29116-LlT $5/set 

, Am29500 Array Processing 
(Digital Signal Processing Family) 

- Videotape (includes one set of literature) Am29116-VIDEO $99/Videotape 

- Uterature Kit (each additional set) Am29116-LlT $5/set 

3-10 
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A New Generation of Am2960 
Family Memory Support Products 

Advanced Micro Devices and Motorola have agreed to cooper
ate on the development of the next generation of the Am2960 
Family of Memory Support products. These devices are de
signed to maximize the speed and minimize the cost of mem
ory systems based on the new generation of high performance 
64K and 256K MOS Dynamic RAMs (DRAMs). 

The products included in this joint development and alternate 
sourcing agreement are a Dynamic Memory Controller (DMC), 
the Am2968, and two Memory Timing Controllers (MTC), the 
Am2969 and Am2970. These functions are partitioned such 
that address generation and refresh are provided by the 
Am2968. Memory timing and control is achieved with either the 
Am2969 or Am2970. This partitioning allows greater design 
flexibility and higher system performance than would be possi
ble by combining the DMC and MTC functions on a single chip. 
All three devices will be fabricated using the high performance, 
oxide-isolated bipolar technologies with TTL compatible I/O 
Iev:els. 

The Dynamic Memory Controller, Am2968, will provide com
plete address multiplexing, refreshing, and output drive for up 
to 88 Dynamic Random Access Memories (DRAMs). The 
Am2968 will be packaged in a 48-pin DIP and will interface 
with 16K, 64K or 256K DRAMs. 
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The memory timing controller will be available in two versions. 
The Am2969, a 48-pin version, will provide all control Signals 
for both the Am2968 Memory Controller and the existing 
Am2960 Error Detection and Correction circuit (EDC). The 
Am2969 Timing Controller will support error logging and also 
handle memory initialization, refresh timing, and memory cycle 
arbitration. The general purpose microprocessor interface on I 
the Am2969 will facilitate its use with most microprocessors 
with minimal external logic. The AMD/lntel iAPX86, MC68000 
and AMD 2900 bit-slice and 29116 devices are notable exam-
ples. System timing for all memory functions is derived from an 
external delay line to provide maximum performance and 
flexibility. 

For systems not utilizing the Am2960 Error Detection and Cor
rection circuit (EDC), a second version of the timing controller, 
the Am2970, will be available without EDC interface/functions. 
The Am2970 will save on IC cost and board space as it will be 
packaged in 24-pin, 300-mil wide DIP. 

Sample quantities on the Am2968 and the Am2970 are ex
pected in the fourth quarter 1983, with production commencing 
early in 1984. . 



The Next Generation of 
Dynamic Memory Support Prod.ucts 
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The Am2960 Family 
Dynamic Memory Support Products 

Advanced Micro Devices has developed a set of bipolar high-performance memory-support products to maximize 
the speed and reliability of MaS dynamic RAM systems. This family is designed to provide, in the minimum package 
count, all the·logic, interface and control functions required in the address and data paths of memory systems based 
on 16K and 64K devices. 

These TTL-compatible products are specified for use in equipment based on either bipolar or MaS CPUs. The 
Am2960 Series serves bipolar microprocessors such as the Am2901, Am29203, etc., while the AmZ8160 Series 
serves MaS microprocessors, such as the 16-bit AmZ8000. 

Key System Level Features 
Maximum Memory Performance 

• Schottky performance with matched T PD paths and skew limit guarantees. 
• Optimized interface devices for maximum speed. 
• Hamming code EDC with internal ECl circuitry for maximum speed combined with maximum memory reliability. 

Lowest Package Count Plus Maximum Flexibility 
• LSI DMC Controller is designed for up to 64K RAMs. 
• EDC is 16-bit expandable slice with byte 110 controls. 
• Aexible interface for speed or minimum parts count. 

Operation in Any Timing Environment 
• Synchronous Clock Timing (AmZ8000 systems). 
• Delay-line timing for maximum performance. 

Operation with Any RAM Refresh Mode 
• 128 of 256 Line Refresh 

All Refresh Modes 
• Burst Refresh • Hidden (transparent) Refresh • Cycle Steal Refresh 

Am2960 Family Product Summary 
Am2960 • AmZ8160 Error Detection and Correction (EDC) 
• High-speed 16-bit slice expandable to 64 bits • Byte-op controls 
• Single-bit correction/double-bit detection • Initialization and diagnostics built-in 

Am2961/62 • AmZ8161/62 EDC Data Bus Buffer 
• EDC interface between RAM, EDC and data bus • Separated RAM 110 with undershoot protection 
• 24mA bus drive with three-state control • Bus latches for byte-op or multiplexed buses 

AmZ8163 EDC and Refresh Control for AmZ8000 Systems 
• RAS/MUx/CAS timing control for AmZ8164 • Memory/refresh request arbitration 
• EDC control for word or byte read and write • Refresh timer and control independent of CPU 

Am2964 • AmZ8164 Dynamic Memory Control (DMC) 
• 16-bit addreSs for up to 64K RAMs • 3-port 8-bit Schottky speed address MUX 
• Refresh Counter for 128- or 256-line refresh • RAS and CAS paths on-chip for minimum skew 

Am2965/66 • AmZ8165/66 Octal Dynamic RAM Drivers 
• -O.5V maximum undershoot • tpLH/tpHL min and max specs for 50pF and 500pF 
• VOH/IOH specs for MaS with no external resistors • Pin-compatible with 'S240/244 
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Am2960 • Am2960-1 • Am2960A 
Fast Error Detection and 
Correction for Memories 

Corrects All Single-Bit 
Errors 

Corrects all single bit errors. Detects all double 
and some triple bit errors. 

Expandable 
One Am2960 provides Error Detection and 
Correction for 16-bits. Two Am29pOs handle 
32 bits; four Am2960s handle 64 bits. 

Fast. 
Worst case 32 nanoseconds for error detect 
and 65 nanoseconds for error correct (16 bits). 

Latches Built-In 
Check Bit, Data, and· Diagnostic latches 
are built-in to save MSI. 

4-4 

Flexible 
Can be used with Am2900-based designs, 
the AmZ8000 or other processors. 

Diagnostics Built-In 
Logic on-chip for device test and softwarer 
controlled diagnostics. 

Increases 
"emory Reliability 

And can Significantly reduce field maintenance 
costs. 

A Must for 
64KRAMs 

Alpha error rates are several times higher for 
64K RAMs than 16Ks. 



Also available 
as the AmZ8160 
for AmZ8000 
Systems 

Am2960 • Am2960-1 
Am2960A 

I Cascadable 16·811 Error Detection and Correction Unit 

DISTINCTIVE CHARACTERISTICS 

• Boosts Memory Reliability 
Corrects all single-bit errors. Detects all double and some 
triple-bit errors. Reliability of dynamic RAM systems is in
creased more than 60-fold. 

• Very High Speed 
Perfect for MOS microprocessor, minicomputer, and main
frame systems. 
- Data in to error detect: 32ns worst case. 
- Data in to corrected data out: 65ns worst case. 

High performance systems can use the Am2960 EDC in 
check-only mode to avoid memory system slowdown.: 

• Replaces 25 to 50 MSI chips 
All necessary features are built-in to the Am2960 EDC, includ
ing diagnostics, data in, data out, and check bit latches. 

• Handles Data Words From 8 to 64 Bits 
The Am2960 EDC cascades: 1 EDC for 8 or 16 bitl>, 2 for 32 
bits, 4 for 64 bits. 

• Easy Byte Operations 
Separate byte enables on the data out latch simplify the steps 
and cuts the time required for byte writes. 

• Diagnostics Bullt·ln 
The processor may completely exercise the EDC under 
software control to check for proper operation of the EDC. 

TABLE OF CONTENTS 

FUNCTIONAL DESCRIPTION 
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ArChitecture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4·7 
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ELECTRICAL SPECIFICATIONS 
APPLICATIONS 
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Other Word Widths ............................ 4-36 
Single I:rror Correction Only .................... 4-36 
Check Bit Correction ........................... 4-37 
Multiple Errors .. ; ............................. 4-37 

SYSTEM DESIGN CONSIDERATIONS 
High Performance Paral.lel Operation ............ 4-39 
EDC in the Data Path ..... ; .................... 4-39 
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GENERAL DESCRIPTION 

The Am2960 Error Detection and Correction Unit (EDC) contains 
the logic necessary to generate check bits on a 16-bit data field 
according to a modified Hamming Code, and to correct the data 
word when check bits are supplied. Operating on data read from 
memory, the Am2960 will correct any single bit error and will 
detect all double and some triple bit errors. For 16-bit words, 6 
check bits are used. The Am2960 is expandable to operate on 
32-bit words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome available on 
separate outputs for data logging. 

The Am2960 also features two diagnostic modes, in which diag
nostic data can be forced into portions of the chip to simplify 
dfilvice testing and to execute system diagnostic functions. The 
product is supplied in a 48 lead hermetic DIP package. 

ADVANCED INFORMATION 

Am2960·1 
• Speed selected version of Am2960 on the critical data paths 

• Plug-in replacement for Am2960 

Am2960A 
• Second generation of Am2960 EDC internal ECL circuitry and 

state-of-the·art process technology combined to provide 
fastest version of popular Am2960. 

• Plug-in replacementfor Am2960 

• Improved speed . 
25 - 30% speed improvement on the critical paths versus 
the Am2960 

Am2960-1 
• Speed selected version of Am2960 on the critical data paths. 
• Plug-in replacement for Am2960. 

Am2960A 
• Second generation of Am2960 EDC internal ECL circuitry and 

state-of-the-art process technology combined to provide 
fastest version of popular Am2960. 

• Plug-in replacement for Am2960. 
• Improved speed 

25- 30% speed improvement on the critical paths versus 
the Am2960. 
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EDC Architecture 

The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and diag
nostics. 

As shown in the block diagram, the device consists of the 
following: 

..., Data Input Latch 
- Check Bit Input Latch 
- Check Bit Generation Logic 
- Syndrome Generation Logic 
- Error Detection Logic 
- . Error Correction Logic 
- Data Output Latch 
- Diagnostic Latch 
- Control Logic 

Data Input Latch 

16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on the 
control mode the input data is either used for check bit genera
tion or error detection/correction. 

Check Bit Input Latch 

Seven check bits are loaded under control of LE IN. Check bits 
are used .in the Error Detection and Error Correction modes. 

Check Bit Generation Logic 

This block generates the appropriate check bits for the 16 bits of 
data in the Data Input Latch. The check bits are generated ac-
cording to a modified Hamming code. . 

Syndrome Generation Logic 

In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read in 
from memory. If both sets of check bits match, then there are no 
errors. If there is a mismatch, then one or more of the data or 
check bits. is in error. 

The syndrome bits are produced by an exclusive-OR of the two 
sets of check bits. If the two sets of check bits are identical 
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(meaning there are no errors) the syndrome bits will be all 
zeroes. If there are errors, the syndrome bits can ~e decoded to 
determine the number of errors and the bit-in-error. 

Error Detection Logic 

This section decodes the syndrome bits generated by the Syn
drome Generation Logic. If there are no errors in either the input 
data or check bits, the ERROR and MULT ERROR outputs re
main HIGH. If one or more errors are detected, ERROR goes 
LOW. If two or more errors are detected, both ERROR and MULT 
ERROR go LOW. 

Error Correction Logic 

For single errors, the Error Correction Logic complements (cor
rects) the single data bit in error. This corrected data is loadable 
into the Data Output Latch, which can then be read onto the I 
bidirectional data lines. If the single error is one of the check bits, . '. 
the correction logic does not place corrected check bits on the • 
syndrome/check bit outputs. If the corrected check bits are 
needed the EDC must be switched to Generate Mode. 

Data Output Latch 

The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control input. 

The Data Output Latch is split into two a-bit (byte) latches which 
may be enabled independently for reading onto the bidirectional 
data lines. 

Diagnostic Latch 

This is a 16-bit latch load able from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte and 
control information in the other byte. The Diagnostic Latch is 
used for driving the device when in Internal Control Mode, or for 
supplying check bits when in one of the Diagnostic Modes. 

Control Logic 

The control logic determines the specific mode the device oper
ates in. Normally the control logic is driven by external control 
inputs. However, in Internal Control Mode, the control signals 
are instead read from the Diagnostic Latch. 



PIN DEFINITIONS 

DATAo_15 16 bidirectional data lines. They provide input to 
the Data Input Latch and Diagnostic Latch, and 
receive. output from the Data Output Latch. DATAo 
Is the least significant bit; DATA15 the most sig
nificant. 

CBO_6 Seven Check Bit input lines. The check bit lines 
are used to input check bits for error detection. 
Also used to input syndrome bits for error correc
tion in 32 and 64-bit configurations .. 

LE IN Latch Enable - Data Input Latch. Controls latch
ing of the input data. When HIGH the Data Input 
Latch and Check Bit Input Latch follow the input 
data and input check bits. When LOW, the Data 
Input Latch and Check Bit Input Latch are latched 
to their previous state. . 

G=E~N=ER~A::-:T=E:- Generate Check Bits input When this input is 
LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or 
Correct Mode. 

SCO-6 

In the Generate Mode the circuit generates the 
check bHs or partial check bits specific to the data 
in the Data Input Latch. The generated check bits 
are placed on the SC outputs. 

In the Detect or Correct Modes the EDC detects 
single and multiple errors, and generates syn
drome bits based upon the contents of the Data 
Input Latch and Check Bit Input Latch. In Correct 
Mode, single-bit errors are also automatically cor

. rected - corrected data 'is placed at the inputs of 
the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded 
form the number of errors and the bit-in-error. 

Syndrome/Check Bit outputs. These seven lines 
hold the check/partial-check bits when the EDC is 
in Generate Mode, and will hold the syndrome/ 
partial syndrome bits when the device is in Detect 
or Correct Modes. These are 3-state outputs. 

Output Enable- Syndrome/Check Bils. When 
LOW, the 3-state output lines SCo.s are enabled. 
When HIGH, the SC.outputs are in the high im
pedance state. 

Error Detected output. When the EDC is in Detect 
or Correct Mode, this output will go LOW if, one or 
more syndrome bHs are asserted, meaning there 
are one or more bit errors in the data or check bils. 
It no syndrome bits are asserted, there are no er
rors detected and the output will be HIGH. InGen
erate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, ERROR must be externaily im
plemented.) 

Multiple Errors Detected output. When the EDC is 
in Detect or Correct Mode, this output if LOW indi
cates thaI there are two or more bit errors that 
have been detected. If HIGH this indicates that 
either one or no errors have been detected. In 
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Generate mode, MULT ERROR is foreed HIGH. 
(In a,64-bil configuration, MULT ERROR must be 
externally implemented.) 

CORRECT Correct input. When HIGH this signal allows the 
correction ""twork to correct any single-bit error in 
the Data Input Latch (by complementing the 
bit-in-error)' before putting it onto the. Data Output 
Latch. When LOW the EDC will drive data directly . 
from the Data Input Latch to the Data Output Latch 
without correction. 

LE OUT Latch Enable - Data Output Latch. Controls the 
latching of the Data Output uitch. When LOW the 
Data Output Latch is latched to its previous state. 
When HIGH the Data Output Latch follows the 
output of the Data Input Latch as modified by the 
correction logic network. In Correct Mode, single
bit errors are corrected by the network before 
loading .into the Data Output Latch. In Detect 
Mode, the contents of the Data Input Latch are 
passed through the correction network unchanged 
into the Data Output Latch. The inputs to the Data 
Output Latch are unspecified if the EDC is in Gen
erate Mode. 

OE BYTE Q, Output Enable - Bytes 0 and 1, Data Output 
OE BYTE 1 Latch. These lines control the 3-state outputs for 

each of the two bytes of the Data Output Latch. 
When LOW these lines enable the Data Output 
Latch and when HIGH these lines force the Daia 
Output Latch into the high impedance state. The 
two enable lines can be separately activated to 
enable only one byte of the Data Output Latch at a 
time . 

PASS 
THRU 

DIAG 
MODEo_1 

Pass Thru input. This line when HIGH forces the 
contents of the Check Bit Input Latch onto the 
Syndrome/Check Bit outputs (SCo-s) and the un-
modified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 

DiOignostic Mode Select. These two lines control 
the initialization and diagnostic operation of the 
EDC. 

. .' 
CODE IDo_2 Code Identification inputs. These three,.bitsiden

tily the size of the total data word to be processed 
and which 16-bit slice of larger data words a par
ticular EDC is processing. The three allowable 
data word sizes are 16, 32 and 64 bits anc;1 their 
respective modified Hamming codes are desig
nated 16/22, 32139 and 64/72. Special CODE ID 
input 001 (ID2, ID1, IDo) is also used to instruct the 
EDC that the signals CODE IDo_2' DIAG 
MODEo_1, CORRECT and PASS THRU are to be 
taken from the Diagnostic Latch, rather than from 
the input control lines. 

LE DIAG Latch Enable - Diagnostic Latch. When HIGH the 
Diagnostic Latch follows the 16-bit data on the 
input lines. When LOW the outputs of the Diag
nostic Latch are latched to their previous states. 
The Diagnostic Latch hO,lds diagnostic check bits, 
and internal control signals for CODE ID0-2, DIAG 
MODEo_1 , CORRECT and PASS THRU. 



FUNCTIONAL DESCRIPTION 

The EDC contains the logic necessary to generate check bits on a 
16-bit data field according to a modified Hamming code. Operat
ing on data read from memory; the EDC will correct any single-bit 
error, and will detect all double and some triple-bit errors. The 
Am2960 may be configured to operate on 16-bit data words (with 
6 check bits), 32-bit data words (with 7 check bits) and 64-bit data 
words (with a check bits). In fact the EDC can be configured to 
work on data words from a to 64 bits. In all configurations, the 
device makes the error syndrome bits available on separate 
outputs for error data logging. 

Code and Byte Specification 

The EDC may be configured in several different ways and oper
ates differently in each configuration. It is necessary to indicate to 
the device what size data word is involved and which bytes of the 
data word it is processing. This is done with input lines CODE 
IDO_2' as shown in Table I. The three modified Hamming codes 
referred to in Table I are: 

• 16/22 - 16 data bits 
- 6 check bits 
- 22 bits in total. 

• 32/39 code - 32 data bits 
- 7 check bits 
- 39 bits in total. 

• 64/72 code - 64 data bits 
- a check bits 
- 72 bits in total. 

CODE ID input 001 (ID2, ID1, IDo) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 

Am2960/60-1/60A 

Control Mode Selection 

The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODEO-l and CODE I DO-2' Table 1/1 indicates 
the operating modes selected by various· combinations of the 
control line inputs. 

Diagnostics 

Table II shows specifically how DIAG MODEO_l select between 
normal operation, initialization and one ottwo diagnostic modes. 

The DiagnostiC Modes allow the user to operate the EDC under 
software control in order to verity proper functioning of the device. 

Check and Syndrome Bit Labeling 

The check bits generated in the EDC are designated as follows: 

• 16-bit configuration - CX CO, Cl, C2, C4, ca; 4 
• 32-bit configuration - CX, CO, Cl, C2, C4, ca, C16; 
• 64-bit configUration - CX, CO, Cl, C2, C4, ca, C16, C32. . 

Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and a 
syndrome bits in the 64-bit configuration. 

Initialize Mode 
The inputs of the Data Output Latch are forced to zeroes. The 
check bit outputs (SC) are generated to correspond to the all-zero 
data. ERROR and MULT ERROR are forced HIGH in the Ini
tialize Mode. 

Initialize Mode is useful after power up when RAM contents are 
random. The EDC may be placed in initialize mode and its' 
ouiputs written in to all memory locations by the processor. 

TABLE I. HAMMING CODE AND SLICE IDENTIFICATION_ 

CODE CODE CODE 
ID2 ID1 IDo Hamming Code and Slice Selected 

0 0 0 Code 16/22 

0 0 1 Internal Control Mode 

0 1 0 Code 32139, Bytes 0 and 1 

0 1 1 Code 32139, Bytes 2 and 3 

1 0 0 Code 64/72, Bytes 0 and l' 
1 0 1 Code 64/72, Bytes 2 and 3 

1 1 0 Code 64/72, Bytes 4 and 5 

1 1 1 Code 64/72. Byt~s 6 and 7 

TABLE II. DIAGNOSTIC MODE CONTROL. 

DIAG DIAG 
MODEl MODEo DiagnostiC Mode Selected 

0 0 Non-diagnostic mode. The EDC functions normally in all modes. 

0 1 Diagnostic Generate. The contents of the Diagnostic Latch are substi-
tuted for the normally generated check bits when in the Generate Mode. 
The EDC functions normally in the Detect or Correct modes. 

1 0 Diagnostic Detect/Correct. In the Detect or Correct Mode, the conlents 
of the Diagnostic Latch are substituted for the check bits normally read 
from the Check Bit Input Latch. The EDC functions normally in the 
Generate Mode. 

1 1 Initialize. The outputs of the Data Input Latch are forced to zeroes (and 
latched upon removal of the Initialize Mode) and the check bits 
generated correspond to the all-zero data. 
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HAMMING CODE SELECTION 

The Am2960 EDC uses a modified Hammin9 Code that allows 1) 
the EDC to be cascaded, 2) all double errOrS to be detected, 3) the 
gross error conditions of. aJi Os or 1 s to be detected. 

The error correction code can be selected independent of the 
processor with the exception of diagnostics software. 

Diagnostic software run by a processor to checkout the EDC 
system must know specifically which code 'is being used. This is 
only a problem when the EDC replaces an existing MSI im-

plementation on an existing computer. In this case, the compu
ter's software must first determine which of two codes (the old one 
used by the MSI implementation or the new one used by the EDC) 
is used by the compute(s memory system. 

This is easily determined by writing a test data word into memory 
and then examining whether the generated check bits are typical 
of the old or the new code. From then on the software runs only 
the diagnostic appropriate for the code used on thaI particular 
computer's memory system. 

TABLE III. Am2960 OPERATING MODES 

Operating Diagnostic Mode** GENERATE 

Mode DM1 DMo 0 1 

Normal 0 0 Generate COrrect* 

Diagnostic 
0 1 

Diagnostic 
Correct* 

Generate Generate 

Diagnostic 
1 0 Generate 

Diagnostic 
Correct Correct* 

Initialize 1 1 Initialize Initialize 

Pass Thru When PASS THRU is asserted the Operating 
Mode is defaulted to the Pass' ThruMode. 

·Correct if the CORRECT Input is HIGH, Detect if the CORRECT Input is LOW. 
··In Code 102-0 001 (ID2' ID1, 100) DM1 and DMo are taken from the·Diagnostic Latch. 
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FUNCTiONAL DESC~IPTION -
16-BIT DATA WORD CONFIGURATION 

The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 5.) 

The 16-bit configuration is shown in Figure 6. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SCo_s (SCs is a logical one, or high). 

Check bits are generated according to a modifilld Hamming code. 
Details of the code for check bit generation are contained in Table 
IV. Each check bit is generated as either an XOR or XNOR of 
eight of the 16 data bits as indicated in the table. The XOR 
function results in an even parity check bit, the XNOR is an odd 
parity check bit. 

Figure 1 shows the data flow in the Generate Mode. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, E'RROR goos LOW. If two or 
more errors are detected, MULT ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. 

Also available on deviceoulputs SCo_s are the syndrome bits 
generated by the error detection step. The syndrome bits may be 
decoded to determine i,t a bit error was detected and, for single-bit 
errors, which of the data or check bits is in error. Table V gives the 
chilrt for decoding the syndrome bits generated by the 16-bit 
configuration (as an example, if the syndrome bits SX/SO/S1/ 
S2I54/S8 were 101001 this would be decoded to indicate that 
there is a single-bit error at data bit 9). If no error is detected the 
syndrome bits will all be zeroes. 

In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correction. 

LEOUT D-----, 
OEBYTEO D-:----..., 

Am2960/6G-1/60A 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (comple
ment) any single-bit error of the Data Input Latch before putting it 
onto the inputs of the Data Output Latch. (see Figure 2.) If mUl
tiple errors are detected, the output of the correction network is 
unspecified. If the single-bit error is a check bit there is no au
tomatic correction. If check bit correction is desired, this can be 
done by placing the device in Generate Mode to produce a 
correct check bit sequence for the data in the Data Input Latch. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch are 
placed on the inputs of the Data Output Latch and the contents of 
the Check Bit Input Latch are placed on outputs SCo_s. 
ERROR and MUL T ERROR are forced HIGH in this mode. 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and internal 
control uses. It is loaded from the DATA lines under the control of 
LE DIAG. Table VI shows the loading definitions for the DATA 
lines. 

DiagnostiC Generate 
Diagnostic Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG MODEO_t 
where either normal check bit inputs or outputs are substituted for 
by check bits loaded into the Diagnostic Latch. See Table III for 
details. Figures 3 and 4 illustrate the flow of data during the two 
diagnostic modes. 
Internal Control Mode 

. This mpde is selected by CODE 100-2 input 001 (102, lOt, 100), 

When in Internal Control Mode, the EDC.ta.kes the CODE 100-2, 
DIAG MODEO_t, CORRECT and PASS THRU control signals 
from the internal Diagnostic Latch rather than from the external 
input lines. 

Table VI gives the format for loading the Diagnostic Latch. 

ICHECK~~ D.....:..t~---t-t--------------, 

LEIN D--~--" 

LEEMAG D-----" 

CODE 10 i~~~~~ ClAG MOO. 
PASSTHRU 

GlNElWl 
CORRECT 

ho ..... - ...... +--.., ..... ~~rmOMEI 
CHECK BITS 

'---<Joesc 

t---c> ERRoR 

Figure 1. Check Bit Generation 
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LEOUT o------.., 
~BnEOO-----, 

(CHECK ~~'it 0....;1-..---++--------------.., 
DATAO·7 R:::::hHI-..... --t 

LEIH O---t-l---' 

LEDtAG 0------' 

COOEID ~~~~~~ DIAGMODE 
PASSTHRU 

GeNERATE 
CORRECT 

LEour 0-------; 
~SnEOO~----, 

Figure 2. Error Detection and Correction 

(CHECK~~~ O....:,....,---i-+--------'------, 

Of BYTE 1 0--1-1-+---' 

LEIN 

lEDIAG 

CODE 10 
DIAG MODE 
PASSTHRU 

GENERATE 
CORREP 

LEOUr 

OEBYT£O 
ce,., "' (CHECK BITS) 

DATAo.l 

OATA,,16 ' . 
OEBYTE 1 

LEIN D---+-+---' 

LEDIAG D-------' 

CODEID i~~~~§ DlAGMODE 
" PASSTHAU 

~ 
CORRECT 

Figure 4. Diagnostic Detect and Correct 
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INPUT CHECK BITS 
FOR 16-BIT CONFIGURATION 

., DON'T 
DATj'"'5 CX CO C, C2 C4 ee CARE 

OATA CHECK BITS 1 I I I I I I 
I J h~1 co I c, I C21 C41 cel 

DATAO_15 CBo CB, CB2 CB3 CB4 CBs CBs 
BYTE' BYTE 0 

15 0 CODE EOC 10 -000 

" ,~ 

, " 

," '. , 
SCo SC, SC2 SC3 se, se, sc, 

Uses Modified HlIl11Ming Code 16/22 
- 16 data bHs ". ;,: -:"i sLI.~LI.JC4J1 - 6 check bHs '. >:-' 
- 22 bits in total:! ; 

SOICO. S21C2 SBice 

SYNDROME/CHECK BIT OUTPUTS 
FOR 16--BIT CONFIGURATION II 

Figure 5. 16-Blt Data Format Figure 6. 16-Bit Configuration 

T~BLEIV, 16·BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART. 

Generated Participating 

Check Data Bits 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX 'Even (XOR) X X X X X X X X 

CO Ellen (XOR) X X X X X X X X 

Cl 

~F-" 
X X X X X X x" X 

C2 :" (XNOR) X X X X X X X X 

C4 I 'n(XOR) X X X X X X X X 

C8 " n (XOR) X X X x, X. X X X 

The check bit is generated as either an XOR Dr XNOR of the eight data bHs noted by an "X" in the table. 

: 

TABLE V. SYl\lb~OME DECODE TABLE VI. DIAGNOSTIC LATCH LOADING -
TO~n:·IN-ERROR, 16·BIT FORMAT, 

.-

Syndrome S8 0 J: :'0 1 0 1 0 1 Data Bit Internal Function 
Bits S4 0 0," .,.1 1 0 0 1 1 

S2 0 0" ',0 0 1 1 1 1 0 Diagnostic Check Bit X 
SX SO S1 1 Diagnostic Check Bit 0 
0 0 0 * ca; P4 T C2 T T M 2 Diagnostic Check Bit 1 
0 0 1 C1 T,: :·:t 15 T 13 7 T 3 Diagnostic Check Bit 2 
0 1 0 CO T" ,T M T 12 6 T 

Di!!gnostic Check Bit 4 <;, . 4 
,4 0 1 1 T 10, T 0 T T M 

5 Diagnostic Check Bit 8 
1 0 0 CX T, T 14 T 11 5 T 

6, 7 Don't Care 
1 0 1 T g, 3 T M T T M 

.2 
8 , CODE 100 

1 1 0 T 8 T 1 T T M 

1 1 1 M T~ ,;.T M T M M T 
9 CODE 10 1 

10 CODE 102 

11 DIAG MODE 0 
* - no errors detected 12 DIAG MODE 1 Number - the location of the Sin911}b:~-in-error 
T - two errors detected " 13 CORRECT 
M - three or more errors detected'" 

""; ,,' 14 PASS THRU : 
'I, 15 Don't Care 

,;,\';, 
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FUNCTIONAL DESCRIPTION -
32-BIT DATA WORD CONFIGURATION 

The 32-bit format consists of 32 data bits, 7 chec.k bits and is 
referred to as 32139 code (see Figure 7). 

The 32-bit configuration is shown in Figure 8. 

The upper EDC (Slice 011) handles the least significant bytes 0 
and 1 - the external DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. The lower EDC 
(Slice 213) handles the most significant bytes 2 and 3 - the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATAo through DAT~5 respectively. . 

The valid syndrome and check bit outputs are those of Slice 213 
as shown in the diagram. In Correct Mode these must be read into 
Slice 011 via the CB inputs and are selected by the MUX as inputs 
to the bit-in-erro'r decoder (see block diagram), thus requiring 
external buffering and output enabling of the check bit lines as 
shown. The OE SC signal can be used to control enabling of 
check bit inputs - when syndrome outputs are enabled, the 
external check bit inputs will be disabled. 

The valid ERROR and MULT ERROR outputs are those of the 
Slice 213. The ERROR and MULT ERROR outputs of Slice 011 are 
unspecified. All of the latch enables and control signals must be 
input to both of the devices. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SCO_6 of Slice 213. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
in Table X. Check bits are generated as either an XOR or 
XNOR of 16 of the 32 data bits as indicated in the table. The 
XOR function results in an even parity check bit: the XNOR in 
an odd parity check bit. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all dOlJble-bit errors and some triple-bit errors. If 
one or more errors are detected, EFiR5R goes LOW. If two or 
more errors are detected, MULT ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. The valid ERROR and 
MULT ERROR-Signals are those of Slice 2/3 - those of Slice 011 
are undefined. 

Also available on Slice 213 outputs SCO_6 are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
VII gives the chart for decoding the syndrome bits generated 
for the 32-bit configuration (as an example, if the syndrome bits 
SXISOIS11S21S4/S81S16 were 0010011 this would be decoded 
to indicate that there is a single-bit error at data bit 25). If no 
error is detected the syndrome bits will be all zeroes .. 

In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Da.ta Output Latch without correc
tions. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that .the correction network is allowed to correct (com
plement) any single-bit error of theOa:ta Input Latch before put
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspeCified. 
If the single-bit error is a check bit there is no automatic correc
tion - if desired this would be done by placing the device in 
Generate Mode to produce a correct check bilsequence for the 
data in the Data Input Latch. . . 

For data correction, both Slices 011 and '2./3 require access to the 
syndrome bits on Slice 2/3's outputs SCO_6' Slice 213 has aCCeSs 
to these syndrome bits through internal, data paths, but for Slice 
011 they must be read through the inputs CBo-6' The device 
connections for this are shown in Figure 8, When in Correct 
Mode the SC outputs must be enabled so that they are available 
for reading in through the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con
tents of the Check Bit Input Latch are placed on outputs SCo-6 of 
Slice 2/3. ERROR and MUL T ERROR are forced HIGH in this 
mode. 

TABLE VII. SYNDROME DECODE TO BIT-IN-ERROR. 

Syndrome 
Bits 

S16 0 1 0 0 1 0 

SX SO S1 S2 

o 
o 
o 

o 
o 
o 

o 
o 

o 

o 
o 0 

o 1 0 0 

o 0 

o 0 

o 
000 

o 0 

o 
o 

o 

o 0 

o 
o 

* - no errors detected 

sa 0 0 0 0 
S4 0 0 0 ,0 l' 

if, C16 C8 T C4 T T 30 

C2TT27T5 M T 
C1TT25T3 15 T 

TM13T23TTM 

COTT24T2MT 

T1 12 T 22 T T M 

TM10T20TTM 

~ T T M T M M T 

CXTTMTM14T 

T M 11 T 21 TiM. 

T M 9 T 19 T T 31 

M T T 29 T 7 M T 

T M 8 T 18 T T M 

17 T T 28 T 6 M T 

M T T 26 T 4 M T 

TOM T M T T M 

Numbers - number of the single bit-in'-error 
T - two errors detected 
M - three or more errors' detected 

DATA CHECK BITS Uses Modified Hamming Code 32/39 
- 32 data bits 
- 7 check bits 
- 39 bits in total 

31 

BYTE 3 I BYTE 2 I BYTE 1 I 
24 23 16'15 8 7 

BYTE 0 

Figure 7. 32-E!lt Data Format ,",PR·732 
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INPUT DATA INPUT CHECK BITS 

C16 /Am2958 C2 C4 C8 co Cl 

I.-L ... .., ... ... ... .., ... 

~ 

DATA C80 C8, C8, C8, C8, C8, C8. 

ai!"sc 

~ EoC 
BYTES 0 AND 1 

CODe -010 
10 

SCO SC, SC, SC, SC, SC, SC. 

'----l 
DATA C80 C8, C8, C8, C8, C8, C8, 

OESC 

eoe· 
BYTES 2 and 3 

CODe _011 
10 

MULT 
ERROR ERROR seo S~l SC, SC, SC, SC, SC, 

~. 

ERROR MULTI SX/CX SOICO S1/C1 S2/C2 S41C4 S8JC8 S161C16 
ERROR 

OUTPUT SYNDROME/CHECK BITS 

'Check Bit Latch is Forced Transparent in this 
Code 10 Combination for this Slice. 

Figure 8. 32-Bit Configuration 

mlsc 

.A 
""'I 

TABLE VIII. KEY AC CALCULATIONS FOR THE 32-BIT CONFIGURATION 

32-Bit 
Propagation Delay Component Delay from Am2960 

AC Specifications, Table C 

From To 

DATA 
Check Bits 

(DATA to SC) + (CB to SC, CODE ID 011) 
Out 

DATA In 
Corrected (DATA to SC) + (CB to SC, CODE 10011) + 
DATA Out (CB to DATA, CODE ID 010) 

DATA 
Syndromes 

(DATA to SC) + (CB to SC, CODE ID 011) 
Out 

DATA 
ERROR for (DATA to SC) + (CB to ERROR. 
32 Bits CODE 10011) 

DATA 
MULTERROR (DATA to SC) + (CB to MUL TERROR, 
for 32 Bits CODE 10011) 

4-15 
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Am2960/6001/60A 

TABLE IX. DIAGNOSTIC LATCH LOADING -
32·BIT FORMAT. 

Data BII Inl,ernal,Function 

0 . Diagnostic Check Bit X 

1, Diagnostic Check Bit 0 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check B~ 8 

6 Diagnostic Check Bit 16 

7 Don't Care 

8 Slice 011 - CODE 10 0 

9 Slice 011 - CODE 10 1 

10 Slice 011 - CODE 10 2 

11 Slice 011 - DIAG MODE 0 

12 Slice 011 - DIAG MODE; 1 

13 Slice 011 -, CORRECT 

14 Slice 011 - PASS THRU 

15 Don't Care 

16·23 Don't Care 

24 Slice 2/3 - CODE 10 0 " 
25 Slice 2/3 - CODE 10 1 

26 Slice 2/3 - CODE 10 2 

27 Slice 2/3 - DIAG MODE 0 

28 Slice 2/3 -" DIAG MODE 1 

29 Slice 2/3 - CORRECT 

30 SUce 2/3 - PASS THRU 

31 Oon'l Care 

TABLE X. 32·BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART. 

Generated Participating Dala Blls 
Check 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11' 12 13 14 

CX Even (XOR) X X X X X X X X 

CO Even (XOR) X X X X X X X X 

Cl OddIXNOR) X X X )( X X X 

C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) x X X X X X X 

C8 Even (XOR) X X X X X X X 

C16 Even (XOR) X X X X X X X X 

Generated Participating Data Bits 
Check 

Bits Parity 16 17 18 19, 20 21 22 23 24 25 26 27 28 29 30 

CX Even (XOR) X X X X X X X 

CO Even (XOR) X X X X X X X X 

Cl Odd (XNOR) X X X- X X X X 

C2 Odd (XNOR) , X X X X X X X X 

C4 Even (XOR) X X X X X X X 

C8 Even (XOR) X X X X X X X 

C16 Even (XOR) X X· X X X X X 

The check bit Is generated as either an XOR or XNOR of the sixteen data bits noted by an "X" In the table, 
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FUNCTIONAL DESCRIPTION -
64-BIT DATA WORD CONFIGURATION 

The 64-bit format consists of 64 data bits, S check bits and is 
referred to as 64/72 code (see Figure 9.). 

The configuration to process 64-bit format is shown in Figure 6. In 
this configuration a portion of the syndrome generation and error 
detection is implemented externally of the EDCs in MSI. For error 
correction the syndrome bits generated must be read back into all 
four EDCs through the CB inputs. This necessitates the check bit 
buffering shown in the connection diagram of Figure 10. The 
OE SC signal can control the check bit enabling - when syn
drome bit outputs are enabled the external check bit lines will 
be disabled so that the syndrome bits may be read onto the CB 
inputs. 

The error detection signals for the 64-bit configuration differ from 
the 16 and 32-bit configurations. The ERROR signal functions the 
same: it is LOW ifone or more errors are detected, and HIGH if no 
errors are detected. The DOUBLE ERROR signal is HiGH if and 
only if a double-bit error is detected - it is LOW otherwise. All of 
the MUL T ERROR outputs of the four devices are valid. MUL T 
EFiRc5R is LOW for all three ERROR cases and some DOUBLE 
ERROR combinations. (See TOME definition in Functional 
Equations section.) It is HIGH if either zero or one errors are 
detected. 

This is a different meaning for MUL T ERROR than in other 
configurations. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated ap
pear' at the outputs of the XOR gates as indicated in Figure 10. 

Check bits are generated according to a mOdified Hamming code. 
Deta:ils olthe code for check bit generation are contained in Table 
XII. Check bits are generated as either an XOR or XNOR of 32 
of the 64 bits as indicated in the table. The XOR function re
sults in an even parity check bit, the XNOR in an odd parity 
check bit. 

Detect Mode 

in this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If exactly 
two errors are detected, DOUBLE ERROR goes HIGH. If three or 
more errors are detected, MUL T ERROR goes LOW - the MUL T 
ERROR output of any of the four EDCs may be used. 

Available as XOR gate outputs are the generated syndrome bits 
(see Figure 10). The syndrome bits may be decoded to deter
mine if a bit error was detected and, for single-bit errors, which 
of the data or check bits is in error. Table XIII gives the chart 
for encoding the syndrome bits generated for the 64-bit config
uration (as an example, if the syndrome bits SX/S1/S2/S4/SS/ 

DATA 

Am2960/60-1/60A 

S16/S32 were 00100101 this would be decoded to indicate that 
there is a single-bit error at data bit 41). Il'no error is detected 
the syndrome bits will all be zeroes. 

In Detect Mode the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without corrections. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (comple
ment) any single-bit error of the Data Input Latch before putting it 
onto the inputs of the Data Output Latch. If multiple errors are 

. detected, the output olthe correction network is unspecified. If the 
single bit error is a check bit there is no automatic correction. 
Check bit correction can be done by placing the device in gener
ate mode to produce a correct check bit sequence for the data in 
the Data Input Latch. 

To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the devices. 
This access is provided by reading the syndrome bits in through 
the CB inputs where they are selected as inputs to the bit-in
error decoder by the multiplexer (see block diagram). The de
vice connections for this are shown in Figure 10. When in Cor
rect Mode the SC outputs !Dust be enabled so that the syn
drome bits are available at the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch are 
placed on the inputs of the· Data Output Latch, and the contentS'Of 
the Check Bit Input Latch are passed through the external XOR 
network and appear inverted at the XOR gate outputs labeled 
CX to C32 (see Figure 10). 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and internal 
control uses. It is loaded from the DATA lines under the control of 
LE DIAG. Table XIV shows the loading definitions for the DATA 
lines. 

Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG 
MODEO_1 where either normal check bit inputs or outputs are 
substituted for by check bits from the Diagnostic Latch. See 
Table II for details. 

Internal Control Mode 

This mode is selected by CODE IDO_2' input 001 (102, 101, 100), 

When in Internal Control Mode the EDC takes the CODE 100-2, 
DIAG MODEo_', CORRECT and PASS THRU signals from the 
internal Diagnostic Latch rather than from the external control 
lines. Table XIV gives format for loading the Diagnostic Latch. 

CHECK BITS 

I BVTE71 BYTE 6 I BYTES") BYTE 4 I BYTE 3 I BYTE 2 I BYTE1 I ~YTEO IcxJcolC1IC2JC4IcaJC1slc321 
63 .. 1.7 32131 ,61,5 01 

Uses Modified Hamming Code 64/72 
- 64 data b~s 
- 8 check bits 
- 72 bits in total 

Figure 9. 64-Bit Data Format MPR-1'34 
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ca, CBs ca.. CBS C82 C8, CBo 

.r Oesc 
'DC 

BYTES6AN07 

ME 
se, SCs sc .. se, se, se, se, 

MuiiiiFiiiOii 

! 
00 

I 

9J 
~C4 

t?J' 
~L 

11 
'/e< ""CO 

/ 

XOR 

A ....... 
-~ 

I: 
~ 

~ 

0a. .. 

L:; °"7-32 I CO 
."." C4 .. e, 

~ ~7 
18 16 " 

I 
0 CBs CBS ca.. - CBa CB2 ca, es, 0 CBe CBS c~ CB3 C82 ca, es, 0 CBS CBS CS. CB3 C82 

l.r Oisc EOC. 

l.r CiEse 'DC .r Oisc 'DC 
BYTES4AN05 BYTES2AHD3 BYTESOAND1 

SCI SCI se, se, se, se, se, se, se, se .. SCa se, se, se" se, sc, se, se, se, 

. 9J ~ 
= .. .., = .. 

XOR XOR XOR 

..,'" 9.,./e,. S1jC1 -"'" sotCO -

I 
",,'" SllS1ell 

NOR 
sve1 S32/C32 sotCO 

Y 
~ERRoR 

11.1_ .. __ ... 1_ n ___ T!.. ..... " ... ..1 ............ r- ..................... ... 4 +J.. ..... ('1.. ......... 1; I ... +,.h A ......... ,.. .......... h .... VI"'\O n, ........... I ............. ,. .... 

Figure 10. Am2960 - 64-Blt Data Configuration 
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Am2960/60-1/60A 

TABLE XI. KEY AC CALCULAnONS FOR THE 64-BIT CONFIGURATION 

64-Blt 
Propagation Delay Component Delays from Am2960 

AC Specifications, Table C (plus MSI) 

From To 

DATA Check Bits Out (DATA to SC) + (XOR Delay) 

DATA In Corrected DATA Out 
(DATA to SC) + (XOR Delay) + (Buffer Delay) + 
(CB to DATA, CODE 10 1xx) 

DATA Syndromes (DATA to SC) + (XOR Delay) 

DATA ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (NOR Delay) 

(DATA to SC) + (XOR Delay) + (Buffer Delay) + 
DATA MUL T ERROR for 64 Bits 

(CB to MULT ERROR, CODE 10 1xx) 

II 
DATA DOUBLE ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (XOR/NOR Delay) 

4-19 



Am2960/60-1/60A 

TABLE XII. 64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE 

Generated Participating Data Blta 
Check" 
Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOR) X X X X X X X X 

Generated PartICipating Data Bits 
Check 
Bits Parity 16 .17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X 
X I-X 

X X 
C2 Odd (XNOR) X X X X X X 

C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X. X X X 
C32 Even (XOR) X X X X X X X X 

Generated Participating Data Bits 
Check 

Bits Parity 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 

CX Even (XOR) X X X X X X X X 
CO Even·(XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOR) X X X X X X X X 

Generated Participating Data Blta 
Check 
Bits Parity 48 49 50 51 52 53 54 55 58 57 58 59 60 61 62 63 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X X X 

C1 Odd (XNOR) X X X X X X X X 
C2 Odd (XNOR) X X X X X X X X 

C4 Even (XOR) X X X X X X X X 
ce Even (XOR) X X X X X X X X 

C16 Even (XOR) X X X X X X X X 
C32 Even (XOPl) X X X X X X X X 

The check bit is generated 8$ e~her an XOR or XNOR of the 32 data b~ noted by an "X" in the table. 
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TABLE XIII. SYNDROME DECODE TO BIT-IN-ERROR. 

Syndrome S32 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
Bits S16 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

sa 0 0 0 0 1 1 1 1 0 0 0 0 1 ,1 1 1 
S4 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

SX SO S1 S2 

0 0 0 0 * C32 C16 T C8 T T M C4 T T M T 46 62 T 

0 0 0 1 C2 T T M T 43 59 T T 53 :n T M T T M 

0 0 1 0 Cl T T M T 41 57 T T 51 35 T 15 T T 31 

0 0 1 1 T M M T 13 r T 29 23 T T 7 T M M T 

0 1 0 0 CO T T M T 40 56 T T 50 34 T M T T M 

0 1 0 1 T 49 33 T 12 T T 28 22 T T 6 T M M T 

0 1 1 0 I T M M T 10 T T 26 20 T T 4 T M M T 

0 1 1 1 16 T T 0 T M M T T M M T M T T M 

1 0 0 0 CX T T Iv1 T M M T T M M T 14 T T 30 

1 0 0 1 T M M T 11 T T 27 21 T T 5 T M M T I 
1 0 1 0 T M M T 9 T T 25 19 T T 3 T 47 63 T 

1 0 1 1 M T T M T 45 61 T T 55 39 T M T T M 

1 1 0 0 T M M T 8 T T 24 18 T T 2 T M M T 

1 1 0 1 17 T T 1 T 44 60 T T 54 38 T M T T M 

1 1 1 0 M T T M T 42 58 T T 52 38 T M T T M 

1 1 1 1 T 48 32 T M T T M M T T M T M M T 

* - no errors detected T - two errors detected 
Number - the number of the single bit·in·error M - more than two errors detected 

TABLE XIV. DIAGNOSTIC LATCH LOADING - 64-BIT FORMAT. 

Data Bit Internal Function Data Bit Internal Function 

0 Diagnostic Check Bit X 31 Don't Care 

1 Diagnostic Check Bit 0 32-37 Don't Care 

2 Diagnostic Check Bit 1 38 Diagnostic Check Bit 16 

3 Diagnostic Check Bit 2 39 Dop't Care 

4 Diagnostic Check Bit 4 40 Slice 4/5 - CODE ID 0 

5 Diagnostic Check Bit 8 41 Slice 4/5 - CODE ID 1 

6, 7 Don't Care 42 Slice 4/5 - CODE ID 2 

8 Slice 0/1- CODE ID 0 43 Slice 4/5 - DIAG MODE 0 

9 Slice 0/1'- CODE ID 1 44 Slice 4/5 - DIAG MODE 1 

10 Slice 011 - CODE ID 2 45 Slice 4/5 - CORRECT 

t 1 Slice 011 - DIAG MODE 0 46 Slice 4/5 - PASS THRU 

12 Slice 011 - DIAG MODE 1 47 Don't Care 

13 Slice 011 - CORRECT 48·54 Don't Care 

14 Slice 011 - PASS THRU 55 Diagnostic Check Bit 32 

15 Don't Care 56 Slice 6/7 - CODE ID 0 

16·23 Don't Care 57 Slice 6/7 - CODE ID 1 

24 Slice 213 - CODE ID 0 58 Slice 6/7 - CODE ID 2 

25 Slice 2/3 - CODE ID 1 59 Slice 6/7 - DIAG MODE 0 

26 Slice 2/3 - CODE ID 2 60 Slice 6/7 - DIAG MODE 1 

27 Slice 2/3 - DIAG MODE 0 61 Slice 6/7 - CORRECT 

28 Slice 2/3 - DIAG MODE 1 62 Slice 6/7 - PASS THRU 

29 Slice 2/3 - CORRECT 63 Don't Care 

30 Slice 2/3 -- PASS THRU 
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Am2960/60-1/60A 
MAXIMUM RATINGS (above w.hich the useful life may be imilaired) 

Storage Temperature -65 to +150"C 

Temperature (Case) Under Bias , -55 to +125°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs for high Output State -().5V,toVcc max. 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 to +5.0 mA 

OPERATING RANGE 

PIN Temperature Vee 
Am2960DC, XC TA = 010 +70"C Vce = 5.0V :t5% (MIN = 4.75V, MAX = 5.25V) 

Am2960DM, FM, XM Te = -55 to +125°C Vee = 5.0V :t 10% (MIN = 4.50V, MAX = 5.50V) 

DC CHARACTERISTICS 

Parameters Description 

VOH Output HIGH Voltage 

VOL Output LOW Voltage 

VIH Input HIGH Voltage 

Vil Input LOW Voltage 

VI input Clamp Voltage 

III Input LOW Current 

IIH Input HIGH Current 

II Input HiGH Current 

IOZH Off State (High Impedance) 
IOZl Output Current 

los 
Output Short Circllit Current 
(Note 3) 

ICC 
Power Supply Current 
(Note 6) 

Test Conditions (Note 1) 

Vee = MIN, 
IOH = -O.SmA 

I COM'L 

VIN = VIH or Vil I MIL 

Vee = MIN, 
JOl = SmA 

VIN = VIH or Vil 

Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 7) 

Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 7) 

Vee = MIN, liN = -1SmA 

Vee = MAX DATAo-15 

VIN = 0.5V All Other Inputs 

Vee = MAX DATAo'15 

VIN = 2.7V All Other .Inputs 

Vee = MAX, VIN = 5.5V 

Vo = 2.4 
DATAO-15 

Vo = 0.5 
Vee MAX 

Vo = 2.4 
SCo-s 

Vo = 0.5 

Vee = Vee MAX +0.5V, Vo = O.SV 

TA = 25°C 

TA = Oto +7O"C 

Vee = MAX 
COM'L 

TA = +70"C 

Te = -5510 +125°C 
MIL 

Te = +125°C 

Min 

2.7 

2.4 

2.0 

-25 

Typ 
(Nbte2) 

275 

Max 

0.5 

O.S 

-1.5 

-410 

-360 

70 

50 

1.0, 

70 

-410 

50 

-50 

'-S5 

390 

400 

365 

400 

34S 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

p.A 

p.A 

mA 

p.A 

mA 

mA 

Notes: 1. For conditions ,shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at VCC = S.OV, 2SoC ambient and maximum loading. . 
3. Not more than one output should be shorted at a lime. Duration of the short circuit test should not exceed one second. 
4. These are three:state outputs internally connected to TTL Inputs. Input Characteristics are measured with output enables HIGH. 
S. "MIL" = Am2960XM, OM, FM. "COM'L" = Am2960XC, DC. ' 
6. Worst case ICC Is at minimum temperature. 
7. These input levels provide ~ero noise immunity and should only be tested in a statiC, noise-free environment. 
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Notes on Testing 

Am2960/60-1/60A 

may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 

Incoming test procedures on this device should be carefully plan- 4. 
ned., taking into accounllhe complexity and power levels of the 
part. The following notes may be useful. 

Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL or 
VIH until the noise has settled. AMD recommends using VIL .. 
0.4V and VIH .. 2.4V for AC tests. 

1. Insure the part is adequately decoupled al the tesl head. Large 
changes in Vee current as the device switches may cause 
erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may start 
to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups of 
tests. 

6. To assist in testing. AMD offers documentation on our test 
procedures and, in most cases, can provide Fairchild Sentry 
programs, under license. 
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Am2960/60-1/60A 

,. Am2960 Guaranteed Commercial 
Range PeHormance ' 

The tables below specify the guaranteed performance of the 
Am2960 over the commercial operating range of 0 to + 70"C, with 

VCC from 4.75V to 5.25V:AII data are inns, with inputs switching 
between OV and 3V at 1V/nsand measurements made at 1.5V. 
All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960DC, XC. 

A. Combinational Propagation Delays 
CL = 50pF 

~ ---
SCM DATAo-15 ERROR MULTERROR 

From Input 

DATAo_15 32 65' 32 50 

CBO-6 28 56 29 47 
(CODE ID2_0 000,011) 

CBo-a 
(CODE ID2_0 010, 100, 28 45 29 34 
101,110,111) 

GENERATE 35 63 36 55 

CORRECT - 45 - -
(Not Internal Control Mode) 

DIAGMODE 
50 78 59 75 

(Not Internal Control Mode) 

PASSTHRU 
36 44 29 46 

(Not Internal Control Mode) 

CODE ID2-o 61 90 60 80 

LEIN 
39 72' 39 59 

(From latched to transparent) 

LEOUT - 31 - -
(From latched to transparent) 

LE DIAG 
(From latched to transparent; 45 78 45 65 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 67 96 66 86 
(From latched to transparent) 

Internal Control Mode: 
DATAo_15 67 96 66 86 
(Via Diagnostic Latch) 

'Data In (or LE In) to Correct Data Out measurement requires timing as shown In Figure D opposite. 
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B. Set-up and Hold Times Relative to Latch Enables 

From Input 

OATAo-15 

CBI).6 

DATAo-15 

CSa-a. 
(CODE 10 
000,011) 

CBo-a 
(CODE 10 010, 
100,101,110,111) 

GENERATE 

CORRECT 

OIAG MODE 

PASS THRU 

CODE 102-0 

LEIN 

DATAo_15 

To 
(Latching 
Up Data) 

LEIN 

LEIN 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LE DIAG 

Sat-up Time 

6 

5 

44 

35 

27 

42 

26 

69 

26 

81 

51 

6 

VALID 
INPUT 
DATA 

,JlJlJlJlJllUI.JlIJlJlJl / 
DATAO-15 IJlIIJlIJlJlIX IJlJl~ 

IIXXJlXIXXXXJl '\ 

Hold Time 

7 

6 

5 

0 

0 

0 

0 

0 

0 

5 

8 

Am2960/60-1/60A 

C. Output Enable/Disable Times 
Output disable tests performed with CL = 5pF and 
measured to O.5V change of output voltage level. 

Input Output Enable 

OE BYTE O. 
OATAo-15 30 

OE BYTE 1 

OESC SCo-6 30 

D. Minimum Pulse Widths 

LE IN, LE OUT, LE DIAG 

DATA IN TO 
CORRECT DATA OUT 

CORRECT 
DATA 
OUTPUT 

Disable 

30 

30 

15 

'NINN \1 
, XIIXIJ"\ ___ -I' _____ _ 

I------+-- ~:~~u~On't!'e'" 

LE IN 
--------------~, 

'\ 

I---+-- ~~~~ ~~.ieE IN 

OE BYTE 0 & 1 ----------------" , 
'\ 

Figure D. 

4-25 

II 



Am2960/60-1 60A 

1. Am2960 Guaranteed Military 
Range Performance . 

The tables below sp!,cify the guaranteed performance of the 
Am2960 over the military' operating range of - 55 to + 125°C 
case temperature, with VCC from 4.5V to 5.5V. All data are in 

ns, with inputs switching between OV and 3V at Wins and 
measurements made at 1.5V. All outputs have maximum DC 
load. 

This data applies to the following part nu·mbers: Am2960DM, FM, 
XM. 

A. Combinational Propagation Delays 
CL = 50pF 

~ ERROR SC0-6 DATAQ.15 MULT ERROR 
From Input 

DATAo.15 35 73' 36 56 

CBO·6 30 61 31 50 
(CODE ID2.0·000, 011) 

CBo-6 
(CODE ID2.0 010, 100, 30 50 31 37 
101,110,111) 

GENERATE 38 69 41 62. 

CORRECT - 49 - -
(Not Internal Control Mode) 

DIAG MODE 
58 89 65 90 

(Not Internal Control Mode) 

PASS THRU 
39 51 34 54 

(Not Internal Control Mode) 

CODE ID2.0 69 100 68 90 

LEIN 
44 82' 43 66 

(From latched to transparent) 

LEOUT 
33 - -

(From latched to transparent) 
-

LE DIAG 
(From latched to transparent; 50 88 49 72 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 75 106 74 96 
(From latched to transparent) 

Internal Control Mode: 

DATAo·1S 75 106 74 96 
(Via Diagnostic Latch) 

'Data In (or LE In) to Correct Data Out measurement requires timing as sh?wn in Figure D opposite. 
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B.Set-up and Hold Times Relative to Latch Enables C. Output Enable/Disable nmes 

To 
Output disable tests performed with CL = SpF and 

(Latching 
measured to O.SV change of output vo~age level. 

From Input Up Data) Set-up Time Hold Time Input Output Enable Disable 

DATAo-15 LEIN 7 7 OE BYTE 0, 
DATAo·15 35 35 

OE BYTE 1 
CB()'6 LEIN 5 7 

DATAo-15 LEOUT 50 5 
OE SC SCO-6 35 35 

CB().6 
(CODE ID LEOUT 38 0 
000,011) 

CB()'6 
(CODE ID 010, lEOUT 30 0 

II 100,101,110,111) 

GENERATE LEOUT 46 0 D. Minimum Pulse Widths 

CORRECT LEOUT 28 LE IN, LE OUT, LE DIAG 15 

DIAG MODE LEOUT 84 0 

PASSTHRU LEOUT 30 a 

CODE ID2-0 LEOUT 89 0 

LEIN LEOUT 59 5 

DATAO-15 lE DIAG 7 9 

VALID CORRECT 
INPUT DATA IN TO DATA 
DATA CORRECT DATA OUT OUTPUT 

~.x~:x~.x~.~x.~x.x~.x~.x~.Cx~X:X~.x~I/'-------------~'~x~:x~:~x:~xx~:x~~xJ./ \Ir----------
DATAO-15 "lllxXlxXxXlxxxXxXxX-iI\' 'XXXXXY\. _______ JJ '-________ _ 

~---_I_-DATA TO i.E IN 
SET-UP TIME 

LE IN 

'---/-- DATA TO LE IN 
,- HOLD TIME 

OEBVTE 0 & 1 --------------...... , 
\. 

FigureD. 
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Am2960·1 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960~ 1 over the commercial Operating range of 0 to + 70"C, 
with VCC from 4.75 to 5.25V. All data are in ns, with inputs 

switching between o and 3V at WIns and measurements made 
at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960-1DC, 
XC. . 

A. Combinational Propagation Delays 
CL = 50pF 

~ SCo-6 DATAo.'5 ERROR MULTERROR 
From Input 

DATAo-15 28 52 25 50 

C60-6 23 50 23 47 
(CODE 102_0000, 011) 

C6O-6 
(CODE 102.0 010, 100, 2B 34 29 34 

101,110,111) (100, 10l, 110, 111) 

GENERATE 35 63 36 55 

CORRECT 
45 -

(Not Internal control Mode) 
- -

DIAGMODE 
50 78 59 75 

(Not Internal Control Mode) 

PASSTHRU 
36 44 29 46 

(Not Internal Control Mode) 

CODEI~·o 61 90 60 BO 

LEIN 
39 72' 39 59 

(From latched to transparent) 

LEOUT 
31 

(From Il!tched to transparent) - - -

LEDIAG 
(From latched to transparent; 45 78 45 65 
Not Intemar Control Mode) 

Internal Control Mode: 
LEDIAG 67 96 66 86 
(From latched to transparent) 

Internal Code Mode: 
DATAO-15 67 96 66 B6 
(Via DiagnostiC Latch) 

'Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure 0 opposite. 
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B. Set-up'and Hold Times Relative to Latch Enables C. Output Enable/Disable Times 

From Input 

DATAo..15 

CB().& 

DATAo..15 

CB()'6 
(CODE 10 
000,011) 

CB().6 
(CODE 10 OlD, 
100,101,110,111) 

GENERATE 

CORRECT 

DIAGMODE 

PASS THRU 

CODE 102-0 

LEIN 

DATAo..15 

To 
(Latching 
Up Data) 

LEIN 

LEIN 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEOUT 

LEDIAG 

LE IN 

Set-upTime 

6 

5 

34 

35 

27 

42 

26 

69 

26 

81 

51 

6 

VALID 
INPUT 
DATA 

Hold Time 

7 

6 

5 

0 

0 

0 

0 

0 

0 

5 

8 

Output disable tests performed with CL = 5pF and 
measured to O.5V change of. output voltage level. 

Input Output Enable Disable 

OEBYTEO, 
OEBYTE 1 

OESC 

DATAo..15 

SC0-6 

30 

30 

D. Minimum Pulse Widths 

LE IN, LE OUT, LE DIAG 

DATA IN TO 
CORRECT DATA OUT 

CORRECT 
DATA 
OUTPUT 

\'YllxV/ \/ 
/XXXXXY'~ ______ J)~ ________ .... 

30 

30 

15 

I----+--~:~~U~OT:_,:t 

~r
\ 
I---+-- ~~I~ WM~E IN 

OEBTIEO&l .... --------------------------~ \ 
\ 

Figure D. 
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Am2960A Guaranteed Commercial 
Range Performance 

The tables below. specify the' guaranteed performance. of the 
Am2960A over the commercial operating range of 0 to + 7(rC, 
with Vee from 4.75 to 5.25V. All data are in ns, with inputs 

switching between 0 and 3Vat 1V/ns and measurements made 
at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960ADC, 
XC. 

A. Combinational Propagation Delays 
CL = 50pF 

~ ---
SCD-6 DATAo.15 ERROR MULTERROR 

From Input 

DATAo.15 

CBo-s 
(CODE 102-0 000, 011)' 

CBo-s 
(CODE 102-0 010, 100, 
101,110,111) 

GENERATE 

CORRECT 
(Not Internal Control Mode) 

-
DIAGMODE 
(Not Internal Control Mode) 

PASSTHRU 
(Not Internal Control Mode) 

CODE 102-0 

LEIN 
(From latched to transparent) 

LEOUT 
(From latched to transparent) 

LEDIAG 
(From latched to transparent; I 

Not Internal Control Mode) 

Internal Control Mode: '. , 
,-

LEDIAG 
(Froin latched to transparent) 

Internal Control Mode: 

DATAo·15 
(Via Diagnostic Latch) 

'Data In (or LE In) to'Correct Data Out measurement 'requires timing as shown in Figure 0 opposite, 
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B. Set-up and Hold Times Relative to Latch Enables 

To 
(Latching 

From Input Up Data) Sat-up Time Hold Time 

DATAo.15 LE IN 

CBO-6 LEIN 

DATAO-15 LEOUT 

CBo-s 
(CODE 10 LE OUT 
000.011) 

CBo-s 
(CODE 10 010, LEOUT 
100,101,110,111) 

GENERATE LEOUT 

CORRECT LEOUT 

DIAG MODE LEOUT 

PASS THRU LE OUT 

CODE 102.0 LEOUT 

LEIN LEOUT 

DATAo-15 LE DIAG' 

LE IN 

VALID 
INPUT 
DATA 

\
~ 

Am2960/6Q-1/60A 

C. Output Enable/Disable Times 
Output disable tests performed with CL = 5pF and 
measured to O.5V·change of output voltage level. 

Input Output Enable Disable 

OE BYTE 0, 
OE BYTE 1 

OESC 

DATAO•15 

SCO·6 

D. Minimum Pulse Widths 

LE IN, LE OUT. LE DIAG 

DATA IN TO 
CORRECT DATA OUT 

CORRECT 
DATA 
OUTPUT 

I--_+_~~~~ WM~E IN 

OEBYTE 0 & 1 --------------"""' 
~ 
.~ 

~------~-----------------

Figure D. 
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Am2960A Guarante8clMIlIt8ry Range Performance 

The tables below specify iIIe guaranteed perf~rmance 01. the 
Am2960A over the military operating range of -55 to +125°G 
case iemperature, with VCC from 4.5 to 5.5V. All data are in ns, 

with inputs switching between 0 arid ~V at WIns and measure
ments made at 1.5V. All outputs have tile maximum DC load. 

This data applies to the following pari numbers: Am2960ADM, 
FM,XM~ , ' 

A. Combinational Propagation Delays 
CL = 50pF 

~ ---
SCo-e DATAo-15 ERROR MULTERROR 

From Input 

DATAo.15 

C6O·6 
(CODE 102.0 ODD, 011.) 

C6()'6 
(CODE ID2'() DID, 100, 
101,110,111) 

GENERATE 

CORRECT 
(Not Internal Control Mode) 

DIAGMODE 
(Not Internal Control Mode) 

PASSTHRU 
(Not Internal Control Mode) 

CODE 102.0 

LEIN 
(From latched to transparent) 

LEOUT 
(From latched to transparent) 

LE DIAG 
(From latched to transparent; 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 
(From latched to transparent) 

Internal Control Mode: 
DATAo.15 
(Via Diagnostic Latch) 

'Data In (or LE In) to Correct Data Out measurement requires timing as shown'in Figure 0 opposite. 
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B. Set-up and Hold Times Relative to Latch Enables C. Output Enable/Disable Times 

To 
(Latching 

From Input Up Data) 

OATAo.15 LEIN 

CBo-s LE IN 

OATAo-15 LE OUT 

CB().6 
(CODE 10 LEOUT 
000,011) 

CBo-s 
(CODE 10010, LE OUT 
100,101,110,111) 

GENERATE LE OUT 

CORRECT LE OUT 

DIAGMOOE LE OUT 

PASS THRU LE OUT 

CODE 102.0 LEOUT 

LE lIil LEOUT 

OATAO•15 LE DIAG 

Output disable tests performed with CL ~ SpF and 
measured to O.SV change of output voltage level. 

Setrup Time Hold Time Input 

OE BYTE 0" 
OE BYTE 1 

OESC 

Output Enable 

OATAO•15 

SCo·s 

. D. Minimum Pulse Widths 

LE IN, LE OUT, LE DIAG 

VALID CORRECT 
INPUT DATA IN TO DATA 
DATA CORRECT DATA OUT OUTPUT 

Disable 

DATA x-':,~l"lxx~xx"'xgx~~x, ]['txl"lxx:l'lx:f~x: ][O:][~xx'txxl"lx:1\x~c /,-------~\.l'l~: l't:xl"l~:I'Ix:x~l~:ll \V", -----
0·15 'xxxx x \.'-_______ tJ.'QO~~"' ____ JIr-.. _____ _ 

LE IN 
, 
" t--+-~~I~ WM~E IN 

OEBYTEO & 1 --------------_ 
~ 
~ 

Figure D. 
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METALLIZATION .AND PAD LAYOUT 

(GND) 

DIE SIZE: 0.200" X 0.183" 

.. CORRECT 

47 DATA 15 
46 

·DATA 14 
4' 
44 DATA 13 
43 DATA 12 
42 

LEIN 

LE DlAG 

~BVTEI 

DATA 11 

40 DATA 10 

39 DATA 9 
3' DATA 8 
37 

36 (Vee) 
GROUND 

3. DATA 7 
34 

DATA 6 

DATA 5 

33 DATA 4 
32 

OEBYTEO 31 

LEOUT 

30 DATA 3 
29 DATA 2 
28 
27 DATA 1 

26 DATA 0 
25 

SCI 
24 

CONNECTION DIAGRAM 
Top View 

10 

11 

12 Am2960 
DIP 

13 FLATPAK 

I. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

PASS THRU 

DIAGMOOE1 

DIAG MODE 0 

CODEID2 

CODEID 1 

CODEIDO 

IlEmim" 
CB6 

CBO 

CBS 

CB4 

CB3 

Vce 
ca2 

CBl 

MULTERROR 

EfiiRlii 
~SC 

SCO 

SC5 

SC3 

SC2 

SC4 

SC6 

Note: Pin 1 is marked for orientation. 

ORDeRING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2960 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) 

(Note 3) 

AM2960DC 0-48 C C-l 
AM2960DC-B 0-48 C B-2 (Note 4) 
AM2960DM 0-48 M C-3 
AM2960DM-B 0-48 M B-3 
AM2960FM F-48 M C-3 
AM2960FM-B F-48 M B-3 

AM2960XC Dice C } Visual inspection 
to MIL-STO-883 

AM2960XM Dice M Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number follOWing letter is number ofleads. See Appendix 
B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the 
package may be used unless otherwise specified. 

2. C = 0 to + 70"C, Vee = 4.75V to 5.25V, M = -55. to + 125'C, Vee = 4.50V to 5.50V. 
3. See ApP!lndix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883,.Class C. Level B-3 

conforms to MIL-STD-883, Class B. 
4. 96 hour burn-in. 
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TEST OUTPUT LOAD CONFIGURATION FOR Am2960 

Vee 

~ Vee 

s, 

A, A, 

VOUT o---X-.,----?-----tCI----+ 

~! . IA 
1'1 

::S2:: 
::s 2:: 
::s 2:: 

t 

VOUT~ IA 

I~ 
1'1 

::s ~ 
A, ::s ~ 

:::s ~ 
":" ":" 

Figure 11. Three-State Outputs Figure 12. Normal Outputs 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. Sl, S2, Sa are closed during function test and all A.C. tests, except output enable tests. 
3. Sl and % are closed while ~ is open for tpZH test. 

Sl and ~ are closed while S3 is open for tpZL test. 
4. R2 = 1 K for three-state output. 

R2 is determined by the IOH at YOH = 2.4Y for non-three-state outputs. 
5. R1 is determined by IOL (MIL) with Yee = 5.0Y minus the current to ground through R2· 
6. CL = 5.0 pF for output disable tests. 

Pin # 

-

24-30 

32 

33 

TEST OUTPUT LOADS 

Test 
R1 Pin Label Circuit 

0 0-0,5 Fig. 11 4300 

SCC-SC6 Fig. 11 4300 

ERROR Fig. 12 4700 

MULTERROR Fig. 12 4700 

For additional information on testing, see Section 
''Guidelines on Testing Am2900 Family Devices." 
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APPLICATIONS 

Byte Write 

Byte operations are increasingly common for 16 and 32-bit pro
cessors. These complicate memory operations because check 
bits are generated for a complete 16 or 32 or 64-bit memory word, 
not for a single byte. 

To write a byte into memory with EDC requires the following 
steps: 

• Latch the byte into the Am2961l62 bus buffers (Figure 13) 
• Read the complete data word from memory (Figure 13) 
• Correct the complete data word if necessary (Figure 13) 
• Insert the byte to be written into the data word (Figure 14) 
• Generate new check bits for the entire data word (Figure 14) 
• Store the data word back into memory (Figure 14) 

(In fact these steps must be taken for any piece of data being 
written into memory that is not as wide as a full memory word). 

The Am2960 EDC Is designed with the intent of keeping byte 
operations simple in EDC systems. The EDC has separate output 
enables for each byte in the Data Output Latch. As shown in 
figures 13 and 14, this allows the data word to be read from 
memory, the new byte to be inserted among the old, and new 
check bits to be generated using less time and less hardware 
than if separate byte enables were not available. 

DATA 
MEMORY 

HIGHaVTE 

DATA 
MEMORY 

LOW BYTe 

Figure 13. Byte Write, Phase 1: Read Out the Old Word 
and Correct 

DATA DATA I CHECK 

MEMORY MEMORY TEMORY 
HIGH BYTE LOWaYTe 

I I , I ,,- -HIGH 

MULTIPLE\ 

BYTE OUTPUT -; LATCH 
BUS r- BYTE BUFFERS , -

"m2960 

Am2981f62 -;;;;;; 
MULTIJ, 

BYTE 
INPUT -;; LATCH 

B BYTE BU~S -
ERROR 

DATA BUS 
, , 

Figure 14. Byte Write, Phase 2: Insert the New Byte, 
Generate Checks and Write Into Memory 
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Diagnostics 

EDC is used to boost the reliability of the overall system. It is 
necessary to also be able to check the operation of the EDC itself. 
For this reason the EDC has an Internal control mode, a diagnos-
tic latch, and two diagnostic modes. . . 

To check that the EDC is functioning properly, the processor can 
putthe EDC under software control by setting CODE 102-0 to 001. 
This puts the EDC into Internal Control Mode. In Internal Control 
Mode the EDC is controlled by the contents of the Diagnostic 
Latch whicti is loaded from the DATA inputs under processor· 
control. 

The EDC is set into CORRECT Mode. The processor loads in a 
known set of check bits into the Diagnostic Latch, a known set of 
data bits into the Data In Latch, and forces data errors. The output 
of the EDC (syndromes, error flags, corrected data) is then com
pared against the expected responses. By exercising the EDC 
with a string of data/check combinations and comparing the out
put against the expected responses, the EDC can be fully 
checked out. 

Eight Bit Data Word 

Eight bit MOS microprocessors can use EDC too. Only five 
check bits are required. The EDC configuration for eight bits is 
shown in Figure 15. It operates as does the normal 16-bit con
figuration with the upper byte fixed at O. 

Check bit overhead for 8-bit data words can be reduced two ways. 
See the sections "Single Error Correction Only" and "Reducing 
Check Eiit Overhead." 

DATA CHECKS 

VCC OeBYTE 1 

OeDATA OeBYTE2 
EDC 

ERROR MULTI eRROR 

ERROR MUrF SVNDROM~ 
ERROR CHECk BITS 

Figure 15. II-Bit Configuration 

Other Word Widths 

EDC on data words other than 8, 16, 32, of 64 bits can be 
accomplished with the Am2960.ln most cases the extra data bits 
can be forced to a constant, and EDC will proqede as normal. For 
example a 24-bit data word is shown in Figure 16. 

Single Error Correction Only 

The EDC normally corrects all single bit errors and detects all 
double bit and.some triple bit errors. To save one check bit per 
word the ability to detect double bit errors can be saCrificed -
single errors are still detected and corrected. 

Check Bits Required 

Single Error Single Error Correct 
Data Bits Correction Only i Double Error Detect 

8 4 5 
16 5 6 
32 6 7 
64 7 8 



DATA2:J..16 OATA'5-0 CHECKS l5!"sc 

jAm2958 ,. 
..,. .A 
~ "'I 

7 

f--

rI 
0,&<1 

VL 
OEBYTE' 

Vee 

OEDATA 

0,5-0 

EDC 

SC .. , 

0.,·0 CB ... 

EDC OESC 

SCO-6 

I 
Figure 16. 24-81t Configuration 

OEBYTE' 

OEBYTE 2 

DATA7_0 CBt .... 

CBo ••• , 

EDC 

CODE 10 

SC'~4 

SYNDROMES/ 
CHECK BITS 

CBO·. 

000 

Figure 17. 8-Bit Single Error Correction Only 

CBo., 1------, 
EDC 

CODE 10 

SYNDROMES/ 
CHECK BITS 

000 

Figure 18. 16-Bit Single Error Correction Only 

-=-

Am2960/6G-1/60A 

DATA31_16 DATA15-0 CHECKS 6E sc 

Am2958 

°15_0 CB'-8 
CBo 

EDC OE se 

CODE 10 0'0 

PARTIAL SYNDROMEs/CHECKS 

CBo 

EDC' CE sc 

set ... CODE 10 011 

ERROR SYNDROMES/CHECK BITS 

'The Code 10 Combination for this Slice Forces the Check Bit Latch 
Transparent 

Figure 19. 32-81t Single Correct Only 

Figures .17, 18, 19, 20 show single error correction only config
urations for 8,16,32, and 64-bit data words respectively. 

Check Bit Correction 

The EDC detects single bit errors whether the error is a data bit or 
a check bit. Data bit errors are automatically corrected by the 
EDC. To generate corrected check bits once a Single check bit 
error is detected. the EDC need only be switched to GENERATE 
mode (data in the DATA INPUT LATCH is valid). 

The syndromes generated by the EDC may be decoded to de
termine whether the single bit error is a check bit. 

In many memory systems. a check bit error will be ignored on the 
memory read and corrected during a periodic "scrubbing" of 
memory (see section in 8ystem Design Considerations). 

Multiple Errors 

The bit-in-error decode logic uses syndrome bits 80 through 832 
tp correct errors. 8X is only used in developing the multiple ~rror 
signal. This means that some multiple errors will cause a data bit 
to be inverted. 

For example, in the 16-bit mode if data bits 8 and 13 are in error 
the syndrome 111100 (8X. 80. 81, 82. 84. 88) is produced. This 
is flagged a double error by the error detection logic. but the 
bit-in-error decoder only receives syndrome 11100 (80. 81. 82. 
84.88) which it decodes as a single error in data bit 0 and inverts 
that bit. If it is desired to inhibit this inversion. the multiple error 
output may be connected to the correct input as in Figure 21. 
This will inhibit correction when a multiple error occurs. Extra 
time delay may be introduced in the data to correct data path 
when this is done. 
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lIE OAT ...... CHECKS 

0, ... 

(DC 
BYTES 6 • 7 Of SC 

OA1-'47_32 

0, ... 

EOC 
BYTES 4 & 5 

DATA1!; .. O 

0, ... 

EDC OOC 
BVTES 2 & 3 or se BYTES 0 & 1 lm'sc 

C81-6 

*Seme •• Figure. except wfthOut WCX XOR gate. 

SYNDROMES/CHECK alTs 

Notes: 1. In Pass Thru Mode the Contents of the ChQck Latch Appear on the XOR Outputs Inverted. 
2. In Diagnostic Generate Mode the Contents of the Diagnostic Latch appear on the XOR Outputs Inverted. 

Figure 20. 64-Blt Single Correct Only 

DATA CHECKS CORRECT 

EDC 

Figure 21. Inhibition· Of Date MOdification. 
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SYSTEM DESIGN CONSIDERATIONS 

High Performance Parallel Operation 

For maximum memory system performance the EDC should be 
used in the Check-Only configuration shown in Figure 22. With 
this configuration the memory system operates as fast with 
EDC as it would without. 

On reads from memory, data is read outfrom the RAMs directlY to 
the data bus (same as in a non-EDC system). At the same time, 
the data is read into the EDC to check for errors. If an error exists 
the EDC's error flags are used to interrupt the CPU and/or to 
stretch the memory cycle. If no error is detected, no slowdown is 
required. 

If an error is detected, the EDC generates corrected data for the 
processor. At the designer's option the correct data may be 
written back into memory; error logging and diagnostic routines 
may also be run under processor control. 

The Check-Only configuration allows data reads to proceed as 
fast with EDC as without. Only if an error is detected is there any 
slowdown. But even if the memory system had an error every 
hour this would niean only one error every 3-4 billion memory 
cycles. So even with a very high error rate, EDC in a Check-Only 
configuration has essentially zero impact on memory system 
speEid. 

On writes to memory, check bits must be generated before the full 
memory word can be written into memory. But using the 
Am2961/62 Data Bus Buffers allows the data word to be buffered 
on the memory board while check bits are generated. This makes 
the check bit generate time transparent to the processor. 

EDC in the Data Path 

The simplest configuration for EDC is to have the EDC directly in 
the data path as s~own in Figure 23 (Correct-Always Configura
tion). In this configuration data read from memory is always 
corrected prior to putting the data on the data bus. The advan
tages are simpler operation and no need for mid-cycle interrupts. 
The disadvantage is that memory system speed is slowed by the 
amount of time it takes for error correction on ever cycle. 

I 
INTERRUPT ll·RROR 

iiULTiiFiROi sc 

CPU EDC UNIT 

DATA 

CONTROL CONTROL 

t 'DATA A 
BUS ( 

". {;r 
ADDR:: ( 

" 
A 

CONTROL ( 

WRITE 
READ ----

A 

Usually the Correct-Always Configuration will be used with MOS 
microprocessors which have ample memory timing budgets. 
Most high performance processors will use the high perfor
mance parallel configuration shown in Figure 22. (Check-Only 
Configuration). 

Scrubbing Avoids Double Errors 

Single-bit errors are by far the most common in a memory system 
and are always correctable by the EDC. 

Double bit memory errors are far less frequent than single bit (50 
to 1, or 100 to 1) and are always detected by the EDC but not 
corrected. 

In a memory system, soft errors occur only one at a time. A double 
bit error in a data word occurs when a single soft error is left 
uncorrected and is followed by another error in the data word 
hours, days, or weeks after the first. 

"Scrubbing" memory periodically avoids almost all double-bit 
errors. In the scrubbing operation, every data word in memory is 
periodically checked by the EDC for single-bit errors. If one is 
found, it is corrected and the data word written back into memory; 
Errors are not allowed"to pile up, and most double-bit errors 
are avoided. 

The scrubbing operation is generally done as a background 
routine when the memory is not being used by the processor. If 
memory is scrubbed frequently, errors that are detected and 
corrected during processor accesses need not be immediately 
written back into memory. Instead the error will be corrected in 
memory during scrubbing. This reduces the time delay involved 
in a processor access of an incorrect memory word, 

Correction of Double-Bit Errors 

In some cases, double-bit memory errors can be corrected! This 
is possible when one of the two bit errors is a hard error. 

When a double bit error is detected the data word should be 
checked to determine if one of the errors is a hard error. If so the 

CHECK MEMORY 

....:------ DYNAMIC 
IWIORY 
nMING 

~~ DATA MEMORV 

~f.-I="t 
i 

Ii ! 
I 
I , 7' "-

II 
., 
"-

., 
"-
., 

Figure 22. Check-Only Configuration 
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Figure 23. Correct-Always Configuration 

hard error bit may be corrected by inverting' it leaving only a 
single, correctable error. The time for this operation is negligible 
Since it WiII.occur infrequently. 

The procedure after detection of a double error is as follows: 

• Invert the data bi.ts read from memory. 

• Write the inverted data back into the same memory word. 

• Re-read the memory location and XOR the newly read out 
value with the old. If there is no hard error then the XOR result 
will be all l's. If there is a hard error; it will have the same bit 
value regardless of what was written in. So it will show as a 0 
after the XOR operation 

• Invert the hard error bit (this will "correct" it) leaving only one . 
error in the. data. 

• The EOC can then correct th~ single bit error. 

• Rewrite the correct data word into memory. This does not 
change the hard error but does eliminate the soft error. So the 
next memory access will find only a single-bit, correctable error. 

An example helps to illustrate the procedure: 

Example of Double Bit Error Correction 
When One isa Hard Error 

1) Data Read from 
Memory (01) 

16 data bits 6 check bits 

2) EOC detects a 
multiple error. 
Syndromes: 

'1111111100000011' I 011010 ' 

011000 
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3) Syndrome decode 
indicates a double 
bit error. 

4) Invert the bits read 
from memory (01) 0000000011111100 

5) Write 01 back to 
the same memory 
location 

6) Read back the 
memory location 
(02) 0000000011111101 

7) XOR 01 and O2 1111111111111110 

8) So the.last data bit 
is the hard error. 
Use this to modify 0 1 1111111100000010 

9) Pass the modified 01 
through the EOC. The 
EOC detects a single 
bit correctable error 
and outputs corrected 
data: 1111111100000000 

10) Write the corrected 
data back to memory 
to fix the soft error. 

Error logging and Preventative Maintenance 

100101 

100101 

111111 

011010 

011010 

The effectiveness of preventative maintenance can be increased 
by logging information on errors detected by the EOC. This.is 
called error logging. 



The EOC provides syndromes when errors are detected. The 
syndromes indicate which bit is in error. In most memory systems, 
each individual RAM supplies only one bit of the memory word. 
sci the syndrome and data word address specify which RAM was 
in error .. 

Typically a permanent/hard RAM failure is preceded by a period 
of time where the RAM displays an increasing frequency of inter
mittent, soft errors. Error logging statistic can be used to detect an 
increasing intermittent error frequency so that the RAM can be 
replaced before a permanent failure occurs. 

Error logging also records the location of already hard failed 
RAMs. With EDC a hard failure will not halt system operation. 
EDC always can correct single bit errors even if it is a hard error. 
EOC can also correct double bit errors where one is hard and one 
soft (see "Correction of Double Bit Errors" Section). The ability to 
continue operation despite hard errors can greatly reduce the 
need for emergency field maintenance. The hard-failed RAMs 
can be instead replaced at low cost during a regularly scheduled 
preventative maintenance session. 

Reducing Check Bit Overhead 

Memory word widths need not be the same as the data word width 
of the processor. There is a substantial reduction in check bit 
overhead if wider memory words are used: 

Memory Word 
Check 

# Data Bits # Check Bits Bit Overhead 

8 5 38% 
16 6 27% 
32 7 14% 
64 8 11% 

MEMORY BOARD 

/'- I\. DATA 

EDC 

" V 
CHECKS 

III · iil · ~ · :!! 
MI;MORY BOARD 

.It to. DATA 

~ 
EDC 

.V 

CHECKS 

TO CPU 

Figure 24. EDC Per Board 
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This reduction in check bit overhead lowers cost and increases 
the amount of data that can be packed on to each board. 

The trade off is that when writing data pieces into memory that are 
narrower than the memory word width, more steps are required. 
These steps are exactly tho same as those described in Byte 
Write in the Applications section. No penalty exists for reads from 
memory. 

EDC Per Board vs EDC Per System , 

The choice of an EDC per system or per board depends on the 
economics and the architecture of the system. 

Certainly the cheaper approach is to have only one EDC per 
system and this is a viable solution if only one memory location is 
accessed at at time. 

This solution does require that the system has both data and 
check bit lines (see Figure 25). This makes retrofitting a system 
difficult and creates complications if static or ROM memory, 
which do not require check bits, are mixed in with dynamic RAM. 

If the system has an advanced architecture it is quite likely that it is 
necessary to Simultaneously access memory locations on dif
ferent memory boards (see Figure 24). Architectural features that 
require this are interleaved memory, cache memory, and DMA 
that is done simultaneously with processor memory accesses. 
EDC per board is a simpler system from a design standpoint. 

The EDC is designed to work efficiently in either the per system or 
per board configurations. 

MEMORY BOARD 

DATA 

CHECKS 

MEMORY BOARD 

DATA 

CHECKS 

Figure 25. EDC Per System 
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FUNCTIONAL EQUATIONS 

The following equations and tables describe in detail how the output values of the Am2960 EOC are determined as a function of the value 
of .the inputs and the internal states. Be sure to carefully read the following definitions of symbols before examining the tables. 

Error Signals 

Definitions 

OJ .- .(OATAj if LE IN is HIGH or the output of bit i of the Data Input 
Latch if LE IN is LOW) 

Cj .- (CBj if LE IN is HIGH or the output of bit i of the Check Bit 
Latch if LE IN is LOW) 

OLj .- Output of bit i of the Diagnostic Latch 
8j .-Internally generated syndromes (same as outputs of 8Cj 

if outputs enabled) 
PA .- 00$01 (Jl02(JlD4$06(Jl08 (JlOl0(Jl012 
~ -OO(Jl~(Jl~(JlOO(JlD4(Jl~(JlOO(JlW 

.PC - 08 (Jl 09(Jl 010 (JlOll (Jl 012 (Jl013 (Jl014(Jl 015 
PO .-00(Jl03(Jl04(Jl07(Jl09(JlOl0(Jl013(Jl015 
PE .- 00(Jl 01 (Jl 05 (Jl 06 (Jl 07 (Jl 011 (Jl 012(Jl013 
PF - 02 (Jl03 (Jl04 (Jl05(Jl06(Jl07(Jl 014(Jl015 
PGl - DO (Jl 04 (Jl 06 (Jl07 
PG2 -- 01(Jl 02 (Jl03(Jl05 
PG3.-08(Jl09(JlOl1(Jl014 
PG4 -- 010(Jl012(Jl013(Jl015 

EFiR5R - (86 • (101 + 102» • 85 • 84 • 53 • 52 • 51 • So + GENERATE + INITIALIZE + PA88THRU 

MULT ERROR (16 and 32-Bit Modes) - ((86.101) (Jl 85 (l) 54 (Jl 83 (Jl 82 (Jl 81 (Jl 80) (ERROR) + TOME 

+ GENERATE + PA88THRU + INITIALIZE 

MULT ERROR (64-Bit Modes) __ TOME + GENERATE + PA88THRU + INITIALIZE 

TOME (Three or More Errors)' 

~ 
0 1 0 1 0 1 0 1 0 1 0 1 

"56 0 0 1 1 0 0 1 1 0 0 1 1 
S5 0 0 0 0 1 1 1 1 0 o· 0 0 

Sl S2 S3 54 
0 0 0 0 0 0 0 0 1 1 1 1 

0 0 0 0 0 0 1 0 1 1 1 0 1 1 1 

0 0 1 0 1 1 1 0 0 0 0 Q 0 0 0 

0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 

0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 

1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 

1 0 1 0 0 0 0 0 0 0 0 0 0 0 o· 
1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 

1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 

0 1 0 1 
0 0 1 1 
1 1 1 1 
1 1 1 1 

0 0 0 0 

1 1 1 1 

0 0 0 0 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

'86. 85 •... 80 are internal syndromes except in Modes 010. 100. 101. 110. 111 (CODE 102. 101. 100). 
In these modes the syndromes are input over the Check-Bit lines. 86 -- C6. 85.- C5 •... 81 -- Cl. 
SO -CO. 
"The 86 internal syndrome is always forced to 0 in CODE 10 000. 
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SC Outputs 

Tables XV. XVI. XVII. XVIII. XIX show how outputs SCO-6 are 
generated in each control mode for various CODE IDs (internal 
control mode not applicable), 

TABLE XV. 

~ GENERATE 
Mode (Check Bits) 000 010 011 

SCo <- PG2eJPG3 PG, eJPG3 PG2eJPG4eJCBo 

SC, <- PA PA PAeJCB, 

SC2 <- PO PO POeJCB2 

SC3 <- PE PE PEeJCB3 

SC4 <- PF PF PFeJCB4 

SCs <- PC PC PCeJCBs 

SC6 <- 1 PB PCeJCB6 

TABLE XVI. 

~ Detect 
and Correct 
Modes (Syndromes 000 010 011' 

SCo <-
PG2eJPG3 PG, eJPG3 PG2eJPG4 

eJCO eJCO eJCBo 

SC, <- PAeJCl PAeJCl PAeJCB, 

SC2 <- POeJC2 POeJC2 POeJCB2 

SC3 <- PEeJC3 PEeJC3 PEeJCB3 

SC4 <- PFeJC4 PFeJC4 PFeJCB4 

,SCs <- PC eJ C5 PCeJC5 PCeJCBs 

SC6 <- 1 PBeJC6 PC eJ CBs 

100 101 

PG2eJPG3 PG2eJPG3 

PA PA 

PO PO 

PE PE 

PF PF 

PC PC 

PB PB 

100 101 

PG2eJPG3 
PG2eJPG3 eJCO 

PAeJ,Cl PA 

POeJC2 PO 

PEeJC3 PE 

PFeJC4 PF 

PCeJC5 PC 

PB PB 

'In CODE 102-0 011 the Check-Bit Latch is forced transparent. the Data Latch operates normally, 

TABLE XVII. 

~ Diagnostic 
Read Mode 000 010 011' 100 101 

SCo <-
PG2eJPG3 PG,eJPG3 PG2 eJ PG4 P!32 eJPG3 PG2eJPG3 

eJOLo €bOlo EDCBo EDOLo 

SC, <- PAeJOL, PAeJOL, PAeJCB, PAeJOL, PA 

SC2 <- POeJOL2 PO eJ OL2 POEDC~ POeJOL2 PO 

SC3 <- PEeJOL3 PEeJOLa PEeJCB3 PEeJOLa PE 

SC4 <- PFeJ04 PFeJ04 PFeJCB4 PFeJ04 PF 

SCs <- PCeJOLs PCalOLs PCeJCBs PC eJ OLs PC 

see <- 1 PBeJOLs PCeJCB6 PB PB 

'In CODE 102_0011 the Check-Bit Latch IS forced transparent. the Data Latch operates normally, 
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110 111 

PG,eJP~ PG, eJPG4 

PA PA 

PO PO 

PE PE 

PF PF 
I 

PC PC 

PB PB 

110 111 

PG, eJPG4 PG, eJPG4 

PA PA 

PO PO 

PE PE 

PF PF 

PC PC 

PBeJC6 PBeJC6 

110 111 

PG, eJPG4 PG, eJPG4 

PA PA 

PO PO 

PE PE 

PF PF 

PC PC 

PBeJOLs PBeJOL7 
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TABLE XVIII. 

~ 
-

Diagnostic 
Write Mode 000 010 011' 100 101 110 111 

SCO- OLo OLo CBo OLo 1 1 1 

SCl <- OL1 OLl .CBl OLl 1 1 1 

SC2- OL2 OL2 CB2 OL2 1 1 1 

SC3 - OL3 OL3 CBa OL3 1 1 1 

·SC4- 04 04 CB4 04 1 1 1 

SCs - OLs Ole CBs OLs 1 1 1 

SCe <- 1 Ole CBs 1 1 Ole DL7 

'In CODE 102•0 011 the Check·Bit Latch IS forced transparent; the Data Input Latch operates normally. 

TABLE XIX. 

~ PASSTHRU 
Mode 000 010 011' 100 101 110 111 

SCo <- CO CO CBo ·CO 1 1 1 

SC1 - Cl Cl CBl Cl 1 1 1 ; 

SC2- C2. C2 CB2 C2 1 1 1 

SCa - C3 C3 CBa C3 1 1 1 

SC4- C4 C4 CB4 C4 1 1 1 

SCs- C5 Cs CBs C5 1 1 1 

SCs- 1 C6 CBe 1 1 C6 C6 

'In CODE 102•0 011 the Check·Bit Latch is forced transparent; the Data Input Latch operates normally. 

Data Correction 

Tables XX to XXVI shows which data output bits are corrected 
(inverted) depending upon the syndromes and the CODE 10 
position. Note that the syndromes that determine data correc· 
tion are in some cases syndromes input externally via the CB 

TABLE XX. CODE 102_0 = 000' 

I S5 
0 0 0 0 1 1 1 1 

S4 0 0 1 1 0 0 1 1 
S3 0 1 0 1 0 1 0 1 

S2 Sl 

0 0 - - - 5 - 11 14 -

0 1 - 1 2 6 B 12 - -

1 0 - - 3 .7 9 13 15 -

1 1 - 0 4 - 10 - - -

'Unlisted S combinations are no correction. 
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inputs and in some cases syndromes generated internally by 
that EDC (Si are the internal syndromes and are the same as 
the value of the SCI output of that EDC if enabled). 

The tables show the number of data bit inverted (corrected) if any 
for the CODE 10 and syndrom~ combination. 

TABLE XXI. CODE 102-0 = 010' 

CB6 0 0 0 0 1 1 1 1 
CBS 1 1 1 1 0 0 0 0 
CB4 0 0 1 1 0 0 1 1 
CB3 0 1 0 1 0 1 0 1 

CB2 CBl 

0 0 - 11 14 - - - - 5 

0 1 8 12 - - - 1 2 6 

1 0 9 13 15 - - - 3 7 

1 1 10 - - - - 0 4 -

'Unlisted CB combinations are no correction. 
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TABLE XXII. CODE ID2_0 = 011* TABLEXXIII. CODE ID2_0 = 100· 

56 0 0 0 0 1 1 1 1 
55 0 0 0 0 1 1 1 1 
54 0 0 1 1 0 0 1 1 
53 0 1 0 1 0 1 0 1 

CBO 0 

I 
0 0 0 1 1 1 1 

CBS 0 0 0 0 1 1 1 1 

CBs 1 1 1 1 0 0 0 0 
CB4 0 0 1 1 0 0 1 1 

52 51 \ CB3 0 1 0 1 0 1 0 1 

0 0 - - - 5 - 11 14 - CB2 CBl 

0 1 - 1 2 a 8 12 - - 0 0 - 11 14 - - - - 5 

1 0 - - 3 7 9 13 15 - 0 1 8 12 - - - 1 2 6 

1 1 - 0 4 - 10 - - -
·Unlisted S combinations are no correction. 

1 0 9 13 15 - - - 3 7 
----- - .. --._--" 4-1---

1 1 10 - -- - - 0 

·Unlisted CB combinations are no correction 

II 
TABLE XXIV. CODE ID2.() = 101· TABLE XXV. CODE IDz.() = 110· 

CBO 0 0 0 0 1 1 1 1 CBO 0 0 0 0 1 1 1 1 
CBa 0 0 0 0 1 1 1 1 CBS 1 1 1 1 0 0 0 0 
CBS 0 0 0 0 1 1 1 1 CBs 0 0 0 0 1 1 1 1 
CB4 0 0 1 1 0 0 1 1 CB4 0 0 '1 1 0 0 1 1 
CB3 0 1 0 1 0 1 0 1 CB3 0 1 0 1 0 1 0 1 

CBZ C~ CB2 CBl 
0 0 - - - 5 - 11 14 - 0 0 - - - 5 - 11 14 -
0 1 - 1 2 a a 12 - - 0 1 - 1 2 6 8 12 - -
1 0 - - 3 7 9 13 15 - 1 0 - - 3 7 9 13 15 -
1 1 - 0 4 - 10 - - - 1 1 - 0 4 - 10 - - -

·Unlisted CB combinations are no correction. ·Unlisted CB combinatIOns are no correction. 

TABLE XXVI. CODE ID2_0 = 111· 

CBO 0 0 0 0 1 1 1 1 
CBs 1 1 1 1 0 0 0 0 
CBs 1 1 1 1 0 0 0 0 
CB4 0 0 1 1 0 0 1 1 
CB3 0 1 0 1 o· 1 0 1 

CB2 CBl 

0 0 - 11 14 - - - - 5 

0 1 8 12 - - - 1 2 a 
1 0 9 13 15 - - - 3 7 

1 1 10. - - - - 0 4 -

·Unlisted CB combinations are no correction. 
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Am2960 Boosts 
Memory Reliability 

Technical Report 
Advanced Micro Devices 

ABSTRACT 

Memory error frequency will increase due to the use of larger memory systems and the 
use of 16K and 64K RAMs, which are more susceptible to soft errors because of their 
smaller memory cell geometry. 

At the same time, the need for reliability is increasing, both for the user and the system 
manufacturer. EDC (Error Detection and Correction) can reduce system downtime, can 
reduce field maintenance expenses and can provide manufac1urers a marketing advantage 
due to increased reliability .. 

The Am2960 implements EDC using a modified Hamming code, and so boosts memory 
reliability bya factor of 60 or b·etter.ltslashes package count and adds initialization, byte-write 
and diagnostic features. It rs fast and flexible enough to handle word widths from 8 to 64 bits. 

The Am2960 is one of a series of Memory Support devices designed for use with dynamic 
MOS RAM memory systems. 

Prepared by: Advanced Micro Devices, Bipolar Microprocessor. 

NOVEMBER 1980 

Advanced Micro Devices cannot assume responsibility for use of any circuitry described other than circuitry entirely 
embodied in an Advanced Micro Devices' product. 
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Am2960 BOOSTS 
MEMORY RELIABILITY 
The Am2960 is a 16-bit, expandable Error Detection and Correc
tion (EDC) unit. It is used in conjunction with system main 
memories to boost memory reliability. 

The Am2960 can correct all single-bit memory errors in a data 
word. It detects all double-bit errors and even some triple-bit 
errors. The gross error conditions of all Os or all 1 s are always 
detected. 

Memory error and detection using the Am2960 boosts system 
reliability by a factor of 60 or better. System crashes will occur far 
less frequently and maintenance costs can. be slashed. 

MEMORY ERRORS 
Memory Error Frequency 
MemorY errors are becoming more frequent due to two general 
trends: 

1. Total system memory size is growing, and, 
2. The geometry of individual memory cells in dynamic RAMs is 

shrinking, making them more susceptible to "soft" errors. 

There are two basic types of memory errors. Hard errors are 
permanent physical failures of either the whole RAM, a row, a 
column, or a single bit. Hard errors are caused by power shorts, 
open leads, and various other factors. Initial testing and burn-in 
will reduce but not eliminate hard error failures in RAMs during 
system operation. 

Soft errors are non-repeating, single-bit errors where there is no 
permanent damage. A soft error occurs when the charge state of 
a bit incorrectly shifts from 0 to 1 or from 1 to O. This can be caused 
by system nOise, pattern sensitivity, power surges6 or alpha 
particles. The new 16K and 64K dynamic RAMs, with their smaller 
memory cell geometries are especially susceptible to soft errors 
induced by alpha particles. (The smaller the memory cell 
geometry, the less energy is required to cause the cell to change 
state.) 

A paper given at Wescon, 1979' presented these failure rates for 
dynamic RAMs of increasing size (see Table 1). This table reflects 
only soft errors due to alpha particles. 

Am2960 Technical Report 

Undetected Memory Failures are Expensive 
Memory failures will occur in a system. When they do they will 
result either in a system crash or in loss of data integrity, unless 
memory error detection schemes are used. Either situation is 
expensive and inconvenient for the system users. Either Situation 
can result in maintenance calls to the system manufacturer. 

If the memory error occurs in an instruction word and the instruc
tion is executed without being corrected, then a system crash will 
almost certainly occur. For example, an "Add" instruction could 
be changed to a "Jump" instruction with only a one-bit change - if 
the error is undetected, the jump would take place to essentially a 
random location. 

If the error occurs in a word that is used for storing data, then data 
integrity is lost. In typical applications this could mean that bank 
account balances would be altered, blood diagnosis would be 
incorrect, or cooling water valves could be closed instead of 
opened. 

System failures of any kind will often result in unscheduled 
maintenance requests to the system manufacturers. Mainte
nance calls are expensive for the system manufacturer and are to 
be avoided by preventative means if at all possible. 

Strategies for Memory Errors 
For reliability and maintenance cost reduction, memory errors 
must be dealt with by the system designer. 

A common scheme is to use parity. But parity schemes cannot 
correct errors and can detect only single-bit errors. If a double-bit 
error occ.urs in a word, the parity is unchanged and so the error 
goes undetected. Parity cannot correct errors. 

Error detection and correction (EDC) is implemented by the 
Am2960 using a modified Hamming code. The Hamming code 

'scheme involves generating several check bits that contain 
enough redundant information to correct all single-bit errors and 
to detect all double-bit errors and some triple-bit errors. Also, the 
EDC modified Hamming code detects the gross error conditions 
of all Os and alils. 

Table 2 demonstrates that EDC is the superior strategy for both 
the system user and the system manufacturer. 

TABLE 1. ERRORS ARE INCREASING. 

Typical Error Rate 

Density (% per 1,000 Hours) 

Bits/Chip Soft' Hard" 

lK .001 .0001 

4K .02 .002 

16K .10 .011 

*64K .5*** .016 

'Reflects alpha particles only. Does nol include errors due 10 noise, power, 
patterns. 

"After infant mortality. 
"'Based on initial customer evaluation. 

Note: 0.1% per 1000 hours equals 1 failure in 106 hours. 
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TABLE 2. COMPARISON OF ERROR STRATEGIES. 

Error Type No Checking 

Single-Bit Error System crash. 

Double-Bit Error System crash. 

Entire RAM Failure System crash. 

With EDC, the incidence of maintenance calls is significantly 
reduced. Even the failure of an entire RAM chip will ngt neces
sarily result in a system failure. Double-bit errors are not cor
rected but are detected so that the system may be halted and the 
user informed of a memory error and the exact location of it. A 
controlled system halt is far more desirable than an uncontrolled 
system crash. 

EDC Improves MTTF 
Error detection and correction as implemented on the Am2960 
significantly improves the MTTF (mean time to failure) of memory 
systems. 

A paper presented at Wescon, 19791 used the dynamic RAM 
error rates shown previously to calculate the following MTTFs for 
a16 Megabyte system using 64K RAMs (see Table 3). ' 

TABLE 3. 

Error Type 

CQrrectable Soft Error (Single-Bit) 
Correctable Hard Error (Single-Bit) 
Non-Correctable Soft Error (Double-Bit) 
Non-Correctable Hard Error (Double-Bit) 

'Based on 64K RAM alpha error rate 
of 0.13% per 1000 hours. 

MTTF' 

13 days 
110 days 
864 days 

7,021 days 

Parity EDC Using Am2960 

System halt. Correctable. System runs. 

System crash. System halt. 

System halt. Correctable. System runs. 

The MTTF improves by a factor of at least 60 with EDC. This 
improvement factor has been noted by others2, . 

Another paper 3,4 calculated that with EDC, RAM errors would 
become a small factor in memory based failures relative to 
failures of other board components such as MSI, capacitors 
and reSistors. The same paper4 discusses how frequently 
preventative maintenance should be dorie so that a hard
failed RAM is replaced prior to a second RAM experiencing a 
hard-failure. The Am2960 has features that allow easy logging 
of data errors - this aids the maintenance engineer in quickly 
pinpointing hard-failed RAMs and RAMs displaying excessive 
soft error rates. 

Memory Reliability is a Competitive Edge 
EDC ,boosts memory reliability and gives you two cornpetitive 
advantages: 

4-48 

1. Your system is more reliable. 
2. Your field maintenance costs are reduced. 

The demand for reliable system performance is increasing stead· 
ily. Reliability is a must for applications in aerospace, medical, 
banking, process control and on-line systems. Applications such 
as word-processors, small business systems and telecommuni
cations also need memory reliability, as their users do not have 
the technical staff to handle system failures and are willing to pay 
for the convenience of smooth, error-free operation. 
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Figure 1. Block Diagram. 

Am2960 ERROR DETECTION 
AND CORRECTION 
Figure 1 shows the block diagram of the Am2960 EDC unit. The 
following is intended only to summarize Am2960 operation. A 
complete data sheet on the Am2960 EDC unit is available. 

Write to Memory 
On a wr~e to memory, the Am2960 generates check bits accord· 
ing to a modified Hamming code. The check bits generated are 
stored in memory along with the data bits. 

The Am2960 is a 16·bit slice and can handle all common word 
widths. The number of check bits required depends on the word 
width (see Table 4). 

TABLE 4. 

Number of Number of Number of 
Data Bits Check Bits Required Am2960 Required 

8 5 1 
16 6 1 
32 7 2 
48 8 3 
64 8 4 
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Read from Memory 
On a read from memory, the EDC reads in both the data and the 
check bits. The EDC uses the data bits to generate a second set 
of check bits. If the new check bits match the old, there is no error. 
If the check bits do not match, an exclusive·or of the two sets of 
check bits produce "syndrome bits," which are decoded to de
termine the type of error. For single-bit errors, ERROR is as
serted. For multiple-bit errors, MULT ERROR is asserted. Errors 
are detected tor data bits and check bits. 

Two Operating Moc;les 
The Am2960 can be used in two ways to protect systems from 
memory errors. 

High-performance systems (Figure 2) may use the Am2960 in a 
check-only mode without slowing system operation. The Am2960 
will monitor the data path and will generate a CPU interrupt if an 
error is detected. This error interrupt typically occurs just 25ns 
after data appears on the bus. The CPU then takes the corrective 
action chosen by the designer: automatic correction, write-back 
to memory, error logging, c;>r diagnostics. 

A simpler mode is to have the Am2960 in the data path (Figure 3), 
always correcting data on every read from memory. This 
simplifies CPU design and adds typically 40ns which is well within 
the memory cycle timing budget of most MOS microprocessor 
systems. 
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Byte Operations 
The Am2960 has byte-wide enables on the output latch. This 
greatly simplifies byte-write operations. The steps for a byte-write 
are: 1) read the full word from memory into the EDC input latch, 
2) correct the full data word and latch into the EDC output latch, 
3) enable the outputs of byte 0 (or byte 1) olthe EDC output latch 
and enable the data line inputs for byte 1 (or byte 0) to read in the 
new byte, 4) latch the new word into the EDC input latch, then 
5) generate new check bits and write both check and data bits 
into memory. 

Without the byte-wide enables on output, the byte-write operation 
would require extra steps, extra time and extra hardware. 

Initialization 
After power-up, system memory will contain random bit pattems 
with check bits that do not match the data bits. So system memory 
must be initialized. The Am2960 has a built-in initialization feature 
that forces the Data Output latch to all zeros and generates the 
correct corresponding check bits for writing into all system mem
ory at power-up. 

7/8 

0, 

AOOR 0, 

RASo 
.AS 

Am2964 
DYNAMIC • S 
MEMORY 

CONTROLLER .... -

Am2960 Technical Report 

Diagnostics are Key 
Since memory errors occur only every million or billion of cycles, a 
diagnostic feature has been built into the Am2960 that allows the 
device to be checked out under software control. In diagnostic 
mode the user may lOad predetermined check bits into the diag
nostic latch. These check bits are then used to do a diagnostic 
write or a diagnostic read. The write allows diagnostic check bits 
to be written into memory. The read substitutes diagnostic check 
bits for those normally read from memory. Eiiher operation can 
then be followed by bit test instructions to evaluate the EDC's 
response to the fictitious check bits. 

A Family of Memory Support Devices 
The Am. 2960 EDC is one of a family of memory support devices I 
that includes: . 

Am2961/62 - EDC Bus Buffers jj 

Am2964 - Dynamic Memory Controller 
Am2965/66 - Memory Bus Drivers . 

Figure 4 shows a typical high-performance memory configuration 
using Am2960 Series Memory Support Devices. 

64KI256K X 22-BIT MEMORY 

DATA MEMORY 

I I 
2j Am9016s OR Ami 

CHECk 
BITS 

--+--+--
ADO. I I 

22 Am901es OR Am9064s 

I I --+--+--
I I 

22 Amt016a OR Am9064s 

llD I I 
--+--+~-

I I 
22 Am901h OR Am9064s 

~------------~~ I I 

TIMtNQ 
AND 

CONTROL 
LOGIC 

AmnM r-----------------------~ 

Figure 4. Dynamic Memory Control with Error Detection and Correction. 
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These devices are 
also characterized 
as: 

Am2961 • Artl2962 
ArnZ8161 
AmZ8162 

4·Bi, Error Correction Multiple Bus Buffers 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• Provides complete data path interface between the Am2960 

Error Detection and Correction Unit, the system data bus 
and dynamic RAM memory 

• Three-state 24mA output to data bus 
• Three-state data output to memory 
• Inverting data bus for Am2961 and noninverting for Am2962 
• Data bus latches allow operation with multiplexed buses 
• Space saving 24-pin 0.3" package 

s 

LOGIC SYMBOL 

Am2961 

.80 B, 

B-Bus is noninverting for Am2962. 

CONNECTION DIAGRAM 
Top View 

Vee 

OEV OED 

500 063 

(Bo180 83 (B,I 

VO v, 

Dio 013 

011 Dl2 

v, V2 

(B,llJ, 92 (B21 

001 502 

LEV OEB 

GND LEB 

24 pin slim (0.3") 

Note: Pin 1 is marked for orientation. 

V, 

V2 

V, 

Vo 

BLI-122 
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FUNCTIONAL DESCRIPTION 

The Am2961 and Am2962 are high-performance, low-power 
Schottky multiple bus buffers that provide the complete data path 
interface between the Am2960 Error Detection and Correction 
Unit, dynamic RAM memory and the system data bus. The 
Am2961 provides an inverting data path between the data bus 
(Bi) and the Am2960 error correction data input (Vi) and the 
Arri2962 provides a noninverting configuration (Bi to Vi). Both 
devices provide inverting data paths between the Am2960 and 
memory data bus thereby optimizing internal data path speeds. 

The Am2961 and Am2962 are 4-bit devices. Four devices are 
used to interface each 16-bit Am2960 Error Detection and Cor
rection Unit with dynamic memory. The system can easily be 
expanded to 32 or more bits for wider memory applications. The 
4-bit configuration allows enabling the appropriate devices 
two-at-a-time for intermixed word or byte, read and write in 16-bit 
systems with error correction. 

Data latches between the error correction data bus· and the sys
tem data bus facilitate byte writing in memory systems wider than 
8-bits. They also provide a data holding capability during single
step system operation. 

MEMORY 
DATA 

INPUT 
DIN 

LOGIC DIAGRAM 

SELECT 
S 

MUX 

SYSTEM 
DATA BUS'" 

B 

OUTPUT 
ENABLE 

TO V 
OEV 

MEMORY 
DATA 

OUTPUT 
DOUT 

DATA 
OUTPUT ENABLE 
OED 

ERROR 
CORRECTION 
DATA BUS 
V 

BUS OUTPUT 
ENABLE 

BLI-121 

• Am2962 is the same function but noninverting to the system 
data bus, B. 

a 



Am2961 • Am2962 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L' TA = Oto +70"C Vee = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL TA = -55 to +125°C Vee = 5.0V ±IO% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE - Y BUS 

Parameters Description Test Conditions (Note I) 

VOH Output HIGH Voltage 
Vee = MIN 

IOH = -3.0mA 
VIN = VIH or VIL 

VOL Output LOW Voltage Vee = MIN IOL = 8mA 

VIN = VIH or VIL IOL = 16mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW I MIL 

voltage for all inputs I COM'L 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

IlL Input LOW Current Vee = MAX, VIN = O.4V OEY = LOW 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V OEY= LOW 

II Input HIGH Current Vee = MAX, VIN = 5.5V OEY= LOW 

Ise 
Output Short Circuit Current 

Vee = MAX (Note 3) 

DC CHARACTERISTICS OVER OPERATING RANGE - B BUS 

Parameters Description Test Conditions (Note I) 

VOH Output HIGH Voltage Vee = MIN IOH = -3.0mA 

VIN = VIH or VIL IOH = -15mA 

VOL Output LOW Voltage Vee = MIN' IOL = 12mA 

VIN = VIH or VIL IOL = 24mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW I MIL 

voltage for all inputs I COM'L 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

IlL Input LOW Current Vee = MAX, VIN = O.4V OEB = HIGH 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V OEB = HIGH 

II Input HIGH Current Vee = MAX, VIN = 5.5V OEB = HIGH 

Ise 
Output Short Circuit Current 

Vee = MAX (Note 3) 

Min 

2.4 

2.0 

-30 

Min 

2.4 

2.0 

2.0 

-50 

Typ. 
(Note 2) 

3.4 

0.3 

0.35 

Typ. 
(Note 2) 

0.3 

0.35 

Max 

0.45 

0.5 

0.7 

0.8 

-1.5 

-2.0 

100, 

1.0 

-130 

Max 

0.45 

0.50 

0.7 

0.8 

-1.5 

-1.0 

100 

1:0 

-150 

Notes: .1. For conditions as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed. one second. 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

rnA 

p.A 

rnA 

rnA 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

rnA 

p.A 

rnA 

'rnA 



DC CHARACTERISTICS OVER OPERATING RANGE - DO OUTPUTS 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Voltage Vee ~ MIN MIL IOH ~ -5OILA 

VIN ~ VIH or Vil COM'LlOH ~ -lll0ILA 

VOL Output LOW Voltage 
Vee ~ MIN 

IOl ~ lmA 
VIN ~ VIH or Vil 

ISC 
Output Short Circuit Current 

Vee ~ MAX 
(Note 3) 

10 Off-State Out Current Vee ~ MAX 
Vo~ 0.4V 

Vo ~ 2.4V 

Min 

2.5 

2.7 

-so 

Typ. 
(Note 2) 

DC CHARACTERISTICS OVER OPERATING RANGE - 01 INPUTS AND CONTROLS 

Parameters Description Test Conditions (Note 1) 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Vil Input LOW Level Guaranteed input logical LOW I MIL 

voltage for all inputs I COM'L 

Ve Input Clamp Voltage Vee ~ MIN,IIN ~ -18mA 

III Input LOW Current Vee ~ MAX, VIN ~ 0.4V I Dllnputs 

1 Controls 

IIH Input HIGH Current Vee ~ MAX, VIN ~ 2.7V 

II Input HIGH Current Vee ~ MAX, VIN ~ 5.5V 

DC CHARACTERISTICS OVER OPERATING RANGE - POWER SUPPLY 

Parameters Description Test Conditions (Note 1) 

Power Supply Current 
(Note 4) 

Vee ~ MAX 

Note 4: 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

4-55 

Min 

2.0 

Min 

Typ. 
. (Note 2) 

Typ. 
(Note 2) 

Am2961 • Am2962 

Max Units 

Volts 

Volts 

0.4 Volts 

-150 mA 

-100 
ILA 

+100 

Max 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-1.0 mA 

-1.6 mA 

50 ILA 

1.0 mA 

Max Units 

-65 to +150°C 

-55 to +125°C 

-0.5 to +7.0V 

-0.5V to +VCC MAX 

5.5V 

30mA 

-30 to +5.0mA 



Am2961 ° Am2962 
Am2961 

COM'L MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE· TA = O.to +7O"C T = -55 to +125"C 

vee = 5.OV :1:5" Vee = 5.0V :l:10'lf0 ' 

Parameters Description Min Max Min Max 

tpLH Propagation Delay B to Y (Latch 25 28 

tpHL Transparent, OEY = LEY = HIGH) 25 28 

tpLH Propagation Delay OJ to Y 15 18 ' 

IpHL (OEY = HIGH, S = LOW) 15 18 

IpLH Propagation Delay S to Y 25 28 

t!='HL (OEY= HIGH) 25 28 

tpl.H Propagation Delay LEY to Y 25 30 

tpHL (OEY = S = HIGH) 35 40 

tPZH Y Bus Output Enable Time 18 21 

IpZL OEYtoY 18 21 

tPHZ Y Bus Output Disable Time 18 21 

tpLZ OEYtoY 18 21 

tpLH Propagation Delay LEB to B 25 30 

tpHL (OEB= LOW) 35 40 

IpLH. Propagation Delay Y to B (Latch Transparent, 18 21 

IpHL LEB = HIGH, OEB = LOW, OEY = LOW)' 20 23 

IpLH Propagation Delay V to B (Latch Transparent, 26 30 

tpHL LEB = HIGH, OEB = LOW, OEY' = LOW) 31 35 

tpZH B Bus Output Enable Tiine 18 21 

tPZL OEBtoB 18 21 

IpLZ B Bus Output Disable Time 18 21 

IpHZ OEBtoB 18 21 

tpLH Propagation Delay Y to DO 15 18 

'tPHL (OED = OEY = LOW) 20 23 

IpZH DO Output Enable Time '28 30 

tpZL OED to DO 28 30 

tpHZ DO Output Disable Time 16 18 

IpLZ OED to DO 24 28 

Is B to LEY Set-up Time (OEB = HIGH) 6 6 

Iti B to LEY Hold Time (OEB = HIGH) 9 10 

ts Y to LEB Set-up Time (OEY = LOW) 6 6 

Iti Y to LEB Hold Time (OEY = LOW) 9 10 

°AC perfomance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9, 

Vee 

FROM 
mMCEo-~----~---K~--+ 

OUTPUT 

RL 

SWITCHING TEST CIRCUITS 

FROM FROM 
DEVICE 

OUTPUT OUTPUT 

, 

Units Test Conditions 

ns 

ns 

ns 

ns Figuret 

ns 
CL = SpF 
RL = 39Q{l 

ns R2= lkO 

ns 

ns 

hs 

ns 

ns 

ns 

ns 
Figure 1 

ns CL = 50pF 

ns RL = 270!l 
R2 = lkO 

ns 

ns 
Figure 1 
CL = 300pF 

ns ~= 2700 
R2 = lkO 

ns 
Figure 1 

ns CL = 50pF 

ns RL = 270!l 
R2 = lkO 

ns 

ns Figure 2 
CL = 50pF 

ns R= 2kO 

ns S=2 

ns S= 1 
Figure 3 
CL = 50pF 

ns S=2 R = 6B0!l 

ns S= 1 

ns 
Figure 1 
CL = 50pF 
RL = 39Q{l 

ns R2 = lkO 

ns 
Figure 1 
CL = 50pF 
RL = 2700 

ns R2 = lkO 

Vee r-LZ•ZL 

R 
sson 

CL -ll . t ~~ I~F 

.. (~. 

Figure 1. Figure 2., Figure 3. 
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Am2961' Am2962 
Am2962 

COM'L MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA = 0 to +7O"C T = -55 to+125"C 

vee = S.OV ±5'lr. vee = S.OV ± 1,", 

Parameters Description Min Max Min Max Units Test Conditions 

tpLH Propagation Delay B to Y (Latch 27 28 ns 

tpHL Transparent, OEY = LEY = HIGH) 27 28 ns 

tpLH Propagation Delay OJ 10 Y 15 18 ns 

tPHL (OEY = HIGH, S = LOW) 15 18 ns Figure 1 

IpLH Propagation Delay S to Y 25 28 ns CL = 5pF 
RL=3900 

tpHL (OEY= HIGH) 25 28 ns R2= lk.!1 
-

tpLH Propagation Delay LEY to Y 25 30 ns 

tpHL (OEY = S = HIGH) 35 40 ns 

tPZH Y Bus Output Enable Time 18 21 ns 

tpZL OEYtoY 18 21 ns 

IpHZ Y Bus Output Disable Ti,me 18 21 ns 

tpLZ OEYtoY 18 21 ns 
II 

tpLH Propagation D/llay LEB to B 25 30 ns 
Figure 1 

tpHL (OEB = LOW) 35 40 ns CL = 50pF 

tpLH Propagation Delay Y to B (Latch Transparent, 20 23 ns 
RL = 27011 
R2 = lkll 

tpHL LEB = HIGH, 6Ee = LOW, OEY = LOW) 21 24 ns 

tpLH Propagation Delay Y to B (Latch Transparent, 28 32 ns 
Figure 1 
CL = 300pF 

tpHL LEB = HIGH, OEB = LOW, OEY = LOW) 32 36 ns RL = 27011 
R2 = lkll 

IpZH B Bus Output Enable Time 18 21 ns 
Figure 1 

IpZL OEBIo a 18 21 ns CL = .50pF 

IpLZ B Bus Output Disable Time 18 21 ns 
RL = 27011 
R2 = lkll 

tpHZ OEBto B 18 21 ns 

tpLH Propagation Delay Y to DO 15 18 ns Figure 2 

IpHL (OED = OEY = LOW) 
CL = 50pF 

20 23 ns R = 2kll 

IpZH DO Output Enable Time 28 30 ns S=2 

tpZL OED to DO 28 30 ns S=1 
Figure 3 
CL = 50pF 

IpHZ DO Output Disable Time 16 18 ns S=2 R = 680n 

IpLZ O~Dto DO 24 28 ns S=1 

ts B to LEY Set-up Time (OEB = HIGH) 8 8 ns 
Figure I 
CL = SOpF 

tH B to LEY Hold Time (OEB = HIGH) 8 9 
RL = 390n 

ns R2 = lkll 

ts Y to LEB Set-up Time (OEY = LOW) 8 8 ns 
Figure 1 
CL = 50pF 

tH Y to LEB Hold Time (OEY = LOW) 8 9 
RL = 270n 

ns R2 = lldl 

'AC perfomance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2961 • Am2962 

DEFINITION OF FUNCTIONAL TERMS 

LEB 

Yo. Yl. 
Yz. Y3 

LEY 

The four bidirectional system data bus inputs/ 
outputs. Ihe B-to-Y path is inverting for the 
Am2961 (Bi) and noninverting for the Am2962 (Bi). 

The three-state Output Enable for the system data 
bus output drivers. When OEB is LOW data from 
the Data Output Latch is output to the system data 
bus. When OEB is HIGH the bus drivers are in the 
high-impedance state and the Data Input Latch can 
receive input data from the system data bus. 

Latch Enable for the Data Output Latch. When LEB 
is HIGH the latch is transparent and V-Bus data is 
output to the B-Bus. When LEB goes LOW: V-Bus 
data meeting the latch set-up and hold' time re
quirements is latched for output to the B-Bus. 

The four bidirectional EDC data inputs/outputs for 
connection to the EDC data I/O port. 

The Latch Enable control for the Data Input latch 
for the data input from the system data bus (B). 
When LEY is HIGH the latch is transparent and B 
input data is available at the MUX input for selec
tion to the Y outputs. When LEY goes LOW, B 
input data meeting the latch set-up and hol~ time 
requirements is latched for subsequent selection to 
the Y outputs. 

'OEY Output Enable for the Y (EDC) Bus outputs. 'When 
OEYis HIGH data selected by the Input data mul
tiplexer is output to the V-bus. When OEY is LOW 
the MUX output is in the high-impedance state and 
the V-Bus can receive input data from the EDC 
Unit. 

) S The Select input for the input data multiplexer. A 
LOW input selects data from the memory data 
input, 01, for output to the EDC bus (Y). A HIGH 
input selects da~ from the system data bus Data 
Input Latch (B or B). 

Doo.Dol. The Data Outputs to the memory data inputs. The 
DOz. 003 DO outputs are inverted with respect to ,!he EDC 

Bus (Y). These outputs are "RAM Driver outputs 
with a collector resistor in the lower output driver to 
protect against undershoot on the HIGH-to-LOW 
transition. 

OED Output Enable for the DO/outputs. An active LOW 
input causes the DO outputs to output inverted data 
from the EDC (Y) Bus and a HIGH input puts the 
DO outputs in the high-impedance state. 
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The Data Inputs from memory. i5i inputs are selected 
by the data input MUX for output to the EDC (Y) Bus' 
(controlled by Sand OEY) and/or output to the sys
tem data bus (B) (controlled by LEB and OEB). 



Am2961 • Am2H2 

FUNCTION TABLES 

V·BUS OUTPUT B-BUS OUTPUT 

LEV Oil BI' BI' S OEY Y Y' LEB OEB B B 
Am2961 Am2962 Input Am2961 Am2962 

X X X X X L Z X X H Z Z 

X L X X L H H L H L H L 
X H X X L H L H H L L H 

H X L H H H H X L L NC NC 
H X H L H H L 

L X X X H H NC 
'OEY = LOW for B data input 

'OEB = HIGH for B data input I 
DO PORT OUTPUT 

Y OED DO 

X H Z 

L L H 
H L L 

APPLICATION 

,...- , 
MEMORY 

I 
16 DATA BITS I 6 CHECK BITS 

14 f4 4 4 4 414 4 I 
I-

r- , 
4 

CONTROLS*-
Am2961/62 (4·) 4 

Am2960 4 EDC 

4 

I 
I 

CONTROLS-

4 4 4 4 

~ SYSTEM DATA BUS ~ 

'Since the EDC Data Bus Buffers are four·bit wide devices, controls can be paired to device inputs to provide byte level 
controls (for any data width). 
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Am2961 • Am2962 

~ETALLIZATION AND PAD LAYOUTS 

Am2961 Am2962 

s 1 24 Vee S 1 24 Vee 

OEV 2 2ai5m OEV 2 23(lE!j 

DO. a 22l1Oa Diio 'a 221m3 

ii •• 211f3 B. 4 21 So 
V. 5 2OV. !.. 5 20Y3 

ill. 6 19!!!. 01. 6 196i3 
ii1 7 1801. Oil 7 16m. 
V, 8 17V2 V, 8 17V. 

iiI 9 1682 B, 9 1682 

55,10 151m. 501 10 1500. 

LEV 11 ,.!IEIi LEV 11 14m 

GND12 laLEB GND12 laLEB 

DIE SIZES .102" X .087" 

ORDERING INFORM~TION 

Order the part number according to the table below to obtain the desired 'package, temperature range, and screening level. 

Am2961 Am2962 Package Type Operating Range Screening Level 
Order Number Order Number (Note I) (Note 2) (Note 3) 

AM2961DC AM2962DC D-24-SLIM C C-I 
AM296IDC-B AM2962DC'B D-24-SLIM C B-2 (Note 4) 
AM2961DM AM2962qr-A D-24-SLIM M C-3 
AM2961DM-B AM2962DM-B D-24-SLIM M B-3 
AM2961FM AM2962FM F-24 M C-3 
AM296IFM-B AM2962FM-B F-24 M B-3 
AM296ILC AM2962LC L-20 C C-I 
AM296ILCB AM2962LCB L-20 C B-2 
AM296ILM AM2962LM L-20 M C-3 
AM2961LMB AM2962LMB L-20 M B-3 

AM296IXC AM2962XC Dice ,C } Visual inspection 

AM2961XM AM29El2XM Dice M 
to MIL-STD-883 
method 2010B 

Notes: I. D = Hermetic DIP, F = Flat Pak, L = Chlp-Pak. Number following letter Is number of leads. See Appendix B for 
detailed outline, Where Appendix B contains several dash numbers, any of the variations of the package may be 
used unleSs otherwise sPeCified. ' 

2. C = Oto +70'C, Vee = 4.7fiVt05.25V, M = -5SIO +12SoC, Vee = 4.50Vto S.SOV. 
3. See Appendix A for details of screening. Levels 0-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms 

to MIL-STD-883, Class B. 
4. 96 hour burn-in. 
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Am2964B 
Dynamic Memory Controller 

DISTINCTIVE CHARACTERISTICS 

• Dynamic Memory Controller for 16K and 64K MaS 
dynamic RAMs 

• 8-Bit Refresh Counter for refresh address generation, 
has clear input and terminal count output 

• Refresh Counter terminal count selectable at 256 or 128 
• Latch input RAS Decoder provides 4 RAS outputs, all 

active during refresh 
• Dual8-Bit Address Latches plus separate RAS Decoder 

Latches 
• Grouping functions on a common chip minimizes speed 

differential or skew between address, RAS and CAS 
outputs 

• 3-Por!, 8-Bit Address Multiplexer with Schottky speed 
• Burst mode, distributed refresh or transparent refresh 

mode determined by user 
• Noninver!ing address, RAS and CAS paths 

CONNECTION DIAGRAMS 
Top Views 

DIP 

Aii2 iiif, 
m. AA" 
iiAii .. 

AS",-< Do 
RSEL1 LE 

CAiO .. 
CAii A, 

CUi 0, 

'R! A. 
Vc;c At 

"" GNO ., OJ 
A, "" A" At 
Os 0, 

MSEL -At A" 

A" .. 
0, 0, 

A, Au 

BLH24 

Chip·Pak 

.i~lglglil~~ 1/ ~ 

- NC 

CIIi A, 

CUi " 
'i'C 0, 

Vco At 
A" At ., GND 

A, 0, 

A" A" 

Os AI 

NO '" 

• 
~ ; G ~ i II ~ J' ~ l! 

Note: Pin 1 is marked for orientation. 
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FUNCTIONAL DESCRIPTION 

The Am2964B Dynamic Memory Controller (DMC) replaces 
a dozen MSI devices by grouping several unique functions. 
Two 8-bit latches capture and hold the memory address. 
These latches and a clearable, 8-bit refresh counter feed 
into iiln 8-bit, 3-input, Schottky speed MUX, for output to the 
dynamic RAM address lines. 

The same-silicon chip also includes a special RAS decoder 
and CAS buffer. Placing these functions on the same chip 
minimizes the time skew between output functions which 
would otherwise be separate MSI chips, and therefore, 
allows a faster memory cycle time by the amount of skew 
eliminated. . 

The RAS Decoder allows upper addresses to select one
of-four banks of RAM by determining which bank receives a 
RAS input. During refresh (RFSH = LOW) the decoder 
mode is changed to four-of-four and all banks of memory 
receive a RAS input for relresh in response to a RASI active 
LOW input. CAS is inhibited durin9 refresh. 

Burst mode refresh is accomplished by holding RFSH LOW 
and toggling RAS!. 

A15 is a dual function input which controls the refresh 
counter's range. For 64K RAMs it is an address input. For 
16K RAMs it can be pulled to +12V through 1KO to termi
nate the refresh count at 128 instead of 256. 

LOGIC DIAGRAM 
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Am2964B 
MAxIiIltUM RATINGS (Above .which useful life may ,be i~paired) 
Storage Temperature -65 to +150"C 

Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to. Ground Potential -0.5 to + 7.0V 

DC Voltage Applied to dutputs for High Output State -0.5Vto +VCCMAX 

DC Input Voltage -0.5 to 5.5\1 

DC Output Current, Into Outputs·· 30mA 

DC Input Current -30 to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 

(Group A, Subgroups 1, 2 and 3) 

Am2964XC T ... = 0 10 + 70"C 

. Am2964XM Tc= -5510+12500 

Parameters Description 

VOH Output HIGH Voltage 

VOH Output HIGH Voltage 

VOL Output LOW Voltage 

II)H Input HIGH level 

VIL Input LOW level 

VI Input Clamp Voltage 

IlL Input LOW Current 

IIH Input HIGH Current 

II Input HIGH Current 

Isc Output Short Circuit Current 

Icc Power Supply Current 
(Note 4) 

iT A15 Enable Current 

Vee = 5.0V ± 5% (Com'l) 

Vee = 5.0V ± 10% (MIL) 

Test Conditions (Note 1) 

Vee = MIN TC 
VIN = II)H orll)l 
IOH =.-1mA Others 

Vee,:" MIN All outputs 
VIN = VIH or VIL exceptTI: 
IOH = -1SmA 

'Vee = MIN 
All outputs except 
TC, IOL = 16mA 

II)N = II)Horll)( 
TC, IOL = BmA 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee = MIN, liN = -1BmA 

RASI 
Vcc= MAX CASI, MSEL, RFSH 
VIN = 0.4V 

Ao - A15, CLR , 
RSELo,l, LE 

RASI 

Vee = MAX CASI, MSEL, RFSH 
VIN.= 2.7V 

Ao-A15, CLR 
RSELo,l' LE 

Vee = MAX RASI 

VIN= 5.5V CASI, MSEL, RFSH 

VCC=MAX Ao-A15,CLR 
VIN= 5.5V RSELo,l, LE 

Vee = MAX (Note 3) 

2SOO, SV 

Ot070"C 

70"C 
COM'L 

-5510 +125'C 
MIL 

+125'C 

A15 connected 10 +12V through 1K!l ± 10% 

MIN = 4.75V MAX = 5.2SV 

MIN = 4.50V MAX = 5.50V 

Min 

2.5 

3.0 

2.0 

2.0 

-40 

TYP 
(Note 2) 

122 

Max 

0.5 

0.5 

O.B 

-1.5 

-3.2 

-1.6 

-0.4 

100· 

50 

20 

2.0 

1.0 

0.1 

-100 

173 

165 

165 

150 

5 

UnHs 

Volts 

Volis 

Volts 

VoltS 

Volts 

Volts 

Volts 

Volts 

mA 

rnA 

mA 

p.A 

p.A 

/LA 

mA 

mA 

.' 
mA 

mA 

mA 

mA 

mA 

'mA 

rnA 

mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duratiof, of the short circuit test should not exceed one second. 

4. lee is worst case when ihe Address inputs are latched HIGH, the refresh counter is at terminal count (25S), RASI and CASI are HIGH and all 

other inputs are LOW. 
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Am2964B 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR_. 
(Notes 5, 6) 

COM'L MIL 

TA = +25OC TA = OOC'to +70OC Te = -55OC to +125OC 
Vee = 5.0V Vee = 5.0V ± 5% Vee = 5.0V ± 10% Test 

Parameter Description Typ. Min. Max. Min. Max. Units Conditions 

1 IpO A; 10 OJ Delay 14 19 23 ns 

2 IpHL RASI 10 RASj (RFSH = H) 14 20 23 ns 

3 ipHL RASI to RASj (RFSH = L) 14 20 23 ns 

4 tpo MSELtoOI 17 9 9 ns 

5 ipo MSEL to OJ 17 21 25 ns 

6 ipHL CASI 10 CASO (RFSH = H) 12 17 19 ns 

7 tpHL RSEL; 10 RASj (LE = H, RASI = L) 15 20 24 ns 

8 IpLH RFSH to TC (RASI = L) 30 40 50 ns 

9 IpLH RASI to TC (RFSH = L) 25 35 40 ns 

10 IpW RASI = L (RFSH = L) 10 50 50 ns 

11 IpW RASI = H (RFSH = L) 10 50 50 ns 

12 tpo RFSH to OJ (RASI = X) 17 21 25 ns' 

13 IpHL RFSH to RASj (RASI = L) 19 26 29 ns CL = 50pF 

14 tpw CLR = L 10 30 35 ns 

15 tpLH 
RFSHto CASO 

16 21 25 
·(RASI = L CASI = L, Note 7) 

ns 

16 tpo LE to OJ 25 35 40 ns 

17 IpHL LE to RAS; 30 40 45 ns 

18 tpLH CLR toTC 35 45 56 ns 

19 tpLH CLR to OJ (RFSH = L) 31 44 54 ns 

20 ts AI to LE Set-up Time 0 5 5 ns 

21 tH Aj to LE Hold Time 5 12 15 ns 

22 ts RSELj to LE Set-up Tjme 0 5 5 ns 

23 IH RSELj 10 LE Hold Time 10 17 25 ns 

24 ts CLR Recovery Time 10 16 18 ns 

25 tSKEW 0; to RASI (RFSH = H, Note 8) 2 5 6 ns 

26 tSKEW OJ to CASO (Note 8) 6 8 8 ns 

27 tSKEW OJ to RASj (RFSH = L, Note 9) 6 8 10 ns 

28 ISKEW OJ to RASj (MSEL = 1.. , Note 10) 1 5 5 ns 

Notes: 5. Minimum spec limits for Ipw' Is and tH are minimum system operaling requirements. Umits for tSKEW and tpo' are guaranteed test limits 
for the device. 

6. All AC parameters are specified at the 1.5V level. 
7. RFSH inhibits CASO during refresh. Specification is for CASO inhibit time. 
8. OJ to RASj (RFSH = HIGH) skew is guaranleed maximum difference between fastest RASt to RASj delay and slowest Aj to OJ delay 

within a single device. OJ to CASO skew is maximum difference between fastest CASI to CASO delay and slowest MSEL to OJ delay 
within a Single device. See application sectiOn entitled Meniory Cycle Timing for correlation to ~m Timing requireme~ 

9. OJ to RASj (RFSH = LOW) skew is guaranteed maximum difference between fastest RASI to RASj delay and slowest RFSH to OJ delay 
within a single device. See application section on Refresh Timing for correlation to system refresh timing requirements. ' 

10. OJ to RASj (MSEL = 1.. ) skew is guaranteed maximUm difference between fastest MSEL 1.. to OJ delay and slowest RASI to RASj 
deiay within a single device, 
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Am2964B 

SWITCHING CHARACTER"TlCS'OVER OPERATING RANGE FOR_. 
(Notes 5, 6) ,' .. 

TA = +25"C 
Vee = 5.0V 

Parameter Description Typ. 

1 Ipo A; to OJ Delay 20 

2 IpHL RASI 10 RASj (RFSH = H) .18 

3 IpHL RASllo RASI (RFSH= L) 18 

4 Ipo MSEL to OJ 23 

5 IpO MSEL to OJ 23 

6 IpHL CASI 10 CASO (RFSH = H) 17 

7 IpHL RSEL; to RASj (LE = H, RASI = L) 19 

8 IPLH RFSH to TC (RASI = L) 34 

9 IpLH RASI to TC (RFSH = L) 32 

10 Ipw RASI = L (RFSH = L) 10 

11 Ipw RASI = H (RFSH '" L) 10 

12 Ipo RFSH to OJ (RASI = X) 21 

13 IpHL RFSH to RASj (RASI = L) 25 

14 Ipw CLR = L 10 

15 IpLH 
RFSH10 CASO 

21 
(RASI ,;, L CASI = L, Nole 7) 

16 IpD LEIoOI 30 

17 tpHL LElo RASI 34 

18 IpLH CLR10 TC 39 

19 IpLH CLR 10 OJ (RFSH = L) 38 

20 Is Aj 10 LE Sel-UP Time 0 

21 It-; A; 10 LE Hold Time 5 

22 IS RSEL; 10 LE Sel-up Time 0 

23 IH RSELI to LE Hold Time 10 

24 IS CLR Recovery Time 10 

25 ISKEW 01 10 RASj (RFSH = H, Note 8) 3 

26 ISKEW 0; 10 CASO (Nole 8) 6 

27 ISKEW OJ to RASI (RFSH = L, Note 9) 6 

28 ISKEW 01 to RASj (MSEL = 1- , Note 10) 1 

Notas on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful, 

1, Insure the part is adequately decoupled at the tast head. 
Large changes. in Vce current as the device switches may 
cause erroneous function failures due toVcc changes. 

2. 06 not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. Fol
lowing an input transition, ground current may change by as 
much as 400mA in 5-8ns. Inductance in the ground cable 

COM'L MIL 

TA = O·C to +700c Te = ":'55"C to +125"C 
Vee = 5.0V±.S% Vee = 5.0V ± 10% Test 
Min. Max. Min. Max. Units Conditions 

25 30 ns 

24 27 ns 

24 27 ns 

12 12 ns 

27 31 ns 

24 26 ns 

27 30 ris 

45 55 ns 

45 55 ns 

50 50 ns 

50 50 ns 

27 30 ns 

, 33 36 ns CL = l50pF 

30 35 ns 

27 31 ns 

40 50 ns 

45 54 ns 

55 60 ns 

50 62 ns 

5 5 ns 

12 12 ns 

5 5 ;,S 

17 25 ns 

16 18 ns 

6 7 ns 

8 ·8 ns 

9 10 ns 

5 5 ns . 

may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there wiilbe significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
ViL ,.;; 0.4Vand VIH ;.. 2.4V for AC tests. 

5. To simplify failure analysis, programs should. be designed to 
. perform DC, Function, and AC tests as three distinct groups 

of tests. 
6. To assist in testing, AMD offers complete documentation on 

our test procedures and, in most cases, can provide Fairchild 
Sentry programs, under license. 
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DEFINITION OF FUNCTIONAL TERMS 

Ao-A7 The low .order Address inputs are used to latch 
eight Row Address inputs for the RAM. These 
inputs drive the outputs 00-07 when MSEL is 
HIGH. 

MSEL 

The high order Address inputs are used to latch 
eight Column Address inputs for the RAM. these 
inputs drive the outputs 00-<l7 when MSEL is LOW. 

A15 is a dual input: With normal TTL level inputs 
A,15 acts as address input A15 for 64K RAMs. If 
A15 is pulled up to +12V through a 11<0 resistor, 
the terminal count output, TC, will go LOW every 
128 counts (for 16K RAMs) instead of every 256 
counts. 

The RAM address outputs. The eight-bit width is 
designed for dynamic RAMs up to 64K. 

The Multiplexer-SELect input determines 
whether low order or high order address inputs 
appear at the multiplexer outputs 00-0;-. When 
MSEL is HIGH the low order address latches 
(Ao-A7) are connected to the outputs. When 
MSEL is LOW the high order address latches 
are connected to the outputs. 

The Refresh control input. When active LOW the 
RFSH input switches the address output multi
plexer to output the inverted contents of the 8-bit 
refresh counter. RFSH LOW also inhibits the CAS 
buffer and changes the mode of the RAS decoder 
from one-of-four to four-of-four so that all four RAS 
decoder outputs, RASo, RAS1, RAS2 and RAS3, 
go LOW in response to a LOW input at RASI. This 
action refreshes one row address in each of the' 
four RAS decoded memory banks. The refresh 
counter is advanced at the end of each refresh 
cycle by the LOW-to-HIGH transition of RFSH or 
RASI (whichever occurs first). In burst mode re
fresh, RFSH may be held LOW and refresh ac
complished by toggling RASI. 

The Terminal Count output. A LOW output at TC 
indicates that the refresh· counter has been se-

LE 

RSELo and 
RSELl 

quenced through either 128 or 256 refresh addres
ses depending on A15. The TC output remains 
active LOW until the refresh counter is advanced 
by the rising edge of RASI or RFSH. 

The refresh counter Clear inpllt. An active LOW 
input at CLR resets the refresh counter to all LOW 
(refresh address output to all HIGH). 

The address latch enable input. An active HIGH 
inpllt at LE causes the two 8-bit address latches 
and the 2-bit RAS Select i'nput latch to go trans
parent, accepting new input data. A LOW input on 
LE latches the input data which meets set-up and 
hold time requirements. 

The RAS decoder Select inputs. Data (latched) at 
these inputs (normally higher order addresses) is 
decoded by the RAS Decoder to "RAS Select" one 
of four banks of memdry with RASo, RAS1, RAS2 
or RAS3. 

The Row Address Strobe I~ During normal 
memory cycles the selected RAS Decoder output 
RASo, RAS1, RAS2 or RAS3 will go active LOW in 
response to an active LOW l!!e!:!.t at RASI. During 
refresh (RFSH = LOW), all RAS outputs go LOW 
in response to RASI = LOW. 

Row Address Strobe outputs (RASj). Each pro
vides a Row Address Strobe for one of the four 
banks o,f memory. Each will go active LOW only 
when selected by RSELo and RSELl and only 
when RASI goes active LOW. All RASo_3 outputs 
go active low in response RASI when RFSH goes 
LOW. 

The Column Address Strobe. An active LOW input 
at CASI will result in an active LOW output at 
CASO, unless a refresh cycle is in progress (RFSH 
= LOW). 

The Column Address Strobe output. The active 
LOW CASO output strobes the Column Address 
into the dynamic RAM. CASO is inhil:/ited during 
refresh (RFSH = LOW). 

RAS OUTPUT FUNCTION TABLE 

RFSH RASI RSEL1 RSELo 

L H X X 

L L X X 

H H X X 

H L L L 

H L L H 

H L H L 

H L H H 

CASO FUNCTION TABLE 

RFSH CASI CASO 

H L L 

H H H 

L X H 

RASo 

H 

L 

H 

L 

H 

H 

H 

4-66 

RAS1 RAS2 RAS3 

H H H 

L L L 

H H H 

H H H 

L H H 

H I L H 

H H L 

ADDRESS OUTPUT FUNCTION TABLE 

MSEL 

H 
L 

X 

RFSH 

H 
H 

L Refresh Address 



. 

CUi 

iiFiiii 

Wi 

TC 

.. .. 
Os 

~ 
Os ., .. 

COUNT 

Am29648 

REFRESH ADDRESS COUNTER FUNCTION TABLE 

A15 CLR RFSH 

X L X 

X H L 

X H ..J 

X H. L 

X H L 

LorH H X 

+12V· H X 

Through 1 ill resIstor . 

REFRESH COUNTER IS 
DECREMI;NTED ON 
THIS EDGE 

H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H L 
H L H ... ... ... .53 

RASI TC REFRESH COUNT FUNCTION 

X X FFH Clear Counter 

X X NC 
Output Refresh Address 
No Change for Counter 

L X Count - 1 Return to Memory Cycle 
Mode and Decrement Counter 

L X NC Output all RASi to RAM 
No Change for Counter 

J X Count - 1 Return RASi to HIGH and 
Decrement Counter 

X L OOH 
Terminal Count for 
256 Line Refresh 

X L OOH and 80H 
Terminal Count for 
128 Line Refresh 

BURST REFRESH TIMING 

'--
_ J 

H L 
L H 
L H 
L H 
L H 
L H 
L H 
H H 

'29 '28 127 

NOTE, TC "l. OCCURS 
BEFORE ADDRESS 
ZERO IS REFRESHED 

128L1NE _ 
REFRESH TC 
A15 PULLED 
UP TO +12V 
THROUGH1kU 

'-- _J 

ADDRESS ZERO IS 
REFRESHED HERE 

256UNE _ 
REfRESH TC 
A15 = TTL LEVELS 

H 
H 
H 
H 
H 
H 
H 
H ... 

The timing shown assumes that burst mode applications may power-down the Am2964B with the RAM. Therefore the counter is cleared prior to executing 
the refresh sequence. 
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Am2964B 

APPLICATION 

ARCHITECTURE 

The Dynamic Memory COriiroller (OMC) proilidesaddress mul
tiplexing, refresh address generation and RASICAS cOntrol for 
the MOS dynamic RAM memories of any data width. The eight bit 
address path is designed fcir64K RAMs and can be used with 16K 
RAMs. 

Sixteen address input latches and two RAS Select ilitches (for 
higher order addresses) allow the OMC to control up to 256K 
words of memory (with 64K RAMs) by using the internal RAS 
decoder to select from one-of-four banks of RAMs. 

SPEED WITH MINIMUM SKEW 

The OMC provides Schottky speed in all of the critical paths. In 
aqdition, time skew between the Address, RAS and CAS paths is 
minimized (and specified) by ~ng these functions on the same 
chip.- The inclusion of the CAS buffer allows matching of its 
propagation delay, plus provides the CAS inhibit function during 
RAS - only refresh. 

Am2965 

INPUT LATCHES 

The eighteen input latches are transparent when LE is HIGH and 
latch the input data meeting set-up and hold time requiremimts 
when I,.E goes LOW. In systems with separate address and data 
buses, LE may be Permanently enabled HIGH. 

REFRESH COUNTER 

The 8-bit refresh counter provides both 128 and 256 line refresh 
capability. Refresh control is external to allow maximum user 
flexibility. Transparent (hidden), burst, synchronous or asyn
chronous refresh modes are all possible. 

The refresh counter is advanced at the LOW-to-HIGH transition 
of RFSH (or RASI). This assures a stable counter output for ihe 
next refresh cycle. The Counter will continue to cycle through 256 
addresses unless reset to zero by CLR. This actually causes all 
outputs to go HIGH since the output MUX is inverting. (Address 
inputs to outputs are non-inverting since both the input latches 
and output MUX are inverting). 

64K WORD X 22·81T MEMORY 

DATA MEMORY CHECK 
BITS 

I 
22 Am9016s 

I I 
Am2966 1-'------, 

A, 

A, 

A, 

A .. 

A" 

A" 

.. 
( am ) LOCATION 

CONTROL 

ADOR 

DMC 
RSELO 

RSEL1 

LE 

I~ 
I. i~ I~ 

TIMING 
AND 

CONTROL 
LOGIC 

0, 

R"AS 
RAS· 
AAS 
RAS, 

--+--+--
ADDR I I 

I I --+--+-,--
I I 

22 Am90168 

CJ(5 I I --+--+--
Am2966 

I I 
L-______ ~~ 

I 22 Am9016s I 
m 

Am2966 I-------------j 

Am2960 
EDC UNIT 

'Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS. spreading the CAS loading over. four 
drivers to equalize the capacitive load on each driver . 

.. 
Figure 1. Dynamic Memory Control with Error Detection and Correction 
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ReFRESH TERMINAL COUNT 

The refresh counter alsO, provides a Terminal Count output for 
burst mode refresh applications. TC normally occurs at count 255 
(00 to 07 all LOW when RFSH is LOW). TC can be made to acc!!r 
at count 127 for 128 line burst mode refresh by pulling A15 up to 
+ 12Vthrougha 1KO ± 10% resistor. The counter actually cycles 
through 256 with TC determined by A15. Otherwise A15 functions 
as an address input when driven at normal TTL levels. 

THREE INPUT 8-81T ADDRESS MULTIPLEXER 

The address MUX is 8-bits wide (for 64K RAMs) and has three 
data sources, the lower address input latch (Ao to'A7), the upper 
address input latch (As to A1S) and the internal refresh counter. 
The lower address latch is selected when MSEL is HIGH. This is 
normally the Row address. The upper address latch is selected 
when MSEL is LOW. This is normally the Column address. The 
third source - the refresh counter is selected when RFSH is LOW 
and overrides MSEL. 

When RFSH goes LOW, the MUX selects the refresh counter 
address and CASe is inhibited. Also, the RAS Decoderfunction 

A.-' A,. Ao 
A. A, 

Ao A. 

A. A. 

As A4 
A. As 

A7 A. 

NC A7 

Ao A. 

Ag Ao 
A,. A,. 

A" A" 
A,. A,. 
A,. A,. 

A,. A,. 

+'2V A,s 
1kn 
A,. RSELa 

A,. RSEL, 

DMC 

Am2964B 

is cha~ from one-of-four to four-of-four so all RASoutputs 
RASo-RASa go LOW to refresh all banks of memory when RASI 
goes LOW. When RFSH is HIGH only one RAS output goes low, 
determined by the RAS Select inputs, RSELo and RSEL1.ln 
either case the RAS Decoder output timing is controlled by RASI 
to make sure the refresh count appears at Oo-Or before RASo
RAS3 go LOW. This assures meeting Row address Set-up time 
requirement of the RAM (tASR). 

MAXIMUM PERFORMANCE SYSTEM 

The typical organization of a maximum perfQrmance 16-bit sys
tem including Error Detection and Correction is shown in Figure 1. 
Delay lines provide the most accurate timing and are recom
mended for RAS/MSEUCAS timing in this type of system. 

CONTROLLING 16K RAMS OR SMALLER SYSTEMS 

16K RAMs require seven address inputs and 128 line refresh. 
Also, Ao is often used to designate upper or lower byte tra~s 
actions in 16-bit systems. These modifications are shown In 
Figure 2. 

BYTES WORDS 

RASa 11-32K 1J.16K 

RAS1 .2-64K IW2K 

RAli. &4-96K .2-48K 

RAS. 96-1281< 4B-S4K 

• Ao Controls Byte Select Logic 

Figure 2. Word Organized Memory Using 16K RAMs 
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MEMORY CYCLE TIMING The minimum requirement for T1, T2. and T3 are as follows: 
T1MIN = IRAH+ 128 . .... 
T 2MIN = Ti + 126 + lAse 

I 
The r~lationship between DMC specifications and system .tim-

T 3M IN = IASFi + t25 ing requirements are shown in Figure 3; T1, T 2 and T 3 nip"&' 
sent the minimum . timing requirements at the DMC inputs to 
guarantee that RAM timing .requirements are met and that 
m~mum system performance is achieved. 

See RAM data sheet for applicable values for tRAH, lAse and 

tASR· 

At 
, 
--' 

---:--0 

X>OO ROW ADDRESS VAUD 
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~ 
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CABO 
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®.=:..u:~ EO MAX DIFFERENCE BETWEEN FASTESTCAii TOCAiO DELAY 

SLOWEST MSEl TO DJ DELAY ON ANY SINGLE DEVICE. 
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a) Specifications Applicable to Memory Cycle Timing 

COLUMN ADDRESS VALlO 

A,' 
--'~~--~------------------------------~-----

0, 

MSEL 

_2<X2C 1\ ROW ADDRESS YALID _-+-___ L.Y._¥_~ 
1-13 -

\ 

~ COLUMN ADDRESS VALID 

1-105"1 II--~---~ IoAH ------1 

\\\1 
I-----------n---------------~ 

1----~-'--T2-----------_I 

b) Desired System Timing 
Figure 3. Memory Cycie f1mlng 
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REFRESH CYCLE TIMING 
The timing relationships for refresh are shown in Figure 4. 

T 4 minimum is calcul.ated as follows: 

T4 = tASR + t27 

0, 

0, 

~ 

s 

"XXX' ~ REFRESH ADDRESS VALID 

~ 

~ 

\\\ I\~ 
~ 

a) Test Waveforms 

REFRESH ADDRESS VALID 

'ASR 

@ .. GUARANTEED MAX DIFFERENCE BETWEEN FASTEST ~ TO 
RASI DELAY AND SLOWEST RFSH TO OJ DELAY ON 
ANY SINGLE DEVICE. 

b) Desired System Timing 

Figure 4. Refresh Timing 
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Am2984B 

CAS •• 
CQI 7 
CIl\ • 

fC 9 
VCC 10 
A1S11 

Dr 12 
A713 

A'414 

06 15 

MSEL 16 

Metallization and Pad Layout 

DIE SIZE 0.156" X 0.143" 

ORDERING INFORMATION 

30LE 

3' At 
34A, 
330, 

32Ag 
31 Aa 
30GND 
2002 
28A'0 
27,.. 

"Do 

Order the part number according to the table below to obtain the desired package, 
temperature range, and screening level. 

Am2$64B Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2964BPC P-40 C C-l 
AM2964BoC 0-40 C C-l 
AM2964BoC-B 0-40 C B-2 (Note 4) 
AM2964BoM 0-40 M C-3 
AM2964BoM-B 0-40 M D-3 
AM2964BLC L-44 C C-l 
AM2964BLM L-44 M C-l 
AM2964BLM-B L-44 M B-3 

AM2964BXC Dice C } 
Visual inspection 

AM2964BXM Dice M 
to MIL-STo-883 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, L= Chip-Pak. Numberfoliowing letter is number of leads. 
See Appendix 
B for detailed, outline. Where Appendix B contains several dash numbers, any of the variations of the 
package may be used unless otherwise specified. , 

2. C = O"C to +70"C, Vee = 4.75V to 5.25V, M = -55°C to +125~C, Vee = 4.50V to S.SOV. 
3. See Appendix A for details of screening. Levels C-l and C-3 confonn to MIL-STD-883, Class C. Level B-3 

conforms to MIL-STD-883, Class B. 
4. 96 hour bum-in. 
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This device is also 
characterized as: Am2965 • Am2966 
AmZ8165· 
AmZ8166 

Octal Dvnamic Memorv Drivers with Three·State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Controlled rise and fall characteristics 
Internal resistors provide symmetrical drive to HIGH and 
LOW states, eliminating need tor external series resistor. 

• Output swings designed to drive 16K and 64K RAMs 
VOH guaranteed at Vcc -1.15V. Undershoot going LOW 
guaranteed at less than 0.5V. 

• Large capacitive drive capability 
35mA min source or sink current at 2.0V. Propagation 
delays specified for 50pF and 500pF loads. 

• Pin-compatible with 'S240 and 'S244 
Non-inverting Am2966 replaces 745244; inverting Am2965 
replaces 745240. Faster than '5240/244 under equivalent 
load. 

• No-glitch outputs 
Outputs forced into OFF state during power up and down. 
No glitch coming out of three-state. 

CONNECTION DIAGRAM 
Top View 

iii Vee 

,., m 
2VO 1V1 

, .. , .. 
2V3 1Y2 

'" 'A3 
2V' '" 
1M 2A2 

'" 1VO 

GND ,., 

Note: Pin 1 is marked for orientation. 
BLI-125 

FUNCTIONAL DESCRIPTION 

The Am2965 and Am2966 are designed and specified to drive the 
capacitive input characteristics ofthe address and control lines of 
MOS dynamic RAMs. The unique design of the lower output 
driver includes a collector resistor to control undershoot on the 
HIGH-to-LOW transition. The upper output driver pulls up to V cc 
- 1.15V to be compatible with MOS memory and is designed to 
have a rise time symmetrical with the lower output's controlled fall 
time. This allows optimization of Dynamic RAM performance. 

The Am2965 and Am2966 are pin-compatible with the popular 
'5240 and '5244 with identical3-state output enable controls. The 
Am2965 has inverting drivers and the Am2966 has non-inverting 
drivers. 

The inclusion of an internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there
fore redUCing package count and the board area required. The 
internal resistor controls the output fall and unaershoot without 
slowing the output rise. 

These devices are designed for use with the Am2964 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input lines require additional buffering. Driving eight 
address lines or four ~ and four CAS lines with drivers on the 
same silicon chip also provides a significant performance ad
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpD difference of un
specified devices. 

TYPICAL OUTPUT DRIVER 

---_----0 Vee 

R~25n 

OUTPUT TO 
RAM AODRESS +--- OR CONTROL 
UNES 

R '" 2511 

---_----0 GND 

BLI·126 

LOGIC DIAGRAMS 

Am2965 Am2966 

,V1 

2Y' 

Inputs Outputs 2V3 Inputs Outputs 

G A Y G A Y 
2Y4 

H X Z H X Z 
L H L L L L 
L L H L H H 
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Am2965' Am2966 
MAXIM'UM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to ,Ground Potential Continuous 

DC Voltage Applied 'to Outputs for High Output State 

DC Input Voltage 

DC Output Current, into Outputs 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Oiherwise Specified: 

Am2965166XC, DC, PC TA = 0 to 70°C Vee = 5.0V ±10% (MIN = 4.50V 
,Am2965/66XM, OM TA = -55 to +125'C Vee = 5.0V ±10% (MIN = 4.50V 

Am2965166FM Te = -55 to +125°C Vee = 5.0V ±10% (MIN", 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VOH Output High Voltage Vee = MIN IOH = -1mA 
VIN = VIH or Vil 

VOL Output LOW Voltage Vee = MIN 10l = 1mA 
VIN = VIH or Vil 10l = 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH voltage 
lor all Inputs 

Vil Input LOW Level Guaranteed input logical LOW voltage 
lor all inputs 

VI' Input Clamp Voltage Vee = MIN, liN = -18mA 

III Input LOW Current Vee = MAx, VIN = 0.4V I DATA 

1G.2G 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 7.0V 

10ZH Off-State Current Vo = 2.7V 

IOZl Off-State Current Vo = 0.4V 

IOl Output Sink Current VOL = 2.0V 

IOH Output Source Current VOH = 2.0V 

Ise 
Output Short Circuit Current 

Vee = MAX (Note 3) 

All Outputs HIGH 

Am2965 All Outputs LOW 
Vee = MAX 
Outputs Open 

All Outputs Hi'Z . 
lee Supply Current 

All Outputs HIGH 

Am2966 All Outputs LOW Vee = MAX 
Outputs Open 

All Outputs HI-Z 

MAX = 5.50V) 
MAX = 5.50V) 
MAX = 5.50V) 

Min 

Vee-US 

2.0 

50 

-35 

-60 
(see IOH) 

Typ 
(Note 2) 

Vee-0.7y, 

24 

86 

86 

53 

92 

116 

-65 to +150"C 

-55 to +125°C 

-0.5 to +7.0V 

-0.5V to +Vee max 

-.0.5 to + 7.0V 

200mA 

-30 to +5.0mA 

Max Units· 

Volts 

0.5 

0.8 
Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-200 
pA 

-400 

20 pA 

0.1 mA 

100 pA 

-200 p.A 

mA 

mA 

-200 mA 

50 

125 

125 
mA 

75 

130 

150 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value speclfled under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2965 • Am2966 
Am2965. Am2966 
SWITCHING CHARACTERISTICS 
(TA = +25°C, vcc '= 5,OV) 

Parameters Description Test Conditions Min Typ Max 

Cl = OpF 6 (Note 4) 

tpLH Propagation Delay Time from CL - SOpF 6 9 IS 
LOW-to-HIGH Output Figure 1 Test Circuit Cl = SOOpF 18 22 30 

Rgure 3 Voltage Levels 
CL - OpF 4 (Note 4) and Waveforms 

tpHL 
Propagation Delay Time froni CL = SOpF 5 7 15 
HIGH-ta-LOW Output 

CL = SOOpF 18 22 30 

tpLZ Output Disable Time from Rgures 2 and 4, S = 1 11 20 

tpHZ LOW, HIGH Figures 2 and 4, S = 2 6.S 12 

tpZL Output Enable Time from Rgures 2 and 4, S = 1 12 20 

tpZH LOW, HIGH Figures 2 and 4, S = 2 12 20 

tSKEW Output-to-OutpUl Skew Figures 1 and 3, CL = SOpF ±O.S 
±3.0 

(Note 5) 

VONP Output Voltage Undershoot 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE (Note 6) 

Parameters Description 

Propagation Delay Time 
tpLH LOW-to-HIGH Output 

Propagation Delay Time 
tpHl HIGH-to-LOW Output 

tpLZ Output Disable Time from 

tpHZ LOW, HIGH 

tPZL Output Enable Time from 

tpZH LOW, HIGH 

Figures 1 and 3, CL = SOpF 

Test Conditions 

CL = SOpF 
Rgures 1 and 3 

CL = SOOpF 

CL = 50pF 
Figures 1 and 3 

CL = SOOpF 

S=1 
Figures 2 and 4 , S=2 

Figures 2 and 4 
S=1 

S=2 

VONP Output Vottage Undershoot Figures 1 and 3, CL = SOpF 

Notes: 4. Typical time shown for reference only - not tested. 
S. Time Skew specification is guaranteed by design but not tesled. 

0 -0.5 

COM'L MIL (Note 7) 

TA = Oto 700C TA = -55 to +125°C 

VCC =5.0VIImI VCC = S.OV ±10% 

Min Max Min Max 

4 17 4 20 

18 3S 18 40 

4 17 4 20 

18 3S 18 40 

24 24 

16 16 

28 28 

28 28 

-O.S -O.S 

6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
7. Tc = -1\Sto + 12SoC for Flatpak versions. 

SWITCHING TEST CIRCUITS 

BLI-129 

~.R ,vee LZ.ZL 

FROM 8800 
DEVICE . S 

OUTPUT 
cL 150pF 21 HZ,ZH 

-=- -= 

*tpd specified at C = SO and SOOpF. 

Figura 1, capacitive Load Switching. Figura 2. Three-State Enablil/Disable. 
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Units 

ns 

ns 

ns 

ns 

ns 

Volts 

Units 

ns 

ns 

ns 

ns 

Volts 

BU-130 
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Am2965 • Am2966 

TYPICAL SWITCHING CHARACTERISTICS 

VOLTAGE WAVEFORMS 

Am296S 
3.0Y 

VOH 
)Kl.5V 

~'"'j - OV 

tpLH 

VONP 

VOL 
OY 

Ji~-----.:....~: I~--t:c-= 
BLH31 Ir = If = 2.5n5 

f = 2.5MHz 
Ipw = 200n5 

Figure 3. Output Drive Levels. 

BU-132 Ir = If = 2.5ns 
f = 1MHz 
Ipw = 800ns 

Figure 4. Three-State Control Levels. 

The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced 
drive output impedance (=250 both HIGH and LOW), and by pulling up to MOS VOH levels (Vee - 1.5V). External resistors, not 
required with the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the output rise by 
adding to the internal R: 

The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical 
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance. 

The curves shown below provide performance characteristics typical of both the inverting (Am2965) and non-inverting (Am2966) RAM 
Drivers. 

1000 1000 
II- li-
I:>. I:>. 

I I 
..J ..J 

(,) (,) 

w 100 w 100 
(,) (,) 
z z 
~ ~ 
1:) MAX @ +25°C 1:) 

~ 10 ~ 10 00( 00( 
(,) (,) 

Q Q ill 
00( 9 & 0 
...J 

1.0 1.-_"--_"--_ ....... _--'-_ ..... 
o 10 20 30 40 50 1.0 01.--1"'0---'20--3"'0---'40---:'50 

BLI-133 tpHL - ns 

Figure 5. tpLH for VOH = 2.7 Volts vs. CL' Figure 6. tpHL for VOL = 0.8 Volts vs. CL' 

The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums and 
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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Am2965 • Am2966 

ADDR 

Am29B48 
DYNAMIC 
MEMORY 

CONTROLLER 

TIMING 
AND 

CONTROL 
LOGIC 

. BLI-135 

0, 

0, 

RASa 

RAS 

RAS2 
RA 

Am2965J 
Am2966 

• 

Am2966 

Am2966 

APPLICATION 
64K X 22-81T MEMORY 

DATA MEMORY 

UPPER BYTE 
CHECK 

BITS 

I 22 Am90,.. I 
--+--+--

ADDR I I 
1----1 I 22 Am9016s I 

--+--+--
I 22 Am9016s I 

~-ICAS I I --+--+-
I 22 Am'01.. I 

"Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four 
drivers to equalize the <;apacitive load on each driver. 

DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 

Metallization and Pad Layouts 

Am2965 Am2966 

1G , '9 w- iG , 
'9 

lAl 2 ,. lVl lAl 2 ,. 
2V4 3 '7 2A4 2V4 3 17 

lA2 4 16 1Y2 lA2 4 16 

2V3 5 '5 2A3 2V3 • " lA3 6 '4 1Y3 lA3 6 14 
2V2 7 '3 2A2 2V2 7 13 

lA4 • 12 1Y4 lA4 • 12 

2Vl 9 11 2Al 2Vl 9 11 

DIE SIZE 0.094" X 0.060" DIE SIZE 0.094" X 0.066" 
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Am2965 • Am2966 

ORDERING INFORMATION 

Order the part number according to th.e table below to obtain the desired package, temperature range, and screening level. 

Am2965 Am2966 Package Temperature Screening 
Order Number Order Number Type Range Level 

AM2965PC AM2966PC P-20 C C-I 
AM2965DC AM2966DC D-20 C C-I 
AM296SDCB AM2966DCB D-20 C 6-1 
AM2965DM AM2966DM D-20 M C-3 
AM2965DMB AM2966DMB D-20 M B-3 
AM2965FM AM2966FM F-20 M C-3 
AM2965FM6 AM2966FMB F-20 M B-3 

AM2965XC AM2966XC Dice C } Visual inspection 
to Mll-STD-8B3 

AM2965XM AM2966XM Dice M 
Method 2010B. 

Notes: I. P = Molded DIP, D = Hennetic DIP, F = Flatpak. Number following letter is number of leads. See Appendix 6 for detailed outline. 
Where Appendix 6 contains several dash numbers, any of the variations. of the package may be used unless othewise specified. 

2. C = 0 to 70"C, Vce = 4.50V to 5.50V, M = -55 to +125"C, Vee = 4.50V to 5.50V. . 
3. See Appendix A for details of screening. Levels C-I and C-3 ronfonn to MIL-STD-BB3, Class C. Level 6-3 conforms to Mll-STD-BB3, 

Class B. 
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Am2965 • Am2966 
Dynamic Memory Drivers 

Improve Memory Performance 
8Jf John Miele and ROJf L.evJf 

OVERVIEW 

The Am2965 and Am2966 are bipolar octal drivers for 16K and 
64K dynamic RAMs. The devices offer a guaranteed maximum 
undershoot of -0.5V without requiring ex1ernal resistors. The 
Am2965 and Am2966 feature a tpo minimum and maximum 
specified at 50pF and 500pF. The VOH is guaranteed at Vee 
-1.15V minimum, and IOH and IOl are specified at +2.0V for 
minimum guarantee of charging capacitance. There are glitch
free three-state outputs during power-up and power-down as well 
as symmetrical, controlled rise time and fall time. 

While the Am2965 and Am2966 have low-power Schottky input 
characteristics and are pin-compatible replacement for design 
using the 'S240 and 'S244 (plus external resistors), the 
Am29.65/2966 offer improved performance. The cost of the com
ponents is also comparable to Schottky buffer/external resistor 
systems. 

To assure product quality, the Am2965 and Am2966 are specified 
for COM'L and MIL-STO-883. 

INTRODUCTION 

In the past, memory system designers have used Schottky de
vices such as the Am74S240 or Am74S244 to drive the highly 
capacitive inputs of MOS Dynamic RAMs. However,because of 
the distributed inductance and distributed capacitance as
sociated with many dynamic RAMs on printed circuit board, re
sistors are usually placed in series with the Schottky TTL outputs 
to minimize undershoot and dampen the ringing that occurs when 
driving the inductive/capacitive load. 

To achieve maximum performance in today's memory systems, 
the designer should use the Am2965 or the Am2966 to drive large 
arrays of MOS Dynamic, RAMs. These devices increase system 
speed by providing high-capacity drive and optimizing the drive 
characteristic time constant. They provide a new system solution 
for solving these problems that eliminates the external resistor 
and guarantees the maximum undershoot will not exceed - 0.5V. 

The address lines on most dynamic RAMs are specified at 5pF 
maximum while the RAS, write enable (WE) and ,CAS inputs can 
be as high as 10pF. Thus the RAM driver's output must drive 
extremely high capacitive levels with good speed and withou,t 
undershoot. When several dynamic RAMs are put onto a printed 
circuit board, the traces look inductive, so the result resembles a 
transmission line with distributed inductance and capacitance. 

More than 0.5V of undershoot at the RAM inputs can create 
serious memory system problems by causing internal breakdown 
and loss of data in RAM chips and possibly damaging the RAM. 

System designers must also maintain voltage levels at the RAM 
inputs. Specifications require the data lines to exceed 2AV, and 
the RAS and CAS lines actually have to exceed 2.7V. Speed must 
then be maintained while driving all of that capacity. 
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THE RAM DRIVING P.ROBLEM 

The situation can be pinpointed to an inductor/capacitance driv
ing problem (Figure 1 a). There is some inductance in series with 
the capacitance associated with each RAM input. In a simplified 
circuit, the inductance is being driven from a voltage having 
source impedance marked as RS on Figure 1 b. If the transition is 
LOW-to-HIGH, the voltage goes from LOW-to-HIGH with ringing 
at the HIGH state (Figure 2). Only above the 2.7Vor 2.4V levels, 
depending upon the type of input, can a steady-state HIGH level 
be guaranteed on the RAM input. The rise time of the signal is a 
design consideration, recognizing the amount of capacitance 
being driven. 

Conversely, when the signal drops from HIGH-to-LOW again, 
ringing can occur. If the ringing causes the voltage to go below 
ground, it is called undershoot. Figure 3a shows the signal falling 
to zero volts more quickly than the signal in Fig. 3b, resulting in a 
severe undershoot that takes longer to settle at the LOW steady 
state voltage. This delay time associated with the RC time con
stant is independent of the specification for the HIGH-to-LOW 
propagation delay time, tpHl' It is a hidden delay that must be 

,compensated for. 

VOLTAGE SWING CONSIDERATIONS 

Recognizing that some ringing will occur, the system designer 
must determine how quickly the signal can be stabilized within the 
threshold limits of 0.5V below ground and 0.8V above ground. 
The best way to predict what happens with overshoot and under
shoot is to e,xamine the method of driving RAMs. Typically, it is 
done using one of several Schottky TTL devices connected di
rectly to the RAM. Figure 4a shows an output transistor/resistor 
structure of a Schottky TTL device. When 01 is off and 02 is on, 
the LOW source impedance is about 3 ohms. When 02 is off and 
01 is on, the HIGH impedance is that of the 01 transistor and the 
short circuit R1. Rl typically represents about 30-ohm source 
impedance, so that the source impedance HIGH and source 
impedance LOW represent a 10-to-l difference with respect to 
each other (Figure 4b). 

Other TTL devices can be driven in this way, but it is unacceptable 
for driving RAMs with this type of source impedance for several 
reasons. First, low source impedance in the lOW states causes 
ringing by turning on so fast that undershoot results at the RAM 
inputs. The impedance, however, drives well in the HIGH state. 
However, to solve the HIGH-to-LOW transition and undershoot 
problems a resistor is usually placed in series externally between 
the Schottky TTL gate and the RAM (Figure 4c). The resistor, of 
about 30 ohms, virtually eliminates undershoot by raising the 
source impedance in the LOW state to 33 ohms (01 plus R2)' 
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Am2965 • Am2966 Application Note 

CONTROL 
LOGIC 

~ 

~ RAM ~ DYNAMIC RAM ARRAY 
DRIVER (1IH2RAMS) 

-----

Objective: Olive the load 
• Avoid undershoot 
• At MOS voltage levels 
• Faster than Schottky 

a) The RAM Driver Interface 

v s = the signal driving the chip . 
Rs = the output resistance 01 the driving source 
Lw = the inductance of the circuit wiring between driving source and memory 
eM = input capacitance of memory chip 
VM = input signal to memory and voltage developed across capacitor 

b) Model of Circuit Driving a Memory Chip 

Figure 1. 

2.~~------.I------------------------------------------------------------------------

2.4V r------.f---------------------------------------~----------~-------------------------

Figure 2. Overshoot In a Rising Signal 
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Am2965· Am2966 Application Note 

ACCEPTABLE 
'0' LEVEL 

~f--'---\------7"""""~---if-----"""7~ 
ovt------+--~~=-

-~-+-"''------

a) 

ACCEPTABLE 

TIME TO ACCEPTABLE 
'0' LEVEL 

'0' Lr:v '~===~~=::::-,~p!~-;::-=-=-::;;~;:~;;;.;;-;-;-:;;;~~=-=-=-=-~-=-=-=-= 
~~~-~--~~---------------

b) 

Figure 3, Undershoot in Falling Signals 

When the HIGH state is turned on, the 30-ohm external resistor 
added to the 30-ohm terminal resistor in series totals 60 ohms of 
source impedance - an amount double of what is needed. While 
adding the external resistor in series solves undershoot, it causes 
the rise time (Le., lOW-to-HIGH transition) to be slowed consid
erably - probably by a factor of two because resistance is dou
bled, so the RC time constant is doubled. 

The ideal RAM driver source impedance is about 30 ohms in the 
HIGH state and 20 to 30 ohms in the lOW state (Figure 4d). The 
Am2965/2966 achieves the ideal RAM driver configuration by 
having approximately a 20- to 25-ohm source impedance in the 
lOW state and'25- to 30-ohm source impedance in the HIGH, 
state. This ideal configuration is achieved by including a resistor 
(R2) inside the Am2965/66 in series with the collector of 02' R2 
adds approximately a t 5- to 20-ohm series resistance that has a 
source impedance in the lOW state of about 20 to 25 ohms and 
a source impedance in the HIGH state of about 25 to 30 ohms, 

4-S1 

Remember, ·these figures are very nearly what was previously 
defined as the ideal RAM driver. What results is Rl + 01 equiva~ 
lent resistance in the HIGH state and R2 + 02 resistance in the 
lOW state, The AMD family of RAM driver parts places the 
resistor inside and only increases the source impedance in the 
lOW state to achieve the ideal RAM driver configuration shown in 
Figures 4d and 4e. Now no resistor is needed outside the RAM 
driver as is typically used with today's Schottky devices. 

APPLICATION 

Figu(es 5a and 5b show typical overall memory subsystems for 
AmiSOOO and 2900 Family CPUs. The subsystems consist oflhe 
RAM drivers surrounding the RAMs almost directly; a dynamic 
memory controller; and interface, timing and controls required to 
drive the RAMS. There may also be an error detection and 
correction device as tlie figure shows. 

II 



Am2965 • Ani2966 Application Note 

The objective of the memory subsystem is to drive the capacitive 
RAM inputs as rapidly as possible while meeting all the require
ments for the undershoot and threshold levels. Figure 6 shows 
typical locations for RAM drivers to achieve this goal.. Since a 
majority of the propagation delay times is an RC consideration, 
design flexibility allows the number of RAM input loads to be 
chosen for each RAM driver output. The best tradeoff includes 

.jan-out choice and skew consideration. The skew specification 
for the Ani2965 and Am2966 applies across the eight driver 
outputs but not between different devices. 

The memory configuration of Figure 6 consists of an array of four 
rows by 16 columns of dynamic RAM chips for a total of 64 
devices (Figure 7). The address drivers in Figure 6 have 16 x 4 x 
5pF maximum = 320 pF (ignoring board capacitance) loading if 
one RAM driver drives all 64 RAM address inputs. Splitting this 
load with two RAM drivers reduces the capacitive load for each to 
160pF and typically reduces the tpo by 6 to ansec. 

One of the unique aspects of the design in Figure 7 is the bal
anced number of loads on the RAS outputs of the RAM drivers 
and the number on loads of the CAS outputs of the RAM drivers. 

Vee 

GND 

Each driver drives the same number of RAMs. To balance the 
CAS line, the CAS inputs of four of the eight buffers are tied 
together on the RAM driver. Each RAM RAS and CAS input is 
10pF maximum, so the RAS and CAS loading is 160pF at each 
RAM driver. The CAS inputs of each ,row are spread across four 
outputs to match the RAS loading and are shown using the same 
driver to reduce skew betwee'n the RAS and the CAS signals. The 
WE inputs are organized into upper and lower byte WE drive for 
each of the four rows. This amounts to a inputs x 1 OpF maximum 
= aOpF loading, By fanning out a full driver to the WE lines, four 
inputs are tied in parallel, balanced loading on the outputs are 
maintained. 

If a full error detection and correction scheme shown in Figure 5 is 
used, all 22 bits in the row must be written Simultaneously so a 
slightly different WE configuration would be used. 

1- 6311 
3Ol""TOTAL 

33~ 

.311 

REQUIREMENT 
IS HERE 

Am74S240 SPECS 
APPLY HERE 

a) Schottky Output b) Source Impedance for 

Schottky Output 

c) Am74S240 Common Approach 

Vee 

TaOll RAM DRIVER SPECS 1" I APPLY HERE 

Fl~ 
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DESIGN ADVANTAGES OF THE Am2965/2966 

Compared with Schottky parts such as the Am74S240 or 
Am74S244, which are used as RAM drivers today, the 
Am2965/66 RAM drivers offer more advantages than just a RAM 
driver havin!! no external source resistor. 

First, as Figure 8a shows, propagation delays for the Schottky 
Am74S240 or Am74S244 are measured at 1.5V, which is not 
where the RAM thresholds are. They are at O.SV, 2.4V and 2.7V 
as shown in Figure 8b. 

On the Am2965 and Am2966, the LOW-to-HIGH transition volt
age propagation delay speeds are measured at 2. 7V. GOing from 

31l 

REQUIREMENT 
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INP~TRANsmoN -)( E ::V 

IpLH l; I ~ IpHL 

OUTPUT -----1' 7c~-- :.:: 
I I ~L 

'S24OI'S244 SPEEDS SPECIFIED AT 1.5V 

a) Am74S240 Common Approach 

Am2965 • Am2966 Application Note 

HIGH-to-LOW, speed is measured at O.8V, which is where the 
actual RAM thresholds are. 

Propagation delays are specified differently, which also makes' 
the Am2965/66 unique (Figure 9). Both minimum and maximum 
propagation delays are specified at 25°C and 5V. This enables 
the design engineer to do a worst-case design using both 
minimum and maximum numbers for the drivers to determine the 
skew between various drivers. A specified tpo minimum of 50pF 
and an unusual maximum of 500pF provide a fuil range of 
capacitance specifications for both LOW-to-HIGH and HIGH-to
LOW transitions. 

TaOH RAM DRIVER SPECS I _. I APPl.Y HERE 

f~-

b) Ideal RAM Driver 

Figure 8. Am2965/66· AmZ8165/66 Comparison with Am74S240 
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Am2968 
Dvnamic Memorv Controller 

DISTINCTIVE CHARACTERISTICS 

• Provides control for 16K, 64K, and 256K DRAMs 
• Directly drives up to 88 DRAMs 
• Highest-order two address bits select one of four banks 

of RAMs 
• Separate output enable for multi-channel access -

to memory 
• Chip select for easy expansion 
• Burst, distributed, or transparent refresh mode 

determined by user 
• Supports scrubbing operations and nibble-mode access 
• IMOXT. processing 
• 48-pin dual in-line package 
• 100% product assurance testing to MIL-STD-883 

FUNCTIONAL DESCRIPTION 

The Am2968 Dynamic Memory Controller is intended to be 
used with today's high performance memory systems. It 
has two 9-bit address latches which allow the chip to be 
used with 16K, 64K, or 256K dynamic RAMs. A two-bit bank 
select latch for the two high-order address bits is provided 
to select one each of the four RAS and CAS outputs. 

In refresh mode, two oounters cycle through the refresh 
addresses. Only the ROW counter is used for refresh with
out scrUbbing, generating up to 512 addresses to refresh a 
512-cycle-refresh 256K DRAM. The column counter is 
used only in refresh with scrubbing. In this mode all RAS 
outputs are generated with only one CAS output. 

LOGIC DIAGRAM 
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Am2969-Am2970 
Memory Timing Controllers 

DISTINCTIVE CHARACTERISTICS 

Am2969 
• Pro~ides complete timing control for Dynarnic Memory. 

Controllers 
• Complete timing control for the Am2960, Am2961/2962 

. Error Correction Circuits including scrubbing 
• Delay-line-ContrOlled timing 
• Arbitrates between refresh and memory requests 
• SupPOrts 128" 256-, 512-cycle burst refresh 
• Initializes memory on power-up 
• Provides WE drive for memory array (up to 88 DRAMs) 
• IMOX'· processing 
• 48-pin DIP package 
• 100% MIL-STD-883 reliability assurance testing 

Am2970' 
• Provides timing control for Dynamic MemorY Controllers 
• Delay-line timing reference 
• Supports 128-, 256-, 512ccycle burst refresh 
• Arbitrates refresh ai1d memory cycle requests • 
• Performs memory initialization 
• Provides WE drive for memory array (up to 88 DRAMs) 
• IMOX processing 
• 24-pin 0.3" space-saving package 

IMaX is a trademark of Advanced Micro Devices, Inc. 

FUNCTIONAL DESCRIPTION 
.~ 

The Am2969/2970 are high performance memory timing 
. controllers. The Am2969 is designed to provide all llie cOn- . 
trol signals for the Am2968 Dynamic Memory Controller 
and the existing Am2960 error detection and correction 
(EDC) unit. For memory systems not utilizing the Am2960 
EDC unit, \tie Am2970 will provide all the control signals for 
the Am2988 Dynamic Memory Controller. It will also reduce 
IC cost and board space. The use of a delay line with both 
the Am2969 and Am2970 provides maximum flexibility to 
the system designer as well as allowing him 'to achieve 
maximum performance. 

The Am2970 supports functions which are a subset of the 
Am2969. By choosing not to utilize the EDC functions, the 
Am2970 can be packaged into a 24-pin DIP. 
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The Am2969 timing controller may be 
seven functional parts: 
CPU status decode - Latches status 
codes the control bits to defi ne 
Configuration and timing 
which define the type of 
Refresh timer -
needed. 

interface control signals 
Controller. . 

controller - Generates the inter
signals to the EDC units and the Multiple Bus 
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Am8163 • Am8167 
Dvnamic Memor, Timing, Refresh and EDC Controllers 

DlS-nNCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Complete CPU to dynamic RAM control interface The AmS163 and AmS167 are high speed bus interface 
• RAS/MSEL/CAS Sequencer to eliminate delay lines controllers forming an integral part of the SOS6 and 
• Memory request/refresh arbitration AmZSOOO· memory support chip set using dynamic MOS 
• Complete EDC/data path controls for WordlByte RAMs with Error Detection and Correction (EDC). The 

read or write complete chip set includes the AmS284A and AmZS127 
• Automatic write· back of corrected data and check bits Clock Generators. the Arri2964B Dynamic Memory 

when single errors are detected on any read cycle Controller, the Am2961/62 EDC Bus Buffers, the Am2960 
• Refresh interval timer independent of CPU EDC Unit and Am2965166 RAM Drivers. 
• Refresh control during Single·Step or Halt modes The AmS163 and AmS167 provide all of the control inter· 
• EDC error flag latches for error logging under face functions including RAS/Address-MUX/CAS timing 

software control (without delay lines), refresh timing, memory request/ 
• Two timing configurations support a broad range refresh arbitration and all EDC enables and controls. The 

of processors (ZSO, ZSOOO, 8086, S08S, MC6S000) enable controls are configured for both word and byte oper· 
II 

ations including the data controls for byte write with error 

TABLE OF CONTENTS 
correction. The AmS163/7 generates bus and operating 
mode controls for the AmS160 EDC Unit. 

Functional Description .......................... ~~ The AmS163/7 uses the AmZS127 oscillator output to 
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Am8l63/67 FUNCTIONAL DESCRIPTION 
The Am8163/67 provides timing and control for Error Detection 
and CorrecUon(EDC) using dynamic Random Access 
Memories (RAM) together with the Am2960 family of EDC 
devices. See Table'1 to determine which d!Wice (Am8163/67) 
is best suited to which processor. 

The Am2960 family provides an optimized, but also flexible, 
solution to the interface between MOS microprocessors 
and dynamic MOS RAMs. 

The Am2960 performs the function of error detection and 
correction, using a modification of the well-known Hamming 
Code algorithm. 

The Am2961 and Am2962 are bus buffers optimized for opera
tion with the Am2960. 

TABLE 1. 

Processor Am8163 Am8167 

ZSOA X 
ZSOB " X 

, zaooo - 4MHz X 
- 6MHz X 
- 6MHz X X 

8066 - 5MHz X 
- 10MHz X 

8068 - 5MHz X 
- 10MHz X 

66000 - 4MHz X 
- 6MHz' X 
- 6MHz X X 
- 10MHz X X 
- 12MHz X X 

Note: Where X's appeer In both columns either device 
may ba used. 

i'IE 
INHIBIT 

ABHI66 

The Am2964B performs address latching and multiplexing for 
the RAS/CAS sequence. It also contains a refresh counter that 
can be multiplexed onto the address outputs. 
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The Am2965 and Am2966 are octal memory address bus dri
vers, similar and pin compatible to the popular 74LS240 and 
74LS244, but with on-Chip resistors that reduce the problem Of 
undershoot on unterminated address lines. 

None of the above mentioned circuits contain timing elements. 
To achieve the greatest versatility, this function Is concentrated 
in the Am8163. 

The Am8163/67 performs two independent functions: 

1. It provides timing and control to the Am2964B Dynamic 
Memory Controller, i.e. the RAS/CAS Refresh address 
mUltiplexer. 

2. It provides timing and ,control for the 2960, 2961, or 2962 
EDC circuits and interfaces with the miCroprocessor's Intar
rupt lines and WAIT input. 

RAS/CAS and Refresh 

The Am8163/67 accepts several control signals from the micro
processor (BYTE/WORD, READ/WRITE, Address Strobe, Data 
Strobe, Memory/IO) and a Refresh, clock signal from the 
clock generator. 

From these,inputs the Am8163/67 generates control·slgnals for 
the 2964B RAS/CAS and Refresh multiplexer. 

The LE output, when HIGH, makes the 2964B input latches 
transparent. The HIGH-to-LOW transition of LE latches address 
information into the 2964B. ' 

The RAS ouJpiJt is activated when the appropriate combination 
of STR, M/IO, and CS occur or when a refresh operation is to 
be performed. MSEL goes LOW one clock period after RAg 
went LOW. 



CAS goes LOW a short specified delay aftef MSEL went LOW. 
RAS, MSEL and CAS go HIGH together, eight clock periods 
after RAS went LOW. The RAS/CAS timing is thus derived from 
a high frequency (16MHz clock) without any monostables or 
delay lines.· 

The Am8163 and Am8167 are comparable except for the CAS 
timing sequence. 

The Am8163 timing· is optimized for operation with a 4~Hz 
microprocessor clock, derived from a 16MHz oscillator. The 
RAS to MSdelay is one oscillator period (62ns) and the MS to 
CAS delay is combinatorial, 16ns minimum. 

The Am8167 timing is optimized for operation with a 5.5MHz 
microprocessor clock, derived from a 22MHz oscillator. The 
RASto MS delay is one oscillator period (47ns) and the MS to 
CAS delay is also one oscillator period (47ns). 

Dynamic Memory Refresh 

The proper sequencing of refresh operations can be performed 
either by the CPU (transparent refresh) or by the memory 
controller (stand-alone refresh). 

Transparent refresh, as implemented in the Z80 and Z8000 
microprocessors is simple and avoids all memory contention, 
but it wastes processor time. and is not fully compatible with 
DMA operation. 

"Stand-alone" refresh puts the responsibility of refresh address 
generation and timing on the memory controller. The 
Am8163/67 performs the necessary timing and access arbitra
tion. The· internal refresh interval timer generates a refresh 
request after every 16 clock pulses on the RCLK refresh clock 
input (typically 1MHz). When FR (force refresh) goes LOW, 
the + 16 counter is cleared and the internal refresh request 
is generated. 

Refresh requests and memory requests are synchronized inside 
the Am8.163/67 where the arbiter circuit resolves potential con
flicts. If a refresh request occurs after a memory request or 
during a memory operation, this refresh request will be honored 
after the memory transaction is complete and the necessary 
additional precharge time has elapsed. 

Similarly, if a memory request occurs after a refresh request or 
during a refresh operation, this memory request will not be 
aCknowledged until the refresh operation is completed and the 
necessary precharge time has elapsed. When memory and 
refresh requests occur simultaneously, the arbiter favors the 
memory request. 

Error Detection/Correction 
The other function of the Am8163/67 is timing and control for 
Error Detection and Correction using the 2960, 2961 or 2962 
circuits. 

The Am8163/67 drives the ECC Control Bus and receives 
ERROR or MULTIPLE ERROR inputs from the .2960 Error 
Detection and Correction Uriit. The Am8163/67 also interfaces 
with the microcomputer interrupt structure and with the error 
logging circuitry. 

The 2960 can support two methods of error correction, "Correct 
Only On Error" and "Correct Always". 

"Correct Only On Error" relies on the fact that error detection is 
faster than correction. Data read from the memory is fed directly 
to the processor. A read error will insert a wait state while the 
error is being corrected and data is also being written back into 
the memory. At reasonably low error rates this S<)heme achieves 
the highest possible throughput, but it is incompatible with all 
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present microprocessors, since they sample their WAIT input 
too early in the cycle. 

The Am8163/67 implements the other scheme, "Correct Al
ways," which is compatible with all modern microprocessors. 

This scheme allocates enough time to insure corrected data 
is sent to the CPU. Additionally the Am8163/67 allows time 
after each memory read operation, to write the corrected result 
back into the memory. This write operation, however, is exe
cuted only if there was a single error: There is no need to write 
correct data back, and it is undesireable to write the wrong result 
of a double error. 

The Am8163/67 also provides the proper control signals to 
allow byte write operation in 16-bit memory systems with 
Error Correction~The Am8163/67 automatically first performs a 
word read operation, retains the corrected unused byte in the 
2960, and then writes the composite word and check bits into 
the memory: Outputs LEO, LEI, OEH, OEL and S, are respon
sible for this. 

OEL is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 0 
(even address) 

OEH is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 1 
(odd address) 

OEBW is pulsed LOW during every read operation 

OEBL is pulsed LOW during every read operation with AO = 1 
(odd address) 

OEBH is pulsed LOW during every read operation with AO = 0 
(even address) 

Note: The OE and OEB outputs interpret AO in opposite ways. 
This is consistent with 2960/61 operation. 

R/W B/W AO OEH OEL OEBW OEBH OEBL 

L L L H H H H H 
L L H H H H H H 
L H L H L H H H 
L H H L H H H H 
H L L L L L L H 
H L H L L L H L 
H H L L L L L H 
H H H L L L H L 

OEBW, OEBH, and OEBL can be active (LOW) only if: 
DS = CS = LANDSUP = H 

Note that 16-bit memory with EDC must always be initialized 
with word write operations in order to allow a later byte write 
operation. (An uninitialized memory would most likely read 
multiple errors and would then not allow byte write operation). 

Error Interrupt Control 
The Am8163/67 clocks in the ERROR and MULTIPLE ERROR 
signals coming .from the 2960 and stores them in both the 
Interrupt Logic and in the Error Control Logic. 

Interrupt Acknowledge clears both INTERR and INTMERR. The 
latter must therefore always be the higher priority interrupt. 

The Error Logic Control circuit latches up the two bits in the Error 
Interrupt Control circuit. The LERR and LMERR outputs are 
cleared by ERRACK, provided that the interrupts have been 
cleared first. These signals are normally used to control 
updating of the syndrome latch or other diagnostic circuitry. 

II 
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FUNCTIONAL PIN DESCRIPTION 
BUS CONTROL 

ClK 

RClK 

CLOCK (input) 
The ClK input determines memory cycle timing via 
the internal state machine from which the control 
outputs are derived. It is normally 16MHz for the 
Am8163 and 22MHz for the Am8167. The clock can 
run at lower frequencies but not higher because of 
other memory timing constraints. 

REFRESH CLOCK (input) 
This input determines the period of the internal 
refresh interval +- 16 timer and is normally 1 MHz. 
This results in a refresh cycle every 16 micro
seconds. This provides an internal refresh request 
to guarantee valid memory data independent of 

.other system operating modes, (memory request, 
DMA,etc.). 

FORCE REFRESH (input) 
FR is used to force a refresh cycle at user desig
nated times. One example is transparent refresh 
during I/O operations. The refresh interval 
timer is reset so the next refresh occurs 
16 RClK cycles later if no other FR pulses occur. 
FR can be used to minimize collisions with memQry 
requests, thereby reducing the amount of time the 
CPU waits for refresh. 

TRANSFER ACKNOWLEDGE 
(output, open collector) 
This active -LOW output -indicates that corrected 
data has been latched in the Am8160 EDC output 
latch (as opposed to indicating data is valid on the 
system bus). 

AD 

B/W 

R/W 

M/iO 
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ADVANCED ACKNOWLEDGE 
(output, open collector) 
This active LOW output indicates that a memory ac
cess has started. It can be used to run without wait 
states when the memory system timing is syn
chronous with the CPU clock. Multibusor asyn
chronous configuration should use XACK to contrOl 
the CPU Ready input. 

SUPPRESS (input) 
This active LOW input inhibits access to the RAM in 
memory access protected systems. It must be valid 
before the HIGH-to-LOW transition of DS to sup
press a read cycle. It must remain valid until after 
the cycle (RAS). This is required because SUP sim
ply inhibits WE on a write and inhibits OEBH, OEBl, 
and OEBW on a read, witliout halting the internal 
state generator. 

DATA STROBE (input) 
This active LOW input is used during read cycles 
tQ generate OEBL, OEBH and OEBW. These sig
nals control when data is enabled onto the system 
data bus. 

ADDRESS BIT D (input) 
AO data input is latched internally on the LOW-to
HIGH transition of AS. It is used during byte opera
tions to deSignate whether high byte or low byte 
data is being accessed. 

AO = LOW for high byte operations and AO = HIGH 
for low byte operations with the AmZ8000 Family 
CPU's. AO phasing is OPPOSite for 8086 and inver
sion can be avoided by interchanging the roles of 
5E[ and 6E'R (and OEBL and OEBH). 

ADDRESS STROBE (input) 
The AS input is used to control the AO latch. When 
HIGH, AO data is latched. For non-multiplexed 
buses, the AS input is tied LOW to make the latch 
transparent. 

BYTE/WORD (input) 
This input deSignates a byte operation if HIGH and 
a word operation if LOW. It must be valid throughout 
the memory transaction. The Am8163/7 uses this 
input to determine OEH and OEL. 

READ/WRITE (input) 
This input indicates a read operation when HIGH 
and a write operation when LOW. It must be valid 
lhroughout the memory transaction. The Am8163/7 
uses this input to determine the outputs OEH, OEL, 
OEBH, OEBL, and OEBW. 
MEMORY/INPUT-OUTPUT (input) 
This signal serves as an activeH IGH chip select for 
memory operations. It is used in conjunction with 
CS to determine if STR is valid. It must be HIGH 
before the LOW-to-HIGH transition of STR if the 
STR input command is a pulse (AmZ8000). When 
using a level input (multibus) to start the cycle, M/iO 
must become valid no later than one clock period 
after the HIGH-to-LOW transition of STR. 

CHIP SELECT (input) 
This active LOW input is one of. the enables for the 
Am8163/7. It must be lOW before the LOW-to
HIGH transition of STR when usil'lg a pulse to start a 
memory access. When using a level input to start 



the cycle, CS must become valid no later than one 
clock period after the HIGH-to-LOW transition 
ofSTR. 

STR START (Input) 
This active LOW input can be a pulse or a level. It is 
used to indicate when memory access is requested. 
It must not extend past the LOW-to-HIGH transition 
ofDS. 

ADDRESS CONTROL 

LE LATCH ENABLE (output) 

MSEL 

This output controls the LATCH ENABLE input of 
the Dynamic Memory Controller. When LE is HIGH 
the DMC address input latch is transparent. When 
LE is LOW the address is latched. This signal is AS 
inverted. 

REFRESH (output) 
This active LOW output indicates a refresh opera
tion is to be done. The Dynamic Memory Controller 
uses this signal to select the refresh address output. 

ROW ADDRESS STROBE (output) 
This active LOW output strobes the row address 
into memory. The RAS HIGH-to-LOW transition 
occurs during to if STR, M/iO and CS have selected 
a memory cycle. Additionally, RAS will be active 
one t-state after the RFSH HIGH-to-LOW transition 
occurs during refresh. The RAS LOW-to-HIGH 
transition at the end of each cycle starts an inter
nally timed RAS precharge time consisting of three 
t-states. . 

MULTIPLEXER SELECT (output) 
This output controls the row and column address 
selection in the DMC. When MSEL is HIGH, the row 
address is selected and when LOW, the column ad
dress is selected. MSEL is normally HIGH and goes 
LOW only during memory accesses. 

COLUMN ADDRESS STROBE (output) 
This active LOW output strobes the column address 
into memory. It is generated only during memory 
accesses. 

ERROR LOGGING AND CONTROL 

ERR ERROR (input) 
This active LOW signal from the Am8160 EDC indi
cates when an error has occurred. The Am8163 
samples this input just before the HIGH-to-LOW 
transition of LEO. Single errors cause an automatic 
write-back of corrected data. 

MERR MULTIPLE ERROR (input) 
this active LOW signal from the EDC indicates 
when a multiple error has occurred. Write back to 
memory is inhibited if a MULTIPLE ERROR occurs 
on a read cycle. 

LERR LATCHED ERROR (output) 
This active HI.GH output is set HIGH as a result qf 
the. ERR input becoming active. LERR HIGH indi
cates an error has occurred. LERR is normally used 
to control error logging. It is reset when ERRACK 
goes LOW. 

LMERR LATCHED MULTIPLE ERROR (output) 
This active HIGH output is set HIGH as a result 
of the MERR input. When HIGH, it indicates a multi-
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pie error has occurred. It is reset when ERRACK 
goes low. 

INTERR INTERRUPT ERROR (output, open collector) 
This active LOW output is used to interrupt the CPU 
when an error occurs. This can be used for 
diagnostics or error logging. INTERR has high out
put drive capability in order to drive system buses. 

INTMERR INTERRUPT MULTIPLE ERROR 
(output, open collector) 
This active LOW output is used to interrupt the CPU 
when iI multiple error occurs. This can be used for 
diagnostics or error logging. INTMERR has high 
output drive capability in order to drive system 
buses. 

INTACK INTERRUPT ACKNOWLEDGE (input) I 
This active LOW input resets both the INTERR and ~ 
INTMERR signals. 

ERRACK ERROR ACKNOWLEDGE (Input) 
This active LOW input resets the error logging flags, 
LERR and LMERR. It is only effective when 
INTACK has previously cleared the interrupt 
flags, INTERR and INTMERR. 

EDCCONTROL 

LEB LATCH ENABLE BUS (output) 
LEB is used to latch corrected data in the external 
Am8161/2 EDC Data Bus Buffers. By latching data 
output to the system data bus, the CPU can be op
erated in a single-step mode. The data latch is 
required to capture data so the memory can 
be released for refresh immediately after a read 
(or write) cycle. 

LEO LATCH ENABLE OUTPUT (output) 
LEO is used to latch corrected data in the Am8160 
EDC data output latch. Correct data is then avail
able to regenerate correct check bits for the write 
portion of the read-modify-write cycle. LEO can 
also control LEY of the Ain8161/2 EDC Data Bus 
Buffers (the input latch from the system data bus). 
This is required in systems where the CPU removes 
data from the system data bus before the Am8163/7 
has completed a write cycle. 

LEI LATCH ENABLE INPUT (output) 
LEI is used to control the Am8160 EDC's input latch. 
I! is normally LOW when a memory cycle is not in 
progress. This prevents transitions on the bus from 
toggling the EDC logic, thereby reducing power dis
sipation and system noise. LEI latches the input 
data so the EDC data bus (Y bus) can be TURNED 
AROUND WHILE the EDC is correcting the data. 
Cycle time is reduced by doing these functions 
inparallel. 

S SELECT (output) 
This output controls the multiplexer that selects 
EDC input data. It is normally HIGH to select data 
from the system bus. When LOW it selects data 
from memory. Since all cycles are a read-modify
writes, S switches every cycle. All memory opera
tions take the same number of internal t-states. 
There is no difference in the length of a cycle on 
read or write, error or no error. 
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OEBL. 

OUTPUT ENABLE BUS HIGH (output) 
OEBH output enables the high byte data onto the 
system data bus during byte read operations. Itil> 
used when interfacing to 8-bit data buses or the 
Multibus.o · 

OUTPUT ENABLE BUS LOW (output) 
OEBl output enables the low byte of data onto the 
system data bus during Byte Read operations. It is 
used when interfacing to 8-bit data buses or the 
Multibus. 

. OUTPUT ENABLE BUS WORD (Olltput) 
OEBW output enables data onto the system data 
bus-: It occurs on every read cycle independent 
of B/W. It is used for 16-bit .systems or Multibus 
systems. 

OUTPUT ENABLE HIGH (output) 
OEH controls the high byte of the EDC data bus (Y 
bus). When OEH is HIGH the Am2961/62 are 
driving the bus. When OEH is lOW, the Am8160 
EDC is driving the bus. OEH is HIGH during word 
writes and goes low on reads and byte writes. 

OUTPUT ENABLE LOW (output) 
OEl controls the low byte of the EDC data bus (Y 
bus). When HIGH, the Am2961/62's are driving the 
.bus. When lOW, the Am2960 is driving the bus. 

OEL is. HIGH during word writes and goes LOW on 
reads and byte writes. 

OTHER COHcTROLS 

WE WRITE ENABLE (output) 
WE controls the memory during a write operation. 
It is generated during a byte or word write and also 
during a read if a single error has occurred. WE 
always occurs at the end of the memory cycle. 
Thus, the RAM is always doing a late write . 

MCE MEMORY CYCLE EXTEND (Input) 
This input is normally not used and is pulled up in
ternally to produce "normal" timing. When tied 
LOW it extends the memory cycle (adds 5 t2 states 
for Am8163 and adds 4 ta states for Am8167). This 
allows use of slower RAMs. Note that MCE affects 
the refresh cycle as well as the normal cycle. By 
adding external logic the user may extend the cycle 
by 1, 2 or 3 t-states instead. This is done by keep
ing MCE low until 2, 3, or 4 clocks idter MS for the 
8163 or 2,3, or 4 clocks after CAS for the 8167. 

°Multibus is a registered trademark of Intel 
Corporation . 

FUNCTION TABLES 
Am8163/8167 

R/W B/W AO OEH .OEL DS R/W B/W AO OEBH OEBL OEB'" 

L L L H H X L L L H H H 
L L H H H X L L H H H H 
L H L H L X L H L H H H 
L H H L H X L H H H H H 
H L L L L L H L L L H L 
H L H L L L H L H H L L 
H H L L L L H H L L H L 
H H H L L L H H H H L L 

H X X X H H H I 
OEH and OEL are enabled by 
appropriate sequencer 'T' states. 
(See liming diagram) I 

MAXIMUM RATINGS. (Above which the useful life may be impaired) 

Storage Temperature .,..65 to + 150'C 

Temperature (Ambient) Under Bias -55 to +125'C 

Supply Voltage to Ground Pptential -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output state -0.5Vto +VCCmax 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current -30 to +5.0mA 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 
Mil TC = -55 to + 125·C Vee = 4.50 to 5.50V 
COM'l Te = 0 to 70"C Vee = 4.75 to 5.25V 

(Group A, Subgroups 1, 2 and 3) Typ 
Parametera Description Test Conditions Min (Note 2) Max Units 

Vee = Min Output(s): MIL,IoH = - 1.0mA 2.4 
VOH Output HIGH Voltage VIN = VIH or VIL All except open collectors 

COM'L, 10H = -2.6mA 2.4 

Output(s): 
IOL=8mA 0.50 LERR,LMERR 

CAS,RAS,OEBH,OEBL 10L= 12rnA 0.50 

OEH, OEL, OEBW, RFSH 10L= 12rnA 0.50 
VOL Output LOW Voltage Vee = Min 

LEO,LEI,WE VIN = VIH or VIL 10L= 12mA 0.50 

LEB, LE, S, MSEL 10L= 12mA 0.50 

INTMERR, INTERR 10L= 16mA 0.50 

XACK,AACK IOL = 32rnA 0.50 

VIH 
Guaranteed Input Input(s): All 2.0 
Logical HIGH Voltage 

Guaranteed Input MIL 0.7 
VIL Input(s): All 

Logical LOW Voltage COM'L 0.8 

VI Input Clamp Voltage Vee = Min Input(s): All liN = -18mA -1.5 

Input(!!: 
AO, MIlO, RCLK, B/W, RIW, 

MIL -0.42 

STR, AS, INTACK COM'L -0.40 

Vee = Max FR, SUP, ERRACK, MCE 
MIL -0.82 

IlL Input lOW Current 
VIN=0.5V COM'L -0.8 

CLK, CS, 00, ERR MIL -2.1 

COM'L -2.0 

MIL -2.6 
MERR 

COM'L -2.4 

Input(s): MIL 100 

MERR COM'L 70 

MIL 70 
ClK, CS, OS, ERR 

Vee = Max COM'L 50 
IIH Input HIGH Current 

VIN= 2.7V FR, SUP, MCE,ERRACK 40 

MIlO, AO, RCLK, B/W, R/W 20 

AS, STR, INTACK 20 

Input(s): 
1.0 

Vee = Max CLK, CS, OS, ERR, MERR 

VIN=5.5V SUP,MCE,FR 1.0 
II Input HIGH Current 

Vee = Max MIlO, AO, RCLK, BIW, R/W 0.10 
VIN= 7.0V INTACK, AS, STR 

ERRACK 0.20 

Output(s): 
100 

IOH Output HIGH Current Vee = Min INTMERR, INTERR 

VOH= 5.5V XACK,AACK 150 

los 
Output Short Circuit Vee = Max +0.5V Output(s): All (Note 3) -15 -85 
Current VO=0.5V 

25·C,5V 280 

8163 Oto70"C 
COM'L 

365 

lee Power Supply Current 8167 Ot070"C 390 

8163 -55to+125·C 385 
MIL 

8167 -55 to + 125·C 420 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25·C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am8163/67 SWITCHING CHARACTERISTICS 
Am8163 • Am8167 

TA = +25°C 
Vee = 5.0V 

rarameters Description Min Typ Max Units 

1 1S Milot or cst to ClK Setup Time 0 -4 ns 

2 tH Milot or CSi to RASi Hold TIme 0 -10 ns 

3 ts FRt to ClK Setup Time 5 2 ns 

4 tPWL FR lOW Pulse Width tp + 5 tp+2 ns 

5 tpLH Ast to lEi Propagation Delay 12 18 ns 

6 tpHL ASi to lEt Propagation Delay 12 18 ns 

7 ts AD to ASi Setup Time 1 0 ns 

8 tH AD to ASi Hold Time 9 5 ns 

9 tpWL AS, STR lOW Pulse Width 20 9 ns 

10 ts Milot or cst to STRi Setup Time 2 0 ns 

11 ts cst to STRt Setup Time -tp -(tp + 10) ns 

12 ts STRt to ClK Setup Time 10 6 ns I 
13 tpHL ClK to RASt Propagation Delay 36 41 ns 

14 tpLH ClK to RASi Propagation Delay 26 34 ns 

15 tpHL ClK to MSEW Propagation Delay 17 22 ns 

16 tpLH ClK to MSEli Propagation Delay 21 26 ns 

17a tpHL MSEW to CASt Propagation Delay - 8163 18 23 ns 

17b tpHL ClK to CAst Propagation Delay - 8167 17 22 ns 

18a tpLH ClK to CASi Propagation Delay - 8163 34 43 ns 

1ab tpLH ClK to CASi Propagation Delay - 8167 21 26 ns 

19 tpLH STRt to AACKi Propagation Delay 30 35 ns 

20 tpHL ClK to AACK t Propagation Delay 33 41 ns 

21 tpHL ClK to WEt Propagation Delay 17 22 ns 

22 tpLH ClK to WEi Propagation Delay 20 26 ns 

23 tpHL ClK to st Propagation Delay 16 22 ns 

24a tpLH lElt to Si Propagation Delay - 8163 1.0 3.0 ns 

24b tpLH ClK to Si Propagation Delay - 8167 21 26 ns 

25 tpLH ClK to lEli Propagation Delay 20 26 ns 

26 tpHL ClK to lElt Propagation Delay 17 22 ns 

27 tpLH lEOt to lEli Propagation Delay 15 20 ns 

28a tpHL lElt to OEHt, OEW Propagation Delay - 8163 4.5 7.0 ns 

28b tpHL ClK to OEHt, OEW Propagation Delay - 8167 24 30 ns 

29 tpLH ClK to OEHi, OEli Propagation Delay 24 30 ns 

30 ts R/W, B/Wto Dst Setup Time 0 -1.5 ns 

31 tH R/W, B/W to WEi Hold TIme 0 -10 ns 

32 tpHL ClK to LEOt Propagation Delay 15 21 ns 

33 tpLH ClK to lEot Propagation Delay 21 26 ns 

34 tpLH ClK to lEBi Propagation Delay 21 26 ns 

35 tpHL ClK to lEBt Propagation Delay 24 30 ns 

36 tpHL ClK to XAC~i Propagation Delay 29 36 ns 

37 tpLH DSi to XACKi Propagation Delay 24 30 ns 

38 tpHL DSt to OEBW, OEBHt, OEBWt Propagation Delay 13 18 ns 

39 tpLH DSi to OEBli, OEBHi, OEBWi Propagation Delay 13 18 ns 

40 ts ERR, MERR to lEOt Setup Time 1.5 0 ns 

41 tH ERR, MERR to lEOt Hold Time 6.5 4 ns 

42 tpHL lEOt to INTERRt, INTMERRt Propagation Delay 19 24 ns 

43 tpLH INTACKt to INTERRi, INTMERRi Propagation Delay 23 30 ns 
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Afna163/67 SWITCHING CHARACTERISTICS (Cont.) 

TA= +2S0C 

Parameters 

44 IpLH 

45 IpHL 

46 IpWL 

47 IPWL 

48 IS 

49 IH 

50 IpHL 

51a IpWL 

51b IpWI,. 

52a IPWL 

52b IpWL 

53a tPWL 

53b IPWL 

54a tpWL 

54b IPWL 

55a lose 

55b lose 

eLK 

Description Min 

LEOJ, to LERRt, LMERRt Propagation Delay 

ERRACKJ, to LER~, LMERRJ, Propagation Delay 

INTACK LOW PulSe Widlh 20 

ERRACK LOW Pulse Width 20 

SUP t 10 Dst Setup Time 0 

WEt 10 SUpt Hold Time 0 

CLK 10 RFSHt Propagation Delay 

RFSH LOW Pulse Width (MCE = HIGH) - 8163 

RFSH LOW Pulse Widlh (MCE = HIGH) - 8167 

RAS LOW Pulse Width Duong Refresh 
(MCE = HIGH) -8163 .. 

RAS LOW Pulse Width During Refresh 
(MCE = HIGH) - 8167 

RFSH LOW Pulse Width (MCE = LOW) - 8163 

RFSH LOW Pulse Width (MCE = LOW) - 8167 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8163 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8167 

CLK Frequency - 8163 

CLKFrequency - 81117 

TIMING WAVEFORMS (Cont.) 
Am8163 REFRESH TIMING 

Vee = S.OV 
Typ 

30 

9 

9 

9 

-5 

-10 

16 

41p 

51p 

31p 

41p 

7tp 

!itp 

6tp 

81p 

~----~------------~~~Ir---------~------------~ 

~------------------~IM~------------------~ 

\ _________ 1 
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Max Units 

39 ns 

14 ns 

ns 

ns 

ns 

ns 

'21 ns 

16 MHz 

22 MHz 

MeE:: LOW 

ABHl69 
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eLK 

.... L 

TIMING WAVEFORMS (Cont.) 
Am8167 REFRESH TIMING 

It " It " 

Am8163 MEMORY CYCLE EXTEND TIMING 
(MCE=LOW) 

Am8167 MEMORY CYCLE EXTEND TIMING_ 
(MCE=LOW) 

Am8163 • Am8167 

It 
" 

ABI-061 

\--------------------
ABI-062 
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Am8163/67 SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE· 

Parameters Description 

1 IS Milot or CS4 10 ClK Selup Time 

2 IH MlIOj, or CSt 10 RASr Hold Time 

3 IS FR.j, 10 ClK Selup Time 

4 IPWL FR lOW Pulse Widlh 

5 IpLH AS4 10 lEt Propagation Delay 

6 IpHL ASt 10 lEL Propagation Delay 

7 IS AO 10 ASt Selup Time 

8 IH AO to ASt Hold Time 

9 IpWL AS, STR lOW Pulse Widlh 

10 Is Milot or CS4 to STRt Selup Time 

11 Is CS4 10 STR.j, Selup Time 

12 IS STRt 10 ClK Selup Time 

13 IpHL ClK to RAS4 Propagation Delay 

14 tpLH ClK to RASt Propagation Delay 

15 tpHL ClK to MSEW Propagation Delay 

16 tpLH ClK 10 MSELt Propagation Delay 

17a IpHL MSEW toCAS4 Propagation Delay-8163 

17b IPHL ClK to CAS4 Propagation Delay -8167 

1.8a tpLH ClK to CASt Propagation Delay- 8163 

18b tpLH ClK to CASt Propagation Delay-8167 

19 tpLH STR.j, 10 AACKt Propagation Delay 

20 tpHL . ClK 10 AACK L Propagalion Delay 

21 tPHL ClK to WEL Propagation Delay 

22 tpLH ClK to WEt Propagation Delay 

23 tpHL ClK to S4 Propagation Delay 

24a tpLH lEI~ to St Propagation Delay - 8163 

24b IpLH CLK to St Propagation Delay - 8167 

25 tpLH ClK 10 lElt Propagation Delay 

26 tpHL ClK to lEi.! Propagation Delay. 

27 IpLH lEO~ to lElt Propagation Delay 

28a tpHL lEIL toOEHt,OEW Propagation Delay-8163 

28b tPHL ClKtoOEHLOEW - 8167 

29 tpLH ClK to OEHt • OELt Propagation Delay 

30 ts PJW. B/W to DS4 Setup Time 

31 tH P./W. B/W to WEt Hold Time 

32 IpHL ClK 10 lEOj, Propagation Delay 

33 tpLH ClK to lEot Propagation Delay 

34 tpLH CLK 10 lEBtPropagalion Delay 

35 tpHL ClK to lE~ Propagation Delay 

36 IpHL ClK to XAC~ Propagation Delay 

37 IpLH DSt 10 XACKt Propagation Delay 

38 tpHL 
DS4 to OEBW. OEBH~. OEBW~ 
Propagalion Delay 

39 tpLH 
DSr to OEBlt • OEBHt. OEBWt 
Propagation Delay 

Am8163· Am8167 . 

COM'L MIL 

TA=Oto+70"C TA = -55 to +125°C 
Vee = 5.0V ± 5% Vee = 5.0V ± 10% 
Min Max Min Max Units 

5 5 ns 

5 5 ns 

9 9 ns 

Ip + 10 Ip+10 ns 

22 22 ns 

22 22 ns 

1.5 1.5 ns 

10 10 ns 

20 20 ns I 
5 5 ns 

-Ip -Ip ns 

10 12 ns 

45 45 ns 

40 40 ns 

25 25 ns 

30 30 ns 

16 16 ns 

25 25 ns 

50 50 ns 

30 30 ns 

40 40 ns 

46 46 ns 

25 25 ns 

30 30 ns 

25 25 ns 

0 0 ns 

30 30 ns 

30 30 ns 

25 25 ns 

10 10 ns 

4.0 4.0 ns 

35 35 ns 

35 35 ns 

0 1.0 ns 

0 0 ns 

25 25 ns 

30 30 ns 

30 30 ns 

35 35 ns 

40 41 ns 

35 35 ns 

22 22 ns 

22 22 ns 
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Am8163/67 SWITCHING CHARACTERISTICS (Cont.) , 

COM'L MIL 

TA = Oto +70"C TA= -55 to + 125"C 
Vee = 5.0V ± 5% Vee = 5.0V ± 10% 

Parameters Description Min Max Min Max Units 

40 'IS ERR. MERR to LEO! Setup Time 2.0 3.0 ns 

41 tH ERR. MERA to LEO! Hold Time 8.0 8.0 ns 

42 tpHL 
LEO! to INTERR!. INTMERR! 28 28 ns Propagation Delay 

43 tpLH 
INTACKj, to INTERRt. INTMERRt 

38 38 ns 
Propagation Delay / 

44 tpLH 
LEO! to LERRt. LMEARt 46 46 ns Propagation Delay 

45 tpHL 
ERRACKj, to LEAR!. LMERR! 20 20 ns Propagation Delay 

46 tPWL INTACK LOW Pulse Width 20 20 ns 

47 tpWL ERRACK LOW Pulse Width 20 20 ns 

48 ts SUP! to OS! Setup Time 5 5 ns 

49 tH WEt to SUpt Hold Time 5 5 ns 

50· tpHL CLK to RFSHt Propagation Delay 25 25 ns 

51a tpWL 
RFSH LOW Pulse. Width 41p-3ns 4tp-3ns 
(MCE = HIGH) - 8163 

Slb tPWL 
RFSH LOW Pulse Width SIp-3ns SIp-:ins (MCE = HIGH) - 8167 

52a tPWL 
RAS LOW Pulse Width During Refresh 

31p-3ns 31p-3ns (MCE = HIGH) - 8163 

52b tpWL 
~lOW Pulse Width During Refresh 

41p-3ns 41p-3ns (MCE = HIGH) - 8167 

53a tpWL 
AFSH LOW Pulse Width 

71p-3ns 71p-3ns (McE = LOW) - 8163 

53b tpWL 
RFSHLOW Pulse Width 9tp-3ns 9tp-3ns 
(MCE = LOW) - 8167 

54a tpWL 
RAS LOW Pulse Width During Refresh 6tp-3ns 61p-3ns 
(MCE = LOW) - 8163 

54b tPWL 
RAS LOW Pulse Width During Refresh 81p-3ns 81p-3ns 
(MCE = LOW) - 8167 

55a fose CLKFrequency - 8163 16 16 MHz 

55b fose ClK Frequency - 8167 22 22 MHz 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 
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Am8163 

LEO 

lEI 

0Ei:. 
OEH 

lEa 
s 

om: 
1iEiH 
6EiW 

Vee 10 

SUP 11 
OS " FA 13 

RCLK " ai'll 15 

Ri'/i .. - 17 

LERR 18 -" MEJiA 20 

Am8163/67 TEST LOADS 

CL 
SOpF 

OTHER OUTPUTS 

Vee 

RL = 667fl 

5k 

METALLIZATION AND PAD LAYOUT 

.. WE lEO 

39 MSEL LEI ·2 

" CJIS OEl 3 
37 RAS OEH . 
" RFSH 

35 lE 
34 All 
33 A. ' LEB 

11/;0 S 

31 eli 0EiC 
OEBH 

30 GND 5EiW 

" MCE Vee 10 

SUP 11 
OS 12 

28 elK FA 13 
RCLK 

27 iTFi a/Vi 15 
28 "iAcK 

" liCK R/Vi ,. 
" iNiiCK TNiEiiR 17 

23 INTMERR LEAR 18 
22 LMERR EFiR " 21 ERRACK 1.iERR 

OlE SIZE 0.185" X 0.156" 
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Am8163 • Am8167 

100 100 100 

T, TO T. 

AS 

DiACK 
8163 1 

DTACK 8167 1 

AS 

LOS 

MC68OOO' UOS 

DTACK 

R/W 

'Timing refers to 10MHz MC68000 . 

Am8163/67 APPLICATION WITH 
MC68000 

100 100 100 100 

TW TW TW TW 

TW 

7 x 62.5 = 497.5ns 

9x42=378ns ., 

ADORESSBUS 

100 100 

TW T, T, 

T, 

L 

CS 

STR 

OS 

B/W 

A. Am8163/67 

M/iO 

XACK 

R/W 

AS 

. Note 1: WiO. may be tied HIGH or connected to an address pin. It may also be connected to an 110 port. The main consideration 
is not to start the 8163/67 when communicating with the 2960 Diagnostic Latch. 
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Am8163 • Am8167 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, ahd screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Nole2) (No.le3) 

AM8163/67DC D-4O-1 C C-l 
AM8163/67DCB D-40-1 C B-2 (Nole4) 
AM8163/67DM D-40-1 M C-3 
AM8163/67DMB D-40~1 M B-3 
AM8163/67LC L-28-1 C C-l 
AM8163/67LCB L-28-1 C B-2 (Nole4) 
AM8163/67LM L-28-1 M C-3 
AM8163167LMB L-28-1 M B-3 

AM8163167XC Dice C } Visual inspection 
10 MIL-STD-663 

AM8163/67XM Dice M Method 2010B. 

'Noles: 1. D = hermetic OIP, L = Chip-Pak. Number following leiter is number of leads. 
2. C = 010 +7O"C, Vee = 4.7S10 S.2SV, M = -SSlo + 12S'C, Vee = 4.S010S.S0V. 
3. Levels C-l and C-3 conform 10 

MIL-STD-883, Class C. Level B-3 conforms 10 MIL-STD-883, Class B. 
4. 160 hour burn-in. 
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Typical Systems 
Utilizing the Am2960 
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Typical Systems 

Am8163/67 APPLICATION WITH 
MC68000 

8163 1-1------7X 62.5 = 497.5ns------~ 
~--'---"'" 

8167 1-I,-----9X42 = 378n.------IL.... ______ ..... 

ADDRESS BUS 

j:>----ics 

AS 1-,----------------------1 STR 

LDS~------------_t-~:f-)O--~~W 

MC68000' UDS~------------~-~-----__iAo Am8163/67 

\----JM/iO 

DTACK 1-------------......L----------1 XACK 

R/Vi ~---------------------IR/Vi 

'Timing refers to 10MHz MC68000 (2 wait states with 8MHz 68000). 

Note 1: M/iO may be tied HIGH or connected to an address pin. It may also be connected to an 1/0 port. The main consideration 
is not to start the, 8163/67 when communicating with the 2960 Diagnostic Latch. 
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Am2900 Components Continuously 
Become Faster and Faster 

MORE SPEED: NO MORE POWER 

There's a good old tried and proven way to make faster IC's -
burn more power. (That's the only real difference between "lS" 
and "S" devices). But that solution isn't satisfactory for lSI de
vices like the Am2900 Family. Power is constrained to existing 
levels for reliability reasons. 

Am2900 parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types and 
operating environment of the part. To increase speeds, new 
technologies must be used to build faster components at no 
increase in power. 

NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER 
GATES 

One way to make faster components is to use new circuit de
sign techniques. The most obvious is internal ECl, which pro
vides very fast gates at similar power levels to lS TTL. The 
Am29116 reaches microcycle times of lOOns through the use of 
internal ECL. Other design techniques, such as lOW-level logic 
(with very small logiC swings on-Chip), can also provide higher 
speeds without introducing the time penalty of ECl to TTL 
conversion. 

Filia!ly, very .Iow power gates used in non-critical speed paths 
make more power available for use in critical speed paths. As 
the 2900 Family develops, all these technologies will be used 
within a single component to achieve the highest speeds with~ 
out increasing power. The Am2903A is one of the first products 
to take advantage of this mixed circuit technology. 

IMPROVED PROCESS CONTROL ALLOWS TIGHTER 
SPECS 

Today's 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters be
fore an AC specification is published: As manufacturing 

Figure 1. Price/Performance Improvements 
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technology improves, the process is subject to smaller run-to
run vanatlons, so tnat all of the product is closer to design 
nominal. This makes it possible 'to specify parameters more 
closely to typical. without incurring large yield losses. The first 
product reflecting this is the Am2903. 

WHAT'S GOOD FOR THE GOOSE IS GOOD FOR THE 
GANDER 

Many new tools in production technology are emerging, primar
ily spurred by the emphasis on high-speed MOS memories. 
The same tools, such as projection masking, also provide for 
smaller geometries in bipolar circuits. As MOS gets faster, so 
does bipolar. The Am2901C obtains its speed improvement 
over the Am2901B through these tools. 

PROCESS TECHNOLOGY TAKES A QUANTUM LEAP 

Current generation lSI/vlSI bipolar devices call for state-of
the-art processing technologies. IMOXT" ion-implanted 
micro-oxide technology gives the Am2901C its performance 
improvement over the Am2901B. IMOX also generates incredi
ble packing densities - the Am29116 has 2500 gates on a 
single bipolar chip! 

DESIGN FOR THE FUTURE 

Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part type 
will continuously become faster. The results are easy to ob
serve - increases in performance at no additional cost (see 
Figure 1). 

Most existing 2900 designs can be offered in higher perfor
mance versions simply by substitution of the 2901C for the 
2901B, the 2909A for the 2909, the 2903A for the 2903, and so 
forth. Your 2900 design won't run out of speed in a few years. 
Advanced Micro Devices' 2900 Family will serve tomorrow's 
needs as well as today's. 

Figure 2. Bipolar Speed/Density Improvements 
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Introduction 
THREE GENERATIONS OF TTL 
Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960's. 
It has proven itself to be manufaCturable ,in high volume using 
an extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area" consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 

The circuits built using TTL technology have gone through 
two generations; the Am2900 Family represents the beginning 
of the third. Each generation consiSts of circuits which are 
fundamental building blocks of systems - circuits which can 
be interconnected .in many different way~ to build many 
different systems_ Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the 
rapid cost reductions characteristic of the integrated circuit 
industry. 

The quality which distinguishes one generation from another 
is the level of integration· used, and, because of. the level of 
integration, the philosophy behind the circuit. 

If one draws a curve plotting the cost of an individual gate 
aga,inst the number of gates on a chip, Figure 1 results. 

LABOR 

~ "<:J 
~ '. l 

SILICON 
INTENSIVE 

GATES/CKIP 

Figure 1. MPR-OOI 

At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enough that , 
it does not represent a significant portion of the cost of the 
product - it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of processing 
an order, shipping and fixed overhead. Doubling the number of 
gates on the chip doesn't materially affect the ,cost so the cost 
per gate halves. As the number of gates per chip 'increases, the 
die begins to cost more, reversing the downward trend. As die 
cost dominates, the cost per gate temains r!llatively flat until 
the yield of the die begins to decline markedly. The cost Per 
gate then begins to dse again. The lowest cost per gate, is 
achieved at a level of integration 'corresponding to the flat 
region. This is the optimum level of integration. 

As technology improver., costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 

The three curves of Figure. 2 are the rearon for the three 
generations of TTL. Each generation has consisted of fund;!
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. ' 
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GENERATION I - SSI, 1965 
In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems: They 
consisted of gates - the '1400, 7410, 7420 - and, pressing the 
state of the art, some flip·flops. They were fundamental 
building blocks. ' 

GENERATION II - MSI, 1970 

Beginning around 196B, it became economical to put more 
gates on a chip and the industry was faced with a problem: 
How does one put 20 gates on a chip and bu ild a univerr.al 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda
mental building blocks. The new building blocks fell into seven· 
categories: 

• Counters 
• Decoders 
• Multiplexers 
• Operators (adders, comparators) 
• Encoders 
• Registers 
• Latches 

All systems could be defined in terms of these seven functions, 
and integrated circuits could be defined at the 20-50 gate/ 
chip level which performed these functions efficiently. This, 
of course, is MSI. Over the last six or seven years, more and 
more circuits of this type have been introduced, utilizing 
standard gold-doped technology, low-power TTL, high-speed 
TTL, Schottky TTL, and now low-power Schottky TTL 
technology. Today, there are over 250 different MSI Circuits 
and new ones appear every month. But in today's technology, 
many of these circuits are not particularly cost effective. They 
are too small for today's technology and their costs are labor 
intensiVe. (Labor costs do not follow traditional semiconductor 
pricing patterns.) In 1977, the optimum level of integration 
for bipolar logic was around 500 gates chip. 

GENERATION III "":The Am2900 Family, 1976 

At a 500-gate-per;chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions was neeped. Advanced 
MiCrO Devices has defined ~hese eight categories: 



• Data Manipulation 
• Microprogram Control 
• Macroprogram Control 
• Priority Interrupt 
• Direct Memory Access 
• I/O Control 
• Memory Control 
• F rorlt Panel Control 

The Am2900 Family includes circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; 
they are fast - utilizing Low-Power Schottky TTL techno
logy and AMD's proprietary IMOX™ technology; they are 
expandable; they are flexible - useful in emulation; and 
they are driven under microprogram control. 

IMOX AND Eel - THE NEXT STEP 

Ever increasing device complexity placed greater and 
greater demands on existing process technologies. Ad
vanced Micro Devices responded to this challenge by 
introducing its revolutionary IMOX ion-implanted micro
oxide teclmology in 1980. Oxide isolation generated 
faster transistor switching and tighter packaging. lon
implantation meant tighter parameter control and lower 
power consumption. The bottom line - an unequalled 
combination of speed and density culminating in the 
Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shows this climb in gate density. 

10,000 5511MSI FAMILIES 

T liE GOLD DOPED Am2903 It Am29116 

~ : ~~~R SCHOTTKY (630 GATE~""""""" (2500 GATES) 

' .... ~=ADYANCEDSCHOnKY :I ...... Amzs;o ~ Am290t (136 CiA ES) 

100 T (s:o LGATES) A A 

TTL L",t.t A A 

10 rrT T T T T T ~ LS LS L L S L S A A : . 

TT T T T T ~ T SS: L L L L AI. 

''Moore'' Law" 

Figure 3. Am2900 Bipolar lSI/VlSI 

Future refinements of IMOX and new device techno
logies will keep AMD on the leading edge in bipolar LSI! 
VLSI. Designed to take advantage of. these improvements 
in process technology, a new family of microprogram
mabie 32-bit controller products will set the pace for 
bipol~r VLSI in the mid-1980s. 

THE Am2900 FAMILY 

The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and con
trollers. Each device is designed to, be expandable and suffi
ciently flexible to be suitable for emulation of many existing 
machines, It is the wide variety of machine architectures pos
sible with the Am2900 Family which sets it apart from the 
fixed-1nstruction microprocessors such as the Am8086. 

While an Am8086 can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 
or 40 or more. The Am8086 design Will, therefore, almost al~ 
ways be cheaper. But the Am8086, or any other fixed
instruction processor, can execute only one instruction set, so 
it is not really suitable for emulation of another machine. 

Moreover, a fixed-instruction processor operates only on 
words of a single length, usually eight bits. An Am2900 design. 
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on the other hand, can be constructed for any word length 
which is a multiple of four 'bits. 

Many applications require specialized operations to be per
formed at relatively high speed. Such functions as multiply 
and divide and special graphic control operations, can be done 
in microcode 10-100 times faster than in fixed-instruction 
MOS processors. 

MICROPROGRAMMED ARCHITECTURE 

Most small processors today are being designed using a tech· 
nique called microprogramming. In microprogrammed systems, 
a large portion of the system's control is performed by a read 
only memory (usually PROM) rather than large arrays of gates 
and flip-flops. This technique frequently reduces. the package 
count in the controller and provides a highly ordered structure 
in the controller i not present when random logic is used. 
Moreover. microprogramming makes changes in the machines' 
instruction set very simple to perform - reducing the post
production engineering costs for the system substantially. 

The Am2900 Family of Bipolar LSI devices has been designed II 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of control lines 
from a microinstruction. . 

Figure 4 illustrates a typical system architecture. 'There are 
two "sides" to the system. At the left is the control circuitry 
and on the right is the data manipulation circuitry. The block 
labeled "2901C array" consists of the ALU, scratch pad re
gisters, data steering logic (all internal to the Am2901 Cs), 
plus left/right shift control and carry lookahead circuit. Data is 
processed by moving it from main memory (not shown) into 
the 2901 C registers, performing the required operations on it 
and returning the result to main memory. Memory addresses 
may also be generated in the 2901 Cs and sent out to the 
memory address register (MAR). The four status bits from the 
2901Cs ALU are captured in the status register after each 
operation. 

The .Iogic on the left side is the control section of the compu
ter. This is where the Am2909A, 2910A, or 2911 A is used. 
The entire system is controlled by a memory, usually PROM, 
which contains long words called microinstructions. Each mi
croinstruction contains bits to control each of the data man
ipulation elements in the system. There are, for example, nine 
bits for the 2901 C instruction lines, eight bits for the A and B 
register addresses, two or three bits to control the shifting 
multiplexers at the ends of the 2901C array (see, Figure 19, 
2901C data sheet), and bits to control the register enables 
on the MAR, instruction register, and various bus trans
ceivers. When the bits in a microinstruction are applied to 
.. II the data elements and everything is clocked, then one 
small operation (such as a data transfer or a register-to
register add) will occur. 

A "machine instruction" (sue/,! as a minicomputer instruction 
or .. n 8086 instruction) is performed by executing several 
microinstructions in' sequence. Each microinstruction therefore 
contains not only bits to control the data hardware, but also 
bits to define the location in PROM of the next microinstruc
tion to be executed. The fields are labeled in Figure 4 as I, CC, 
and BA. The I field controls the sequencer. It indicates where 
the next address is located - the ~PC, the stack, or the direct 
inputs - and whether the stack is to be pushed or popped. 

The CC field contains bits indicating the conditions under 
which the I field applies., These are compared with the condi
tion codes in the status register and may cause modification to 
tlie I field. The. comparing and modification occurs in the 
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block labeled "controllogic".F~equently this is a PROM or PLA. 
In the caSE of the Am291 0, it is built into the chip. The BA field 
is a branch address or the address of a subroutine. 

PIPE LINING 

The address, for the miproinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an'access time later, the micro-
instruction is at the ROM outputs. ' 

A pipeline register is a register placed on the output of the 
micropro!JI:am memory to essentially split the system in two. 
The pipeline, register contains the microinstruction currently 
being executed CD. (Refer to the circled numbers in Fig~re 4.) 
The' d~ta mllnipulation cOntrol bits go out to the system 

elements and a portion of the microinstruction is returned to 
the sequencer @ to determine the address of the ne~t micro
instruction to be executed. That address @ is sent to the ROM 
and the next microill$truction @ sits at the. input of the 
pipeline register. So while the 2901Cs are executing one in. 
struction, the next instruction is being fetched' from ROM. Note 
that there is no sequential logic in the sequencer, between the 
select lines and the output. This is important because the loop 
CD to @ to @ to @ must occur during a single clock cycle_ 
During the same time, the loop, from CD to ® must occur in 
the 2901Cs. These two paths are roughly the same (around 
200ns worst case for a 16-bit system). The presence of the 
pipeline register allows the microinstruction fetch to oCcur 
in parallel with the data operation rather than serially, allowing 
the clock frequency to biI d~ubled. ' 

Figure 4. 
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The system shown in Figure 4 works as follows. A sequence 
of microinstructions iii the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901 C working register, be sent to the 
memory address register and incremented. The data returned 
from memory isload&t into the instruction register. The 
contents of the instruction register is passed through a PROM 
or· PLA to generate the address of the first microinstruction 
which must be executed' to perform the required function. 
A branch .to this address occurs through the sequencer. Several 
microinstructions may be executed, to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 

,this point. there may ,be branches to other sections of micro-
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, code. For example, the machine might test for an interrupt 
here and obtAin an interrupt service routine. address from 
another, mapping ROM rather than start on the.next machine 
instruction. There are obviously many possibilities. Through
out this' data book, in, application notes, and within data 
sheets, some ~uggested techniques will be found. 

Additional application notes are, in preparation and are planned 
for publication. Advanced Micro Devices' Applications' 'staff 
is available to answer questions and provide technical assistance 
as well. They may be reached by calling (408) 732-2400, or, 
outside California (800) 538-8450. Ask for Am2900Family 
Applications. 



Am2901B· Am2901C ··Am2901C-1 
Four· Bit Bipolar Microprocessor Slice 

. DlSTlNcnVE CHARACTERISTICS 

• Two-address architecture -
Independent simultaneous access to two working 
registers saves machine cycles. 

• Eight-function ALU -
Performs addition, two subtraction operations, and five 
logic functions on two source operands. 

• Flexible data source selection -
ALU data is selected from five source ports for a total of 
203 source operand pairs for every ALU function. 

• l.eft/right shift Independent of ALU -
Add and shift operations take only one cycle. 

• Four status flags -
Carry, overflow, zero, and negative. 

• Expandable-
Connect any number of Am2901s together for longer 
word lengths. 

• Microprogrammable -
Three groups of three bits each for source operand, ALU 
function, and destination control. 

• Fast-
Am2901 C is up to 33% faster than Am2901 B. The 
Am2901C meets or exceeds all of the specifications for 
the Am2901B. 

• IMOX-
Am2901 C is processed with AMD's proprietary 
IMOX™ Process. 

MICROPROCESSOR SLICE BLOCK DIAGRAM 

IMOX is a trademark of Advanced Micro Devices 
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GENERAL DESCRIPTION 

The Am2901 industry standard four-bit microprocessor slice 
is a high-speed cascadable ALU intended for use in CPUs, 
peripheral controllers, and programmable microprocessors. 
The microinstruction flexibility of the Am2901 permits effi
cient emulation of almost any digital computing machine. 

The device, as shown in the block diagram below, consists of 
a 16-word by4-bittwo-port RAM, a high-speed ALU, and the 
associated shifting, decoding and multiplexing cirCUitry. The 
nine-bit microinstruction word is organized into three groups 
of three bits each and selects the ALU source operands, the 
ALU function, and the ALU destination register. The micro
processor is cascadable with full look ahead or with ripple 
carry, has three-state outputs, and provides various status 
flag outputs from the ALU. AM D's ion-implanted 
micro-oxide (IMOX) processing is used to fabricate the 
40-lead LSI chip. 

'The Am2901C is a plug-in replacement for the Am2901B, 
but is 33% faster than the Am2901B. The Am2901C-1 is a 
speed selected version of the Am2901C offering a 
20- 30% speed improvement on critical paths. 

RELATED DEVICES 

Part No. Description 

Am2902A Carry Look-Ahead Generator 
Am2904 Status and Shift Control Unit 
Am2910A Microprogram Controller 
Am2914 Vectored Priority Interrupt Controller 
Am2917A Bus Transceiver 
Am2918 Pipeline Register 
Am2920 Octal Register 
Am2922 Condition Code MUX 
Am2925 System Clock Generator 
Am2940 DMA Address Generator 
Am2952 Bidirectional 1/0 Port 
Am27S35 Registered PROM 

For applications information see the last part of this data 
sheet and chapters III and IV of Bit Slice Microprocessor 
Design, by Mick and Brick, McGraw Hill Publishers. 

II 
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DETAILED Am2901C MICROPROCESSOR BLOCK DIAGRAM 

Note: LSB is numbered "0"; MSB is number.ed "3". 

Figure 1. MPR-QOS 

PIN DEFINITIONS 

AO_3 The four address inputs to the register stack used to 
select one register whose contents are displayed through 
tile A-port. 

BO-3 The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the B-port and into which new data can be written when 
the clock goes LOW. 

10-8 The nine instruction control lines. Used to determine what 
data sources will be applied to the ALU (1012). what func
tion the ALU will perform (1345), and what data is to be 
deposited in the Q-register or the register stack (1 678), 

Q3 A shift line at the MSB of the Q register (Q3) and the 
'I RAM3 register stack (RAM3). Electrically these lines are three

state outputs connected to TTL inputs internal to the 
device_ When the destination code on 1678 indicates an up 
shift (octal 6 or 7) the three-state outputs are enabled and 
the MSB of the Q register is available on the Q3 pin and 
the MSB of the ALU output is available on the RAM3 pin. 
Otherwise, the three-state outputs are OFF (high-imped
ance) and the pins are electrically LS-TTL inputs. When 
the destination code cal.ls for a down shift, the pins are 
used as the data inputs to the MSB oltha Q register (octal 
4) and RAM (octal 4 or 5). 

Qo Shift lines like Q3 and RAM3, but at the LSB of the 
RAMo Q-~egister and RAM. These pins are tied to the Q3 and 

RAM3 pins of the adjacent device to transfer data be
tween devices for up and down shifts of the Q register and 
ALU data. 

00-3 Direct 'data inputs: A four-bit data field which may be 
selected as one oltheALU data sources for entering data 
into the device. Do is the LSB. 
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V 0-3 The four data outputs. These are three-state output lines. 
When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as 
determined by the destination code 1678• 

OE Output Enable. When OE is HIGH. the Y outputs ar.e OFF; 

G,P 

OVR 

F=O 

when OE is LOW. the Y outputs are active (HIGH or 
,LOW). 

The carry generate and propagate outputs of the internal 
ALU. These signals are used with the Am2902 for carry-
lookahead. 

Overflow. This pin is logically the Exclusive-OR of the 
carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word. this pin indicates that the 
result of an arithmetic two's complement-operation has 
overflowed into the sign-bit. . 

This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU outputs FO-3 are all LOW. In 
positive logiC. it indicates the result of an ALU operation is 
zero. 

F3 The most signific.ant ALU output bit. 

Cn The carry-in to the internal ALU. 

Cn+4 Tne carry-out of the internal ALU. 

CP The clock input. The Q register and register stack outputs 
change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM 
which compromises the "master" latches of the register 
stack. While the clock is LOW. the "slave"latches on the 
RAM outputs are closed, storing the data previously on 
the RAM outputs. This allows synchronous master-slave 
operation of the register,stack. ' 



ARCHITECTURE 

A detailed block diagram of the bipolar' microprogram mabie 
microprocessor structure is shown in Figure 1. The circuit is a 
four·bi, slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16·word by 4·bit 
2·port RAM and the high-speed ALU. 

Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A·port of the RAM as controlled by 
the 4-bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
i:an be applied to the A select field and B select field in which case 
the identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. 

When el)abled by the RAM write enable (RAM EN!. new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi
tion, or not shifted in either direction. 

The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words·R and S. The R input field is driven from a 2-input multi
plexer, while the S input field is driven from a 3-input multi
plexer. Both multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a "zero" source operand. 

Referring to Figure 1, the ALU R-input multiplexer has the RAM 
A-port and the direct data inputs (D) connected as inputs. Like
wise, the ALU S-input multiplexer has the RAM A-port, the 
RAM B-port and the a register connected a~ inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A, ,B, 0, a and "0" inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
possible combinations of ~ource operand pairs. These combin· 
ations include AB, AD, AO, AO, BD, BO, BO, DO, DO and 00. 
It is apparent that AD, AO and'AO are somewhat redundant with, 
BO, BO' and BO in that if the A address and B address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the 10,11, and 12 inputs. The definition of 10, 11, 
and 12 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each ·selection. 

The two source operands not fully described as yet are the 0 in
put and a input. The 0 input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise. this input ciln be used in the 
ALU to modify any of the internal data files. The a register is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 

The ALU itself is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The 13, 14, and i5 microinstruction inputs are used to select the 
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ALU function. The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead Carry 
mode. Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-Iook-ahead-generator such as the 
Am2902. A carry-out, Cn+4, is also generated and is avai lable 
as an output for use as the carry flag in a status register. Both 
carry-in (Cn ) and carry-out (Cn+4) are active HIGH. ' 

The ALU has three other status-oriented outputs. These are F3, 
F = 0, and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output V 3. The 
F = 0 output is used for zerO detect. It is an open-collector out
put and can be wire OR'ed between microprocessor slices. F = 0 
is HIGH when aU F outputs are LOW. The overflow output (OVR) 
is used to flag arithmetic operations that exceed the available 
two's complement number range. The overflow output (OVR) 
is HIGH when overflow exists. That is, when Cn+3 and Cn+4 are 
not the same polarity. 

The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the a register. Eight possible combinations of ALU destination 
functions are available as defined by the 16, 17, and IS micro
instruction inputs. These combinations are shown in Figure 4. 

The four-bit data output field (V) features three-state outputs and 
can be directly bus organized. An output control (OE) is used to 
enable the three-state outputs_ When OE is HIGH, the V outputs 
are in the high-impedance state. 

A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device V outputs. This selection is controlled by the 16, 17, 
and IS microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (+2). The shifter has two ports; one is labeled RAMo 
and the other is labeled RAM3' Sothof these ports consist of a 
buffer-driver with a three-state output and an input to the multi
plexer. Thus, in the shift up mode, the RAM3 buffer is enabled 
and the RAMo multiplexer input is enabled. Likewise, in the shift 
down mode, the RAMo buffer and RAM3 input are enabled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con
trolled from the Is, 17 and Is microinstruction inputs as defined 
in Figure 4. 

Similarly, the a register is driven from, a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into, the 
a register. In either the shift-up or shift-down mode, the multi
plexer selects the a register data appropriately shifted up or 
down. The a shifter also has two ports; one is labeled 00 and the 
other is Q3. The operation of these two ports is similar to the 
RAM shifter and is also controlled from IS, 17, and Is as shown 
in Figure 4. 

The clock .input to the Am2901 controls the RAM, the a register, 
and the A and S data latches. When enabled, data is clocked into 
the a register on the LOW-to-HIGH transition of the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock input is LOW, the latches are closed and will retain the 
last data entered. If the RAM-EN is enabled, new data will be 
written into the RAM file (word) defined by the B address field 
when the clock input is LOW. 

II 
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FUNCTIONAL T~BLES 

MICRO CODE \ ALUSOU"CE MICROCODE 
OPERANDS ALU 

SYMBOL 

Mnemonic 12 I, 10 
Octal 

R S 
Code 

Mnemonic 15 14 13 
Octal Function 
Code 

AO L L L 0 A 0 ADD L L L 0 R Plus S R+S 

AB L L H 1 A B SUBR L L H , S Minus R S-R 

ZO L H L 2 0 0 SUBS L H L 2 R MiriusS R-S 

ZB L H H 3 0 B OR L H H 3 RORS RVS 

ZA H L L 4 0 A AND H L L 4 RANDS RAS 

DA H L .H 5 0 A NOTRS .H L H 5 RANDS R"As 

DO H H L 6 0 0 EXOR H H L 6 REX-OR S R¥S 
DZ H H H 7 0 0 EXNOR H H H 7 REX-NOR S RVS 

Figure 2. ALU Source Operand Control. Figure 3. ALU FunCtion Control. 

, 
RAM Q-REG. RAM Q 

MICROCODE 
FUNCTION FUNCTION SHIFTER SHIFTER Y 

Mnemonic 18 17 16 
Octal 

Shift Load Shift Load 
OUTPUT 

RAMo RAM3 00 Code 

OREG L L L 0 X NONE NONE F"'O F X X X 

NOP L L H 1 X NONE X NONE F X X X 

RAMA L H L 2 NONE F'" B X NONE A X X X 

RAMF L H H 3 NONE F ... B X NONE F X X X 

RAMOD H L L 4 DOWN F/2'" B DOWN Q/2-+ 0 F Fo IN3 00 
RAMO H L H 5 DOWN F/2-+ B X NONE F Fo IN3 00 

RAMOU H H L 6 UP 2F ... B UP 20"'0 F INo F3 INo 

RAMU H H H 7 UP 2F ... B X NONE F INo F3 X 

x = Don't care. Electrically, the shift pin is a TTL input internallv conriected to a three~state output which is in the high-impedance state 
B ~ Register Addressed by B inputs. 
UP is toward MSB, DOWN is toward LSB. 

Figure 4. ALU Destination Control. 

~2100CTAL 0 1 2 3 4 5 6 7 

Cf~ 
I 

I : Source A,O A.B 0,0 O.B O,A D,A D,O D,D 
L 3 ALU 

Function --_.- ._.- ---
Cn = L A+O A+8 0 8 A D+A D+O D 

0 R P,lusS 
Cri~H A+Q+1 A+S+1 0+1 8+1 A+l O+A+1 0+0+1 D+l 

C,,= L Q-A-1 8-A-1 0-1 8-1 A-I A-O-1 0-0-1 -0-1 
1 S Minus R 

Cn = H O-A 8-A 0 8 A A-D O-D -D 

Cn= L A-O-l A-B-1 -0-1 -8-1 -A-I D-A-t D-O-l D-l 
2 R MinusS 

Cn=H A-O A--S -0 -8 -A D-A D-O D 

3 RORS AVO Av8 a 8 A DVA DVa D 

4 RANDS AAa AA8 0 0 0 DAA DAa 0 

5 RANDS AAQ AAB a 8 A DAA Ol\~ 0-

6 REX-OR S AVa AV8 a 8 A DvA (iVO D 

7 REX·NORS A"t.Q / "AVB (j li A DvA DVa B 

+ = Plus; - = MlOUS; V = OR; A = AND; V "" EX·OR 

Figure 5. Source Operand and ALU Function Matrix. 

5-8 

Q3 

X 

X 

X 

X 

IN3 

X 

03 

03 



SOURCE OPERANDS AND ALU FUNCTIONS 

There are eight source operand pairs available to the ALU as 
selected by the 10, 11, and 12 instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 
13, 14, and Is instruction inputs control thiS function selec~ion. 
The carry input, Cn, also affects the ALU results when iri the 
arithmetic mode. The Cn input has no effect in the logic mode. 
When 10 through Is and Cn are viewed together, the matrix of 

Octal 

'543, '210 
Group Function 

40 A/\O 
41 A/\B 
45 AND O/\A 
46 0/\0 

30 AVO 
31 

OR AVB 
35 OVA 
36 OVO 

60 AVO 
6,1 

EX·OR AVB 
65 OVA 
66 OVO 

70 A'tO 
7 1 A'tB 
7 5 EX·NOR O'tA 
76 0't0 

72 0 
73 B 
74 INVERT A 
7 7 5 

62 0 
63 B 
64 

PASS 
A 

67 0 

32 0 
33 PASS B 
34 A 
37 0 

42 0 
43 "ZERO" 0 
44 0 
47 0 

50 A/\O 
51 MASK A/\B 
55 O/\A 
56 0/\0 

Figure 6, ALU Logic Mode Functions. 
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Figure 5 results. This mat,rix fully defines the ALUIsource 
operand function for each state. 

The ALU functions can also be examined on a "task" basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure 6 defines the various logic operations that the Am2901 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry·in LOW (Cn = 0) and carry-in HIGH 
(Cn = 1) are defined in these operations. 

Octal Cn = 0 (Low) Cn = 1 (High) 

'543, '210 Group Function Group Function 

0 0 A+O A+O+l 
o 1 ADD' A+B ADD plus A+B+1 
o 5 O+A one O+A+l 
o 6 0+0 0+0+1 

o 2 0 0+1 
o 3 PASS B Increment B+l 
o 4 A A+l 
o 7 0 0+1 

2 0-1 0 
3 Decrement B-1 PASS B 
4 A-l A 

2 7 ,0-1 0 

2 2 -0-1 -0 
2 3 1', Camp. -B-1 2',Camp. -B 
2 4 -A-l (Negate) -A 

-0-1 -0 

0 O-A-l O-A 
Subtract B-A-l Subtract B-A 

5 (l',Camp) A-O-l (2', Camp) A-O 
1 6 0-0-1 0-0 
2 0 A-O-l A-O 
2 1 A-B-l A-B 
2 5 O-A-l O-A 
2 6 0-0-1 0-0 

Figure 7. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G. p. Cn+4. AND OVR Definitions (+ '" OR) 

Po = Ro + So 
P, =R, + S, 

P2 = R2 + S2 

P3 = R3 + S3 

Go = RoSo 
G, = R,S, 

G2= R2S2 

G3 = R3 S3 

The four signals G, P, Cn+4, and OVR are designed to indicate 
carry and ,overflow conditions when the Am2901 is in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
Rand S inputs are the two inputs selected according to 
Figure 2. C4 = G3 + P3G2 + P3 P2G, + P3P2P, Go + P3P,2P, PoCn 

C3 = G2 + P2G, + P2P, Go + P2 P, PoCn 

1543 Function Cn+4 OVR 

0 R+S 

S- R /-4---------- Same as R + 5 equations, but substitute Ai for Rj in definitions --------~--t 

2 R-S 1_---------- Same as R + S equations, but substitute S; for Si in definitions ---------...... _1 .. 
3 RVS LOW P3 P2P, Po + Cn 

4 RI\S LOW 

5 HI\S LOW f-oi>------- Same as R 1\ S equations, but substitute R; for Ri in definitions ------1 .. 

6 RVS /-4>------------ Same as R V S, but substitute Ai for Ri in definitions :------------I~ 

7 RVS 
G3 + P3G2 + P3P2G, 

+ P3P2P, Po (Go + Cn) 

Note: [P2+G2P, +G2G, PO+G2G, GoCn) V [P3+G3P2+G3G2P, +G3G2Gl Po +G3G2G, GoCn] 

Figure 8, 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Part Number 
Suffil' 

PC, PCB, 
DC,DCB 
XC 

DM,DMB 
FM,FMB 
XM 

OPERATING RANGE 

VCC TemjJerature 

4,75V to 5,~5V 

4.50V to 5.50V TC = -55°C to +125°C 

Figure 9. 

5·10 

See-note 

.+= OR 

_65°C to +150°C 

_55°C to ,+125°C 

-0.5 V to +7.0 V 

-0.5 V to +Vcc max. 

-0.5 V to +5.5 V 

30mA 

-30 mA to +5.0 mA 



Am2901B/2901C/2901C-1 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

(Group A,Subgroups 1, 2, and 3) 

Parameters Description Test Condition. (Note 1) Min. 

10H - -1.SmA 

YO, Yl, Y2, Y3 
2.4 

VCC· MIN. 
10H- 1.0mA, Cn+4 2.4 

VOH Output HIGH Voltage 10H = 800uA, OVR, P 2.4 
VIN = VIH or VIL 

10H = -SOOUA, F3 2.4 

10H = SOOUA 
2.4 

RAMO, 3, QO, 3 

10H - -l.SmA, G 2.4 

ICEX 
Output Leakage Current VCC = MIN., VOH = 5.5V 
for F = 0 Output VIN· VIH or VIL 

10L = 20mA (COM'LI 

VCC = MIN" 
YO, Yl, Y2, Y3 

10L = 16mA (MILl 

VOL Output LOW Voltage VIN = VIH G, F = 0 10L = 16mA 

orVIL Cn+4 10L - 10mA 

OVR,P 10L = 8.0mA 

F3, RAMO, 3, 
10L = 6.0mA 

QO,3 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs (Note 7) 

VIL Input LOW Level 
Guaranteed input logical LOW 

voltage for all inputs (Note 7) 

VI Input Clamp Voltage Vee = MIN., liN = -18mA 

Clock,OE 

AO. Al, A2, A3 

BO, Bl, B2, B3 

IlL Input LOW Current Vce = MAX., VIN = 0.5V 
00, Dl, D2, D3 

10,11,12,16,18 
-~ -~-, 

-,--
13,14,15,17 

RAMO, 3, Co, 3 (Note ~ ----
en 
Clock, DE 

AO, Al, A2, A3 

BO, Bl, 82, B3 

IIH Input HIGH Current Vce = MAX., VIN = 2.7V 
DO, Dl, D2, D3 

10,11,12, IS, 18 

13,14,15,17 -
~~-

f-FfA-Mo, 3, QO. 3 (Note 41 
--

Cn 

II Input HIGH Current Vec - MAX" VIN - 5.5V 

YO, Yl, Vo = 2.4V 

Y2, Y3 Vo - 0.5V 

10ZH Off State (High Impedance) 
Vee = MAX. 

Vo - 2.4V 

10ZL Output Current RAMO, 3 (Note 4) 

00,3 Vo = 0.5V 

(Note 41 

YO, Yl, Y2. Y3,G -30 

lOS Output Short Circuit Current 
Cn+4 -30 

(Note 3) 
Vee = MAX. + 0.5V, Vo = O.SV OVR, P 30 

F3 -30 

RAMO, 3, Co. 3 30 

COM'L and MIL TA=2S"C -----
TA - O°C to +70°C 

Power Supply Current 
eOM'L Only 

TA=+70"C 
ICC 

(Note 6) 
Vec' MAX. r-------

Tc - -55°C to 
---~-

MIL Only +12S"C 
-

Te - +12S"C 

Notes: 1. Vee conditions shown as MIN. or MAX., refer to the military (± 10%) or commercial (±5%) Vee limits. 
2. Typical limits are at Vee = 5.0V, 25"C ambient and maximum loading. 

TVp. 
(Note 2) 

~~ 

160 --

---

Max. 

250 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.8 

-1.5 

-0.36 

-0.36 

-0.36 

-0.72 

0.36 

-0.72 

-0.8 

3.6 

20 
-~ 

20 

40 

20 

40 

100 

200 

1.0 

50 

50 

100 

-800 

-85 

-85 

-8S 

-85 

85 

2S0 

265 

220 
~-,-

280 

iga-

Units 

Volts 

uA 

Volts 

Volts 

Volts 

Volts 

mA 

uA 

mA 

UA 

mA 

mA 

3. Not more than one output should ba stored at a time. Duration of the, short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TTL inputs. Input characteristiCs'are measured with 1678 in a state such that the 

three-state output is OFF.' " 
5. "MIt:' = Am2901CXM, OM, FM, LM. "COM·t:· = Am2901CXC, PC, DC, LC. 
6. Worst case lee is measured at the lowest temperature in the specified operating range. 
7. These input levels provide zero noise immunity and should Qnly ba static tested in a noise-free enVironment, (not functionally tested). 

Figure 10. 
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I. Am2901C Guaranteed Commercial A. Cycle Time and Clock Characteristics. 

Range Performance 
The tables below specify the guaranteed performan~ of the 
Am2901 C over the commercial operating range of O"C to + 70"C, 
with VCC froin 4.75V to 5.25V. All data are inns, with inputs 
switching between OV and 3V at1V/ns and measurements made 
at 1.5V. AU outputs have maximum DC load. 

Read-Mod!fy-Write Cycle (from se~ction of A, B registers 
to end of cycle.) 

Maximum Clock Frequency to shift Q (50% duty cycle, 
I = 432 or 632) 

Minimum Clock LOW TIme 

This data applies to the following part numbers: Am2901 CPC 
Am2901CDC 
Am2901CLC 

Minimum Clock HIGH Time 

Minimum Clock Period 

Notes: 

B. Combinational Propagation Delays. 
Cl = 50pF 

~ From Input Y F3 Cn+4 G,P F=O OVR 

A, B Address 40 40 40 37 40 40 

0 30 30 30 30 38 30 

Cn 22 22 20 - 25 22 

1012 35 35 35 37 37 35 

1345 35 35 35 35 38 35 

1678 25 - - - - -

A Bypess ALu ' 
35 - - - - -(I = 2XX) 

ClockS 35 35 35 35 35 35 

C. Set-up and Hold, Times Relative to Clock (CP) Input. 

Input 

A, B Source Address 

B Destination 
Address 

0 

Cn 

1012 

1345 

1678 

RAMO, 3, aD, 3 

CP: -' 0- ...., 
i '------

Set-up Time Hold Time Set-up Time 
Before H -+ L After H .... L Before L -+ H 

15 1 (Note 3) 30,15 + TpWL 
(Note 4) 

15 Do Not Change 

- - 25 

- - 20 

- - 30 

- - 30 

10 Do Not Change 

- - 12 

D. Output Enable/Disable Times. 
Output disable tests performed with CL = 5pF and 
measured to O.5V change of output voltage level. 

Input Output Enable Disable 

OE y 23 23 

1. A dash indicates a propagation delay path or set-up time constraint dOes not exist. ' 

RAMO QO 

RAM3 Q3 

40 -

30 -

25 -

35 -
35 -

26 28 

- -

35 28 

"-

HoJdTime 
After L -+H 

1 

1 

0 

0 

0 

0 

0 

0 

.31ns 

32MHz 

15ns 

15ns 

31ns 

2. Cer!llin signals must be stabls during the entire clock LOW time to avoid erroneous oPeration; This is indicsted by the phrsse "do not change", 
3. Source addresses must be stable prior to the clock H -+ L transition to allow tima ,to access the.source data before the latches'close. The A 

address may then be changed. The B address could be changed If ~is not adsstlnation; i.e. if data Is not being writlen'bIlck Into the RAM. Norm.11y 
A .nd B ..... not changed during the clock lOW time. . . . ., 

4. The set-up lime prior to the clock L -+ H transition Is to allow time for data' to be accessed, passed through the ALU, and retumed to the RAM. It 
includes .U the time from stab~ A and B eddresses to the clock L -+ H transition, regardless of when the clock H -+ L transition occurs. 
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II. Am2901C Guaranteed Military A. Cycle Time and Clock Characteristics. 

Range Performance 
The tables below specify the guaranteed performance of the 
Am2901 B over the military operating range of -SsoC to + 12SoC, 
with VCC from 4.SV to S.SV. All data are in ns, with inputs switch
ing between OV and 3V at WIns and measurements made at 
I.SV. All outputs have maximum DC load. 

Read-Modify-Wrlte Cycle (from selection of A, B registers 
to end of cycle.) 

Maximum Clock Frequency to shift Q (50% duty cycle, 

This data applies to the following part numbers: Am2901 COM 
Am2901CFM 
Am2901CLM 

I = 432 or 632) 

Minimum Clock LOW Time 

Minimum Clock HIGH TIme 

Minimum Clock Period 

B. Combinational Propagation Delays. 
CL = 50pF 

~ From Input Y F3 Cn+4 G,P F=O OVR 

A, B Address 48 48 48 44 48 48 

D 37 .37 37 34 40 37 

Cn 25 25 21 28 25 

1012 40 40 40 44 44 40 

1345 40 40 40 40 40 40 

1678 29 

A Bypass ALU 
40 ' (I = 2XX) 

Clock .s 40 40 40 40 40 40 

RAMO 00 
RAM3 03 

48 

37 

28 

40 

40 

29 29 

40 33 

C. Set-up and Hold Times Ralatlve to Clock (CP) Input • 

Input 

A, B Source Address 

B Destination 
Address 

D 

Cn 

1012 

1345 

1678 

RAMO, 3, 00, 3 

Notes: 

OP: 
~ 

~--
...., --

Set-up Time Hold Time Set-up Time 
Before H .... L After H ... L Before L .... H 

15 2 (Note 3) 30,15 + TPWL 
(Note 4) 

15 Do Not Change 

25 

20 

30 

30 

10 Do Not Change 

12 

D. Output Enable/Disable Times. 
Output disable tests performed with CL = SpF'and 
measured to O.SV change of output voltage le\lel. 

Input Output Enable Disable 

OE v 25 25 

, 1. A dash indicates a propagation delay path or set·up time constraint does not exist. 

..... 

Hold Time 
After L .... H 

2 

2 

0 

0 

0 

0 

0 

0 

32ns 

31 MHz 

15ns 

15ns 

32ns 

2. Certein signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase "do not change". 
3. Source addresses must be stable prior to the clock H .... L transition to allow time to access the source date belOre the latches close. The A 

address may then be changed. The B address could be changed if it is not a destination: i.e. if data Is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. . 

4. The set·up time prior to the clock L .... H transition is to allow time tor data to be accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L .... H tranSition, regardless of when the clock H .... L transition occurs. 
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IV. Am2901B Guaranteed Commercial Range Performance 
The Am2901C meets or exceeds all of the specifications for the earlier Am2901B and Am2901A. 

. Parts may still beoi'dered and marked as Am2901B or Am2901A. 

V. Am2901 B Guaranteed Military Range Performance 
The Am2901C meets or exceeds all of the specifications for the earlierAm2901 Band Am2901 A. 

Parts may still be ordered and marked as Am29018 or Am2901A. 

MET 
DRIVEN INPUT 

TTL INPUT/OUTPUT CURRENT INTERFACES 

SCHOTTKY 
DRIVEN INPUT 

PNP 
DRIVEN INPUT 

~c--------~----~--------------~~--------------------~----------

R' 

R= 

en 2k 

00, 3. RAMo, 3 15k 

THREE-STATE 
OUTPUT 

son NOM 

R= 

13,4,5,7 10k 

10,1, .,' .Dk 

O! 'Dk 

DQ-3 10k 

CI = 5,OpF, all inputs 

NORMAL 

son NOM 

[ 

F 

YO = 5,OpF, all outputs 

Figure 11. 
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R 

-=- -=-
R= 

CP 6k 

I. 10k 

Ao.3, Bo-a 6k 

OPEN COUECTOR 
OUTPUT 

-::-

G 

MPR-013 

MPR-014 



Am2901B/2901C/2901C-1 

TEST OUTPUT LOAD CONFIGURAnONS FOR Am2901C 

A. THREE·STATE OUTPUTS 

$V 

I 

1.11 

5.0 - VeE - VOL 
Al = ------'-

IOL + VOL/1K 

B. NORMAL OUTPUTS 

5.0 - VeE - VOL 
Al= ----

IOL + VOljA2 

sv 

C. OPEN·COLLECTOR OUTPUTS 

5.0 - VOL 
Al = --

IOL 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitances without device in test fixture. 
2. SI. S2. Ss are closed during function tests and all AC tests except output enable tests. 
3. SI and S3 are closed while 52 is open for tpzH test. 

SI and S2 are closed while Ss is open for tPZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2901C (DIP) 

Test 
Pin # Pin Label Circuit Rl R2 

8 AAM3 A 560 lK 

9 AAMo A 560 lK 

11 F=O C ·270 -
16 0 3 A 560 lK 

21 00 A 560 lK 

31 F3 B 620 3.9K 

32 G B 220 1.5K 

33 Cn+4 B 360 2.4K 

34 OVA B 470 3K 

35 ,p B 470 3K 

36-39 YO-3 A 220 lK 

5·15 

I 
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LIFE TEST AND BURN~INCIRCUIT FOR MILITARY CLASS BPARTS~ 

Vcc 

I, f7 flO b f4 f5 I. I" r-t ... Vcc ,. 
MR cep CET Po P, P2 P3 Vcc 8 

GND 

Am9316 
2 15 

CLOCK CP TC'!---

Do a, ~ 03 

1'4 
'3 

1'2 
11 

'5 '7 18 '9 20 6 Vc c 
CP ·0 9, ·2 ·3 '. '4 11 470 

-'2 F-O 

~'3 35 580 

.,.......E... '4 
,~ 

~'5 32 270 
G 

34 660 

~ DE 
Am2901 OVR 

33 470 

'k -::-
3' 

Cn+4 

F3 '6 680 

ti 
0 3 

RAMO 
680 

00 RA,M3 
8 

'0 
" 

'7 Cn DO 0, 02 03 '6 Vee GNO A3 A2 A. Ao Yo Y, Y2 Y3 ,. 
1'2 1'3 r 1 29 1'5 1'4 1 23 P2 IS '0 l30 , 2 3 tJ36I~7 36 39 

~O":F 
=5,OV 

uency = 100KHz 
Vee 
Freq 

'TA = 125'e 

VCC 

This circuit conforms to MIL-STD-883 method 1015 condition D, 

270 270 270 270 

vce MPR-015 

(Contact Factory for Commercial Burn-In Conditions) 

Figure 12. 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power levels 
of the part The following notes may be useful. 

1, Insure the part is adequately decoupled at the test head. Large 
changes in Vee current as the device switches may cause 
erroneous function 'failures due to Vee changes, 

2, Do not leave inputs floating during any tests, as they may start 
to oscillate at high frequency. 

3, Do not attempt to perform threshold tests at high speed, 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100's of 
millivolts momentarily, 

4, Use extreme care in defining input levels for AC tests, Many 
inputs may be changed at once, so there will be significant 
noise althe device pins and they may not actually reach VI Lor 
VIH until the noise has settled. AMD recommends using VIL "" 
0,4V and VIH ?- 2.4V for AC tests, 

5. To simplify failure analYSis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups of 

, tests. 
6. To assist in testing, AMD offers complete documentation on 

our test procedures and, in most cases, can provide Fairchild 
Seniry programs, under license, 

For additional information on testing, see section 
"Guidelines on testing Am2900 Family Devices" 

in the Bipolar MicroproCessor Logic and Interface Data Book, 
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Am2901 B/2901 C/2901 C-1 

MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 

Speeds used in calculations for parts other than Am2901C are 
representative for available MSI parts. 

Pipelined System. Add without Simultaneous Shift. 

(j) Regisler +; 2901C + 3 2902 
+ 4 2901C 
+ 5 Register 

DATALDDP 

Clock 10 Outpul 
A.BIOG,P 
Go. Po to Cn+z 
Cn 10 Cn+,. OVR. F3• F = O. Y 
Set-up Time 

9 
37 
10 
25 
2 

83no 

I Regisler 
+ 6 MUX 
+ 7 2910 
+ 8 PROM 
+ 1 Register 

Minimum clock period = 109ns 

® 
® flAM3 -------

0.1' 

CONTROL LOOP 

Clock 10 Oulpul 
Select 10 Oulput 
CC 10 Oulpul 
Access Time 
Sel·up Time 

Pipellned System. Simultaneous Add and Shift Down. 

DATA LOOP I Register Clock 10_O'!.tpul 
+ 2 2901C A. B 10 G. P 
+ 3 2902 GO. Po to Cn+z 
+ 4 2901 Cn 10 F3. OVR 
+ 5 XOR and MUX 
+ 6 2901 RAM3 Sel·up 

9 
37 
10 
25 
21 
12 

114ns 
Minimum clock period = 114n5 

Figure 13. 
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I Register 
+ 6 MUX 
+ 7 2910 
+ 8 PROM 
-t. 1 Registe;r 

CONTROL LOOP 

Clock 10 OUlpul 
Selecl 10 Oulpul 
CC 10 Oulpul 
Access Time 
S~t-up Time 

STATUS 
REGISTER 

MPA-010 

9 
13 
45 
40 
2 

109ns 

9 
13 
45 
40 
2 

109ns 
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III. Am2901C-1 Switching Characteristics 
The Am2901C-1 is a speed selected version of the 
Am2901C offering a 20-30% speed improvement 
on critical paths. 

A; Cycle Time and Clock Characteristics. 

Notes: 

Read-Modify'Wrile Cycle (from selection 01 A, B registers 
to end of cycle.) 

Maximum Clock Frequency to shift Q (50% duty cycle, 
I = 432 or 632) 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

Minimum Clock Period 

B. Combinational Propagation Delays. 
Cl = SOpF 

F3 Cn+4 G,P F=O OVR 

D. Output Enable/Disable Times. 
Output disable tests performed with CL = 5pF and 
measured to O.5V change of output voltage level. 

Input Output 'E!1able Disable 

RAMO 
RAM3 

00 
03 

Hold Time 
After L -+ H 

1. A dash indicates a propagation delay path or set-up time constraint does not exist. 
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase "do not change" . 

. 3. Source addresses must be stable prior to the clock H-+ L transition to allow time to access the source date b8lore the latches close. The A 
address may then be changed. The 8address could be changed il it is not a destination; i.e. if date is not being written back into the RAM. Nonnelly 
A and B are not changed during the clock LOW time. 

4. The set-up time prior. to the clock l -+ H transition is to allow time lor date to be accessed. passed through the AlU, and retumed to the RAM. It 
includes alt the time from stable A and.B addresses to the clock l .... H transitioh, regardless of when the clock H .... l transitiorl OCcurs. 
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A3 

A, 
A, 
A, 

" 
RAM3 

RAMO 

Vee 

" 
" 

" 

" °3 

'0 
" 
" 
" 

Am2901B/2901C/2901C-1 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2901B Am2901C-1 Package Type Operating Range Screening Level 
(NoteS) Am2901C (NoteS) (Note 1) (Note 2) (Note 3) 

AM2901BPC AM2901CPC P-40 C C-l 
AM2901BDC AM2901 CDC D-40 C C-l 
AM2901BDC-B AM2901CDC-B D-40 C B-2 (Note 4) 
AM2901BDM AM2901CDM 

F 
D-40 M C-3 

AM2901BDM-B AM2901CDM-B D-40 M B-3 
AM2901BFM AM2901CFM U 

F-42 M C-3 
AM2901BFM-B AM2901CFM-B 

T 
F·42 M B-3 

AM2901CLC 
U L-44 C C-l 

AM2901CLM 
R 

L-44 M C-3 
AM2901CLM-B E 

L·44 M B-3 

AM2901BXC AM2901CXC Dice C } Visual Inspection 

AM2901BXM AM2901CXM Dice M 10 MIL-STD-883 
Method 2010B 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B (in 
Bipolar Microprocessor Logic and Interface Date Book) for detailed ou~ine. Where Appendix B conteins several dash 
numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = Oto +7r:t'C, Vee = 4.7StoS.2SV, M = -5510 + 125°C, Vee = 4.50toS.SOV. 
3. See Appendix A (in Bipolar Microprocessor Logic and Interface Data Book) for details of screening. Levels C-l and C-3 

conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD·883, Class B. 
4. 96 hour burn-in. 
5. Am2901B orders may be shipped with Am2901C die with the package marked Am2901 B. 
6. When available. 

P-40,D-40 

OE 
Y, 

Y, 

Y, 

Yo 

C,,'4 

'3 
GND 

e" 

'3 
DO 

D, 

0, 
D3 

aD' 

METALLIZATION AND PAD LAYOUT .. 40 OE 

" " V, 
" 

, 
" v, 

Au 4 37 v, 

" 
5 .. v, 

" 
35 P 

~ 
34 OVR 

R'.., 
33 Cn +4 

RAMo • 32 G 
Vee 

,. 
GND 3' " F =0 11 30 GND 

" " .. c • 

" 
13 .. 

" 
" 

14 
., 

" CP 15 26 
" 0, ,. 25 Do 

B, '7 24 0, 
B, 18 23 0, 
B, 19 22 0, 
B, 20 .. 00 

DIE SIZE 0.130" X 0.123" 

CONNECTION DIAGRAMS - Top Views 

F-42 

RAMO 

Vee 

'0 

" 

Ne 
0, 
'0 

" 
" " °0 D, 
D, 
D, -.'-___ ---";..r-

'. AD 

A, 

A, 

A, 

OE 
Y3 

Y, R." 
Y, RAMo 
Yo 

v" , 
Cn + 4 

'3 

e" 

" 
'5 

" 
DO 

Note: Pin 1 is marked for orientation. 
Figure 14. 
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Using the Am2901 
BASIC SYSTEM ARCHITECTURE 

The Am2901 is designed to be used in microprogrammed 
systems. The nine instruction lines, the A and B addresses, and 
the 0 data inputs normally will all come Irom registers clocked at 
the silme time .as the Am2901. The register inputs come from a 
ROM or PROM - the "microprogram store." This memory 
contains sequences of microinstructions, typically 28 to 40 bits 
wide, which apply the proper control signals to the Am2901s and 
other circuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
Am2901 microprogram sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking sUbroutines. The Am2901 is controlled by 
some of the bits coming from the microprogram store. 
Essentially these bits are the "next instruction" control. 

Note that with the microprogram register in-between the 
microprogram memory store and the Am2901s, an instruction 
accessed on one cycle is executed on the next cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the Am2901 s occurs in 
parallel with the access time of the microprogram store. Without 
the "pipeline register," these two functions milst occur serially. 

EXPANSION OF THE Am2901 

The Am2901 is a four-bit CPU slice. Any number of Am2901s 
can be interconnected to form CPUs of 12, 16, 24, 36 or more 
bits, in four-bit increments. Figure 16 illustrates the 
interconnection of three Am2901s to form a 12-bit CPU, using 
ripple carry. Figure 17 illustrates a 16-bit CPU, using carry 
100kahead, and Figure 18 is the general carry lookahead 
scheme for long words, 

With the exception of the carry interconnection, all expansion 
schemes are the same. Refer to Figure 16. The Qs and RAMs 
pins, are bidirectional left/right shift lines at the MSB of the 
device. For all devices except the most significant, these lines 
are connected to the Qo and RAMo pins of the adjacent more 
significant device. These connections allow the Q-registers of 

°0_3 °4_7 

"01/0 00 0 a, 00 
RAMO 1/0 RAMO RAM3 RAMO 

CARRY IN 
Am2901 . ~m2901 

C. Cn 

0. 

all Am2901 s to be, shifted left or right as a contiguous n-bit 
register, and also allow the AlU output data to be shifted left or 
right as a contiguous n-bit word prior to storage in the RAM. At 
the lSB and MSB olthe CPU, the shift pins shoiJldbe connected, 
to three-state multiplexers which can be controlled by the 
microcode to select the appropriate input signals to the shift 
inputs. (See Figure 19) 

The open collector F = 0 outputs of all the Am2901s are 
connected together and to a pull-up resistor. This line will go 
HIGH if and only if the ouput of the AlU contains all zeroes. Most 
systems will use this line as the Z (zero) bit of the processor 
status word. 

The overflow and Fs pins are generally used only at the most 
significant end of the array, and are meaningful only when two's 
complement l:dgned arithmetic is used. The overflow pin is the 

START 
ADDRESS 

(ROM/PROM) 

(( (~ CONTROL 

~ JUMP ADDRESS 

CLOCK 

TO OTHER 
DEVICES 

MPR·016 

Figure 15. Microprogrammed Architecture Around 
Am2901s. 

°8_11 

a, "0 0 0 3 Q'1 1/O 
RAM3 RAMO RAMa RAM'1 1/0 

Am2901 
C.+4 C C. 
OV" V 

'3 
0. '-0 

VS_l1 "L 
47tID 

VCC 

MPR·017 

Figure 16. Three Am2901s Used to Construc,t 12-8it CPU with Ripple Carry. Corresponding A, 8 and 
I Pins on all Devices are Connected together. 
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Exclusive-OR ofthe carry-in and carry-out of the sign bit (MSB). 
It will go HIGH when the result of an arithmetic operation is a 
number requiring more bits than are available, causing the sign 
bit to be erroneous. This is the overflow (V) bit of the processor 
status word. The F3 pin is the MSB of the ALU output. It is the 
sign of the result in two's complement notation, and should be 
used as the Negative (N) bit of the processor status word. 

The carry-out from the most significant Am2901 (Cn+4 pin) is 
the carry-out from the array, and is used as the carry (C) bit of 
the processor status word. 

00_3 

11 11 
"0 1/0_ 00 OJ a, OJ 

RAMO 1/0- RAMo RAM3 

~ 
RAMO RAM3 

G G 
~ Am2901 

, 
Am2901 

, 
- Cn Cn .. 

~ 
Cn en.t4 ~ OVA OVA 

FJ I- 'J i-

CARRY·IN 

F-' F~O 

.JJ .JJ 
YO-3 Y4-7 

! 

Using the Am2901 

Carry interconnections between devices may use either ripple 
carry or carry lookahead. For ripple carry, the carry-out (Cn+4) 
of each device is connected to the carry-in (Cn) of the next more 
significant device. Carry lookahead .uses the Am2902 
lookahead carry generator. The scheme is identical to that used 
with the 7418.1/74182. Users unfamiliar with this technique 
should refer to AMO's application note on Arithmetic Logic 
Units. Figure 17 and 18 illustrate single and multiple level 
lookahead. 

°8_11 

II jJ. 
"0 OJ "0 0 3 r-- Q15"O 

RAMO RAM3 RAMO RAM3 r-- RAM16 G 
~ G ~ Am2901 

, 
Am2901 

, 
Cn Cn .. ~ 

Cn Cn~4 I--C 
OVA OVA r--V 

FJ i- FJI--N 

I/O 

F=O f·Q -z 

D D 
VS_11 V12_15 AL 

470U 
VCC 

1 U 
Po Go P, G, Pz Gz P3 GJ 

Co Am2902 
Gf>-
'f>-

Cn+x 
c n'" 

Cntz 

Figure 17. Four Am2901s in a 16-81t CPU Using the Am2902 for carry LOokahead. 

C'N 

~----------------1-~Cn 

'----------------+---- C.8 

Figure 18. carry Lookahead Scheme for 48-8It CPU Using 12 Am2901 s. The carry-Out Flag (C48) should 
be taken from the Lower Am2902 Rather than the Right- Most Am2901 for Higher Speed. 
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U$ing the Am2901 

., .1+h LSB. MSB Jti' 
1G A B 2G r---~----' ,G A ·8 2G 

H

e--

H
r-
I-

,co 

~~~ r6 i ~ lY '"','-NP-UT"""S..,--I Do 
1C3 ~! ~ FOR 

2CO ~: ~ ~~IFT 
~~~ "~i 2V F"-'-+H RAMO 

2C3 

Am2901 
ARRAY 

Co 
,INPUTS 

FOR 
DOWN 
SHIFT 

'co 
W §~ffi 1C1 ~H 

!~ ~~ r--
t--

~ -l j: 2eo 
2Y <~5 2C1 ~H 

C:Ii 2C2 I--
203 

~ 
(SIGN BITI 

MPR·020 

Figure 19. Three-State Multiplexers Used on Shift I/O Lines. 

SHIFT I/O LINES AT THE END OF THE ARRAY 

The a-register and RAM left/right shift data transfers occur 
between devices over bidirectional lines. At the ends of the 
array, three-state multiplexers are used to select what the new 
inputs to the registers should be during shifting. The Am2904 
includes these multiplexers in a single LSI chip. Figure 19 
shows two Am25LS253 dual four-input multiplexers connected 
to provide four shift modes. Instruction bit 17 (froin the 
Am2901) is used to select whether the left·shift multiplexer or 
the right·shift multiplexer is active. The four shift modes in 
this example are: . 

Zero A LOW is shifted into the MSB of the RAM on a 
down shift. If the a-register is also shifted, then a 
LOW is deposited in t)1e a-register MSB. If the 
RAM or both registers .are shifted up, LOWs are 
placed in the LSBs. 

One 

Rotate 

Same as zero, but a HIGH level is deposited in the 
LSB or MSB . 

A single precision rotate. The RAM MSB shifts 
into the LSB on a right shift and the LSB shifts 
into the MSB on a left shift. The O"register, if 
shifted, will rotate in the same rnanner. 

Arithmetic A double-length Arithmetic Shift if 0 is also 
shifted. On an up shift a zero is loaded into the 
q·register LSB and the O'register MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
is loaded into the a-register MSB and the ALU 
output MSB (F n, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next 
less significant RAM bit.) 

Code Source of New Data 
Shift Type 

17 S, So 00 

H L L 0 On-1 0 
H L H 1 °n-1 
H H L On °n-1 Fn 
H H H 0 °n-1 On 

L L L 01 0 F1 
L L H 01 F1 
L H L 01 00 F1 
L H H 01 FO F1 

HARDWARE MULTIPLICATION 

Figure 20 illustrates the interconnections for a hardware mul· 
tiplication using the Am2901. The system shown uses two 
devices for 8 x 8 muitiplication, but the expansion to more 
bits is simple - the significant connections are at the LSB 
and MSB only. . 

The basic technique used is the "add and shift" algorithm. One 
clock cycle is required for each bit of the multipliar. On each 
cycle, the LSB of the multiplier. is examined;.if it is ~ ".1", then 

RAMn 

Fn- 1 
Fn- 1 
Fn-1 
Fn-1 

o 

FO 
RAM n = RAMn_1 = Fn 

Up 

Down 

Zero 
One 

Rotate 
Arithmetic 

Zero 
One 

Rotate 
Arithmetic 

the multiplicand is added to the partial product to generate 
a new partial product. The partial product is then shifted one 
place toward the .LSB, and the multiplier is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multipl ier available at 0 0. ' 

The multiplier is in the Am2901 O·register. The multiplicand 
is in one of the registers in the register stack, Aa. The product 

.will be developed in another of the. registers in the stack, Rb. 
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Using the Am2901 

The A address inputs are used to address the multiplicand in 2. The shift output at the LSB of the a·register determines 
Ra, and the B address inputs are used to address the partial whe·ther the ALU source operands will be A and B (add 
product in Rb. On each cycle, Ra is conditionally added to Rb, multiplicand to partial product) or 0 and B (add nothing to 
depending on the LSB of a as read from the 0 0 output, and partial product. Instruction bit 11 can select between A, B 
both O·and the ALU output are shifted down one place. The or 0, B as the source operands; it can be driven directly 
(nstruction lines to the Am2901 on every cycle will be: from the complement of the LSB of the multiplier. 

1876 =. 4 (shift register stack input and a register left) 3. As the new partial product appears at the input to the 

15.43 = 0 (Add) register stack, it is shifted left by the RAM shifter. The new 

1210 = lor 3 (select A, B or 0, B as ALU sources) LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMo 

Figure 20 shows the connections for multiplication. The pin. This signal is returned to the MSB of the a-register. On 

circled numbers refer to the paragraphs below. each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the a-register; the a-register fills 

1. The adjacent pins of the a-register and RAM shifters are with the least significant half of the product. 
connec~ed together so that the a-registers of both. (or all) 

4. As the ALU output is shifted down on each cycle, the sign Am2901s shift left or right as a unit. Similarly, the entire 
eight-bit (or more) ALU output can be shifted as a unit bit of the new partial product should be inserted in the 

prior to storage in the register stack. RAM MSB shift input; The F3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
flag will go HIGH and F3 is not the sign of the result. The 
sign of the result must then be the complement of F3. The 
correct sign bit to shift into the MSB of the partial product 
is therefore F3 Ell OVR; that is, F3 if overflow has not 

LSB ® Mse occurred and F3 if overflow has occurred. On the last cycle, 
I 

ii' a,~ when the MSB of the multiplier is examined, a conditional 
a, 

V 
<>0 subtraction rather than addition should be performed, 'A" RAM3 'AM, 'AM'~ 

LOW 
...... , Am"., because the sign bit of the multiplier carries negative rather 

FOR ell cn+4- Cn cn+4 r- than positive arithmetic weight. 
ADD OVR - OV, 

',- " 
TOI, I c, F .. O- .f c .. F-O t- Y = -Yi2i + Yi_12i-1 + ... +Y020 

CLOCK. 

This scheme will produce a correct two's complement 
product for all multiplicands and multipliers in two's 
complement notation. 

MPR·021 

Figure 20. Interconnection for Dedicated Multiplication 
Figure 21 is a table showing the input states of the Am2901 
for each step of a signed, two's complement multiplication. 

(8 by 8 bit) (Corresponding A. 8 and I The Am2904 LSI chip conveniently implements the required 
Connected together), shift linkages and the EX-OR function for this algorithm. 

Initial Register States Am2901 Microcode Final Register States 
R R 
0 Multiplier 2'. Compo Multiply 0 Multiplier 
1 Multiplicand Pro~ram 1 Nlultiplicand 
2 X 

Date 8/5n5 8y J. S. 2 LSH Product 
3 X 3 MSH Product 

S,F- D Description Repeat 
Pin State, (Octan Jump 

A 8 1876 1543 1210 Cn Do 03 RAMo RAM3 To If 

OVA 0 Move Multiplier to Q - 0 X 0 3 4 X X X X X 

0/\8 B Clear R3 - X 3 2 4 3 X X X X X 

(0+81/2 8 Condo Add & Shift n-1 1 3 4 0 
1 or 3 

0 - RAMo - FJ'fOVR (A+8)12 I, =<loLO 
(8-01/2 8 Condo Sub,. & Shift - 1 3 4 1 10r3 , - RAMo - F3\fOVR (8-A)/2 I, =DoLO i 
ova 8 Move LSH Prod. to R 2 - X 2 2 3 2 X X X X X 

X ::: Don't Care S = Source F == Function o == Destination 

Figure 21. 
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HARDWARE DIVISION 

Division, unlike multiplication, is much more difficult to realize. 
One of these difficultieS can be easily und~rstood by visualizing a 
2n-bit Dividend (X) and an n-bit Divisor (V). The Quotient (Q) can 
range from 1 bit (when X < V) to 2 n bits (when V = 1), discarding 
the attempt to divide by O. In most of the divide functions, the 
Remainder (R) is as important to find as is the Quotient - there is 
no equivalent to it in multiplication. Division becomes even more 
complicated when negative numbers are represented in the 2's 
complement notation. In the "everyday" decimal !lystem, using 
Sign-and-Magnitude notation, dealing with negative numbers is 
relatively easy: The sign of the quotient is determined first and 
the'n a normal division is performed. Note that in this "normal" 
division we first "guess" the first digit of the quotient by comparing 
the most significant part of the dividend to the divisor. Thim verify 
our, guess by a multiplication (no "direct" division method is 
known), and continue to do so ,for all of the other digits, shifting the 
divisor to the right one place at a time. 

The most straightforward division scheme (for unsignednum
bers) is Subsequent Subtraction. The algorithm is as follows: 
Subtract divisor from dividend and increment a counter (initially 
reset to zero). Continue to do so as long as the Remainder is 
positive. When the Remainder becomes negative cancel the last 
step; i.e., add back divisor and decrement counter. The counter 
will contain the Quotient and the Remainder will be correct. The 
main drawback of this scheme is, of course, the great number of 
arithmetic operations needed. Again, when dealing with signed 
numbers, the subtraction should be substituted by addition and 
vice versa. 

A more rapid division can be realized by calculating the Quotient 
digits instead of counting them. In this algorithm, the divisor is first 
subtracted from the most significant part of the dividend. If 
the remainder is positive, the quotient digit is "I," otherwise the 
subtraction is cancelled (by adding the divisor to the remainder) 
and the quotient digit will be "0." Now shift the remainder one 
place to the right (much like you do in a "paper and penCil" 
division) and repeat until all the quotient digits have been calcu
lated. This algorithm is called "Restoring Division." When signed 
numbers are involved, inversion of the operations and the 
quotient digits will be necessary and correction should be per
formed in some cases. Some time is wasted in the Restoring 
Division because for every "0" digit in the quotient, two arithmetic 
operations are needed. This can be saved in the "Non-Restoring 
Division." 

The basis of Non-Restoring Division is the same as in Restoring 
Division. Consider first unsigned (positive) numbers only. At the 
beginning, the divisor is subtracted from the most significant part 
of the dividend, If the result (first remainder) is positive (or zero), 
the first quotient digit is "I ." Otherwise, the quotient digit is "0," 
but do not restore. Shift divisor one place to the right (or remain
der to the left) and add if fast quotient digit was "0;" otherwise 
subtract. Determine quolient digit as before and continue until all 
quotient digits have been computed. The remainder will be cor
rect if it is non-negative, otherwise correction is needed by a 
restoring operation (on the remainder only). Extreme care should 
be taken of the number of bits and the value of the' divisor. 
Assumhig the divisor has n bits and the dividend as 2n bits, the 
above process develops n + 1 bits of the quotient. This will not be 
sufficient if the divisor is a small number and more digits are 
needed in the quotient. This condition can be easily detected as 
the most significant half of the dividend will be greater than the 
divisor in this case and division can then be terminated after 
setting the overflow flag. The flow chart for unsigned nonrestoring 
division is shown in Figure 25. 

The unsigned division scheme can be applied to Signed positive 
numbers without any change., When negative nUnibers are 
encountered, however, changes in the algorithm are necessary. 
The straightforWard method of signed division seems to be "divi
sion in the first quadrant." In that scheme, negative numbers are 
2's complemented to obtain positive numbers, remembering the 
changes done. If overflow occurs when the dividend is com
plemented (i.e., dividend is, -22n - 1, the least negative number), 
the overflow flag can be set and an exit from the routine taken. 
This is due to 'the fact ihat (-22n - 1) divided by any number of 
n-bits cannot be represented in n bits. On the other hand, if 
overflow occurs when the divisor is complemented, a more com
plex action is needed. In ihis Cilse, the dividend and the divisor 
should be shifted right by one place and the shifted out bit shoulc;! 
be stored in a flag, say "Z." At the same time, a flag, "W' should 
also be set to indicilte that division by-2n- 1 is being attempc 
ted. These actions need to be taken since the quotient might be 
representable in n bits. (Here instead of dividend = divisor quo
tient or remainder, we' have dividend/2 = divisor/2* quotient + 
rem/2. The remainder obtained should be shifted left and the bit 
Z be i1dded to give the cOrrect reml!linder.) The division is per
formed on positive numbers, and finally 2's complementing is 
done whenever necessary. Figure 22 is ,the flowchart for this 
algorithm. " 

Figure 23 is the Interconnection Diagram for Division Algorithm. It 
is assumed that the most significant haW Dividend is in Register 
Rx (it will be lost during the division and replaced by the Remain
der), the least significant half in the Q Register and thatthe Divisor 
is in Register Ry. The Quotient will be generated in the Q register. 

After checking the signs of the Dividend and Divisor, setting the 
flags and negating (using 23 or 24 octal as 15 through 10 ALU 
control bits) when necessary the overflow condition should be 
checked. If Rx is greater than, then Ry, overflOW occurs, hence 
the division can bt1 terminated by setting the overflow,flag. 

The first step in the DiVision routine is a subtract, then shift the Rx 
and Q registers up. 1876 will be 6 in octal while 1210 = 1 in octal and 
15 = 14 = LOW. Pulling the CL bit in the microcode to HIGH, both 
13 and Cn will be high and the ALU is performing a 2's complement 
subtract. The sign of the Remainder will be latched in the Status 
Register and the complement of it will be stored in the LSB of the 
Q register during the shift up operation, which also discards the 
sign bit of the Remainder. 

Now repeating the same operation for all of the other bits of the 
Remainder with the CL bit in the microcode LOW will leave the 
control of 13 to the (complemented) previous sign bit. If it was "0" 
(R < 0), 13 and Cn will be HIGH and the ALU will subtract; If it was 
1 (R > 0),13 and Cn will be LOW and the ALU will ADD, as 
required. In each up shift, the complement of the present sign bit 
will be placed at the right of the Quotient, again, as required. 

At the end of the division, the sign bit of the Remainder should be 
examined and if it is HIGH, the Divisor should be added to it. This 
can be easilY'implemented (not depicted on Figure 23) by per
forming an unconditional ADD (withCn LOW), letting 12 LOiN, 
10 HIGH and controlling 11 by the complement of the sign of the 
Remainder, thus adding to the RX either RY (if Rs = 1) or zero (if 
Rs = 0). If the dividend and divisor were shifted right because the 
divisor was equal to -2"-1, the true remainder is obtained by 
shifting the remainder left and adding the flag "Z." The above 
method generates n'+ 1 bits olthe quotient (ql)' .. qo) of which qn 
= 0, since most significant half of dividend is less than the divisor. 
The overflow flag should be set ifqn - 1 = 1 since qn-1 . ' . qO is 
an unsigned positive number. 
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I 

OVERFLOW 

Figure 22. Flowchart for Division with Signed Numbers (Quotient = qn. qn - 1 .•. qo where qn = 0) 
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L:S: 

r-- RAM3 
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0 

STATUS REGISTER 
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Initial Register Status 

R 

0 MSH Dividend 

Divisor 

Q LSH Dividend 

Am2901 

Am2918 

0 

I 

LSB 

00 
RAMo 

I------I~ 
1--_--'---1 RAM~ 

Cn 1-------1 Cn+4 

...... .... 

..- 'S' 

~ 
FROM PIPELINE 

REGISTER 

Am2901 

Figure 23. Interconnections for Dedicated Division. 

Am2901 Microcode 

Program: 2's Complement Division 

00 I--
RAMo I--I--..J 

Cn 1--1---, 

TO I~ (ALU FUNCTION) 

Final Register Status 

R 

0 Remainder 

Divisor 

Q Quotient 

Pin Status (Octal) Jump 

S,F 0 Description CL Repeat A B 1876 1543 1210 c.. 00 Os RAMo RAMs to If 

(B-A) '2 B First Subtract & Shift 1 0 6 1 1 F3 X 0 X 
(B±A) '2 B Loop Subtract! Add & Shift 0 N 0 6 1/0 1 1/0 F3 X 0, X 
B+O B Correct Remainder X 0 3 0 1/3 0 X X X X 

k = Number of leading zeros of the Divisor 

N = Number of bits in the Divisor 

Figure 24; Am2901 Microcode for Dedicated Division 
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Figure 25, Flowchart for Nonrestoring Division (Unsigned Numbers) 

Finally, the Quotient and/or Remainder should be 2's com
plemented again according to the flags, Complementation of 
the remainder cannot generate an overflow - because the max
imum remainder after divide (Figure 25) is 0011 , , , 1 and the 
remainder correction when W = 1 can make the remainder at 
most 0111 , ' , 1. 

EXAMPLES OF SOME OTHER OPERATIONS 

1. Byte Swapping 
Occasionally the two halves of a 16-bit :Nord must be swap
ped, Do - 7 is interchanged with Da _ 15, The quickest way to 
perform this operation is to rotate the word in RAM, shifting two 
bits at a time, Only four shift cycles are required, The same 
register is selected on both the A and B ports; the two are 
added together with carry-in connected to carry-out, produc
ing a right shift of one place; then the ALU is-shifted right one 
more place prior to storage, 

Byte Swap of Ro 

A = B = 0 1= 701 RAMo = RAM15 CIN = COUT 

Repeat 4 times, 
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2. Instruction Fetch Cycle 
Execution of a macroinstruction generally begins with an in
struction fetch cycle, The current contents of the PC (in one of 
the registers) is the address of the macroinstruction to be 
fetched, and must be read out to the memory address register, 
Then the PC is incremented to point to the next macroinstruc
tion, The macroinstruction obtained from memory is then 
loaded into the microprogram sequencer to cause a jump to 
the microcode for executing the instruction. 

The PC can be read out and incremented in one cycle by using 
the Am2901 destination code 2, and addressing the PC with 
both the A and B addresses, The current value of PC will 
appear on the Y outputs, and PC+1 will be returned to the 
register. If the PC is in register 15, then: 

A = B = 15, I = 203, Carry-in = 1 

The PC will be on the Y outputs via the RAM A-port On the 
clock LOW-to-HIGH transition, the program counter is in
cremented and the value on the Y outputs is loaded into the 
memory address register, During the following cycle, the 
memory is read and, on the next clock LOW-to-HIGH transi
tion the instructiOn from the memory is dropped into the in
struction register. The fetch operation requires only two mi
crocycles, 
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Am2902A 
Higll.Speed l.ook·Allead Carry Generator 

DlsnNcnvE CHARACTERlsncs 

• Provides look-ahead carries accross a group of four Am2901 
or Am2903 microprocessor ALU's 

• Capability of multi-level look-ahead for high-speed 
arithmetic operation over large word lengths' 

• Typical carry propagation delay of 4.5ns 

RELATED PRODUCTS 

Part No, 

Am2901 
Am2903 
Am29203 
Am29501 

DescrIptIon 

4-Bit Microprocessor Slice 
4-Bit Microprocessor Slice 
improved 2903 
Multiport Pipelined Processor 

FUNCTIONAL DESCRIPnON 

The Am2902A is a high-speed, look-ahead carry generator 
which accepts up to four pairs of carry propagate and carry 
generate signals and a carry input and provides anticipated 
carries across four groups of binary ALU's. The device also 
has carry propagate and carry generate outputs which may be 
used for further levels of look-ahead. 

The Am2902A is generally used with the Am2901 bipolar 
microprocessor unit to provide look-ahead over weird lengths 
of more than four bits. The look-ahead carry generator can be 
used willi binary ALU's in an active LOW or active HIGH input 
operand mode by reinterpreting the carry functions. The con
nections to and from the ALU to the look-ahead carry 
generator are identical in both cases. 

The logic equations provided at the outputs are: 

Cn+x = Go + PoCn 
Cn+y = G1 + P1GO + P1POCn 
Cn+z = G2 + P2G1 + P2P1GO + P2 P1POCn 
G = G3 + P3G2 + P3P2G1 + P3P2P1GO 
P = P3P2P1PO 

LOGIC DIAGRAM 

II, 

P, 

II. 

p. 

li. 

1', 

ji 

GND 

MPR·027 

CONNECTION DIAGRAMS - Top Views 

P-16, D-16 

Vee 

" 
Ci, 

c. 

en +. 
en +, 
II 

Cn +z 

.. 
" 
<, 

's 

Leadless Chip Carrier 
L-20-1 

!l !& '" » Ill' 

.. ~ j'" 
F-16 Pin configuration identical 10 0-16, P-16. 

Note: Pin 1 is marked for orie<ltalion. 

13 Co 
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LOGIC SYMBOL 

2 14 15 5 

Am2902A 
LOOK-AHEAD CARRY 

GENERATOR 

12 11 

Vee = Pin 16 
GND = Pin 8 

) MPR-Q26 
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Am2902A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential -0.5V to +7.0V 

DC Voltagej,\pplied to Outputs for HIGH Ou"tput State -0.5V to +VCC max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, I nto Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am2902AXC TA "" aOc to +70o C Vcc = 5.0V '5% (COM'L) MIN. = 4.75V 
Am2902AXM TA "" _55°C to +12Soc VCC = 5.0V ±10% (MIL) MIN. = 4.50V 

Parameters Description Test ConditionslNote 1) 

Vee = MIN., IOH = -lmA I MIL 
VOH Output HIGH Voltage 

VIN = VIH or VIL I COM 

VOL Output LOW Voltage Vee = MIN., IOL = 20mA 
VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

VI Input Clamp Voltage Vee = MIN.,IIN = -18mA 

en 

P3 

IlL P2 
Input LOW Current Vee = MAX., VIN = 0.5V 

Po, PI, G3 

GO,G2 

Gl 

Cn 

P3 

IIH P2 
Input HIGH Current Vec = MAX., VIN = 2.7V 

PO, PI, G3 

GO,G2 

Gl 

II Input HI G H Current Vee = MAX .. VIN = 5.5V 

ISC 
Output Short Circuit 

Vce = MAX., VOUT = O.OV INote 3) 

Vce = MAX. MIL 

ICC Power Supply Current 
All Outputs LOW eOM'L 

Vce= MAX. MIL 

All Ouputs HIGH eOM'L 

MAX. = 5.25V 

MAX. = 5.50V 

Min. 

2.5 

2.7 

2.0 

-40 

Typ. 
(Not. 2) 

3.4 

3.4 

69 

69 

35 

35 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-2 

-4 

-6 
mA 

-8 
-14 

-16 

50 

100 

150 

200 
",A 

350 

400 

1.0 mA 

-100 mA 

99 
mA 

109 

mA 

Notes: 1. For condition,S shown as MIN. or MAX., use the appropriate 'value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than" one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

SWITCHING CHARACTERISTICS 
(TA = +25°C, Vee = 5.0V) 

Parameters Description 

IpLH 
C n 10 cn+ x, Cn+Y' or Cn+z 

lPHL 

IpLH 
P; or G; to Cn+ x, Cn+ y• or Cn+z 

IpHL 

IpLH 
P; orG; toG 

lPHL 

lPLH 
P;loP 

lPHL 

Min. Typ. 

6.5 

7 , 
4.5 

4.5 

5 

7 

4.5 

6.5 

5-29 

Max. Units Test Conditions 

10 
ns 

10.5 

7 
ns 

7 CL = 15pF 

7.5 RL = 2800 
ns 

10.5 

6.5 
ns 

10 
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~m2902~ 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE· 

TA = OOC to +700C TA = -SSOCto +12S0C 
vcc = S.OV ±S% vcc = S.OV ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH 13 15 ns 
tpHL 

en to cn+x, Cn+y, or Cn+z 
14 16.5 ns 

tpLH 
Pi or Gi to Cn+x, Cn+ Y' or Cn+z 

8 9.5 ns 

tpHL 9 11.5 ns CL = SOpF 

tpLH 12 16.5 ns RL = 2800 

tpHL 
Pi orGi toG 

12 13.5 ns 

tpLH 
Pi toP 

9.5 11.5 ns 
tpHL 11 12 ns 

·AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

Cn Carry-in. The carry-in input to the look-ahead generator. Also 
the carry-in input to the r'rth Am2901 A microprocessor ALU input. 

Cn+i Carry-out. (j = x, y, z). The carry-out output to be used at 
the carry-in inputs olthe n + 1, n+ 2 and n + 3 microprocessor ALU 
slices. 

Cn G. Fi. °1 
X H H 
L H X 
X L X 
H X L 

X X X H 
X H H H 
L H X H 
X X X L 
X L X X 
H X L X 

X X X X 
X X X H 
X H H H 
L H X H 
X X X X 
X X X L 
X L X X 
H X L X 

X X 
X X 
X H 
H H 
X X 
X X 
X L 
L X 

H 
X 
X 
X 
L 

TRUTH TABLE 

Inputs Outputs 

PI 0, P, 0, P, Cn+xCn+yCn+zG P 

L 
L 
H 
H 

.-. 
H L 
X L 
X L 
X H 
L H 
L H 

-
X H H L 
H H X L 
X H X L 
X H X L 
X L X H 
X X L H 
L X L H 
L X L H 

----------
X X X H H H 
X H H H X H 
H H X H X H 
X H X H X H 
X X X L X L 
X L X X L L 
X X L X L L 
L X L X L L 

---------_.-
X X X 
H X X 
X H X 
X X H 
L L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 

,X = Don't Care 

H 
H 
H 
H 
L 

G;, Pi Generate and propagate inputs respectively (i = 0, 1, 2, 
3). The carry generate and carry propagate inputs from the n, 
n+1, n+2 and n+3 microprocessor ALU slices. 
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G, P Generate and propagate outputs respectively. The carry 
generate and carry propagate outputs that can be used with the 
next higher level of carry look-ahead if used. 

METALLIZATION AND PAD LAYOUT 

Vee 

0, '6 1'_ , 15 

P, 2 14 G_ 

Go 3 

Po 4 

03 5 
13 Cn 

12 Cn+x 

P3 6 

P 

GND 8 11 ~n+y 
Cn+z 9 10 

DIE SIZE 0.062" X 0.067" 



Am2902A 

APPLICATIONS 

Cn 
Am2901A ..-- Cn 

Am2901A 
r-- Cn 

Am290iA ..-- Cn Am2901 A Cn+4 ~ CARRY-IN CARRY-OUT 

G P G P G P 

GO Po Cn+x G1 PI Cn+v G2 P2 Cn+z 

- Cn Am2902A 

16-81T CARRY LOOK-AHEAD CONNECTION_ 
MPR-028 

,~--------------------------------Am2901------------------------------~, 

CARRY-IN CARRY-OUT 

32-81T ALU, THREE LEVEL CARRY LOOK-AHEAD_ 
MPR-029 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Number 

AM2902APC 
AM2902ADC 
AM2902ADC-B 
AM2902ADM 
AM2902ADM-B 
AM2902AFM 
AM2902AFM-B 
AM2902ALC 
AM2902ALC-B 
AM2902ALM 
AM2902ALM-B 

AM2902AXC 
AM2902AXM 

Package Type Operating Range Screening Level 
(Note 1) (Note 2) (Note 3) 

P-16 C C-l 
0-16 C C-l 
0-16 C B-1 
0-16 M C-3 
0-16 M B-3 
F-16 M C-3 
F-16 M B-3 

L-20-1 C C-l 
L-20-1 C B-1 
L-20-1 M C-3 
L-20-1 M B-3 
Dice C } Visual inspection 
Dice M to MIL-STD-883_ 

Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Numberfoliowing lettar is number of leads. 
See Appendix B for detailed outline. Where Appendix B conlains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 010 +70"C, Vee = 4.7Sto S.2SV,,M = -SSIO +125"C, Vee = 4.50loS.SOV. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 

conforms to MIL-STD-883, Class B. 
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Am 29Q3/2903A 
Four·Bit Bipolar Microprocessor Slice 

DISTINCTIVE CHARACTERISTICS 

• Expandable Register File -
Like the Am2901, the Am2903 contains 16 internal 
working registers arranged in a two-address architeC
ture. But the Am2903 includes the necessary "hooks" to 
expand the register file externally to any number of 
registers. 

• Bui.lt-in Multiplication Logie -
Performing multiplication with the Am2901 requires Ii 
few external gates - these gates are contained on-chip 
in the Am2903. Three special instructions are used for 
unsigned multiplication, two's complement multiplication 
and the last cycle of a two's complement multiplication. 

• Built-in Division Logic -
The Am2903 Contains all logic and interconnects for 
execution of a noir-restoring, multiple-length division 
with correction of the quotierit. 

• Built-in Normalization Logic -
. The Am2903 can simultaneously shift the a Register 
and count in a working register. Thus, the mantissa and 
exponent of a floating-point number can be developed 
using a single microcycle per shift. Status flags indicate 
when the operation is compiete. 

• BUilt-in Parity Generation Circuitry -
The Am2903 can supply parity across the entire ALU 
output for use in error detection. 

• Built-In Sign Extension Circuitry -
To facilitate operation on different length two's comple
ment numbers, the Am2903 provides the capability to 
extend the sign at any slice boundary. 

• Fast-
The Am2903A is up to 30% faster than the Am2903 and 
meets or exceeds all of the specifications for the 
Am2903. 

• IMOX-
The Am2903A is processed with AMD's proprietary 
IMOXTM technology. 

RELATED PRODUCTS 

Part No. 

Am2902A 
Am2904 
Am2910A 
Am2914 
Am2918 
Am2920 
Am2922 
Am2925 
Am2940 
Am2952 
Am29705A 
Am27S35 

Description 

Carry Look-Ahead Generator 
Status and Shift Control Unit 
Microprogram Controller 
Vectored Priority Interrupt Controller 
Pipeline Register 
Octal Register 
Condition Code MUX 
System Clock Generator 
DMA Address Generator 
Bidirectional 110 Port 
'Two-Port RAM, 
Registered,PROM 

IMOX is a trademark of Advanced Micro Devices, Inc. 

Page 

5-32 

GENERAL DESCRIPTION 

The Am2903 is a four-bit expandable bipolar micro
processor slice. The Am2903 performs all functions per
formed by the industry standard Am2901 and, in addition, 
provides a number of significant enhancements that are 
especially useful in arithmetic-oriented processors. Infi
nitely expandable memory and three-port, three-address 
architectur.e are provided by the Am2903. In addition to its 
complete arithmetic and logic instruCtion set, the Am2903 
provides a special set of instructions which facilitate the 
implementation of multiplication, division, normalizatiol1, 
and other previously time-consumingoperationsc The 
Am2903A is identical to the Am2903 bui up to 30% faster. 

DAn_a 

.. 
'(N 

l'lOVR 

Cn+4 

81°3 

QI03 

or, 

.. 
10- 18 ... 

.... '" ... 

BLOCK DIAGRAM 

ADDRU: 1--"':'<-0"_, 
ir"JO---o ", 

or, 
",., 

'. 

"0, 

000, 

Notes: 1. DAo-3 is input only on Am2903, but is I/O port on 
Am29203. 

2. On Am2903, zero logic is connected to Y, after the 
OEybuffer. 

3. On Am2903 lEN controls WRITE. On Am29203 
WRITE is not affected by lEN. 

MPR·030 



30 ,. 
21 
27 

" 
4Z ., 

3& 

'" 33 
3Z 

43 

30 

LOGIC SYMBOL 

Ao ., .. 
A, . , .. .,. " .. ., .. 47 

WE 37 
DAO DBo 23 
DA, DB, 24 
D., 

D" 2S 
D., 

DB, ,. 
r. OEB 3' 
en.;.. 

Co '0 Am2903/2903A GIN " '0 
P/OVR 12 

" 
Z 22 

" ,~ WRffi/MSS 40 '. liS 30 

" 
" 

SIOO 20 

" 
"0, 21 

c, CIOO , 
iEN 010, .. 

15 19181716 

Vee = Pin 36 
GND = Pin 13 

0100 

Eli 
DAD 
DA, 

DA, 

DA, 

" 
" 
" 

Co 

Cn+4 

P/OVR 

GND 
GIN 
~v 

Vo 
V, 

" V, 
StOo 
SI03 

Z 

DBo 
D., 

DIP 
0-48 

CI03 ., ., ., 
·0 
c, 
'0 

" 

Am2903/2903A 

CONNECTION DIAGRAMS 
. Top Views . 

~ 

Lesdless Chip Carrier 
L-S2-1 

wm",,,MD c" 

rn Cn+4 

;m iii_ 

WI! .... 
Vee ... 
's IIEy 

" 
" " 
" " OEs " AO 
A, Me .,. 
A, 

D., 

D., 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2903 
Order Number 

AM2903DC 
AM29030C-B 
AM2903DM 
AM2903DM-B 
AM2903FM 
AM2903FM-B 
AM2903LC 
AM2903LM 
AM2903LM-B 

AM2903XC 
AM2903XM 

Package Type 
(Nolel) 

0-48 
0-48 
0-48 
0-48 
F-48 
F-48 
L-52 
L-S2 
L-5:! 

Dice 
Dice 

OlMlrating Range 
(No~2) 

C 
C 
M 
M 
M 
M 
C 
M 
M 

C 
M 

Screening Level 
{Note 3) 

C-l 
B-2 (Ncilt;t4) 

C-3 
B-3 
C-3 
B-3 
C-l 
C-3 
B-3 

} 
Visual inspection 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak, L';' Leadless Chip-Pak. 
N.umber following letter is. number of leads. See Appendix B for detailed outiine. 

2. C = 0 to +7O"C, Vee = 4.75 io 5.25V, M = -5510 +125°C, Vee = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883, 

Class C. Level B-3 conforms to MIL-STD-883, Class B. 
4. 98 hour bum-in. 
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Am2903 2903A 

PI", DEFINITIONS. 

BO- 3 

DAo-3 

DBo- 3 

Cn 

10- 8 

Cn+4 

G/N 

PiOVR 

z 

Four RAM address inputs which contain the 
address of the RAM word appearing at the 
RAM A output port .. ' 

Four RAM address inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is written when the 
WE input and the CP input are LOW. 

The RAM write enable input. If WE is LOW, data 
at the Y I/O port is written into the RAM when 
the CP input is LOW. Whel'1 WE is HIGH, 
writing data into the RAM is inhibited. 

A four-bit external data input which can be 
selected as one of the Am2903 ALU operand 
sources; . DAo is the least significant bit. 

A control input which, when HIGH selects DAo-3 as the 
ALU R operand, and, when LOW, selects RAM output 
A as the ALU R operand and the DAo-3 output data. 

A four-bit external data input/output. Under 
control of the OEs 'input, RAM output port B 
can be directly read on these lines, or input 
data on these lines can be selected as the 
ALU S operand. 

A control input which, when LOW, enables RAM 
outpuf B onto t~e DBo- 3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 

The carry-in input to the Am2903 ALU. 

The nine instruction inputs used to select the 
Am2903 operation to be performed. 

The Instruction enable input which, when LOW, allows 
the Q Register and the Sign Compare flip-flop to be 
written. Whe'n lEN is HIGH, the Q Register' and Sign 
Compare flip-flop are in the hold mode. On the 
Am2903, lEN also controls WRITE. 

This output generally indicates the carry-out of the 
Am2903 ALU. Refer to Table 5 for an exact definition 
of this pin. 

A multi-purpose pin which indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the ALU result at the most significant 
slice. Refer to Table 5 for an exact definition of 
this pin. 

A multi-purpose pin which indicates the carry prop
agate, P, function at the least significant and inter
mediate slices, and indicates the conventional two's 
complement overflow,OVl'I, signal at the moSt sig
nificant slice. Refer to Table 5 for an exact definition 
of this pin. 

An open-collector input/output pin which, when HIGH, 
generally indicates the outputs IiIre all LOW. For some 
Special Functiorfs, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 

Bidirectional serial shift inputs/outputs for th.e 
ALU shifter. During a Shift-up operation, SIOo 
is an input apd SI03 an output. During a 
shift-down operation, SI03 is an input and SIOo 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pips. 

YO- 3 

CP 

I. 
11 

12 

IGNDJ 13 

" 
15 ,. 
17 

18 
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Bidirectional serial shift inputs/outputs for the Q 
shifter which operate like SIOo and S103• Refer 
to Tables 3 and 4 for an exact definition of 
these pins. 

An' input pin which, when tied LOW, programs the 
chip to act as the least significant slice (LSS) of an 
Am2903 array and enables the WRITE ciutput onto 
the WRITE/MSS pin. When LSS is tied HIGH, the 
chip is progr~mmed to operate as either an inter
mediate or most significant sHce and the WRITE out
put buffer is disabled. 

When LSS is tied LOW, the WRITE output signal 
appears at this pin; the WRITE signal is LOW 
when . an instructioA which writes data into 
the RAM is being executed. When LSS· is tied 
HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to' operate as an inter
mediate slice (IS) and tying it LOW programs the 
chip to operate as the most significant slice (MSS). 

Four data l!!E!!.ts/outputs of the Am2903. Under con
trol of the OEy input, the ALU shifter output data can 
be enabled onto these lines, or these lines can be 
used as data inputs when external data is written 
directly into the RAM. 

A control input which, when .LOW, enables 
the ALU shifter output data onto the YO-3 lines 
and, when HIGH, disables the YO-3 three
state output buffers. 

The clock input to the Am2903. The Q Register and 
Sign Compare flip-flop are clocked on the LOW-to
HIGH transition of the .CP signal. When enabl8d by 
WE, data is written in the RAM when CP is LOW. 

METALLIZATION AND PAD LAYOUT 

6 54 3 2 1 48 47 46 45 44 43 

.2 ., 
40 
3. 

38 

37 
GNO 

36 (Vee) 
35 
34 

33 
32 

31 
30' 

" 20 .' 22 GND 23 24 25 26 27 28 29 

OlE SIZE 0.163" X 0.197" 

Note: Pin numbers correspond 
to 01 P package. 
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ARCHITECTURE OF THE Am2903 

The Am2903 is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPU's, 
peripheral controllers, microprogram mabie machines, and 
numerous other applications. The microinstruction flexibility of 
the Am2903 allows the efficient emulation of almost any digital 
computing machine. The nine-bit microinstruction selects the 
ALU sources, function and destination. The Am2903 is cas
cadable with fuiliookahead or ripple carry, has three-state out
puts, and provides various ALU status flag outputs. Advanced 
Low-Power Schottky processing is used to fabricate this 48-pin 
LSI circuit. 

All data paths within the device are four bits wide. As shown in the 
block diagram, the device consists of a l6-word by 4-bit, two-port 
RAM with latches on both output ports, a high-performance ALU 
and shifter, a multi-purpose a Register with shifter input, and a 
nine-bit instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input, CP, is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEB three-state output enable, RAM data 
can be read directly at the Am2903 DB 110 port. 

External data at the Am2903 Y I/O port can be written directly 
into the RAM, or ALU shifter output data can be enabled onto 
the Y 1/0 port and entered into the RAM. Data is written into 
the RAM at the B address when the write enable input, WE, is 
LOW and the clock input, CP, is LOW. 

Arithmetic Logic Unit 

The Am2903 high-performance ALU can perform seven arithme
tic and nine logic operations on two 4,bit operands. Multiplexers 
at the ALU inputs provide the capability to select various pairs of 
ALU source operands. The EA input selects either the DA exter
nal data input or RAM output port A for use as one ALU operand 
and the OEB and 10 inputs select RAM output port B, DB external 
data input, or the a Register content for use as the second ALU 
operand. Also, during some ALU operations, zeroes are forced at 
the ALU operand inputs. Thus, the Am2903 ALU can operate on 
data from two external sources, from an internal and external 
source, or from two internal sources. Table I shows all possible 
pairs of ALU source operands as a function olthe EA, OEB, and 10 

inputs. 

When instruction bits 14, 13, 12, 11, and 10 are LOW, the Am2903 
executes special functions. Table 4 defines these special func
tions and the operation which the ALU performs for each. When 
the Am2903 executes instructions other thltn the nine special 

TABLE!. ALU OPERAND SOURCES 

EA 10 ~ ALU Operand R ALU Operand S 

L L L RAM Output A RAM Output B 
L L H RAM Output A DBo-3 
L H X F,lAM Output A a Register 
H L L DAo-3 RAM Output B 

H L H DAD-3 DBo_3' 

H H X DAO_3 a Register 

L= LOW H = HIGH x = Don'! Care 
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functions, the ALU operation is determined by instruction bits 14, 

13, 12, and I,. Table 2 defines the ALU operation as a function of 
these four instruction bits. 

TABLE 2. Am2903 ALU FUNCTIONS 

14 13 12 ... Hex Code ALU Functions 

L L L L 0 10 = LJ Special Functions 

10 = H I Fi = HIGH 

L L L H 1 F = S Minus R Minus 1 Plus Cn 

L L H L 2 F = R Minus S Minus 1 Plus Cn 

L L H H 3 F = R Plus 5 Plus Cn 

L H L L 4 F= S Plus Cn 

L H L H 5 F=!lPlusCn 

L H H L 6 F= RPlusCn 

L H H H 7 F=RPlusCn 

H L L L 8 Fj = LOW 

H L L H 9 Ii = Rj AND 5j 

H L H L A Fj = Ri EXCLUSIVE NOR 5j 

H L H H B Fj = Rj EXCLUSIVE OR Sj 

H H L L C Fj = Rj AND S; 

H H L H D Fj = Rj NORSj 

H H H L E Fj = Rj NAND S; 

H H H H F Fj= Rj OR Sj 

L = LOW H = HIGH i = Ot03 

Am2903s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am2903s are cas
cilded, each slice must be programmed to be a most significant 
slice (MSS), intermediate slice (IS), or least significant slice 
(LSS) of the array. The carry generate, G, and ca~ry propagate, 
P, signals required for a lookahead carry scheme are gener· 
ated by the Am2903 and are available as outputs of the least 
Significant and intermediate slices. 

The Am2903 also generates a carry-out Signal, Cn + 4, which 
is generally available as an output of each slice. Both the 
carry-in, Cn, and carry-out, CnH, signals are active HIGH. The 
ALU generates two other status outputs. These are negative, N, 
and overflow, OVR. The N output is generally the most signifi
cant (sign) bit of the ALU output and can be used to determine 
positive or negative results. The OVR output indicates that the 
arithmetic operation being performed exceeds the availab!e 
two's complement number range. The Nand OVR signals are 
available as outputs of the most significant slice. Thus, the 
multipurpose GIN and P/OVR outputs indicate G and P at the 
least significant. and intermediate slices, and sign and overflow 
at the most significant slice. To some extent, the meaning of the 
CnH, P/OVR, and GiN signals vary with the ALU function being 
performed. Refer to Table 5 for an exact definition of these four 
signals as a fUF)ction of the Am2903 instruction. 

ALU Shifter 

Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F), or shifts it down 
one bit position (F/2). Both arithmetic and logical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice, 
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Am2903/2903A . 

and a logical shift operation shifts data through this bit position 
(see Figure A). SIOo and SI03 are bidirectional serial shift 
·Inputs/outputs. During a shift-up operation. SIOo is generally a 
serial shift input and SI03 a serial shift output. During a shift-down 
operation. SI03 is generally a serial shift input and SIOo a serial 
shift output. 

To some extent. the meaning of the SIOo and SI03 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at slice 
boundaries. Under instruction control. the SIOo (sign) input can 
be extended through Yo. Y t. Y 2. Y 3 and propagated to the SI03 
output. . 

A cascadable. five-bit parity generator/checker is designed into 
the Am2903 ALU shifter and provides ALU error detection 
capability. Parity for the Fo. F1. F2. F3 ALU outputs and SI03 
input is generated and. under instruction control. is made avail
able at the SIOo output. Refer to the Am2903 applications 
section for a more detailed description of the Am2903 sign ex
tension and parity generation/checking capability. 

The instruction inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operation the ALU shifter 
performs for each. When the Am2903 executes instructions 
Other than the special functions. the ALU shifter. operation is de
termined by instruction bits la. 17. 16. 15. Table 3 defines the ALU 
shifter operation as a function of these four bits. 

Q Register 

The o Aegister is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH tranSition of the CP input. It is intended primar
ily for use in multiplication and division operations; however. it 
can also be used as an accumulator or holding register for some 
applications. The ALU output. F. can be loaded into the 0 Regis
ter. and/or the 0 Register can be selected as the source fOr the 
ALU S operand. The shifter at the inputto the 0 Register provides 
the capability to shift the 0 Register contents up one bit position 
(20) or down one bit position (0/2). Only logical shifts are per
formed. 0100 and 0103 are bidirectional shift serial inputs/ 
()utputs.During a 0 Register shift-up operation. 0100 is a serial 

Figure A. 

Am2903 Arlthmetic'Shlft Path 

.,0,-fP: : I 
M..t 

Significant 
Slice 

SIOO .'0, --tlf--: :~:If--. .,SIOo 

L_ 
Significant or 

Intwmedilte Slice 

Am2903 Logical Shift Path 

Sl03 --tlr--: :--IIIf-- ·'00 
All 

Sltce Positions 

shift input and 0103 is a serial shift output. During a shift-down 
operation. 0103 is a serial shift input and 0100 is a serial shift 
output. 

Double-length arithmetic and logical shifting capability is pro
vided by the Am2903. The double-length shift is performed by 
connecting OIOa of the most significant slice to SIOo of the 
least significant slice. and executing an instruction which shifts 
both the ALU output and the 0 Register. 

The 0 Register and shifter are controlled by the instruction in
puts. Table 4 defines the Am2903 special funCtions and the 
operations which the 0 Register and shifter perform for each. 
When the Am2903 executes instructions other than the special 
functions. the 0 Register and shifter operation is controlled by 
instruction bits la. 17. 16. 15. Table 3 defines the.O Register and 
shifter operation as a function of these .four bits. . 

Output Buffers 

The DB and Y ports are bidirectional I{O ports driven by 
three-state output buffers with extemal output enable controls. 
The Y output buffers are enabled when the .Q§- input is LOW 
and are in the high impedance state when OEy is HIGH. The 
DB output buffers are enabled when the OEB input is LOW. 

TABLE 3. ALU DESnNATION CONTROL FOR '0 OR 1, OR 12 OR 13 = HIGH, liN = LOW. 

- ALUShlller 
18 17 18 15 CoM Functton 
L L L L 0 .Arith.FI2 ..... Y 

L L L : H 
, Log. F/2 ..... V 

L L H L 2 Arith. F/2_Y 

L L H H 3 Log. FI2_V 

L H L L 4 F~Y 

L H L H 5 F~Y 

L H H L • F_Y 

L H H H 7. F-Y 

H L L L • Anth.2F-V 

H L L H • Log. 2F~Y 

H L H L A Artth.2F-Y 

H L H H B Log.2F-Y 

H H L L C F~Y 

H H L H 0 F-Y 

H H H L e SIOa-Yo. V1. V2. Va 

H H H H F F_Y 

Parity g F3 V F2 V FtV FO V· 5103 
'1.=' Exclusive OR 

SIC:! 

Moat Slg. Other 
Slice SI_ 

Inpul ,-
Inpul ,-
'""'" 

Inpul 

In .... In .... 

Input Input 

Input 100'" 
Input .1-
Input Inpul 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

8100 SIOo 

F, F, 

L=LOW 
H = HIGH 

Y3 

_Slg. 
Slice 

F3 

5103 
F, 

Soo, 

F, 

F, 

F, 

F, 

F, 

F, 

F, 

F, 

F, 

F, 

soo" 
F, 

Y2 QRog& 
Other Moat SIg. ~=fYt Wriie 

ShIller 
Silcel Slice Yo SIOO Function ClI03 QlOo 

SIO, SIO, F, F, F, F, L - Hi-Z Hi-Z 

SIO, F, F, F, F, F, L - Hi-Z Hi·Z. 

SI03 SIO, F3. F, F, F, L Log. 012-+0 In .... QO 

SIO, F, F, F, F, F, L Log.Q/2_Q Input QO 

F, F, F, F, F, Pa"", L - Hi-Z Hi-Z 

F, F, F, F, F, Parity H Log. Q/2_Q Input QO 

F, F, F, F, F, Parity. H F~Q HI~Z HI-Z 

F, F, F, F, F, Parily L F-Q HI~Z HI-Z 

F, F., F, F, SIOo Input L Hold HI-Z Hi-Z 

F, F, F, F, SIO. In .... L Ho" HI-Z Hj-Z 

F, F, F, F, SIOo Input L .,Log.2Q-Q Q, Inp .. 

F, F, F, F. SIO, In .... L Log.2Q-Q Q, In .... 

F, F, F, F, F, Hi-Z H Ho" HI-Z Hi-Z 

F, F, F, F, F. Hi-Z H Log.2Q-a 0, InpuI 

SIO. SIOo SIO. SIOo SIOo Input .L Hold HI·Z Hj-Z 

F, F, F, F, F, HI·Z L Hold HI-Z Hi-Z 

- HI·Z = High Imp&dance 

. 5-36 



TABLE 4. SPECIAL FUNCTIONS FOR 14 = 13 = 12 = I, = 10 = LOW (Note 4) 
Am2903/2903A 

SI03 QReg& 

(Hex) Special ALU Shifter MostSig Other Shifter 

lal7161s Function ALU Function Function Slice Slices SIOo Function QI03 QIOO WRITE 

0 Unsigned Multiply 
F=S+CnifZ=L Log F/2 .... Y 

Z Input Fo 
Log 0/2 Input 00 L 

F=R+S+CnifZ=H (Note I) .... 0 

1 (NoteS) 

2 
Two's Complement F=S+CnifZ=L Log F/2 .... Y 

Z Input Fa 
Log 0/2 Input 00 L 

Multiply F=R+S+CnifZ=H (Note 2) .... 0 

3 (Note 5) 

4 Increment by 
F = S + 1 + Cn F .... y Input Input Parity Hold Z Z L 

One or Two 

5 
Sign/Magnitude F=§.+CnifZ=L F .... y 

Input Input Parity Hold Z Z L 
Two's Complement F=S+CnifZ=H (Note 3) 

6 
Two's Complement F=S+CnifZ=L Log F/2 .... Y 

Z Input FO 
Log 0/2 

Input 00 L 
Multiply, Last Cycle F=S-R-I+CnifZ=H (Note 2) .... 0 

7 (NoteS) 

8 Single Length 
F = S + Cn F .... y F3 F3 Z 

Log 20 
03 Input L 

Normalize .... 0 

9 
Binary to BCD (NoteS) Log2F .... y F3 F3 Input 

Log 20 
03 Input L 

Conversion .... 0 

Double Length 
A Normalize and First F=S+Cn Log2F .... Y R3V F3 F3 Input Log 20 03 Input L 

DivideOp .... 0 

B (Note 5) 

C 
Two's Complement F=S+R+CnifZ=L Log2F .... Y R3V F F3 Input 

Log 20 
03 Input L 

Divide F=S-R-l+Cn ifZ=H .... 0 

0 (Note 5) 

Two's Complement 
F=S+R+CnifZ=L Log 20 

E Divide Correction F .... Y F3 F3 Z 03 Input L 
and Remainder 

F=S-R-I+CnifZ=H .... 0 

F (Note 5) 

Notes: I. At the most significant slice only, the Cn + 4 signal is internally gated to the Y3 output. 
2. At the most significant slice only, F3 V OVR is internally gated to the Y3 output. 
3. At the most significant slice only, S3 V F3 is generated at the Y3 output. 
4. The 0 Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 
5. Available on Am29203 only. 

L = LOW 
H = HIGH 
X = Don't Care 

Hi·Z = High Impedance 
V = Exclusive OR 
Parity = SI03 V F3 V F2 V F1 V Fo 

The zero, Z, pin is an open collector inpuVoutput that can be 
wire·OR'ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the YO-3 pins are all 
LOW. To some extent the meaning of this signal varies with the 
instruction being performed. Refer to Table 5 for an exact defini
tion of this Signal as a function of the Am2903 instructions. 

Instruction Decoder 

The instruction Decoder generates required internal control sig
nals as a function of the nine Instruction inputs, lo-a; the Instruc
tion Enable input, lEN; the LSS input; and the WRITE/MSS 
inpuVoutput. 

The WRITE output is LOW when an instruction which writes data 
into the RAM is being executed.· Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am2903 
instruction inputs. 

On the Am2903, when lEN is HIGH, the WRITE output is forced 
HIGH and the Q Register and Sign Compare Flip-Flop contents 
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are preserved. When lEN is LOW, the WRITE output is enabled 
and the Q Register and Sign Compare Flip-Flop can be written 
according to the Am2903 instruction. The Sign Compare Flip
Flop is an on-chip flip-flop which is used during an Am2903 divide 
operation (see Figure B). On the Am29203, lEN controls internal 
writing, but does not affect WRITE. The lEN signal can then be 
controlled separately at each chip to facilitate byte operations. 

Programming the Am2903 Slice Position 

Tying the LSS input LOW programs the slice to operate as a least 
significant slice (LSS) and enables the WRITE output signal onto 
the WRITE/MSS bidirectional 1/0 pin. When LSS is tied HIGH, the 
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin 
HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi
cant slice (MSS). The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be. connected together. 
See Figure 2 of applications. 

I 



Am2903/2903A 

. Am2903 SPECIAL FUNCTIONS 

The Am2903 provides nine Special Functions which facilitate the 
implementation of the follOWing operations: 

• Single- and Double-Length Normalization 
• Two's Complement Division 
• Unsigned and Two's Complement Multiplication 
• Conversion Between Two's Complement and Sign/Magnitude 

Representation . 
• Incrementation by One or Two 

Table 4 defines these Special Functions. 

The Single-length and Double-Length Normalization functions 
can be used to .adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by the 
Am2903. These functions provide both single- and double
precision divide operations and can be performed in Un" clock 
cycles, where un" is the number of bits in the quotient. 

The Unsigned Multiply Special Function and the two Two's Com
plement Muitiply Special Functions can be used to multiply two 
n-!lit; unsigned or two's complement numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 
shift algorithm. During the last cycle of the two's complement 
multiplication, a conditional subtraction, rather than addition, is 
performed because the sign bit of the multiplier carries negative 
weight. 

The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be converted to 
the Two's Complement representation, and vice-versa, In one 
clock cycle. 

The Increment by One or Two Special Function can be used 
to increment an unsigned or two's complement number by 
one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 

Refer to Am2903 applications section for a more detailed descrip
tion of these Special Functions. 

Figute B. Sign Compare Flip-Flop 

SPECIAL 
FUNCTION 

AORC Q 

SIGN 
COMPARE 

The sign compare signal appears at the Z output of the most significant. slice 
during special functions C, D and E, F. Refer to Table 5. 
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TABLE 5. Am2903 STATUS OUTPUTS 
Am2903/2903A 

P/OVR GIN Z(OEy = LOW) 

(Hex) (Hex) 01 PI _Slg Other _Slg Other ...... SIg I ........ edl __ LeeatSlg 
1.17lel& "la1a11 10 (I = 0103) (1=0103) Cn+4 Slice Slices Slice Sllc .. Slice Slice Slice 

X 0 X 0 t 0 0 0 Fa G VoYtY2Ya YoVt Y2Ya YOYtY2YS 

X t X Rj I\Sj RIVSj GVPc" Cn+3 V Cn+4 P Fa G YoYtY2Ya YOY1 Y2Ya YOY1 Y2Ya 

X 2 X RII\Sj Rj VSI GVPCn Cn+a ... c,,+4 P Fa G YOY1 Y2Ya YOY1 Y2Ya YoYtY2Ya 

x a X RII\Sj Ai VSj G VPCn c,,+a ",Cn+4 P Fa G YOY1 Y2Ya YOY1Y2YS YOY1 Y2Ya 

x 4 X 0 Sj GVPCn c,,+a .... Cn+4 P Fa G YOY1 Y2Ya YOY1Y2YS YOY1 Y2Ya 

x S x 0 Sj G V Pc" c,,+a'" Cn+4 P Fa G YOY1Y2Ya YOYt Y2Ya YOY1Y2Ya 

x 6 X 0 RI G V Pc" c,,+a ... c,,+4 P Fa G YOYt Y2Ya YeY1Y2Ya YOY1 Y2Ya 

X 7 X 0 RI GVPCn Cn+3 ¥ Cn+4 p Fa G YOY1 Y2Ya YoYt Y2Ya YoY1Y2Ya 

x 8 X 0 t 0 0 0 Fa G YOYt Y2Ya YoYtY2Ya YOY1 Y2Ya 

X 9 X RjI\Sj t 0 0 0 Fa G YOY1Y2Y3 YOY1 Y2YS YOY1 Y2Ya 

x A X RII\Sj RjVSj 0 0 0 Fa G YoYtY2Ya YOY1 Y2Ya YOY1Y2Ya 

x B X RII\Sj Ri VSj. 0 0 0 Fa G YOYt Y2Ya YOYt Y2Ya YOY1 Y2Ya 
X C X RII\Sj 1 0 0 0 Fa G YoYtY2Ya YoYt Y2Ya YOYt Y2Ya 

X 0 X RII\Sj 1 0 0 0 Fa G YoY1Y2Ya YOY1 Y2Ya YOYt Y2Ya 

x E X Ri ASj 1 0 0 0 Fa G YoY,Y2Ya YOYt Y2Ya YoVt Y2Ya 

X F X RII\5; 1 0 0 0 Fa G YOYt Y2YS YOY1 Y2Ya YoYt Y2Ya 

0 0 L OWZ· L Bjitz"= L GVPCn Cn+3 "t Cn+4 p Fa G In"," Input 00 RII\SjWZ.H RIVSjnZ.H 

0 L (Note 6) II 
t 8 L (Note 6) 

2 0 L OilZ· L SIWZ.L 
GVPc" Cn+3 "rf Cn+4 p Fa G Input Input 00 Ri "SlitZ= H RjVSjitZ=H 

a 0 L (Note 6) 

4 0 L (Notet) (Note 2) G V Pc" c,,+a ... Cn+4 P Fa G YOYt Y2Ya YOY1Y2Ya YOYt Y2Ya 

5 0 L 0 stilZ. L GVPCn Cn+3 >.:f 0n+4 p FaWZ. L G Sa Input Input 
SjIfZ= H Fa ... Ss ilZ • H 

B 0 L onz· L 8jitZ= L GyPCn Cn+3 "f Cn+4 p F3 G Input Inpul 00 RII\SjiIZ= H Ri VSjIfZ= H 

7 0 L (Note 6) 

6 0 L 0 st (Note a) Q2 Qt P Os G OoQ1<l:!0s OoQt<l:!Ca OoCt<l:!Os 

9 0 L (Note B) 

9 8 L (Note 6) 

A ·0 L 0 SI (Note 4) F2 F1 P F3 G (NoteS) (NoteS) (Note 5) 

B 0 L (Note B) 

C 0 L BI\SjWZ.L ~ VSjifZ= L G vPcn 0n+3 VCn"+4 p F3 G Sign Compare Input Input 
Ri !\SjIfZ= H RIVSjlfZ.H FFOutput 

0 0 L (Note B) 

E 0 L ~iI\SiltZ=L R;VSllfZ.L GVPCn Cn+3 V Co+4 p Fa G Sign Compare Input Input 
RjI\SjlfZ.H RIVSjlfZ.H FF Output 

F 0 L (Note 6) 

Notes: 1. If LSS is LOW. Go = So and G1, 2, 3 = O. If LSS...!!,!lIGH, Go, 1, 2, 3 = O. 
2. H LSS is LOW, Po = 1 and PI, 2, 3 = Sl, 2, 3. If LSS is HIGH, Pi = Si' 
3. At the most signnicant slice, Cn+4 = O:! V Q2' At other slices, Cn+4 = G V PCn. 
4. At the most significant slice, Cn+4 = F3 V F2. At other slices, Cn+4 = G V PCn. 
5. Z= QOQ1Q2~FoF1F2F3. 
6. Am29203 only. 

L =LOW=O 

H =HIGH=l 
=OR 
= AND 
= EXCLUSIVE OR 

P = P3P2P1PO 

G = G3 V G2P3VG1P2P3 V GOP1P2P3 

Cn + 3 = G2 V G1P2 V GoP1P2 V C.POP1P2 
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Am2903/2903A 

TEST OUTPUT LO-,O CONFIGURATIONS FOR Am2903 

A. THREE·STATE OUTPUTS B. I\IOR""AL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 

s, 
VOUT ()--O"'(~~~---KI--+ 

5.0 - VSE - VOL 
R1 = 

IOL + VOtJ1K 

s. 

vee 

s, 
~UT~~~~---K~~ 

-= -= 

R2 = 
2.4V 

IOH 

R, = 
5.0 - VSE - VOL 

IOL + VOL/R2 

5.0 - VOL 
R1 = 

IOL 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in hand in test fixture. 
2. 81, 82, 83 are closed during function 'tests and all A.C. tests except ouiput enable tests. ' 
3. 8, and 83 are closed while 8'2 is open for tpZH test. 

8, and 82 are closed while 83 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

Pin# 

1 

11 

12 

14 

16-1Q 

20 

21 

22 

23-26 

40 

48 

TEST OUTPUT LOADS FOR Am2903 

Test 
P!n Label Clrcul~ Rl 

0100 A" 458 

Cn + 4 6 478 

P/OVR 6 383 

GIN 6 212 

Yo-3 A 241 

8100 A 458 

8!03 A 4?8 

Z C· 281 

060_3 A 458 

WRITE/M88 A 458 

0103 A 458 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 

Ra 

lK 

3K 

3K 

1.5K 

lK 

lK 

lK 

-
lK 

lK 

lK 



Am2903/2903A 

OPERATING RANGES (over which DC, switching, and functional specifications apply) 

Part Number 
Range Suffix Temperature Vee 
COM'L PC, PCB, TA = 010 +70'C 4.75 10 5.25V DC,DCB,XC 

MIL DM,DMB, Tc = -5510 +125'C 4.5010 5.50V FM,FMB,XM 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -6510 +150'C 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

-0.5 to +7.0V I 
-0.5 to +Vcc max. 

-0.5 to +5.5V 

Temperature (Ambient) Under Bias -55 to +125'C 

DC Input Voltage 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 to +5.0mA 

Am2903 Burn-In and Life Test Circuit. 

Vee CLOCK lk 
Vee 

21J~ ~ Vee 

1k 143 32 3' 3 5 15 31 

• 7 CP I. I, DAD OA, EA rss lEN OEY DEB I • 27011 

B3 G 
27 22 300n 

19 

A3 Z 

2 10 ,. 300n 
Cn Yo 

PE CP 
.l!.... 4 • 17 300U - P3 G3 - B, Y, 

28 18 300n 

---!. P, 
>--- A, Y, 

12 20 19 30011 

4 
G, SIOo Y3 

_P, 1 12 470.l~ - GIOo ji 

~ 13 45 Am2903/2903A 11 560H 
Po Aml316 G, 

C 
8, Cn+4 

21 560H 
10 A, SI03 - CET 

14 48 56011 

7 
Go - I, QIOa 

>-- CEP .. 23 Slon 
Bo OBo 

............... 
TCl 

30 24 56011 
iiii Ao DB, 

Vee GND 41 25 56011 

ID.lt{ 
I, DB, 

40 26 56011 
MSS 

DA1.DA3 WE 
DB3 

.Vee GNO 17 Is I, 13 10 

~. 
13 33 35 9 

8 1'2 r • 37 

Vee 
O.1IJ.F 
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Am2903 ~ Am2903A 
DC CHARACTERISTICS OVER OPE:RATING RANGE 

., De8crlptlon Test Conditions (Note 1) Min 
Typ. 

(Note 2) Max Units 

10H = ::.1.6mA 2.4 
YO·V3. GIN 

VOH Output HIGH Voltage Vee = MIN. 10H = ::.SOO"A Volts 
VIN = VIH or Vil 0Bo.3. PIOVA 2.4 

SIOO.SI03. 0100. 0103. 
WRITE. CnH 

leEX 
Outp\lt Leakage ,Current Vee = MIN •• VOH = 5.5V 

250 p.A 
for Z Output (Note 4) VIN = VIH or ilil 

Yo. Y,. V2 IOl =2OmA (COM'L) 
0.5 

VJ.Z, iol - l6mA (MIL) 

DBa. DB,. 10l - 12rnA (COM'L) 
0.5 

Val Output LOW Voltage Vee = MIN. 
OB2. 0B3 10l - B,OmA (MIL) 

Volts 
VIN = VIH = or Vil GIN 10l = lBmA 0.5 

P/OVR 10l = 10mA 0.5 

CnH. SIOo 
S103. 0100 10l = B.OmA O.S 
0103. WRITE 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts 
voltage for all Inputs (Note 6) 

Vil Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts 
voltage for all inputs (Note 6) 

VI Input Clamp Voltage Vee = MIN .• liN = -18mA -1.5 Volts 

Cn -3.6 

Yo. Y,. Y2. YJ -1.13 

10. 11• 12. 13• 14 
-0.72 

III Input LOW Current Vee = MAX .• VIN = O.SV OAp. OA1• OA2 • .oA3 
mA 

(Note 4) 
SIOo. ~. 0100. 
0103. M • OBo. OB1. -0.77 
OB2.OB3 

All other inputs -0.36 

Cn 200 

Yo. Y1• V2• Y3 110 

10.14• OAo-OA3 40 

IIH Input, HIGH Current Vee = MAX .• VIN = 2.7V SIOo• S103. 0100. p.A 
(Note 4) ~.OBo_3. 90 

MSS 

All other inputs 20 

II Input HIGH Current Vee = MAX .• VIN = S.5V 1.0 rnA 

YO-V3 
Va = 2·4V 110 

10ZH 
011 State Vee = MAX .• Va - O.SV -'130 p.A 
(HIGH Impedance) 

10Zl Output Current 
(Note 4) 

OBo_3• 0100. aiDa. Va - 2.4V 90 

$100. S103. WRITE/MSS Va - O.SV -'-770 

los 
OUtput Short Circuit Vee = MAX + O.SV 

-30 -85 mA 
Current (Note 3) Va = O.SV 

TA = 2S'C 220 335 

TA = 010 70"C 350 
Power Supply Current COM'L 

lee (Note 5) Vee = MAX. TA = 70"C 291 rnA 

, T e = '-5510 125'C 395 
MIL 

Te = 125'C 258 

Notes: 1. For condftions shown as MIN. or MAX" use the approltriate value specified under Electrical Characteristics for the applicable device type. 
2. Typicaillml" are at Vee =.5.0V. 25'e ambient and maximum loading. 
3. Not mor. than one output should be shorttJd at a time. Duration of the short circuit test should not exceed one second. 
4. YO-J. OBO-3. 5100.3. Q100.3 and WRITEIMSS are throe state outputs internally Connected 10 TTL inputs. Z "',an open-CollectOr outpOt intamally 

connected to a TTL input. Input characteristiCS are measured under conditions such that the outputs are in the OFF state. 
5. Woret case IcC is,.at minimum temperature. 
6. These input levels provide zero noise immunity and should only be static tested in a noise-free enviionment (riot functionelly tested). 
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I. Am2903 Guaranteed Commercial 
Range Performance 

Am2903/2903A 
Enable/Disable Times 

The tables below specify the guaranteed performance of the 
Am2903 over the commercial operating range of 0 to. 
+ 7CrC. with 'ICc from 4.75 to 5.25V. All data are in ns, with 
inputs sWitching betwean 0 and 3V at lV/ns and measure· 
ments made at 1.5V. All outputs have maximum DC load. 

Clock and Write Pul .. Characteristics 
All Functions 

Minimum Clock lOW Time 30 ns 
Minimum Clock HIGH Time 30 ns 

Minimum Time CP and WE 

From 

OEV 

OEB 

Ie 

~ 
143210 

LSS 

Note: 

All Functiona 

To Enable Disable 

v, 27 25 ns 

OB, 31 25 ns 

510.,510. 25 ns 

010., 010, 60 ns 

010., 010, 65 60 ns 

WRITE 31 25 ns 

both LOW to Write 30 ns 1. CL = 5.OpF for output disable tests. Measurement is made to a O.SV 
change on the output. . 

Combinationsl Dalsys 
All Funcllons 

~t 0100 SIOo 
From Input Y Cn+< G,P Z(s) N OVR DB WRiTe QI03 SlOo StD3 Parity 

A Address 86 81 69 110 86 108 - - - 54 94 115 
(Arilh. Mode) 
B Address 99 88 81 123 99 112 49 - - 94 104 140 

A Address 87 - 68 111 89 - - - - 79 94 115 
(Legic Mode) 
8 Address 54 - 73 108 84 - 49 - - 54 90 120 

DA Inputs 63 60 49 87 84 89 - - - 80 70 101 
(Arilh. Mode) 
DB Inputs 61 59 47 85 62 84 - - - 62 68 9B 

DA Inputs 64 - 48 88 66 - - - - 61 72 101 
(Legic Mode) 
DB Inputs 55 - 32 79 57 - - - - 52 61 93 

EA 59 53 42 83 59 83 - - - 57 64 9B 

Cn 40 30 - 54 40 58 - - - 38 48 67 

I. 52 48 36 76 52 63 - 49 . 50. se • 93. 

14321 71 65 72 95 69 84 - 49 . 66. 73* lOS' 

.. 18765 42 - - 66 - - - 50 60. 42. 45. 42' 

lEN - - - - - - - 22 - - - -

S103. SIOo 26 - - 50 - - - - - - 29 36 

Clock 87 87 71 111 88 108 37 - 40 84 92 105 

V - - - 24 - - - - - - - -

MSS 44 - 44 68 44 44 - - - 44 46 44 

Nole: An "." means the output Is enabled or disabled by the input. See enable and disable times. A number shown with an • is the delay to correct 
data on an enabled output. An • shown Without a number means the output is disabled by the input or it is enabled but the delay to correct the 
data is determined by something else. 

Satup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Appllcabie; no timing constraint, 

:s: HIGH-to-LOW LOW·to-HIGH 

With Respect I~ 
From Input to this Signal Set-up 

V Clock NA 

WE HIGH Clock 25 

WE LOW Clock NA 

A, B as Sources Clock 33 

B as a Destination Clock and WE both LOW 6 

010., 0103 Clock NA 

18765 Clock 24 

lEN HIGH Clock 30 

lEN LOW Clock NA 

143210 Clock 24 

Notes: 
1. For setup times from all inputs not specified, the setup time 

is computed by calculating the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loadad, the Y setup time Is necessary to set up the Q reo 
gister. All unspecified hold times are less than or equal to 
zeno relative to the clock LOW-to-HIGH edge. 

r 
Hold Sat-up Hold Comment 

NA 20 3 To store Y in RAM or Q 

Note 2 Notli 2 0 To Prevent Writing 

NA 30 0 To WrHe into RAM 

3 NA NA See Note 3 

Note 4 NoIe4 3 
To Write Data only into 
the Correct B Address 

NA 21 3 To Shift a 

NoJe 5 Note 5 0 

Note 2 Note 2 0 To Prevent Writing into Q 

NA 30 0 To Write Into Q 

- 68 0 See Note 6 

3. A and B addresses must be set-up prior to clock LOW transi
tion to capture data in latches at RAM output. 

4. Writing occurs when CP and WE are both LOW. The Bad· 
dress should be stable during this entire period. 

5. Because Is76s "control the writing or not writing of data into 
RAM and Q, they should be stable during the entire clock LOW 
time unless lEN is HIGH, preventing writing. 

6. The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 14321°' relative to the clock LOW-to-HIGH 
transi.tion, is the longer of (1) the set-up time prior to clock 
L ~ H, and (2) the sum of the set-up time prior to clock 
H ... L and the clock LOW time. 

2. WE controls writing into the RAM. lEN controls writing into Q 

and, indirect~ontnols WE through the write output. To pre· 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW 10 
cause a write provided the WE LOW and lEN LOW set-up 
times aremet. Having gone LOW, they shoutd not be returned 
HIGH until after the clock has gone HIGH. 
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Am2903/2903A 
II. Am2903 G,uaranteed Military 

Range Performance 
The tables below specify the guaranteed performance of 
the Am2903 over tile military operating range of - 55, to 
+125°C, with VCC from 4.5 to 5.5V. All data are in ns, with 
inputs switching between 0 and 3V at Wins and measure· 
ments made at 1.5V. All outputs have, maximum DC load. 

Clcick and Write Pul .. Characteristics 
All Functions 

Minimum Clock LOW Time 40 ns 

Minimum Clock HIGH Time 40 ns 

,From 

OEY 

OEB 

'. 
18765 

143210 

ISS 

Note: 

Enable/Disable TImes 
All Functions 

To Enabte Disable 

Y; 27 25 

DB, 34 25 

SlOo, SiCa 25 

0100. 0103 60 

0100.0103 70 60 

WRITE 34 25 

ns 

ns 

ns 

os 

ns 

ns 

Minimum Time CP and WE 40 both LOW to Write 
ns 1. CL = 5.0pF for output 9isable tests. Measurement is made to a O.5V 

chan~ on the output. 

Combinational Delays 
All Functions 

~ QIOO SIOo 
From Input Y Cn+ 4 GoP Z(o) N OV,,' DB WRiTE QI03 SIOo SI03 Parity 

A Address 91 85 72 116 92 115 - - - 89 98 120 
(Arith. Mode) 
B Address 101 93 84 126 102 118 52 - - 97 106 148 

A Address 92 - 72 117 93 - - - - 84 98 120 
(Logic Mode) 
8 Address 86 - 73 111 89 - 52 - - 86 92 125 

DA Inputs 64 62 51 89 6B 94 - - - 62 71 107 
(Arith. Mode) 
DB Inputs 63 60 48 88 63 89 - - - 64 68 100 

OA Inputs 65 - 51 90 67 - - - 62 72 108 
(Logic Mode) 
DB Inputs 56 - 32 81 57 - - - - 52 63 100 

EA 60 56 43 65 60 87 - - - 58 64 103 

Cn 40 30 - 65 40 59 - - - 36 46 89 

10 52 50 36 77 52 66 - 53 - 510 56- 96 -

14321 72 69 73 97 71 88 - 53 - 86- 75- 111_ 

18765 44 - - 69 - - - 50 65- 42_ 45_ 42 _ 

lEN - - - - - - - 24 - - - -

S103• 81Oo 26 - - 51 - - - - - - 29 36 

Clock 69 90 74 114 89 116 39 - 42 91 96 110 

Y - - - 25 - - I - - - - - -
MSS 45 - 44 70 44 44 - - - 44 46 44 

"" Note: An • means the output IS enabled or dlS8t;)led by the Input. See enable and disable tlmes~ A number shown WIth an • IS the delay to correct 
data on an enabled output. An • shown without a number means the output is disabled by the Input or it is enabled but the delay to correct the 
data is determined by something else. 

Sstup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Applicable; no timing conotralnt. 

HIGH·Io-LOW LOW·Io-HIGH 

With Respect ~ 
Input to this Signal Set-up 

Y Clock NA 

WE'HIGH Clock 25 

WE'LOW Clock NA 

A, B as Sources Clock 36 

B as a QestlnatiQo Clock and WE both LOW 6 

0100.Ot03 Clock NA 

18765 Clock 24 

lEN HIGH Clock 30 

lEN LOW Clock NA 

143210 Clock 24 

Notas: 
1. For setup times from all inputs not specified, the setup time 

is computed by calculating the delay to stable Y o,utputs and 
then allOwing the Y setup time. EvenJ! the RAM is not being 
loeded, the Y setup time is necessary to set up the Q reo 

"gisler. All unspecified hold tim9$ are Ie •• than or equal to 
zero relative to t~e clock LOW·to· HIGH edge. 

2. ~ controls writing into the RAM. lEN controls wrfting inta Q 
and, indirectly, controls WE through the 'lIrile .output. To- pre· 
vent wriling, irn anp WE musl be HIGH during the entire clock 
LOW tlmo. They may go LOW after the clock has,gone LOW 10 
cause a wrile provided the WE LOW. and irn LOW set·up 
limes are met. Having gone LOW, Ihey should not be retumed 
HIGH until after the clock has gone HIGH. 

.r-
Hold Set.up Hold Comment 

NA 23 3 To store Y in RAM or Q 

Note 2 Note 2 0 To Prevent Writing 

NA 35 0 To Write into· RAM 

3 NA NA See Note 3 

Note 4 Note 4 3 To Write Data only into 
the Correct B Address 

NA 23 3 To Shift a 
Note 5 Note 5 0 

Note 2 Note 2 0 To Prevent Writing into a 
NA 30 0 To Write into Q 

- 74 0 See Note 6 

3. A and B addresses must be set-up prior to clock lOW transi
lion to capture, data in latches at RAM output. 

4. Writing occurs when CP and WE are both LOW. The B ed· 
dress should be stable during this entire period. 

5. Because 18765 control the \!II'fitlng or not writing of data into 
RAM and Q, they should be stable during the'entire clock LOW 
time unle"" iEIiI is HIGH, preventing writing. 

6. The set·up timo prior to Ihe clock LOW-to·HIGH transition 
occurs in parallel with the set·up time prior to the clock HIGH
to· LOW tranSition and the c,tock LOW timo. The actual set-up 
time requirement on 143210, reJative to, the clock lOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L ... H, and (2) t~. sum of the set·up time prior to clock 
H ... L and the clock LOW time. 
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I_ Am2903A Preliminary Commarclal 
Range Performanca 

. Am2903/2903A 
Enabill/Diaable Tlma. 

The tables below specily the preHminary performance of the 
Am2903 over the commercial operating range of 0 to 
'+7O"C, with Vee from 4.75 to 5.25V. All data are in ns, with 
inputs switching between 0 and 3V at Wins and measure
ments made at 1.5V. All outputs have maximum DC load. 

Clock and Write Pulaa Characlerl.llc. 
All Functions 

Minimum Clock LOW Time ns 

Minimum Clock HIGH Time ns 

Minimum Time CP and WE 

From 

OEV 

OEB 

I. 

'8765 

143210 ' 

LSS 

Note: 

All Functions 

To Enable Dlaabla 

Vi ns 

OBi ns 

510 •. 5103 ns 

010.; 0103 ns 

010.,010, ns 

WRITE ns 

both LOW to Write ns 1. CL = 5.OpF for output disable tests. Measurement is made to a O.5V 
change on the output. 

Combinational Delay. 
All Function. 

__________ TO Output 

From Input---..... 

A Address 
(Arith. Mo<Ie) 
B Address 

A Address 
(Logic Modo) 
B Address 

DA Inputs 
(Arith. Mode) 
DB Inputs 

OA Inputs 
(Logic Mode) 
DB Inputs 

EA 

'8765 

lEN 

5103.510. 

Clock 

y 

v G, ji' Zls) N OVR DB 
QIOo 
QI03 SIOo SI03 

SIOo 
Parity 

Note: An "." means the output is enabled or disabled by the Input. See enable and di~e times. A number shown with an • is the delay to correct 
data on an 8l1abJed output. An • shown without a number means the output is disabled by the input or it is enabled but the delav to correct the 
data is determined by something else. 

Setup and Hold Tlmea 
All Functions 

CAUTION:, READ NOTES_ NA = Not Applicable; no timing constraint. 

:s:: HIGH-ta-LOW LOW-Io-HIGH 

With Respect ~ 
From Input to this Signal Set-up 

y Clock NA 

WE HIGH Clock 

WE lOW Clock NA 

A, B as Sources Clock 

B as a Destfnation Clock and WE both LOW 

0100. 0103 Clock NA 

'8765 Clock 

lEN HIGH Clock 

lEN lOW Clock NA 

143210 Clock 

Notes: 
1. For setup times from all inputs not specified, the setup Hme 

is computed by caJculating the delay to stable V outputs and 
then allowing the Y setup time. Even it the RAM is not being 
loaded, the V setup time is necessary to set up the Q .... 

gister. All unspecified hold times are less than or eqUal to 
zero relative to the clock LOW-to-HIGH edge. 

2. WE controls writing into the RAM. lEN controls writing into a 
and, indirect~ontrols WE through the write output. To pre
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE" LOW and iEN lOW set-up 
times are met. Having gone LOW, they shouid not be returned 
HIGH until after the clock has gone HIGH. 

r--
Hold Set-up Hold Comment 

NA To store Y in RAM or a 
Note 2 Note 2 To Prevent Writing 

NA To Write Into RAM 

NA NA See Note 3 

Note 4 Note 4 
To Write Data only into 
the COrrect B Address 

NA To ShiftQ 

Note 5 Note 5 

Ncte2 Note 2 To Prevent Writing into a 
NA To Write into a 
- See Note 6 

3. A and B addresses must be set-up prior to clock LOW transi
tion to capture dala in latches at RAM output. 

4. Writing occurs when CP and WE are both LOW. The Bad
dress should be stable during this entire period. 

5. Because 18765 control the writing or not writing of data into 
RAM and Q, they should be stable during the entire clock LOW 
time unless lEN is'HIGH, preventing writing. 

6. The set-up time prior to the clock LOW-ta-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 14321°' relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L .... H, and (2) the sum of the set-up time prior to clock 
H .... L and the clock LOW time. 
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Am2903/2903A 
II. Am2903A Preliminary MIlitary 

Range Performance 
The tables below specify the preliminary performance of 
the Arn2903' over the military operating range ,of -55 to 
+125'C, with VCC from 4.5 to 5.5V. All data are in ns. with 
Inputs switching belween 0 and 3V at Wins and measure
ments made at 1.5V. All outputs have maximum DC load. 

Clock and Write Pulae Characteristics 
All Functions 

Minimum Clock lOW Time ns 

Minimum Clock HIGH Time ns 

From. 

OEV 

DEB 

Is 

IS765 

143210 

LSS 

Note: 

Enable/Disable Times 
All Functions 

'To Enable Disable 

Vi 

OBj 

SIOo. SI03 

0100' 0103 ----
0100, 0103 

WRITE 

ns 

ns 

ns 

ns 
f---

ns 
---

ns 

Minimum Time CP and WE 
both~LOW 10 Write 

ns 1. Cl = 5.0pF for output dIsable tests. Measurement is made to a O.SV 
change on the output. 

Combinational Delays 
All Functions 

________ To Output 

From Input"------... 

A Address 
(Arith. Mode) 
B Address 

A Address 
(Logic Mode) 
B Address 

y Cn+4 G, P Z (s) N OVR DB 
0100 
0103 5100 5103 

5100 
Parity 

r-------------+-_4----~--~--_4--~--_+--_+----~----~--~--_1_,-.--
DA Inputs 
(ArHh. Mode) 
08 Inputs 

OA Inputs 
(Logic Mode) 
DB Inputs 

EA 

10 

~~~~76~5------+_-~---+_--~~~1_--+_--_4----1_.----_+----_+----~----+_--,--
lEN 

S103. SlOo 

ClocI< 

V -

Note: An "." means the output is enabled or disabled by thfit input. See enable and disable times. A number shown With an • IS the delay to correct 
data on an enabled output. An • shown without a numbe~ means the output is disabled by tl)e input or it is enabled but the delay to correct the 
data is determined by something else. 

Sstup and Hold Times 
All Fun.Uons 

CAUTION: READ NOTES. NA :. Not Applicable; no timing constraint. 

HIGH-to-LOW LOW-to-HIGH 

With Respect ~ 
Input to this Signal Set-up 

V Clock NA 

WE HIGH Clock 

WE'ww Clock NA 

A, B as Sources Clock 

B as a Destination Clock and WE both LOW 

0100, 0103 ClocI< NA 

18765 Clock 

lEN HIGH ClocI< 

lEN LOW Clock NA 

,14321() , 'Clock 

Notes: . 

1. For setup times from all .!nputs not specified, the setup time 
is computed by calculating the delay tootable Y outputs and 
then allowing the Y setup time. Even if the RAM is not baing 
loaded, the Y setup time is necessary to set up the Q re
gister. All unspecified hold times are less than or equal 10 
zero relative'lo llie clock LOW·to:HIGH edge. 

2. WI: controls writing into the RAM. lEN tontrols writing into Q 
and, indirectly, controls WE ihrough the write output. To 'pre
vent wrHing, j§i and WI: must ba HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOiN and ,j§i LOW set-up 
times are met. Having gone LOW, Ihey should not ba returned 
HIGH unlil after the clock has gone HIGH. 

r--
Hold Set-up Hold Comment 

NA To store Y in RAM or Q 

Note 2 Note 2 To Prevent Writing 

NA To Write into RAM 

NA NA See Note 3 

Note 4 Note 4 
To Write Data only into 
the Correct B Address 

NA To Shift a 
Note 5 Note 5 

Note 2 Note 2 To Prevent Writing into Q 

NA To Write into Q 

,- See Note 6 

3. A and B addresses must be se:t·up prior to clock LOW transi· 
tion to capture data in latches at RAM output. 

4. Writing occurs when CP and WE are both LOW. The Bad· 
dress should' be stable during this entire period. 

5. Because IS765 control the writing or not writing of data Into 
RAM and Q,they should be stable during the entire ciock LOW 
time unless lEN is HIGH, preventing writing. 

6. The set·up time prior to the clock LOW·to·HIGH transition 
occurs in parallel with the set·up time prior to the clock HIGH· 
to·LOW transition and the clock LOW time, The actual set·up 
time requirement on '43210. relative to the clock LOW·to-HIGH 
transition, is the longer of (1) the set·up time prior ~o dock 
L ~ H, and (2) the sum of the set·up time prior to clock 
H -+ L and the clock LOW time. 
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III. Am2903 Guaranteed Combinational Delays 
for Special Functions. 
The switching characteristics of the Am2903 are a function 
of power supply voltage, temperature, and the operating 
mode of the device. The following tables define the speeds 
of the combinational paths for each of the special func
tions. Setup and hold times do not change for the special 
functions. Data is shown in boldface where different from 
the standard function tables. 

Except where otherwise noted, data is taken with inputs 
switching between 0 and 3.0V at lV/ns; with the mea
surement point at 1.5V. Outputs are measured at 1.5V and 
are loaded with CL = 50pF and maximum DC load. 

Times are specified as Commercial Range/Military Range 
where the commercial operating range is 0 to + 7(rC, and 
the military range is -55 to + 125°C. 

COMMERCIAL RANGE/MILITARY RANGE 

Table 

A 

B 

C 

0 

E 

F 

G 

H 

I 

Am2903/2903A 
INDEX TO SWITCHING TABLES 

Applicable to 

Increment by One or Two Instruction 

Two's Complement Muttiply Instruction 

Unsigned Muttlply Instruction 

Two's Complement Multiply, Last Cycle 

Sign MagnitudefTwo's Complement Conversion 

Single Length Normalize Instruction 

First Divide Operation (double length norm) 

Two's Complement Divide Operation 

Two's Complement Divide, Correction 

A. Combinational Delays 
Increment by One or Two Instruction 

(18765 = 4H, 14321 = IIH, 10 == 0) 

~ Slice 0 100 5100 
Fromlnpu Position Y Cn+4 G,P Z(s) N OVR DB WRITE 0103 SIOo 5103 Parity 

A, BAddress MSS 99/101 88/93 - 123/126 99/102 112/118 49/52 - - - - 140/148 

(Arith Mode) IS,LSS 99/101 88/93 81/84 123/126 - - 49/52 - - - - 140/148 

MSS 63/64 60/62 - 87 64 89 - - - - - 101/107 
DA, DB Inputs 

IS,LSS 63/64 60/62 49/51 87/89 101/107 - - - - - - -

EA 
MSS - - - - - - - - - - - -

IS, LSS - - - - - - - - - - - -

MSS 40/40 30/30 - 64/65 40/40 58/59 - - - - - 67/69 
Cn 

IS, LSS 40/40 30/30 64/65 40/40 58/59 67/69 - - - - - -
MSS 66/73 60/61 - 90/98 71/72 82/87 - - · · · 103/110· 

10 IS 66/73 60/61 58/62 90/98 - - - - · · · 103/110* 

LSS 66/73 60/61 58/62 90/98 - - - 49/53 · · · 103/110· 

MSS 71/72 60/61 - 95/97 72/74 80/87 - - · · · 102/110* , 
14321 IS 71/72 60/61 58/62 95/97 - - - - · · · 102/110· 

LSS 71/72 60/61 58/62 95/97 - - - 49/53 · · · 102/110· 

MSS 71/72 60/61 - 95/97 72/74 82/87 - - · · · , 102/110· 

18765 IS 71/72 60/61 58/62 95/97 - - - - · · · 102/110* 

LSS 71/72 60/61 58/62 95/97 - - - 50/50 · · · 102/110* 

MSS 87/89 87/90 71/74 111/114 88/89 1081116 37/39 - 40/42 - - 105/110 
Clock 

37/39 IS, LSS 87/89 87/90 71/74 111/114 88/89 1081116 - 40/42 - - 105/110 

MSS Z is an Output 
Z 

IS,LSS Z is an Output 

y Any - - - 24/25 - - - - - - - -

lEN Any - - - - - - - 22124 - - - -

SIOa,SIOo Any 26126 - - - - - ,- - - - - -

F=S+I+Cn 

Notes: 1. An " ... means the output is enabled or disabled by the input. See enable and disable times. A number shown with an • is the delay to correct 
data on an enabled output. An • shown without a numb.er means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A" --:" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data is the same. 
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Am2903/2903A , . 
COMMERCIAL,. RANGE/MILITARY RANGE (Cont.) 

~ Slice 
From Inpu Position 

A, BAddress MSS 

(Arith Mode) IS,LSS 

MSS 
DA, DB Inputs 

IS,LSS 

MSS 
EA 

IS,LSS 

MSS 
Cn 

IS, LSS 

MSS 

10 IS 

LSS 

MSS 

14321 IS 

LSS 

MSS 

IS765 IS 

LSS 

MSS 
Clock 

IS,LSS 

MSS 
Z 

.IS 

lEN Any 

SI03, SIOO Any 

F =S-CnifZ=O 
R-S-Cn ifZ=l 

Y:j = F3 al OVR (MSS) 

Z = Qo(LSS) 

Y 

106/113 

99/101 

78/78 

63/64 

a5/85 

59/60 

58/58 

40/40 

104/105 

104/105 

104/105 

112/112 

112/112 

112/112 

98/99 

98/99 

98/99 

100/107 

87/89 

90/90 

90/90 

-

26/26 

B; Combinationai Delays' 
Two's Complement Multiply ,Instruction 

(ta765 ~ 2H. 14321 ,;, Oli. Id = 0) 

Cn+4 G.P Z(s) N OVR DB· 

88/93 - - 99/102 112/118 49/52 

88/93 81/84 - - - 49/52 

60/62 - - 64/66 89/94 -
60/62 49/51 - - - -

53/56 - - 59/60 83/87 -

53/56 42/43 - - - -

30/30 - - 40/40 58/59 -
30/30 - - - - -

95/97 - - 89/89 102/102 -
95/97 78/81 -. - - -
95/97 78/81 42/42 - - -

95/98 - - 94/94 108/111 -

95/88 7B!B5 - - - -
95/911 78/85 43/43 - - -
84/~6 - - 76/78 100/100 -

84/86 82/84 - - - -

84/86 82/84 46/48 - - -
87/90 - - 88/89 108/116 37/39 

87/90 71/74 53/57 - - 37/39 

62/65 - - 69/70 18/81 -

62/65 .48/48 - - - -
- - - - - -

- - - - - -

0100 SIOo 
WRfi'E 0103 SIOO S103. Parity 

- - 94/97 - -

- - 94/97' - -
- - 62/64 - -
- - 62/64 - -
- - 57/58 - -

- - 57/58 - -

- - 38/38 - -
- - 38/38 - -

- · 68/71' · -

- · 68/71' · -
49/53 · 68/71' · -

- , 71/75' , -

- , 71/75' , -
49/53 · 71/75' · -

- · 71/?4' · -

- , 71/74' , -
SO/50 · 71/74' · .:. 

- 40/42 84/91 - -

- 40142 84/91 - -
- - 71/72 - -
- - 71/72 - -

22/24 - - - -
- - - - -

Notes: 1. An ..... means the outpui is enabled or disablSd by the input. See enable and disallie times. A number shown w~h an • is the delay to correct 
data on an enabled output. An • shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something eise. 

2. A" -" means the delay path does not exist, 
3. Data in boldface is different from standard funCtion table; other data is the same. 
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COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

~ Slice 
From Inpu Position 

A, BAddress MSS 

(Arith Mode) IS, LSS 

MSS 
DA, DB Inputs 

IS, LSS 

MSS 
EA 

IS,LSS 

MSS 
Cn 

IS, LSS 

MSS 

10 IS 

LSS 

MSS 

14321 IS 

LSS 

MSS 

18765 IS 

LSS 

MSS 
Clock, 

IS, LSS 

MSS 
Z 

IS 

lEN Any 

SiCa, SIOo Any 

F =S+CnifZ=O 
S + R + Cn if Z = 1 

Y3 = Cn+4 (MSS) 

Z = Qo(LSS) 

Y Cn+4 

102/103 88/93 

99/101 88/93 

65/66 60/62 

63/84 60/62 

73/74 53/56 

59/60 53/56 

45/45 30/30 

40/40 30/30 

94/97 95/97 

94/97 95/97 

94/97 95/97 

102/103 96/100 

102/103 96/100 

102/103 96/100 

102/102 90/93 

102/102 90/93 

102/102 90/93 

91/94 87/90 

87/89 87/90 

74/76 62/65 . 
74/76 62/65 

- -

26/26 -

C. Combinational Delays 
Unsigned Multiply Instruction 
(18765 = OH, 14321 = OH, 10 = 0) 

G,P Z(s) N OVR 

- - 99/102 112/118 

81/84 - - -

- - 64/66 89/94 

49/51 - - -
- - 59/60 63/87 

42/43 - - -
- - 40/40 58/59 

- - - -
- - 87/87 1021106 

80/85 - - -

80/85 42/42 - -
- - 92/94 110/111 

81/86 - - -

81/86 43/43 - -

- - nl76 84/89 

84/92 - - -

84/92 46/51 - -
- - 88/89 108/116 

71/74 53/57 - -
- - 70/70 78/81 

48/49 - - -
- - - -

- - - -

Am2903/2903A 

alOo SIOo 
DB WRITE al03 SIOo SIOs Parity 

49/52 - - 94/97 - --
49/52 - - 94/97 - -

- - - 62/84 .. -
- - - 62/84 - -

- - - 57/58 - -

- - - 57/58 - -

- - - 38/38 - -

- - - 38/38 - -

- - , 70/71' , -

- - · 70/71' , -

- 49/53 · 70/71' , -
- - · 72/73' , -
- - · 72/73' · -

- 49/53 · 72/73' · -

- - , 72175' · -

- - · 72/75' · -

- SO/SO · 72/75' , -

37/39 - 40142 84/91 - -

37/39 - 40/42 84/91 - -

- - - 71/72 - -

- - - 71/72 - -
- 22/24 - - -

- - - - - -

Notes: 1. An "." means the output is enabled or disabled by the input. See enable and disable times. A number shown with an • is the the delay to 
correct data on an enabled output. An • shown without a number means the output is disabled by the input or .it is enabled but the delay to 
correct data is determined by something else. 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data is the same. 
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Arri2903/2903A 
COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

~ Slice 
Fromlnpu Position 

A, BAddress MSS 

(Arith Mode) IS,LSS 

MSS 
DA, DB Inputs 

IS, LSS 

EA 
MSS 

IS,LSS 

. MSS 
Cn 

IS,LSS 

MSS 

10 IS 

LSS 

MSS 

14321 IS 

LSS 

MSS 

IS765 . IS 

LSS 

MSS' 
Clock 

IS,LSS 

MSS 
Z 

IS 

lEN Any 

SI03,SIOo Any 

F = S + Cn if Z = 0 
S - R - 1 + Cn if Z = 1 

Y3 = (OVR al F3) MSS 
Z = Qo(LSS) 

Y 
120/121 

'99/101 

85/88 

63/64 

93/96 

59/60 

64/64 

40/40 

112/118 

112/118 

112/118 

115/120 

115/120 

115/120 

105/105 

1051105 

1051105 

110/110 

87/89 

91/92 

91/92 

-
26126 

D. Combinational Delays. 
Two's Complement Multiply, Last Cycle 

(18765 = 6H, 14321 = OH, 10= 0) 

Cn+4 G,P Z(s) N OVR DB 
88/93 - - 99/102 112/118 49/52 

88/93 81/84 - - - 49/52 

60/62 I - - 64/66 89/94 -

60/62 49/51 - - - -

53/56 - - 59/60 83/87 -
53/56 42/43 - - - -

30/30 - - 40/40 58/59 -
30/30 - - - - -

99/102 - - 91/97 120/126 -
99/102 86/87 - - - -

99/102 86/87 42/42 - - -

93/101 - - 94/97 124/127 -

931101 85/86 - - - -
93/101 85/86 43143 - - -

93/98 - - 88188 114/115 -

93/98 78186 - - - -

93/98 78/86 50/51 - - -

87/90 - - 88189 1081116 37139 

87/90 71/74 53/58 - - 37/39 

64167 - - 74/80 981103 -

64167 SO/53 - - - -

- - - - - -
- - - - - -

0100 SIOo 
WRITE 010s SIOo siOs Parity 

- - 94/97 - -

- - 94/97 - -

- - 62/64 - -
- - 62/64 - -

- - 57/58 - -

- - 57/58 - -
- - 38/38 - -
- - 38138 - -

- , 98/102' , -

- . 98/102' , -
49/53 , 98/102' , -

- , 97/101' , -
- , 97/101' , -

49/53 , 97/101' , -
- , 96/102' , -
- . 96/102' 

, -

SOISO , 96/102' , -

- 40142 84/91 - -
- 40/42 84/91 - -
- - 70/72 - -

- - 70/72 

22/24 - - -

- - - - -

Notes: 1. An .. ,,, means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ' is the delay to correct 
data on an enabled output. An ' shown without a number means the outpui is disabled by the input or it is enabled but the delay to correct 
data is determined by something elSe. 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other date Is the same. 
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COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

~ From Input 

A, BAddress 
(Arith Mode) 

DA, DB Inputs 

EA 

Cn 

10 

14321 

18765 

Clock 

1---' 

Z 

lEN 

SI03, SIOO 

F = S + Cn if Z = 0 
S + CnifZ= 1 

V3 = Sa Il) Fa (MSS) 

Z = Sa (MSS) 

Slice 
Position y 

MSS 138/143 

IS, LSS 99/101 

MSS 98/103 

IS,lSS 63164 

MSS -
IS,lSS -

MSS 79183 

IS,lSS 40/40 

MSS 102/102 

IS 102/102 

lSS 102/102 

MSS 102/102 

IS 102/102 

lSS 102/102 

MSS 1001103 

IS 100/103 

lSS 100/103 

MSS 118/120 

IS,lSS 87/89 

MSS 

IS"lSS 72/76 

Any -
Any 26126 

E. Combinational Delays 
Sign Magnitude/Two's Complement Conversion 

(IS765 = SH, 14321 = OH, 10 = 0) 

Cn+4 G,P ~(s) N OVR DB 

88/93 - 70/78 138/143 112/118 49/52 

88/93 81/84 - - - 49/52 

60/62 - 40/40 98/103 89/94 -
60162 49151 - - - -

- - - - - -

- - - - - -

30130 - - 79/83 58159 -

30130 - - - - -

78/80 - 46/50 100/100 1121115 -

78180 70170 - - - -

78/80 70170 - - - -
78180 - 46150 1001102 1031110 -
78180 72175 - - - -
78180 72/75 - - - -

78180 - 46/50 971100 1051112 -

78180 65/65 - - - -
78180 65/65 - - - -

87190 71/- 58161 118/120 108/116 37139 

87190 71/74 - - - 37/39 

Z is an Output 

60/61 48/51 - - - -

- - - - - -
- - - - - -

Am2903/2903A 

QIOo SIOo 
WRITE QI03 SIOo SIOa Parity 

- - - - 140/148 

- - - - 140/148 

- - - - 1011107 

- - - - 101/107 

- - - - -
- - - - -
- - - - 67/69 

- - - - 67169 

- · , · 1311132' 

- · , · 1311132' 

49/53 · · · 1311132' 

- , · · 1311132' 

- · ~ · 131/132' 

,49/53 · · · 131/132' 

- · · · 138/142' 

- · · · 1381142' 

50150 · · · 138/142' 

- - - - 105/110 

- - - - 1051110 

- - - - 114/118 

22124 - - - -

- - - ~ -

Notes: 1. An ..... means the output is enabled or disabled by the input. See enable and disable times. A number shown with an • is the delay to correct 
data on an enabled output. An • shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data is the same, 
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Am2903/2903A 
COMMERCIAL RANGE/MILITARY RANGE (Cont.) . 

To Output 
Slice 

.From Input • Position 

A, BAddress MSS 

(Arith Mode) IS,LSS 

MSS 
DA, DB Inputs 

IS,LSS 

EA 
MSS 

IS,LSS 

MSS 
Cn 

IS,LSS 

MSS 

10 IS 

LSS 

MSS 

14321 IS 

LSS 

MSS 

18765 IS 

LSS 

MSS 
Clock 

IS,LSS 

MSS 
Z 

IS,LSS 

lEN Any 

SICa,SIOo Any 

F =S+Cn 

Cn + 4 = 03 $ 02 (MSS) 
OVR = 02 .$ 01 (MSS) 

N = 03 (MSS) 

Z = 00010203 

Y Cn +4 

99/101 '88/93 

99/101 88/93 

63/63 60/60 

63/63 60/60 

59/60 53/56 

59/60 53/56 

40/40 30/30 

40/40 30/30 

67/72 52/60 

67/72 52160 

67/72 52/60 

68172 58/60 

67/72 58/60 

68172 58/60 

66/67 70/58 

68/67 70/58 

66167 70/58 

87/89 49/53 

87/89 87/90 

- '-

26126 -

F. Combinational Delays 
Single-length Normalize Instruction 

(18765 = BH. 14321 = 0H. 10 = 0) 

G.p Z(s) N OVR 

- - 99/102 112/118 

81/84 - - -
_. - 64/66 89/94 

49/51 - - -

- - 59/60 83/87 

42/43 - - -
- - 40/40 58/59 

- - - -

- 33/34 45/43 42142 

56/59 33/34 - -

56/59 33/34 - -
- 34/38 45148 47/47 

58/60 36/38 - -

58/60 36/38 - -

- 44/50 50/53· 47/47 

41142 44/50 - -

41/42 44/50· - -

- 46/53 49/49 47/49 

71/74 48/53 - -

DB 

49/52 

49/52 

-
.-

-

-

-

-

-

-
-

-

-

-
- . -

-

37/39 

37/39 

Z is an Output 

Z is an Output 

- - - - -
- - - - -

0100 SIOo 
WRITE OIOs SIOo SiCs Parity 

- - - - -
- - - - -

- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- .- - - -
- · · 72/78' -

- · , 72/78' -

49/53 · · 72178' -
- , · 72/78' -

- · , 
72/78' -

49/53 ; · 72/78' -
- · , 72172' -

- · · 72/72' -

50/50 · , 72/72' -
- 40/42 - 92196 -
- 40/42 - 92/96 ~ 

22/24 - - , - -

- - - - -

Notes: 1. An· .. • .. means the output is enabled or disabled by.the input. See enable and disable times. A number shown with an ' is the delay to correct 
data on an enabled output. An ' shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data is the same. 
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Am2903/2903A , 
COMMERCIAL RANGE/MILITARY RANGE (Cant.) 

To Output 
Slice 

From Input Position 

A, BAddress MS,S 

(Arith Mode) IS,LSS 

MSS 
DA, DB Inputs 

IS,LSS 

EA 
MSS 

IS,LSS 

MSS 
Cn 

IS,LSS 

MSS 

10 IS 

LSS 

MSS 

14321 IS 

LSS 

MSS 

IS765 IS 

LSS 

MSS 
Clock 

IS,LSS 

MSS 
Z 

IS 

lEN Any 

SIOa,SIOo Any 

F = S+Cn 

= Fa (MSS) N 

SIOa 

Cn +4 

OVR 

Z 

= Fa $ Ra (MSS) 

= Fa $ F2 (MSS) 

= F2 $ Fl (MSS) 

= OoQ1Q2QaFoi\F2FS 

Y 

99/101 

99/101 

63/64 

63/64 

-
-

40/40 

40/40 

69/71 

69/71 

69/71 

69/71 

69/71 

69/71 

69/71 

69/71 

69/71 

87/89 

87/89 

-

26/26 

G. Combinational Delays 
First Divide Operation (Double Length Normalize) 

(18765 = AH, 14321 = OH, 10 = 0) 

Cn+4 G,P Z(s) N OVR DB 

113/122 - 94/96 94/100 102/112 49/52 

88/93 . 81/84 -/96 - - 49/52 

75/80 - 54/63 54/65 62172 -
60/62 49/51 -/63 - - -

- - - - - -

- - - - - -

54/57 - 45/48 45/48 50/55 -

30/30 - -/48 - - -
95/96 - 68/85 72172 86/91 -

95/96 56/61 68/85 - - -
95/96 56/61 68/85 - - -

94/98 - 68/85 72/76 86/91 -

94/96 57/61 68/85 - - -

94/96 57/61 68/85 - - -

95/98 - 68/85 72176 86/91 -

95/98 57/61 68/85 - - -

95/98 57/61 68/85 - - -
101/113 - 80/90 84/87 86/98 37/39 

87/90 71/74 80/90 - - 37/39 

Z is an Output 

Z is an Output 

- - - - - -

- - - - - -

0100 SIOo 
WRITE OIOa SIOo SI03 Parity 

- - - 1201130 -

- - - 104/106 -
- - - 80184 -
- - - 70/71 -
- - - 76/80 -

- - - 64/46 -

- - - 68/68 -
- - - 46146 -

I - , , 96/101' -

- , , 96/101' -

49/53 , , 96/101" -
- , , 96/101' -
- , , 96/101' -

49/53 , , 96/101' -

- , , 96/101' -
- , , 96/101' -

50/50 , , 96/101' -

- 40/42 - 106/114 -

- 40/42 - 92/96 -

22/24 - - - -

. - - - - -

Notes: 1. An "'" means the output is enabled or disabled by the input See enable and disable times. A number shown with an ' is the delay to correct 
data on an enabled output An ' shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data is the same. 

5-53 

I 



Am2903/2903A 
COMMERCIAL RANGE/MIUTARY RANGE (Cont.) 

~ Slice 
FrQm Input Position 

A, BAddress ,MSS 

(Arith Mode) IS,LSS 

MSS 
DA, DB Inputs 

IS,LSS 

MSS 
EA 

IS,LSS 

MSS 
en 

IS,LSS 

MSS 

10 IS 

LSS 

MSS 

14321 IS 

LSS 

MSS 

18765 IS 

LSS 

MSS 
Clock 

IS,LSS 

MSS 
Z 

IS,LSS 

lEN Any 

SiCa, SIOO Any 

F = R + S + en if Z = 0 
S - R - 1 + en if Z = 1 

SI03 = F3 al R3 (MSS) 

Y Cn+4 

991101 88/93 

99/101 88193 

63/64 60/62 

63/64 60162 

59/60 53156 

59/60 53156 

40/40 30/30 

40/40 30/30 

94/95 93/96 

94/95 93/96 

94/95 93/96 

94/95 84/96 

94/96 84/97 

94/96 84/97 

93/98 89197 

93/98 89/97 

93/98 89/97 

87/89 87/90 

87/89 87/90 

68/71 65/68 

- -

26/26 -

Z = F3 al R3 (MSS) from previous cycle 

H. Combinational Delays 
Two's Complement Divide Operation 

(18765 = CHI 14321 = 0H. 10. = 0) 

G.p Z(s) N OVR 

- - 99/102 1121118 

81/84 - - -

- - 64166 89/94 

49/51 - - -

- - 59/60 83/87 

42143 - - -

- - 40/40 58159 

- - - -

- 39/42 94198 120/127 

74m - - -

74/77 - - -

- 42142 93/97 120/124 

74/82 - - -

74/82 - - -
- 43144 93/102 120/112 

64164 - - -
84164 - - -

- 53158 88/89 108/116 

74/74 - - -

DEI 

49/52 

49/52 

-
-

-
-

-

-
-

-

-

-

-

-

-

-

-

37/39 

37/39 

Z is an Output 

52156 - - - -

- - - - -

- - - - -

-
0100 SIOo 

WRITE OI.Ca SIOo SiCa Parity 

- - - 107/112 -
- - - 104/106 -

- - - 94188 -
- - - 70/71 -

- - - 91/96 -
- - - 64/64 -
- - - 64/64 -
- - - 46146 -
- , , 108/113' -

- . · 108/113' -
49/53 , · 108/113' -

- , · 1081114' -

- . , 108/114' -

49/53 , , 
108/114' -

- , , 1081119' -

- , , 108/119' -

50/50 , , 108/119' -

- 40142 - 130/136 -
- 40/42 - 92/96 -

- -, - 77/81 -
22124 -. - - -

- - - - -

Notes: 1. An "'" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ' is the delay to correct 
data on an enabled output. An ' shown wHhout a number means the output is disabled by the input or it is enabled but the delay to correct 
'data Is determined by something else. 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data is the same. 
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COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

~ Slice 
From Input Position y 

A, BAddress MSS 99/101 

(Arith Mode) IS,LSS 99/101 

MSS 63/64 
DA, DB Inputs 

IS,LSS 63/64 

EA 
MSS 59/60 

IS,LSS 59/60 

MSS 40/40 
Cn 

IS,LSS 40/40 

MSS 95198 

10 IS 95/98 

LSS 95/98 

MSS 96/100 

14321 IS 96/100 

LSS 961100 

MSS 85/85 

IS765 IS 85/85 

LSS 85/85 

'MSS 87/89 
Clock 

IS,LSS 87/89 

MSS 
Z 

IS,LSS 73/76 

lEN Any -

SI03,SIOo Any 26126 

F = R +S+CnifZ= 0 
S -'- R - 1 + Cn if Z = 1 

Z = F3 Ell R3 (MSS) from previous cycle 

I. Combinational Delays 
Two's Complement Divide, Correction 

(18765 = EH, 14321 = OH, 10 = 0) 

Cn+4 G,P Z(s) N OVR DB 

88/93 - - 99/102 1121118 49/52 

88/93 81/84 - - - 49/52 

60/62 - - 64/66 89/94 -

60/62 49/51 - - - -

53/56 - - 59/60 83/87 -

53/56 42143 - - - -

30/30 - - 40/40 58/59 -
30/30 - - - - -

91/96 - 42/42 94/96 120/127 -

91/96 72/18 - - - -

91/96 72/18 - - - -

91/96 - 42143 94/97 118/123 -

91/96 78/84 - - - -

91/96 78/84 - - - -

78/78 - 43/44 74/78 89/95 -

78/78 62/62 - - - -
78/78 62/62 - - - -

87/90 - 53/58 88/89 108/116 37/39 

87/90 71/74 - - - .37/39 

Z is an Output 

66/70 54/54 - - - -

- - - - - -

- - - - - -

Am2903/2903A 

0100 SIOo 
WRITE 0103 SIOo SI03 Parity 

- - - 104/106 -
- - - 104/106 -
- - - 70/71 -
- - - 70/71 -

- - - 64/64 -
- - - 64/64 -

- - - 46/46 -
- - - 46/46 -

, , 
98/105' -

- , , 
98/105' -

49/53 
, , 

98/105' -
- , , 

98/104' -
- , , 

98/104' -
49/53 , , 

98/104' -
- , , 

88/89' -

- , , 
88/89' -

50/50 
, , 

88/89' -
- 40/42 - 92196 -

- 40/42 - 92196 -

- - - 79/79 -

22124 - - -
- - - - -

Notes: 1. An "'" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ' is the delay to correct 
data on an enabled output. An ' shown w~hout a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. . 

2. A" -" means the delay path does not exist. 
3. Data in boldface is different from standard function table; other data. is the same. 
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Am2903 2903A 

CYCLe TIMES FOR 16-BIT SYSTEM 
FOR COMMON opeRATIONS 

The illustration below shows a typical configuration, using 4 
Am2903 Superslices, an Am2902A carry lookahead chip, and the 
Am2904 for shift multiplexers, status registers, and carty-in con
trol. For the system enclosed within the dashed lines, there are 
four major switching paths whose values for various kinds of 
cycles are summarized below, and shown on the timing 
waveform. 

1. MICROCYCLE TIME (TCHCH). 
The minimum time which must elapse between a LOW-TO
HIGH clock transition and the next LOW-TO-HIGH clock 
transition. 

2. DATA SET-UP TIME (TDVCH). 
The minimum time which must be allowed between valid, 
stable data on the 0 inputs and the clock LOW-TO-HIGH 
transition. 

3. D TO Y (TDVYV). 
The maximum time required to obtain valid Y output data after 
the D inputs are valid. This is the combinational delay through 
the parts from D to Y. 

4. CP TO Y (TCHYV). 
The maximum lime required to obtain valid Y outputs after a 
clock LOW-Tp-HIGH transition. 

The types of cycles for which data is summarized are as foilows: 

1. Logic - Any logical operation without a shift. 
2. Logic Rotate - Any logic operation with a rotate or shift. 
3. Arithmetic - An add or subtract with no shift. 
4. Multiply - The first CYcle of a 2's complement multiply instruc' 

'tion. SubSequent cycles require Jess time. 
5. Divide - The iterative divide cycle. The first divide instruction 

and the last divide (correctiOn) instructiOn require 
I,ess time. 

Time in ns Over Commercial Operatlrig Range 

CYCLE TCHCH TDVCH TDVYV TCHYV 

LOGIC 143 105 64 102 

LOGIC ROTATE 180 143 f23 160 

ARITHMETIC 184 137 96 143 

MULTIPLY 200 140 120 180 

DIVIDE 228 167 128 189 

16-Bit System with Am2903, Am2902A, Am2904 
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USING THE Am2903 
For additional applications information, see chapters III and IV 
of- Bit Slice Microprocessor DeSign, Mick and Brick, 
McGraw:HIII Publishers. 

Am290a APPLICATIONS 

The Am2!!03 is designed to be used in microprogrammlld sys
tems. Figure 1 illustrates a recommended architecture. The con
trol and data inputs to the Am2903 normally will all come from 
registers ploc~ed at the same time as t~e Am2903. The register 
Inputs come from a ROM or PROM - the "microprogram store". 
This'memory contains sequences of microinstructions which 
apply the proper control signals to the Am2903's and other cir
cuits to execute the dl[lsired operation. 

The add~ess lines of the microprogram store are driven from the 
Am291 0 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an adC!ress, jumping t~ any 

, address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the micr9program store. Essen
tially, these bits are the "next instruction" control. 

Figure 1. Typical Microprogram Architecture. 

MAP 

One Level Pipeline Based System 
MPR-03S 

Am2903/2903A 

Note that with the microprogram register in between the micro
program memory store and the Am2903's, a microinstruction 
accessed on one cycle is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time In the Am2903's 
occurs in parallel with the access time ofthe microprogram store. 
Without the "pipeline register", these lvJIo functions must occur , 
serially. 

Expansion of the Am2903 

The Am2903 is a four-bit CPU slice. Any number of Am2903's 
can be interconnected to form CPU's of 8, 16, 32, or more bits, in 
four-bit increments. Figure 2 illustrates the interconnection of four 
Am2903's to form a 16-bit CPU, using ripple carry. 

With the exception of the carry interconnection, all expansion 
schemes are the same. The 0lD3 and SI03 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
exceptthe most significant, these lines are connected to the 0100 
and SIOo pins of the adjacent more significant device. These 
connections allow the a Registers of all Am2903's to be shifted 5 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSa of the CPU, the 
shift pins should be connected to a shift multiplexe~ whi~h can ?e 
controlled by the microcode to select the appropriate Input sig-
nals to the' shift inputs. 

Device 1 has been defined as the least significant slice (LSS) and 
its LSS pin has accordingly been grounded. The Write/Most 
Significant Slice (WRITElMSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) signal common to the four devices. Devices 2 and 3 
are deSignated as intermediate slices and ~ence the LSS and 
WRITE/MSS pins are tied HIGH. Caution: W/MSS must be tied 
to Vee through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4. is designated the most significant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open colledor, bidirectional Z pins are tied together for 
detecting zero or for inter-chip communication for some special 
instruction. The Carry-Out (Cn+4) is connected to the Carry-In 
(C ) of the next chip in the calle of ripple carry. For a faster carry 
scheme, an Am2902 may be' employed (as shown in Figure 3) 
such that the G and P outputs of the Am2903 are connected to the 
appropriate 13 andPinputs olthe Am2902, while the Cn+x, Cn+Y, 

and Cn+z outputs of the Am2902 ar~ connec~d to the Cn input of 
the appropriate Am2903. Note that GIN and P/OVR pin functions 
are device dependent. The most s.!ilnific~t slice outputs Nand 
OVA. while all other slices output G and P. 

Figure 2_ 16-Bit CPU with Ripple Carry. 1; 
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The lEN pin of the Am2903 allows the option of conditional 
instruction execution. If lEN is LOW, all internal clocking is en
abled, allowing the latches, RAM, and Q Register to function. If 
lEN is HIGH, the RAM andQ Register are disabled. The RAM is 
controlled by lEN if WE is connected to the WRITE output. 

It would be appropriate at this point to mention that the Am2903 
may be microcoded to work in either two.-or three-address ar
chitecture modes. The two-address modes allow A + B -+ B while 
the three-address mode makes possibleA+B-+C. Implementa
tion of a three-address architecture is made possible by vary
ing the timing of lEN in relationship to the external clock and 
changing the B address as shown in Figure 4. This technique is 
discussed in more detail under Memory Expansion. . 

Parity 

The Am2903 computes parity on a chosen word when the instruc· 
tion bits 15- 8 have the values of 416 to 716 as shown in Table 3. 
The computed parity is the result of the exclusive OR of the 
individual ALU outputs and 8103' Parity output is found on 8100' 
Parity between devices may be cascaded by the interconnection 
of the 8100 and 8103 ports of the devices as shown in Figure 3. 
The equation for the parity output at 8100 port of device 1 is 
given by 8100 = Frs '<I F14 'v F13 '<I ... '<IFl '<I Fo '<I 

81°15' 

Figure 3. 16-Bit CPU with Carry Look Ahead. 
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Figure 5. Sign Extend. 

CHIP 
SIGN 

EXTEND 

SIGN 
OUT 

HIGH 

ISO 

',e 
' .. 
'SA 

-
r-

>---

Sign Extend 

DEVICE 4 DEVICE 3 

A.m2903/2903A Am2903/2903A 
SI03 SIOO SI03 SIOO 

'6- IS r- IS-'S 

'50 - 'oe 

Sign extension across any number of Am2903 devices can be 
done in one microcycle. Referring again to the table of instruc
tions (Table 3), the sign extend instruction (Hex instruction E) 
on 15- 8 causes the sign present at the SIOo port of a device 
to be extended across the device and appear at the SI03 port 
and althe Y outputs. If the least significant bit of the instruc
tion (bit 15) is HIGH, Hex instruction F Is present on 15- 8, 

commanding a shifter pass instruction. At this time, F3 of the 
ALU is present on the SI03 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of 15 when 16- 8 are HIGH. Figure 5 out
lines the Am2903 in sign extend mode. With 16- 8 held HIGH, 
the individual chip sign extend is controlled by ISA.O• If, for 
example, ISA and 158 are HIGH while Isc and 150 are LOW, 
the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SI03 
pin of device 4. The output of the .four devices will be avail
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension is 
stored in the RAM. 

SPECIAL FUNCTIONS 

When 10- 4 = 0; the Am2903 is in the Special Function mode. In 
this mode, both the source and destination are controlled by 15- 8 . 

The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am2903. 

NORMALIZATION, SINGLE- AND DOUBLE-LENGTH 

Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
opposite polarity. 

Normalization is commonly used in such operations as fixed-to
floating pOint conversion and division. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6a represents the 0 Register of a 
16-bit processor which contains a positive number. When the 
Single-Length Normalize command is applied, each positive 
edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) olthe 0 Register. Zeros are shifted in via the 
0100 port. When the bits on either side of the radix point(bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6b. The event of normalization is 
externally indicated by a HIGH level on the Cn+4 pin of the most 
significant slice (Cn+4 MSS =03 MSS "t O2 MSS). 
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There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication is 
available on the Cn+4 pin (OVR = O2 MSS "t 01 MSS). This 
is for use in applications that require a stage of register buffer
ing of the normalization indication. 

Since a number comprised of all zeros is not considered for 
normalization, the Am2903 indicates when such a Condition 
arises. lithe a Register is zero and the Single-Length Normaliza
tion command is given, a HIGH level will be present on the Z I.ine. 
The sign output, N, indicates the sign of the number stored in 
the a register, 0 3 MSS. An unnormalized negative number 
(Figure 7a) is normalized in the same manner as a positive 
number. The results of single-length normalization are shown 
in Figure 7b. The device interconnection for single-length 
normalization is outlined in Figure 8. During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stared in one of the work
ing registers. This can be achieved by forcing a HIGH at the 
Cn input of the least significant slice, since during this special 
function the ALU performs the function [8] + Cn and the re
sult is stored in 8. 

Normalizing a double-length word can be done with the Double
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the 0 Register holds the least significant half 
(Figure 9). The device interconnection for double-length normal
izati.on is shown in Figure 10. The CnH, OVR, N, and Z outputs of 
the most significant slice perform the same functions in double
length normalization as they did in single-length normalization 
except that CnH, OVR, and N are derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization, instead of the 0 Register of the most significant 

I 
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Figure 7. 

a) Unnormalized Negative Single Length Number. b) Normalized Negative Single Length Number. 
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slice as in single-length normalizatiOn. A high-level Z line in 
double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating thallhe double
length word is zero. 

When double-length normalization is being performed, shift 
counting is done either with an extra microcycle or with an exter
nal counter. 

SIGN MAGNITUDE, TWO'S COMPLEMENT CONV.ERSION 

As part of the special instruction set, the Am2903 can convert 
between two's complement and sign/magnitude representa
tions. Figure 11 illustrates the interconnection needed for sign 
magnit~de/two's complement conversion. The word to be 
cOnverted is applied to the S input port of the ALU (from the 
RAM B port or the DB I/O port). The C" input of device 1 is 
connected to the Z pin. The sign bit (SaMSS) is brought out 011 the 
Z line and informs the other ALU's if the conversion is being 
performed on a negative or positive number. If the number to be 
converted is the most negative number in two's complement 
[ I.e., 100 ... 00 (-2") J, an overflOW indication will occur. This is 
because - 2" is one greater than any number that can be repre
sented in sign magnitude notation and hence an attempted con
version to sign magnitude from -2n will cause an overflow. When 
minus zero in sign magnitude notation (100 . . . 0) is converted to 
two's complement notation, the correct result is obtained 
(0 ... 0). 

Am2903/2903A 

INCREMENT BY ONE OR TWO 

Incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful In the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one if Cn is LOW or incremented by two if 
Cn is HIGH. 

UNSIGNED MULTIPLY 

This Special Function allows for easy implementation of un
signed multiplication. Figure 13 is the unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand be in the register ad
dressed by Address port A. The initial conditions for the 
execution of the algorithm are that: 1) register Ro be reset to 
zero; 2) the multiplicand be in R,; and 3) the multiplier be in 
R2. The first operation transfers the multiplier, R2, to the Q 
Register. The Unsigned Multiply instruction is then executed 

.16 times. During the Unsigned Multiply instruction, Ro is ad
dressed by RAM address port B and the multiplicand is ad
dressed by RAM address port A. 

When the unsigned Multiply command· is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU's of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul-

Figure 11. 2's Complement-Sign/Magnitude. 
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Figure 12. Increment by 2/1. 
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Figure 13. Unsigned 16 X 16 Multiply Flowchart. 
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tiplicand (referenced by the A address port) if Z = 1. If Z = 0, 
the output of the ALU is simply the partial product (referenced 
by the B address port). Since Cn is held LOW, it is not a fac
tor in the computation. Each positive-going edge of the clock 
will intemally shift the ALU outputs toward the least significant 
bit and simultaneously store the shifted results in the register 
selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the Cn+4 generated in 
device 4 is intl!mally shifted into thl! Y 3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
0100 ports of each device into the 0103 port of the next less 
significant slice. The partial product is shifted down between 
chips in a like manner, between the 5100 and 5103 ports, with 
5100 of device 1 being connected to 0103 of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found in the register 
referenced by the B address lines while the least significant 
16 bits are stored in the 0 Register. Using a typical Computer 
Control Unit (CCU), as shown in Figure 16, the unsigned mul· 
tiply operation requires only two lines of microcode, as shown 
in Figure 17, and is executed in 17 mlcrocycles. 

TWO'S COMPLEMENT MULTI.PUCATION 

The algorithm for two's complement multiplication is illustrated 
by Figure 14. The initial conditions for two's complement mul
tiplication are the.same as for the unsigned multiply operation. 
The Two's Complement Multiply Command is applied for 15 
clock ·cycles in the case of a 16 x 16 multiply. During the 
down shifting process the term NVOVR generated in devic.e 
4 is intemally shifted into the Y 3 position of device 4. The data 
flow shown in Figure 15 is still valid. After 15 cycles, the sign 
bit of the muHiplier is present at the Zoutput of device 1. At 
this time, the user must place the Two's Complement Multiply 
Last cycle command on the instruction lines. The intercon
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two's complement representation 'of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this pOint, two's complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two's complement 
multiply operation requires only three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 

Figure 14. 2's Complement 16 X 16 Multiply. 
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Figure 17. Micro Code for Unsigned 16 X 16 Multiply. 
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"Figure 19. Microcode for 2's Complem~nt 16 x"16 Multiply. 
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TWO'S COMPLEMENT DIVISION 

Three instructions on the Am29a3/203 can be used to micro
code signed integer division. The algorithm is anon-restoring 
four-quadrant division, with different preamble and post~mble 
microcode for single- and double-precision integer division. 

Single-precision signed integer divide is the most straightfor
ward. Other than division by zero, there is only one case when 
an overflow results, namely when the most negative number 
(-20- 1) is divided by -1. This case is detected by the post
amble, and does not require separate tests of dividend and 
divisor in the preamble. 

Single-precision signed integer divide is the most straightfor
ward. Other than division by zero, there is only one case when 
an overflow results, namely when the most negative number 
(-2n- 1) is divided by -1. This case is detected 'by the post
amble, and does not require separate tests of. dividend and 
divisor in the preamble. 

Single-precision' division begins by loading the a Register with 
the dividend. Following this, the negative bit of the status 
register is tested and the dividend register is loaded wilh all 
ones or all zeros so as to sign extend the a Register. The 
dividend is now a double-precision integer, with the least sig
nificant half in the a Register and the most significant half in 
the dividend register. This double-precision integer is then 
shifted up one position in preparation for the divide. 

The division starts with the First Divide Operation applied to the 
divisor register (A address) and the dividend register (8 
ilddress). This operation computes tne quotient sign as the ex
clusive OR of dividend arid divisor sign, and shifts it into the 
least significant position of the a' Register while simultaneously 
upshifting the double-precision dividend one bit. The First Di
vide Operation also updates the Sign Compare Flip-Flop (in 
the MSS) with the exclusive NOR of the dividend and divisor 
sign, which determines whether the next operation will be an 
add or a subtract. 

,The stage is now set for repeated execution of the divide step, 
Provided correct shift linkages externally (S103 on the MSS to 
QIOo on the LSS, and 0103 on MSS to SIOo on the LSS), 
each execution of the divide step computes a new quotient bit 
by either adding ihe divisor to the dividend (if the sign compare 
flip-flop is HIGH) or subtracting the divisor from the dividend (if 
the sign compare flip-flop is LOW), and then producing th£! ex
clusive NOR of the sign of the result and t~e divisor sign as the 
new quotient bit and. the new value of the sign compare flip
flop. The upshifted result replaces the partial remainder in the 
dividelld register, The divide step must be repealed n-2 times 
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for n bit Signed integers. Note that the sign compare flip-flop 
resides on the most significant slice, and controls the other 
slices through the zero pin which becomes an input on the 
intermediate and least significant slices for this operation. 

The divide correction step also adds or subtracts the divisor 
from the partial remainder in the dividend register, but does not 
upshift the result. The quotient bit shifted into the a Register by 
this step is always a I. This means that the quotient produced 
by the divide algorithm is always odd; in half the cases, of 
course, this guess is wrong, and must be corrected. At each 
step of the divide algorithm, the result of the previous guess is 
corrected and a new guess is made. Since correction lags 
computation of the quotient bits by one step, after the last step 
there is still one correction needed. 

After the divide correction step, the product of quotient and 
divisor plus the remainder is guaranteed to be equal to the 
dividend. However, the magnitude of the quotient may be off by 
one, the sign of the remainder may be wrong, and the mag
nitude of the remainder may lie between the. magnit\Jde of the 
divisor and zero. 

In general, correction is needed when the sign of the remainder 
and initial dividend differ. For positivequotiellts, the correction 
is performed by subtracting one from the quotient and adding 
the divisor back to the remainder. For negative quotients, the 
oorrectipn is performed by adding one to the quotient and sub
tractingthe divisor from the remainder. 

A special case arises when the dividend is negative and the 
remainder at the end of the division is exactly zero. Since zero 
appe!irs to be positive in two's complement, it ~pears that cor
rection is necessary, whereas in fact it is not. This case is 
easily detected by testing the remainder for· zero after the last 
divide step, .and terminating the a!goriihm if it is. A related pro
blem arises with negative dividends when the partial remainder 
becomes exactly zero in an intermediate step of the division. 
Once again, the algorithm sees this as a change of sign, and 
records the wrong quotient bit. However, in such cases, the 
final remainder always has the same magnitude as the. divisor, 
but- has the same sign as the dividend: Since the multiplicative 
rule is still satisfied,'this means that the quotient is too small in 
magnitude by one, This case is detepted by adding the mag
nitude of the divisor to the remainder and testing for zero, and 
the correction is the opposite of the "normal" correction: posi
tive quotients are incremented, and neg~tive quotieiits are de
cremented. (The remainder should be made. exactly zero). 
Note that the single case that pr9duces overflow for single
precision signed integer divide may be detected by checking 
the overflow in this correction step. 



The complete algorithm is shown in Figure 20. It is important to 
remember that the zero status available at the end of the divide 
correction step is the sign compare flip-flop output, and does 
not reflect whether the final partial remainder is zero or not. 
Also, in interruptible systems, the division steps must not be 
interrupted, because the sign compare flip-flop cannot be 
saved or restored on the interrupt. However, division can be 
stopped and resumed provided no instruction in between 
affects the state of the sign compare flip-flop. Some examples 
of the correction for single-precision signed divide are shown in 
Figure 21. 

The shift linkage requirements for the divide steps are sum
marized in Figures 22, 23 and 24. These figures should be 
used as guidelines when microcoding the fields controlling the 
shift multiplexers in the 2904 for the divide steps. 

Except for the overflow problem, the same algorithm with minor 
variations in the preamble implements double-precision divi
sion. Of course, in this case, sign extension is not needed; 
instead, the least significant half of the double-precision divi
dend is loaded in the Q Register, the most significant half re
mains in the "dividend" registers, and, after the initial upshift by 
one bit, the divide steps are executed exactly as before. 

When a double-precision signed integer is divided by a single
precision signed integer, overflow occurs when the quotient 
requires more than n bits to represent. For example 22n-2 di
vided by 1 requires 2n bits to represent. A subset of these 
cases of overflow is the case where the magnitude cif the quo
tient requires exactly n bits to represent, leaving no bits for the 
sign; and a special case of this is where the quotient magnitude 
is 2n-1.The preamble to the divide presented below detects 
the first two cases in that order, and the postamble detects the 
last case. 

The principle of overflow detection used here is to first calcu
late the quotient sign, and then calculate n + 1 bits of quotient. 
There is an overflow when bits n + 1 and n differ from the sign. 
This detects cases where the quotient requires more than n + 1 
bits to represent (quotient bit n + 1 differs from the quotient 
sign), and where the quotient requires exactly n + 1 bits to rep
resent (quotient bit n + 1 is the same as the quotient sign but 
quotient bit.n differs from the quotient sign). Unfortunately quo
tients with a magnitude of 2n-1 do not fit this scheme: when 
the quotient is -2n- 1, this test indicates an overflow, and 
when the quotient is 2n-1 (an overflOW), this test does not 
show an overflow. In other words, when there is a disagree
ment between the nth quotient bit and the quotient sign, it does 
not necessarily indicate an overflow; and it is not until all the 
quotient bits are calculated that it can be decided whether there 
was an overflow or not. This irfegularity is a consequence of 
the asymmetry of the two's complement number system. 

The implementation of this algorithm on the Am2903/203 is 
simplified by using a flip-flop on the SI03 line out of the MSS to 
store a copy of the neW quotient bit calculated each cycle. If 
this flip-flop output is connected to a sequencer test multiplexer 
input, then testing of quotient bits can be pipelined. This is 
useful in the preamble for overflow detection and in the post
amble for the correction steps. 

The microcode for the double-precision divide is outlined in 
Figure 25. Tl:Je divide 'operation is first applied to the dividend 
and divisor without the initial upshift of the dividend. This cal
culates the quotient sign and updates the sign compare flip
flop. ·At the end of the cycle, the complement of the quotient 
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sign is setup at the input to the external flip-flop, which can be 
tested in the next cycle to determine the quotient sign. How
ever, the divide first operation has the Side-effect of upshifting 
the dividend. This side-effect is undesirable because it pre
vents the divide step from calculating the n + 1 th quotient bit. 
For this reason, the dividend is shifted down again with the sign 
bit of the status register selected as the linkage in. Following 
this, a divide step is executed and the algOrithm terminated on 
overflow if the quotient bit calculated by the divide steps is dif
ferent from the sign bit. The algorithm proceeds to calculate the 
nth quotient bit.· If the nth quotient bit agrees wlfh the quotient 
sign, there still may be an overflow if the quotient turns out to 
be 2n -1; and if the nth quotient bit disagrees with the quotient 
sign, there still may not be an overflow if the quotient tums out 
to be -2n-1. So at this stage the algorithm cannot decide 
whether there is an overflow' or not based on the quotient 
bit; instead, it proceeds to calculate the remaining quotient 
bits, retaining the information about potential overflow in the 
control flow. 

After the last divide step (the so-called "divide correction"), the 
algorithm again tests the state of the external flip-flop, "staring" 
it in the control flow. This last state of the divide flip-flop would 
be lost without the external flip-flop, since the quotient bit 
shifted in is always a I in this case, and the internal divide flip
flop is not updated. (The state of the external flip-flop after this 
cycle determines whether the correction requires incrementing 
or decrementing of the quotient). Concurrently with the testing 
of the external flip-flop, the microcode also passes the remain
der through the ALU to update the Z bit of the status register. In 
the next cycle, the Z bit is tested and the algorithm terminates if 
it is set. This is followed by a test for negative remainder and 
dividend. If the test fails, a branch is taken to the test for posi
tive dividend and remainder. Concurrently, the remainder is 
added to the divisor with lEN high and the Z flag again up
dated. This is the first part of the test for the absolute value of 
the remainder being equal to the divisor. In the next cycle, the 
Z flag is tested; if it is set, a branch is laken to the correction 
step. Again, in the same cycle, the remainder is subtracted 
from the divisor with lEN high to complete the magnitude test. 

In the following cycle, the Zflag is tested as, before. If it is not 
set, the algorithm terminates. The test for positive dividend and 
remainder computes the OR of the remainder and initial di
vidend with lEN high, and updates the N flag of the status re
gister. In the next cycle the algorithm tests the N flag and exits 
if it is low, indicating that the dividend and remainder signs 
agreed. Otherwise, the correction steps are executed. 

The algorithm has been written for fastest execution, not 
shortest possible microcode. The technique of using the control 
flow to "remember" states of flags leads to duplicaiion of code 
but saves cycles on testing flags and branching. At the end of 
the algorithm, there are two places where the quotient is in
cremented. One of these sequences corresponds to the 
"normal" case (quotient bit n agreed with quotient sign). This 
microcycJe produces an overflow when the quotient is 2n -1. 
The other sequence where the quotient is incremented corres
ponds to the case where the nth bit of quotient disagreed with 
the quotient sign. This case is an overflow unless the quo/ient 
is -2n - 1; however, then an overflow is produced by the cor
rection, when 2n - 1 -1 is incremented. Hence, in this case, if 
the correction does not produce an overflow, then there is an 
overflOW. 

II 



UPSH: 

DONE: 

NORMCHK: 

SUBONE: 

EQMAG: 
EQMAGNXT: 
AODONE: 

OVERFLOW: 

Figure 208. FloWchart for Single Precision Division 

TWO'S 
COMPLEMENT 
DIVIDECORR 

NO 

Initially. dlvi~ Is in RDlVDND' 
divisor in RDJYSR, 

Finalty. the quoHent is In Q, 
the remainder In RREM-

"This can also be done by adding or subtracting ·the divisor to the remainder since their magnitudes are equal. 
"This corresponds 10.2n - 1 divided by -1. 

Figure 2Ob. Single· Precision Divide Mlc~e 

1. Y ~ ROIVSR. UPDATE Z FLAG; 
2. IF Z GOTO OVERFLOW. Q ~ RDlVDNO. UPDATE N; 
3. IF NOTN GOTO UPSH. RREM ~ 0; 
4, AREM- -1; 
5. UPSHIFT RREM Q; 
6. FOR (n-3). FIRST DIVIDE OP (RREM. ROIVSR); 
7. ENDFOR. TWO'S COMPLEMENT DIVIDE Of' (RREM' ROIVSR); 
8. DIVIDE "CORRECTION" OP (RREM, ROIVSR); 
9. y ~ RREM, UPDATE Z, V; . 

10, IF Z GOTO DONE, y.~ RREMANDRoIVONO. UPDATE N; 
11. IF NOT N GOTO NORMCHK, Y ~ ROIVSR - RREM, UPDATE Z; 
12. IP Z GOTO EQMAG, Y ~ ROIVSR + RREM, UPDATE Z; 
13. IF Z GOTO EQMAGNXT, Y - Q, UPDATE N; 
14. IF NOT V RETURN, RaUaT - Q; 
15. GOTO OVERFLOW; , 
16. Y ~ RREM OR ROIVONO, UPDATE N; 
17. IF NOT N GOTO DONE, Y ~ Q, UPDATE N; 
18. IF N GOTO·ADDONE; 
19. RREM - RREM + ROIVSAi 
20. Q~ Q - 1, UPDATE V, GOTODONE; 
21, Y _ Q, UPDATE N, 
22. IF N GOTO SUBONE; 
23. AREM'- RAEM - ROIVSA; 
24. Q ~ Q + 1, UPDATE V, GOTO DONE; 
25. ( .... OVERFLOW MICROCODE) 
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Test for dlviSQr "" 0 
lest quotient sign for sign extension 

zero extend into RREM 
One ex,end if negative 
Logic upshift RREM and Q; zero fill 
Loop setup: load 2910 counter and push PC 
RREM on ~ address; repeat n - 2 times . 
Shift In T Into 0100 01 LSS 
Test remainder for zero , 
Done If remainder ::: 0, check for dividend 

and remainder being negative 
First half of magnitude check 
Other half of magnHude check 
If magnitude equal, then go test 

sign o~ Q el~ return 

Check if remaind~r and dMdend positive 
Ifyas.exH 
Increment negative quotien!S 

This can never overflow since Q is odd 

Decrement negative quotients 

This could overfloW for positive Q 

Note: Where Y Is specified as destination, use lEN :0 HIGH. 
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Figure 21. Examples of Single-Precision Signed Divide 

Before After 
Correction Correction 

Operation Q REM Q REM Comments 

12 -;- 5 3 -3 2 2 

12 -;--5 -3 -3 -2 2 Normal correction: decrement posttive 
-12 -;- 5 -3 3 -2 -2 quotients, increment negative quotients 

-12 -;- ---5 3 3 2 -2 

12 -;- 4 3 0 3 0 

12 -;--4 -3 0 -3 0 
No correction necessary: zero remainder 

-12 -;- 4 -3 0 -3 0 

-12 -;--4 3 0 3 0 

12 -;- 3 5 -3 4 0 
Normal correction 

12 -;--3 --5 -3 -4 0 

-12 -;- 3 -3 -3 -4 0 Special case: increment positive quotients 
-12 -;- -3 3 -3 4 0 

-32768 -;- -1 32767 -1 -32768 '0 Overflow! 

-32768 -;- 1 --32767 -1 -32768 0 Special case II 
, Figure 22. Double Length Normalize/First Divide Operation 

F= [B] +Cn• Log.2F ...... V.B 20 .. Q 

"a MSS 
01°3 0100 0103 0100 OIOa 01°0 ala, alOg 

Fa"fF2 MSS- Cn+4 

F2VF1MSS- OVR Am2903/2903A Am2903/2903A Am2903/2903A Am2903/2903A en -. 
'3MSS- N 

SI03 
Z 

SIOo SI03 
Z 

SIOo Sl03 
Z 

SlOg SI03 
Z 

SIOo 
1RaVFa) MSS 

l F,. d ",Oo·O",a" i ! i i 
MPR-OS3 

Figure 23. Two's Complement Divide 

F- Iii] + (A] +CnifZ=O 
F= IB] - IAJ-1 +Cn ifZ=l Log. 2F -,. Y, B 2Q~a 

"a MSS 
0103 0100 01°3 0100 0103 aroO 0103 alOg 

- Cn +4 

- OVR 
Am2903{2903A 

Am290312903A' Am2903/29D3A Am2903I2903A en - N 

SI03 
Z 

SIOo SI03 
Z 

Slo,; SI03 
Z 

SIOo S103 
Z 

SIOo 
(F3VR31 MSS 

t SIGN COMPARE FF 1 1 1 1 

, MPR·054 
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Figure 24. Two's Complement Divide Correction 

F= [B] + (AI +CnifZ"O 
F={Bl-IAJ-"1+Cn ifZ-' F-+V.B 2Q-+Q 

"a MSS - aro. 01"0 /-----1 ala. 0100 /--_--1 Ol"a ' 0100 1-----1 ala. 0100 1---' 

-""+. 
- OVR Am2903I2903A Am2IJ03I2903A Am2903/2903A Am2903/2903A en 1-----, 
-N 

- SI03 SIOO /-----1 SI03 SIOO /-----1 SI03 SIOO 1-----1 SI03 SIOo ~ 

SIGN COMPARE FF t I I 
MPR-055 

Figure 25. Double·Preclslon Signed Division Microcode 

1. Q (- ROIVDNDlSH; 
2, RREM ~ ROIVONDMSH;, 
3, DIVIDE FIRST OP (RREM. ·ROIVSR). UPDATE N; 
., IF EXTQFF GOTO NEGQUOT. DOWNSH RREM· Q WITH N FI.LL; 
5, TWO'S COMPLEMENT DIVIDE'OP (RREM. RDlVSR); 
6,' IF EXTQFF GOTO OVERFLOW. TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 
7, IF EXTOFF GOTO POSSBLOVF. TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 

LOOP: 8, FOR (n - 5). TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 
9, ENDFOR. TWO'S COMPLEMENT DIVIDE OP (RREM. RDIVSR); 

10, DIVIDE "CORRECTION" STEP (RREM. ROlvsRl; 
11, IF EXTQFF GOTO SUB. Y ~ RREM. UPDATE Z; 
12, .IF Z GOTO DONE. Y ~ RREM AND Ro,VDNOMSH. UPDATE Z. V; 
13, IF NOT N GOTO NORMCHK1. Y ~ RREM + ROIVSR. UPDATE Z; 
14, IF Z GOTO CORRECT1. Y - RREM - ROIVSR. UPDATE Z; 
15, IF Z GOTO CORRECT1; 

DONE: 16, IF NOT V RETURN. ROUOT _ Q; 
17, GOTO OVERFLOW; 

NORMCHK1: 18, Y ~ RREM OR ROIVONDMSH. UPDATE N: V; 
19, IF NOT N GOTO DONE; 

CORRECTl : 20, RREM ~ RREM + ROIVSR; 
21, 0_0 -l.GOTODONE; 

SUB: 22, IF Z GOTO DONE. Y _ RREM AND ROIVONDMSH. UPDATE Z. V; 
23, IF NOT N GOTO NORMCHK2. Y - RREM + ROIVSR. UPDATE Z; 
24. IF Z GOTO CORRECT2. Y - RREM'- ROIVSR.- UPDATE Z; 
25. IF Z GOTO CORRECT2; , 
26. GOTO DONE; 

NORMCHK2: 27, Y ~ RREM OR ROIVONOMSH. UPDATE N. V; 
28, IF NOT N GOTO DONE; 
28, RREM ~ RREM - ROIVSR; 
30. O~O + 1. UPDATE V; 
31. GOTO DONE; 

NEGQUOT: 32, TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 
33. IF NOT EXTOFF GOTO OVERFLOW. TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 
34. IF EXTOFF GOTO LOOP. TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 

POSSBLOVF: 35. FOR (n-5). TWO'S,COMPLEMENT DIVIDE OP (RREM. ROIVSR); 
36. ENDFOR. TWO'S COMPLEMENT DIVIDE OP (RREM. ROIVSR); 
37. DIVIDE "CORRECTION" STEP (RREM. ROIVSR); 
38. IF NOT EXTOFF GOTO OVERFLOW. RREM ~ 0; 
39, O~O + 1. UPDATE V; 
40. IF V GOTO DONE; 
41. GOTOOVERFLOW; 
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Initialize Q Register 
Initialize remai~der register RREM ' 
Find quotient sign, setup external quotient flip-flop "{EXTQFF) 
Branch on quotient sign; restore dividend by downshift 
Compute bit n+ 1 of quotient 
Error if different from sign; compute bit n of quotient 
Possible overflow if different.from sign 
Iterate setup 
l1erale divide s1ep 
Divide last step: quotient bit is always a '1'; setup EXTQFF 
Last state of EXTQFF decides direction of connection 
Exit if remainder zero; test for negative remainder and dividend 
If test failed, go check for positive remainder and dividend 
For negative remainder and dividend, check remainder magnitude 
If remainder magnitude = divisor magnitude, connect quotient 
Else if no overflow ratum 
Else overflow 
Check for positive dividend and remainder 
If 1051 passed. done 
Else correct remainder 
Correct quotient, and exit 

This part of the algorithm repeats the correction code for the 
case where the last value of th.e EXTQFF was a high, 
indicating corre.ction in the opposite dir.ection. 

Executed instead of 5, 6, 7 when the quotient is negative 

This is executed when the nth quotient bit differs from the 
quotient sign. The division is compl8ted"to check whether 
the quotient is -2n-1. 

This is signalled by an overftow in the correction step. 
Otherwise, there has been a division over:now. 



BYTE SWAP 

The multi-port architecture of the Am2903 allows for easy im
plementation of high- and low-order byte swapping. Figure 26 
outlines a byte swap implementation utilizing two data ports. 
Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line is brought LOW, the bytes to be swapped will be 
flowing from the DB ports· of the Am2903 through the 
Am2958/2959 Three-state Buffers. The outputs of the three
state buffers are ·permuted such that the byte swap is achieved. 

Am2903/2903A 

The resultant permuted data is,!>resemted to the DA ports of the 
Am2903 where it is re-Ioaded into the memories of the Am2903 
on the next positive edge of CP using the source and function 
commands of F = A plus Cn (Cn = 0) for the Am2958 or F = A 
plus Cn (Cn = 0) for the Am2959 and the destination command 
F Y, B. 

A higher speed technique for achieving the byte swap opera
tion is illustrated in Figure 27. Instead of inputting the per
muted data via the DA ports, the permuted data is entered via 
the Y input/output ports with C5Ev held HIGH. This technique 
bypasses the ALU, thus allowing faster operation. The Am2903 
destination command F -+ Y, B should be used. 

Figure 26. Byte Swap. 
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Figure 27. High Speed Byte Swap. 

MSS 
DEVICE 4 

Am2903l2903A 

YO-l . 080_3 -

.. ·.1 

DEVICE 3 

Am2903/2903A 

If ·0_3 
080_3 -

4 • 

1 

I 
IE 
L 

Am2959 J 
t- t-
t ~ 

i 

5-69 

DEVICE 2 
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Figure 28. Connections for Word/Byte Operations (Am29203 Only). 

D£V1C1!4 DEVICE 3 
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The Am2903 theoretically allows for an infinite memory expan· 
sion. Figure 27, Am2903 and Am29705, pictures a 4:bit slice of 
a system which has 48 words of RAM and 16 words of ROM. 
RAM storage is provided by the Am2903 and the Am29705s. 
The Am29705 RAM is functionally identical to the Am2903 
RAM. The Am27S19 is used to store constants and masks and 
is addressable from address port A only. The system is or· 
ganized around five data buses. Inter·bus communication may 
be done through the Am29705s or the Am2903. The memory 
addressing scheme specifies the data source for the R input of 
the ALU eminating' from the register locations specified by ad·, 
dress field A. AO-3 addresses 16 memory locations in each 
chip while address bits A4,..6are decoded and used for the 
output enable for the desired chip. The B address field is used 
to select the S input of the ALU and the C field is used ,to 
specify the register location where the result of the ALU opera· 
tion is to be stored. 

Bits BO- 3 are for source register addressing in each chip. Bits B4 
and Bs are used for chip output enable selection. CO- 3 access the 
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16 de$tination addresses on each chip while bits C4 and Cs 
control the Write Enable of the desired chip. The source and 
destination register address are multiplexed such that when the 
clock is HIGH~ the source register address is presented to the B 
address ports ofthe RAM's. The Instruction Enable (lEN) is HIGH 
at this time. The data flows from the Y port or the internal B port as 
Selected by the decoder whose inputs are B4 and Bs- When the 
clock goes LOW, the data eminating from the selected Youtputs 
of the Am2970S's and the RAM outputs of, the Am2903 are 
latched and the destination address is now selected for use by the 

,RAM address lines. When the destination address stabilizes on 
the address lines, the lEN pin is brought LOW. The WRITE output 
of the Am2903 will now go LOW, enabling the decoder sourced 
by address bits C4 and Cs. The selected decoder line will go 
LOW, allowing the desired memory location to be written into. To 
switch between two· and three·address architecture, the user 
simply ma~es the source and destination addresses the same; 
te., BO-3 = CO- 3 and B4- 5 = C4- 5. For two·address ar· 
chitecture, the MUX is removed from the circuit. 
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Figure 29. Expanded Memory on Am2903 
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Am2904 
Status and Shit.t Control Unit 

DISTINCTIVE CHARACTERISTICS 

• Replaces most MSI used around any ALU including the 
Am2901, Am2903 and MSI AlUs. 

• Generates Carry-In to the ALU 
Carry signal is selectable from 7 different sources. 

• Contains shift linkage multlpiexers 
Connects to shift lines at the ends olan Am2901 or Am2903 
array to implement single and double length arithmetic and 
logical shifts and rotates - 32 different modes in all. 

• Contains two edge-triggered status registers 
Use for foreground/background' registers in controllers or as 
microlevel and machine level status registers. Bit manip-
ulating instructions are provided. . 

• Condition Code Multiplexer on chip 
Single cycle tests for any of 16 different conditions. Tests can 
be performed on either of the two status registers or directly on 
the AlU output. 

SIOo 

01°0 

ETC. 

01°3 

SI03 

DESCRIPTIQN 

'Fhe Am~904 is designed to perform all the miscellaneous func
tions which are usually performed in MSI around an AlU. These 
iriclud~ the generation of the carry-In signal to the AlU and carrY 
100kahead'lInit; the interconnection of the data path, auxiliary 
register, and carry flip-flop during shift operations; and the stor
age and testing of AlU status flags. These tasks are. ac
compllshed!n the Am2904 by three nllarly Independent blocks of 
logic. 'The carry-in is generatSd by a multiplexer. The shift link
ages are est!lblished by four three-state multiplexers. There are 
twa registers far storing the carry, overflow, zero, and negallY!! 
status flags. The condition code multiplexer on the Am2904 can 
look at true or complement of any of the four status bits and 
certain combinations of status bits from either of the storage 
registers or directly from the AlU. 

For additional applications refer to Chapter 4 of Bit Slice ~icro
processor Design, Mick & Brick, McGraw Hill Publications. 

010, 
SI03 
ETC. 

alOo 

SIO, 

Cn+4 ARRAY OF 2901 OR 2903. SI03 

SIGN 
F.O 

Cn+ 4 
OVR 

ETC. 

POL-----, 

MPR·722 

? TEST CONDITION (TO 2910 CC INPUT) 
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Cn 
01°3 
CARRY 
FLlP.FlOP 
ETC. I 

CARRY 
FlIP-FLOP 

ETC. 

BASIC FEATURES OF Am2804 

All the logic shown except the array of 2901s or 
2903s is contained in the Am2904. 
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Am2904 MetallizatiOn and Pad Layout 
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Chip·PaI< is a trademark of Advanced Micro Devices, Inc. 
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PIN DEFINmONS OEy When LOW, this pin enables the Y pins as outputs. 

Iz 

Ie 

IN 

10VR 

10-12 

CEM 

Ez,Ee 
i:N, 
EOVR 

CEp. 

Yz, Ye, 
YN, 
YOVR 

Zero status input pin, intended for connection to the When HIGH, the Y outputs are in the high impe-

Z outputs of the Am2903 or the F = 0 ouputs of the dance state. 

Am2901. CT The conditioral test output. The output of the Condi-
Carry status input pin, intended for connection to the tion Code multiplexer appears here. 
Cn+4 output of the most significant ALU slice. OEeT When this pin is LOW, the CT pin is active. When 
Sign status input pin, intended for connection to the HIGH the CT pin is in the high impedance state. 
most significant ALU slice. The connection is to the 

SIOo, These pins complete the linking for the various shift N pin on the Am2903, and the F3 pin on the 
Am2901. SIOn and rotate conditions. SIOo is intended for connec-

Overflow status input pin, intended for connection to 
0100 tion to the SlOp pin of the least significant Am2903 
OIOn slice (RAMo for Am2901). SIOn connects to the SI03 pin 

the OVR pin on the most significant ALU slice. of the most significant Am2903 slice, (RAM3 for 
The thirteen instruction pins which select the opera- Am2901). 0100 connects to the 0100 pin of the least 
tion the Am2904 is to perform. Significant Am2903 slice (0100 for Am2901) and OIOn 

This pin, used in conjunction with Ez, Ec, E;., EOVR 
connects to the 0103 pin of the most significant Am2903 

acts as the overall enable for the machine status 
slice (03 for Am2901). 

register. When the pin is LOW, MSR bits .!!lay ~e SE This pin controls the state of the shift outputs. When 
modified, according to the states of Ez, Ee, EN, LOW, the shift outputs are enabled. When HIGH, the 
EOVR' When HIGH, the MSR w..!!! retai'l.!he present shift outputs are in the high impedance state. 
state, regardless of the state of Ez, Ee;, EN, EOVR' Co This pin is the output of the Carry In control multi-
These pins, when LOW, enable the corresponding plexer. It connects to the Cn input of the least sig-
bits in the Machine Status Register. When HIGH, nificant ALU slice, and the Cn input of the Am2902A. 
they will prevent the corresponding bits from ch~ Cx This pin is used as an input to the Carry In Control 
ing state. By using these pins together with the CEM multiplexer which can route it to the Co pin. The Cx 
pin, MSR bits can be selectively modified. pin is intend.ed for connection to the Z output of the 
This pin, when LOW, enables all four bits of the Am2903 to faCilitate some of the Am2903 special in-
Micro Status Register. When this pin is HIGH, the structions. 
p.SR will not change state. CP The clock input to the device. The p.SR and MSR are 
These pins form a three-state bidirectional bus over modified on the LOW to HIGH transition of the clock 
which MSR and p.SR status can be read out or the input. All other portions of the Am2904 are combina-
MSR can be loaded in parallel. tional and are unaffected by CPo 

ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, 

temperature range and screening level. 

Order Number 

AM29040C 
AM2904DC-8 
AM29040M 
AM29040M-8 
AM2904FM 
AM2904FM-8 
AM2904LC 
AM2904LM 
AM2904LM-8 

AM2904XC 
AM2904XM 

Package Type Operating Range 
(Note 1) (Note 2) 

0-40 C 
0-40 C 
0-40 M 
0-40 M 
F-42 M 
F-42 M 
L-44 C 
L-44 M 
L-44 M 

Dice 
Dice 

C 
M 

Screening Level 
(Note 3) 

C-1 
8-2 (Note 4) 

C-3 
8-3 
C-3 
8-3 
C-1 
C-3 
8-3 

} 
Visual Inspection 
to MIL-STO-883 
Method 20108. 

Notes: '1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See 
Appendix 8 for detailed outline. Where Appendix 8 contains several dash numbers, any of the variations 
of the package may be used unless otherwise specified. 

2. C = Oto +7O"C, Vee = 4.7StoS.25V, M = -5Sto +125°C, Vee = 4.50toS.50V. 
3. See Appendix A for details of screening. Lavels C-1 and C-3 conform to MIL-STO-883, Class C. Lavel 

8-3 conforms to MIL-STO-8B3, Class 8. 
4. 96 hour bum-in. 
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Am2904 

MAXIMUM RATINGS (Above whieh the useful life may be impaired) 

Storage Temperature -65°C to +150"C 

Temperature (Case) Under Bias -55°C to +125°C 

Supply Voltage 10 Ground Potential -O.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to Vee:max. 

·.DC Input Voltage -O.5V to +5.5V 

. .DC Output Current, Into Outputs 30mA 

.DC Input Current -30mA to +5.0mA 

OPERATING RANGE 
PIN Temperature VCC 

Am2904PC, QC TA = O'C to +70'C Vee = 5.0V ±5'1f (MIN. = 4.75V, MAX. = 5.25V) 

Am2904DM, FM Te = -55'C to.+t25'C Vee = 5.0V ±10'1f (MIN. = 4.50V, MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Unlta 

10H = -1.6mA 
2.4 Volts 

Yz. Ye. YN. Yov~ 

VOH Output HIGH Voltage 
Vee = MIN .• 

10H = -0.8mA 
VIN = VIH or Vil 

SIOo. SIOn. 0100 2.4 VOlts 
OIOn.CT,CO 

Yz. Ye 10l = 24mA (COm'l) 0.5 

VOL Output LOW Voltage 
Vee = MIN., YN. YOVA 10l - 16mA (MIL) 0.5 Volts 
VIN ~ V,H or V,l SIOo. 0100 , CT. 

J 
10l ~ 8mA 0.5 

SIOn' OIOn. CO 

V,H Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs (Note 7) 2.0 Volts 

V,l Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs (Note 7) 
0.8 Volts 

VI Input Clamp Voltage Vee ~ MIN .• liN = -18mA -1.5 Volts 

CP -0.7 

9Em.CE/L -1.8 

Iz. Ie, IN. IOVA -1.2 

Il'l Input LOW Current 
Vee ~ MAX., 

e.~~ mA VIN ~ 0.5V 
VA.O y. eT. -0.45 

Cx. Yz. Ye. YN• YOVA 

SE. SIOo. SlOn• -1.35 
OIOo.OIOn 

, CPo 10-1'2' Ez. Ee. 
EN. 'EOvR. orv. OECT. 9x 

20 

IIH Input HIGH Current Vee = MAX. ~.~ 80 /LA 
VIN ~ 2.7V Iz. Ie. IN. 10VA. SE 60 

SIOo• SlOn• 0100 , OIOn 110 

Yz. Ye. YN. YOVA 70 

II Input HIGH Current Vee ~ MAX .• VIN = 5.5V 1.0 mA 

CT 
Vo ~2,.4 50 

Vo - 0.5 -so 
10ZH Off State (High Impedance) SIOo. SIOn. 0100 , OIOn Vo = 2.4' 110 

10Zl Output Current Vee ~"MAX. (Note 4) Vo ~0.5 -1350 
/LA 

Yz. Ye. YN. YOVA Vo - 2.4 70 

(Note 4) Vo - ,0.5 -450 . 

105 
Output Short Circuit Current 

Vee ~ 5.75V. Vo = O.Sv -30 -85 mA 
(Note 3) 

TA = 25'C 180 296 

TA ~ O'Cto +70'C 318 
Am29040C· 

TA = +70'C 262 
Icc 

Power Supply Current 
(Note~) Vee ~ MAX. rnA 

Te = '-55'CIO +125'C 348 
Am29040M. FM 

Te = +125'C 222 

Notes: 1. For conditions shown as MIN. or MAX .• use the appropriate vaJue_specifie.d under Electrical Characteristics for the applicable device type. 
2. Typical lim"" are at Vee ~ 5.0V. 25'C ambient and ma.imum loading. 
3. Not more than one output shouki be shorted at a time. Durati,?" of the short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TIL inputs. Input Characteristics are measured with output enables HIGH. 
5. "MIL" = Am2904 XM. OM. FM. "COM'L" ~ Am2904 XC. PC. DC. 
6. Worst case Icc is at minimum temperature. 
7. These input levels provide zero nOise immunity and should only be static tested in a noise-free environment (not functionally tested.) 
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Am2904 ARCHITECTURE 

The Am2904 Status and Shift Control Unit provides four 
functions which are included in all processors. These are: 
a) Status Register. b) Condition Code Multiplexer. c) Shift 
Linkages and d) Carry-in Control. The architecture and in
struction codes have been designed to complement the flexi
bility of the 2900 Family. 

Status Register 

The Am2904 contains two four-bit registers which can store 
the status' outputs of an ALU: Carry (C). Negative (N). Zero 
(Z). and Overflow (OVR). They are deSignated Micro Status 
Register (I'SR) and Machine Status Register (MSR). Each 
register can be independently controlled. The registers use 
edge-triggered D-type flip-flops which change state on the 
LOW to HIGH transition of the Clock Input. 

The I'SR can be loaded from the four status input!! (Ic. IN. Iz• 
10vR) or from the MSR under instruction control (10-5)' The 
bits in the I'SR can also be individually set or reset under in
struction control (10- 5), When the CEI' input is HIGH. the I'SR 
is inhibited from changing. independent of the 10- 5 inputs. 

The MSR can be loaded from the four status inputs (Ic. IN. Iz• 
10VR). from the I'SR. and from the four parallel input/output 
pins (Ye• YN• Yz• YOVR) under instruction control (10- 5) .The 
MSR can also be set. reset or complemented under instruc
tion control (10-5)' The bits in the"MSR can be selectively up
dated by controlling the four bit-enable inputs...!§:. EN. Ee. 
EOVR) and the CEM input. A LOW on both the CEM .input and 
the bit enable input for a specific bit enables updating that bit. 
A HIGH on a given bit enable input prevents the corresponding 
bit changing in the MSR. A HIGH on CEM prevents any bits 
changing in the MSR. 

The four parallel bidirectional input/output pins (Yz• YN• Yc• 
Y OVR) allow the contents of both the I'SR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This cap!lbility is used to 
save and restore the statu!! registers during certain subroutines 
and when serviCing interrupts. . 

ConditiOn Code Multiplexer 

The Condition Code Multiplexer output. CT. can be selected 
from 16 different functions. These include the true and com
plemented state of each of the status bits and combinations of 
these bits to detect such conditions as "greater than". 
"greater than or equal to". "less than" or "less than or equal 
to" for unsigned or two's complement numbers. 

The Am2904 can perform these tests on the contents of the 
I'SR. the MSR or the direct status inputs. (Iz• IN, Ic. 10VR)' 
The CT output is used as the test (CC) input of the Am291 0 
and is provided with an output enable, OECT to make the ad
dition of other condition inputs to this point easy. 

Shift Linkage Multiplexer 

The Shift Linkage Multiplexer generates the necessary link
ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and ro
tates. with and without carry (Mc). are provided. When the SE 
input is HIGH, the four input/output pins (SIOo• SIOn• 0100. 
OIOn) are disabled. The SIOo• SIOn• 0100' OIOn pins of the 
Am2904 are intended to be directly connected to the RAMo. 
RAM3, 0 0 and 0 3 pins of the Am2901 or the SIOo, S103, 0100, 
0103 pins of the Am2903. 

Carry-In Control MuH:iplexer 

The Carry-In Control Multiplexer ge.nerates the Co output 
which can be selected from 7 functions (0. 1. Cx• I'c. Mc, I'e. 

Son 

Am2904 

Mel. These functions allow easy implementation of both single 
length and double length addition and subtraction. The Cx 
input is intended to be connected ~o the Z output of the 
Am2903 to facilitate execution of some of the Am2903 special 
instructions. The Co pin is to be connected to the Cn pin of 
the least significant Am2901 or Am2903 and the Cn pin of the 
Am2902A. 

Am2904 INSTRUCTION SET 

The Am2904 is controlled by manipulating the 13 instruction 
lines. 10- 12• together with the nine enable lines. CEM• CEI'. 
Ez • Ec. EN. EovR' OEy • OECT• SE. Most systems will save on 
microword bits by tying some of these lines to a fixed level or 
by connecting certain lines together. or by decoding mic
roinstructions to generate appropriate Am2904 controls. 

Status Registers 

Instruction lines 15' 14• 13• 12• 11• 10 control the Status Registers. 
Below. these lines are referred to as two octal digits. 

Micro Status Register (ILBR) 

The instruction codes for the Micro Status Register. fall into 
three groups: Bit Operations, Register Operations and Load 
Operations (See Table 1 and Map 1). All operations require 

1543210 

Octal 

10 

11 
12 

13 
14 

15 

16 

17 

1543210 

Octal 

00 

01 

02 

03 

1543210 

Octal 

06,07 

30.31 
50,51 
70,71 

04.05 
20-27 
32-47 
52-67 
72-77 

TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES_ 

Bit Operations 

I'SR 
Comments 

Operation 

o -+ P-z RESET ZERO BIT 

1 -+p.z SET ZERO BIT 
0 -+ P-C RESET CARRY BIT 

1 -+ P-C SET CARRY BIT 

0 -+ P-N RESET SIGN BIT 

1 -+ P-N SET SIGN BIT 

o -+ P-OVR RESET OVERFLOW Bn 

1 .... P-OVR SET OVERFLOW BIT 

Register Operations 

ILSR 
Comments 

Operation 

Mx -+ P-x LOAD MSR TO p-SR 

1 -+ P-x SET p-SR 
Mx .... P-x REGISTER SWAP 

o .... P-x RESET p-SR 

Load Operations 

ILSR 
Comments 

Operation 

Iz .... P-z 
Ic -+ P-c LOAD WiTH 
IN· -+ ~N OVERFLOW RETAIN 

10VR + P-OVR .... P-OVR 

Iz .... P-z 
lC .... p-e LOAD WITH 

IN -+ J.LN eARRYINVERT 

IOVR ... P-OVR 

Iz .... P-z 
Ie .... p-e LOAD DIRECTLY 
IN .... P-N FROM 

IOVR ... P-OVR Iz, Ie. IN, IOVR 

Note: The above tables assume CE IL is LOW. 

I 



Am2 

MAP 1. MICRO STATUS REGISTER INSTRUCTION CODES. 

1210 

1543 
000 001 010 011 100 I 101 

LOAD 
SET REG RESET 000 MSR 

TO,u.SR "'" SWAP "'" 
001 

RESET SET RESET SET RESET I SET 

" "' "C "C "N "N 

010. 

011 LOAD WITH . 
CARRY INVERT 

100 

101 LQADWtTH 
.CARRY INVERT 

110 

111 lOAD WITH 
CARRY INVERT 

I I I I I 

Notes: 1. All unmarked locations are a load 
direct from Iz. Ie. IN. 10VR: 

that CElt be LOW to operate. 

110 I 111 

LOAD WITH 
OVERFLOW 
RETAIN 

RESET I SET 
,u.OVA ~VA 

-
-

-

f--

f-

I I 

Instruction Codes 108 to 178 are BIT operations. These oper
ations set or reset the individual bits in the /LSR. 

Instruction Codes 008 to 038 are REGISTER operations. 
These oper~tions affect all bits in the /LSR. 

008 This instruction loads the /LSR with the contents of 
the MSR while loading the MSR from the Y inputs 
and is further explained under "INTERRUPTS". 

018 This instruction SETS all /LSR bits. 

028 This instruction SWAPS the contents of the /LSR 
and the MSR. It will also COPY one register to the 
other if the registerlo be copied is not enabled. 

038 This instruction RESETS all/LSR bits. 

All instruction codes except those mentioned in the 
above two sections cause a LOAD operation from 
the Iz• Ie. IN. 10VR inputs. 

068• 078 When a series of arithmetic operations are being 
executed sometimes it is not necessary to· test for 
an overflow condition after each operation. but 
rather it is sufficient simply to know that an overflow 
occured during anyone of the operations. Use of 
these instructions captures the overflow condition by 
loading the /LSR overflow bit with the LOGICAL OR 
of its present state and 10vR' Thus. once an over
flow occurs. /LOVR will remain set throughout the 
remaining operations. 

308.318' These instructipns cause a: load from the I. inputs. 
508.518• but invert the carry bit. The reason for this is 
708.718 explained more fully under the "BORROW SAVE" 

section. 

All The remaining instructions load the /LSR directly from 
others the Iz• Ie. IN. 10VR inputs. 

Machine Status Register (MSR) 

The instruction codes for the MSR fall into two groups; REG
ISTER Operations and LOAD Operations. All operations reo 

. quire that CEM be Low to operate (See Table 2 and Map 2). 

5-78 

BIT operations are accomplished by the use oi Register or 
Load Operations with the EZ. Ec. EN. EOVR inputs selectively 
set LOW. 

Instruction codes 008-038 and 058 are REGISTER operations. 
Tlley affect only those bits enabl'3d by Ez. Ec. EN. EoVR' 

008 This instruction loads the MSR 'from the Y inputs 
while transferring the present· contents to the /LSR. 
The use of this instruction is further explained under 
"INTERRUPTS". . . 

018 This instruction SETS all enabled MSR bits. 

028 This instruction SWAPS the contents of the /LSR 
and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 

038 This instruction RESETS all enabled MSR bits. 

058 This instruction COMPLEMENTS all enabled MSR 
bits. 

All instruction codes except those mentioned in the above 
section cause a LOAD operation from the Iz• Ic. IN. 10VR in· 
puts. 

048 

1543210 

Octal 

00 

01 

02 
03 

05 

1543210 

Octal 

04 

10,11 

30,31 

50,51 
70.71 

06,07 
12·17 
20·27 
32·37 
40-47 
52·67 
72·77 

The Am2904 Shift Linkage Multiplexer allows for 
shifts and rotates through the MSR CARRY bit. 
Some machine!? require a shift or rotate through the 
OVERFLOW bit. By using this code. which swaps 
the contents of the MSR CARRY bit (Me) and 
OVERFLOW bit (MovR). the shift or rotate can be 
made to appear to take place through the OVER-. 
FLOW bit. The procedure is to swap the bits. shift 
or rotate (any number or poSitions) then swap the 
bits again. 

TABLE 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES. 

Register Operations 

MSR 

Operation 
Comments 

Yx -> Mx 
LOAD Yz , Yc, YN, YOVA 
TOMSR 

1 -> Mx SET MSR 

I'x -> Mx REGISTER SWAP 

o -> Mx RESETMSR 

Mx -> Mx INVERTMSR 

Load Operations 

MSR 
Comments 

Operation 

Iz -> Mz LOAD FOR SHIFT 
MOVA -> MC THROUGH OVERFLOW 
IN -> MN OPERATION 
Me -> MOVA 

Iz -> Mz 

1C -> Mc LOAD WITH 

IN -> MN CARRY INVERT 

10VA -> MOVA 

Iz -> MZ 

Ic -> MC LOAD DIRECTLY 

IN -> MN FROM Iz, Ic 

IOVA -> MOVA IN,IOVA 

Notes: 1. The above tables assume CEM• Ez, Ec, EN, EOVR are 
LOW. 

2. A shift·through·carry Instruction loads Me irrespective of 
15.10' 



MAP 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES. 

Am2~ 

1543 1:i!10 000 I 001 01. I .11 I 100 I ,., I 11. I 111 

108• 118 These instructions cause a load from the I inputs 
30~. 318 but invert the CARRY bit. The reason for this is 
508.518 explained more fully under the "BORROW SAVE" 
708• 718 section 

000 LOAD . I SET REG I RESET I,SWAP R I'NVERT I 
:6'M y MSA SWAP MSR Mc.MovR MSR 

i-

001 LOAD WITH 
CARRY INVERT 

C-.,. 
-

.11 lOAD WITH 
CARRY INVERT 

-
100 

-
,., LOAD WITH 

CARRY INVEAT 

-
11. 

-
111 

lOAD WITH 
CARRY INVERT 

I I I I I I I 

COndition Code.Multiplexer 

The four instruction lines 13• 12• 11. Ie will select one of 16 pos
sible operations to be carried out on the input bits. the result 
being routed to the Conditional Test Output (CT). Eight of the 
operations supply an individual status bit or its complement to 
the CT output. Another four do more complex operations while 
the remaining four are the complemented results of these 
(See Table 4). 

TABLE 3 •. Y OUTPUT INSTRUCTION CODES. 

OEy 15 I, V Output Comment 

1 x X Z 
Output Off 
High Impedance 

0 0 X lLi ~ Vi See Note 1 

0 1 0 Mi --+- Vi 
Note 1. All unmarked locations are a load direct from Iz. Ic. 10VR. IN. 

068.078 These instructions load the MSR directly from the 
128-278 Iz. Ic. IN. 10VR inputs. 

0 1 1 Ii -+ Vi 

Notes: 1. For the conditions: 
~. 13, 12, 11, 10 are LOW, Y is an input. 
OEy is '"Don't Care" for this condition. 

328-478 
528-678 
728-778 

2. X is '"Don't Care" condition. 

TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES. 

13 - 0 13 12 11 Ie 15=14=0 15=0,14 =1 15 =1,14=0 15 = 14 = 1 HEX 

0' 0 0 0 0 V.N (fJ /LOVR) + ILZ (ILN (fJ /LOVR) + ILZ (MN (fJ MOVR) + Mz (IN (fJ 10VR) + Iz 
1 0 0 0 1 (1LN0/LOVR) - ilz (1LN0ILOVR)' ilz (MN0 MOVR) • Mz (1N0 loVR) • iZ 
2 0 0 1 0 ILN(fJILOVR ILN(fJ/LOVR MN(fJ MOVR IN(fJ 10VR 
3 0 0 1 1 ILN0I-'OVR ILN0I-'oVR MN0 MoVR IN010VR 
4 0 1 0 0 ILZ ILZ Mi Iz 
5 0 1 0 1 ilz liz Mz Tz 
6 0' 1 1 0- /LOVR ILOVR MOVR 10VR 
7 0 1 1 1 IIoVR IIoVR MOVR IOVR 
8 1 0 0 0 ILC + ILZ ILC + ILZ Mc + Mz IC+ Iz(2) 
9 1 0 0 1 ilc'ilz lic • liz Mc·Mz IC'iZ(2) 
A 1 0 1 0 ILC ILC Mc Ie 
B 'I 0 1 1 lic lic fJc Tc 
C 1 1 0 0 fl.c + ILZ lic + ILZ Mc +Mz Tc + Iz 
0 1 1 0 1 ILc'liz ILc'liz Mc·Mz IC'1l 
E 1 1 1 0 IN(fJ MN ILN MN IN 
F 1 1 1 1 IN0MN liN MN IN 

,Notes: I, (fJ Represents EXCLUSIVE·OR 2. Correct code as stated. 
o Represents EXCLUSIVE·NOR or coincidence, 

TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS FOLLOWING "A MINUS B" OPERATION. ,-

For Unsigned Num,*", For 2's Complenlent Numbers 

13.0 

R.I~tion Status CT= H CT= L Status CT = H CT = L 

A=B Z = 1 Z ~ 1 
I----.,--+-----+---~--~---------------

A"B Z=O Z ~ 0 5 4 
-----t----+-----1r--N--,0c-OV--R-~-1 ------ r---a---- ----2-----

-----j--'-,:----------- ---------- ---------------
N(fJOVR=1 2 

";.B C = 1 A B 
A<B c~o B A 

-,--t--,--::--+--:~--~:::~-O~c-:--:c~-; ~ -~ : ,-- r--+---A>B C·Z = 1 0 C 

A"B C+Z~1 C 0 

® "" Exclusive OR H =: HIGH Note: For Am2910. the CC input is active LOW, so use 13-0 code to produce 
o ~ Exclusive NOR L ~ LOW CT = L for the desired test. 
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The more complex operations .are intended to jollow.the calcu
lation A-B to give an indicaiion of which is the larger (A, Bun
signeg) or more positive (A, B in 2's complement form)~ See 
TableS. 

The two instruCjion lines 14, 15 select whether the ,..SR, the 
MSR or the direct inpuls Iz, Ie, IN,loVR are used as the inputs 
to the Y output buffer and the CT output (see T~bles 3 and 4). 

Instruction codes 168 and 178 form the EXCLUsivE - OR 
,and the EXCLUSIVE - NOR functions of MN and IN' The use 
of these Instructions is explained under "NORMALIZING". 

Shift Linkage Multiplexer 

The five instruction lines 110, Ig, Ie, 17, 16 control the SHIFT 
LINKAGE multiplexer. All instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901 A) and the a 
register. ' 

UP anc;i DOWN shifts are decided by 110 which should be 
connected to 18 of the Am2903's instruction lines or 17 of the 
Am2901 's instruction lines. A wide range of input and output 
connections are provided, allowing for single or double length 
shifting or rotating with or .without the use of the MSR CARRY 
or SIGN bits (See Table 7). 

In the following discussion of some of ihe shifts the instruction 
codes are given as two octal digits AB; A represents 110, Ig, B 
represents la, 17, 16:' . 

When adding and down shifting on the same microcycle, (i.e. 
when dOing multiplication or averaging) the shifter Input must 
be the present CARRY, Ie, rather than the carry resulting from 
the last cycle '(Mc). Instruction Code 138 accomplishes this for 
unsigned arithmetic. For 2's complement arithmetic, the re
quired shifter input is: IN $ lovR' This is provided by Instruc~ 
tion Code 16a. 

Instruction Codes 14a, 15a, 17a provide the RIGHT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO
TATE WITHOUT CARRY functions respectively, 

Instruction Codes 34a, 358, 37a provide the LEFT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO
TATE WITHOUT CARRY functions respectively. 

The shift outputs are in the high impedance state unless SE is 
LOW, 

Loading of the Mc bit by a shift operation overrides any load
ing or holding of the Mc bit by MSR Instructions (10- 5, CEM 

and Eel. 

"CARRY-IN" Control Multiplexer 

The two instruction lines 112, 111 control the source of the 
CARRY output (Co). 

When 112 = 0 Co = 111 

When 112 = 1 and 111 = 0, the external carry input Cx is pre
sented to the carry output. 

When .!.lz.. = III = 1 the carry output is selected from J.'C , J.'c, 
Mc or Mc as defined by 15' 13, 12, 11 (See Table 6). 

APPLICATIONS INFORMATION 

Borrow - Save 

One of the capabilities of the Am2900 Family is the complete 
emulation of other processing machines. One requirement of 
an emulator is that, when a calculation is being performed, not 
only must the answer obtained from the Am2900 chips be the 
same as that from tbe machine being emulated, but after each 
machine level instruction, the status bits must be indentical. 
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1'2 
0 

0 , 
, 
1 

1 

1 

1 

1 , 
, 

, TABLE 6. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 

I" Is 13 12 I, 

0 x x x x , x x x X 

0 x x x x , 0 0 x x 
1 0 X 1 X , 0 x X 1 , 0 1 0 b , 1 0 X X , 1 X , X , 1 X X 1 , , , 0 0 

Co 

I) 

.' 
ex 

I'e 

I'e 

I'C 

I'e 

Mc 

Me 

Me 

Me 

There are alternative methods for subtracting in a digital 
machine and Ihe state of the CARRY after the calculation de
pends on the method. For instance, the subtraction of 0100 
from '1010 by the 2'5 complement add method generates a 
result of 0110 with a CARRY. Direct subtraction however, 
yields an answer of 0110 with no BORROW, 

Many machines store the state of the CARRY for subtract op, 
erations, and this is the recommended method for maximum 
effective use of the Am2904, but, to allow those machines 
which store the BORROW to be efficiently emulated, the 
Am2904 has allocated special instructions, Using these codes 
causes the CARRY bit to be inverted before storage in the 
status registers and also re-inverts these status bits before 
using them as carry inputs. These codes are 10a, .11a, 30a, 
31a, 50a, 51 a, 70a, 71a (15-0)' 

Notice that when these codes are used to load the inverted 
CARRY to either of the status registers, the CT output 
selected by the Condition Code Multiplexer assumes Vie 
CARRY is inverted and still defines whether A > B or A ..;; B 
(See Table 4). 
Similarly, when doing a compare on a machine which saves 
the borrow, testing for A> B, A..;; B forces the complementof 
the CARRY to be stored in the status registers (See Tables 1 
and 2), 

Normalizing 

Normalizing is the process of stripping off all leading sign bits 
until the two most significant bits are complementary .. The 
Am2904 facilitates both single and double length normaliza
tion in the Am2901 and the Am2903. When using the NOR
MALIZE special instructions with the Ain2903, the EXCLU
SIVE - OR of the most significllnt two bits is generated at the 
Cn+4 pin of the most significant Am2903. The EXCLUSIVE -
OR of the two bits next to the most significant bit is also gen
erated at the OVR pin. The procedure for normalizing then is 
to loop on the normalize instruction with a branch condition on 
the Cn+4 state or the OVR state, depending on the architec
ture employed. The Cn+4 or OVR output is routed to the 
Am2910 CC input through the' Am2904 Condition Code mul
tiplexer. As the contents of the status registers always refers 
to the last cycle, not the present one, the last operation in 
Normalizing is to downShift, bringing the sign' bit (MN) back 
into the most significant bit pOSition. This is achieved- using 
the shift operations 05a (110-6) for double length normalizing, 
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TABLE 7. SHIFT LINKAGE MULTIPLEXER INSTRUCTION CODES. 

SIOo SIOn 0100 alOn 
Loaded 

110 19 18 17 16 Mc RAM a into MC 

MSB LSB MSB LSB 
0 0 0 0 0 o 0 -c=J- '-C=J- z 0 z 0 

0 0 0 0 1 o '-C=J- '-C=J- z 1 Z 1 

0 0 0 1 0 [] ,:§JMN-c=J- z 0 Z MN SIOo 

0 0 0 1 1 O,~ Z 1 Z SIOo 

0 0 1 0 0 ~ Z Me Z SIOo 

0 0 1 0 1 OMN~ Z MN Z SIOo 

0 0 1 1 0 O'~ z 0 Z SIOo 

0 0 1 1 1 []o~ Z 0 Z SIOo 0100 

0 1 0 0 0 ~ [GJ Z SIOo Z 0100 SIOo 

0 1 0 0 1 o===EJJ [GJ Z Me Z 0100 SIOo 

0 1 0 1 0 0 [GJ [GJ Z SIOo Z 0100 
I 

0 1 0 1 1 O'c~ Z Ie Z SIOo 

0 1 1 0 0 o 1 1 1 ~ Z Me Z SIOo 0100 

0 1 1 0 1 ~ Z 0100 Z SIOo 0100 
IN 010llA 

0 1 1 1 0 0 ~ Z IN $ IOVR Z SIOo 

0 1 1 1 1 0 Y 1 1 ~ Z 0100 Z SIOo 

MSB LSB MSB LSB 
1 0 0 0 0 o----c::::::J- 0 -c:==J- 0 0 Z 0 Z SIOn 

1 ci 0 0 1 o----c::::::J-' -c:==J-' 1 Z 1 Z SIOn 

1 0 0 1 0 0 -c:::J-' -c:==J-' 0 z 0 Z 

1 0 0 1 1 0 --c=:J-' ~-, 1 Z 1 Z 

1 0 1 0 0 D-EJ---c::::J-- ' OIOn Z 0 Z SIOn 

1 0 1 0 1 o-~, OIOn Z 1 Z SIOn 

1 0 1 1 0 0 ~o OIOn Z 0 Z 

1 0 1 1 1 0 ~, OIOn Z 1 Z 

1 1 0 0 0 ~ CGJ SIOn Z OIOn Z SIOn 

1 1 0 0 1 o===EJJ CGJ Me Z OIOn Z SIOn 

1 1 0 1 0 0 CGJ CGJ SIOn Z OIOn Z 

1 1 0 1 1 [] 4-~ ~, Me Z 0 Z 

1 1 1 0 0 o 1-,1 I-j-I OIOn Z Me Z SIOn 

1 1 1 0 1 D..l-i 1 I-~ OIOn Z SIOn Z SIOn 

1 1 1 1 0 D ~. I-j-I OIOn Z Me Z 

1 1 1 1 1 0 Y -I I-j-I OIOn Z SIOn Z 

Notes: 1. Z = High Impedance (outputs off) state. 3. Loading of Me from 110-6 overrides control from Is-o. CEM. Ee. 
2. Outputs enabled and Me loaded only i.f SE is LOW. 
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and 02a for single length norm<;llizing. For more details re
garding normalizing with the Am2903 see the Am29b3 data 
sheef. 

The Am2901 does not have the EXCLUSIVE - OR gates to help 
with normalizing, so the Am2904 includes in the Condition Code 
multiplexer the EXCLUSIVE - OR and EXCLUSIVE - NOR 
functions of MN (the sign bit resulting from the last operation) and 
IN (the sign bit resulting from the present operation). 

Interrupts 

Some machines allow interrupts only at the machine instruc
tion level while others allow them at the microinstruction level. 
The Am2904 is designed to handle both cases. 

When ihe machine is interrupted, it is necessary to store the 
contents of either the MSR (machine instruction level inter
rupts) or both the status registers (micro instruction level inter-
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rupts) into an external store. This transfer is intended to take 
place over the Y input/output pins (See Table 3). 

After the interrupt has been serviced the registers must be re
stored to their pre-interrupt state. This is accomplished by two 
operations of instructionOOa (is-a) which loads the MSR from 
the Y inputs while loading thej£SR from the MSR. Thus, the 
pre-Interrupt rontents of the j£SR are first loaded to the MSR 
(first instruction OOa), then this data is transferred to the j£SR 
while the MSR is restored to its pre-interrupt state (second in
struction OOa). 

In controllers and some other microprogrammed machines the 
applications program itself is often in the mICroprogram mem
ory; that is, there is no macrOinstruction set. These machines 
require only a microstatus register since there is no separate 
machine status. The MSR in the Am2904 can be used as a 
one-level stack on the microstatus register. When an interrupt 
occurs, the j£SR and the MSR are simply swapped (15- 0 = 
02a)· 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH 

transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 

OV or 3V. All values are in ns. All outputs have maximum DC loading. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = 0 to + 70'C. Vee = 4.75 to +5.25V. CL = 50pF) 

A. Set-up and Hold Times (ns) B. Combinational Delays (ns) C. Clock Requirements (ns) 

Input Ie th From (Input) To (Output) tpd 1_ Minimum Clock LOW Time I 20 I 
Iz.IN.IOVR 14 5 Iz Yz 

Minimum Clock HIGH Time I 20 I ---=--:..c _____ . 
Ie Ye Ie (1, 1213 = 001) 27 5 
IN YN 

Ie (1 , 12 13 'I 001) 14 5 10VR ~----- 38 D. Enable/Disable Times (ns) 
-- ------ -- CL = 5.0pF for output disable tests 

CEIL 18 3 CP Yz. Ye. YN. YOVR 41 -- -'- ._---------------
From To CEM 23 3 14,15 Yz, Ye, YN, YOVR 35 

---'--=------------ r----- (Input) (Output) Enable DI"able 
~e.EN 22 31b) Iz, Ie, IN, 10VR CT 33 

OVR OEeT CT 23 18 
CP CT 36 

10-15 41 1 -----------_._---- (----
SE SIOo,SIOn 30 12 10-15 CT r-~ 0100, OIOn 

16-1,0 40 1 ---=--::.---- ------------.-
Cx Co 20 SIOo.SIOn SE 36 0 --------- 110 39 29 --- CP Co 27 01°0, OIOn 

Yz. Ye, YN, YOVR 1--
j---- --

(10-5 = LOW) 
15 5 Co 39 OEy Yz. Ye, YN. YOVR 26 21 1,2,3,5,11,12 

- --r---- 10-ls YZ, Ye, YN, YOVR SIOo• SIOn, SIOn,OIOn SIOo 19 28 .40 

OIOo,OIOn 
20 5 --f--

510o, 0100 SIOn 19 --_._------"----_._---f---
Ie, IN, IOVR SIOn 26 

.. _--- r----
SIOn• OIOn 0100 19 

5100, 0100 
---r----

OIOn 19 

I 
-_._----- ----

CP SIOo.SIOn 30 
OIOo.OIOn 

----~--- ---------(------

16-110 
SIOo,SIOn 26 
0100, OIOn 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Te = ··-55 to +125°C. Vee = 4.5 to +5.5V._CL = 50pF) 

A. Set-up and Hold Times (n5) B. Combinational Delays (ns) C. Clock Requirements (ns) 

Input t. lh From (Input) To (Output) lpd 1 Minimum Clock LOW TIme I 25 I 
Iz, IN, IOVR 15 5 Iz Yz 

Minimum Clock HIGH Time I 25 I 
Ie (1, 1213 = 001) 28 5 Ie Ye 

Ie (1, 12 13 '1'001) 
IN YN 

D. Enable/Disable Times (ns) 15 5 10VR YOVR 40 

CEIL 20 3 CP Yz, Ye, YN, YOV~_ 45 
CL = 5.0pF for output disable tests 

CEM 23 4 r----- 1- From To 14,15 Yz, Ye. YN, YOVR 38 

S:.ic, EN 
(Input) (Output) Enable Disable 

23 4 Iz, Ie, IN, IOVR CT 44 
EoVR ---~ OEeT CT 25 18 

-- CP CT 40 
10-15 48 2 --f---

SE 
SIOo,SIOn 

10-15 CT 41 '01°0, OIOn 35 16 
16-110 44 2 

SE 40 0 
Cx Co 22 SIOo,SIOn 

1,0 43 32 

Yz, Ye, YN, YOVR 
CP Co 28 01°0, OIOn 

16 6 ------ .---------- --
OEy Yz, Yc, YN, YOVR 28 23 (10-5 = LOW) 1, ,2,3,5,11,,2 Co 42 

-~--~----~ '10-15 Yz, YC, YN, YOVR 30 41 SIOo,SIOn, SIOn, OIOn 5100 20 
20 5 

01°0, OIOn 
51°0, 0100 SIOn 20 

--
Ie, IN, IOVR 1---~IOn 29 
------
SIOn, OIOn 0100 20 

~ 
5100, 0100 OIOh 20 

--------f---

CP SIOo,SIOn 32 
0100, OIOn ------(----------j-----

16-110 
SIOo,SIOn 31 
0100, OIOn 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2904 

A. 'THREE-STATE OUTPUTS 

IA 

5.0 - VBE - VOL 
R, = ---=.:~-=.: 

IOL + VOLI1K 

s, 

B. NORMAL OUTPUTS 

s, 

vour ()--()"""'; IA 1 I~ 
R, 

I' .". 

R2 = 
2.4V --
IOH 

R, = 
5.0 - VBE - VOL 

.IOL + VOL1R2 

Vee 

R, 

~ ~ 
::::: ~ 
~ ~ 

.". 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 8" 82, S3 are closed during function tests and all AC tests except output enable tests. 
3. 8, and 83 are closed while 82 is open for tpZH test. 

8, and 82 are closed while 83 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2904 

Pin;!! 
(DIP) Pin Label 

25 Co 

27 CT 

28 YOVR 

29 YN 

31 Yc 

32 Yz 

33 OION 

34 01°0 

35 810N 

36 81°0 

Notes on Testing 

Incoming, test procedures on this device should be carefully 
planned, taking into account the high complexity and power . 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. . 
Large changes in VCC current as the'device switches may 
cause erroneous function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. . 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA inS-ens. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

Test 
Circuit R1 R2 

B 470 3K 

A 430 1K 

A 220 iK 

A 220 1K 

A 220 1K 

A 220 1K 

A 430 1K 

A 430 1K 

A 430 1K 

A 430 1K 

4, Use extreme care in defining input levels for AC tests. Many 
inputs -may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the ·noise has settled. AMD recommends using 
VIL ,,;; O.4V and VIH '" 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 

For additional information on testing, see section 
"Guidelines on Testing AI1)2900 Family Devices." 
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Am2905 
Quad Two·lnput OC Bus Transceiver with Three·State Receiver 

Distinctive Characteristics • Receiver has output latch for pipeline operation 
• Quad high-speed LSI bus-transceiver 
• Open-collector bus driver 
• Two-port input to Ootype register on driver 
• Bus driver output can sink 100 mA at O.BV max. 

FUNCTIONAL DESCRIPTION 
The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MaS microprocessor 
system applications. The device consists of four O·type 
edge-triggered flip-flops with a built-in two-input multi
plexer on each. The flip-flop outputs are connected to four 
open-collector bus drivers. Each bus driver is internally con· 
nected to one input ofa differential amplifier in the receiver. 
The four receiver differential amplifier qutputs drive four 
Ootype latches that feature three·state outputs. 

This LSI bus transceiver is fabricated using advanced low· 
power Schottky processing. All inputs (except the BUS in
puts) are one LS unit load: The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bos. 
The input register consists of four Ootype flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. 
The buffered common clock (D Rep) enters the data into 
this driver register'on the LOW·to-HIGH transition. 

Oata from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
Ootype latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three· 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 
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• Three-state receiver outputs sink 12 mA 
• Advanced low-power Schottky processing 
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LOGIC SYMBOL 

j • • 16 1S 

Am2905 

17 

Vee = Pin 24 

GND, = Pin 6 

GND2 = Pin 18 

2021 

AO 

A, 

A, 

A3 

19 

CONNECTION DIAGRAM 
Top View 

m ,. Vee 

AO '3 DRCP 

·0 22 A3 

'0 21 ·3 

BUsO '0 '3 

GND 1 
Am2905 

,. BiJS3 

8OS1 ,. GND2 

" 17 BUS2 ., '6 " 
A, '0 'S ., 
BE 11 14 A, 

DE 12 '3 

Note: Pin 1 is marked for orientation. 

10 

14 

22 

MPR-063 

MPR-064 
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LOGIC DIAGRAM 

AOo-----~~ 

·oo----t-LJ 

·20----t-LJ 

A30----t-1''''\ 

·3o----t-LJ 
SELECT 

~~~6~~ ORCP 0--[>0----------1 
BUS 

ENABLE BE 0-'-01:>------------------' 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperatu're 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

DC I nput Current 

ELECTRICAL CHARACTERI\STICS 

The following conditions apply unless otherwise noted: 

Am2905XC (COM'L) TA - o'c to +70'C 
Am2905XM (MI L) TA ;: _55°C to +125°c 

VCCMIN. - 4.75V VCCMAX. - 5.25V 

VCCMIN. - 4.50V VCCMAX. - 5.50V 

~o---<l[>-...., 

I-"-C~-+-O·o 

1-"-00---0 ·3 

RECEivER 
........ ----.,--<:10--0() m LATCH, 

ENABLE 

._65°C to +150°C 

-55°C to +126"C 

-O.5V to +7,Y 
-O.5V to+Vee max. 

-O.6V to +7V 

30mA 

200mA 

-30mA to +5.0mA 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (NOt. 1) 

IOL -40mA 

VOL Bus Output LOW Voltage Vee- MIN. 10L -70mA 

10L - 100mA 

Va = 0.4V 

10 Bus Leakage Current Vee=MAX. 
Va - 4.5V 

MIL 

eOM'L 

10FF 
Bus Leakage Current VO=4.5V 
(Power OFF) 

VTH Receiver Input HIGH MIL 
8us enable = 2.4V 

Threshold eOM'L 

VTL 
Receiver I nput LOW Bus enable = 2.4V 

MIL 
Threshold eOM'L 
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Min. 

2.4 

2.3 

Typ. 
(Not. 2) 

0.32 

0.41 

0.55 

2.0 

2.0 

2.0 

2.0 

Max.' Units 

0.5 

0.7 Volts 

0.8 

-50 

200 I'A 

100 

100 I'A 

Volt. 

1.5 
Volts 

1.6 



ELECTRICAL CHARACTERISTICS 

The following conditions applv unless otherwise noted: 

Am2905XC (COM'Ll T A"" aOc to +70°C Vee MIN. = 4.75 V 

Am2905XM MILl TA = -5SoC to +125°C VCCMtN.:: 4.S0V 

Vee MAX. = 5.25V 

Vee MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions INote 11 

VOH 
Receiver Output VCC = VIN MIL, 10H = -1.0mA 

HIGH Voltage VIN = VIL or VIH COM'L, 10H = -2.6mA 

10L = 4mA 

VOL 
Receiver Output VCC = MIN. 

10L =8mA 
LOW Voltage VIN = VIL or VIH 

10L = 12mA 

VIH 
Input HIGH Level Guaranteed input logical HIGH 
(Except Bus! for all inputs 

VIL 
Input LOW Level Guaranteed input logical LOW I MIL 
(Except Bus! for all inputs I COM'L 

VI 
Input Clamp Voltage VCC = MIN., liN = -18mA 
(Except Bus! 

IlL 
Input LOW Current 

VCC = MAX., VIN = O.4V 
(Except Bus! 

IIH 
Input HIGH Current VCC = MAX., VIN = 2.7V 
(Except Bus) 

II 
Input HIGH Current 

VCC = MAX., VIN = 5.5V 
(Except Bus) 

Receiver Off-State I VO=2AV 
10 VCC = MAX. 

Output Current IVO=OAV 

ISC Receiver Output VCC= MAX. 
Short Circuit Current 

ICC Power Supply Current VCC = MAX., All inputs = GND 

Min. 

2.4 

2.4 

2.0 

-12 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2905XM 

Typ. 
Parameters Description Test Conditions Min. (Note 2) Max. 

tPHL 21 40 
Driver Clock (DRCP) to Bus 

tPLH CL (BUSI = 50pF 21 40 

tPHL 
Bus Enable HiE) to Bus 

RL (BUS) = 5001 13 26 

tPLH 13 26 

ts 25 
Data Inputs (A or B) 

th 8.0 

ts 
Select Input (S) 

33 

th 8.0 

tpw Driver Clock (DRCP) Pulse Width 
28 

(HIGH) 

tPLH Bus to Receiver Output 18 37 

tPHL (Latch Enablel CL=15pF 18 37 -- RL = 2.0kn 37 tPLH 21 
Latch Enable to Receiver Output 

tpHL 21 37 

ts 
Bus to Latch Enable (RLE) 

21 

th 7.0 

tZH 14 28 

tZL 
Output Control to R,eceivEir Output 

14 28 

tHZ 14 28 
Output Control to Receiver Output 

tLZ 14 28 

Typ. 
(Note 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

69 

Max. 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.5 

-0.36 

20 

100 

20 

-20 

-65 

105 

Am2905XC 

Typ. 

Am2905 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

MA 

._-~-~ 

MA 

MA 

--

mA 

mA 

Min. (Note 2) Max. Units 

21 36 
ns 

21 36 

13 23 
ns 

13 23 

23 
ns 

7.0 

30 
ns 

7.0 

25 ns 

18 34 
ns 

18 34 

21 34 
ns 

21 34 

18 
ns 

5.0 

14 25 
ns 

'-4 25 

14 25 
ns 

14 25 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Tvpicallimits are at Vee = 5.0V, 2Soe ambient and maximum loading. 

3. Not more than one output-should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2905 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

vCC ______ O_R_�v_E~N-IN-PU-T-----+_I--~------B~U~S--~--~--~Ir_--D~R-'V_'N_G_~~~~U~T __ __ 

* II 
Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

Bus Output Low Voltage 
Versus Ambie~t Temperature 

~. 1.0 .-".-;---r-,--;--;-..,..--r-, 
g Jcc J+s.6v 
~ 0.8 I ; Lt., g 0.6 I"- -- 'BUS" l00mA -1---
f- IBUS - 70mA, 

~ o.4~t=~~~~e;E~~~ 
~ reus - :4O mA 

iil 0.21"-+-+-+--1-+-++-+-1 
~ I 
~ OL-~~~~ __ ~~~~~ 

-55 -35 -15 5 25 45 65 85 105 125 
TA, - AMBIENT TEMPERATURE _ °c 

MPR·067 

Receiver Threshold Variation 
Versus Ambient Temperature 

2.5 '-"'-"'--'-"""-Ir-:-.---r-.,..-, 
2.41--+-+-+-+-+-1 +-+-+-I 
2.3 f-t.v,c.Lc",_ tS.5"v.-f-++++-l 
2.2 1/. VCC -S.25V 

2.1 I 1.1.... . 
2.0 I- MIL t-- vCC' 4'.75";- COM·L 

::: 1-+.7,j,~'~F""+-+--I.d 
1.71-+-VC"jC;.."_4j-.S_V++-+_r_+--I 

1.6 f-t-t-It-t-t-t-t-H 
1~5':-5---:3:-5-,_1":15~5-:'25~4':-5-6:':5:-:8':-5-:'-=05:--:"2S 

T A - AMBIENT TEMPERATURE - DC 

SWITCHING WAVEFORMS 

DRIVER 
CLOCK 

A, BorS 
INPUT 

'B"(j$ 
OUTPUT 

RECEIVER 
OUTPUT 

, . 
Note: 'Bus to Receiver outpu,t delav !s measured by clocking data Into the driver register 

and measurins'the BUS to R combinatorial delay, 
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S 

X 

X 

X 

X 

X 

H 

H 

X 

X 

X 

X 

FUNCTION TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE FUNCTION 
A; B; DRCP BE m DE 0; 0; BUSj R; 

X X X H X X X X Z X Driver output disable 

X X X X X H X X X Receiver output disable 

X X X H X H Driver output di~able and 

X X X H X H L receive data via Bus input 

X X X X H X X NC' X X Latch received data 

L X t X X X X 

H X f X X X X X X 
Load driver register 

X L X X X X X, X 

X H X X X H X X X 

X X X X X NC X X X 
ND driver clock restrictions 

X X H X X X NC X X X 

X X X X H 
Drive Bus 

X X X X H X X 

H = HIGH Z = HIGH Impedance X ;;; Don't care i "" 0,1,2,3 
L= LOW NC == No change t ;;; LOW to HIGH transition 

DEFINITION OF FUNCTIONAL TERMS 

AO. A,. A2, A3 The "A" word data input into the two 
input multiplexer of the driver register. 

BO. B" B2. B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 

DRCP 

BUSo. BUS, 

BUS2·BUS3 

Select. When the select input is LOW, the 
A data word is applied to the driver reg
ister. When the select input is HIGH. the 
B word is applied to the driver'register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

B~s Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 

The four driver outputs and receiver in
puts (data is inverted). 

RO. R,. R2. R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When ill is 
LOW. data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HI G H. the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are in the high-impedance state. 
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ORDERING INFORMATION 

Order the part number according to the table below, to obtain the de
sired package, temperature range, and screening level. 

Package Operating Screening 
Order Type Range Level 

Number (Note 1) (Note 2) (Note 3) 

AM2905PC P-24 C C-l 
AM29050C 0-24 C C-l 
AM29050C-B 0-24 C B-1 
AM29050M 0-24 M C-3 
AM29050M-B 0-24 M B'3 
AM2905FM F-24-1 M C-3 
AM2905FM-B F-24-1 M B'3 

AM2905XC Dice C } 
Visual inspection 

AM2905XM Oioe M 
to MIL-STO-883 
Method 2010B. 

Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number follow

ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

2. C = O"C to + 70"C, Vee = 4.75V to 5.25V. 
M = -55"C to + 125"C, Vee = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-l and C-3 con
form to MIL-STO-883, Class C. Level B-3 conforms to MIL-STO-
883, Class B. 

", 
50n 

ill 

"0 

'0 

Ao 
BUsO 

GNDl. 

BUS1 

Al ., 
"1 

BE 

LOAD TEST CIRCUIT 

Am2905 

e, 
5Op' ::J; (NOTE 1) 

Metallization and Pad Layout 

Vee 

2' 

22 

21 

• 20 
19 

6 18 

17 

16 

15 

10 " 
11 13 

12 
5E 

DIE SIZE 0.080" X 0.130" 

MPR-070 

DRCP 

", 
" 
" BUs3 

GND2 

BUS2 

'2 

'2 

"2 

I 



Arri290S 

I AOORE$ I ANO 
DAT~ DISPLAY 

II 1 I 
A CONTROL B 

A 

R 

ALU 

OUT 

1 
j ! 
8 CONTROL 

Am290B 

BUS 

DATA 
BUS 

APPLICATIONS 

A 

R 

IN • 
CONTROL 

SCRATCHPAD 

OUT 

I 
B CONTROL 

Am2905 

BUS 

ADDRESS 
BUS 

-
r-

A 

R 

~ 

·1 

MASTER 
CONTROL 

I 
! 
B CONTROL 

Am2905 

BUS 

CONTROL 
BUS 

I 
I REMOTE I I OPERATION 

The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 

MPR'071 



Am2906 
Quad Two·lnput OC Bus Transceiver with ParitJf 

Distinctive Characteristics 

• Quad high-speed LSI bus transceiver. • Receiver has output latch for pipeline operation. 
• Open-collector bus driver. 
• Two-port input to D-type register on driver. 
• Bus driver output can sink 100 mA at O.BV max. 
• Internal odd 4·bit parity checker/generator. 

FUNCTIONAL DESCRIPTION 

The Am2906 is a high·performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D·type 
edge·triggered flip-flops with a built·in two-input multiplexer 
on each. The flip·flop outputs are connected to four open· 
collector bus drivers. Each bus driver is internally con· 
nected to one input of a differential amplifier in the receiver. 
The 'four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four·bit odd 
parity checker/generator. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS in· 
puts) are one LS unit load. The open·collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS inpllt 
differential amplifier contains disconnect protection diodes 
such that the bus is fail·safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high·impedance state. When BE is HIGH:the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D·type flip·flops with a 
buffered common clock and a two·input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. 
The buffered common clock (0 Rep) enters the data into 
this driver register on the LOW·to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non·inverted from driver input to 
receiver outp·ut. The four receivers each feature a built-in 
D·type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the RLE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus input. 

The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is en· 
abled, parity is generated and if the driver is in the high
impedance state, the BUS parity is checked. 

5-93 

• Receiver outputs sink 12 mA. 
• Advanced low-power Schottky processing. 

LOGIC SYMBOL 

• , • 9 16 15 2{) 2' 

" ODD '2 

'0 
2' DRCP 

Am2906 R, '0 
11 BE 

R2 ,~ 

RLE R, 22 

17 ,. 

Vee"" Pin 24 

GND, ~ Pin 6 

GND2 = Pin 18 
MPR-Q73 

CONNECTION DIAGRAM 
Top View 

m 2. Vee 

RO 2' DRCP 

BD 22 R, 

AD 2' " 
BUSo '0 A3 

GND,l ,. BUS3 
Am290e 

BUS, 18 GND2 

A, 17 BUS2 

" 16 '2 

.R, ,0 15 '2 

BE 11 14 R, 

ODD 12 " 

Noi~: Pin 1 is marked for orientation: 
MPR·074 

II 



Am2906 

LOGIC DIAGRAM 

" 
A, 

'3 <>--+--L-J 

SELECT 

~~b~~R DRCP 0----------" 

~~~BLE BE o-------------~'i>--' 

MAXIMUM RATINGS (Above which the useful.life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potent:..:ia'c:l =::-:--:-__ ::-__ 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

000 
PAR tTY 

MPR·075 

-O.5V to +7V 
-O.5V to +Vcc max. 

-O.5V to +5.5V 

30mA 

200mA 

DC I nput Current 
----------,----------------=-c:----,,----

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS 

,The,following conditions apply unless otherwise noted: 

-Am2906Xe (eOM'L) TA =_ooe to +70o e Vee MIN. = 4.1SV 
Am2906XM(MILj TA=.c.55°eto+125°e VceMIN_=4.50V 

Vee MAX. = 5.25V 
Vee MAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERisTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions (Not. 1) Min (Note 2) 

'IOL =40mA 0.32 
-

VOL Bus Output LOW -Voltage 10L =70mA 0.41 

10L = lOOmA 0.55 

Vo = O.4V 

10 Bus Leakage Current VCC= MAX. Vo = 4.5V 
MIL 

COM'L 
~------ -- -----

10FF 
Bus Leakage Current Vo =4.5V 
(Power OFF) 

VTH 
Receiver Input HIGH MIL 2.4 2.0 

Threshold 
Bus enable = 2.4V 

COM'L 2.3 2.0 

VTL 
Receiver Input LOW Bus enable" 2.4V 

MIL 2.0 
Threshold COM'L 2.0 

5-94 

Max Units 

0.5 

0.7 Volt. 

0.8 

-50 

200 I'A 

100 

100 I'A 

-Volts 

1.5 
Volts 

1.6 



ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2906XC (COM'L) TA ~ DOe to +70o e Vee MIN. - 4.75V 
Am2906XM (MIL) TA - _55°e to +125°e Vee MIN. 4.6V 

Vee MAX. ~ 5.25V 
Vee MAX. ~ 5.5V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) 

Receiver Output VCC~ MIN. MIL IOH ~-lmA 

VOH 
HIGH Voltage VIN ~ VIL or VIH COM'L IOH - -2.6mA 

Paritv Output VCC ~ MIN., IOH ~ -660I'A' MIL 
HIGH Voltage VIN ~ VIH or VIL COM'L 

IOL~4mA 

VOL Output LOW Voltage VCC- MIN. 
IOL -8mA 

(Except Bus) VIN ~ VIL or VIH 
IOL ~ 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

VIL Input LOW Level Guarantaed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

VI Input Clamp Voltage VCC ~ MIN., liN ~ -IBmA 
(Except Bus) 

IlL 
Input LOW Current VCC ~ MAX" VIN ~ 0.4V 
(Except Bu.) 

IIH 
Input HIGH Current 

VCC - MAX., VIN - 2.7V 
(Except Bus) 

II 
Input HIGH Current 

VCC ~ MAX., VIN ~ 5.5V 
(Except Bus) 

ISC 
Output Short Circuit Current 

VCC~ MAX. 
(Except Bus) 

ICC Power SupplV Current VCC ~ MAX., All inputs - GND 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-12 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2906XM 

Typ. 
Parameters Description Test Conditions Min. (Note 2)" Max. 

tPHL 21 40 
Driver Clock (DRCP) to Bus 

tPLH CL (BUS) - 50pF 21 40 

tpHL 
Bus Enable (BE) to Bus 

RL (BUS) - son 13 26 

tpLH 13 26 

ts 25 
Data Inputs (A or B) 

th 8.0 

ts 33 

th 
Select Inputs (5) 

8.0 

tpw Clock Pulse Width (HIGH) 28 

tpLH 8us "to Receiver Output 18 37 

tPHL (Latch Enabled) 18 37 

tPLH 21 37 
Latch Enable to Receiver Output CL ~ 15pF 

tPHL 21 37 

ts 
RL ~ 2.0kn 

21 
Bus to Latch Enable (RLE) 

th 7.0 

tpLH A or B Data to Odd Parity Output 21 40 

tpHL (Driver Enabled) 21 40 

tpLH Bus to Odd ParitY .output 21 40 

tPHL (Driver Inhibited, Latch Enabled) 21 40 

tPLH Latch Enable (RLE) to 21 40 

tPHL Odd Parity Output 21 40 

Typ. 
(Nota 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

72 

Max. 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0.36 

20 

100 

-65 

105 

,Am2906XC 

Typ. 
Min. (Note 2) Max. 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

30 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 

5.0 

21 36 

21 36 

21 36 

21 ' 36 

21 36 

21 36 

Am2906 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

I'A 

I'A 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 

2. Tvpicallimits are at Vee::: 5.0V, 25°C ambient and maximum loading. . 

3. Not more than one output should be shorted a:t a time. Duration of the short circuit test should not exceed one second. 
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Am2906 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

DRIVEN INPUT 

VCC--------~--------+_----------~--~--~--+_----------~----
BUS DRIVING OUTPUT 

150.0 

INPUT o----.-4~_+CI_+-

Note: Actual current flow direction shown. 

TYPiCAL PERFORMANCE CURVES 

Bus Output Low Voltage 
Versus Ambient Temperature 

Receiver Threshold V~riation 
Versus Ambient Temperature 

~ 1,0 

~ 
~ 0.8 

~ 
~ 0,6 

~ 0.4 

15 
~ 0.2 
I 
-' o 

> o 

Jcc J + •. Jv 
I 

f-- - rlus. l00mA--- -
IBUS = 70mA 

f-- - ~ftr-r r- --

-55 -35 -15 5 25 45 66 85 1.05,125 

T A - AMBIENT TEMPERATURE _ aC 

2.' 
2.4 

2.3 

2.2 

2. 1 

1.9 

1.8 

1.7 

1.6 

1.5 

I I I 
I I 

Vee'" 5.SV I 
/, vee" 5.2SV 

_MIL~ - VC~=)7.J~ pOM'L 

-
~ 

Vee'" 4.5V 

-H- --r-
-55 -36 -15 5 25 45 65 Q5 105125 

T A - AMBIENT TEMPERATURE _ °c 

SWITCHING WAVEFORMS 

DRIVER 
CLOCK 

A. Bar 5 
INPUT 

sus 
OUTPUT 

RECEIVER 
OUTPUT 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the. BUS to R combinatorial delay. . 
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FUNCTION TABLE 

INPUTS ~~T~~~I~~ BUS OUTPUT 

5 Ai 8i DRCP BE RLE ~ OJ 

XXXXHXXX 

xxxxxx X 

x X X X H 

X X X X 

X 

X 

Q; 

X 

X 

H 

BUSj R; 

Z X 

H 

FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and 
receive data vIa Bus input 

---------x X 
L X 

L H X 
H X L 

H X H 

X H X X 

X X L 

X X 

X X 

X X H 

NC X X Latch received data 

X X X 

load driver register 
X X 

X X 

X X 

X X X x X X NC X 
No driver clock restrictions 

X X X H 
X X X 

X X ~ X 

H = HIGH 
L= LOW 

X X NC 

X 

X X 

Z "" HIGH Impedance 
Ne = No change 

X 

X H X 
Drive Bus 

x = Don't care i "" 0, 1,2,3 
t = LOW to HIGH transition 

DEFINITION OF FUNCTIONAL TERMS 

Ao. A1. A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bo. B1. B2. B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 

DRCP 

BUSe.BUS1 

BUS2. BUS3 

Select. When the select input is LOW. the 
A data word is applied to the driver reg' 
ister. When the select input is HIGH. the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 

The four driver outputs and receiver in· 
puts (data is inverted). 

Re. R 1. R2. R3 The. four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non·inverted. 

Receiver Latch Enable. When R LE is 
LOW. data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH. the receiver latches are .closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are in the high·impedance state. 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the de
sired package, temperature range, and screening level. 

Package Operating Screening 
Order Type Range Level 

Number (Note 1) (Note 2) (Note 3) 

AM2906PC P-24 C C-l 
AM29060C 0-24 C C-l 
AM2906oC-B 0-24 C B-1 
AM29060M 0-24 M C-3 
AM2906oM-B 0-24 M B-3 
AM2906FM F-24-1 M C-3 
AM2906FM-B F-24-1 M B-3 

AM2906XC Dice C 
Visual inspection 

AM2906XM Dice M 
to MIL-STO-663 
Method 2010B. 

Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number follow

ing leiter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise" specified. 

2. C = O°C to +70°C, Vee = 4.7SV to 5.2SV. . 
M = -55°C to +125°C, Vee"" 4.S0V to 5.50V. 

3. See Appendix A for details of screening. Levels C-l and C-3 con
form to MIL-STo·BB3, Class C. Level B-3 conforms to MIL-STD· 
663, Class B. 

R. 
50n 

LOAD TEST CIRCUIT 

R 

TEST 
POINT 

Am2906 OR 1--4-..... _~,.....(I----. 
PARITY 

+------0 p~~~ 

c. 
50pF 

~fNOTE1). 

Metallization and Pad Layout 

DIE SIZE 0.080" X 0.130" 

MPR·080 

II 



Am2906 

APPL leA nONS 

SELECT ---1P"----------------1P"---------------, 
~LOC~ - .... --i---------------+-1~-----:-----___, 

DRef' 
• Am2906 

BE 

:~~.LE - ..... "'--l------4------t-I-..... "'--l------4"--"-----.... -t-., 
~~i~E ---<l------4------t-I-:.::::,TS:::--<l------4--------' 

.,TS 
0-3 

81.TS 
4-7 

8-11 

A~82S62 

EVEN 

DRCP 

CHECK 
PARITY OUTPUT 

Generating or checking parity for 16 data bits. 
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Am2907 • Am2908 
Quad Bus Transceivers with Interface Logic 

Distinctive Characteristics 

• Quad nigh-speed LSI bus-transceiver 

• Open-collector bus driver 

• D-type register on driver 

• Bus driver output can sink 100mA at O.8V max. 

• Internal odd 4-bit parity checker/generator 

FUNCTIONAL DESCRIPTION 

The Am2907 and Am2908 are high-performance bus trans
ceivers intended for bipolar or MOS microprocessor system ap
plications. The Am2908 is Digital Equipment Corporation "Q or 
LSI-II bus compatible" while the Am2907 features a 2.0V receiver 
threshold. These devices consist of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open:col
lector bus drivers. Each bus driver is internally connected to one 
input of a differential amplifier in the receiver. The four receiver 
differential amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd parity 
checker/generator. 

These LSI bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS in
puts) are one LS unit load. The open-collector bus output can 
sink up to 100mA at O.8V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power is not applied. The .bus enable 
input (BE) is used to force the driver outputs to the high-impe
dance state. When BE is HIGH, the driver is disabled. The 
open-collector structure of the driver allows wired-OR opera
tions to be performed on the bus. 

The input register consists of four D-type flip-flops with a buf
fered common clock. The buffered common clock (DRCP) en
ters the Ai data into this driver register on the LOW-to-HIGH 
transition. 

Data from the A input is inverted at the BUS output. Likewise, 
data at the BUS input is inverted at the receiver output. Thus, 
data is non-inverted form driver input to receiver output. The 
four receivers each feature a built-in D-type latch that is con
trolled from the buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted arid OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs arid are controlled by a buf
fered common three-state control (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 

The Am2907 and Am2908 feature a built-in four-bit odd parity 
checker/generator. The bus enable input (BE) controls wilether 
the parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch out
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 

The Am2907 has receiver threshold typically of 2.0V while the 
Am2908 threshold is typically 1.5V. 

5-99 

• Am2907 has 2.0V input receiver threshold; Am2908 is 
"DEC Q or LSI-II bus compatible" with 1.SV receiver 
threshold 

• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12mA 
• Advanced Low-power Schottky processing 

1. 

11 

LOGIC SYMBOL 

13 17 

DRCP ODD 

RLE 
RO 

Am2907 
Rl 

BE Am2908 
R2 

OE R3 

BUSO BUS1 BUS2 BUSa 

I. ,. 

Vcc = Pin 20 
GND1 = Pin 5 
GND2 = Pin 15 

CONNECTION DIAGRAM 
Top View 

10 

a 

12 

,. 

Note: Pin 1 is rnarked for orientation. 

MPR-OB3 

MPR-084 

I 



Am2907/2908 

DRIVER 
CLOCK DRCP 

LOGIC'DIAGRAM • 

:~BLE BE<>--------oC>-' '--___ --<<1--0 RLE ~~~:.vER 
ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Outputs (Except BUS) 

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2907XC, Am2908XC (COM'L) TA '" 0'0 to +70'0 Vee MIN. = 4.75V Vee MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) . TA = -55'0 to +125'C Vee MIN. = 4.50V' Vee MAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

PARITY 

MPR·085 

-0.5 V to +7V 

-0.5 V to +VCC max. 

-0.5 V to +5.5 V 

30mA 

200mA 

-30 mA to +5.0'mA 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

10L = 40mA 0.32 '0.5 

VOL Bus Output LOW Voltage Vee = MIN. 10L - 70mA 0.41 0.7 Volts 

10L = lOOmA 0.55 0.8 

Vo = O.4V -50 

10 Bus Leakage Curren! Vee = MAX. MIL 200 p.A 
Vo = 4.5V 

COM'L 100 

10FF Bus Lea~ge Cumin! (Power Off) Vo = 4.5V 100 'p.A 

MIL 2.4 2.0 
Am2907 

COM'L 2.3 2.0 
VTH Receiver Input HIGH Threshold Bus Enable = 2.4V Volts 

MIL 1.9 1.5 
Am2908 

COM'L 1.7 1.5 

MIL 2.0 1.5 
Am2907 

COM'L 2.0 1.6 , 
Volts Vn Receiver Input LOW Threshold Bus Enable = 2.4V 

MIL 1.5 1.1 
Am2908 

COM'L 1.5 1.3 

. V, Input Clamp Voltage Vee = MIN., liN = -18mA -1.2 Volts 
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ELECTRICAL CHARACTERISTICS 
Am2907/2908 

The following conditions apply unless otherwise noted: 
Am2907XC, Am2908XC (COM'L) TA = O"C to + 70'C Vee MIN. = 4.75V Vee MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) TA = -55'C to +125'C Vee MIN. = 4.50V Vee MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 

Receiver VCC= MIN. I MIL: 10H = -lmA 2.4 3.4 
VOH Volts 

Output HIGH Voltage VIN = VIL or VIH I COM'L: 10H = -2.6mA 2.4 3.4 

VOH 
Parity VCC = MIN., 10H = -660iLA I MIL 2.5 3.4 

Output HIGH Voltage I COM'L 
Volts 

VIN = VIH or VIL 2.7 3.4 

Output LOW Voltage 
I 10L- 4mA 0.27 0.4 

VOL 
VCC= MIN. 

(Except Bus) 
I 10L = 8mA 0.32 0.45 Volts 

VIN = VIL or VIH I 
0.5 10L = 12mA 0.37 

VIH 
Input HIGH Level Guaranteed input logical HIGH 

(Excapt Bus) 
2.0 Volts 

for all inputs 

VIL 
Input LOW Level Guarant~d input logical LOW I MIL 0.7 

Valts 
(Except Bus) for all inputs I COM'L 0.8 

VI 
Input Clamp Voltage 

VCC = MIN., liN = -18mA -1.2 Volts 
(Except 8us) 

IlL 
Input LOW Current 

VCC = MAX., VIN'= 0.4 V -0.36 mA 
(Except 8us) 

IIH 
Input HIGH Current 

VCC = MAX., VIN = 2.7 V 20 
(Except Bus) !LA 

II 
Input HIGH Current 

VCC = MAX., VIN = 5.5 V 100 !LA (Except Bus) 

II 
ISC 

Output Short Circuit 
VCC= MAX. 

Current (Except Bus) 
-12 -65 mA 

Power Supply Current 
I Am2907 75 110 

rnA ICC VCC = MAX., All Inputs = GND I Am2908 80 120 

Off-S.tate Output Current I Vo - 2.4 V 20 
/lA 10 (Receiver Outputs) VCC= MAX. I Vo =0.4 V -20 

Am2907 SWITCHING CHARACTERISTICS Am2907XM Am2907XC 
OVER OPERATING TEMPERATURE RANGE Typ. Typ., 
Parameters Description Test Conditions' Min. (Note 2) Max. Min. (Note 2) Max. Units 

tpHL 21 40 21 36 
Driver Clock (DRCP) to Bus ns 

tPLH CL (8US) = 50pF 21 40 21 36 

tpHL 
Bus Enable (BE) tQ Bus 

RL (BUS) = 50n 13 26 13 23 
ns 

tPLH 13 26 13 23 

ts 18 15 
Data Inputs ns 

th 8.0 7.0 

tpw Clock Pulse Width (HIGH) 28 25 ns 

tPLH Bus to Receiver Output 18 37 18 34 

(Latch Enabled) 
ns 

tPHL 18 37 18 34 

tPLH 21 37 21 34 
Latch Enable to Receiver Output ns 

tpHL 21 37 21 34 

ts 
CL = 15pF 

18 
8us to Latch Enable (RLE) RL = 2.0kn 

21 
ns 

th 7.0 5.0 

tPLH Data to Odd Parity Out 21 40 21 36 
(Driver Enabled) ns 

tPHL 21 40 21 36 

tPLH Bus to Odd Parity Out 21 40 21 36 

'(Driver Inhibitl 
ns 

tPHL 21 40 21 36 

tpLH Latch Enable (RLE) to·Odd 21 40 21 36 

Parity Output 
ns 

tPHL 21 40 21 36 

tZH 14 28 14 25 
Output Control to Output ns 

tZL 14 28 14 25 

tHZ CL = 5.0pF 14 28 14 25 
Output Control to Output ns 

tLZ RL = 2.0kn 14 28 14 25 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Tvpicaillmits are at Vee = 5.0V, 25Q e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2907/2908 
,Am2907 • Am2908 

Am2908 SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE Am2908XM Am2908XC 

Typ. Typ. 
Parameters Description Test Conditions Min. (Nole 2) Max. Min. (Nole2) Max. Units 

IpHL 21 40 21 36 
Driver Clock (DRCP) 10 Bus ns 

IpLH 21 40 21 36 

IpHL 
Bus Enable (BE) 10 Bus 

13 26 13, 23 
CdBUS) = 50pF ns 

IpLH 13 26 13 23 

Bus Oulput Rise Time 
RL(BUS): 9W 10 

5 10 7 10 Ir Vee ns 
tf Bus Output Fall Time 2000 to GND 3 6 4 6 

ts 18 15 
Data Inputs ns 

th 8,0 7,0 

tpw Clock Pulse Width (HIGH) 28 25 ns 

tpLH Bus to Receiver Output 18 38 18 35 
ns 

tpHL (Latch Enabled) 18 38 18 35 

tpLH CL = 50pF 21 38 21 35 
Latch Enable 10 Receiver Output ns 

tpHL RL = 2,OkO 21 38 21 35 

t ' 
Bus to Latch Enable (RLE) 

21 18 s ns 
th 7,0 5,0 

tpLH Data 10 Odd Parity Out 21 40 21 36 
ns 

tpHL (Driver Enabled) 21 40 21 36 

tpLH Bus to Odd Parity Out 21 40 21 36 
(Driver Inhibil) 

ns 
tpHL CL = 15pF 21 40 21 36 

tpLH Latch Enable (RLE) 10 Odd RL = 2,OkO 21 40 21 36 
Parity Output 

ns 
tpHL 21 40 21 36 

tZH 14 28 14 25 
Output Control to Output ns 

tZL 14 28 14 25 

tHZ CL = 5,OpF 14 28 14 25 
Output Control to Output ns 

tLZ RL = 2,OkO 14 28 14 25 

Notes: 1 , For conditions shown as MIN, or MAX" use the appropriate value specified under Electrical Characteristics fo the applicable device type, 
2, Typical limits are at Vee = 5,OV, 25°C ambient and maximum loading, 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level, 

Am2907 Am2908 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) '(Note 3) 

AM2907PC AM2908PC P-20 C C-l 
AM2907DC AM2908DC D-20 C C-l 
AM2907DC-B AM2908DC-8 D-20 C B-1 
AM2907DM AM2908DM 0-20 M C-3 
AM2907DM-B AM2908DM-B 0-20 M B-3 
AM2907FM AM2908FM F-20 M C-3 
AM2907FM-B AM2908FM-B F-20 M B-3 

AM2907XC AM2908XC Dice C } Visual inspection 

AM2907XM AM2908XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1, P = Molded DIP, D = Hermetic DIP, F = Flat Pak, Number following letter is number of leads, See Appendix B for detailed outline, 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified, 

2, C = O°C to + 70°C, Vee = 4,75V to 5,25V, M = -55°C to +125°C, Vee = 4,SOV to 5,50V, 
3, See Appendix A for details of screening, Levels C-l and C-3 conform to MIL-STD-883, Class C, Level B-3 conforms to MIL-STD-883, 

Class B. 
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Am2907/2908 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

vOC ______ D_R�_vE~N~'N-P-UT-----+_I---------.~u~s--~--~--r_I--D-R-'V-'N_G_D_UT_P~UT __ __ 

Bus Output Low Voltage 
Versus Ambient Temperature 

~ 1.0 

g JeeJ +5.6v 

~ O.B I 

~ J g 0.6 ---'BUS. 100m" -t--t--

+- laus'" 70mA 

~ o.4Ff:~t:t~~E!=a 
~ laus" 40mA 

i O.21-+-+-+-+-+--I!--1-+-i 

~ OL-~~_I,-~-,--~-,--.l.-' 
-55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMP"ERATURE _ cd 

MPR-087 

.J,. I I 

Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

~ 

Am2907 
Receiver Threshold Variation 
Versus Ambient Tempereture 

g 2.5 r-r--r--r--Ir--Ir---r-I-r-.,...-, 
~ 2.41-+-++-+-+--1-1-+--1 
~ 2.31-k-~'= 1+--1+--+--1'+-+-1 _ vee ·5.5vl 
g .2.21-,...9,"7" I~v:-,,",~d-I-.j..;.j 
:1 2.1 !/, ee - 5.25V 

~ 2.0 r- MIL r-- vc~ .. )75J~ COM'L 

{Q 1 91-+-~-*,"'ii'''''!''"'''I~l-+--1 
i' :\ 
l-
e:; V.ee 4.5V 
~ 1.'I--t-''f--r-1+++-+-+--1 
~ 1.6 I 
I 1 ~5L5-_-'-3-5 -"""'-5-5'-2.1.5-'-'-5--'65--B'-5-,.1.05-"25 

~ T A - AMBIENT TEMPERATURE - °c 

MPR·088 

Am2908 

~ 
Receiver Threshold Variation 
Versus Ainblent Temperature 

~ ~:~ .1 J 
~ 1.8 I I .'-r- Vee = 5.25 V ~ 
_ 1,' Vee· 5.5V '/ 

g ¥ 
:1 1,6 'I 
o 1.5 - MIL I 

~ 1.4 ~ 
" eOM'L 

~ 1.3 Vee = 4.5V 

~ ~.~ Jv leele"'15V!-

~ 1.01-+-+-
1

++-+-+--1-+--1 
I 0'!5!:::5"'~-=35::-_-':'':"5 -:!5C-:2:-5 -.:'.:15~65=-=B5::-::' 05~'25 

1\ 

~ 
T A -.AMBIENT TEMPERATURE - °c 

MPR·508 

Am2907/08 SWITCHING WAVEFORMS 

DRIVER 
CLOCK 

A INPUT 

iUs 
OUTPUT 

1. INPUT SET-UP AND .HOLD TIMES. 
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Am29072908 

TRUTH TABLE 

INPUTS 
INTERNAL 

BUS OUTPUr TO DEVICE 

Ai DRCP 

X X 

X X 

X X 

X X 

X X 

L t 
H t 
X L 

X H 

X X 

X X 

H = HIGH 
L= LOW 

BE m OE 

H X X 

X X H 

H L L 

H L L 

X H X 

X X X 

X X X 

X X X 

X X X 

L X X 

L X X 

Z = High Impedance 
NC = No Change 

Di Oi Bi Ri 

X X H X 
X X X Z 

X L L H 

X H H L 

X NC X X 

L X X X 

H X X X 

NC X X X 

NC X X X 

L X H X 

H X L X 

x = Don't Care 
t = LOW-to-HIGH Transition 

FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and receive data 
via Bus input 

Latch received data 

Load 'driver register 

No driver clock restrictions 

Drive Bus 

i = 0, 1,2,3 

PARITY OUTPUT FUNCTION TABLE 

BE· ODD PARITY OUTPUT 

L ODD ~ 

H ODD ~ 

DEFINITION OF FUNCTIONAL TERMS 

DRCP Driver Clock Pulse_ Clock pulse for the driver register. 

BE Bus Enable. When the Bus Enable is HIGH, the fow 
drivers are in the high impedance state. 

BUSO, BUS1, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 

RO, R 1; R2, R3 The four receiver outputs. Data from the 
bus, is inverted while data from the A inputs is non-inverted. 

RLE Receiver Latch Enable. When R LE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all oth'er inputs. 

ODD Od,d parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state_ 

OE Output Enable. When the OE input is HIGH, the four 
t~ree-state receiver outputs are in the high-impedance state. 

Ail Ell A1 Ell A2 Ell A3 

QO Ell Q1 Ell Q2 Ell Q3 

Metallization and Pad Layout 

ill 1------, "0 2-r.~~~ 
Ao 3 

BUSo 4 

GND, 5 

BUS, 6 

DIE SIZE O.OSS" X q.l0~" 
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17 '" ,. BUS, 

" GND2 

,. BU" 

13 "2' 

12 ". 
11 DE 
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Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS 

OV 

Am2907/2908 

---~--3V 

An .:d . '\ 1.5V 
3V 

AnJ \ IS~IH~ . 
OV 

...... ------OV 

----_-----..-- 3V 
DRCP 1.SV 1.5V 

1.5V f "--11.5V 

3V 

DRCP 
IpW 

I --1 r:~ 
ov 

1.5V'\ ~~I' BE 

IUSn ~. 90~ ~'PHL:1 1.5V 
10" 

1.10":1 
1.5V 

tpHL IPCH BUlIn 1.5V MPR-509 

.1 OV 

2. DRIVER CLOCK (DRCP) TO BUS 3. BUS ENABLE (BE) TO BUS 

DRIVER SWITCHING WAVEFORMS 

+S.OV +S.ov 

sou 91U 

An --+--1I>----i An --,---1I>----i 

DRCP --+--11><---1 CP I 
IIE--+~I~---------I I ______ ------1 

MPR-511 Am2907 
DRIVER LOAD TEST CIRCUIT 

~ --------------ov m 
-----3V 

IUSn 
1~:::"::"---oV 

F 
\...--.:.~-,P-LH~ 

iii -------------- 4.5V 

MPR-513 

4. BUS TO RECEIVER OUTPUT 
(LATCH ENABLED) 

DRCP --+-170--'; CP 

1
15Pl 

I3E --t----<>I.~-___==_-_-_=_=_-~ ~ 

Am2g0B 
DRIVER LOAD TEST CIRCUIT 

200n 

~ -------------------ov 

~----~,---------3V 

\'-------- ov 

t: IPW:J __ 3V 

1.SV 

IPLH.J..:=:j ov 

...... ----.-~~ 
BE -------~--------- 4.5V 

5. LATCH ENABLE TO OUTPUT MPR·514 

RECEIVER SWITCHING WAVEFORMS 

BUlIn --r-{>----1 

m --+-"'~OO------I 

OE--I-<>I>----------' 

MPR-515 Am2907/08 RECEIVER LOAD TEST CIRCUIT. 
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+s.ov 

2KH 

ALL DIODES 
ARE 1N3064 

Note: CL = 15pF for Am2907 
CL = 50pF for Am2908 

II 



Am29072$08 

Am2907/08 SWITCHING WAVEFORMS 
. AND LOAD TEST CIRCU.ITS (Cont.) 

--:::\i r----- 3V 

OI! '.5V 1\ f1.5Y 
f-ZL-:j";'\--.. s-Y-----' f-'L-Z1-F~'---'Sj-V - ::L 5' ANDS2 

,Rn 
OUTPUT 

NORMALLY 
LOW. 

Rn. 
OUTPUT 

NORMALLY 
HIGH 

DPEN • I . - VOH CLDSED 

f-- IZH"-.j I . ! I 

5' OPEN • f'--f 1
•
5V ll.-

-----' IHZ~' .SY 

6. RECEIVER TRI-STATE WAVEFORMS 

$1 ANDS2 
CLOSED 

MPR'S'6 

BE --_____________ <.5V' 

H------~---------~ ~-~-------------OY 
MPR·5.7 MPR-618 

7. A INPUT TO PARITY OUTPUT 8. BUS TO PARITY OUTPUT 

ODD PARITY OUTPUT WAVEFORMS 

DEVICE 

NOTE. 

Nole 1: Cl = 15pF for IZl. IZH 
Cl = 5pF for Ill. 1HZ 

MPR·5'9 

ALL DIODES 
ARE 'N3064 

LOAD FOR RECEIVER TRI-STATE TEST 
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+5.0V 

DEYICE 2kn 

ODD t--t--KI--'-+ 

MPR-520 

LOAD FOR PARITY OUTPUT 



I/O 
BUS 

APPLICATIONS 

SBUS 

R BIIS 

The Am2907 can,be used as an 1/0 Bus Transceiver and Main Memory 1/0 Transceiver 
in h,igh-speed Microprocessor Systems. 
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FLAGS Y 

Am2901A 
BIPOLAR 

MICROPROCESSOR 

MPR-091 
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Am2909 • Am2911 
Am2909A· Am2911A 

Microprogram Sequencers 

DISTINCTIVE CHARACTERISTICS 

• 4-bit slice cascadable to any number of microwords 
• Intemal address register 
• Branch input for N-way branches 
• Cascadable 4-bit microprogram counter 
• 4 x 4 file with stack pointer and push pop control for 

riesting microsubroutines 
• Zero input for returning to the zero microcode word 
• Individual OR input for each bit for branching to higher 

microi~structions (Am2909 only) 
• Three-state outputs 
• All intemal registers change state on the LOW-to-HIGH 

transition of the clock 
• Am2909 in 28-pin package 
• Am2911 in 20-pin package 
• New high-speed versions (Am2909A and Am2911A) are 

plug-.in replacements for original Am2909 and Am2911 
with critical path speeds improved by about 25% 

RELATED PRODUCTS 

Part No. 

Am2918 
Am2922 
Am29803A 
Am29811A 
Am25LS163 
Am27S35 

Description 

Pipeline Register 
Condition Code MUX 
16-Way Branch Control Unit 
Next Address Control 

. 4-8it Counter 
Registered PROM 

For applications information, see Chapter II of Bit Slice Micro
processor Design, Mick & Brick, McGraw Hill Publications. 

GENERAL DESCRIPTION 

The Am2909 is a four-bit wide address controller intended 
for sequencing through a series of microinstructions con-

. ~ained in a ROM or PROM. Two Am2909's may be inter
connected to generate an eight-bit address (256 words); and 
three .may be used to generate a twelve-bit address (4K 
words). ' 

The Am2909 can select an address from any of four 
sources. They are: 1) a set of extemal direct inputs (0); 2) 
extemal data from the R inputs, stored in an internal regis
ter; 3) a four-wprd deep push/pop stack; or 4) a program 
counter register (which usually contains the last address 
plus one). The push/pop stack includes certain control lines 
so that it can efficiently execute nested subroutine linkages. 
Each of the four outputs can be OR'ed with an external 
input for conditional skip or branch instructions, and a sepa
rate line forces the outputs to all zeroes. The outputs are 
three-state. 

The Am2911 is an identical circuit to the Am2909; except the 
four OR inputs are removed and the 0 and R inputs are tied 
together. The Am2911 is in a 20-pin, 0.3" centers package. 
The Am290l,lA and Am2911A are direct plug-in replacements 
for the Am2909 and Am2911, but are about 25% faster. 

MICROPROGRAM SEQUENCER BLOCK DIAGRAM 
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Am2909/0!'~111 JJ.A 

CONNECTION DIAGRAMS- Top VI_s 

P-28,D-28 P-20,D-20 

RE 28 V'" 

·3 '£T CP 

R2 28 PUSHI 
CP PUP POP 

R, 25 FE V", i'i' 

RO 24 Co+4 RE en ..... 

OR3 23 Co D3 Co 

D3 22 OE D2 OE 
Am29" 

OR2 21 v3 D, V3 

D2 20 V2 DO V2 

OR, 10 ,. V, GND V, 

D, 11 18 Vo ZERo Vo 

ORO 12 17 S, "0 s, 

DO 13 16 So 

GND 14 15 ZERO I MPR-096 Note: Pin 1 is marked f·or orientation. MPR-087 

LEADLESS CHIP ·CARRIEFIS 

L-28-1 L-20-1 

.. .r i' IS! ~ ~ ~ 
II! 

u i ~ ~ ~ 

R, Ff 

OR, Cn+4 D, c,,+. .. c" D, c" 

OR, Oi D, iil .. v, Do v, 

OR, v, GND v, 

D, v, 

M <I Jr. ~ ,:-

~ G ~ ~ <I Jr ~ 

ORDERING INfORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2911 Am2911A Package Operating SclMnlng A~ Am2ioeA Package oPerating SC ...... lng 
Order Order Type Range Level Order Order Type Range Level 

Number Number (Note I) (Note 2) (Note 3) Number Number (Note I) (Note 2) (Note 3) 

AM2911PC AM29IIAPC P-20 C C-I AM2909PC AM2909APC P-28 C C-I 
AM2911DC AM29IIAOC· 0-20 C C-I AM2909DC AM2909ADC 0-28 C C-I 
AM2911DC-B AM2911AOC-B 0-20 C B-2 (Note 4) AM2909DC-B AM2909AOC-B 0-28 C B-2 (Note 4) 
AM2911DM AM2911AOM 0-20 M C-3 AM2909DM AM2909AOM 0-28 M C-3 
AM2911DM-B AM2911AOM-B 0-20 M B-3 AM2909DM-B AM2909AOM-B 0-28 M B-3 
AM2911FM AM2911AFM F-2O-1 M C-3 AM2909FM AM2909AFM F-28-1 M- C-3 
AM2911FM-B AM2911AFM-B F-2O-1 M B-3 AM2909FM-B AM2909AFM-B F-28-1 M B-3 
AM2911LC AM2911ALC L-2O-1 C C-l AM2909LC AM2909ALC L-28-1 C C-l 
AM2911LM AM2911ALM L-20-1 M C-3 AM2909LM AM2909ALM L-28-1 M C-3 
AM2911LM-B AM2911ALM-B L-20-1 M B-3 AM2909LM-B AM2909ALM-B L-28-1 M B-3 

AM2911XC AM2911AXC Dice C } Visual inspection AM2909XC AM2909AXC Dice C } Visual Inspection 

AM2911XM AM2911AXM Dice M 
to MIL-STD-BB3 

AM2909XM AM2909AXM Dice M to MIL-STO-8B3 
Method 20108. . Method 20108. 

Notes: 1. P = Molded DIP, D = HermeticBIP, F = Flat Pak. Number follOWIng letter is number of leads. See Appendix Bfordetailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C= Oto -70'C, VCC = 4.7StoS.25V, M = -5Sto +125"C, Vee = 4.SOtoS.SOV. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883; Cless C. Level 8-3 conforms to MIL-STD-883, 

ClassB. 
4. 96 hours of bum-In. 
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Am2909/09A/11/11 A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 

OPERATING RANGE 

Operating Range 
Commercial 

Military 

Part Number 
Suffix 

PC,DC 

OM, FM 

Power Supply 
5.0V ±5% 

5.0V ±10% 

Temperature Range 
TA = O"C to +70"C 

TC = -55"C to +125"C 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Notes) 
(For Am2909, Am2911, Am2909A, Am2911A) 

Parameters Description 

VOH Output HIGH Voltage 

Val Output lOW Voltage 

VIH Input HIGH level 

Vil Input lOW level 

VI Input Clamp Voltage 

III Input lOW Current 

IIH Input HIGH Current 

II Input HIGH Current 

lOS 
Output Short Circuit Current 
(Note 3) 

ICC Power Supply Current 

IOZl 

IOZH 
Output OFF Current 

Test Conditions (Not. 11 

VCC =MIN., Mil I 10H = -1.0mA 

VIN = VIH or Vil COM'l I 10H = -2.6mA 

10l = 4.0mA, 2909/11 

VCC = MIN., 10l = 8.0mA, 2909/11 

VIN = Vlk or Vil tal = 12mA, 2909/11 
(NoteS) 

10l = 16mA, 2909A/ll A 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I Mll,2909/11 

voltage for all inputs I All others 

VCC = MIN., liN = -18mA 

Cn 
VCC= MAX., 

Push/Pop, OE 
VIN = O,4V 

Others (Note 6) 

Cn 
VCC=MAX., 

Push/Pop 
, VIN = 2.7V 

Others (Note 6) 

VCC= MAX., Cn, Push /Pop 

VIN = 7.0V Others (Note 6) 

VCC=6V I YO-Y3 

VOUT = .5V J Cn +4 

COM'land 
TA=+2S"C 

Mil 
VCC= MAX. 

COM'LOnly TA =01'0 +70"C 
(Note 4) 

TC = -55 to +125"C 
Mil Only 

TC = +12S"C 

VCC = MAX., 
YO-3 

VOUT=0.4V 

OE =2.7 V VOUT-2.7 V 

Min 
2,4 

2,4 

2.0 

-30 

-30 

Typ. 
(Note 2) 

_65°C to +150°C 

_55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +Vcc max. 

-0.5 V to +7.0 V 

30mA 

-30 mA to +5.0 mA 

Max Units 

Volts 

0.4 

0.45 
Volts 

0.5 

O.S 

Volts 

0.7 Volts 
0.8 

-1.5 Volts 

-1.08 

-0.72 rnA 

-0.36 

40 

40 S;A 

20 

0.2 
mA 

0.1 

-100 
mA 

-85 

130 

130 mA 

140 

110 

-20 
s;A 

20 

Notes: 1. For conditions shown as MIN. or MAX., .use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at V Cc "" ·S.OV. 2SoC am~i~nt and maximum loading. . 
3. 'Not more than one output should be shorted at a time. Duration of the ~hort circuit test should not exceed one second. 
4. Apply GNp to Cn • RO. R1. R 2• R3. ORO. OR1. OR2. OR3. DO. °1• 02. and 03' Other input~ high. All outputs open. Measured after a 

LOW-ta-HIGH clock transition. 
5. The 12mA guarantee applies only to YO. V 1, Y 2 and Y 3. 
6. For the Am291.1 and Am2911A. OJ and Ri are internally connected. Loading is doubled (to same values as Push/Pop). 
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Am2909A/Am2911A 
Am2909/09A/11/11A 

TABLE I 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

CYCLE TIME AND CLOCK CHARACTERISTICS 

Time COMMERCIAL MILITARY 

Minimum Clock LOW Time 20 20 

Minimum Clock HIGH Time 20 20 

TABLE II 

Tables I, II and III below define the timing characteristics of the 
Am2909NAm2911A over the operating voltage and temperature 
range. The tables are divided into three types of parameters; 
clock characteristics, combinational delays from inputs to out
puts, and set-up and hold time requirements. The latter table 
defines the time prior to the end of the cycle (i.e., clock LOW-to
HIGH transition) that each input must be stable to guarantee that 
the correct data is written into one of the internal registers. 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 
, (all in ns, CL = SOpF (except output disable tests») 

Measurements are made at I.SV with VIL = OV and VIH = 3.0V. 
For three-state disable tests, CL = 5.0pF and measurement is to 
O.5V change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 

Operating Power 
Range Part Numbers Supply Temperature Range 

Com'l 
Am2909APC, DC 5.0V ±5~ TA '" O°C to +70°C Am2911APC, DC 

Mil 
Am2909AOM, FM 5.0V ±10~ Te = -55°C to +125'C 
Am2911 ADM 

From Input 

OJ 

50,81 

ORj 

Cn 

ZERO 

DE LOW (enable) 

DE HIGH (disable)' 

Clock t 8180 = LH 

Clock l 8150 = LL 

Clock t 8180 = HL 

'CL = 5pF 

TABLE III 

COMMERCIAL 

Y Cn+4 

17 22 

29 34 

17 22 

- 14 

29 34 

25 -

25 -
39 44 

39 44 

44 49 

GUARANTEED SET-U~ AND HOLD TIMES (all in ns) (Note 1) 

COMMERCIAL MILITARY 

From Input Notes Set-Up Time Hold Time Set-Up Time 

RE 19 4 19 

Rj 2 10 4 12 

PU8H/POP 25 4 27 

FE 25 4 27 

Cn - 18 4 18 

OJ 25 0 25 

ORj 25 0 25 

50,81 25 0 29 

ZERO 25 0 29 

Notes: 1. All times relative to clock LOW-to-HIGH transition. 

MILITARY 

Y Cn+4 

20 25 

29 34 

20 25 

- 16 

30 35 

25 -

25 -

45 50 

45 50 

53 58 

Hold Time 

5 

5 

5 

5 

5 

0 

0 

0 

0 

2. On Am2911A, Hi and 0i are'internally connected and labeled 0;. Use Ri set-up an~ hold times when 0 inputs are used to load register. 

I-(T!'9't~ I) ---j I-- (T!'8't~ 1)--1 

3 1 r- ~"" \\ \\\\~I 'f. 1,----- 3.0V 
CP CLO;~:r:ELH~~~URS ----- l,5V 

I \.I~u ,n,n~ ---'-11--11- t. OV 

ALL INPUTS 
(EXCEPT OE) . 

YOUT 

(TABLE 10) (TABLE III) 

I~ m:~: 
1 I I INPUTS TO V or Cn+4 I---CLOCK TO V; or Cn+: : (TABLE H) 
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Am2909/09A/11111.A 
Am2909 and Am2911 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE I 

Tables I, II, and III below define the timing characteristics of the 
Am2909 and Am2911 over the operating voltage and tempera
t),lre range. The table·s are dividedij1to three types of paramet
ers; clock characteristics, combinational delays from inputs to 
outputs; and set-up and hold time requirements. The latter table 
defines the tinie prior to the end of the cyCle (i.e. clock LOW-to
HIGH transition) that each input must be stable to guarantee that 
the Correct data is written into .one of the internal registers. 

Measurements are made at 1.5V with V'l= OV and V'H = 3.0V. 
For three-state disable tests, Cl = S.OpF and measurement is to 
O.5V change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 

Operating Power 
Range Part Numbers Supply Temperature Range 

Com·1 Am2909PC, DC 5.0V ±5%· TA = O'C to + 70'C Arn2911PC, DC 

Mil 
Am29090M, FM 

5.0V ±10% Tc = -55'C to +125'C Am2911DM 

TABLE I 
CYCLE TIME AND CLOCK CHARACTERISTicS 

TIME COMMERCIAL MILITARY 

Minimum Clock LOW Time 30 ; 35 

Minimum Clock HIGH Time 30 35 

TABLE II 
MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

(all in ns, CL = 50pF (except output disabietests)) 

COMMERCIAL MILITARY 

~ Input Y Cn+4 Y Cn+4 

OJ 17 30 20 32 

So, S, 30 48 40 50 

ORj 17 30 20 32 

Cn - 14 - 16 

ZERO 30 48 40 50 

OE LOW (enable) 25 - 25 -

OE HIGH (disable)' 25 - 25 -
Clock t S,So = LH 43 55 50 62 

Clock t S,So = LL 43 55 50 62 

Cll'ck t S,So = HL 80 95 90 102 

TABLE III 
'CL = 5.0pF 

GUARANTEED SET·UP AND HOLD TIMES (all in ns) (Note 1) 

From Input 
COMMERCIAL MILITARY 

Notes 
Set·UpTime Set·Up Time Hold Time Hold Time 

RE 22 5 22 5 

Rj 2 10 5 12 5 

PUSH/POP 26 6 30 7 

FE 26 5 30 5 

Cn 28 5 30 5 

Dj 30 0 35 3 

ORj 30 0 35 3 

So' S, 45 0 50 ·0 

ZERO 45 0 50 0 

Notes: 1. All timesrelaiive to clock LOW-to-HIGH transition. 
2. On Am2911 , Rj and OJ are internally connected together and labeled 0;. Use·Rj set-up and hold times when D inputs are used to I.oad register. 

ALL INPUTS 
(EXCEPTOE) 

v OUT 

MPR-098 
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Am2909/09A/11/11A 

OPERATION OF THE Am2909/Am2911 

Figure 5 lists the select codes -for the multiplexer. The two 
bits applied from the microword register (and additional com
binational logic for branching) determine which data source 
contains the address for the next microinstruction. The 
contents of the selected sour~e will appear on the Y outputs. 
Figure 5 also shows the truth table for the output control and 

for the control of the push/pop stack. Figure 6 shows in detail 
the effect of So, S" FE and PUP on the Am2909. These four 
signals define what address appears on the Y outputs and what 
the state of all the internal registers will be following the clock 
LOW·to·HIGH edge. In this illustration, the microprogram 
counter is assumed to contain initially some word J, the ad
dress register some word K, and the four words in the push/ 
pop stack contain Ra through Rd. 

Address Selection Output Control 

OCTAL S, So SOURCE FOR V OUTPUTS SVMBOL ORj ZERO OE Vj 

0 L L Microprogram Counter /lPC X X H Z , L H Address/Holding Register AIt- X L L L 

2 H L Push·Pop stack STKO H H L H 
3 H H Direct inputs OJ L H L Source selected by So S, 

Z'= High Impedance 

Svnchronous Stack Control 

FE PUP 

H X 
L H 

H: High 

L = Low L L 
x -= Don't Care 

CYCLE S" So. FE. PUP J,lPC REG STKO 

N o 0 0 0 J K Ra 
N+1 - J+1 K Rb 

N 000 1 J K Ra 
N+1 - J+1 K J 

N 00 1 X J K Ra 
N+1 - J+1 K Ra 

N o 1 0 0 J K Ra 
N+1 - K+1 K Rb 

N o 1 0 1 J K Ra 
N+1 - K+1 K J 

N o 1 1 X J K Ra 
N+l - K+1 K Ra 

N 1 000 J K Ra 
N+l - Ra+1 K Rb 

N 1 001 J K Ra 
N+l - Ra+l K J 

N 1 o 1 X J K Ra 
N+l - Ra+1 K Ra 

N 1 100 J k Ra 
N+1 - D+1 K Rb 

N 1 1 0 1 J K Ra 
N+1 - D+1 K J 

N 1 1 1 X J K Ra 
N+1 - D+T K Ra 

x = Don't care, 0 = LOW, 1 = HIGH, Assume C n = HIGH 
NOte: STKQ is the location addressed by the stack pointer. 

PUSH·POP STACK CHANGE 

No change 
Increment stack pointer, then 
push current PC onto STKO 
Pop stack (decrement stack pointer) 

Figure 5. 

STK1 STK2 STK3 YOUT COMMENT 

'Rb Rc Rd J Pop Stack Rc- Rd Ra -

Rb Rc Rd J Push I.IPC 
Ra Rb Rc -

Rb Rc Rd J Continue Rb Rc Rd -

Rb Rc Rd K Pop Stack; 
Rc Rd Ra - Use A R for Address 

Rb Rc Rd K Push I.IPC; 
Ra Rb Rc - Jump to Address in AR 

, 

Rb Rc Rd K Jump to Address in AR 
Rb Rc Rd -
Rb Rc Rd Ra Jump to Address in STKO; 
Rc Rd Ra - Pop Stack 

Rb Rc Rd Ra Jump to Address in STKO; 
Ra Rb Rc - Push J,lPC 

Rb Rc Rd Ra Jump to Address in STKO Rb Rc Rd -

Rb Rc Rd D Pop Stack; 
Rc Rd Ra - Jump to Address on D 

Rb Rc Rd D Jump to Address on D; 
Ra Rb Rc - Push J,lPC 

Rb Rc Rd D Jump to Address on D 
Rb Rc Rd -

Figure 6. Output and Internal Next·Cvcle Register States for Am2909/Am2911. 
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PRINCIPLE 
USE 

End 
Loop 

Set·up 
Loop 

Continue 

End 
Loop 

JSR AR 

JMP AR 

RTS 

Stack Ref 
(Loop) 

End 
Loop 

JSR D 

JMP D 
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Am2909/09A/11/11A 

Figure, 7 illustrates the execution' of a subroutine using the 
Am2909. The configu'ration of Figure' 3 is assumed. The 
instruction being executed at any given time is the one con· 
tained in the microword register (JLWR). The contents of the 
p.WR also controls (indirectly, perhaps) the four signals So, 51, 
FE, and PUP. The starting address of the subroutine is applied 
to the D inputs of the Am2909 at the appropriate time. 

In the columns on the left is the sequence of microinstructions 
to be executed. At address J+2, the sequence control portion 
of the microinstruction contains the comand "Jump to sub· 

CONTROL MEMORY 
Execute Cv.c1e To T, 

routine at A". At the tim'!! T 2, this instruction is, in the p.WR, 
and the Am2909 inputs are set·up to execute the jump and 
save the return address. The subroutine address A is apJilied to 
the D inputs from the p.WR and appears on the Y outputs. The 
first instruction of the subroutine, I(A), is accessed and is at 
the inputs of the p.WR. On the next clock transition; I (A) is 
loaded into the p.WR for execution, and the return address 
J+3 is pushed onto the stack. The return instruction is exeC 
cuted at T 5. Figure 8 is a similar timing chart showing one 
subroutine lin,king to a second, the latter consisting of only 
one microinstruction. 

T2 T3 T4 T5 Ts T7 Ta Tg 
Execute 

Microprogram 

Cycle 
Address Sequencer 

Instruction 

Clock rL rt-ru n-n.J rt-nJ n-ru n-Signals ... 

J-l -
To J -
Tl J+l -

T2 J+2 J5R A 

Ts J+3 -

T7 J+4 -
- -
- -
- -
- -
- -

T3 A I(AI 
T4 A+l -

T5 A+2 RT5 
- -
- -
- -
- -
- -
- -
- -

CONTROL MEMORY 

Execute 
. Microprogram 

Cycle 
Address 

Sequencer 
Instruction 

J-l ~ 

To J -
T, J+l -
T2, J+2 J5R A 
Tg J+3 -

- -
- -
- -
- -

T3 A -

T4 <\\+1 ~ 

T5 A+2 J5R B 

T7 A+3 -

Ts A+4 RT5 
- -
- -
- -
- -

Ts B RT5 
- -
- -

Am2909 5" So 0 0 3 0 0 2 0 
Inputs FE H H L H H' L H 
(from PUP X X H X X L X 
I1WRI D X X A X 'X X X 

I1PC J+l J+2 J+3 A+l A+2 A+3 J+4 
STKO - - - J+3 J+3 J+3 -

Internal STKI - - - - - - -Registers 
5TK2 - - - - - - -
5TK3 - - -' - - - -

Am2909 
Y J+l J+2 A A+l A+2 J+3 J+4 Output 

ROM (Y) I(J+l) JSR A I(A) I(A+l) RTS I (J+3) 1(~+4) Output 

Contents 
ofllWR 

(Instruction I1WR I(J) I(J+l) JSR A I(A) I(A+l) RTS I(J+3) 
being 

executed) 

Figure 7. Subroutine Execution. 

Execute Cycle To Tl T2 Ta T4 T5 Ts 
Clock n-rL rL ru rL ru n.. Signals -

Am2909 51,50' 0 0 3 0 0 3 2 
Inputs FE H H 'L H H l l 
(from PUP X X H X X H L 
I1WR) D X X A X X B X 

I1PC J+l J+2 J+3 A+l A+2 M3 B+l 
STKO - - - J+3 J+3 J+3 A+3 

Internal 5TKI - - - ~ - - J+3 Registers 
5TK2 - - - - - - -
5TK3 - - - - - - -

Am2909 Y J+l J+2 A A+l A+2 B A+3 Output' 

ROM (Y) I(J+l) JSRA I(A) I(A+l) JSR B RTS I (A+3) 
Output 

Contents 
ofllWR 

(Instruction I1WR 1(J) I(J+l) JSRA I(A) I(A+l) JSR B RTS 
being 

executed) 

FigureS. Two Nested Subroutines. Routine B is Only One Instruction. 
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0 
H 
X 
X 

J+5 
-
-
-
-

J+5 

I (J+5) 

I(J+4) 

Cn = HIGH 

T7 Ta Tg 

'l... rL IlJ 
0 2 0 
H L H 
X L X 
X X X 

'A+4 A+5 J+4 
J+3 J+3 -
- - -
- - -
- - -

A+4 J+3 J+4 

RTS I(J+3)· I(J+4) 

I(A+3) RTS I(J+3) 

C n = HIGH 



USING THE Am2909 AND Am2911 
The Am2909 and Am2911 are four-bit slice sequencers which 
are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directlv control the internal holding 
register, multiplexer and stack. By appropriate control of 
these lines, the user can implement any desired set of se
quence control functions; by cascading parts he can gener
ate any desired address length. These two qualities set the 
Am2909 and Am2911 apart from the Am2910, which is ar
chitecturally similar, but is fixed at 12 bits in length and has a 
fixed set of 16 sequence control instructions. The Am2909 or 
Am2911 should be selected instead of the Am2910 under the 
following conditions: . 

• Address less than 8 bits and not likely to be expanded 
• Address longer than 12 bits 

VARIOUS 
TEST 

CONDITIONS 

OTHER BRANCH 
ADDRESS SOURCE 

~ t-----I TEST 

Am2909/09A/11/11A 

• More complex instruction set needed than is available on 
Am2910 

Architecture of the Control Unit 

The recommended architecture using the Am2909 or 
Am2911 is shown in Figure 1. Note that the path from the 
pipeline register output through the (lext address logic, mul
tiplexer, and microprogram memory is all combinational. 
The pipeline register contains the current microinstruction 
being executed. A portion of that microinstruction consists 
of a sequence control command such as "continue", "loop", 
"return-from-subroutine", etc. The bits representing this 
sequence command are logically combined with bits repre
senting such things as test conditions and system state to 
generate the required control signals to the Am2909 or 
Am2911. The block labeled "next address logic" may consist 
of simple gates, a PROM or a PLA, but it should be all combi
national. 

~m2909 OR A:291'1MiCROP'R'OGRAM SEQ'U'ENCEn-. --=:=l 
FE, PUP STACK POINTER I I 

MICROPROGRAM MEMORY 

OTHER 

MPR·099 

Figure 1. Recommended Computer Control Unit Architecture Using the Am2911 or Am2909. 
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Am2909/09A/11f11A 

The Am29811A is a combinational circuit which implements 
16 sequence control instructions; it may be ,used with either 
an Am29090r an Am2911. The set of instructions is. nearly 
identical to that implemented internally in the Am2910: 

Figure 2 shows the CCU of Figure 1 with the Am29811A in 
place. The Am29811 A, in addition to controlling the Am2911, 

DATA BUS 

INSTRUCTION REGISTER 

Qf>CODE 

I 
0, ADDRESS 

r- TC COUNTER 
STARTING 0;:1-ADDRESS 
DECODER 

LOAD/COUNT (MAPPING PROM) 

OUTPUT 

+ z{z 
'-8 

CARRV- 7 Am29811A 
NEXT 

OVR- • ADDRESS 

ZERO_ 5 CONTROL - POLARITY 
~ TEST 

S'GN- , CONTROL 

'NRPT_ 3 

ETC- Z 

,r' , 
{, , 

3 

also controls a loop counter and. sevaral branch addre.ss 
sources. The instructions livhich are ir:nplemented by the -
Am29811A are shown in Figure 3, along with the- Am29811A 
outputs for each instruction. Generating any instruction set 
consists simply of writing a truth table and designing comlli
national logic to implement it. For more detailed information 
refer to "The Microprogramming Handbook". 

OTHER 

I 
I 
I 

FE, PUP 

I 

i 
I 
0 

---------
Am2911 MICROPROGRAM SeQUENCERS ::=il 

I 
I 
I 

I 
STACK POINTER 

I I REGISTER 

I SUBROUTINE 

I AND LOOP STACK 

I 
I 

I MICROPROGRAM 
COUNTER REGISTER 

R F PC 1 i So NEXT ADDRESS I I 5, MULTIPLEXER I 'NCREMENTE~ 
OUTPUT 

L I I 
I 

~ ---t--
ADDRESS 

MICROPROGRAM MEMORY 
I-- -

BRANCH I NEXT ADDRESS I OTHER 
ADDRESS SELECT 

I I I yo-; PIPELINE REGISTER 

I 
J t ~ 

OTHER 

MPR-1QO 

Figure 2. A Typical Computer Control Unit Using. the Am2911 and Am29811A. 
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Expansion of the Am2909 or Am2911 

Figure 4 shows thE;l interconnection of three Am2911 's to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between ",PC incrementors. This 
carry path is not·in the critical speed path if the Am2911 Y 
outputs drive the microprogram memory, because the ripple 
carry occurs in paraliel with the memory access time. If, on 
the other hand, a micro-address register is placed at the 
Am2911 output, then the carry may lie in the critical speed 
path, since the last carry-in must be stable for a set-up time 
prior to the clock. 

Selecting Between the Am2909 and Am2911 

The difference between the Am2909 and the Am2911 in
volves two signals: the data inputs to the holding register 

Am2909/09A/11/11A 

and the "OR" inputs. In the Am2909, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 5. Using the 
Am2909, the register inputs may be connected directly to the 
microprogram memory; the internal register replaces part of 
the pipeline register. The direct (0) inputs may be tied to the 
mapping logic which translates instructionopcodes into 
microprogram addresses. While the same technique might 
be used with the Am2911, it is more common to connect the 
Am2911's 0 inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 5 is a 
pipeline register and a mapping ROM. Other sources might 
al~o be applied to the same bus. The internal register is-used 
only for temporary storage of some previous branch ad
dress. 

BRANCH 
ADDRESS 

IN 

"0 
s, 

~ ______________ ~~~ ______________ ~~~_____ FE 
pup 

RE 
CP 

MICROINSTRUCTION 

Figure 4. Twelve Bit Sequencer. 

Am29D9 

MPR·l02 

Figure 5. Branch Address Structures. 
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Am.2~/09A/11/11A 

The second difference between the Am2909 and Am2911 is 
that the Am2909 has OR inputs available on each address 
Qutput line .. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the,Ofllines. See Figure 6. Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1 's or O's by test conditions applied to the 
OR lines. In Figure 6, the states of the two test conditions X 
and Y result in a branch to 1100, 1101,1110, or 1111. 

[}
v ::--+-+-0 
o T2 -_+-, 
o T, 

Vo 

MPR·l04 

Figure 6. Use of OR Inputs to . 
Obtain 4 - Way Branch. 

The Am29803A has been deSigned to selectively apply any 
ot all of four differenttest conditions to an Am2909. Figure 7 
shows the truth table forthis device. A nice trade off between 
flexibility and board space is achieved by using a single 
28-pin Am2909 for the least significant four bits of a sequen
cer, and using the space-saving 20-pin Am2911 's for the 
remainder of the bits. A detailed logic design for such a 
system is contained in The Microprogramming Handbook. 

How to Perform Some Common Functions· with 
the Am2909 or Am2911 

1. CONTINUE 

S, So FE PUP 

o 0 X 

Contents of PC placed on Y outputs; PC incremented. 

S, So FE PUP 

1 1 X 

Feed data on 0 inputs straight through to memory ad
dress lines. Increment address and place in PC. 

3. JUMP-TO-SUBROUTINE 

S, So FE PUP 

1 1 0 

Sub-routine address fed from 0 inputs to memory address. 
Current PC is pushed onto stack, where it is saved for the 
return. 

4. RETURN-FROM-SUBROUTINE 

S, So FE PUP 

o o O. 

The address at the top of the stack is applied to the micropro
gram memory, and is incremented for PC on the next cycle. 
The stack is popped to remove the return address. 

Am29803A FUNCTION TABLE 

BRANCH ON 13 .12 I, 10 OR3 OR2 OR, ORo 

NONE NONE L L L L L L L L 

To L L L H L L L To 
Two·Way T, L L H L L L L T, 

Branches T. L H L L L L L T2 
T, H L L L L L L T, 

T, & To L L H H L L T, To 
T2 & To L H L H L L T2 To 

.I Four~Way T, & To H L L H L L T, To 
Branches T2 & T, l H H L L L T2 T, 

T, & T, H L H L L L T, T, 

T, & T2 H H L L L L T, T2 

T •• T,. To L H H H L T2 T, To 
Eight-Way T,. T,. To H L H H L T, T, To 
Branches T3• T2• To H H L H L T, T. To 

T,. T •• T,. H H H L L T, T, T, 

Sixteen-
Way T,. T,. T,. To H H H H T, T, T, To 

Branch 

111J 
I- T, .. .. I, .. OR, r-I FOUR _ T, OR, r--- TOAm .... 

CO=-ONS = T, 
Am29803A 

OR, ~ ORINPUTS 

TO ORo 

MPR-l0S 

Figure 7 • 
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Metallization and Pad La),outs 

Am2909 Am2911 

Am2909/09A/11/11A 

Am2911A 

V315----~ 

OE 16-----, 
en 17 

Cn+4 18 

FE 19 
PUP 20 

Vee 2 
Ai!: 3 

'" . 
'" , 

~---14Y2 

13 V, 

12 Yo 

11 8, 
10 So 
9 ZERO 
8 GNO 

7 0, 
'-'----60, 

Numbers correspond to DIP pin-out 
DIE SIZE 0.110" X 0.160" DIE SIZE S6 X 98 Mils 

Burn-in Circuit for Am2909 (Flatp8.ck and Hermetic DIP) 

Notes: 
Max. lee = 200mA 
TA = +12SoC 
Resistors = ±S% 

R1 = 3900 
R2 = 5600 
R3 = lkO 
fin = 100kHz, 50% duty-cycle, 0-3V 

Vee min. = S.OV 
Vee max. = S.IV 

Vee ., R, ., R, ., ., 

.. 27 .. 2. 24 23 22 21 2. ,. 18 17 ,. , . 
Vee CP PUSH/ FE Cn+4 en oe Y, Y, Y, Yo S, So ZERO 

POP 

Am"" 

.RE ., ., R, Ro OR3 03 OR2 D2 OR, D, ORo Do GND 

'1 21 3 4 • 61 7[ 81 '1'~111121131141 

This circuit conforms to MIL-STD-S83, Method 1005 and 1015, Condition D. Parallel excitation. 

Notes: 
Max. lee = 200mA 
TA = +125°C 
Resistors = ±S% 

R1 = 3900 
R2 = 5600 
R3 = lkO 
fin = 100kHz, 50% duty-cycle, 0-3V 

From clock buffer on each board: 
Vee min. = 5.0V 
Vee max. = S.1V 

Bum-in Circuit for Am2911 

m 19 18 17 16 15 14 13 12 11 

PUSH! FE Cn+4 en OE 'fa Yz Y, Yo 8, 
POP 

Am2911 

CP Vee FiE D3 D2 0, Do GND ZERO So 

1 2 3 4 5 6 7 8 9+-'~+ ___ .. 

VCCo-----+----~·~'~---J 
This circuit conforms to MIL-STD-S83, Method 1005 and 1015, Condition D.Paraliel excitation. 
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Am2909/09A/11/11A 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2909/2911 AND Am2909A/2911A 

A. THREE-STATE OUTPUTS ~. NORMAL OUTPUTS 

vec 

I Vee 

IA 

... 

Notes: 1.. CL '" SOpF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 8

" 
82, 83 are closed during function tests and all AC test except output en/ible tests. 

3. 8, and 53 are closed while 82 is open for tpZH test. 
8, and 82 are closed while 83 is open for tPZL test. 

4. CL = 5.0pF for output disable tests. ' 
-

TEST OUTPUT LOADS 
I 

Pin # 
(DIP) 

18·21 

24 

Pin Label 

YO·3 

Cn+4 

Test 
Circuit 

A 

B 

Am2909 Am2909A 

R, RZ Rl RZ 

300 lK 220 lK 

470 2.4K 220 2.4K 

TEST OUTPUT LOADS 

Notes on Testing 

Pin # 
(DIP) 

12·15 

1.8 

Pin Label 

Y()"3 

Cn+4 

Test 
Circuit 

A 

B 

Incoming test procedures on this device should be Carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in VCC current as the device switches may 
cause erroneous function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground. 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

Am2911 Am2911A 

R, RZ R, RZ 

300 lK 220 lK 

470 2.4K 220 2.4K 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .,; 0.4V and VIH ;;.2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in' most cases, can provide 
Fairchild Sentry programs, under license. 
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ARCHITECTURE OF THE Am2909/Am2911 

The Am2909/Am2911, are bipolar microprogram sequencers 
intended for use in high-speed ,microprocessor applications. 
The dev,ice is a cascadable 4-bit slice such that two devices 
allow addressing of up to 2~6-words of microprogram and 
three devices allow addressing of up to 4K words of micro
program. A detailed logic diagram is shown in Figure 2. 

The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction ad
dress. This mUltiplexer is controlled by the So and S1 inputs. 

The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is, LOW, new data is entered into the register 
on the clock LOW-to-HIGH transition. The address register 
is available at the multiplexer as a source for the next micro
instruction address. The direct input is a four-bit field of 
inputs to the multiplexer and can be selected as the next 
microinstruction address. On the Am2911, the direct inputs 
are also used as inputs to the register. This allows an N-way 
branch where N is any word in the microcode. 

The Am2909/Am2911 contains a microprogram counter 
(,uPC) that is composed of a 4-bit incrementer followed by a 
4-bit register. The incrementer has carry-in (Cn) and carry-out 
(Cn+4) such that cascading to larger word lengths is straight
forward. The IlPC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded' on' the next clock cycle with 
the current Y output word plus one (Y+1->IlPC.) Thus sequen
tial microinstructions can be executed. If this least significant 
Cn is LOW, the incrementer passes the Y output word u nmod
ified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y->,uPC) , Thus, the same 
microinstruction can be executed any number of times by 
using the least significant Cn as the control. 
The last source available at the multiplexer input is the 4 x 4 
file (stack). The file is used to provide return address linkage 

DEFINITION OF TERMS 
A set of symbols is used in this data sheet to represent 
various internal and external registers and signals used with 
the Am2909. They are: 

Inputs to Am2909/ Am2911 

S,. So Control lines for address source selection 
FE, PUP Control lines for push/pop stack 
RE Enable line for internal address register 
ORi Logic OR inputs on each address output line 
ZERO. Logic AND input on the output lines 
DE Output Enable. When OE is HIGH, the Y out-

puts are OFF (high impedance) 
Cn Carry-in to the incrementer 
Ri Inputs to the internal address register 
0i Direct inputs to the multiplexer 
CP Clock input to the AR and IlPC register and 

Push-Pop stack 

Dutputs from the ,Am2909/ Am2911 

Vi Address outputs from Am2909. (Address inputs 
to control memory.) 

Cn+4 Carry out froin the incrementer 

Am2909/09A/11/11 A 

when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
writtel'!. This allows stack reference operations (looping) to be 
performed without a push or pop. 

The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file enable 
input is LOW and the push/pop input is HIGH, the PUSH 
operation is enabled. This causes the stack pointer tOo 
increm'ent and the file to .be written with the required return 
linkage - the next microinstruction address following the sub
routine jump which initiated the PUSH. 

If the file enable input is LOW and the push/pop control is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from sub
routine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable 'is HIGH, 
no action is taken by the stack pointer regardless of any 
other input. 

The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One micro
instruction subroutines can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be nested. 

The ZERO input is used to force the four outputs to the 
binary zero state. When the ZERO input is LOW, all Y 
ol-ltputs are LOW regardless of any other inputs (except DE). 
Each Y output bit also has a separate OR input such that a 
conditional logic one can be forced at each Y output. This 
allows jumping to different microinstructions on program
med conditions. 

The Am2909/Am2911 feature three-state Y outputs. These 
can be particularly useful in milit'ary designs requiring external 
Ground Support Equipment (GSE) to provide automatic 
checkout of the microprocessor. The internal control can 
be placed in the high-impedance state. and preprogrammed 
sequences of microinstructions can be executed via external 
access to the control ROM/PROM. 

Internal Signals 

IlPC 
AR 
ST KO-ST K3 

SP 

Contents of the microprogram counter 
Contents of the address/holding register 
Contents of the push/pop stack. By definition, 
the word in the four-by-four file, addressed by 
the stack pointer is STKO. Conceptually data 
is pushed into the stack at STKO; a subsequent 
Pl'sh moves STKO to STK1; a pop implies 
Si'K3 ... STK2 ... STK1 ... STKO. Physically, 
,only the stack pointer changes when a push or 
pop is performed. The data does not move. I/O 
occurs at STKO. 
Contents of the stack pointer 

External to the Am2909/ Am2911 

A Address to the control memory 
I(A) Insttuction in control memory at address A 
IlWR Contents of the microword, register (at output 

of control memory). The microword register 
contains the instruction currently being exe
cuted. 

Tn Time period (cycle) n 
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'!: 
~ 

l~ pop PUSH/POP>---+---b ... --r ----------, 
H=PUSH L....:.. 

FILE >-----1> I I ~ ,~, 
L'" ENABI,.E " ENABLE II I ~ENA8lE 1STA~ ~~ERt 

CI' UPIOOWNCOUNTEA 

0"0 00 15;, 0, 

'i 'i 

,J I I L' 
RO R, 

'::: ~ I~ I~ 1k;Jj 0 
~, 

'------II'" 
'---------llo. I 1 L-------li '" 

'--------~I" Wo I w, I W2 I W3 

n 
DO 0, 0, 

REAOiWRITE 
LOGIC 

0] I/O 1 1 I 

-+-+-+--i 
" 'm 1 1 "I 

'0 --t~~;:.,-:,~,~+---
0, I/O I I I. 

-+-+-+--
DO 110 I WlIITE I I 
,W EftABLE 

~RO>-P"-~~-!-~-_t-~---L----t----~~---+----J 

~>-t>----d======r=4===~~~' 
Cn 

Vo v, v, V3 

Note: Ri and Dj connected together on Am2911 -and ORj r~moved. 

Figure 2. Microprogram Sequencer Block Diagram. 
MPR·094 
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Am2910· Am2910-1 • Am2910A 
Microprogram Controller 

DISTINCTIVE CHARACTERISTICS 

• Twelve Bits Wide 
Address up to 4096 words of microcode with one chip. All 
intemal elements are a full 12 bits wide. 

• Internal Loop Counter 
Pre-setlable 12-bi! down-counter for repeating 
instructions and counting loop iterations. 

• Four Address Sources 
Microprogram Address may be selected from 
microprogram counter, branch address bus, 5-level 
push/pop stack, or internal holding register. 

• Sixteen Powerful Microinstructions 
Executes 16 sequence control instructions, most of which 
are conditional on external condition input, state of 
intemalloop counter, or both. 

• Output Enable Controls for Three Branch Address 
Sources 
Built-in decoder function to enable extemal devices onto 
branch address bus. Eliminates external decoder. 

• All Registers Positive Edge-triggered 
Simplifies timing problems. Eliminates long setup times. 

• Fast Control from Condition Input 
Delay from Condition code input to address output only 
21ns typical. 

• Fast 
The Am2910-1 supports lOOns cycle times. The 
Am2910A will meet or exceed all Am2910-1 
specifications and will be 25-30% faster than the 
Am2910 . 

• IMOXTM 
The Am2910A will be processed with AMD's proprietary 
IMOX technology. 

Am2910 BLOCK DIAGRAM 

-- CONTROL PATH 

Figure 1. 

IMOX is a trademark of Advanced Micro Devices, Inc. 

GENERAL DESCRIPTION 

The Am2910 Microprogram controller is an address se
quencer intended for controlling the sequence of execution 
of microinstructions stored in microprogram memory. 
Besides the capability of sequential access, it provides 
conditional branching to any microinstruction within its 
4096-microword range. A last-in, first-out stack provides 
microsubroutine retum linkage and looping capability; there 
are five levels of nesting of microsubroutines. Microinstruc
tion loop count control is provided with a count capacity of 
4096. 

During each microinstruction,. the microprogram controller 
provides a 12-bit address from one of four sources: 1) the 
microprogram address register ("PC), which usually con
tains an address one greater than the previous address; 
2) an external (direct) input (D); 3) a register/counter (R) 
retaining data loaded during a previous microinstruction; or 
4) a five-deep last-in, first-out stack (F). 

The Am2910-1 is a speed selected plug-in replacement for 
the Am2910 capable of lOOns cycle times. The Am2910A is 
a speed improved plug-in replacement of the Am2910 
featuring AMO's ion-implanted micro-oxide (IMOX) proces
sing and offering 25-30% speed improvement. The 
Am2910A also features a nine-word deep stack versus the 
five-deep stack of the Am2910. 

\ 

RELATED PRODUCTS 

Part No. 

Am2914 
Am2918 
Am2922 
Am25LS377 
Am27S35 

I; 

Description 

Vectored Interrupt Controller 
Pipeline Regis1er 
Condition Code MUX 
Status Regis1er 
Registered PROM 

For applications information, see Chapter II of Bit Slice 
Microprocessor DeSign, Mick & Brick, McGraw Hili Publi
.cations. 
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Am2910/2910-1/2910A 

ORDERING INFORMATION 

Order the part number according to the table below to ()btai~ th~ 'desired package, temperature range, and sc~eening level. 

y_ 
o_ 
Y. 
D. 

VECT 
Pi: 

MAP 
'3 

" Vee 

" 
'0 

CCEiiI 
cc 

m; 
i'IlU D. 

Y, 

0,. 
Y, 

Am2910A Am2910-1 . Am2910 Package Type Operating Range Screening Level 
Order Number Order Number Order Number (Note 1) (Note 2) (Note 3) 

Available AM2910-1DM 'AM291OPC P-40 C C-l 
lH1983 AM2910-1DC AM2910DC . 0-40 C C-l 

AM2910DC-B 0-40 C B-2 (Note 4) 
AM2910DM 0-40 M C-3 
AM2910DM-B 0-40 M B-3 
AM2910FM F-42 M C-3 
AM2910FM-B F"42 M B-3 
AM2910LC L-44 C C-l 
AM2910LM L-44 M C-3 
AM2910LM-B L-44 M B-3 

AM2910XC Dice C } Visual inspection 

AM2910XM Dice M 
to MIl-STD-8B3 
Method 2011 OB. 

Notes: 1. P ~ Molded DIP, 0 ~.Hermetic DIP, F ~ Flat Pak. Number following letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash numbers, any 01 the variations of the package may be used 
unless otherwise specified. 

2. C~ Oto +7O"C, Vee ~ 4.75 to 5.25V, M ~ -55 to + 125'C, Vee ~ 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STO-883, Class C. Level B-3 conforms to 

MIL-STO-BB3, Class B. 
4. 96 hOur burn-in. 

0-40, P-40 

03 
Y3 
0, 
Y, 
0, 
Y, 

DO 

Yo 

GND 

lIE 

Y" 
0" 
Y" 
0" 
Y, 
0, 
V, 

0, 
--...~-,,-_--J-

MfIIR-107 

Metallization and Pad Layout 

CONNECTION DIAGRAMS - TopViews 

F-42-1 

VECT D, 
iii: Y, 

MAP D, 

" 
Y, 

" 
0, 

Vee Y, 

" 
D, 

'0 Y, 
ceEN D, 

CC Y, 
ijUj NC 

FULL Do 
D, Yo 
Y, C' 
0, CP 

. Y, OND 

DB liE 
Y, '1'11 

0, 0" 
Y, NC 

0" Y" 
MPR-108 

Pin 1 is marked for orientation. 
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Die Size 0.170" x 0.194" 
(Note: Numbers referto DIP connections) 

Chip-PakTII 

L-44-1 

l! ~ d' If' J " ,g " ,g " a 

" MAP 

Yee 

CCEN 

ee 

"'" Nt 

~ If ". o!" ;- If ". If ". ~ ". 

v, 

o, 
v, 

NC 

CP ... 
.. 
v" 
0" 



Am2910/2910-1/2910A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature _65°C to +150oC 

Temperature (Ambient) U;-;n;;cde_r_B,,-i-,a-;s ______________________________ ---=5:.:5:-o-::C:,-t;::0:,-+_1:..:2:-::5=:o:=:C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
i5CvOitaQeAPiiliedto-OutputsforHighOutput State----- -0.5 V to Ycc max. 

---~----~--... - . __ ._-

DC Input Voltage -0.5V to +5.5V 
---.-~~ 

DC Output Current, Into Outputs 30mA 
-----------------~-------- .. 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = o·c to +70·C vcc = S.OV ±S% MIN. = 4.7SV MAX. = S.2SV 
MIL TC=-55·Cto+12S·C Vce= S.OV±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VOH Output HIGH Voltage VCC = MIN .. IOH = -1.6mA 2.4 Volts 
VIN = VIH or VIL 

VOL Output LOW Voltage Vee=MIN. I YO-11. IOL = 12mA 
0.5 Volts 

VIN = VIH or VIL I PL, VECT, MAP, FULL, IOL =8mA 
._--

VIH Input HIGH Level (Note 4) Guaranteed Input Logical HIGH 
2.0 Volts 

voltage for all inputs 

VIL Input LOW Level (Note 4) Guaranteed input logical LOW 
0.8 Volts 

voltage for all inputs 

VI Input Clamp Voltage VCC - MIN., liN - -18mA -1.5 Volts 
-~.-

DO-11 -0.87 

t CI, CCEN -0.S4 
IlL Input LOW Current VCC = MAX., VIN = 0.5V 10.3, OE, RLD -0.72 rnA 

CC -1.31 
CP -2.14 

DO-l1 80 

CI, CCEN 30 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 10.3, OE, RLD 40 JlA 
CC SO' 
ep 100 

II Input HIGH Current VCe - MAX., VIN = 5.SV 1.0 rnA 
Output Short Circuit Cu"~rent 

-_ .. _---------_.-

ISC (Note 3) Vce = MAX. -30 -8S rnA 

IOZL 
Output 0 F F Current Vce= MAX. VOUT = O.SV -50 

IOZH 0E=2.4V JlA 
VOUT - 2.4V SO 
TA = 2S·C 19S 320 

344 
Am2910PC, DC 

T A - O·C to +70·C 
TA =+70·C 280 ICC 'Power Supply Cu rrent VCC = MAX. rnA 
TC = -SS·C to 

Am,2910DM, FM +12S·C 340 

TC - +12SoC 227 

Notes: 1. For conditions shown as MIN" or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device typa. 
2. Typical limits are at Vcc = S.OV, 25'C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment, (not functionally tested). 

Notes on Testing 

Incoming test procedures on this device should be carefully 
.planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately. decoupled at the test head. 
Large changes in Vee current as the device. switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
startto oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5 - 8ns. Inductance in the ground cable 
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may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .; O.4V and VIH ;;. 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
oftests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures· and, in most cases, ·can provide 
Fairchild. Sentry programs, under license. 
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Am2910 SWITCHING CHARACTERISTICS 

The tables below define the Am291 0 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH ' 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
OV or 3V, All values are in ns. All outputs have maximum DC loading. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2910PC,DC (TA = 0 to + 70"C, Vee = 4.75 to 5.25V, CL = 5OpF) 

A. Set-up and Hold Times B. Combinational Delays 

Inpul Is Ih Inpul Y , I, PL, VECT, MAP 

Di~A 24 6 00-011 20 -
Di~PC 58 4 10-13 70 51 

10-13 104 0 CC 43 .-

CC 80 0 CCEN 45 -

CCEN 80 0 CP (Note 2) 100 -

CI 46 5 1,= 8, 9,15 125 -

ALD 36 6 CP 
55 -

All other I 

OE (Note 3) 35/30 -

C. Clock Requirements (Note 1) 

Minimum Clock LOW Time 50 ns 

Minimum Clock HIGH Time 35 ns 

Minimum Clock Period. 138 
I ~ 8, 9, 15 (Note 2) '163 ns 

Minimum Clock Period, 1~14 93 ns 

II. GUARANTEED CHARACTERI$TICS OVER MILITARY OPERATING RANGE 
Am2910DM,FM(Te = -55 to +125°C, Vee = 4.5 to 5.5V, CL= 50pF) 

A. Set-up and Hold Times B. Combinational Delays 

Inpul Is Ih Inpul Y PL, VECT, MAP 

Di~A 28 6 00-011 25 -

Di~PC 62 4 10-13 75 58 

10-13 110 0 CC 48 -

CC 86 0 CCEN 50 -

CCEN 86 0 CP (Note 2) 106 -

CI 58 5 I ~ 8, 9; 15 130 -

ALD 42 6 CP 61 ' -
All other I 

OE (Note 3) 40/30 -

C_ Clock Requirements (Note 1) 

Minimum Clock LOW Time 58 ns 

Minimum Clock HIGH Time 42 ns 

Minimum Clock Penod, 143 
ns 

I ~ 8, 9, 15 (Note 2) '167 
Minimum Clock Period, I ~ 14 100 ns 

Full 

-

-

-

-
60 

60 

60 

-

Full 

-

-

-
67 

67 

67 

-

NOTES: 
1, Clock periods for instructions not specified are determined by external 

condHions, 

change in the counter or could only decrement the counter, Use the 
longer delays from CP to outputs if the instruction prior to the clock was 

2, These instructions are conditional on the counter. Use the shorter 
sPecified delay times if the previous instruction could produce no 

I 4 or 12 or RLD was LOW. 
3, Enable/Disable, Disable times measured to 0.5V change on output 

voltage level with eL ~ 5,OpF. 
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Am2910-1 SWITCHING CHARACTERISTICS 

The tables below define the Am291 0-1 switching characteristics. Tables A are setup and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
o or 3V. All values are in ns. All outputs have maximum DC loading. 

NOTES: 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2910-1DC(TA = Oto +70°C, VCC = 4.75t05.25V, CL = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 

Input ts th Input Y PL, VECT, MAP 

0i-+ R 24 6 0 0.011 20 -
'--r--

0i-+ PC 58 4 10.13 50 51 

10.13 75 0 CC 30 .. 
--.<--

CC 83 0 CCEN 30 -

--
CCEN 83 0 CP (Note 2) 75 
CI 46 5 I ~ 8,9.15 85 -

RLO 36 6 CP 
55 -

All other I 

OE (Note 3) 35/30 -

C. Clock Requirements (Note 1) 

Minimum Clock LOW Time 50 ns 

Minimum Clock HIGH Time 35 ns 

Minimum Clock Period, 113 
I = 8. 9. 15 (Note 2) 123 

ns 

Full 

-

-

-

-

60 

60 

60 

-

Minimum Clock Period. 1=14 93 . ns 
Boldface times indicate speed selected 
critical paths. 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am291 0-1 OM (TC = -55 to + 125°C, VCC = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 

Input ts th Input y PL, VECT, MAP 

0i -+R 28 6 0 0.0" 25 -

°i-+ PC 62 4 10.13 54 58 ... 
10.13 81 0 

CC 65 0 

CC 35 -
f--------

CCEN 37 -
.-

CCEN 63 0 CP (Note 2) n --

CI 58 5 
1= 8. 9; 15 98 -

Full 

-._-

r·-
-

---_ .. 
67 

67 
--- ---

RLO 42 6 CP 
61 - 67 

All other I 
.---.:.. c-----

OE (Note 3) 40/30 -

C. Clock Requirements (Note 1) 

Minimum Clock LOW Time 58 ns 

Minimum Clock HIGH Time 42 ns 

Minimum Clock Period. 114 
r--

I = 8. 9. 15 (Note 2) '125 nS 

Minimum Clock Period, 1= 14 100 ns 

1. Clock periods for instructions not specified are determined by external 
conditions. 

change in the counter or could only decremenl the counter. Use the 
longer delays from CPto outputs if the instruction prior to the clock was 
4 or 12 or Am was LOW. 

2. These instructions are conditional on the counter. Use the shorter 
specified delay times if the previous instruction could produce no 
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3. Enable/Disable. Disable times measured to 0.5V change on output 
vottage level with CL = S.OpF. 
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Am2910A SWITCHING CHARACTERISTICS 

The tables below define the Am2910A switching characteristiCs. Tables A are setup and hold times relative to the clock LOW-to.HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements, All measurements are made at1.5V with input levels at 
o or 3V. All values are in ns. All outputs have maximum DC loading. 

NOTES; 

I. GUARANTEED CI-iARACTERISTICS OVER COMMERCIAL OPERAtiNG RANGE 
Am2910APC,DC(TA = Oto +70"C, VCC = 4.75to.5.25V, CL = 5OpF) 

A. Set-up and Hold Times 

Input ts th 

Dj-+ R I 
Dj-+ PC 

'0" 3 

CC 

CCEN 

CI 

RLD 

B. Combinational Delays 

Input Y PL, VEeT, MAP Full 

00.0 11 

'0" 3 

CC 

CCEN 

CP (Note 2) 60 

1= 8,9,15 60 

CP 
55 

All other I 

OE (Note 3) 35/30 

B. Combinational Delays 

Input 

-C-C-E-N--·~--~r------r-~ 

---~-_r------r--~ 
CP (Note 2) 
1= 8,9,15 

-+-----!f-
CP 
All othed 

f--==-----+---+-------
OE (Note 3) 

C. Clock Requirements (Note 1) 

Minimum Clock LOW Time ns 

Minimum Clock HIGH Time ns 

Minimum Clock.Period, 
ns I ='8, 9, 15 (Note 2) ---:-

Minimum Clock Period, 1= 14 ' ns 

.1, Clock periods for instructions not specified are determined by external 
conditions, 

change in the counter or could only decrement the counter. Use the 
longer delays from CPto outputs if the instruction prior to the clock 'was 
4 or 12 orHLD was LOW, 

2, These instructions are conditional on the counter. Use the shorter 
specified delay times if the previous instruction could produce no 
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3. Enable/Disable, Disable limes measured to O,5V change on oulput 
voltage level with CL = 5,OpF, 



ARCHITECTURE OF THE Am2910 

The Am2910 is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications. It allows 
addressing of up to 4K words of microprogram. A block dia
gram is shown in Figure 1. 

The controller contains a four-input multiplexer th~t is used to 
select ,either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 

The register/counter consists of 12 D-type, edge-triggered flip
flops, with a common clock enable. When its load control, 
RLD, is LOW, new data is loaded on a positive clock transition_ 
A few instructions include load; in most systems, these in
structions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 

The Am2910 contains a microprogram counter (J.lPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The /LPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current V output 
word plus one (V + 1 ~ J.lPC). Sequential microinstructions are 
thus executed. When the carry-in is LOW, the incrementer 
passes the V output word unmodified so that J.lPC is reloaded 
with the same V word on the next clock cycle IV -+ J.lPC). The 
same microinstruction is thus executed any number of times. 

The third source for the multiplexer is the direct (D) input. 
This source is used for branching. 

The fourth source available at the multiplexer input is a 5-word 
by 12-bit stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word w.-itten. This allows stack reference 
operations (looping) to be performed without a pop. 

The stack pointer operates as an up/down counter. During 
microinstructions'I, 4, and 5, the PUSH operation may occur. 
This causes the stack pointer to increment and the file to 
be written with the required return linkage. On the cycle 
following the PUSH, the return data is at the new location 
pointed to by the stack pointer. 

During five microinstrLictions, a POP operation may occur. 
The stack pointer decrements at the next risi ng clock edge 
following a POP, effectively removing old information from 
the top of the stack. 

The stack pointer linkage is such that any sequence of pushes, 
pops, or stack references can be achieved_ At RESET Onstruc-

, tion 0), the depth of nesting becomes zero_ For each PUSH, 
, the nesting depth increases'by one; for each POP, the depth 

decreases by one. The depth can' grow to five. After a depth of 
five is reached, FULL goes LOW. Any further PUSHes onto a 
full stack overwrite information at the top of the stack, but 
leave the stack pointer unchanged. This operation will usually 
destroy useful information and is normally avoided. A POP 
from an empty stack may place non-meaningful data on the V 
outputs, but is otherwise safe. The stack pointer remains at 
zero whenever a POP is attempted from a stack already empty. 

Am2910/2910-1/2910A 

The register/counter is operated during three microinstructions 
(8,9,15) as a 12-bit down counter, with result ~ zero'available 
as a microinstruction branch test criterion. This provides effi
cient iteration of microinstructions. The register/counter is 
arranged such that if it is preloaded with a number N and then 
used as a loop termination counter, the sequence will be exe
cuted exactly N+l times. During instruction 15, a three-way 
branch under combined control of the loop counter and the 
condition code is available. 

The device provides three-state V outputs. These can be par .. 
ticularly useful in designs requiring automatic checkout of the 
processor. The microprogram controller outputs can be forced 
into the high-impedance state, and' pre-programmed sequences 
of microinstructions can be executed via external access to the 
address lines. 

OPERATION 

Table I'shows,the result of each instruction in controlling the 
multiplexer which determines the V outputs, and in controlling 
the three enable signals PL, MAP, and VECT. The effect on 
the register/counter and the stack after the next positive-going 
clock edge is also shown. The multiplexer determines which 
internal source drives the V outputs. The value loaded into 
J.lPC is either identical to the V output, or else one greater, 
as determined by CI. For each instruction, one and only one 
of the three outputs PL, MAP, and VECT is LOW. If these 
outputs control three-state enables for the primary source of 
microprogram jumps (usually part of a pipeline register), 
a PROM which maps the instruction to a microinstruction 
starting location, and an optional third source (often a vector 
from a DMA or interrupt source), respectively, the three-state 
sources can drive the D inputs without further logiC. 

Several inputs, as shown in Table II, can modify instruction 
execution. The combination CC HIGH and CCEN LOW is used 
as a'test in 9 of the 16 instructions. RLD, when LOW, causes 
the D input to be loaded into the register/counter, overriding 
any HOLD or DEC operation specified in the instruction. OE, 
normally LOW, may be forced HIGH to remove the Am2910 
V outputs from a three-state bus. 

The stack, a five-word last-in, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during in
struction 0 (RESET), which makes the stack empty by resetting 
the SP to zero. After a RESET, and whenever else the stack is 
empty, the contents of the top of stack is undefined until a 
PUSH occurs. Any POPs performed while the stack is empty 
put undefined data on the F outputs and leave the stack 
pointer at zero. 

Any time the stack is full (five more PUSHes than POPs have 
occurred since the stack was last empty), the FU LL warning 
output occurs. This signal first appears on the microcycle after 
a fifth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be over
written and lost. 
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13.10 

0 

2 

3 
4 
5 

6 

8 

9 

10 
11 
12 
13 
14 

15 

Note 1: 

TABLE I. INSTRUCTIONS 

~rff~ 
FAIL PASS 

CCEN • LOW and CC = HIGH CC,"N = HIGH or Cc • LOW REGI CON. 
MNEMONIC NAME TENTS Y STACK Y STACK CNTR 

JZ JUMP ZERO X 0 'CLEAR, 0 CLEAR HOLD 

CJS COND JSB PL X PC HOLD 0 PUSH HOLD 

JMAP JUMP MAP X 0 HOLD 0 HOLD HOLD 

CJP CONDJUMPPL X PC HOLD 0 HOLD HOLD 

PUSH PUSH/COND LD CNTR X PC PUSH PC PUSH Note 1 
JSRP COND JSB R/PL X R PUSH 0 PUSH HOLD 

CJV ' COND JUMP VECTOR X PC HOLD 0 HOLD HOLD 

JRP COND JUMP R/P,L X R HOLD 0 HOLD HOLD 

.. 0 F HOLD F HOLD DEC 
RFCT REPEAT LOOP, CNTR .. 0 

-0 PC POP PC POP ,HOLD 

.. 0 0 HOLD 0 HOLD DEC 
RPCT REPEAT PL, CNTR .. 0 

=0 PC HOLD PC HOLD HOLD 
CRTN COND RTN X PC HOLD F POP HOLD 

CJPP COND JUMP PL & POP X PC HOLD 0 POP HOLD 

LDCT LD CNTR iii CONTINUE X PC HOLD PC HOLD LOAD 
LOOP TEST END LOOP X F HOLD PC POP HOLD 

CaNT CONTINUE X PC HOLD PC HOLD HOLD 

THREE·WAY BRANCH 
.. 0 F HOLD PC POP DEC 

TWB 
-0 0 POP ,PC POP HOLD 

If CCEN "" LOW and CC = HIGH, hold; else loee! .. X = Don't Care 

Abbreviation 

CI 
RTIi 

OE 
CP 

Vec 
GND 

Vi 
FULL 
PL 

MAP 

iiEC'f 

TABLE II. PIN FUNCTIONS 

Name 

pirect Input Bit i 
Instruction EFt i , 

Condition Code 
Condition Code Enable 

Carrv·ln 
Register load 

Output Enable 
CIQck Pulse 
+5 Volts 

Ground 

~icroprogram Address Bit i 
Full 

Pipeline .Address Enable 

Map Address Enable 

Vector Address Enable 

Function 

Direct input to register/counter and multiplexer. 00 is LSB 
Selects one-of-sixteen instructions for the Am2910 
Used as test criterion. Pass test is a LOW on CC. 
Whenever the signal is HIGH, CC is ignored and the part operates 
as though CC were true (LOW). 
Low order carry input to incrementer for microprogram counter 

When LOW forces loading of register/counter regardless of 
instruction or condition 
Three-state control of Yi outputs 
Triggers all internal state changes at LOW-to-HIGH edge 

Address to microprogram memory. YO is LSB. Y 11 is MSB 
Indicates that five items are on the stack 

Can select #1 source (usually Pipeline Register) as direct 
input source 
Can select #2 source (usually Mapping PROM or PLA) as 
direct input source 

Can select #3 source (for example. Interrupt Starting Address) 
as c;tirect input source 
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ENABLE 

PL 

PL 

MAP 

PL 

PL 

PL 

VECT 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 



Am2910/2910-1/2910A 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2910 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 

Vee 

s, s, 
VOUT ()--()""";O-"-~"--K~---+ 

s, 

VOUT C>---O"C>-..--p--IK 1--'--+ 

INPUTS 

CL.OCK 

OUTPUTS 

5.0 -- VBE - VOL' 
R, = 

IOL + VOL/1K 

R2 = 2.4V 

IOH 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitances without device in test fixture .. 
2. S,. S2. S3 are closed during function tests and all AC tests except output enable tests. 
3. S, and S3 are closed while S2 is open for tpzH test. 

S, and S2 are closed while S3 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

Pin # 
(DIP) 

-
5 

6 

7 

16 

TEST OUTUPT LOADS FOR Am2910 

Test 
Pin Label Circuit R1 

YO-l1 A 300 

VECT B 470 

PL B 470 

MAP B 470 

FULL B 470 

For additional information on testing. see section 
"Guidelines on Testing Am2900 Family Devices." 

Figure 2. Switching Waveforms. 

3'OV=~~===3B OV 
3.0V OV 
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R2 

lK 

1.5K 

1.5K 

1.5K 

1.5K 

See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. See Figure 5 for timing of a 
typical CCU cycle. 
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Y: 
c.> 
N 

DATA8US(168ITS) 

"I. 

I 111lSTRUCTION sus INTERFACE REGISTER 
A 

REGISTER 4-Am2911's {168ITS) 

" I 

rl 0' ....... G'RO. 

~16 BITS) 

c---
r--

ADDRESS OF 

~ SHIFT ~ H INTERRUPT SHOFT V 
SERVICE ROUTINE ............ I 

MUX 

" ~ :. " :. ~ 
MUX 

~ Am~22 I I. MAP °0_11 C, 

I I ~ "~'1frl-lFrl "~EDf -" r I 
CONDITION Am2910 BIPOLAR BIPOLAR BIPOLAR BIPOLAR 

CODE I CC MICROPROGRAM CONTROLLER MICRO- MICRO- MICRO- MICRO· 

MUX I; '0-3 
YO-l1 

PROCESSOR PROCESSOR PROCESSOR, PROCESSOR I -, 
VEC:f CCEN PI 

I ~ D"RAND I A.a 'BIT • I STATUS I-
S~\;~T I T REGISTER 

r I 
-I vmDR.~ MAP DE MICROPROGRAM MEMORY 

PROM 

OUTPUT ENABLE I BRo-BRn 

5 FOR BRO-BRII " 

~m PIPELINE REGISTER I 116 BITS) 

L--J i I~ 1 9-81T 

VECTOR 
7 ,. 

" 
INTERRU~ I 

Am2914 ,I I Am2930 Am2930 Am2930 
Am"" I REQUEST 

PRIORITY 
4 PROGRAM PROGRAM PROGRAM PROGRAM 

I INTERRUPT I I CONTROL CONTROL CONTROL CONTROL 
UNIT UNIT UNIT UNIT 

ir ~~ ~7 ~7 V 
ADDRESS BUS (16 BITS) 

I I 
CONTROL BUS 

Figure 3. Typical Bipolar Microcomputer Using Am2910. 
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o JUMP ZERO (JZI 

3 COND JUMP PL (CJPI 

5°h 
51 

52 

53 

54 30 

. 31 

6 COND JUMP VECTOR (CJVI 

5°h 51 

52 

53· 20 

54 21 

B REPEAT LOOP, CNTR '" 0 (RFCTI 

50 

51 

52 

53 

54 

55 

STACK 
IPUSH! 

REGISTER! 
COUNTER 

11 COND JUMP PL & POP (CJPPI 

50 

51 

52~-+--------~. 

53~+--"" 
54 55 
56 

14 CONTINUE (CONTI 

50

1 
51 

52 

53 

70 

71 

72 

1 COND JSB PL (CJSI· 

50F1S.TACK 51 53 

52 90 
53 91 

54 92 

55 93 

4 PUSH/COND LD CNTR (PUSH I 

50 53 ~
STACK 

51 
52 . REGISTER! 

53 N COUNTER 

7 COND JUMP R/PL (JRPI 

51 

52 
53 ~
o 

70 80 

71 81 

9 REPEAT PL, CNTR '" 0 (RPCTI 

~
COUNTER 

50 ILDCTJ 

51 . 

52 
53 . 

12 LD CNTR & CONTINUE (LDCTI 

~COUNTER 
50 N 
51 

52 

53 

15 THREE-WAY BRANCH ITWBI 

~
STACK 

62 64 IPUSH! 

63 .. REGISTER! 
64 N COUNTER 

65 72 
66· . 73 

Figure 4_ Am2910 Execution Examples_ 
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2 JUMP MAP (JMAPI 

~~ 52 
53 90 

91 

5 COND .JSB R/PL (JSRPI 

90 
91 

92 

93 
94 

10 COND RETURN ICRTNI 

50 

51 

52 
53 

54 55 
90 

.91 

92 

93 

94 

95 

96 

97 

13 TEST END LOOP ILOOPI 

50 STACK 
52 IPUSH! 51 

52 

53 

54 

55 

56 

57 
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THE Am2910 INSTRUCTION SET 

The Am2910 grovides 16 instructions which select the address 
of the next microinstruction to be executed. Four of the in
Structions are unconditi.onal - their effect depends only on 
the instruction. Ten of the instructions have an effect which is 
partially controlled by an external, data-depende'nt condition. 
Three of the instructions have an effect which is partially con
trolled by the contents of the internal register/counter. The 
instruction set js shown in Table 1. In this discussion i,t is 
assumed that Ci is tied. HIGH. 

In the ten conditional instructions, the result of the data
dependent test is applied to CC. If the CC input is LOW, the 
test is considered to have been passed, and the action speci
fied in the name occurs; otherwise, the test has failed and an 
alternate (often simply the execution of the next sequential 
micreinstruction) occurs. Testing of CC may be disabled for a 
specific microinstruction by setting CCEN HIGI1, which uncon
ditionally forces the action specified in the name; that is, it 
forces a pass. Other Ways of using CCEN include (1) tying it 
HIGH, which is useful if no microinstruction is data-dependent; 
(2) tying it LOW if data-dependent instructions are never forced 
unconditionally; or (3) tying it to the source of Am2910 
instruction bit 10, which leaves instructions 4, 6, and 10 as 
data-dependent but makes others unconditional. All of these 
tricks save one bit of microcode width. 

The effect of three instructions depends on the contents of the _ 
register/counter. Unless the counter holds a value of zero, it 
is decremented; if it does hold zero, it is held and a different 
microprogram next address is selected. These instructions are 

, useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external con
dition code and the ihternal register/counter. 

Perhaps the best technique for understanding the Am2910 is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions, Figure 4 is included and depicts examples of all 
16 instructions. 

The examples given in Figure 4 should be interpreted in the 
following manner: The intent is to' show microprogram flow 
as various microprogram memory words are eX,ecuted. For 
example, the CONTINUE instruction, instruction number 14, 
as shown in Figure 4, simply means that the contents of micro
program memory word 50 is executed, then the contents of 
word 51 is executed. This, is followed by the contents of micro
program memory word .52 and the contents of microprogram 
memory word 53. The microprogram addresses used in the 
examples were arbitrarily chosen and have no meaning other 
than to show instruction flow. The exception to this is the 
first example, JUMP ZERO, which forces the microprogram 
location counter to address ZE RO. Each dot refers to the time 
that the contents of the ,micraprogram memory' word is in 
the pipeline register. While no special symbology is used for 
the conditional instructions, the text to follow will explain 
what the conditi!;mal choices are in each example. 

It might be appropriate at this time to mention that AMD has 
a microprogram ,assembler called AMDASM, which has the 
capability of using the Am2910 instructions in symbolic repre
sentation. AMDASM's Am2910 instruction symbolics (or mne
monics) are given in Figure '4 for each instruction and are also 
shown in Table 1. 

Instruction 0, JZ (JUMP and ZERO, or RESET) uncondi
tionally specifies that the address of,the next microinstruction 
is zero. Many designs use this feature for power-up sequences 

and provide the power-up firmware beginning at micro'program' 
memory word location O. 

Instruction lis a CONDITIONAL JUMP-TO-SUBROUTINE 
via the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the pipe
line register, the next address control function is the CONDI
TIONAL JUMP-TO-SUBROUTINE. Here, if the test is passed, 
the next instruction executed will be the contents of micro
program memory location 90. If the test has failed, the JUMP
TO-SUB ROUTIN E will not be executed; the contents of micro
program memory location 53 will be executed instead. Thus, 
the CONDITIONAL JUMP-TO-SUBROUTINE instruction at 
location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. 
In this example, the subroutine WaS completed at location 93 
and a RETURN-FROM-SUBROUTINE would be found at 
location 93. 

InstructiQn 2 is the JUMP MAP instruction. This is an uncondi
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by 
the address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructiol")s at locations 50, 51, 52, and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map function would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an 'unconditional jump to microprogram 
memory addfess 90 is performed. 

Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
'branch address from the pipeline register branch address value 
(BRO - BR11 in Figure ,2). This instruction provides a tech
nique for branching to various microprogram sequences de
pending upon the test condition inputs. Quite often, state 
machines are designed which simply execute tests on various 
inputs waiting for the condition to come true. When the true 
condition is reached, the machine then branches and executes 
a set of microinstructions to perform some function. This 
usually has the effect of resetting the input being tested until 
some point in the future. Figure 4 shows the conditional jump 
via the pipeline register address at location 52. When the con
tents of microprogram memory word 52 are in the pipeline 
register, the next address will be either location 53 or location 
30 in this example. If the test is passed, the value currently in 
the pipeline register (30) will be selected. If the test fails, the 
next address selected will be contained ,in the microprogram 
counter which, in this example, is 53. 

Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used prim~rily for setting up loops in micro
program firmware. 'In Figure 41when instruction 52 is in the 
pipeline register, a PUSH will be made onto the stack and the 
counter will be loaded based on the, condition. When a PUSH 
occurs, the value pushed is always the hext sequential instruc
tion address. In this case, the address is 53. If the test fails, the 
counter is not loaded; if it is passed, the counter is loaded with 
the v.alue contained in the pipeline register branch address field. 
Thus, a single microinstruction can be used to set up a loop to 
be, executed a specific number of times. Instruction 8 will, 
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describe how to use the pushed value and the register/counter 
for looping. 

Instruction 5 is a CONDITIONAL JUMP·TO·SUBROUTINE 
via the register/counter or the contents of the PIPELINE 
register. As shown in Figure 4, a PUSH is always performed 
and one of two subroutines executed. In this example, either 
the subroutine beginning at address BO or the subroutine be· 
ginning at address 90 will be performed. A return·from·sub· 
routine (instruction number 10) returns the microprogram 
flow to address 55. In order for this microinstruction control 
sequence to operate correctly, both the next address fields of 
instruction 53 and the next address fields of instruction 54 
would have to contain the proper value. Let's assume that the 
branch address fields of instruction 53 contain the value 90 so 
that it will be in the Am2910 register/counter when the con· 
tents of address 54 are in the pipeline register. This requires 
that the instruction at address 53 load the register/counter. 
Now, during the execution of instruction 5 (at address 54), if 
the test failed, the contents of the register (value; 90) will 
select the address of the next microinstruction. If the test 
input passes, the pipeline register contents (value.; 80) will 
determine the address of the next microinstruction. There· 
fore, this instruction provides the ability to select one of two 
subroutines to be' executed based on a test condition. 

Instruction 6 is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order for this in· 
struction to be useful, the Am2910 output, VECT is used to 
control a three·state control input of a register, buffer, or 
PROM containing the next microprogram address. This in· 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this instruction is 
conditional, a pass causes the next address to be tak.en from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example of 
Figure 4, if the CONDITIONAL JUMP VECTOR instruction is 
contained at location 52, execution will c~ntinue' at' vector 
address 20 if the CC input is LOW and the microinstruction at 
address 53 will be executed if the CC input is HIGH. 

Instruction 7 is a CONDITIONAL JUMP via the contents of 
the Am2910 REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction is very similar to instruc
tion 5; the conditional jump-to-subroutine via R or PL. The 
major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed with 7. Figure 4 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. As the contents of address 53 is 
clocked into the pipeline register, the value 70 is loaded into 
the register/counter in the Am2910. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 

Instruction B is the REPEAT LOOP, COUNTER *- ZERO in
structic;m. Thik microinstruction makes use ofthe decrementing 
capability of the register/counter. To be useful, some previous 
instruction, such as 4, must have loaded a count value into the 
register/counter. This instruction checks to see whether the 
register/counter contains a non-zero value. If so, the register/ 
counter is decremented, and the address of the next micro
instruction is taken from the top of the stack. If the register 
counter contains zero, the loop exit condition is occuring; 
control falls through to the next sequential microinstruction 

Am2910/2910·1/2910A 

by selecting ~PC; the stack is POP'd by decrementing the stack 
pointer, but the contents of the top of the stack are thrown 
away. 

An example of the REPEAT LOOP, COUNTER *- ZERO in
struction is shown in Figure 4. In this example, location 50 
most likely would contain a PUSH/CONDITIONAL LOAD 
COUNTER instruction which would have caused address 51 to 
be PUSHed on the stack and the counter to be loaded with the 
proper value for looping the desired number of times. 

In this example, since the loop test is made at the end of the 
instructions to be repeated (microaddress 54), the proper 
value to be loaded by the instructions at address 50 is one less 
than the desired number of passes throtlgh the loop. This 
method allows a loop to be executed 1 to 4096 times. If it is 
desired to execute the loop from 0 to 4095 times, the firm
ware should be written to make the loop exit test immediately 
after loop en'try. 

Single-microinstruction loops provide a highlY efficient capa
bility for executing a specific microinstruction a fixed number 
of times. Examples include fixed rotates" byte swap, fixed 
point multiply, and fixed point divide. 

Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT
ER *- ZERO instruction. This instruction is similar to instruc
tion 8 except that the branch address now comes from the 
pipeline 'register rather than the file. In some cases, this instruc
tion may be thought of as' a one-word file extension; that is, 
by using this instruction, a loop with the counter can still be 
performed when subroutines are nested five deep. This instruc
tion's operation is very similar to that of instruction 8. The dif
ferences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D inputs; and, when the test condition is passed, this in
struction does not perform a POP because the stack is not 
being used. 

In the example of Figure 4, the REPEAT PIPELINE, COUNT
ER *- ZERO instruction is instruction 52 and is shown as a 
single microinstruction loop. The address in the pipeline reg
ister would be 52. Instruction 51 in this example could be the 
LOAD COUNTER AND CONTINUE instruction (number 12). 
While the example shows a single microinstruction loop, by 
simply changing the address in a pipeline register, multi
instruction loops can be performed in this manner for a fixed 
number of times'as determined by the counter. 

Instruction 10 is the conditional RETURN-FROM-SUBROU
TIN!: instruction. As the name implies, this instruction is used 
to branch from the subroutine back to thll next microinstruc
tion address following the subroutine call. Since this instruc
tion is conditional, the return is performed only if the test is 
passed. If the test is failed, the next sequential microinstruction 
,is performed. The example in Figure 4 depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction in 
both the conditional and the unconditional modes. This exam
ple first shows a jump-to-subroutine at instruction location 52 
where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE instruction is, 
performed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the, test is failed, the next microinstruction at address 94 will 
be executed. The program will continue to address 97 where 
the subroutine is complete. To perform an unconditional 
RETURN-FROM-SUBROUTINE, the conditional RETURN
FROM-SUBROUTINE in~truction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
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THE Am2910 INSTRUCTION SET (Cont.) 

CCE1ii HIGH, disabling the teSt and the forced PASS causes an 
unconditional return. 

Instruction 11 is the CONDITIONALJUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack maintenance. 
:The example in Figure 4, shows a loop being performed. from 
address 55 back to address 51. The instructions at locations 52, 
53, and 54 are all conditional JUMP and POP instructions. At 
address 52, if the CC input is LOW, a branch will be made 
to address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 9Q or' 54 will tie subse
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP instruction, is very 
useful when several inputs are being tested and the micropro
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump .. table programming technique 
at the firmw~re level. 

Instruction 12 is the LOAD COUNTER AND CONTINUE in
struction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally con
nected to the pipeline branch address field which (in the 
architecture being described here) serves' to supply either a 
branch address or a counter value depending upon the micro
instruction being executed, There are altogether three ways of 
loading the counter .- the explicit load by this instruction 12; 
the conditional load included as part of instruction 4; and the 
use of the R LD input along with any i'nstruction. The use of 
R LD with any instruction overrides any counting or decremen
tation specified in the instruction, calling for a load instead. Its 
use provides additional microinstruction power, at the expense 
of one bit of microinstruction width. This instruction i 2 is 
exactly equivalent to the combination of instruction 14 and 
R LD LOW, Its purpose is to provide a simple capability to 
load the register/counter in those implementations which do 
not provide microprogrammed convol for RLD. 

Instruction 13 is the TEST END-OF .. LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed 
else to continue to the next sequential instruction. The 
example in Figure 4 shows the TEST END-Of-LOOP micro
instruction at address 56_ If the test fails, the microprogram 
will branch to address 52. Address 52 is on the stack because 
a PUSH instruction had been executed at address 51. If the 
test is passed at instruction 56, the I.oop is terminated and the 
next sequential microinstruction at address 57 is executed, 
which also causes the stack to be POP'd; thus, accomplishing 
the required stack maintenance. 

Instruction 14 is the CONTINUE instruction, which simply 
cauSes the microprogram counter to increment so that the next 
sequential microinstruction is executed. This is the simplest 
microinstruction of all and should be the default instruction 
which the firmware requests whenever there is nothing better 
to do_ 

Instruction 15, THREE-WAY BRANCH, is the most complex_ 
It provides for testing of both a data-dependent condition arid 
the counter during one microinstruction and provides for se
lecting among one of three microinstruction addresses as the 
next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the reglster/ 
counter while pushing a microbranch address onto the stack, 
Instruction 15 performs a decrement-and-branch -until-zero 
fUllction similar to instruction 8_ The next address is taken 
from the top of the stack until the count reaches zero; then 
the next address comes from the pipeline register. The above 
action continues as long as the test condition fails. If at any 
execution of instruction 15 the test condition is passed, no 
branch is taken; the microprogram counter register furnishes 
the next address. When the loop is ended, either by the count 
beCOming zero, or by passing the conditional test, the stack is 
POP'd by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 

The application of instruction 15 can enhance performance 
of a variety of machine-level instructions_ For instance, (1) a 
memory search instruction to be terminated either by finding 
a desired memory content or by reaching the search limit; 
(2) variable-field-length arithmetic terminated early upon 
finding that the content of the portion of the field still un
processed is all zeroes; (3) key search in a disc controller pro
cessing variable length records; (4) normalization of a floating 
point number. 

As one example, consider the case of a memory search instruc
tion. As shown in Figure 4, the instruction at microprogram 
address 63 can be Instruction 4 (PUSH), which will push the 
value 64 onto the microprogram stack and load the number N, 
wh ich is one 'Iess than the number of memory locations to be 
searched before giving up. Location 64 contains a microin
struction wh ich fetches the next operand frorn the memory 
area to be searched and compares it with the search key. Loca
tion 65 contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micro
program control_ If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address_ When the count becomes zero, the microprogram 
branches to location' 72, which does whatever is necessary if 

. no match is found. If a match occurs on any execution of the 
THREE-WAY 8RANCH at location 65, control falls through 
to location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP'd 
once, removing the value 64 from the top of the stack. 
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OTHER ARCHITECTURES USING THE Am2910 
(Shading shows path(s) which llsually limit sreed) 

Figl.lre 6. 

A. Instruction Based 

MAP 

A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory 
and Am2901 delay are in series. Conditional branches are exe
cuted on same cycle as the ALU operation generating the 
condition. 

MPR-114 

C. Data Based 

MAP 

The Status Register provides conditional Branch control based 
on results of previous ALU ·cycle. The Microprogram Memory 
and Am2901 are in series in the critical paths. 

MPR·116 

B. Add ressed Based 

MAP 

The Register at the Am2910 output contains the address of 
the microinstruction being executed. The Microprogram Mem
ory and Am2901 are in series in the critical path. This archi
tecture provides about the same speed as the Instruction based 
architecture, but requires fewer register bits, since only the 
address (typically 10-12 bits) is stored instead of the instruc
tion (typically 40-60 bits). 

MPR-115 

D. Two level Pipeline B~sed 

MAP 

Two level pipeline provides highest possible speed. It is more 
difficult to program because the selection of a microinstruction 
occurs two instructions ahead of its execution. 

MPR-l17 
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ARCHITECTURES USING THE Am2910 
(Shading shows path(s) which usually limit speed) 

Figure 5. 

One Level Pipeline Based 

(Recommended) 

MAP 

One level pipeline provides better speed than most other architectures. The !,Program'Memory and the 
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 

PIPELINE· 
REGISTER 

OUTPUT 

MUX 
OUTPUT 

!--------'28nsCYClE TIME -----_-1 

CLOCK 

(CLor;K TO REGISTER OUTPUT) 

AmH10--------------------~~~-----------------------------+-----
INSTRUCTION 

INPUTS ____________________ t.a:.wc:~----------------------....,..----_+-----

Am2910 
CC INPUT 

2910 OUTPUTS 

(MUX SELECT TO OUTPUT) 

------------~~ 

MICROPROGRAM ---------...... -------------......... ~l!l!mmmmm~~~~=!== MEMORY ou~un _____________________ ~~~ 

Typical CCU Cycle Timing Wavef~rms. 
This drawing shows the timing relationships in the CCU illustrated above. 
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Am2910 HIGH SPEED APPLICATION 
Optimal Am2910 configurations can support high speed bit slice 
designs. When used with high speed registers and PROMs', the 
Am2910-1/Am2910A can execute simple instructions in 100ns. 

The following gives one suggested parts configuration to meet 
this design criterion. 

Status Register 
MUX 

The following figure illustrates the usual critical path in the 
sequencer. 

PROM 
Pipeline Register 

Timing on the critical paths becomes 

Device Path 

Status Register Clock -> Output 
FastMUX Select -> Output 
Am2910-1/Am2910A CC ..... y 
Fast PROM Addr ..... Output 
Pipeline Register Setup 

All delay times are worst case times in ns. 

Delay 

12n5 
20ns 
30ns 
35ns 

5ns 

102ns 

One Level Pipeline Based 
(Recommended) 

MAP 
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Am2912 
Quad Bus Transceiver 

Distinctive Characteristics 

• Input to bus is inverting 
• Quad high-speed open collector bus transceiver 

• AdvanCed Schottky processing 
• PNP inputs to reduce input loading 

• Driver outputs can sink 100mA at O.8V maximum 
• Bus compatible with Am2905, Am2906, Am2907 

FUNCTIONAL DESCRIPTION 

The Am2912 is a quad Bus Transceiver consisting of four high
speed bus drivers with open-collector outputs capable of sinking 
100mA at 0.8 volts and four high-speed bus receivers. Each 
driver output is connected internally to the high-speed tjus re
ceiver in addition to being connected to the package pin. The 
receiver has a Schottky TTL output capable of driving 10 
Schottky TTL unit loads. 

An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected together for 
party-line operation. The enable input can be conveniently driven 
by active LOW decoders such as the Am25LS139. ' 

The bus output high-drive capability in the LOW,state al!ows 
party-line operation with a line impedance as low as 1000. The 
line can be terminated at both ends, and still give consideral;lle 
noise margin at the receiver. The receiver typical switching point, 
is 2.0 volts. 

The Am2912 features advanced Schottky processing to 
minimize propagation delay. The device package also has two 
ground pins to improve ground current handling and allow close 
decoupling between Vcc and ground at the package. Both 
GND1 and GND2 should be tied t() the ground bus external to the 
device package. 

CONNECTION DIA~RAM 
Top View 

Note: Pin 1 is marked for orientation. 
BLI·062 
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LOGIC DiAGRAM 

" " 

,LOGIC SYMBOL 

12 4 5 11 13 

LIC-370 

Zo ·3 

Am2912 Zl 

TRA~~~~VER Z2 10 
Z3 14 

2 7 9 15 

Vee = Pin 16 
GNO, ... Pin 1 

GND2 = Pin 8 

'3 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

Output Current, Into Bus· 

Output Current, Into Outputs (Except Bus) 

DC rnput Current 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Am2912PC, DC, XC 

Am2912DM, FM, XM 
T A = O°C to +10o C 
TA::: -5SoC to +12SoC 

Parameters Description 

VOH 
Output HIGH Voltage 
(Receiver Outputs) 

VOL 
Output LOW Voltage 
(Receiver Outputs) 

VIH 
Input HIGH Level 
(Except Bus) 

VIL 
I nput LOW Level 
(Except Bus) 

VI 
Input Clamp Voltage 
(Except Bus) 

IlL I nput LOW Current 
(Except Bus) 

IIH Input HIGH Current 
(Except Bus) 

II Input HIGH Current 
(Except Bus) 

Output Short Circuit Current 
ISC (Except Bus) 

ICCL 
Power SupplV Current 
(All Bus Outputs LOW) 

Bus Input/Output Characteristics 

Parameters Description 

VOL Output LOW Voltage 

10 Bus Leakage C4rrent 

10FF Bus Leakage Current (Power Off) 

VTH Receiver Input HIGH Threshold 

VTL Receiver Input LOW Thres~old 

Vcc = 5.0V <5% (COM'LI MIN. - 4.75V 
VCC=5.0V±10% (MILl MIN.=4.5V 

Test Conditions (Not. 1 I 

VCC = MIN., 10H = -1.0mA MIL 

VIN = VIL or VIH COM'L 

VCC = MIN., 10L = 20mA 
VIN = VIL or VIH 

Guaranteed input logical HIGH 
for all inputs 

Guaranteed input logical LOW 
for all inputs 

VCC = MIN., liN = -18mA 

VCC =.MAX .. VIN = 0.4V 
Enable 

Data 

VCC = MAX., VIN = 2.7V 
Enable 

Data 

VCC = MAX., VIN = 5.5V 

VCC - MAX. (Note 3) 
MIL 

COM'L 

VCC = MAX. 
Enable = GNO 

Test Conditions (N ot. 1 I 

10L =40mA 

MIL 10L = 70mA 

10L = 100mA 
VCC= MIN. 

10L =40mA 

COM'L 10L = 70mA 

10L =100mA 

Vo =0.8V 

VCC= MAX. MIL Vo =4.5V 

COM'L Vo =4.5V 

VO=4.5V 
, 

8us Enable = 2.4V MIL 

VCC= MAX COM'L 

Bus Enable = 2.4V MIL 

Vee=MIN eOM'L 

MAX. - 5.25V 
MAX. = 5.5V 

Min 

2.5 

2.7 

2.0 

-20 

-18 

Min. 

-2.4 

2.25 

Typ. 
(Not. 21 

3.4 

3.4 

45 

Typ. 
(Not. 21 

0,33 

OA2 
0.51 

0.33 

0:42 

0.51 

2.0 

2.0 

2.0 

2.0 

Am2912 

-O.5V to +7V 

-O.5V to +Vcc max. 

-O.5V to +5.5V 

200mA 

30mA 

-30mA to +5.0mA 

Max Units 

Volts 

0.5 Volts 

Volts 

O.B Volts 

-1.2 Volts 

,-0.36 
mA 

-0.54 

20 
itA 

30 

100 itA 

-55 
mA 

-60 

70 mA 

Max. Units 

0.5 

0.7 

0.8 
Volts 

0.5 

0.7 

0.8 

-50 

200 itA 

100 

100 itA 

Volts 

1.6 
Volts 

1.75 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Tvpicallimits are at Vee = 5;OV, 2SoC ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2912 
SWITCHING CHARACTERISTICS ITA = 25°C, Ycc.= 5.0V) 

Parameters . Description 

tplH 
Data Input to Bus 

tpHl 

tplH 
Enable Input to Bus 

tpHl 

tplH 
Bus to Receiver Out 

tpHl 

Ir Bus· 

tf Bus 

Note 1. Includes probe and jig capacitance. 

Test Conditions 

RB = 50n 
CB = SOpF (Note 1) 

RB = son, Rl = 280n 
CB = 50pf (Note 1), Cl = 15pF 

RB = son 
CB = 50pF (Note 1) 

TRUTH TABLE 

Inputs Outputs 

E 

L L 

L H 

H X 

H ;: ,"UGH Voltage Level 

L;: LOW Voltage Level 

x "'" Oon"t Care 

B Z 

H L 

L' H 

Y Y 

Y = Voltage Level of Bus (Assumes Control by 

Another Bus Transceiver) 

ORDERING INFORMATION 

Min Typ Max 

10 15 

10 15 

14 18 

13 18 

10 15 

10 15 

4.0 10 

2.0 4.0 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Package Type Operating Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 

AM2912PC P-16-1 C C-1 
AM2912DC 0-16-1 C C-1 
AM2912DC-B 0-16-1 C B-1 
AM2912DM 0-16-1 M C-3 
AM2912DM-B 0·16-1 M B-3 
AM2912FM F-16-1 M C-3 
AM2912FM-B F-16-1 M B-3 

AM2912XC Dice C 
} Visual inspection 

AM2912XM Dice M 
to MIL-STD-883 
Method 2010B, 

Notes: 

Units 

ns 

ns 

ns 

ns 

ns 

1,' P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak, Number following letter is number of leads. See Appendix B for detailed outline, Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless otherwise specified, 

2. C = 0 to 70'C, VCC = 4.75V to 5.25V, M = -55 to + 125'C, VCC = 4.50V to 5,50V, 
3, See Appendix A for details of screening, Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B, 
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TYPICAL PERFORMANCE CURVES 

Typical Bus Output Low Voltage 
Versus Ambient Temperature 

6 1.0 
o 
> 
~ 0.8 

~ §; 0.6 

5 
~ 0.4 
=> o 
V> 

~ 0.2 , 
o 

Vee"" +5,OV 

r- r-U',00mA 
laus" 70mA 

:8US- 40mA 

I I 
-55 -35 -15 5 25 45 65 85 105 125 

TA '- AMBIENT TEMPERA.TURE - °c 

TYPICAL APPLICATION 

STROBE, 
ADDRESS 

I I 
G A • 
1/2 OF Am25L5139 

Yo Vi Y, Va 

I L: 

Receiver Threshold Variation 
Venus Ambient Temperature 

2.5 
I I I 
I I I 

VCC·5.5VJ 

II Vee"" S.25V 

2.4 

2.3 

2.2 

2.1 

f-MJL~ f---::J.I7~ ,COM'L 

1 .• 
l~ 

VCC=-4.5V 
1.8 

'" 
I 
I 

~ 1.7 

~ 1.6 

! -55 -35-15 5 25 45 65 85 105 125 
;- TA - AMBIEN·T TEMPERATURE _ "'c 

Am2912 
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lITl IITI lIT] lIIl , 10 I, 12 '3 

201--

Z, r-- RECEIVER 

Am2912 Z2 I--- OUTPUTS 

2,1--

'5V So B, iii B:i 

10052 1 I 
10012 1 
lOOS! 

lOOH 

loon PARTY LINE OPERATION. 

, 10 I, 12 13 , to I, 12 
" 

20- 20p-

Z, - RECEIVER Z, P-- REceiVER 
Am2912 Z2 - OUTPUTS Am2912 Z2 ~ OUTPUTS 

23- 2, F>-

So B, ..- B:i So B, B, a, 

1 I I 
I I 

Metallization and Pad Layout 

Am2912 
Vee 

GND, , 15 D, 

'0 2 

20 3 
,. 23 

'0 4 
13 

" 

" 
5 

12 , 
" " 

2, • 
10 2, ., 7 

GNDZ • ., 
DIE SIZE 0.059" X 0.075" 
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SO B, "B2B3 

1 I 
1 

'3 

20 e,..:-

z, 0-- REeEI v,. 
UTS Z2 0-- QUTP 

2, e,..:-

.5V 

loon 

lOon 

loon 

,oon 
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Am2912 

I INPUT 

E INPUT 

B TEST POINT 

Z TEST POINT 

SWITCHING CHARACTERISTICS 

TEST CIRCUIT 

Z 
TEST 

POINt Vee 

ALL DIODES 
lN9160R 
eQUIVALENT 

E!LI-067 

Note 1. Includes Probe and Jig Capacitance. 

WAVEFORM~ 

==t-ll-----t:·:: 
--'----------,-·-'------f,.--~\----------------::: 

-'I I ~·----------------------------OV 
'PLH---1 t;: 'PHL---1 , ---It;:'PLH ---I t='PHL "OH 

-1 \--,------'---'.0" 
tPHL~', --l t;:'PLH '----"OL 

--\--1·· \-1_ =--=--=--~:: 
. .... ____ -J . . ------------- "OL 

BLI-06S 

5-144 



Am2913 
Priority Interrupt Expander 

Distinctive Characteristics 
• Encodes eight lines to three-line binary • Gated three-state output 
• Expands use of Am2914 • Advanced Low-Power Schottky processing 
• Cascadable 
• Similar in function to Am54LS/74LS/25LS148/2513 

FUNCTIONAL DESCRIPTION 

The Low-Power Schottky Priority Interrupt Expander is an 
extention of the Am2900 series of Bipolar Processor family 
and is used to expand and prioritize the output ofthe Am2914 
Priority Interrupt circuit_ Affording an increase of vectored 
priority interrupt in groups of eight, this unit accepts active 
LOW inputs and produces a three-state active H IG H output 
prioritized from active 17 to 10- The output is gated by five 
control signals, three active LOW and two active H IGH_ Also 
provided is a cascade input (Ei) and Enable Output (EO). 

One Am2913 will accept and encode group signal lines from up 
to e Am2914's (64 levels of interrupt). Additional Am2913's 
may be used to encode more interrupt levels. 

LOGIC DIAGRAM 

RELATED PRODUCTS 

LOGIC SYMBOL 

18 is 16 17 1 2 3 4 

Am2913 

19 

12 

G2 13 

G3 11 

G4 C>- 9 

Gs C-- 14 

CONNECTION DIAGRAMS - Top Views 

MPR-118 

MPR-119 

Part No. Description P-20, 0-20 Leadless Chip Carrier 

Am2914 
Am25LS2513 

Vectored Priority Interrupt Controller 
8 to 3 Line Priority Encoder 

MPR-120 
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F-20 pin configuration identical to 0-20, P-20. 

Note: Pin 1 is marked for orientation. 
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Am2913 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
CQM'L T A = O°C to +70°C 

MIL T A = _55°C to +125°C 
Vee - 5.0V ±5% MIN:- 4.75V 

Vee - 5.0V ±10% MIN. - 4.5011 

MAX. - 5.25V 

MAX. - 6.60V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parametan Description Test Conditions INot. 1) 

MIL, 10H - -1.0mA 

Vee =MIN. eOM'L, 10H = -2.6mA 
VOH Output HIGH Voltage 

VIN - VIH or VIL _ IMIL 
EO, 10H - -4401'A I eOM'L 

Vee-MIN. 
10L -4.0mA , 

VOL Output LOW Voltage VIN - VIH or VIL IOL-8.0mA 

10L -12mAIAn Outputs) 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for aU inputs 

Guaranteed input logical LOW IMIL 
VIL I nput LOW Level voltage for all iriputs leOM'L 

VI Input Clamp Voltage Vee - MIN., liN = -18mA 

I nput LOW Current 
Vee = MAX. EI,GI,G2,G3,G,j,G5,10 

IlL VIN -0.4V All others 

Vee - MAX. EI,Gl,G2,G3,G4,GS,10 
IIH Input .HIGH Current 

VIN - 2.7V All others 

Vee = MAX. EI,Gl,G2.G3.G4.G5. 10 
II Input HIGH Current 

VIN = 7.0V All others 

10 Off·State .IHigh.lmpedance) Vee -MAX. 
VO=0.4V 

Output Current VO-2.4V 

Ise Output Short Circuit Current Vee - MAX. 
(Note 3) 

ICC Power Supply Current Vee = MAX. (Note 4) 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-15 

Typ; 
INot.2) 

3A 

3.2 

3A 

3.4 

15 

Max Units 

Volts 

0.4 

0.45 Volt. 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

0.4 
mA 

0.8 

20 

40 
I'A 

0.1 
mA 

0.2 

-20 

20 
jtA 

-85 mA 

24 mA 

Notes: 1. For conditions shown as MI N. or MAX., use the appropriate value speeifled under Electrical Characteristics for the appli(::sble device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs and outputs open. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Number 

AM2913PC 
AM2913DC 
AM2913DC·B 
AM2913DM 
AM2913DM·B 
AM2913FM 
AM2913FM·B 
AM2913LC 
AM2913LC·B 
AM2913LM 
AM2913LM·B 

.AM2913XC 
AM2913XM 

Package Type Operating Range Screening Level 
(Note 1) (Note 2) (Note 3) 

P-20 C C-l 
D-20 C C-l 
D-20 C B-l 
D-2O M C-3 
D-2O M B-3 
F-20 M C-3 
F-20 M B-3 

L-2O-1 C C·I 
L-2O-1 C B-l 
L-20-1 M C-3 
L-20-1 M B-3 

Dice C } Visual inspection 
Dice M to MIL·STD-883. 

Method 2010B. 

Notes: I. P = Molded DIP, D = Hermetic DIP. L = Chip·Pai<, F = Flat·Pak. Numbarfollowing letter is number of leads. 
See Appendix B for detailed outline: .where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C= Pto +70'C, Vee = 4.75t05.25V, M = -55to + 125°C, Vee = 4.50 to 5.50V: 
3. See Appendix A for details of screening: Levels C-l and C-3 conform to MIL·STD-883, Class C. Level B-3 

conforms to MIL·STD·IiB3. Class B. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High- Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 

SWITCHING CHARACTERISTICS 
(T A = +25°C, VCC = 5.0V) 

Parameters Description 

tpLH ij to An IIn-phasel 
tpHL 

tpLH T; to An IOut·phase) 
tpHL 

tPLH ij to EO 
tPHL 
tpLH Ei to EO 
tpHL 
tpLH Ei to An 
IpHL 

tZH 
G1 or G2 to An 

IZL 

tZH - - -
G3, G4, G5 to An 

IZL 

tHZ 
G10rG2toAn 

ILZ 
tHZ 

G3, G4, G5 to An 
tLZ 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH Ii to An (In.phase) 
IpHL 

IPLH T; to An IOut·phase) 
tPHL 
tPLH ij to EO 
tpHL 

tPLH Ei to EO 
IpHL 

tPLH Ei to An 
tPHL 
tZH 

G1 or G2 to An 
tZL 
tZH 

G3, 134, G5 to An 
IZL 
tHZ 

G10rG2toAn 
tLZ 
tHZ 

G3, G4, (;5 to An 
tLZ 

Min. Typ.' 

17 

17 

11 
12 
7.0 
24 
11 
23 
12 
14 

23 
20 
20 
18 

17 
19 

16 

18 

Am2913 COM'L 

T A = O°C to +70°C 
VCC = 5.0V ±5% 

Min. Max. 

31 

30 

22 
22 
15 
48 
19 

'46 
22 
27 
42 

43 
36 
35 

34 

34 
30 

31 

Max. Units 

25 
ns 

25 
17 

18 
ns 

11 

36 
ns 

17 
34 

ns 

18 
21 

ns 

40 ns 
37 
30 

ns 
27 

27 
ns 

28 
24 

ns 
27 

Am2913 MIL 

TA = _55°C to +125°C 
VCC = 5.0V ±10% 

Min. Max. 

37 
34 

27 
25 
18 
60 

21 
57 
25 

32 
49 

.49 
43 
43 

40 
40 
35 
35 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Note: i =Oto 7 
n = 0 to 2 
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-0.5V to +7.0V 

-0.5V to +Vcc max. 

-0.5 V to +7.0V 

30mA 

-30 rnA to +5.0 rnA 

Test Conditions 

CL = 15pF 
RL = 2.0krl II 

CL = 5.0pF 
RL = 2.0krl 

Units Test Conditions 

ns 

ns 

ns 

ns CL = 50pF 
RL = 2.0krl 

ns 

ns 

ns 

ns 
CL = 6.0pF 
RL = 2.0krl 

ns 



~m2913 

DEFINITIONS OF FUNCTIONAL TERMS METALLIZATION AND PAD LAYOUT 

AO.A1.A2 
Ei 

EO 

G1. G2 
G3. G4.GS 
TO-7 

EI 
H 

L 

L 

L 

L 
L 

L 

L 

L 

L 

Three-state. active high encoder outputs 
Enable input provided to allow cascaded oper-

, ation 

I. 
X 

H 

X 

X 

X 
X 

X 

X 
X 

L 

Enable output provided to enable the next lower 
order ptiority chip 
Active high three-state output controls 
Active low three-state output controls 
Active low encoder inputs 

TRUTH TABLE 

I"PUb Outputs 

T, 12 13 I. I. I, T7 Ao A, A. EO 
X X X X X X X ' L L L H 

H H H H H H H L ,L L L 

X X X X X X L H H H H 

X X X X X L H L H H H 

X X X X L H H H L H H 

X X X L H H H L L H H 

X X L H H H H 'H H L H 

X L H H H H H L H L H 

L H H H H H H H L L H 

H H H H H H H L L L H 

H .. HIGH Voltage Level 
L\ - LOW Voltage' Level 
X ='Oon't Care 
For Gl = H, G2 - H, G3 = L, G4 = L, GS = L 

Gl G2 G3 G4 m Ao A, A2 

H H L L L Enabled 

L X X X X Z Z Z 

X L X X X Z Z Z 
x X H X X Z Z Z 
X X X H X ' Z Z Z 

X X X X H Z Z Z 

T, 

Z = HIGH Impedance DIE SIZE 0;082" X 0.085" 

Vee 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVING OUTPUT 

I 

[ 
I 

Ii] 
I 
I 

r I 
I 
I 
I 
I 

":" I 

Note: Actual current flow direction shown. 
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DRIVEN INPUT 

":" 

.. Vee 

'9 EO 

18 To 

17 T3 

16 12., I. '1 

" 
G6 

13 G2 

12 G, 

11 03 

10 GNO 
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INSTRUCTION 
ENABLE 

{ 

'3 
INSTRUCTION 12 

INPUT I, 

·'0 

INSTRUCTION 
ENABLE 

'3 
" 

Am2914 

,----
" - '0 

IE 

'3 
" 

Am2914 

r---r-- " 
>-- '0 

IE 

'3 
" 

Am2914 

r--- r--- " 
>-- '0 

IE 

'3 
" 

Am2914 

r--- r--- " 
r-- '0 

'E 

'3 
" 

Am2914 

r--- r--- " r--- '0 

IE 

'3 
" 

Am2914 

I--I-- " 
r--- '0 

iE 

'3 
" 

Am2914 

r--- r--- " r--- '0 

'E 

'3 
" 

Am2914 

" '0 

RIPPLE 
DISABLE 

Vo 
V'r---
V'r---

RO 

V, 
V, r--- r---
Vo I--

RO 

V, 
V, r--r--
Vo r---

L--<: ij 
RO 

I 
L-.....c is 

is " f..-V, 
V, r--- r--- i4 

Am2913 " r---Vol--

I 
i3 
Ii "or--

,--< Ti 
RO r-<= .iO 

£ V, 
V,I--r--
Vo r--- -iE,IO·I"t2,13 

RO 

-
V, 
V'r--- r--- , 
VOr--

RO 

V, 
V,I--I--
Vo r---

RO 

V, 
V, 
Vo 

Shown above is the connection of the instruction lines and vector output lines in a 64·input priority inter· 
. rupt system. The Am2913 is used to encode the most significant bits associated with the vector output. 
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I 
V. 

V, 

V3 

VECTOR 
OUTPUT 

V, 
V, 
Vo 
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Am2914 
Vectored Priority Interrupt Controller 

DISTINCTIVE CHARACTERISTICS 

• .Accepts 8 interrupt inputs 
Interrupts may be pulses or levels and are. stored internally 

• Built-in mask register 
Six different operations can be performed on mask 
register 

'. Built-in status register 
Status register holds code for lowest allowed. interrupt 

• Vectored output 
Output is binary code for highest priority un-masked 
interrupt 

• Expandable 
Any number of Am2914's may be stacked for large inter
rupt systems 

• Micioprogrammable 
Executes. 16 different microinstructions 
Instruction enable pin aids in vertical microprogramming 

• High-speed operation 
Delay from an interrupt clocked into the interrupt register 
to interrupt request output is typically 60 ns 

RELATED PRODUCTS 

Part No_ 

Am2902A 
Am2913 
Am25LS138 
Am27S19 

Description 

Carry Look-ahead Generator 
Priority Interrupt Expander' 
3-to-8 Decoder 
Mapping PROM 

TABLE OF CONTENTS 

Block Diagram ..................................... 5-151 
Block Diagram Description _ .......................... 5-151 
Connection Diagrams ....................•.......... 5-152 
Ordering Information .. _ •..... _ .................. '.' .• 5-152 
Standard Screening ................................ 5-153 
Microinstruction Set for Am2914 Priority 

Interrupt Circuit .................................. 5-153 
Electrical Characteristics ............................ 5-154 
Switching Characteristics ........ · ................. ; .. 5-155 
Bum-in Circuit ..................................... 5-157 
Input/Output Circuits ................................ 5-157 
Test Output Load Configurations ...•...........•..... 5-158 
A Microprogrammable, Bipolar, LSI Interrupt 

Structure Using the Am2914 ....................... 5-159 
Am2914 Priority Interrupt Encoder 

Detailed Logic Description ......................... 5-176 

For applications information, see Chapter VI of Bit Slice Micro
prOcessor Design, Mick & Brick, McGraw'Hill Publications. 

FUNCTI aNA L DESCR I PTI ON 

The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request hivels. The high-speed of the Am2914 makes it ideal 
for use in Am2900 family microcomputer designs, but it can 
also be used with the Am9080A MaS microprocessor. 

The Am2914 receives interrupt requests on 8 interrupt input 
lines (PO-P7). A LOW level is a request. An internal latch may 
be used to catch pulses on these lines, or the latch may be 
bypassed so the request lines drive the edge-triggered interrupt 
register directly. An 8-bit mask register is used to mask indi
vidual interrupts. Considerable flexibility is provided for 
controlling the mask register. Requests in the interrupt register 
are ANDed with the cohesponding bits in the mask register 
and the results are sent to an 8-input priority encoder, which 
produces a three bit encoded vector representing the highest 
numbered input which is not masked. 

An internal status register is used to point. to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur 
if the vector is greater than or equal to status. Whenever a 
vector is read from the Am2914 the status register is auto
matically updated to point to one level higher than the vector 
read. (The status register can be loaded externally or read out 
at any time using the S pins.) Signals are provided for moving 
the status upward across devices (Group Advance Send and 
Group Adv~nce Receive) and for inhibiting lower priorities 
from higher order devices ( Ripple Disable, Parallel Disable. and 
Interrupt Disable). A status overflow output indicates that 
an interrupt has been read at the highest priority. 

The Am2914 is controlled by a 4-bit instruction field 10-13. 
The command on the instruction lines is executed if IE is LOW 
and is ignored if IE is HIGH, allowing the 4 I bits to be shared 
with other devices. 

LOGIC SYMBOL 

MPR-123 
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Am2914 

BLOCK DIAGRAM 

Pi 
INTERRUPT 

INPUTS 

CLOg~ D----.,I»-----
Si 

STATUS ~1-7~'-i 
BUS 

Vi 

1--<1'-+-.,<-+-------11>--1---;----\33) ~~~~~~ 

DISA8LE l--,;~~-.Jt----ID PARALLEL 

'------L) ~:~iiE 

+-------l-.J ~~e~~CE 
SEND 

STATUS 
OVERFLOW 

GS 1<>------[::> GROUP 
L-":':;?r::::"...J SIGNAL 

GROUP ADVANCE 
RECEIVE 

PIN SYMBOLS 

D-INPUTPIN ----(]) g~~~~~LlECTOR 

--D OUTPUT PIN 

~ ~~JR~CTIONAL --ID ~~~~G;TATE 

BLOCK DIAGRAM DESCRIPTION 

The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight·bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal. 

The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from 
or. read to the M Bus. Also, the entire register or individual 
mask bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Regi.ster holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 

The three-bit Status Register holds the status bits and may 
be loaded from or. read to the S Bus. During a Vector Read, 
the Incrementer increments the interrupt vector by one, and 
the result is clocked into the Status Register. Thus the Status 

MPR·124 

Register always points to the lowest level at which an interrupt 
will be accepted. 

The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter
rupt Vector is greater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a n"mber 
of 2914's are cascaded. In a cascaded system, only one Lowest 
Group Enabled Flip-Flop is LOW at a time. It indicates the 
eight interrupt group, which .contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this group. When it is set, it enables the Clear 
Control Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip·Flops, all on the clock LOW-to-H IGH transition. 
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Am2914 

0-40, P-40 CONNECTION DIAGRAMS - Top Views F-42-1 

" M, 
M, , . .2 " M, " 

GNo· ., 
M> 

GROUP ~~GNAl . , ~ .. 
GROUP ADVANCE GAR M, 

" RECEIVE fi- " GROUP ENABLE MO 
i]). 

INTERRUPT Mo 
DISABLE '0 R.D. '0 

RIPPLE DISABLE INSTRUCTION m ENABLE P.O. 
PARALLEL 

" iJf. DISABLE '3 
INTERRUPT 

" vee 10 '2 REQUEST Am2914 
vee 8, " " 8, GROUND 

., 
'2 GNO-

S, CLOCK So '3 CP 

So '0 
{V. ,. 

'0 

STATUS LATCH GAS 15 L.B. 
OVERFLOW BYPASS v2 ,. 

GROUP ADVANCE " " SEND v, 17 M< V, M, 
Vo ,. .. V, " GNO· ,. ., 

Vo M, M, 20 Actual Size '. ., " ., 21 1.1'" X 0.6" M. 

" M, 
MPR"25 MPR-126 

*Note: GND's and pins 2, 19, 31 must all be tied together externally. 
Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Order the part number according to the t~ble below to obtain 
the desired package, temperature range and screening level. 

Package Operating Screening 
Order Type Range Level 

Number (Note 1) (Note 2) (Note 3) 

AM2!;l14PC P-40 C C-l 
AM2914DC D-40 C C-l 
AM2914DC-B D-40 C B-2 (Note 4) 
AM2914DM D-40 M C-3 
AM2914DM-B D-40 

~l 
B-3 

AM2914FM F-42 C-3 
AM2914FM-B F-42 B-3 
AM2914LC L-44 C-l 
AM2914LM L-44 

~I 
C-3 

AM2914LM-B L-44 B-3 

AM2914XC Dice } 
Visual inspection 

AM2914XM Dice MI 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number 
following letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash 
numbers, any of the vanations of the package may be used 
unless otherwise specified. 

2. C = Oto +70"C, Vee = 4.75 t05.25V, M = -55 to 
+ 125°C, Vee = 4.50 to 5.50V. 

3. See Appandix A for details of screening. Levels C-l and C-3 
cOnform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-8TD-883, Class B. 

4. 96 hour burn-in. 
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Metallization and Pad Layout 

• . , , 
• ,. 
" 12 
13 

,. 
's 

34 

33 

32 

31 

30 

29 
28 
27 

16 17 18 19 20 21 22 23 24 25 26 

DIE SIZE 
0.133" X 0.187" 

Chlp-Pak™ 
L-44-2 

~ I I m -"' ... un -i ;: -i ;: 

INTERRUPT 
~ ... '" 

PAFlALLEL 
DISABLE 

lNTI!AFlUPT 
REQUeST 

Vee 

S, 

s, 

S, 
StATUS 

O'IEFlfl.OW ...... 
ADVANCE leND 

;- .; ; i' .. 'I of 1 

• 

of 

Numbers correspond 
to DIP pin·out. 

;: I 

NC 

" INSTRUCTION 

'MAO'" 

... 
.... TCH 
BYPASS .. 

.r V 



Step 

Pre-Seal Visual Inspection 

Stabilization Bake 

Temperature Cycle 

Centrifuge 

Fine Leak 

Gross Leak 

Electrical Test 

Subgroups 1 and 7 

STANDARD SCREENING 
(Conforms to MIL-STD-883 for Class C Parts) 

MIL-STD-883 
Method Conditions 

2010 B 

24-hour 
1008 C 150°C 

1010 C 
-65°C to +150°C 
10 cycles 

2001 B 10,000 G 

1014 A 5 x 10-8 atm-cc/sec 

1014 C2 Fluorocarbon 

See below for 
5004 definitions of subgroups 

Insert Additional Screening here for Class B Parts 

Group A Sample Tests 

Subgroup 1 

Subgroup 2 

Subgroup 3 See below for 
Subgroup 7 

5005 definitions of subgroups 

Subgroup 8 Maximum accept number 

Subgroup 9 is 3 

Am2914 

Level 
Am2914PC,DC Am2914DM, FM 

100% 100% 

100% 100% 

100% 100% 

100% . 100% 

100% . 100% 

100% • 100% 

100% 100% 

L TPD = 5 LTPD = 5 

L TPD = 7 LTPD = 7 

LTPD = 7 L TPD = 7 

LTPD = 7 LTPD = 7 

LTPD = 7 L TPD= 7 

L TPD = 7 LTPD = 7 

·Not applicable for Am2914PC. 

TABLE 1 

MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 

Decimal Decimal 
131211 10 Mnemonic Instruction 131211 10 Mnemonic Instruction 

Mask Register Functions Vactorad Output 
14 LDM Load mask register from M bus RDVC Read vector output to V outputs, load V+l 
7 ROM Read mask register to M bus into status register, load V into vector hold 

12 CLRM Clear mask register (enables all priorities) register and set vector clear enable flip-flop. 
S SETM Set mask register (inhibits all interrupts) Priority Interrupt Register Claar 10 8CLRM Bit clear mask register from M bus 

11 BSETM Bit set mask register from M bus CLRIN Clear all interrupts 
CLRMR Clear interrupts from· mask register data (uses 

Status Register Functions the M bus) 

9 LDSTA Load status register from S bus and LGE 2 CLRMB Clear interrupts from M bus data 
flip-flop from GE input 4 CLRVC Clear the individual interrupt associated with 

6 RDSTA Read status register to S bus the last vector read 

Master Clear 
Interrupt Request Control 0 MCLR Clear all interrupts, clear mask register, clear 

15 ENIN ~n.ble interrupt request status register, clear LGE flip-flop, enable 
13 DISIN Disable interrupt request interrupt request. 
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Am2914 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient)-Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output State 

'DC Input Voltage 

DC Output Current. Into Outputs 

DC Input Current 

OPERATING RANGE 
PIN 

Am2914pe. DC 

Am2914DM. FM 

Temperatwe 

-55°C to +125°e 

Vee 

4.75V to 5.25V 

4.50V to 5.50V 

-55°C to +110°C 

-O.5V to +7 .OV ' 

+O.5V to +Vee max. 

-O.5V to 5.5V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

(Group A, Subgroups 1, 2, and 3) 
Am2914xe 
Art12914XM 

Parameters 

VOH 

ICEX 

VOL 
, 

VIH 

Vil 

-VI 

IlL 

IIH 

II 

IOZl 

IOZH 

lee 

Ise 

TA = oOe to +70o e 
Te = ::'55°e to +125°e 

Description 

Output HIGH Voltage 

Output Leakage Current 
for I R Output 

Output LOW Voltage 

Input HIGH Level 

I "put LOW Level 

. Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Off..state Output Current 

Power Supply Current 

Output Short Circuit Current 
(Note 3) 

Vee = 5.011 ± 5% (eOM'Ll 
Vee = 5.0V ± 10% (MiLl 

MIN. = 4.75V 
MIN. =4.50V 

Test Conditions (Note 1) 

Vee = MIN., MIL, IOH = -1.0mA 

VIN = VIH or VIL eOM'L, IOH = -2.6mA 

Vee = MIN., Vo = 5.5V 

I IOl =4.0mA 
Vee = MIN., 

I IOL =8.0mA 
VIN = VIH or VIL 

~ IOl -12mA 
Guaranteed input logical HIGH voltage 

for all inputs 

Guaranteed input logical LOW voltage 

for all inputs 

Vee = MIN., liN = -18mA 

MO-7 

50-2 
Vee = MAX., 

L. B. 
VIN = O.4V 

1.0. 

IE 

All Others 

MO-7 

Vee =MAX., 50-2 
VIN = 2.7V GE,GAR 

IE 

I. D. 

All Others 

Vee = MAX., VIN = 5.5V 

MO-7 
VOUT= 0.5V 50-2 

Vee=MAX. 
VO-2 
MO_7 

Vour=2.4V 50-2 

VO-2 
25°C 
oOe 

eOM'L 
70·e 

Vee=MAX. 
_55°C 

Mil 
125°C 

Vee = MAX. 

MAX. = 5.25V 
MAX. = 5.50V 

Min 

2.4 

2.4 

2.0 

-30 

Typ. 
(Note 2) 

170 

Max 

250 

0.4 

0.45 

0.5 

0.8 

-1.5 

-0.15 

-0.1 

-0.4 

-2.0 

-:,.08 

-O.B 

150 

100 

40 

60 

60 

20 

1.0 

-150 

-100 

-50 
150 

100 

50 
286 

305 

250 
310 

200 

-85 

Units 

Volts 

~A 

Volts 

Volts 

Volts 

Volts 

mA 

~A 

mA 

~A 

mA 

mA 

Notes': 1. For conditions shown as MIN. or MAX., use the ~ppropriate value specified under Electrical Characteristics for the applicable device type. 
2. T'ypicallimits are at Vee"" 5.0V. 25°C ambient and maximum loading. . 
3. Not more than one output should be shorted at a time. Duration of the short circuit test ~hould not exceed one second. 
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SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS 
Note: Guaranteed limits at 25°C and 5.0V are group A, subgroup 9 tests 
All outputs fully loaded. CL = 50pF. Measurements made at 1.5V with 

input levels ofOV and 3.0V. All numbers are in ns. 
For interrupt request output, RL = 470n 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 

Time GUARANTEED 

Minimum Clock LOW Time 30 - .. -.-.. ---~~--. 
Minimum Clock HIGH Time 30 

Minimum Interrupt Input (PO·P7) LOW 
25 

Time for Guaranteed Acceptance (Pulse Mode) 

Maximum Interrupt Input (PO·P7) LOW 
10 

Time for Guaranteed Rejection (Pulse Mode) 

TABLE II. COMBINATIONAL PROPAGATION DELAYS (ns) 

Am2914 

TYPiCAL GUARANTEED 

~ M S Irpt Ripple 
Group 

M S Irpt Ripple 
Group 

Bus Bus ·V012 Req Disable 
Advance 

Bus Bus V012 Req Disable 
Advance 

From Input Send Send 

IE 36 40 40 - - 30 48 55 55 - - 47 

10123 36 40 40 - - 30 48 55 55 - - 47 

Irpt. Disable - - 25 35 8 19 - - 37 42 18 25 

TABLE III. DELAYS FROM CLOCK TO OUTPUTS (ns) 

TYPICAL GUARANTEED 

Clock Path To To To 
To 

Irpt 
To To To 

Status 
To To 

Irpt 
To 

V012 Req 
PO RD GAS 

O'flow 
GS V012 Req 

PO 

Irpt Latches and Register 55 65 37 39 47 - - 67 82 57 
Mask Register 55 65 37 39 47 - 67 82 57 
Status Register 45 55 28 31 

--;--_. --c--59 74 57 37 
Lowest Group Enabled F~ip·Flop - - 22 25 .. .• 17 -- - 42 

Irpt Request Enable Flip-Flop 

Status Overflow Flip-Flop 

- 40 - -. - 56 -
-~-

- - -
----~--r---- _. 

- -

TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW·to·H IGH transition) 

GUARANTEED 1; 
From Input 

Set-up Time .' Hold' Time . , 
S-Bus 11 8 

M-Bus 11 8 

PO·P7 11 6 
Latch Bypass 16 0 

IE 46 
0 

10123 (See Note) tpwL + 29 

GE 11 11 
~=.=.--

GAR 11 11 

I rpt Disable 35 0 
.. --

PO·P7 Hold TIme 
Relative to LB - 21 

Note: tpwL is the Clock LOW Time. Both Set-up times must be met. 
5-155 

To 
To To 

Status 
To 

RD GAS 
O'flow 

GS 

57 66 - -
57 66 - -

57 58 - -

45 - - 32 
- - - -

- - 30 -

I 



Am2914 
SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 

_ (Group A, subgroup 10 and 11 tests and limits) 
AU outputs fully loaded, CL= SOpF. Measurements made at 1.SV with input 

levels of 0 and 3.0V. For Interrupt Request Output, RL = 3900, VLOAD = 5.0V 

TABLE I. CLOCK AND INTERRUPT ,INPUT PULSE WIDTHS (ns) 

Time 
Am2914PC, DC, XC Am2914DM, FM, XM 

TA = O°C to +70°C, 5V ± 5.% TC = -55°C to +125°C, 5V ± 10% 

Minimum Clock LOW Time 30 30 
Minimum Clock HIGH Time 30 30 
Minimum Interrupt Input (PO,P7) 
LOW Time for Guaranteed 40 40 
Acceptanco.lPul.o Mode) 
Maximum Interrupt Input (PO,P7) 
LOW Time for Guaranteed 8· ' 8 
Rejection (Pulse Modo) 

Minimum Clock Period. IE = H on 50 55 
cu~rent cycle and previous cycle 

Minimum Clock Period, IE = Lon 100 110 
, current cycle or previoiJs cycle 

TABLE II. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 

Am2914PC, DC, XC Am2914DM, FM, XM 
TA = OO.C to +70°C, 5V ± 5% TC = _55°C to +125°C, 5V ± 10% 

~ M S I.pt Ripple 
Group 

M S , Irpt Ripple 
Group 

Bus Bus V012 Req Disable 
Advance 

Bus Bus V012 Req Disable 
Advance 

F.om Input Send Send 

IE 52 60- 65 - - 56 60 68 70 - - 62 

10123 52 60 65 - - 56 60 68 70 - - 62 

Jrpt. Disable - - 45 52 20 30 - - 48 60 22 33 

TABLE III. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 

Clock Path 

Irpt Latches and Register 

Mask Register 

Status Register 

lowest Group Enabled Flip-Flop 

Irpt Ae.Quest Enable Flip-Flop 

Status Overflow Flip·Flop 

From Input 

S·Bus 
M·Bus 

PO·P7 
Latch Bypass 

IE 
10123 (See Note) 

GE 

GAR 
Irpt Disable 

PO-P7 Hold Time 
Relative to LB 

Am2914PC, DC, XC Am2914DM, FM, XM 
TA = O°C to +70°C, 5V ± 5% TC = -55°C to +125°C, 5V ± 10% 

To To To To 
To To To to To To To To To 

V012 
I,pt 

PD RD GAS 
Status 

GS V012 
I.pt 

PD RD GAS 
Status 

Req O'flow Req O'flow 

76 97 67 67 80 - - 82 105 75 75 85 -

76 97 67 67 80 - - 82 105 75' 75 B5 -
67 BB 63 63- 70 - - 73 96 66 66 76 -
- - 48 52 - - '38 - - 54 58 - -
- 62 - - -- - - - 66 - - - -
- - - - - 35 - - - - - - 40 

TABLE IV. SETUP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-HIGH transition) 

Am2914PC, DC, XC Am2914DM, FM, XM 
TA = O°C to +70oC, 5V ± 5% TC = -55°C to +125°C, 5V ± 10% 

Set· Up Time Hold Time Set-Up Time Hold Time 

15 1,0 15 10 

15 10 15 10 
15 8 15 8 

20 0 20 0 
55 

0 
55 0 

tpwL'+ 33 tpwL+ 40 

15 13 15 13 
15 13 1'5 13 

42 0 42 0 

- 25 - 2r!' 

Note: tpwL is the ~Iock LOW Time. Both Set·up times must be met'S_156 

To 
GS 

-
-
-
45 
-
-



Vee -~r---op_--.,_---, 

Vee 

I I J I 
MR eET CEP 

420 

r-------", 
,------j" 

r------l', 
r--" 

+--r-+-I---~" 

;-+-+------j" 
;-+----1', 

_ LATCH 
I BYPASS 

~ GND 

INST. 
ENABLE 

1.2k 

IRPT. 
DISABLE 

420 

GRP. 
51G. 

Am2814 

~ P3 03 f-..... -+--l-+----I', 

Vee 

INPUT 

10-13, CP, GE, GAR 
LB 
iE 
i5 

R 

10K 
20K 
6.7K 
4K 

o,I--..... --je-+----1 
0,1----<>-+----1 
001-----4.----1'0 

Vee 
RIP PAR. 

OISABLE DISABLE 

ep f---""""1,------Ie, 

e1. 420n 420fl 
!l00kHzMIN.) 

Am2914 Burn-in Circuit 

INPUT/OUTPUTCIRCUITS 

VeeC>-----"t""-----------~r_ 

420 

STAT 
O'FLOW V, 

420 V, 
420 

Vo 

5, 

1.2k 
5, 

Uk 
SO 

1.2k ", 
1.2k ", 

M5 

1.2k ", 
1.2k 

M, 

1.2k 
M, 

1.2k 
M, 

MO 

iiiPT. 
REO. 

GAPR ENABLE 

GAR 

Vee 

INPUT 

Vee 

Vee 

Vee------r-----------------------op_----r~---

50!! 

OUTPUTS OUTPUT 

IR 
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Am2914 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2914 

C. OPEN-COLLECTOR OUTPUTS D. THREE-STATE OUTF>UTS ' 

VLOAD = sv 

240 

YOUT 

J 240 

-::-

TEST .OUTPUT LOADS FOR Am2914 

Pin # 
(DIP) Pin Label 

3 
Group' 
Signal 

Group 
4 Advance 

Receive 

7 
Ripple 
Disable 

8 
Parallel 
Disable 

9 
Interrupt 
Request 

13-11 SO-2 

14 
Status 
Overflow 

18-16 VO•2 

MO·7 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels olthe part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground currentmay.changeby 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. . 

Test 
'Circuit R1 R2 

e 

e 

e 

e 

e 

D 

e 

D 

D 

2K 

2K 

2K 

2K 

390 

240 240 

2K 

240 240 

240 240 

4. Us~ extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL "" O.4V and VIH ;" 2.4Vfor AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. . . 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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A Microprogrammable, Bipolar, 
LSI Interrupt Structure Using the Am2914 

INTRODUCTION 

Advanced Micro Devices' introduction of the Am2914 Vec
tored Priority Interrupt Controller now makes possible the 
structuring of a microprogrammable bipolar LSI interrupt 
system. The design engineer may use the Am2914 to simplify 
his design process, dramatically reduce the system cost, size 
and package count, and increase the speed, capability and 
reliability of his interrupt system. 

The Am2914 is a modular, low cost, standard LSI component 
that may be microprogrammed to meet the requirements of 
specific applications. Today's engineer may utilize the Am2914 
microprogrammability to provide functional flexibility and 
ease of engineering change, while taking advantage of its 
modularity to provide hardware regularity and future expan
sion capability. 

THE INTERRUPT CONCEPT 

In any state machine, a requirement exists for the efficient 
synchronization and response to asynchronous events such as 
power failure, machine malfunctions, control panel service 
requests, external timer signals, supervisory calls, program 
errors, and input/output device service requests. The merit of 
such an "asynchronous event handler" may be measured in 
terms of response time, system throughput, real time overhead, 
hardware cost and memory space required. " 

The simplest approach to asynchronous event handling is the 
poll approach. A status indicator is associated with each 
possi ble asynchronous event. The processor tests each indicator 
in sequence and, i.n effect, "asks" if service is required. This 
program-driven method is inefficient for a number of reasons. 
Much time is consumed polling when no service is required; 
programs must have frequent test points to poll indicators, 
and since indicators are polled in sequence, considerable time 
may elapse before the processor responds to an event. Thus, 
system throughput i, low; real time overhead and response 
time are high, and a large memory space is required. 

The interrupt method is a much more efficient way of 
servicing asynchronous requests. An asynchronous event re
quiring service generates an interrupt request signal to the 
processor. When the processor receives the interrupt request, 
it may suspend the program it is currently executing, execute 
an interrupt service routine which services the asynchronous 
request, then resume the execution of the suspended program. 
In this system, the execution of the service routine is 
initiated by an interrupt request; thus, the system is interrupt 
driven and service routines are executed only when service is 
requested. Although hardware cost may be higher in this type 
of system, it is more efficient since system throughput is 
higher, response time is faster, real time overhead is lower and 
less memory space is required. 

INTERRUPT SYSTEM FUNCTIONAL DEFINITION 

A complete and clear functional definition is key to the design 
of a good interrupt system. The following features are useful. 

Multiple Interrupt Request Handling: Since interrupt requests 
are generated from a number of different sources, the interroJpt 
system's ability to handle interrupt requests from several 
sources is important. 

Interrupt Request Prioritization: Since the processor can 
service only one interrupt request at a time, it is important 
that the interru pt system has the abil ity, to prioritize the 
requests and determine which has the highest priority. 

Interrupt Service Routine "Nesting": This feature allows an 
interrupt service routine for a given priority request to be 
interrupted in turn, but only by a higher priority interrupt 
request. The service routine for the higher priority request is 
executed, then the execution of the interrupted service routine 
is resumed. If there are "n" interrupt requests, an "n" deep 
"nest" is possible. 

Dynamic Interrupt Enabling/Disabling: The ability to enable/ 
disable all interrupts "on the fly" under microprogram control 
can be used to prevent interruption of certain processes. 

Dynamic Interrupt Request Masking: The ability to selectively 
inhibit or "mask" individual interrupt requests under micro
program control is useful. 

Interrupt Request Vectoring: Many times, a particular inter· 
rupt request requires the execution of a unique interrupt 
service routine. For this reason, the generation of a unique 
binary coded vector for each interrupt request is very helpful. 
This vector can be used as a pointer to the start ofa unique 
service routine. 

Interrupt Request Priority Threshold: The ability to establish 
a priority threshold is valuable. In this type of operation, 
only those interrupt requests which have higher priority than a 
specified threshold priority are accepted. The threshOld priority 
can be defined by microprogram or can be automatically 
established by hardware at the interrupt currently being 
serviced plus one. This automatic threshold prevents multiple 
interrupts from the same source. Also usefjJl is the ability to 
read the threshoi'd priority under microprogram control. Thus, 
the interrupt request being serviced may be determined by 
the microprogram. 

Interrupt Request Clearing Flexibility: Flexibility in the 
method of clearing interrupt requests allows different modes 
of interrupt system operation. Of particular value are the 
abilities to clear the interrupt currently being serviced, clear 
all interrupts, or clear interrupts via a programmable mask 
register or bus. 

Microprogrammability: Microprogrammability permits the 
construction of a general purpose or "universal" interrupt 
structure which can be microprogrammed to meet a specific 
application's requirements. The universality of the structure 
allows standardization of the hardware and amortization of 
the hardware development costs across a much broader user 
base. The end result is a flexible, low cost interrupt structure. 
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Am2914 

Hardware Modularity: Modular interrupt system hardware is 
beneficial in two ways. First, hardware modularity provides 
expansion capability. Additional modules may be added as 
the need to service additional requests arises. Secondly, hard
ware modularity provides a structural regularity which simpli
fies the system structure and also reduces the number of 
hardware part numbers. 

FasUnterrupt System Response Time: Quick interrupt system 
response provides more efficient system operation. Fast 
response reduces real time overhead and increases overall 
system throughput. 

INTERRUPT SYSTEM IMPLEMENTATION 
USIN'G THE Am2914 

The Am2914 provides all of the foregoing features on a single 
LSI chip. The Am2914 is a high-speed, eight-bit priority 
interrupt unit that is cascadable to handle any number of 
priority interrupt request levels. The Am2914's high speed is 
ideal for use in Am2900 Family microcomputer designs, but 
it can also be used with the Am90BOA MOS microprocessor. 

The Am2914 receives interrupt requests on eight Interrupt 
Input lines (P0-P7)' A LOW level is a request. An internal 
latch may be used to catch pulses (HIGH-LOW-HIGH) on 
these lines, or the latch may be bypassed so that the request 
lines drive the D-inputs to the edge-triggered Interrupt Register 
directly. An eight-bit Mask Register is used to mask individual 
interrupts. Considerable flexibility is provided for controlling 
the Mask Reyister. Requests in the Interrupt Register (PO-P7) 
are AN Ded with the corresponding bits in the niask register 
(MO-M7) and the results are sent to an eight-input priority 
encoder, which produces a three-bit encoded vector represent
ing the highest priority input which is not masked. 

An internal Status Register is, used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the Status Register are compared with the output of the 

LATCH 
--BYPASS 

==~;l M5 
M4 MASK _M3jBITS M, _:-_M, 

-Mo 

-0 k~S::~ECTION 

--'3) 

Am2914 

:~J llNSTRUCTION 

'0 
GROUP 

Figure 1. Am2914 Logic Symbol. 

MPR·129 

priority encoder, and an Interrupt Request output will occur 
if the vector· is greater. than or 'equal to the contents of the 
Status Register. Whenever. a vector is read from the Am2914, 
the Status Register is automatically updated to point to one 
level higher than the vector read. (The Status Register can be 
loaded externally .or read ;'ut at any time using' the S-Bus.) 
Signals are provided for moving the status upward across 
devices (Group Advance Send and Group Advance Receive) 
and .for inhibiting lower priorities from higher order devices 
(Ripple Disable, Parallel Disable, and Interrupt Disable). A 
Status Overflow output indicates that an interrupt has been 
read at the highest priority. 

The Am2914 is controlled by a four-bit microinstruction field 
"0-13' The microinstruction is exe_~ted if IE (Instruction 
Enable) is LOW and is ignored if I E is HIGH, allowing the 
four I bits to be shared with other functions. Sixteen different 
microinstructions are executed. Figure 2 shows the micro
instructi0ns and the microinstruction codes. 

MICROINSTRUCTION 
DESCRIPTION 

MASTER CLEAR 

CLEAR ALL INTERRUPTS 

CLEAR INTERRUPTS FROM M-BUS 

CLEAR INTERRUPTS FROM MASK 
REGISTER 

CLEARINTERRUPT,lAST 
VECTOR READ 

READ VECTOR 

READ STATUS REGISTER 

READ MASK REGISTER 

SET MASK REGISTER 

LOAD STATUS REGISTER 

BIT CLEAR ~ASK REGISTER 

BIT SET MASK REGISTER 

CLEAR MASK REGISTER 

DISABLE INTERf;lUPT REQUEST 

LOAD MASK REGISTER 

ENABLE INTERRUPT REQUEST 

MICROINSTRUCTION 
CODE 

1312i1 10 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

111'1 

Figure 2. Am2914 Microinstruction Set. 

In this microinstruction set, the Maste; Clear microinstruction 
is selected as binary zero so that during a power up sequence, 
the microinstruction register in the microprogram control unit 
of the central processor can be cleared to all zeros. Thus, on 
the next clock' cycle, the Am2'914 will execute the Master 
Clear function, Thi's includes clearing the Interrupt Latches 
and Register as well as the Mask Register and Status Register. 
The LGE flip-flop 'of the least significant group is set LOW 

, because the Group Advance Receive input is tied LOW. All 
other Group Advance Receive inputs are tied to Group Advance 
Send outputs and these are forced HIGH during this instruc
tion. This clear instructi.on also sets the Interrupt Request 
Enable flip-flop so that a fully interrupt driven system can be 
easily initiated from any interrupt. 
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The Clear All Interrupts microinstruction clears the Interrupt 
Latches and Register. . 

The Clear Interrupts from Mask Register microinstruction 
clears those Interrupt Latches and Register bits which have 
corresponding Mask Register bits set equal to one. The M·Bus 
is used by the Am2914 during the execution of this micro
instruction and must be floating. 

The Clear Interrupts from M-Bus microinstruction clears those 
Interrupt Latches and Register bits which have corresponding 
M·Bus bits set equal to one. 

The Clear Interrupt, Last Vect(jr Read microinstruction clears 
the Interrupt Latch and Register bit associated with the last 
vector read. 

The Read Vector microinstruction is used to read the vector 
value of the highest priority request causing the interrupt. 
The vector outputs are three'state drivers that are enabled onto 
the VdV1V2 bus during this instruction. This microinstruction 
also automatically loads the value "vector plus one" into the 
Status Register. In addition, this instruction sets the Vector 
Clear Enable flip·flop and loads the current vector value into 
the Vector Hold Register so that this value can be used by the 
Clear Interrupt, Last Vector Read microinstruction. This 
allows the user to read the vector associated with the interrupt, 
and at some later time clear the Interrupt Latch and Register 
bit associated with the vector read. 

The Load Status Register microinstruction loads S-Bus data 
into the Status Register and also loads the LGE flip·flop· from 
the Group Enable input. 

INSTR~~;~~~ C>-------, 

" INSTRUCTION L..-'7--, 
lN9UTS 

CLOg~ D,..------i >-----

Am2914 

During the Read Status Register microinstruction, the Status 
Register outputs are· enabled onto the Status Bus (SO-S2)' 
The Status Bus is a three·bit, bi·directional, three-state bus. 

The Load Mask Register microinstruction loads data from the 
three·state, bi·directional M·Bus into the Mask Register. 

The Read Mask Register microinstruction enables the Mask 
Register outputs onto the bi-directional, three·state M-Bus. 

The Set Mask Register microinstruction sets all the bits, in the 
Mask Register to one. This results in all interrupts being 
inhibited. 

The entire Mask Register is cleared by the Clear Mask Register 
microinstruction. This enables all interrupts subject to the 
Interrupt Enable flip-flop and the Status Register. 

The Bit Clear Mask Register microinstruction may be used to 
selectively clear individual Mask Register bits. This micro
instruction clears those Mask Register bits which have cor
responding M-Bus bits equal to one. Mask Register bits with 
corresponding M-Bus bits equal to zero are not affected. 

The Bit Set Mask Register microinstruction sets those Mask 
Register bits which have corresponding M·Bus bits equal to 
one. Other Mask Register bits are not affected. 

All Interrupt Requests may be disabled by execution of the 
Disable Interrupt Request microinstruction .. This microinstruc
tion resets an I nterrupt Request Enable flip-flop on the chip. 

The Enable Interrupt Request microinstruction sets the Inter
rupt Enable flip·flop. Thus, Interrupt Requests are enabled 
subject to the contents of the Mask and Sta~us Registers. 

V, 
~~~7L~-----~~-~~--7L--~3>~~~S; 

l--,;;~.Jr----IL> PARALLEL O!.5ASLE 

'------t:) ~:~iiE 
t---~---!:::> ~~e~~CE 

SEND 

STATUS 
OVERFLOW 

GS 
iO------L-> GROUP 

SIGNAL 

PlN SYMBOLS 

GROUP AIWANCE 
RECEIVE 

[)-- INPUT PIN 

~OUTPUTPIN 

BIDIRECTIONAL 
I/O 

-ID g~~~~~LLECTOA 

Figure 3. Am2914 Block Diagram. 
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Am2914 BLOCK DIAGRAM DESCRIPTION 

The Am2914 block diagram is shown in Figure 3. The Micro
instruction Decode circuitry decodes the Interrupt Micro
instructions and generates required control signals for the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal if the Interrupt Input is LOW. 

The Interrupt latches are set/reset latches. When the Latch 
'Bypass signal is LOW, the latches are enabled and act as 
n&gative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M-Bus. Also, the entire register or individual mask 
bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector can be used later for 
clearing interrupts. 

The three· bit Status Register holds the status bits and may be 
loaded from or read to the S-Bus. During a Vector Read, the 
Incrementer increments the interrupt vector by one, and the 
result is 'clocked into the Status Register. Thus, the Status 
Register points to a level one greater than the vector just read. 

The three-bit Comparator compares the I nterrupt Vector with 
the contents of the Status Register and indicates if the Inter
rupt Vector is greater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a number 
of Am2914's are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip·Flop is LOW at a time. 11 indicates 
the eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear-Enable Flip-Flop indicates if the last vector read 
was from this chip. When it is set it enables the CI.ear Control 
Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status Over
flow Flip-Flops, all on the clock LOW-to-HIGH transition. 

The Am2914 can be microprogrammed in many different 
ways. Figure 4 shows an example interrupt sequence. The 
Read Vector microinstruction is necessary in order to read the 
interrupt priority level. Since vector plus one is automatically 
loaded into the Status Register when a Read Vector micro
instruction is executed, the Status Register possibly will 
overflow and disable all interrupts. For this reason, the Status 

('==~) 
DENOTES Am2914 

INSTRUCTION 

SAVE STATUS so 
THAT IT MAY 
BE RESTORED 

LATER 

NOT NECESSARY 
WHEN INTERRUPT 

INPUT LATCHES ARE 
BYPASSED 

MPR-131 

Figure 4. Example Interrupt Sequence. 

Register must be reloaded periodically. The other Am2914 
microinstructions are optional. 

CASCADING THE Am2914 

A number of input/output signals are provided for cascading 
the Am2914 Vectored Priority Interrupt Encoder. A defini
tion of these I/O signals and their required connections 
follows: 

Group Signal (GS) - This signal is the output of the Lowest 
Group Enabled flip-flop and during a Read Status micro· 
instruction is used to generate the high order bits of the Status 
word. 

Group Enable (GE) ,- This signal is one of the inputs to the 
Lowest Group Enable flip·flop and is used to load the flip-flop 
during the Load Status microinstruction. 
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Group Advance Send (GAS) - During a Read Vector micro· 
instruction, this output signal is LOW when the highest 
priority vector (vector seven) of the group is being read. In a 
cascaded system Group Advance Send must be tied to the 
Group Advance Receive input of the next higher group in 
order to transfer status information. 

Group Advance Receive (GAR) - During a Master Clear or 
Read Vector microinstruction, this input signal is used with 
other internal signals to load the Lowest Group Enabled flip
flop. The Group Advance Receive input of the lowest 
priority group must be tied to ground. 

Status Overflow (SV) - This output signal becomes LOW 
after the highest priority vector (vector seven) of the grou p 
has been read and indicates the Status Register has overflowed. 
It stays LOW until a Master Clear or Load Status microinstruc· 
tion is executed. The Status Overflow output of the highest 
priority group should be connected to the Interrupt Disable 
input of the same group and serves to disable all interrupts 
until new status is loaded or the system is master cleared. The 
Status Overflow outputs of lower priority groups should be 
left open (see Figure 7). 

Interrupt Disable (iD) - When LOW, this input Signal inhibits 
the Interrupt Request output from the chip and also generates 
a RiDDle Disable output. 

Ripple Disable (RD) - This output signal is used only in the 
Ripple Cascade Mode (see below). The Ripple Disable output 
is LOW when the Interrupt Disable input is LOW, the Lowest 
Group Enabled flip·flop is LOW, or an Interrupt Request is 
generated in the group. In the ripple cascade mode, the 

Am2914 

GROUP 
ENABLE 

GROUP 
ADVANCE RIPPLE PARALLEL 
RECEIVE DISABLE DISABLE 

MPR-132 

Figure 5. Cascade Lines Connection for Single Chip System. 
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Ripple Disable output is tied to the Interrupt Disable input of 
the next lower priority group (see Figure 6). 

Parallel Disable (PD) - This output is used only in the parallel 
cascade mode (see below). It is HIGH when the Lowest Group 
Enabled flip-flop is LOW or an Interrupt Request is generated 
in the group. It is not affected by the Interrupt Disable input. 

A single Am2914 chip may be used to prioritize and encode 
up to eight interrupt inputs. Figure 5 shows how the above 
cascade lines should be connected in such a single chip system. 

The Group Advance Receive and Group Enable inputs should 
be connected to ground so that the Lowest Group Enabled 
flip-flop is forced LOW during a Master Clear or Load Status 
microinstruction. Status Overflow should be connected to 
Interrupt Disable in order to disable interrupts when vector 
segen is read. The Group Advance Send, Ripple Disable, 
Group Signal and Parallel Disable pins should be left open. 

The Am2914 may be cascaded in either a Ripple Cascade 
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode, 
the Interrl!pt Disable signal, which disables lower priority 
interrupts, is allowed to ripple through lower priority groups_ 
Figures 6, 9 and .11 show the ca~cade (:!'nnections required 
for a ripple cascade 64 input interrupt system. 

Cn+x = GO + POCn 

Am2914 

In the parallel cascade mode, a parallel lookahead scheme is 
employed using the high-speed Am2902 Lookahead Carry 
Generator. Figures 7, 9 and 10 show the cascade connections 
required for a parallel cascade 64-input interrupt system. For 
this application, the Am2902 is used as a lookahead interrupt 
disable generator. A Parallel Disable output from any group 
results in the disabling of all lower priority groups in parallel. 
Figure 8 shows the Am2902 logic diagram and equations. 

In Figures 9 and 10, the Am2913 Priority Interrupt Expander 
is shown forming the high order bits of the vector and status, 
respectively. The Am2913 is an eight-line to three-line priority 
encoder with three-state outputs which are enabled by the 
five output control signals G1, G2, G3, G4, and G5. In Figure 
9, the Am2913 is connected so that its outputs are enabled 
during a Read Vector instruction, and in Figure 10 the 
Am2913 is connected so that its outputs are enabled during a 
Read Status instruction. The Am2913 logic diagram and 
truth table are shown in Figure 11. 

The Am25LS138 three-line to eight-line Decoder also is 
shown in Figure 10. It is used to decode the \hree high order 
status bits during a Load Status instruction. The Am25LS138 
logic diagram and truth table are shown in Figure 12. 

Cn+y = G 1 + P1 GO + P1 POCn 

Cn+z = G2 + P2G1 + P2P1GO + P2P1POCn 

G = G3 + P3G2 + P3P2G, + P3P2P1 GO 

P = P3P2P1PO 

MPR·135 

Figure 8. Am2902 Carry Look-Ahead Generator Logic Diagram and Equations. 
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Figure 9. Vector Connections for both the Parallel and Ripple Cascade Modes. 
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EXAMPLE INTERRUPT SYSTEMS DESIGNS 
FOR AN Am2900 SYSTEM 

A classical computer architecture is shown in Figure 13. The 
Computer Control Unit controls the internal busses and sub
systems of the processor, synchronizes internal and external 
events and grants or denies permission to external systems. 
The data bus is commonly used by all of the subsystems in 
the computer. Information, instructions, address operands, 
data and sometimes control signals are transmitted down the 
data bus under control of a microprogram. The microprogram 
selects the source of the data as well as the destination(s) of 
the data. The Address Bus is typically used to select a word in 
memory for an internal computer function or to select an 
input/\lutput port for an external subsystem or peripheral 
function. The source of the data for the address bus, also 
selected by microprogram commands, may be the program 
counter, the memory address register, a direct memory address 
controller, an interface controller, etc. 

The arithmetic/logic unit (ALU) is that portion of the proc
essor that computes. Under control of the microprogram, the 
ALU performs a number of different arithmetic and logic 
functions on data in the working registers or from the data 
bus. The ALU also provides a set of condition codes as a 
result of the current arithmetic or logic operation. The condi-

INSTRUCTION 
REGISTER 

COMPUTER CONTROL 
UNIT 

MICROINSTRUCTION 
REGISTER 

INTERRUPT 
REQUEST'INPUTS 

Am2914 

tion codes, along with other computer status information, are 
stored in a register for later use by the programmer or 
computer control unit. 

The program counter and the memory address register are the 
two main sources of memory word and I/O address select data 
on the address bus: The program counter contains the address 
of the next instruction or instruction operand that is to be 
fetched from main memory, and the memory address register 
contains instruction address operands which are necessary to 
fetch the data required for the execution of the current 
instruction. 

A subroutine address stack is provided to allow the return 
address linkage to be handled easily when exiting a sub
routine. The address stack is a last-in, first-out stack that is 
controlled by a jump-to-subroutine, PUSH, or a return·from
subroutine, POP, instruction from the CCU microinstruction 
word. 

The next microprogram ·address control (NMAC) circuitry I 
controls the generation of microinstructi'on addresses. Based 
on microprogram cOntrol, interrupt requests, test conditions 
and commands from a control panel or other processor, the 
NMAC determines the address of the next microinstruction 
to be executed. 

TO INTERFACE 
CONTROLLERS 

ARITHMETIC/LOGIC 
UNIT 

SUBROUTINE 
STACK 

PROGRAM COUNTER 

MPR·140 

Figure 13. Generalized Computer Architecture. 
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Figure 15. 16 Level Interrupt Control Unit for Am2900 System. 
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Figure 17. Computer Control Unit for Microprogram Interrupt System. 

EXAMPLE INTERRUPT SYSTEM DESIGN 
FOR AN Am9080A SYSTEM 

The Am2914 can be used in an Am9080A system also. Figure 
18 shows the detailed hardware design of an eight·level ICU 
for an Am9080A system. The ICU attaches to the Am8228 
data bus and uses any two I/O port addresses, designated X 
and Y. Three Am8228 control lines, INTA, I/O Rand I/O W, 
/Ire used to control the ICU, and the Am8224 </>2 (TTL) output 
is used as the ICU clock. The ICU provides the INT (interrupt 
request) input to the Am9080A. 

The Am9080A acknowledges an interrupt request with the 
INTA signal which selects the A inputs of the Am25LS09 
Instruction Register. The Am25LS09 is a quad, two·input 
register which is set on the LOW·to·HIGH transition of the 
clock. The A inputs are wired so that an Am2914 Read 
Vector instruction is forced at the Am2914 Instruction Inputs. 
The INTA signal also forces the Am2914 Instruction Enable 
signal LOW and enables the Am25LS241· outputs onto the 
Am8228 data bus. The Am25LS241 is an eight·bit, three· 
state bus driver in a 20·pin package. Figure 19 shows a logic 
diagram of the Am25LS241. Five Am25LS241 inputs are 
wired HIGH so that, along with the Am2914 Vector outputs, 
they force an Am9080A Restart instruction onto the Am8228 
data bus. The Am90BOA then uses the vector to branch to an 
interrupt service routine. 

During the interrupt service routine, the Am2914 is driven by 
Am9080A software. Figure 20 shows example Am90BOA 
instruction code for Am2914 control and the comments 
describe the operation of the ICU hardware in detail. The 
Am2920 Data Out. Register buffers data during operations 
which require the transfer of data from the Am9080A to the 
Am2914, such as the load mask and load status operations. 
The Am2920 contains eight "0" type flip·flops. Figure 21 
shows the Am2920 logic diagram. 

The Arn25LS374 Data I n Register buffers data during opera· 
tions which require transfer of data from the Am2914 to the 
Am90BOA, such as the read mask and read status operations. 
The Am25LS374 contains eight "0" type flip·flops in a 20· 
pin package. Figure 22 shows the logic diagram for the 
Am25LS374. 

The Am25LS175 "0':· type flip·flops are used to synchronize 
incoming and outgoing control signals with the </>2 clock to 
meet the.Am2914 and Am9080A timing requirements. In this 
design, the Latch Bypass input is connected to ground so that 
a negative pulse will be detected at any of the interrupt inputs. 
As always when a single Am2914 is used, the Status Overflow 
output is connected to the Interrupt Disable input, and the 
Group Advance Receive and Group Enable inputs are con· 
nected to ground. 
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Figure 18. 8 Level Interrupt Control Unit for Am9080A System. 
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Figure 19. Am25LS241 Octal Bus Driver with 3-State Outputs, 20 Pin Package. 
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Am9Q80A Arn9OBOA 
MNeMONIC CODe (HEX) 

MVIA 
3. 
XO 

03 
OUT 

PORT Y ADR 

MVIA 
3. 

MASK PATTERN 

OUT 
03 

PORT X ADR 

MVIA 3' 
X. 

OUT 
03 

PORT Y ADR 

MVIA 3' 
X6 

OUT 
03 

PORT V ADR 

IN 
DB 

PORT Y ADR 

COMMENTS 

LOAD IMMEDIATE THE Am2914 MASTER CLEAR 
INSTRUCTION INTO Am90SOA ACCUMULATOR 

OUTPUT ACCUMULATOR TO ICU 
INSTRUCTION REG & ENABLE Am29t4 
INSTRUCTION 

LOAD IMMEDIATE THE MASK BIT PATTERN 
INTO THE Am9080A ACCUMULATOR 

OUTPUT ACCUMULATOR TO ICU DATA OUT REG 

LOAD IMMEDIATE THE Am2914 ,LOAD MASK 
INSTRUCTION INTO Am9080A ACCUMULATOR 

OUTPUT ACCUMULATOR TO ICU INST REG, 
ENABLE INST., & ENABLE DATA OUT REG OUTPUTS 

LOAD IMMEDIATE THE Am2914 READ STATUS 
INSTRUCTION INTO Am9080A ACCUMULATOR 

OUTPUT ACCUMULATOR TO ICU INST REG, 
ENABLE INST., & CLOCK DATA IN REG 

ENABLE DATA IN REG ONTO DATA BUS&. READ IT 
INTO THE Am9080A ACCUMULATOR 

Am2914 MASTER 
CLEAR OPERATION 

Am2914 LOAD 
MASK OPERATION 

Am2914 READ 
STATUS OPERATION 

Note: Am2914 instruction bits '0"3 must be on data bus bits oBO·OB3, respectively. 

Am2914 

X = Don't Care, 

Figure 20. Example Am9080A Instruction Code for Am2914 Control. II 
.-----~-----,--

LOGIC DIAGRAM 

10 20 30 40 50 60 70 Bo 

CLOCK 

10 20 30 4Q 50 60 70 Ba 
MPR·147 

Figure 21. Am2920 Octal D·Type Flip·Flops with 3-State Outputs. 
Common Clock, Clear, Clock Enable and Output Control, 22 Pin Package. 

LOGIC DIAGRAM 

10 20 30 40 50 60 70 Bo 

C~CKC)--~)o~~------~+-------"------~-r------~+-------~------~1-------' 

cg~~gIC)--qc>--------t---r----1---+---~---+----~---r----t---t---~---+----1---+----' 

10 20 3D 40 50 60 70 Ba 
MPR·l48 

Figure 22. Am25LS374 Octal D· Type Flip-Flops with 3·State Outputs, 20 Pin Package. 
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Implementing Interrupts 
for Bit~Slice Processors 

By Vern Coleman 

Interrupt detection and handling at the microprogram'level ean 
be easily implemented in the Am2900 bit-slice processor farnily 
thanks to versatile components Iikf:l the Am2914 priority inter
rupt encoder and others. The interrupt scheme can generally 
be extended to other systems at the cost of additional circuitry. 

As shown in the figure, the components required are the 2914, 
the 2910 microprogram sequencer, a 29775 programmable 
read-only memory, and two separate PROMs for mapping in
structions from main memory and interrupt vectors from the 
2914 into starting addresses for the 2910. 

If an interrupt is detected by the 2914 as the 2910 executes an 
instruction, the interrupt-request output of the encoder moves 
low. This action turns off the, carry input of the 2910, for all 
practical purposes causing the sequencer to halt for a micro
cycle. It also causes any data that would normally appear at 
the Vi,outputs to be stored in the sequencer's program counter. 

The interrupt request also forces the output of the sequencer 
into a high-impedance state. This allows an interrupt-handling 
vector to be applied at the Vi outputs, thereby addressing the 
first instruction of the interrupt routine in the microprogram 
memory. 

DATA BUS 

Am27S28 

r-------~C§ INS~~~:~:~G 
READ-ONLY MEMORY 

12 

Am2910 

The 2914 is thus instructed to place an interrupt vector on its 
output port. The same word in microprogram memory also en
ables the output of the vector-mapping PROM to allow decod
ing of the interrupt vector. The result is then applied to the 0 
inputs of the 2910 while it does a jump to the appropriate sub
routine. Thus the first address of the interrupt routine is brought 
in, and the address to which the previously executed program 
is to return after the interrupt is serviced is stored away. If there, 
is a point in the microprogram routing where no interrupts are 
to be allowed,.a logic 0 can be applied to the interrupt disable 
input pin on the 2914. 

The microcode for handling interrupts is shown in the table. 
The first entry commences with address I. This vector instructs 
the 2914 to execute a jump to subroutine if its condition code 
input is low. The encoder is then commanded to place its inter
rupt vector associated with the current interrupt request on its 
output port. At this time, it may be desirable to disable any 
further interr.upts, in which case the appropriate pin should be 
brought low,as explained above. A logic 0 is also placed on 
the vector-mapping PROM while a logic 1 is placed on the 
data-mapping PROM's output-enable lead and the pipeline 
output-enable of the 29775. Thus the vector-mapping p,ROM 
will be the sole source of any Input to the 0 port of the 2910. 

Am27S58 
VECTOR 
MAPPING 

PROII 

C§ 

MICROPROGRAM OJ 1----------------"-1 
Am2914 SEQUENCER 

YI 

12 4' 12 

PRIORrrv· 
INTERRUPT 
ENCODER 

~-4~~~---------+--------------1~ 

Am25LS244 
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At address I + 1, the interrupt associated with the previous 
vector read into the 2914 may be cleared, and the vector
mapping PROM disabled by bringing its output-enable lead 
high. At address I + 2 and subsequent addresses, the 2914 
may be commanded to accept any interrput by use of the ena
ble interrupt request. The vector-mapping PROM is first dis
abled with a logic 1 signal. At this time the interrupt-disable pin 
of the 2914 is deactivated. At the end of the interrupt routine, 
an exit is achieved via the conditional-return instruction of the 
2910. A logic 0 should be simultaneously applied to the 
condition-code inputs of the sequencer. 

There is nothing that precludes the use of this architecture in a 
stacked-interrupt system. The number of interrupts that can be 
stacked is limited by the depth of the 2910. It is only necessary 
to issue a simple command to return from the subroutine 
utilized to the main program, for each stacked interrupt. 

Am2914 

STOP 
Standard elements of the Am2900 Family are easily configured 
to provide interrupt capability for bit-slice microprocessors. Ar
chitecture is applicable to stacked interrupt systems. Microcode 
for handling interrupts (see table) is fast and simple. 

Am2914 
Vector- Data-

Interrupt Am2910 Interrupt Mapping Mapping 
Addraas Instruction Instruction Disable PROM PROM 

1 CJS Read vector 0 0 0 

Clear 
1 + 1 - interrupt. last 0 1 -

vector read 

Enable 
1+2 - interrupt 1 1 -

r~uest 

1+3 eRTN - 1 
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Am2914 Priority Interrupt Encoder 
Detailed Logic Description 

~ . '" . 

INTRODUCTION 

A cleat understanding qf the Am2914 Priority, Interrupt 
controller's operation facilitate~ its effiCient use. With that 
idea in mind, a detailed logic description of the Am2914 is 
presented here. A detailed logic diagram and control signal 
truth table are shown, and significant aspects of the Am2914 
design are described verpally. 

'5 

" 

'3 

LATCH 
BYPASS 

1NR6 

1NRS 

INR4 

1NA3 

Figure 1. Interrupt Latches and Register. 

MPR'149 
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LOGIC OIAGRAMDESCRIPTION 

The Interrupt La,tches and Register are shown in Figure 1. 
The Interrupt latches are set/reset·type latches. When ,the 
Latch ~ypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. The Interrupt Register 'holds the Interrupt 
Inputs and is an eight·bit, edge·triggered register. It is updated 
on the' LOW-to-HIGH transition of the clock pulse (HIGH-to
LOW transition of the CP signal) as are all of the flip-flops on 
the'chip. 

x, 
v, 

x, 

v~ 

Vb 

PASS 

AL=-L -t-t---r"""" 

CP 

MPR·150 

Figure 2. Vector Hold Register 

When a Read, Vector instruction is executed, the binary coded 
vector is loaded into the, Vector Hold Register of Figure 2. 
This stored vector can be used later for clearing the inte~njpt 
associated with the last vector that was read. The Vector Clear 
Emible Flip-Flop of Figure 2is set when a Read Vector instruc
tion is executed and the PASS ALL s,ignal is HIGH. A HIGH 
PASS ALL signal level indicates that this .group is enabled 
and that an interrupt request in this group was detected and 
passed priority. The Vector Hold Register and the Vector 
Clear Enable Flip-Flop are cleared when a Master Clear, Clear 
All Interrlipts, or Clear Interrupt Last Vector Read is executed. 
Table 1 shows the generation of the UN and AU control signals 
for e'lch of these operations. 



Am2914 

--------n 
M7o---_r~----~----------r_~ 

~_r-+--t---~------------------_+--------~----------~_r----MK7 

~~-+--~~:j::::::::::::::::::=+--------~--::::::--L--L----MK6 

~~-+--~~:j::::::::::::::::::=+--------~--::::::--L-~----MK5 

~~-+--t---~------------------_+--------~----------~~----MK, 

L-~-+--~~=i::::::::::::::::::=t--------~--::::::~L-~----MKo 
oe·-M A 

MPR-151 

Figure 3. Mask Register. 

The Mask Register shown in Figure 3 holds the eight mask 
bits associated with the eight interrupt levels. The register 
may be set or cleared, bit set or bit cleared from the "M" 

bus, or loaded or read to the "M" bus. Table 1 shows the 
generation of the "A", "B", "e" and "OE-M" control 
signals for each of these operations. 
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Am2914 

~>-------~"TERRUPT __ III Ii DET 

MKO 

1NRO 

MK, 

INR, 

MK, 

INR2 

MK3 

1NR3 

MK, 

INR4 

MK5~5 _____ t:~~=1~~==) INR5~ 

MK6 

1NR6 

)o~-r>o--v{ 

MPR-152 

Figure 4. Interrupt Request Detect and Priority Decoder. 

The Interrupt Request Detect and Priority Encode circuitry 
are shown in Figure 4. The Interrupt Detect circuitry 
detects the presence of any unmasked Interrupt Input. The 

eight·input Priority Encoder determines the highest priority, 
non·masked Interrupt Input and forms a binary coded 
interrupt vector, Vo- V2. 

MPR·153 

Figure 5. Clear Control. 

The Clear Control logic. of Figure 5 generates the eight 
individual clear signals for the eight Interrupt Register bits. 
Under microinstruction control, all interrupts, interrupts 
with corresponding mask register bits set, interrupts with 

5-178 

corresponding mask bus bits equal to one, or·the interrupt 
associated with the last vector read may be cleared. Table 1 
shows the generation of the "J" and "K" control signals 
for each of these operations. 
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Figure 6. Three-Bit comparator. 

The three-bit Comparator of Figure 6 compares the inter
rupt vector with the contents of the Status Register. A 
LOW signal level at the PASS PRIORITY output indicates 
that the interrupt vector is greater than or equal to the con
tents of the Status Register. 

ADVANCE 
RECEIVE 

DET 

GAS 

'Q 

LOWEST GROUP 
ENABLED 
FLIP-FLOP 

Figure 7. Group Enable Logic. 

MPR-155 

The Lowest Group Enabled Flip-Flop, Figure, 7" is used when 
a number of Am2914's are cascaded. In a cascaded system, 
only one Lowest Group Enabled Flip-Flop is LOW at a time. 
It indicates the group which contains the lowest priority inter
rupt which will be accepted and is used to form the high order 
status bits. When a Load Status instruction is executed, the 
flip-flop is loaded from the GROUP ENABLE input. When a 

Am2914 

Master Clear instruction is executed, it is loaded 'from the 
GROUP ADVANCE RECEIVE input. The flip-flop is set 
HIGH when a Read Vector instruction is executed if a Group 
Advance is not received and no interrupt in this group is 
detected, if a Group Advance is sent from this group, or if 
interrupts from this group are disabled. For all other instruc
tions, the flip-flop remains the same. Table 1 shows the 
generation of the "N", "L" and "M" control signals for these 
operations. 

The Status Register holds the status bits and may be loaded 
from or read to the "S" bus as shown in Figure B. Note that 
when a Load Status instruction is executed, status from the 
"S" bus is loaded into the Status Register only if the GROUP 
ENABLE input is LOW; if the GROUP ENABLE input is 
HIGH, the Status Register is cleared. Also note that during 
a Read Status instruction, the Stat~s Register outputs are 
enabled onto the "S" bus only if the Lowest Group Enabled 
Flip-Flop of this group is LOW. When a Read Vector instruc
tion is executed, the incrementer increases the vector by one 
and the result is loaded into the Status Register. Thus, the I 
Status Register always points to the lowest level at which an 
interrupt will be accepted. Table 1 shows the generation of 
the "F", "G" and "OE-S" control signals for Status Register 
operations. 

The Interrupt Request Logic, shown in Figure 9, generates the 
RIPPLE DISABLE, PARALLEL DISABLE, INTERRUPT 
REQUEST, GROUP ADVANCE SEND, and STATUS OVER
FLOW output signals. The PARALLEL DISABLE signal is 
generated when the Lowest, Group Enabled signal is LOW or 
an interrupt request in this group is detected and passes 
priority. The RIPPLE DISABLE signal is generated when the 
PARALLEL DISABLE signal is generated and also when the 
INTERRUPT DISABLE input signal is LOW. The INTERRUPT 
REQUEST output signal is generated when interrupt requests 
in this group are enabled and a request is detected and passes 
priority. The GROUP ADVANCE SEND output signal .is 
generated when a vector of value seven is being read, The 
Status Overflow Flip-Flop is set LOW when a vector of value 
seven is read and indicates the Status Register has overflowed. 
The Interrupt Request Enable Flip-Flop is either set or reset 
by the Enable Request or Disable Request microinstructions 
respectively, and is used to enable or disable the INTERRUPT 
REQUEST output. Table 1 shows the generation of control 
signals "0", "E", "S" and "H". 

Note that the vector outputs are enabled only when a Read 
Vector is being executed. Also note that when a Read Vector 
instruction is executed, the vector outputs wi 11 be disabled 
after the execution of the instruction since the Status Register 
is loaded with V+l, and the INTERRUPT REQUEST will no 
'longer be generated. 

The Microinstruction Decode circuitry, Figure 10, decodes 
the Am2914 microinstructions and generates the required 
internal control signals. Table 1 shows the truth table for 
these functions and Figure j 1 shows the function tables. 
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Am2914 

Microinstruction 

'Decimal IE 13 12 I, 10 

0 0 0 0 0 0 
1 0 0 0 0 1 
2 0 0 0 1 0 
3 0 0 0 1 1 

4 0 0 1 0 0 
5 0 0 1 0 1 
6 0 0 1 1 0 
7 0 O. 1 1 1 

8 0 1 0 0 0 
9 {) 1 0 0 1 

10 0 1 0 1 0 
11 0 1 0 1 1 

12 0 1 1 0 0 
13 0 1 1 0 1 
14 0 1 1 1 0 
15 0 1 1 1 1 

X 1 X X X X 

Table 1. Am2914 Control Signal Truth Table. 
0= LOW, 1 = HIGH 

Mask Status Function Register Register 

Description A B C OE-M F G OE-S 

Master Clear 0 0 , 0 0 0 1 
Clear AU Interrupts 1 0 1 0 0 1 1 
Clear Intr Via M 8us 1 0 1 0 0 1 1 
Clear Intr Via M Reg 1 0 1 1 0 1 1 

Clear Intr. Last Vector 1 0 1 0 0 1 1 
Read Vector , 0 1 0 0/1 0 1 
Read Status Reg 1 0 1 0 0 1 0 
Read Mas k Reg 1 0 1 1 0 1 1 

Set Mask Reg 0 0 0 0 0 1 1 
Load Status Reg 1 0 1 0 1 1 1 
Bit Clear Mask Reg 0 1 0 0 0 1 1 
Bit Set Mask Reg 1 .1 1 0 0 1 1 

Clear Mask Reg 0 0 1 0 0 1 1 
Disable Request 1 0 1 0 0 1 1 
.Load Mask Reg 0 1 1 0 0 1 1 
Enable Request 1 0 1 0 0 1 1 

Instruction D.isable 1 0 1 0 0 1 1 

Group Claar Irpt VIctor 
eo ... Request Hold Enable trol Enable Regilter 

L M J K 0 E N R 

1 0 1 1 0 , 0 0 
0 1 1 1 1 X 0 0 
0 1 1 0 1 X 0 1 
0 1 1 0 1 X 0 1 

0 1 0 110 1 X 0 0 
0 0 0 0 1 X 1 0 
0 1 0 0 1 X 0 1 
0 1 0 0 1 X 0 1 

0 1 0 0 1 X 0 1 
1 1 0 0 1 X 0 1 
0 1 0 0 1 X 0 1 
0 1 0 0 1 X 0 1 

0 1 0 0 1 X 0 1 
0 1 0 0 0 0 0 1 
0 1 0 0 1 X 0 1 
0 1 0 0 0 1 0 1 

0 1 0 0 1 X 0 1 

Notes: 1. Control line "F" during "READ VECTOR" instruction is 0 when "PASS ALL" is LOW and 1 when'''PASS ALL" is HIGH. 

Other 

S H , 1 
,I 0 
1 0 
1 0 

1 0 
0 1 
1 0 
1 0 
1 0 
1 1 
1 0 
1 0 

1 0 
1 0 
1 0 
1 '0 

1 0 

2. Control line "K" during "Clear Intr, Last Vector" instruction Is 0 when "Vector Clear Enable" is LOW and 1 when "Vector Clear Enable" 
is HIGH. 

_::v?V2 
Vo ' 
v, 

--IHH------

01-...-+--

CP a 

-HH----~-

~o_--~+__+--+_~--~_ 

GE 

MPR-I56 

Figure 8. Incrementer and Status Register. 
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INSTRUCTION 
ENABLE 

'0 

" 

" 

" 

PASS ALL 

VECTOR CLEAR 
ENABLE 

~----------------+=====r-~~---------------------o~::~~E 
~'-------------4--+---------------~ 

V'=E~ . ", 
", v, 

Vo 0--0 \/0 

VECTOR OUTPUT 

GAS 

PARALLEL 
DISABLE 

Figure 9. Interrupt Request Logic. 

MICROINSTRUCTION 
DECODE 

CIRCUITRY 
(SEE TABLE 1) 

M 

OE-M 

OE-S 

MPA-158 

MA$K REGISTE.R 

ABC FUNCTION 

o e 0 seT 
o 0 1 CLEAR 
a 1 O,BITelEAR 
011l0AO 
1 0 1 HOLD 
1 " 1 BllSET 

VECTOR HOLD REGISTER 

N FUNCTION 

o HOLD 
1 LOAD 

LOWEST GROUP 
ENABLED FLlP·FLOP 

FUNCTION 

UPDATE 
HOLD 

1 0 LOAD VIA GROUP ADVANCE RECEIVE 
LOAP VIA GROUP ENABLE 

Am2914 

MPR·157 

STATUS REGISTER 

F G FUNCTION 

o 0 CLEAR 
o 1 HOLD 
, a LOAD VECTOR + 1 
1 1 LOAD VIA "5" BUS 

INTERRUPT REQUEST 
ENABLE FLlP·FLOP 

o E FUNCTION 

o 0 DISABLE IRPTS 
o 1 ENABLE IAPTS 
, X HOLD 

VECTOR CLEAR 
ENABLE FLIP-FLOP 

N R FUNC.TION 

o a CLEAR 
o 1 HOLD 
, a LOAD 

STATUS OVERFLOW 
FLlp·fLOP 

H FUNCTION 

o HOLD 
1 LOAO 

Figure 10. Figure 11. Control Function Tables. 
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Am2915A 
Quad Three·State Bus Transceiver with .nterface Logic 

Distinctive Characteristics • Three-state receiver outputs sink 12mA 
• Quad high-speed LSI bus-transceiver • Advanced low-power Schottky processing 
• Three-state bus driver 
• Two-port input to Ootype register on driver 

• 3.5V minimum output high voltage for direct inter
face to MOS microprocessors 

• Bus driver output can sink 48mA at O.5V max. 
• Receiver has output latch for pipeline operation 

FUNCTIONAL DESCRIPTION 

The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MaS microprocessor system 
applications. The device consists of four Ootype edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
fl ip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four Ootype latches 
that feature three-state outputs. 

This lSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at O.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The VOH and VOL of 
the bus driver are selected for compatibility with standard and 
low-Power Schottky inputs. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 
four multiplexers. When S is LOW, the Ai data is stored in the 
register and when Sis HIGH, the Bi data is stored. The buffered' 
common clock (DRCP) enters the data into this driver register 
on the LOW-to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type.latch 
that is controlled from the buffered receiver latch enable 
(RlE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted and OE LOW). When the RLE input is HIGH, the 
latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by a buffered common three-state control (OE) 
input. When OE is HIGH, the receiver outputs are in the high
impedance state. 
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DRCP 
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lOGIC SYMBOL 

3 • 9 16 15 20 21 

Am2916A 

17 19 

Vee"" Pin 24 

GND, == Pin 6 

GND2 == Pin 18 

RO 

R, 

R2 

R3 

CONNECTION DIAGRAM 
Top View 

ill 24 vee 

RO 23 DRCP 

·0 22 R3 

AO 21 ·3 

BUso 20 A3 

GND, 19 8US3 
Am2915A 

BUS, ,. GND2 

AI 17 Ws2 ., 
16 A2 

R, 10 15 ., 
BE 11 14 R, 

OE 12 13 

Note: Pin 1 is marked for orientation. 
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14 

22 
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Am2915A 

LOGIC DIAGRAM 

Ao 

1-"-1":::>0--+-0 RO 

BO 
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A2 

B2 

'3 

B3 

SElECT 

DRIVER 
DRCP CLOCK 

BUS 
ENABLE BE 

RECEIVER 
L--------<~--om LATCH 

ENABLE 

MPR·161 

MAXIMUM RATINGS (Above which the usef~llife may be impaired) 

Storage Temperature _65°C to +150?C 

Temperature (Ambient) Under Bias _55°C to +125°C 

Supply Voltage to Ground Potential -O.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -O.5V to +Vee max. 

DC I nput Voltage -O.5V to +7V 

DC Output Current, Into Outputs (Except Bus) 30mA 

DC Output Current, Into Bus 100mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2915AXC(COM'LI TA=0°CtO+70oC VCCMIN.=4.75V VCCMAX.=5.25V 
Am2915AXM (MILl TA = _55°C to +125°C VCCMIN. = 4.50V VCCMAX. = 5.50V 

"BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1 I Min. Typ. Max. Units 

IOL = 24mA 004 
VOL Bus Output LOW Voltage Vee = MIN. Volts 

IOL = 48mA 0.5 

VOH Bus Output HIGH'Voitage Vee = MIN. 
I eOM'L, IOH = -20mA 

2.4 Volts 
I MIL. IOH = -15mA 

VO=Oo4V -200 

10 
Bus Leakage Current Vee = MAX. 

Vo = 2.4V 50 /-lA (High I rnpedance) Bus enable = 2.4 V 
Vo -4.5V 100 

10FF Bus Leakage Current Vo =4.5V 
100 /-lA (Power OFF) Vee = OV 

VIH Receiver Input HIGH Threshold Bus enable = 2.4 V 2.0 Volts 

eOM'L 0.8 
VIL Receiver Input LOW Threshold Bus enable = 2.4 V Volts 

MIL 0.7 

Ise Bus Output Short Circuit Current 
Vee = MAX. 

VO=OV 
-50 -120 -225 rnA 
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Am2915A 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2915AXC'(COM'L) TA=0°Cto+70oC VCCMIN.=4.75V VCC~AX.=5.25V 
Am2915AXM (MIL) TA=-55°CtO+125°C VCCMIN.=4.50V VCCMAX.~5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description , Test Conditions (Not. 1) Min 

VCC=MIN. I MIL: IOH,- -1.0mA 2.4 

VOH 
Receiver 

VIN = VIL or VIH I COM'L: IOH = -2,6mA 2.4 
Output HIGH Voltage 

VCt: ~ 5.0 V, IOH = -100"A 3.5 

VCC = MIN. 
IOL =4.0mA 

VOL 
Output LOW Voltage 

10L =8.0mA 
(Except Bus) VIN = VIL or VIH 

10L -12mA 

VIH 
Input HIGH Level Guaranteed input logical HIGH 

2.0 
(Except Bus) for all inputs 

VIL 
Input LOW Level Guaranteed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

VI Input Clamp Voltage (Except Bus) VCC = MIN., liN = -18mA 

IlL Input LOW Current (Except Bus) VCC = MAX., VIN = 0.4 V 
BE,RLE 

All other inputs 

IIH Input HIGH Current (Except Bus) VCC = MAX., VIN = 2.7V 

II Input HIGH Current (Except Bus) VCC - MAX., VIN = 7.0V 

ISC 
Output Short Circuit ·Current VCC = MAX. -30 
(Except Bus) 

ICC Pow~r Supply Current VCC - MAX. 

10 
Off-State Output Current 

VCC = MAX. 
VO=2.4V 

(Receiver Outputs) Vo = 0.4V 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Am2915AXM 
Typ, 

'Parameters Descr.iption :rest Conditi ,?ns Min, (Note 2) Mal!, 

tPHL 21 36 
Driver Clock (DRCP) to Bus 

tpLH CL (BUS) = 50pF 21 36 

tZH, tZL 
Bus Enable (BE) to Bus 

RL (BUS) = 130n 13 26 

tHZ, tLZ 13 21 

ts 15 

th 
Data Inputs (A or B) 

8.0 

's 28 
Select Input (S) 

th 8.0 

tpw Driver Clock (DRCP) Pulse Width 
(HIGH) 

20 

tPLH 8us to Receiver Output 18 33 

tpHL (Latch Enable) CL=15pF 18 30 

tpLH 
latch Enabie to Receiver Output 

RL = 2.0kn 21 33 

tpHL 21 30 

ts 
Bus to Latch Enable (RLE) 

15 

th 6.0 

tZH, tZL 14 26 

tHZ,'LZ 
Output Control to Receiver Output 

CL =5pF, RL,=2.0kn 14 26 

Typ. 
(Not. 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

63 

Max 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0,72 

-0,36 

20 

100 

-130 

95 

50 

-50 

Am2915AXC 
Typ, 

Min, (Not. 2) Max, 

21 32 

21 32 

,13 23 

13 18 

12 

6.0 

25 

6.0 

17 

18 30 

18 27 

21 30 

21 27 

13 

4.0 

14 23 

14 23 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

"A 

"A 

mA 

mA 

"A 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee = 5.0V, 25°C,ambient and maximum loading. 

3. Not mora than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DRIVEN INPUT 

17kH 

J 
INPUT o--1--KII---+--l)t----<t-

I 
I 
I 
I 
I 
I 
I 
I 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS 

500 5kO 

f 

Note: Actual current flow direction shown. 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

DRIVING OUTPUT 

600 

OUTPUT, ODD 

INPUT A 
OR 

INPUT B 
Am2915A OR 1----4>---1>----.-KI-+--I>t---i:>t--iJt-.... --< S 

ODD 2 
R ~. 

DRIVER 
CLOCK 

A, BorS 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

BUS 

SWITCHING WAVEFORMS 

'CL = 15pFfortpLH,tpHL, 
tZL, tZH 

CL = 5pF for tHZ, tLZ 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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S 

X 

X 

X 

X 

X 

L 

L 

H 

H 

X 

X 

X 

X 

FUNCTIONAL TABLE Metallization and Pad Layout 

INPUTS INTERNAL 
BUS OUTPUT IfCE , 23 DRCP 

TO DEVICE FUNCTION 
A; B; DRCP !IE m O£ D; 0; ijiJSj R; 

X X X H X X X x 2 Driver output disable RO 2 22 R, 

X X X X X H X X X Receiver output dis.able '0 , 21 " X X X H X 'l H Driver ou'tput disable and 

X X X H X H H receive data via Bus input AO 4 20 A3 

~O5 19 8053 
X X X X H X X NC X X Latch received data 

L X t X X X X X GNO, 6 18 GND2 

H X X X X H X X X 

X l X X X L X X X 
Load driver register 

BUS, 7 17 SUS2 

X H X X X H X X X A, 8 16 A2 

X X L X X NC X X 
No driver clock restrictions ., 9 15 B2 

X X H X X X NC X X R,10 14 R2 

X X X X X L X X 

X X X X 
Drive Bus 

X X 

BE 11 13 S H: HIGH 2 : HIGH Impedance X = Don't care i "" 0, 1. 2. 3 0' 
L: lOW NC "" No change t "'" LOW to HIGH transition 

DIE SIZE .074" X .130" 

DEFINITION OF FUNCTIONAL TERMS 

AO' A,. A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

BUSo. BUS, 

BUS2.BUS3 

The four driver outputs and receiver in
puts (data is inverted). 

80. B,. B2. B3 The "S" word data input into the two 
input multiplexers of the driver register. 

RO. R,. R2. R3 The four receiver outputs. Data from the 
bus is inverted wh i Ie data from the A or S 
inputs is non-inverted. S 

DRCP 

Select. When the select input is LOW. the 
A data word is applied to the driver reg
ister. When the select input is HIGH. the 
S word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Sus Enable. When' the Sus Enable is HIGH. 
the four drivers are in the high impeda(lce 
state. 

Receiver Latch Enable. When R LE is 
LOW. data on the SUS inputs is passed 
through the receiver latches. When R LE 
is HIGH. the receiver latches are dosed 
and will retain the data independeot of 
all other inputs. 

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are in the high-impedance state. 

ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2915APC 
AM2915ADC 
AM2915ADC-B 
AM2915ADM 
AM2915ADM-B 
AM2915AFM 
AM2915AFM-B 

AM2915Axc 
AM2915AXM 

P-24 
D-24 
D-24 
D-24 
D-24 
F-24-1 
F-24~1 

Dice 
Dice 

C C-l 
C . C-l 
C 'B-l 
M C-3 
M B-3 
M C-3 
M B-3 
C } Visual inspection 
M to MIL-STD-883 

Method 2010B. 

Notes: 1. P = Molded DIP, D·= Hermetic DIP, F = Flat Pak.·Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B' contains several dash' numbers, any ot'the variatioljs of the package may be used unless otherwise specified. 

2. C = O°C to +70°C, Vee = 4,75V to 5.25V, M = - 55°C 10 + 125°C, Vee = 4.50V to 5.5QV. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-993, 

Class B. 
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ADDR,ESS 
AND 

DATA DISPLAY 

I I I 
A CONTROL. B 

A 

" 

ALU 

OUT 

1 

I I 
B CONTROL 

Am2915A 

BUS 

DATA 
BUS 

APPLICATIONS 

A 

" 

IN 
CONTROL 

SCRATCHPAD 

OUT 

j 
B CONTROL 

Am291SA 

BUS 

ADDRESS 
BUS 

f'-
.--

/ 

A 

" 
~ 

I 
MASTER 

CONTROL 

I· 
I 
B CONTROL 

Am2915A 

BUS 

CONTROL 
BUS 

The Am2915A is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 
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Am29t6A 
Quad Three·State Bus Transceiver with 'nterface I.ogic 

'Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver • Receiver outputs sink 12mA 
• Three-state bus driver • Advanced low-power Schottky processing 
• Two-port input to Ootype register on driver 
• Bus driver. output can sinK 4BmA at U.5V max. 

• 3.5V minimum output high voltage for direct inter
face to MOS microprocessors 

• Internal odd 4-bit parity checker/generator 
• Receiver has output latch for pipeiine operation 

FUNCTIONAL DESCRIPTION 

The Am2916A is a high·performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprOl;essor 
system applications. The device consists of four Ootype edge
triggered flip-flops with a built-in tWo'inpLit multiplexer on 
each. The flip-flop outputs are connected to four three:state 
bus drivers. Each bus driver is internally connected to the 
input 'of a receiver. The f()ur receiver outputs drive four Ootype 
latches. The device also cpntains a fOl,lr-bit odd parity checker/ 
generator. 

The LSI bus transceiver is fabricated using advanced low·power 
Schottky processing. All inputs (except the B,US inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at Q,5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When 8E is HIGH, the driver is disabled. 

The input register consists of four Ootype flip-flops with a 
buffered common clock and a two-input multiplexer at the, 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. The 
buffered common clock (ORCP) enters the data into this 
driver register on the LOW-to-HIGH transition, 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built·in Ootype latch 
that is controlled from the buffered receiver latch enable 
(R LE) input. When the R LE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 

The Am2916A features a built-in four·bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the b\ls 
enable is LOW (driver enabled), odd parity is generated based 
on the A or B field data ilJPut to the driver register. When BE 
is, HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the cfriver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 
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, LOGIC SYMBOL 

• 3 

DRCP 

BE 

RLE 

B • ,. 15' 

Am2916A 

17 

Vee"" Pin 24 

GND, = Pin 6 

GND2 = Pin 18 

20 21 

000 

"0 
R, 

R, 

R3 

,. 

CONNECTION DIAGRAM 
Top View 

m Vee 

RO DRCP 

BO R3 

AO B3 

BUSO A3 

GND, BUS3 

BUS, GND2 

A, BUS2 

B, A, 

R, B, 

BE R, 

000 

Note: Pin 1 is marked for orientation. 

" 

10 

,. 
22 
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LOGIC DIAGRAM 

SELECT 

~~6~~R ORCP 0----------' 

:~~BLE IE 0-_____________ --<>1>--' 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

DC I nput Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unl ••• otherwise noted: 

Am2916AXC (COM'L) TA = O°C to +70°C 

Am2916AXM (MIL) TA - -5Soe to +12Soe 
VeeMIN. - 4.75V 

Vee MIN. - 4.50V 

Vee MAX. - 5.25V 

Vee MAX. - S.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameten Description Test Conditions (Note 1) Min. Typ. 

VOL Bus Output LOW Voltage Vee - MIN. 
IOl -24mA 

lo[-48mA 

VOH Bus Output HIGH Voltage Vee -MIN. 
I eOM'L, IOH - -20mA 

2.4 
I MIL, IOH - -15mA 

VO-0.4V 

10 
8us Leakage Current Vee-MAX. 

Vo - 2.4V 
(High I,mpedanoe) Bus enable - 2.4 V 

Vo -4.5V 

10FF 8us Lea kage Cu rrent Vo -4.5V 

(Power OFF) Vee - OV 

VIH Receiver Input HIGH Threshold Bus enable - 2.4 V 2.0 

eOM'L 
VIL Receiver Input LOW Threshold Bus enable - 2.4 V 

Mil 

Ise Bus Output Short Circuit Current 
Vee - MAX. 

VO-OV 
-50 -120 
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000 
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MPR-,89 

_55°C to +125°C 

-O.5Vto +7V 
-O.5V to +Vee max. 

-O.5V to +7V 

30mA 

100mA 

-30mA to +5.OmA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 /loA 

100 

100 /loA 

Volts 

0.8 
Volts 

0.7 

-225 mA 
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Am2916A 
j:LECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2916AXC (COM'L) TA ~ O'C to +70·C 'VCCMIN, - 4,75V VCCMAX. = 5.25V 
VCCMAX. = 5.50V Am2916AXM (MIL) .T A ~ -55'C to +125'C VCCMIN, ~ 4,50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Not. 1) 

VCC~ MIN. I MIL: IOH ~ -1.0mA 

VOH 
Receiver 

VIN ~ VIL or VIH' I COM'L: IOH ~ -2.6mA Output HIGH Voltage 
VCC = 5.0V, IOH = -1001'A 

VOH 
Parity VCC ~ MIN., IOH ~ -6601'A MIL 
Output HIGH Voltage VIN ~ VIH or VIL COM'L 

VCC ~ MIN. 
IOL -4.0mA 

VOL 
Output LOW Voltage 

IOL ~8.0mA 
(Except Bus), VIN ~ VIL or VIH 

IOL ~ 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

VIL 
I nput LOW Level Guaranteed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

VI Input Clamp Voltage (Except Bus) VCC ~ MIN., liN ~ -18mA 

IlL Input LOW Current (Except Bus) VCC ~ MAX., VIN = 0.4 V 
BE, RLE 

All other i "puts 

IIH Input HIGH Current (Except Bus) VCC = MAX., VIN ~ 2.7V 

II Input HIGH Current (Except Bus) VCC ~ MAX., VIN ~ 7.0V 

ISC Output Short Circuit Current VCC ~ MAX. RECEIVER 
(Except Bus) PARITY 

ICC Power Supply Current VCC = MAX., All Inputs ~ GND 

SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 

I 

Min. 
2.4 

2.4 

3.5 

2.5 

2.7 

2.0 

-30 

-20 

Am2916AXM 
Typ, 

Parameters Description Test Conditions Min. (Note 2) Max. 

tpHL 21 36 
Driver Clock (DRCP) to Bus 

CL (BUS) = 50pF tpLH 21 36 

tZH, tZL 
Bus Enable (BE) to Bus 

RLIBUS) = 130n 13 26 

tHZ, tLZ 13 21 

ts 
Data Inputs !A or B) 

15 

'h 8.0 

's 28 
Select Inputs IS) 

th B.O 

tpw Clock Puis. Width (HIGH) 20 

tpLH Bus to Receiver Output 18 33 

tpHL (Latch Enabled) 18 30 

tpLH 21 33 
Latch Enable to Receiver Output 

tpHL 21 30 

's 15 

,th 
Busto Latch Enable (RLE) 

CL = 15pF 6.0 

tpLH A or B Data to Odd Pa"ritV Output RL = 2.0kn 32 46 

tpHL IDriver Enabled) 26 40 

tPLH Bus to Odd Parity Output 21 36 

tpHL (Driver Inhibited, Latch Enabled) 21 36 

tpLH Latch Enable (RLE) '0 21 36 

tpHL Odd Parity Output 21 36 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

75 

Max 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0.72 

-0,36 

20 

100 

-130 

-100 

110 

Am2916AXC 
Typ, 

Min. (Note 2) Max. 

21 32 

21 32 

13 23 

13 18 

12 

6.0 

25 

6.0 

17 

18 -'30 

18 27 

21 30 

21 27 

13 

4.0 

3,2 42 

26 36 

21 32 

21, 32 

21 32 

21 32 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

I'A 

I'A 

rnA 

mA 

Units 

ns 

ns 

ns 

ns 
". 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee"" 5.0V, 25°C ambient ,a"nd maximum loading. 
3. Not more than one outPUt should be shorted at a tinie. Duration of the short circuit test shoul not exceed one second. 
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DRIVEN INPUT 

17kn 

J 
INPUT o--,---Kt-.... -t[)l--r 

DRIVEA 
CLOCK 

A, B orS 
INPl!T 

60S 
OUTPUT 

RECEIVER 
OUTPUT 

INPUT/OUTPUT CURRENT 
INTERFACE 'CONDITIONS 

BUS 

50n "0 

DRIVING OUTPUT 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the i3'U'S to A combinatorial delay. 
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Am2916A 

S 

X 

X 

X 

X 

X 

L 

H 

X 

X 

X 

X 

FUNCTION TABLE Metallization and Pad Layout 

INPUTS ~T~~~~~ BUS OUTPUT ALE , 23 DRCP 
FUNCTION 

A; 8; DRCP liE m rn; D; Q; BUSj R; 

X X X X X X X Z Driver output disable RO 2 22 R3 

X X X H X X X Receiver output disable ·0 3 21 ·3 

X X X H Driver output disable and 

X X X H H r.eeeive data via Bus input Ao 20 A3 

X X X NC X X Latch received data 
BUSO 19 BUS3 

L X X X X X X GND, 6 1a GND2 

H X X X X X X 
Load driver register 

X L X X X X X BUSt 7 17 BUS2 

X H X X X X A, • 16 A2 

X X X X NC X X X 
No driver clock restrictions ., 9 15 B2 

X X H X X NC X X 
R, '0 14 R2 

X X X L X H X 
Drive Bus 

X X X X H L X 

H· HIGH Z = HIGH Impedance X 0:: Don'l care i ::; 0: 1, 2. 3 BE " '3 S 

L· LOW NC "" No change t "" LOW to HIGH transition 

'DIE SIZE .074" X .130" 

DEFINITION OF FUNCTIONAL TERMS 

AO' A1,A2, A3 The "A" word data input into the two 
input multiplexer of the driver register. 

BUSo, BUS1 

BUS2, BUS3 

The four driver outputs and receiver in
puts (data is inverted). 

BO, B1, B2' B3 The "B" word data input into the two 
input multiplexers of the driver register. 

RO, R1, R2, R3 The four receiver outputs. Data from the 
QUs is inverted while data from the A or B 
inputs is non-inverted. 

S Select. When the select input is LOW, the 
A data word is applied to the driver reg
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

DRCP Driver Clock Pulse. Clock pulse for the 
driver register. 

Receiver Latch Enable. When R LE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out
puts are in the high-impedance state. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Order Number 

AM2916APC 
AM2916ADC. 
AM2916AOC-B 
AM2916AOM 
AM2916ADM-B 
AM2916AFM 
AM2916AFM-B 

AM2916AXC 
AM2916AXM 

Package Type Operating Range Screening Level 
(Note 1) (Note 2) (Note 3) 

P-24 C C-1 
0-24 C (;.1 
0-24 C B-1 
0-24 M C-3 
0-24 M B-3 

F-24-1 M C-3 
F-24-1 M B-3 
Dice c} Visual inspection 
Dice M to MIL-STD-883 

Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be. used unless otherwise specified. 

2. C = O°C to + 70°C, Vee = 4.75V to 5.25V,M = - 55°C to +125°C, Vee = 4.50V to 5.5Ov. 
3. See Appendix A for details of screening. Le~els C-1 and C-3 conform to MIL-STO-883, Class C. L~vel B-3 conforms to MIL-STO-B83, 

'Class B. . . 



APPLICATIONS 

SELECT ---'l~------------------<~------------...., 

CLOCK - .... -""11--------------.... -1-------------, 

DRCP DRCP 
Am2916A Am2916A 

BE BE 

RLE 

~~~BL.E - ..... --'I------+_ - - - - -+-+-..... -I-------F...;..:.----.... --+--, 
~~~i~E ------<~-----+----- +-f:Bc::'T=S-.... -----+---------' 

BITS 
0-3 

BITS 
4-7 

0-11 

Am82S62 

EVEN 

ORCP 

CHECK 
PARITY OUTPUT 

Generating or checking parity for 16 data bits_ 
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Am2917A 
Quad Three·State Bus Transceiver with Interface Logic 

Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• D-type register on driver 
• Bus driver output can sink 48mA at O.5V max. 
• Internai odd 4-bit parity checker/generator 
• Receiver has output latch for pipeline operation 

FUNCTIONAL DESCRIPTiON 

The Am2917A is a high-performance, low-power Schottky bus 
transceiver intended for bipolaror MOS microprocessor system 
applications. The device consists of four Ootype edge-triggered 
flip-flops. The flip-flop outputs ~re connected to four three
state bus drivers. Each bus driver is internally connected to the 
input of a receiver~ The four receiver outputs drive four Ootype 
latches, that feature three-state outputs. The device also con
tains a four-bit odd parity checker/generator. 

the LS I bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three·state bus output can sink up to 
48mA at O.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 

The input register consists of four O·type flip·flops with a 
buffered common clock. The buffered common clock (ORCP) 
enters the Ai data into this driver register on the LOW-to· 
HIGH transition. 

Oata from the A input is inverted at the BUS output. like
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver inputto receiver output. 
The four receivers each feature a built·in O·type latch that is 
controlled from the buffered receiver latch enable (R LE) 
input. When the R LE input is LOW, the latch is open and the 
receiver outputs will follow the bus inputs (BUS data inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 

The Am2917A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whet!1er the 
parity output is in the generate or check mode. Whim the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out
puts of the receiver. Thus, it the driver is 'enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. ' 

• Three-state receiver outputs sink 12niA 
• Advanced 19w-power Schottky processing 
• 3.5V minimum output high voltage for direct inter

face to MOS microprocessors 
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LOGIC SYMBOL 

'3 17 

ORCP 

Am2917A 

,. 

Vee"" Pin 20 

GND1 "" Pin 5 

GND2;;; Pin 15 

'6 

000 

RO 

R, 

R, 

R3 

CONNECTION DIAGRAM 
Top View 

m Vee 

RO ORCP 

AO R3 

SUSO A3 

GND, BUs3 

BUs1 GND2 

A, BUS2 

R, A, 

BE R, 

000 OE 

'0 

" 
'S 

Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 

·00-1> ...... --1 

'3 0-1> ...... -+-1 ~~~ 
L'::::::=::::+====+==============1~ 

g~~~~R DRCP 

~~~BLE BE 0----------0[>---' 
RECEIVER 

~------<<JI--om LATCH 
ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Outputs (Except BUS) 

DC Output Current, Into Bus 

DC I nput Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply' unless otherwise noted: 

Am2917AXC (COM'L) TA "" O°C'to +70'Cl C 

Am2917AXM(MIL) TA""-5S0Cto+12SoC 

VCCMIN. = 4.75V 
Vee MIN. = 4.50V 

Vee MAX. "" 5.25V 

Vee MAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions INot. 11 Min, Typ. 

VOL Bus Output LOW Voltage 
10L = 24mA 

Vee = MIN. 
10L = 48mA 

VOH Bus Output HIGH Voltage Vee =MIN. 
I eOM'L, 10H = -20mA 

2.4 
I MIL, 10H = -15mA 

VO=Oo4V 

10 
Bus Leakage Current Vee = MAX. 

Yo = 204V 
(High Impedance) Bus enable == 2.4 V 

VO=4.5V 

10FF 8us Leakage Current Vo =4.5V 

(Power OFF) Vee=OV 

VIH Receiver Input HIGH Threshold Bus enable = 204 V 2.0 

VIL Receiver Input LOW Threshold 
eOM'L 

Bus enable = 2.4 V 
MIL 

Ise Bus Output Short Circuit Current 
Vee = MAX. 

VO=OV 
-50 -120 
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PARITY II 
MPR·l77 

-65°C to +150°C 

-0.5Vto+7V 

-0.5 V to +VCC max. 

-0.5 V to +7 V 

30mA 

100mA 

-30 mA to +5.0 mA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 I'A 

100 

100 I'A 

Volts 

0.8 
Volts 

0.7 

-225 mA 



Am~917A . 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2917AXC(COM'L) TA=OOCto+70oC VCCMIN,=4.76V VCCMAX.~5.25V 
- Am2917AXM (MI L) TA = _56°C to +126°C VCCMI N. = 4.50V VCCMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Col1ditions (N 1) ot. 

VCC-MIN. I MIL: iOH = ~1.0rnA 
VOH 

Receiver 
VIN = VIL or VIH 1-COM'L: 10H" ~2.6mA Output HIGH Voltage 
Vce = 5.0V. 1011 = -100/LA 

VOH 
Parity , VCC = MIN., 10H = -660/iA MIL 
Output HIGH Voltage VIN = VIH or VIL COM'L 

VCC=MIN. 
10L =4.0mA 

VOL 
Output LOW Voltage 

10L = 8.0inA 
(Except Bus) VIN = VIL or VIH 

10L = 12mA 

ViH Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

VIL 
Input LOW Level . Guaranteed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

VI Input Clamp Voltage (Except Bus) VCC = MIN., liN = -18mA 

IlL Input LOW Current (Except Bus) VCC = MA~., VIN = 0.4V 
BE, RLE 

All other inputs 

IIH Input HIGH Current (Except Bus) VCC = MAX., VIN = 2.7V 

II Input HIGH Current (Except Bus) VCC = MAX., VIN = 7.0V 

ISC Output Short Circuit Current VCC" MAX. 
RECEIVER 

(Except Bus) PARITY 

ICC Power Supply Current VCC= MAX. 

10 
Off·State Output Current 

VCC = MAX. 
Vo = 2.4V 

(Reteiver Outputs) Vo = 0.4V 

SWITCHING-CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 

Min 
2.4 

2.4 

3.5 

2.5 

2.7 

2.0 

-30 

-20 

Am2917AXM 
Typ. 

Parameters Description Test Conditions Min. (Note 2) Max. 

tpHL 21 36 
Oriver Clock (DRCP) to Bus 

tPLH CL (BUS) = 50pF 21 36 

tZH. tZL 
Bus Enable (BE) to Bus 

RL (BUS) = 130n 13 26 

tHZ, tLz 21 13 

ts 15 

th 
A Data Inputs 

8.0 

tpw Clock Pulse Width (HIGH) 20 

tPLH Bus to Receiver Output 18 33 

tpHL (Latch Enabled) 18 30 

tPLH 21 33 
L~tch Enable to Receiver Output 

tpHL 2'- 30 

ts 15 
Bus to Latch Enable (RLE) CL= 15pF 

th 6.0 

tPLH 
RL = 2.0kn 

A Data to Odd Parity Out 32 46 
tpHL .(Driver Enabled) 26 40 

tPLH Bus to Odd Parity Out 21 36 

tpHL (Driver Inhibit) 21 36 

tpLH Latch Enable (RLE) to Odd 21 36 

tpHL Parity Output 21 3!i 
tZH, tZL 

Output Control to Output 
14 26 

tHZ, tLZ CL =5pF, RL =2.0kn 14 26 

Typ. 
(N 2) ot. Mx a • U its n 

3.4 

3.4 Volts 

3.4 
Volt. 

3.4 

0.27 0.4 

0.32 0.45 Volts 

0.37 .0.5 

Volts 

0.7 
Volts 

0.8 

-1.2 Volts 

-0.72 

-0.36 
mA 

20 /LA 

100 /LA 

-130 
rnA 

-100 

63 95 mA 

50 

-50 
jJ.A 

Am2917AXC 

Min. 
o Typ. 
(Not. 2) Max. Units 

21 32 
ns 

21 32 

13 23 
ns 

1~ 18 

12 
ns 

6.0 

17 ns 

18 30 
ns 

18 27 

21 30 
ns 

21 27 

13 
ns 

4.0 

32 42 
ns 

26 36 

21 32 
ns 

21 32 

21 32 
ns 

21 32 

14 23 
ns 

14 23 

Notes: 1. For conditiops shown as MIN. or MAX., use the appropriate value specified under Electrical.Characteristics for the applicable device type. 
2. Typical limits are at Vee"" 5.0V, 25°c ambient and m~ximum loading. ' 
3. Not more than one outpUt shOUld be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DRIVEN INPUT 

17kn 

j 
INPUT o--1>--KlI-+-;)t--p-

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS 

50n 5kn 

Note: Actual current frow direction shown. 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

DRIVING OUTPUT 

eon 

OUTPUT, ODD 

INPUT A 
OR 

INPUT B 
Am2917A og~ 1--~>----1>---'-KI>-.... -;,)t--[)I--ell-""-<~ 

BUS 

DRIVER 
CLOCK 

A INPUT 

BuS 
OUTPUT 

RECEiveR 
OUTPUT 

SWITCHING WAVEFORMS 

·CL =t5pF for tPLH. tPHL. 
tZL. tZH 

CL = 5pF for tHZ. tLZ 

Note: Bus to Receiver outPUt delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 
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Am2917A 

Aj 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

FUNCTION TABLE 

INPUTS 
INTERNAL 

BUS, OUTPUT TO DEVICE FUNCTION 
DRCP BE m !lE Dj Qj BUSj Rj 

X H X X X X Z X Driver output disable 

X X X H X X X Z Receiver output disable 

X H X L H Driver output disable and 

X H X H H L receive data via Bus input 

X X H X X -NC X X Latch received data 

t X X X X X X 

X X X H X X X 
Load driver register 

X X X NC X X X 
No driver clock restrictions 

H X X X NC X X X 

X X X L X H' X 
Drive Bus 

X X X H X X 

H· HIGH Z = HIGH Impedance X = Don't care 1= 0, ',2, 3 
l: lOW NC = No change t = lOW to HIGH transition 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the de
sired package, temperature range, and screening level. 

Package Operating Screening 
Order Type Range Level 

Number (Note I) (Note 2) (Note 3) 

AM2917APC P-20 C C-I 
AM2917ADC 0-20 C C-I 
AM2917ADC-B 0-20 C B-1 
AM2917ADM 0-20 M C-3 
AM2917ADM-B 0-20 M B-3 

.AM2917AFM F-20 M C-3 
AM2917AFM-B F-20 M B-3 

AM2917A1(C Dioe C } 
Visual inspection 
to MIL-STD-883 

AM2917AXM Dioe M Method 2010B. 

Notes: 
I. P .; Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number follow

ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var
iations of the package may be used unless otherwise specified. 

2. C '" O°C to + 70°C, Vee = 4.75V to 5.25V. 
M = -55°C to +125°C, Vee = 4.50V to S.SOV. 

3. See Appendix' A for details of screening. Levels C-l and C-3 con
form to MIL-STD-883, Class C. Level B-3 cOnforms to MIL-STD-
883, Class B. 

5-19B 

Metallization and Pad Layout 

Vee 
AU , 19 DRCP 

AD 2 18 R3 

AD 3 17 Aa 

BTISo 4 16 BiJSa 

GND, 5 15 GND2 

BUS, 6 14 BU~ 
A, 7 13 A2 

A, 8 12 R2 

BE 9 11 DE 

DIE SIZE .074" X .130" 

DEFINITION OF FUNCTIONAL TERMS 

DRCP Driver ~Iock Pulse. Clock pulse for the driver register. 

BE Bus Enable. When'the Bus Enable is HIGH, the four 
drivers are in the high impedance state. 

BUSo, BUS1, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 

RO, R 1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A inputs is non-inverted. 

RLE Receiver Latch Enable. When R LE is LOW, data on the 
BUS inputs is passed through the receiver latches. When R LE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 

OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in' the high-impedance state. 

PARITY OUTPUT FUNCTION TABLE 

BE ODD PARITY OUTPUT 

L ODD = AO $ A1 $ A2 $ A3 

H ODD = 00 $ 01 $ 02 $ 03 



I/O 
BUS 

I 

BUS 

I 

Am2917A 

APPLICATIONS 

SBUS 

I 
Am2917A 

ADDRESS REGISTER A I 
BUS 

l I ~~IB ~ STATUS REGISTER 

r 
A 

I 
Am2917A MAtN DATA . BUS 

MEMORY REGISTER 
R 

A 

Am~ I Am2917A 

r-l 
MICROPROGRAM 

seOUENCER 
R 

1 
ROM/PROM I MICROCODE 

I 

Y Am2918 I 
MICROWORO 

J REGISTER 

R BUS 

The Am2917 A can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high·speed Microprocessor Systems. 
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Am2918 
Quad D Registerwith Standard and Three·State Outputs 

Distinctive Characteristics 

• Advanced Schottky technology 
• Four D-type flip-flops 
• Four standard totem-pole outputs 

FUNCTIONAL DESCRIPTION 

New Schottky circuits such as the Am2918 register provide the 
design engineer' with additional flexibility in system configura
tion - especially with regard to bus structure, organization 
and speed. The Am2918 is a quadruple D-type register with 
four standard totem pole outputs and four three-state bus-type 
outputs. The 16-pin device also features a buffered common 
clock (CP) and a buffered common output control (OE) for the 
Y ou·tputs. Information meeting the set-up and hold require
ments on the D inputs is transferred to the Q outputs on the 
LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at thethree-state 
Y outP\lts when the "output control" (OE) input is LOW. 
When the OE input is HIGH, the Y outputs are in the 'high
impedance state. 

The Am2918 register can be used in bipolar microprocessor 
designs as an address register, status register, instruction reg
ister or for various data or microword register applications: 
Because of the unique design of ttie three-state output, the de
vice features very short propagation delay from the clock to 
the Q or Y outputs. Thus: system performance and archi
tectural design can be improved by using the Am2918 register. 
Other applications of Am2918 register can be found in micro
programmed display systems, communication systems and 
most general or SPecial purpose digital 'signal processing 
equipment. 

RELATED PRODUCTS 

Part No. 

Am29LS18 
Am2919 

0, 

Q, 

V, 

OE 

GND 

MPR~'85 

Description 

Low Power Version 
Quad Register 

CONNECTION DIAGRAMS - Top Views 

Vee 

0 3 

Q3 

V3 

0, 

Q, 

V, 

CP 

Leadless Chip Carrier 
L·20·1 

I~ >" ~ 

Note: Pin 1 is marked for orientation. 

• Four three-state outputs 
• 75 MHz clock frequency 

5-?OO 

°0-----1 

0,---+--1 

°2---+---1 

°3---+--1 

CLOCK CP --1><"""'--01 

LOGIC DIAGRAM 

r---------Oo 
.-----Q, .STANDARD 

.-----Q2 OUTPUTS 

.----°3 

'---++-Do-Y, 

'---++-DO-Y2 

r-----~I~~Y3 

THAEE-5TATE 
OUTPUTS 

MPR"83 

ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 

Order Number 

AM291BPC 
AM291BDC 
AM291BDC-B 
AM291BDM 
AM291BDM-B 
AM291BFM 
AM291BFM-B 
AM291BLC 
AM291BLC-B 
AM291BLM 
AM291BLM-B 

AM2918XC 
AM291BXM 

Package Operating Screening 
Type Range Level 

(Note 1) (Note 2) (Note 3) 

P-16 C C-l 
0-16 C C-l 
0-16 C B-1 
0-16 M C-3 
0-16 M B-3 
F-16 M C-3 
F-16 M B-3 

L-20-1 C C-l 
L-20-1 C B-1 
L-20-1 M C-3 
L-20-1 M B-3 
Dice c} Visual inspection 
Dice M to MIL-STD-BB3. 

Method 2010B. 

1. P = Molded DIP, 0 = Hermetic DIP, L = Chip-Pak, F = 
Flat-Pak. Number following letter is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains 
several dash numbers, any of the variations of the package 
may be used unless otherwise specified. 

2. C = Oto +7O'C, Vce = 4.75 to 5.25V, M = -55 to + l25'C, 
Vce = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-l and C-3 
conform to MIL-STD-BB3, Class C. Level B-3 conforms to 
MIL-STD-8B3, Class B. 



Am2918 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias _55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcc max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30m A to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am291BXC 

Am291BXM 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 
(Not. 3) 

IIH 
(Note3) 

II 

10 

ISC 

ICC 

T A::: OoC to +70°C 
T A = _5Sc C to +125(>C 

Description 

Output HIGH Voltage 

Output LOW Voltage (Note 6) 

Input HIGH Level 

I nput LOW Level 

Input Clamp Voltage 

I nput LOW Current 

InP4t HIGH Current 

Input HIGH Current 

Y Output OlfoSt.te 
Leakage Current 

Output Short CirCUit Current 
(Note 4) 

Power Supply Current 

Vee = 5.0V -+: 5% (CQM'L) 

~CC= 5.0V -4- 10% (MIL) 

MIN. = 4.75V 

MIN. = 4.5V 

Test Conditions (N ote , I 

MAX. = 5.25V 

MAX. = 5.5V 

Min. 

2.5 IMIL 
Q 

10H = -'mA ICOM'L VCC = MIN., 2.7 

VIN = VIH or VIL I XM, 10H = -2mA 2.4 

Y I XC, 10H = -6.5mA 2.4 

VCC = MIN., 10L = 20m A 

VIN = VIH or VIL 

Guaranteed input logical HIGH' 
2.0 voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

VCC = MIN., liN = -18mA 

VCC = MAX., VIN = 0.5V 

VCC = MAX., VIN = 2.7V 

VCC = MAX., VIN = 5.5V 

I 
Vo = 2.4V 

VCC = MAX. 
I Vo = O.4V 

VCC = MAX. -40 

VCC - MAX. (Note 5) 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

80 

Max. 

0.5 

0.8 

-1.2 

-2.0 

50 

1.0 

50 

-50 

-100 

130 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

iJ.A 

rnA 

iJ.A 

mA 

rnA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, T A = 2SoC ambient and maximum loading. 
3. Actual input currents = U.nit Load Current x Input LOad Factor (see Loading Aules)' 
4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 
5, ICC is measured with all inputs at 4.5V and all outputs open. 
6. Measured on a outputs with V outputs open. Measured on Y outputs with Q outputs open. 

Switching Characteristics (TA = +25°C, Vcc = 5.0V, RL = 280n) 

Parameters Description Test Conditions Min, Typ. 

IPLH 6.0 

IpHL 
Clock to Q Output 

8.5 

I HIGH 7.0 
.Ipw Clock Pulse Width 

I LOW 9.0 

Is Da~a CL = 15pF 5.0 

Ih Data 3.0 

IPLH Clock to Y Output 6.0 

tPHL (DE LOW) 8.5 

tZH 
CL=15pF 

12.5 

IZL 
Output Control to Output 

12 

1HZ 4.0 

ILZ 
CL = 5.0 pF 

7.0 

'max Maximum Clock Frequency CL = 15pF 75 100 
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Max, . Units 

9.0 
ns 

13 

ns 

ns 

ns 

9.0 
ns 

13 

19 

18 
ns 

6.0 

10.5 

MHz 

II 



Am2918 

Oe 

H 
H 
H 
H 
L 
L 
L 
L 

L~ LOW 
H - HIGH 

INPUTS 

CLOCK 
CP 

L 
H 
t 
t 
t 
t 
-
-

-X .. 'Don't care 

TRUTH TABLE 

D 

X 
X 
L 
H 
L 
H 
-
-

OUTPUTS 
NOTES 

Q V 

NC Z ~ 

NC Z -
L Z -
H Z -
L L -
H H ~ 

L L 1 
H H 1 

'Ne = No change 
t = LOW to HIGH transition 
Z = High Impedance 

Nota: 1. When i5E is LOW, the Y output will be In thalama logic 
state as the Q output. 

DEFINITION OF FUNCTIONAL TERMS 
Di The four data inputs to the register. 
OJ The four data 0lJtputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 
Vi The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non
inverted. A HIGH on the "output control" input forces the 
Vi outputs to the high-impedance state. 
CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-H IGH transition. 
OE Output Control. When the OE input is HIGH, the Vi 
outputs are in the high-impedance state. When the DE input 
is LOW, the TRUE register data is present at the Vi outputs. 

LOADING RUL~S (In Unit Loads) 

Input 
Input/Output Pin No.'s Unit Load 

Fan,.aut 
Output Output 
HIGH LOW 

DO 

2 20 10' 

Vo 3 40/130 10' 

4 

Ql 5 20 10' 

VI 6 40/130 10' 

OE 

GND 8 

CP 9 

10 40/130 10' 

11 20 10' 

12 

13 40/130 10' 

14 20 10' 

15 

VCC 16 

A Schottky TTL Unit Load is defined 8S 50~A measured at 2.7V 
HIGH and -2.0mA measured at O.5V LOW. 

·Fan-out on each OJ and Y I output pair should not exceed 15 unit 
loads ,(30mA) for i = 0, 1, 2, 3. 

METALUZATION AND PAD LAYOUT 
Vee 

D • . , ,. 0, 

a. • ,. a. 

'. • 13 " 
0, • ,. D. 

a, 5 11 Go 

" • 10 " 

0i7-----.J L-___ • Cp 

GND 

DIE SIZE 0.070" X 0.072" 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow directio,n shown. 
MPR-11Mt 
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Am2901A 
BIPOLAR 

MICROPROCESSOR 

FLAGS OVERFLOW {
CARRY 

ZERO 
NEGATIVE 

CONTINUOUS 
FLAG DATA 

FLAG DATA 
FOR BUS USE 

The Am2918 as a 4-8it 
status register 

CLOCK 

OUTPUT 
CONTROL 

-
-
-
-

"0 
DO 

0, 
0, 
°3 

Yo 

I I 
I I 

0, 0, 03 

Am2918 

Y, Y, Y3 

I I 

I I 

APPLICATIONS 

Am2901A 
BIPOLAR 

MICROPROCESSOR 

The Am2918 used as data-in, data-out 
and address registers_ 

BUSA 

j I I 
1 J 

1 

I I 
cpW L J J 

Y3 Y, Y, Yo 
"0 r---

CP 0, r---
Am2918 

OE 0, r---
OEIl r- 03 0, 0, Do 

°3 t---

I I 
J I 

I 
I I 

I I I ., B, ·3 

BUSB 

CLOCK 

OUTPUT 
CONTROL 

DATA 
BUS 

ADDRESS 
.US 

The Am2918 can be connected for bi-directional interface between two buses_ The device on the left 
stores data from the A-bus and drives the A-bus_ The device on the right stores data from the B-bus and 
drives the A-bus_ The output control is used to place either or both drivers in the high-impedance state_ 
The contents of each register are avai lable for continuous usage at the Nand M ports of the device_ 

Xo 

SERIAL 
DATA 

IN 

CP 

CLOCK 

BUS 
CONTROL 

Wo 

X, 

Am2918 

W, W2 

X, X3 

W3 

Am2918 

SERIAL 
DATA 
OUT 

8-Bit serial to parallel converter with three-state output (W) and direct access to the register word (X)_ 
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Am29LS18 
Quad D Reg;ster witlt Standard and Tltre.·Stat. Output. 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• Low·power Schottky version of the popular Am2918 'The Am29LS18 consists of four D·type flip·flops with a buf· 
fered common clock. Information meeting the set·up and hold 
requirements on the 0 inputs is transferred to the a outputs 
on the LOW·to·HIGH transition of the clock. 

• F!'ur standard totem·pole outputs 
• Four three·state outputs 
• Four D·type flip·flops 

The same data as on the a outputs is enabled at the three· 
state Y outputs when the "output cOntrol" (OE) input is 

• LOW. When the OE input is HIGH, the Y outputs are in the r---------------------,-----l high.impedance state. 

RELATED PRODUCTS 

Part No. Description 

Am25S18 
Am25LS2518 
Am25LS2519 

Quad 0 Register 
Quad 0 Register 
Quad Register 

LOGIC DIAGRAM 

°0 ___ -1 a~--------

0,---+-1 

0,---+-1 

0' __ -+-1 

CLOCK CP -1>< ...... -<>1 

ao 

a, 

a, 

a, 

Yo 

Y, 

Y, 

.Y, 

STANDARD 
OUTPUTS 

THREE·STATe 
OUTPUTS 

MPR·l80 

The Am29LS18 is a 4·bit, high-speed register intended. for use 
in real·time signal processing systems where the standard out· 
puts are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am29LS18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 

LOGIC SYMBOL 

12 15 

CP 

2 5 11 14 3 6 10 13 

Vee = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

MPR·181 

MPR·182 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L T A = oDe to +70o C 

MIL TA = -5SoC to +12SoC 

Vee ~ 5.0V ±5% (MIN. = 4.76V MAX. = 5.25V) 

Vee = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameten Description Test Conditions (Note 1) 

I MIL 

VOH 
VCC= MIN. 0, 10H = -6601JA I COM'L 

Output HIGH Voltage 
VIN = VIH or VIL y I MIL,IOH = -1.0mA 

I COM'L,IOH = 2.6mA 

Vce= MIN. 
10L =4.0mA 

VOL Output LOW Voltage 
VIN = VIH or VIL 10L =8.0mA 

IOL -12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for ali inputs 

Guaranteed input logical LOW I MIL 
VIL I nput LOW Level voltage for all inputs I COM'L 

VI Input Clamp Voltage VCC = MIN., liN = -18mA 

IlL Input LOW Current VCC = MAX., VIN = 0.4 V 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 

II Input HIGH Current Vce = MAX., VIN = 7.0V 

Off-5tate IHigh-lmpedance) I VO=0.4V 
10 VCC = MAX. 

Output Current I Vo = 2.4V 

Ise 
Output Short Circuit Current 

VCC =MAX. 
INote3) 

ICC 
Power Supply Current 

VCC = MAX'. 
INote 4) 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

17 

Am29LS18 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

--0.36 mA 

20 IJA 

0.1 mA 

-20 

20 
IJA 

-85 mA 

28 mA 

Notes: 1. For conditions shown as MI N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V. 2SoC ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. ICC is measured with all inputs at 4.5V and all outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature _65°C to +150°C 

Temperature (Ambient) Under Bias _55°C to +125°C 

Supply Voltage to Ground Potential Continuous -O.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 
DC Input Voltage -0.5 V to +7.0V 
DC Output Current, I nto Outputs 30mA 
DC Input Current -30mA to +5.0mA 

5-205 

I 



Am29LS18 
SWITCHING CHARACTERISTICS 
(TA = +25°e. vee = 5.0V) 

Parameters Description 

tPLH 
Clock to OJ 

tpHL 

tPLH 
Clock to Yj (m: LOW) 

tPHL 

I tpw Clock Pulse Width 
j 

ts Data 

th Data 

tZH 
DEtoYj 

tZL 

tHZ 
DEtoYi 

tLZ 

LOW 

HIGH 

f max Maximum Clock Frequency (Note 1) 

Min. 

18 

15 

15 

5.0 

35 

Typ. Max. Units Test Conditions 

18 27 

18 27 
ns 

18 27 

18 27 
ns 

CL = 15pF 
ns 

RL = 2.0kO 

ns 

ns 

7.0 11 

8 12 
ns 

14 21 CL = 5.0pF 
ns 

12 18 RL = 2.0kO 

50 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on t r• tf, 
pulse width or duty cycle. 

SWITCHING CHARACTERISTICS 
Am29LS18PC. DC Am29LS18DM. FM OVER OPERATING RANGE* 

T A = OOC to +70°C TA = -55°C to +125°C 
VCC = 5.0V ±5% VCC = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH 
Clock to Qi 

38 45 
ns 

tpHL 38 45 

tpLH 
Clock to Yi (OE LOW) 

35 40 

35 40 
ns 

tpHL 

j LOW 20 20 CL = 50pF 
tpw Clock Pulse Width 

I 
ns RL = 2.0kO HIGH 20 20 

ts Data 15 15 ns 

th Data 5.0 5.0 ns 

tZH 
OEtoYi 

15 17 
ns 

tZL 16 17 

tHZ 
OE to Yi 

27 30 CL = S.OpF 

24 30 
ns 

RL = 2.0kl'! tLZ 

f max Maximum Clock FreQ..uency (Note 1) 30 25 MHz 

* AC performance over the operating temperature range is guaranteed bV testing defined in Group A. Subgroup 9. 
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INPUT{ 
DATA 

A 

INTERROGATE 

CLOCK 

Wo 
W, 

W, 

W3 

'0 

" 
" 
" 

-
LENGTH {A 

CONTROL 

_A ~ Yo 
~ Y1 - B ~ Y2 

--c G S Y3 

B 

ENABLE 

-

DO 
0, 

0, 

0, 

APPLICATIONS 

°o ° 0 °0 °0 00 °o °o 
0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0, 

'0 '0 '0 

" " " 
" " " 

" " " " 

The Am29LS18 used as a display register with bus interrogate capability_ 

I 
CP 

~ 

§ 
I'l 
E 
< 

DE 

Y 

"0 DO CP "0 DO CP "0 0, 0, 0, 0, 0, 
0, 0, 

~ 
0, 0, 

~ 
0, 

0, 0, § 0, 03 °3 
vD- ~ Vor-- i Vo-
V,- < v,l--- Y,-
v,_ Y, r---- Y,-
v3 DE Y3 DE Y3 

The Am29LS18 as a variable length (1,2,3 or 4 word) shift register_ 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

0, 

°0 
0, 

0, 
'0 

" 
" " 

DO CP 0, 
0, 

~ 

03 ~ 

~ 
< 

DE 

vCC ______ V_O_R_�v_�N_G_O_U_TP_U_T.-__ -+ ______ O __ OR_�_v�_N_G_OU_T_P_U~~I~--~r------DR-I-VE-N-'-NP-U~T~----

Note: Actual current flow direction shown. 
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'0 

" 
" 
" 

"0 0, 
0, 
°3 
Vo -
Y,-

Y,-
Y3 

Am29LS18 

CLOCK 

IDATA BUS 

MPR-l93 

Xo x, 
x, 
X3 

} 
DATA 
BUS 

MPR-194 

MPR-195 
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Am29LS18 
. ..' 

DEFINITION OF FUNCTIONAL TERMS 

Oi The four data inputs to the register. 

0i The. four data outputs of the register with standard 
totem·pole active pull·up outputs. Data is passed non· 
inverted .. 

Vi The four three-state data outputs of the register. When 
the three·state outpUts are enabled, data is passed non· 
inverted. A HIGH on the "output control" input forces the 
Vi outputs to the high-impedance state. 

CP Clock. The buffered common ciock for the register. 
Enters data on the LOW-to-H IGH transition. 

OE Output Control. When. the DE input is HIGH, the Vi 
outputs are in the high-impedance state. When the DE input 
is LOW, the TRUE register data is present at the Vi outputs. 

BE 

H 
H 
H 
H 
L 
L 
L 
L 

L= LOW 
H = HIGH 

I NP.UTS 

CLOCK 
CP 

L 
H 
t . 
t 
t 
t 
-
-

X = Don't care 

TRUTH TABLE 

D 

X 
X 
L 
H 
L 
H 
-
-

OUTPUTS 
NOTES 

Q y 

NC Z -
NC Z -
L Z -

.H Z -
L L -
H· H -
L L 1 
H H 1 

NC'"" No change 
t = LOW to H IG H transition 
Z ... High impedance 

Note: 1. When O"E is LOW, the Y output will be in the same logic 
state as the Q output. 

Metallization and Pad Layout 

DO , ,. Vee 

Co 2 
,. 03 

Vo 3 ,. 0, 
D, • 
a, 5 '3 V3 

V, • '2 D2 

" a, 
OE 7 

GND • '0 V2 
ep 

DIE SIZE 0.083" x 0.099" 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, tamperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM29LS18PC P-16 C C-l 
AM29LS18DC D-16 C C-l 
AM29LSI8DC-B D-16 C B-1 
AM29i..SI8b~ D-16 M C-3 
AM29LSI8DM-B D-16 M B-3 
AM29LS18FM F-16 M C-3 
AM29LSI8FM-B F-16 M B-3 

AM29LS18XC Dice C } Visual inspeclion 

AM29LS18XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = . Molded DIP, D = Hermetic DIP, F = Flat Pak. Number fOllowing leiter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise speCified. 

2. C = O"C to +70'C, Vee = 4.75V to 5.25V, M = - 55'C to + 125'C, Vee = 4.50V to 5.50V. . 
3. See Appendix A for details of screening. Levels C-l and 0.3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 
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Am2919 
Quad Register with Dual Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Two sets of three-state outputs 
• Four D-type flip-flops 
• Polarity control on one set of outputs 
• Buffered common clock enable 
• Buffered common asynchronous clear 
• Separate buffered common output enable for each set of 

outputs 

RELATED PRODUCTS 

Part No_ 

Am25LS2519 
Am25LS2518 

17 

E 
ENABLE 

Description 

Quad Register 
Quad D Register 

LOGIC DIAGRAM 

C, 
CLOCK 

19 18 

m POl. 
CLEAR POLARITY 

OE-Y OE-W 
OUTPUT ENABLE 

MPR-196 

FUNCTIONAL DESCRIPTION 

The Am2919 consists of four D-type flip-flops with a buffered 
common clock enable_ Information meeting the set-up a'nd 
hold time requirements of the 0 inputs is transferred to the 
flip-flop outputs on the LOW-to-H IGH transition of the clock. 
Data on the Q outputs of the flip-flops is enabled at the 
three-state outputs when the output control (OE) input is 
LOW. When the appropriate OE input is HIGH, the outputs 
are in the high impedance state. Two independent sets of 
outputs-Wand Y -are provided such that the register can 
simultaneously and independently drive two buses. One set 
of outputs contains a polarity control such that the outputs 
can either be inverting or non-inverting_ 

The device also features an active LOW asynchronous clear. I 
When the clear input is LOW, the Q output of the internal 
flip-flops are forced LOW independent of the other inputs. ' 
The Am2919 is packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 

D, 

W, 

V, 

D, 
W, 

V, 

OE-W 

i5E-Y 

c, 

OND 

MPR-198 

LOGIC SYMBOL 

13 16 

2 51215 3 6 11 14 

Vee = Pin 20 

GND = Pin 10 

CONNECTION DIAGRAMS 
Top Views 

MPR-197 

P-20, 0-20 Leadless Chip Carrier 
L-20-1 

" 

" 

F-20 pin configuration identical to D-20. P-20. 

Note: Pin 1 is marked for orientation. 
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Am2919 
ELECTRICAL CHARACTERISTICS 
The ~ollowing Conditions Apply Unless Otherwise Specified: 

COM'L TA = oOe to +70°C 

MIL TA=-55°Cto+125°C 

Vee = 5.0V ±6% 

Vee = 5.0V ±10% 

MIN. = 4.76V MAX. = 5.25V 

MIN.=4.50V MAx.=6.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameten Description Test Conditions (Not. 1) 

VOH Output HIGH Voltage 
VCC= MIN. MIL, 10H = -1.0mA 
VIN = VIH or VIL COM'L, (OH = -2.6mA 

VCC= MIN. 
10L -4.0mA 

VOL Output LOW Voltage VIN = VIH or VIL 10L =8.0mA 

10L = 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL I nput LOW Level voltage for all inputs I COM'L 

)/1 Input Clamp Voltage VCC = MIN.,IIN = -18mA 

IlL I nput LOW Current VCC = MAX., VIN = O.4V 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 

II . Input HIGH Current VCC = MAX., VIN = 7.0V 

10 
Off·State (High-Impedance) VCC =MAX. 

VO=O.4V 
Output Current Vo = 2.4V 

ISC 
Output Short Circuit Current VCC =MAX. 
(Note 3) 

Power Supply Current I MIL 
ICC (Note 4) 

Vcc = MAX. 
I COM'L 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Not. 2) 

3.4 

3.4 

24 

24 

Max Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 p.A 

0.1 mA 

-20 

20 
/lAo 

--85 mA 

36 
mA 

39 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V. 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time: Duration of the short circuit test should not exceed one second, 
4. Inputs grounded: outputs open. . 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous -O.5Vto+7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

"DC Input Voltage -O.5Vto+7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

FUNCTION TABLE 

INPUTS INTERNAL OUTPUTS 
FUNCTION 

CP OJ E CLR POL OE-W OE-V Q Wi Vi 

X X X X X H L NC Z Enabled 

Output Three-State Control 
X X X X X L H NC Enabled Z 
X X X X X H H NC Z Z 
X X X X X L L NC Enabled Enabled 

Wi Polarity " 
X X X X L L L NC Non-Inverting Non-Inverting 
X X X X H L "L NC Inverting Non-Inverting 

Asynchronous Clear 
X X X L L L L L L L 
X X X L H L L L H L 

t X H H X X X NC NC NC 
t L L H L L L L L L 

Clock Enabled t L L H H L L L H L 
t H L H L L L H H H 
t H L H H L L H L H 

L= LOW H = HIGH Z = High Impedance 5-210 NC = No Change x. = Don't Care t = LOW-to-HIGH Transition 



SWITCHING CHARACTERISTICS 
(T A ~ +25°e, Vee ~ 5.0V) 

Parameters Description 

tpHL Clock to Vj 
tpHL 

tpLH Clock to Wj 

tpHL (Either Polarity) 

tpHL Clear to Vi 

tpLH Clear to Wi 
tpHL 

tpLH 
Polarity to Wi 

tpHL 

tpw Clear 

Clock Pulse Width I LOW 
tpw 

I HIGH 

ts Data 

th Data 

ts Data Enable 

th Data Enable 

ts 
Set-up Time, Clear 
Recovery (Inactive) to Clock 

tzH Output Enable to W or V 
tzL 

tHZ 
Output Enable to W or V 

tLl 

'max Maximum Clock Frequency (Note 1 ) 

Am2919 

Min. Typ. Max. Units Test Conditions 

22 33 

20 30 
ns 

24 36 
24 36 

ns 

29 43 ns 

25 37 

30 45 
ns 

23 34 
25 37 

ns 
CL = 15pF 

18 ns RL = 2.0k{} 

15 

18 
ns 

15 ns 

5 ns 

20 ns 

0 ns 

20 15 ns 

11 17 

13 20 
ns 

13 20 CL - 5.0pF 

11 17 
ns 

RL = 2.0k{} 

35 45 MHz 
CL - 15pF 
RL = 2.0k{} 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on t r , tf, 
pulse width or duty cycle. 

Am2919PC, De Am2919DM, FM 

SWITCHING CHARACTERISTICS TA = O°C to +70°C TA = -55°C to +125°C 
OVER OPERATING RANGE* Vee = 5 .. 0V ±5% Vee = 5.0V ±10% 

Parameters Description Min. Max. Min. Max. 

tpLH 
Clock to Vi 

39 42 

45 tpHL 39 

tpLH Clock to Wi 41 43 

tpHL (Either Polarity) 44 48 

tpHL Clear to Vi 52 58 

tpLH Clear to Wi 
42 43 
51 53 tpHL 

tpLH 
Polarity to Wi 

41 45 

tpHL 42 44 

tpw Clear 20 20 

I LOW 20 20 
tpw Clock 

1 HIGH 20 20 

Is Data 15 15 

th Data 10 10 

ts Data Enable 25 25 

th Data Enable 0 0 

ts 
Set-up Time, Clear 

23 24 
Recovery (Inactive) to Clock 

tzH Output Enable to Wi or Vi 
24 27 

35 t.n 29 

tHz 
Output Enable to Wi or Vi 

33 45 

tLl 22 26 

fmax Maximum Clock Frelluency (Note 1) 30 25 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 
5-211 

Units Test Conditions 

ns 

ns 

ns 

ns 

ns 
CL = 50pF 

ns RL = 2.0kO 

ns 

ns 

ns 

ns 

ns 

'ns 

ns 

CL - 5.0pF 
ns 

RL = 2.0kO 

MHz 
CL - 50pF 
RL = 2.0kO 

I 



Am2919 

DEFINITION OF FUNCTIONAL TERMS 

Any of the four D flip-flop data lines. 

Clock Enable. When LOW, the data is entered 
into the register on the next clock LOW·to· 
HIGH transition. When HIGH, the data in the 
register remains unchanged, regardless of the 
data in. 

CP Clock Pulse. Data is entered into the register on 
the LOW·to-HIGH transition. . 

OE-W, OE-Y Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, the out
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set.· 

Yi Any of the four non-inverting three-state out
put lines. 

Wi Any of the four three-state outputs with polarity 
control. 

POL Polarity Control. The Wi outputs will be non
inverting when POL is LOW, and whe(1 it is 
HIGH, the outputs are inverting. 

C'i:R Asynchronous Clear. When CLR is LOW, the 
internal a flip-flops are, reset to LOW. 

Vee 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

I 
I 

[i] 
I 
I 

II 
-: I -: 

Note: Actual current flow direction shown. 
MPR·199 

.GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Lo~s) 

A Low-Power Schottky TTL Unit Load is defined as 20"A measured at 
2 7V HIGH and -0 36mA measurad at 0.4V LOW. 

Output Output 
Input HIGH LOW 

Pin No.'s Input/Output Load MIL COM'L MIL COM'L 

1 DO 1.0 - - - -
2 Wo - 50 130 33 33 

3 Yo - 50 130 33 33 

4 Dl 1.0 - - - -
5 WI - 50 130 33 33 

6 VI - 50 130 33 33 

7 OE·W 1.0 - - - -
8 OE·V 1.0 - - - -
9 CP 1.0 - - - -

10 GND - - - - -
11 Y2 50 130 33 33 

12 W2 50 130 33 33 

13 D2 1.0 - - - -
14 V3 - 50 130 33 33 

15 W3 - 50 130 33 33 

16 D3 1.0 - - - -
17 E 1.0 - - - -
18 POL 1.0 - - - -
19 CiJl 1.0 - - - -
20 Vcc - - - - -

Metallization and Pad Layout 

20 vee 
19 CI'Fi 

DO , 18 POL 

Wo ' 11 E 

lS 03 

I Yo 3 ,. Wa 
0, 4 

W, • '4 Ya 

Y, • 13 02 

12 W, 
5E-W 7 

OE·Y , 11 Y, 
CP • 

GND 10 

DIE SIZE 0.083'· X 0.099" 
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Am2919 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2919PC P-20 C C-l 
AM2919DC 0-20 C C-l 
AM2919DC-B 0-20 C B-1 
AM2919DM 0-20 M C-3 
AM2919DM-B 0-20 M B-3 
AM2919FM F-20 M C-3 
AM2919FM-B F-20 M B-3 
AM2919LC L-20-1 C C-l 
AM2919LC-B L-20-1 C B-1 
AM2919LM L-20-1 M C-3 
AM2919LM-B L-20-1 M B-3 

AM2919XC Dice C } Visual inspection 

AM2919XM Dice M to MIL-STD-883. 
Method 20108. 

Notes: I. P = Molded DIP, 0 = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number of leads. 
See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. II 

2. C= Oto +7O"C, Vee = 4.75 to 5.25V, M = -55 to +125'C, Vee = 4.50t05.50V. 
3. See Appendix A for details of screening. Levels C-I and C-3 conform to MIL-STD-883, Class C. Level B-3 

conforms to MIL-STD-883, Class B. 

f-------------I 

APPLICATION 

Am2901 
ARRAY 

The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901_ These controls can emanate from both the instruction register and the pipeline register_ The control 
is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be selected 
by the B address which is the destination register in the Am2901. Two registers can be selected for the Am2901 
A input which is a second RAM source. 

The other pair of three-state outputs can be used for function control select as shown with the Am2921. Here, 
bit set, bit clear, bit toggle and bit test on any of the 16 bits can be performed. 
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Am2920 
Octal D· TJfpe Flip·Flop with Clear, Clock Enable and Tllree·State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buffered common asynchronous clear input 
• Three-state outputs 
• B-bit, high-speed parallel register with positive edge-triggered, 

D-type flip-flops 

21 

10 

20 

LOGIC SYMBOL 

8 13 14 17 18 

9 12 15 16 19 

Vee = Pin 22 

GND = Pin 11 

FUNCTIONAL DESCRIPTION 

The Am2920 is an a-bit register bui It using advanced Low
Power Schottky technology. The register consists of eight 
D-type fli p-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not a'ffect the internal state of the flip-flop Q output. 

The clock enable input (E) is used to selectively load data 
into the register. When the Einput is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 

This device is packaged in a space-saving (O.4-inch row spacing) 
22-pin package and in a 24-pin flatpack. 

RELATED PRODUCTS 

Part No. 

Am25LS2520 
Am2918 
Am2954/55 
Am29821-26 

Description 

Octal D-Type Flip-Flop 
Quad D-Registers 
Octal D-Registers 
8,9, 10-Bit Registers 

MPR·203 

LOGIC DIAGRAM 

CLOCK 
ENABLE 

c, 
CLOCK 

CLEAR 

OUTPUT 
ENABLE 

MPR·201 
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F-24 

CL. Vec 

v. l 

D. CE 

0, v, 
v, 0, 

v, 0, 

0, v, 

D, v, 

v, Ds 

0, 

CP v, 

GND 

Note: Pin I is marked for orientation. 

CLA 

v. 
D. 

0, 

v, 
v, 

0, 

0, 

v, 

CP 

GND 

CONNECTION DIAGRAMS 
Top Views 

P-22,D-22 

Vee 

E 

Of 

v, 

0, 

0, 

v, 
v, 

Os 

D. 

V. 

• Reserved - do not use. 

ORDERING INFORMATION 

Leadless Chip Carrier 
L-28-1 

li cf ~ ld ,ll li!l 

D, NO 

V, V, 

v, '" 
D, De 

D, V, 

V, V, 

NC D, 

li e Q !i1 '" 0" lI! z 
0 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Number 

AM2920PC 
AM2920DC 
AM2920DC-B 
AM2920DM 
AM2920DM-B 
AM2920FM 
AM2920FM-B 
AM2920LC 
AM2920LC-B 
AM2920LM 
AM2920LM-B 

AM2920XC 
AM2920XM 

Package Type Operating Range Screening Level 
(Note I) (Note 2) (Note 3) 

P-22 C C-I 
D-22 C C-I 
D-22 C B-1 
D-22 M C-3 
D-22 M B-3 
F-24 M C-3 
F-24 M B-3 

L-28-1 C C-I 
L-28-1 C B-1 
L-28-1 M C-3 
L-28-1 M B-3 

Dice 
Dice 

C 
M 

} 
Visual inspection 
to MIL-STD-883. 
Method 2010B. 

Notes: I. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number of leads. 
See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 0 to + 70'C, Vee = 4.75 to 5.25V, M = -55 to + 125'C, Vee = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-I and C-3 conform to MIL-STD-883, Class C. Level B-3 

oonforms to MIL-STD-883, Class B. 
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Am2920 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L T A = oOe to +70°C Vee = 5.0V ±5% MIN. = 4.75v MAX. = 5.25 V 
~IL T A == _55°C to +125°C Vee - 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPeRATING RANGE 
Parameten Description Test'Conditions INot. 1) Min. 

Typ. 
INote2) Max. Units 

Vee =MIN. MIL,IOH = -1.0mA 2.4 3.4 
VOH .OUtput HIGH Voltage 

VIN = VIH or VIL 
Volts~ 

eOM'L,lOH = -2.6mA' 2.4 3.4 

Vee =MIN. IOL =4.0mA 0.4 

VOL Output LOW Voltage VIN = VIH or VIL 
Volts 

IOL =8.0mA 0.45 

VIH Input HIGH Level Guaranteed input logical HIGH 
2.0 Volts 

voltage for all inputS 

Guaranteed input logical LOW I MIL 0.7 
VIL Input LOW Level voltage for all inputs 1 

Volts 
eOM'L 0.8 

VI Input Clamp Voltage Vee = MIN.,IIN = -18mA -1.5 Volts 

IlL I nput LOW Current Vee = MAX .• VIN = 0.4V -0.36 rnA 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 20 JJ.A 

II Input HIGH Current Vee = MAX., VIN = 7.0V 0.1 rnA 

10 
Off·State (High·lmpedance) Vee =MAX. 

VO=0.4V -20 
Output Current Vo =2.4V 20 

JJ.A 

Ise 
Output Short Circuit Current Vee = MAX. -15 -85 rnA 
(Note 3) 

ICC 
Power Supply Current Vee = MAX. 24 37 rnA (Note 4) 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Tvpicallimits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open. E == GND. Di inputs == CLR :c i5E = 4.5V. Apply momentary ground. the" 4.5V to clock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 

5-216 

-O.5Vto+7.0V 

-O.5V to +Vec max. 

-O.5V to +7.0V 

30mA 

-30mA to +5.0mA 



SWITCHING CHARACTERISTICS 
(T A = +25°C, VCC = 5.0V) 

I>arameters Description 

tpLH Clock to Yj (DE LOW) 
tpHL 

tpHL Clear to Y 

ts Data (OJ) 

th Data (OJ) 

I Active 
ts Enable (E) 

I Inactive 

th Enable (E) 

ts Clear Recovery (I "-Active) to Clock 

I HIGH 
tpw Clock 

I LOW 

tpw Clear 

tZH 
DE taYj 

tZL 

tHZ 
DE to Yj 

tLZ 

f max Maxi'mum Clock Frequency (Note 1) 

Min. 

10 

10 

15 

20 

0 

11 

20 

25 

20 

Am2920 

Typ. Max. Units Test Conditions 

18 27 

24 36 
ns 

22 35 ns 

3 ns 

3 ns 

10 
ns 

CL = 15pF 12 

0 ns 
RL = 2.0k!1 

7 ns 

14 
ns 

13 

13 ns 

9 13 
ns 

14 21 

20 30 CL = 5.0pF 

36 
ns 

RL = 2.0k!1 24 

40 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on tr , tf, pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS 
Am2920PC,DC Am2920DM,FM 

OVER OPERATING RANGE* 
TA = O°C to +70°C TA = _55°C to +125°C 
VCC = 5.0V ± 5% VCC = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 
Clock to Yj (DE LOW) 

33 39 

tPHL 45 
ns 

54 

tpHL Clear to Y 43 51 ns 

ts Data (OJ) 12 15 ns 

th Data (OJ) 12 15 ns 

Enable (E) I Active 17 20 
ts 

I 
n, 

Inactive 20 23 CL = 50pF 

th Enable (E) 0 0 ns RL = 2.0k!1 

ts Clear Recovery (I "-Active) to Clock 13 15 ns 

I HIGH 25 30 
tpw Clock 

I ns 
LOW 30 35 

tpw Clear 22 25 ns 

tZH 
OEto Y , 

19 25 
'tZL 

ns 
30 39 

tHZ 
DE to Yj 

35 40 CL = 5.0pF 

tLZ 39 
ns RL = 2.0k!1 42 

f max Maximum Clock Frequency (Note 1) 25 20 MHz 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2920 

DEFINITION OF FUNCTIONAL TERMS 

The 0 flip-flop data inputs_ 

When the clear input is LOW, the 0i outputs are 
LOW, regardless of the other inputs_ When the 
clear input is HIGH, data can be entered into the 
register. 

CP Clock Pulse for the Register; enters data into the 
register on the LOW-to-HIGH transition_ 

Vi The register three-state outputs_ 

E Clock Enable_ When the clock enable is LOW, 
data on the Di input is transferred to the 0i out
put on the LOW-to-HIGH clock transition_ When 
the clock enable is HIGH, the 0i outputs do not 
change state, regardless of the data or clock input 
transitions_ 

OE Output Control. When the OE input is HIGH, 
the Yi outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the Yi outputs. 

Function 

Hi~Z 

Clear 

Hold 

Load 

H = HIGH 
L = LOW 

OE 

H 

H 

L 

H 

L 

H 

H 

L 

L 

FUNCTION TABLE 

Inputs Internal Outputs 

CLR E °i CP OJ Vj 

X X X X X Z 

L X X X L Z 
L X X X L L 

H H X X NC Z 
H H X X NC NC 

H L L t L Z 
H L H t H Z 

H L L t L L 

H L H t H H 

NG = No Change 

X "'" Don't Care 
t = LOW-to-HIGH Tran'sition 
Z = High Impedance 

Vee 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

I 
I 

[!] 
I 
I 
I 
I 
I 
I 
I 

-::- I -::-

Note: Actual current flow direction shown. 
MPR-204 

GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky' TTL Unit Load is defined as 20J,tA measured at 
2 7V HIGH and -0 36mA measured at 0 4V LOW 

Pin No:s 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Am2920 

Output Output 
Input HIGH 

Input/Output Load MIL COM'L MIL 

CLR 1 - - -
Vo - 50 130 22 

00 1 - - -

01 1 -
V1 - 50 130 22 

V2 - 50 130 22 

02 1 - -

03 1 - - -
V3 - 50 130 22 

CP 1 - - -

GNO - - - -

V4 - 50 130 22 

04 1 - - -

05 1 - - -

V5 - 50 130 22 

V6 - 50 130 22 

06 1 - - -

07 1 - - -

V7 -- 50 130 22 

OE 1 - - -

E 1 - - -
VCC - - - -

METALLIZATION AND PAD LAYOUT 

CI:R 1------, 

Yo 2------, 

DO 3 

0, 4 
Y, 5 

Y2 6 

02 7 

03 8 

Y3 9 

CP 10 

GND·l1------' 

,----- 22 Vee 

20 CW 

'---_--12 Y4 

OlE SIZE 0.080" XO.111" 

LOW 
COM'L 

-
22 

-

22 

22 

-

-
22 

-

-

22 

-

-

22 

22 

-
.. 

22 
-

-

-

5-218 



Am2920 

APPLICATIONS 

Am2923 

12 

II 

A typical Computer Control Unit for a microprogrammed machine. 
MPA-205 

The Am2920 is a useful device in interfacing with the Am9080A system buses. 
MPA·206 
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'Am2921 
One-of~Eight Decoder 

with Three-State Outputs and Polaritv Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 
• Buffered common output polarity control 
• Inverting and non-inverting enable inputs 
• AC parameters specified over operating temperature and 

power supply ranges. 

RELATED P~ODUCTS 

Part No. 

Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am2924 

Description 

8- Bit Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
3 to 8 Une Decoder/Demultiplexer 

FUNCTIONAL DESCRIPTION 

The Am2921 is a three·lineto eight-line decoder/demultiplexer 
fabricated using advanced Low-Power Schottky technology. 
The decoder has three buffered select inputs A, B, and C, 
which are decoded to one-of·eight Y outputs. Two active-HIGH 
and two active· LOW enables can be used for gating the de
coder or can be used with incoming data for demultiplexing 
applications. 

A separate polarity (POL) input can be used to force the 
function active·HIGH or active· LOW at the output. Two 
separate active-LOW output enables (DE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active·HIGH and when the POL input is HIGH, the Youtputs 
are active· LOW. ' 

The device is packaged in a space ,saving (0.3·inch row spacing) 
20'pin package. 

LOGIC DIAGRAM 
One-of-Eight Decoder 

MPR·208 

E,----~ ..... _ 
~-------~ »-ttHr-~tr~++t-~++~rlt+-~++~HH+-~ 

ENABLE ( '3 
'. 

POLAR~~~ --1l>o-----..,...I-~+-..,...+_--<t+-..... +--H.,-..... +----, 

CONNECTION DIAGRAMS - Top Views 

P-20, 0-20 Leadless Chip Carrier 
L-20-1 

i 2' 

F-20 pin configuration ident,ical to 0-20, P-20. 

Note: Pin 1 is marked for orientation. 

5-220 

16 

15 ,. 
'3 

LOGIC SYMBOL 

12 7 .17 

3 2 1 19 18 8 9 11 

MPR·207 

Vee = Pin 20 

GND;; Pin 10 

MPR·209 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA-O·CtO+70·C vcc=s.ov±S% MIN.=4.7SV MAX.=5.2SV 

MIL TA - -5S·C to +12S·C Vee = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Panmeten Description Test Conditions (Note 11 

Vee = MIN. 10H = 1.0mA (Mill 
VOH Output HIGH Voltage 

VIN = VIH or VIL 10H = -2.6mA (eOM'L) 

10L =4.0mA 

Output LOW Voltage 
VCC=MIN. 

10L =8.0mA VOL VIN = VIH or VIL 
10L = 12mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VI.L I nput LOW Level voltage for all inputs I eOM'L 

VI Input Clamp Voltage VCC = MIN.,IIN -18mA 

IlL I nput LOW CUrrent VCC = MAX., VIN = 0.4 V 

IIH Input HIGH Current VCC = MAX .. VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = 7.0V 

Off·State (High.lmpedance) VCC = MAX. 
VO=0.4V 

10 Output Current Vo - 2.4V 

ISC 
Output Short Circuit Current VCC =MAX. 
(Note 3) 

ICC 
Power Supply Current VCC=MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ, 
(Nota21 

3.4 

3'.4 

21 

Am2921 

Max, Uniu 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 JlA 

0.1 mA 

-20 

20 
JlA 

-85 mA 

34 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device typa. 

2. Typical limits are at Vee == 5.0 V, 250 C ambient and maximum loading. 

3, Not more than one output should be shorted a1 a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A '" B == C = E, == E2 = GNO: E3 "" E4 = POL == DE, = 0E2 = 4.5V. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 

DC Output Current, Into Outputs 
DC Input Current 

5·221 

-O.5V to +7.0V 

-0.5 V to +Vce max. 
-0.5Vto+7.0V 

30mA 

-30mA to +5.0mA 

I 



Am2921 
SWITCHING CHARACTERISTICS 
ITA = +25°C, VCC = 5.0V) 

Parameters Description 

tPlH 
A;B, C"to Vi 

tPHL 

tplH 
El.E'2toVi 

tPHL 

tpLH 
E3, E4 to Vi 

tpHl 

tplH 
POL to Vi 

tpHl 

tZH 
OE1.0E2toVi 

tZl 

tHZ 
OE1,OE2 toVi 

tLZ 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
A, B, C to Vi 

tpHL 

tPLH 
Ei.E'2toVi 

tpHL 

tPLH 
E3. E4 to Vi 

tpHL 

tPLH 
POL to Vi 

tPHL 

tZH 
OE1. OE2 to Vi 

tiL 

tHZ 
OE1. OE2 to Vi 

tLZ 

Min. Typ. 

20 

15 

19 

20 

21 

23 

16 

20 

17 

14 

17 

20 

Am2921 PC, DC 

T A = O°C to +70°C 
VCC = 5.0V ± 5% 

Min. Max. 

36 

29 

34 

38 

38 

43 

29 

39 

38 

23 

29 

33 

Max. Units T estCond itions 

30 
ns 

22 

28 

30 
ns 

31 CL = 15pF 

34 
ns 

RL = 2.0kU 

24 

30 
ns 

25 
ns 

21 

25 CL = 5.0pF 

30 
ns 

RL = 2.0kU 

Am2921 OM, FM 

TA = _55°C to +125°C 
VCC = 5.0V ± 10% 

Min. Max. Units Test Conditions 

42 
ns 

37 

39 

45 
ns 

45 CL = 50pF 

52 
ns 

RL = 2.0kU 

34 

49 
ns 

45 

25 
ns 

33 Cl = 5.0pF 

36 
ns 

RL = 2.0kU 

'" AC performance over the operating temperature range is guaranteed by test!ng defined in Group A, Subgroup 9. 

LOW·POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

vcc-----------------,----~------------~-----

Note: Actual current flow direction shown. 
MPR·21° 
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Metallization and Pad Layout 

Y, 1 ------------, 
Y, ,-------, 

N, 4 

DE2 5 

A • 

B 7 ---1JIII'" 

Y5 8 

Y. 9 ------' 

GND 10 -------' 

,------- 20 Vee 

,-----19 Y3 

17 C 

13 E4 

'---------- 12 POL 

'-------------- 11 Y'7 

DIE SIZE·0.081" X 0.096" 



Am2921 

DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES 
A,B,C,D The three select inputs to the decoder/de- OVER OPERATING RANGE (In Unit Loads) 

multiplexer_ A Low-Power Schottky TTL Unit Load is defined as 20J,tA measured at 
2.7V HJGH and -O.36mA measured at O.4V LOW. 

E" E2 The active LOW enable inputs. A HIGH on 
either the E, or 1:2 input forces all decoded 
functions to be disabled. Output Output 

E3,E4 The active HIGH enable inputs. A LOW on Input HIGH LOW 

either E3 or E4 inputs forces all the decoded Pin No.'s Input/Output Load MILCOM'L MIL COM'L 

functions to be inhibited. 1 Y2 - 60 130 33 33 

POL Polarity Control. A LOW on the polarity con- 2 Y1 - 60 130 33 33 
trol input forces the output to the active-HIGH 3 Yo - 50 130 33 33 
state while a HIGH on the polarity control 
input forces the V outputs to the active-LOW 4 OE1 1:0 - - - -

state. 5 OE2 1.0 - - - -

OE" OE2 Output Enable. When both the OE, and OE2 6 A 1.0 - - - -
inputs are LOW, the V outputs are enabled. If 7 B 1.0 - - - -
either OE, or OE2 input is HIGH, the V out-

8 Y5 - 50 130 33 33 
puts are in the high impedance state. 

Vi 
9 Y6 - 50 130 33 33 

The eight outputs forthe decoder/demultiplexer. 
10 GND - - - - -

11 Y7 - 60 130 33 33 

12 POL 1.0 - - - - I 
13 E4 1.0 - - - -
14 E3 1.0 - - - -
15 E2 1.0 -, - - -

16 E1 1.0 - - - -

17 e 1.0 - - - -
18 Y4 - 50 130 33 33 

19 Y3 - 60 130 33 33 

20 Vee - - - - -

FUNCTION TABLE 

INPUTS OUTPUTS 
FUNCTION 

OE, OE2 E, E2 E3 E4 POL C B A YO Y, Y2 Y3 Y4 Y5 Ys Y7 

High Impedance 
H X X X X X X X X X Z Z Z Z Z Z Z Z 
X H X X X X X X X X Z Z Z Z Z Z Z Z 

L L H X X X L X X X L L L L L L L L 
L L H X X X H X X X H H H H H H H H 
L L X H X X L X X X L L L L L L L L 

Disable 
L L X H X X H X X X H H H H H H H H 
L L X X L X L X X X L L L L L L L L 
L L X X L X H X X X H H H H H H H H 
L L X X X L L X X X L L L L L L L L 
L L X X X L H X X X H H H H H H H H 

L L L L H H L L L L H L L L L L L L 
L L L L H H L L L H L H L L L L L L 
L L L L H H L L H L L L H L L L L L 

Active·HIGH Output 
L L L L H H L L H H L L L H L L L L 
L L L L H H L H L L L L L L H L L L 
L L L L H H L H L H L L L L L H L L 
L' L L L H H L H H L L L L L L L H L 
L L L L H H L H H H L L L L L L L H 

L L L L H H H L L L L H H H H H H H 
L L L L H H H L L H H L H H H H H H 
L L L L H H H L H L H H L H H H H H 

Active-LOW Output 
L L L L H H H L H H H H H L H H H H 
L L L L H H H H L L H H H H L H H H 
L L L L H H H H L H H H H H H L H H 
L L L L H H H H H 'L H H H H H H L H 
L L L L H H H H H L H H H H H H H L 

H = HIGH L = LOW X == Don't Care Z"" High Impedance 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Package Type Opera~lng Range Screening Level 
Order Number (Note 1) (Nole 2) (Nole 3) 

AM2921PC P-20 C C:l 
AM2921DC D-20 C C:l 
AM2921DC-B, D-20 C B-1 
AM2921DM D'20 M C-3 
AM2921DM-B D-20 M B-3 
AM2921FM F-20 M C-3 
AM2921FM-B F-20 M B-3 
AM2921LC L-20,-1 C C-l 
AM2921LC-B L-20-1 C B-1 
AM2921LM L-20·1 M C-3 
AM2921L""-B L-20-1 M B-3 

AM2921XC Dice C } Visual inspection 

AM2921XM Dice t.I! 
10 MIL-STD-883. 
Melhod 2010B. 

Noles:' 1. P = Molded DIP, D = Hermelic DIP, L = Chip-Pak, F = Flal-Pak. Number following leiter is number of leads. 
See Appendix B for detailed oulline. Where Appendix B contains several dash numbers, any of Ihevariations of 
Ihe package may be used unless olherwise specified. 

2. C = 010 +70'C, Vee = 4.75 10 5.25V, M = -5510 + 125°C, Vee = 4.50 to S.SOV. 
3. See Appendix A for delails of screening. Levels C-l and C-3 conform 10 MIL-STD-883, Class C. Level B-3 

conforms 10 MIL-STD-883, Class B. 

FROM 
MICROPROGRAM MEMORY -----

APPLICATIONS 

'ENABLES (-+-....,..-1----+--1-+-+------, 

E, 
- E3 E4 -H I-

L........cE, Am2921 L........c 

- POL 
OEl 

r-
Yo Y, Y, Y3 Y, Y5 Y, Y7 

16-81T DATA BUS 

L-_________ -'~ DATA Am290t 
MICROPROCESSOR 

ARRAY '-------------,V INPUT 

I 
E, 

E3 E'~ 
E, Am2921 

POL 
DEl Yo Y, Y, Y3 Y, Y5 Y, Y7 

10 11 12 13 14 15 

OUTPUT 
CONTROL 

Two Am2921's can be used to perform a bit set, bit ciear, bit toggle or bit test on any of sixteen bits in 
a microprocessor system. Examples of the operations performed are as follows: 

Microprogram Am2901 Bit Function 
Control 16-Bh Field From Am2921 ALU Performed On 

o C B A POL 0 2 345 6 7 8 9101112131415 Function Selected Register 

0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 OR BIT SET 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AND BIT TEST 
0 0 1 1 0 1 AND BIT CLEAR 

0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 EX NOR BIT TOGGLE 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 EXOR BIT TOGGLE 

Note: Bit test is performed using F = 0 output of Am2901 A.· 
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Am2922 
Eight Input Multiplexer with Control Register 

DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 
• On-chip Multiplexer Select and Polarity Control Register 
• Output polarity control for inverting or non-inverting 

output 
• Common register enable 
• Asynchronous register clear 
• Three-state output for expansion 
• AC parameters specified over operating temperature and 

power supply ranges. 

FUNCTIONAL DESCRIPTION 

The Am2922 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to output 
and is intended for use in high speed computer control units 
or structured state machine designs. 

The Am2922 contains an internal register which holds the A, 
Band C multiplexer select lines as well as the POL (Polarity) 
control bit. When the Register Enable input (RE) is LOW, new 
data is. entered into the register on the LOW-to-HIGH, transi
tion of the clock. When RE is HIGH, the register retains its 
current data. An asynchronous clear input (C LR) is used to 
reset the register to a logic LOW level. 

The A, Band C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the se
lected multiplexer input to be passed to the output. When ME 
is HIGH, the output is determined only by the Polarity Control 
bit. 

The Am2922 also features a three-state Output Enable control 
(OE) for expansion. When OE is LOW, the output is enabled. 
When OE is HIGH, the output is in the high impedance state. 

MPR-212 

CONNECTION DIAGRAMS - Top Views 

D·20,P·20 Leadless Chip Carrier 
L·20·1 

• Iii d' ~ a 

F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation. 

"" 

'. 

RELATED PRODUCTS 

Part No. 

Am25LS2535 
Am2923 

Description 

a-Input Multiplexer 
a-Input Multiplexer 

LOGIC DIAGRAM 

~.~------~~
"0 

0, 

0, 

0, 

LOGIC SYMBOL 

1 19 18 17 14 13 12 '1 

15 

Vee = Pin 20 
GND = Pin 10 
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Am2922 

E!-ECTR ICAl CHARACTER ISTICS 
The FolloWing Conditions Apply Unless Otherwise Specified: 
eOM'L, TA = o"e to +70"e Vec = 5.0V ±5% MIN. = 4.75V MAX. = 5.25 V 

MIL TA=-55"eto+125"e Vec=5.0V±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not. 1) 

VCC = MIN. MIL, 10H = -2.0mA 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L, IOH = -6.5mA 

VCC= MIN. 
10L =4.0mA 

VOL Output LOW Voltage 
VIN = VIH Qr VIL 10L =8.0mA 

10L =20mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for al.l inp·uts 

Guaranteed input logical LOW I MIL 
VIL Input LOW Level 

voltage for a" inputs I COM'L 

VI I nput Clamp Voltage VCC = MIN.,IIN = -18mA 

VCC = MAX., ME, OE, RE 
IlL I nput LOW Current 

VIN = 0,4V ON,A,B,C,POL,CP,CLR 

VCC = MAX., ME, OE, RE 
IIH Input HIGH Current 

VIN =2.7V ON,A,B,C,POL,CP,CLR 

Input HIGH Current 
VCC = MAX" M~,OE, RE 

II 
VIN=5.5V ON, A, B, C, POL, CP, CLR 

10Z 
Off-State(H igh·1 mpedance) VCC =MAX. 

VO=0.4V 

Output Current VO=2.4V 

ISC 
Output Short Circuit Current VCC = MAX. 
{Note 3) 

ICC 
Power Supply Current VCC = MAX. 
{Note 4) 

Min, 

2-4 

2.4 

2.0 

-40 

Typ, 
(Not.2) 

3.4 

3.2 

97 

Max, Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0,72 
mA 

-2.0 

40 

50 
/LA 

0.1 
mA 

1.0 

-50 

50 
/LA 

-100 mA 

148 rnA 

Notes: 1. For conditions shown as MI N. or MAX., use the appropriate value specified under Electrical CharacterIstics for the applicable device tYpe, 
2. Typical limits are at Vee = 5.0V, 2SoC ambient and maximum loading. 
3. Not more than .one output should be shorted" at a time. Duration of the short circuit test should not exceed one second. 
4. ON. A. e, C, POL, ~ at Gnd. All other inputs and outputs open. Measured aftar a momentary ground then 4.SV applied to clock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature _65°C to +lSOoC 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous, -O.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current"lnto Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA = +25°e, Vee = 5.0V) 

Parameters Description 

tpLH 
Clock to Y POL - LOW 

tpHL 

tpLH 
tpHL 

Clock to Y POL - HIGH 

tpLH 
On to Y 

tpHL 

tpLH 
tpHL 

CLR to Y 

tpLH ME to Y 
tpHL 

tZL 
tZH OE to Y 
tLZ 
tHZ 

A,B,C, POL 
ts 

CE 

ts CLR Recovery 

Clock 
tpw 

Clear (LOW) 

th A,B,C,POL,CE 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tpLH 
Clock to Y, POL-L 

tpHL 

tpLH 
Clock to Y, POL-H 

tpHL 

tpLH 
ON toY 

tpHL 

tpLH 
CLR to Y 

tpHL 

tpLH MEtoY 
tpHL 

tZL OE to Y 
tZH 

tLZ 
OEtoY 

tHZ 
A, B, C POL 

ts 
CE 

ts CLR Recovery 

Clock 
tpw Clear (LOW) 

tH A,B,C,POL,CE 

Min. Typ. Max. Units 

21 32 
19 29 

ns 

16 24 
19 29 

ns 

10 16 
13 19 

ns 

22 33 
22 33 

ns 

12 18 
12 18 

ns 

8 14 
8 14 

ns 

10 17 
10 17 

ns 

10 

15 
ns 

5 ns 

10 
10 

ns 

0 ns 

Am2922PC, DC Am2922DM, FM 

TA = O°C to +70°C TA = -55°C to +125°C 

V ce = 5.0V ±5% Vee = 5.0V ±10% 

Min. Max. Min. Max. 

40 47 

34 38 

29 33 
35 41 

19 21 

22 24 

39 45 

39 45 

22 26 
19 20 

19 24 

22 29 

24 30 
24 30 

11 12 
18 20 

6 7 

11 12 

11 12 

3 3 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

5-227 

Am2922 

Test Conditions 

CL = 15pF 
RL = 2.0kn 

CL - 5.0pF 

RL = 2.0kll 

CL = 15pF 

RL = 2.0kll I 

Unit$ Test Conditions 

ns 

ns 

ns 
CL = 50pF 

ns 
RL = 2.0kn 

ns 

ns 

ns 
CL = 5.0pF 

RL = 2.0kll 

ns 

ns CL = 50pF 

ns 
RL = 2.0kll 

ns 



Ain2922 

DEFINITION OF FUNCTIONAL TERMS 
A,B,C Multiplexer Select Lines. One of eight multiplexer CLR Clear. A LOW asynchronously resets the Muitiplllxer 

data. inputs is selected by the A, Band C register Select and Polarity Control Register. 
outputs. 

01-0 8 Data Inputs to the 8-input multiplexer. POL Polarity Control 8it. A HIGH register output causes· 
a true (non-inverted) output and a LOW causes the CP Clock Pulse. When RE is LOW, the Multiplexer 
output to be inverted. Select and Polarity Control Register changes state 

ME Multiplexer Enable. When LOW, it enabled the on the LOW-to-HIGH transition of CPo 
8-input multiplexer. When HIGH, the Y output is 

OE Output Enable. When LOW, the output is enabled. determined by only the Polarity Control bit. 

ifE Register Enable. When LOW, the Multiplexer Select 
When HIGH, the output is in the high impedance 

and Polarity Control Register is enabled for loading. 
state. 

When HIGH, the register holds its current data. y The ch ip. output. 

FUNCTION TABLE 

INPUTS INTERNAL 
MODE 

INPUTS OUTPUT 

C B A POL RE CLR CP Oc OB OA OPOL ME OE y 

Clear X X X X X L X L L L L H L H 

~ ~ ~ ~ . ~ I I I I I I L L 150 
X H Z 

Reg. Disable X X X X H H X NC NC NC NC L L °i/Oi 
(Note 1) 

Select L L L L/H L H t L L L L/H L L DO/DO 
(Multiplex) L L H l L H 01/01 

l H l l H l 152/02 
L H H L H H 03/0 3 
H l l H l l 154/04 
H l H H L H 05/05 
H H L H H L 156/0 6 
H H H H H H 07/0 7 

Multiplexer X X X X X H X X X X l H l H 
Disable X X X H H l l 

Tri-state 
Output X X X X X H Z 
Disable 

NC oz No Change Note 1: The output will follow the selected input, OJ. or its 

X = Don't Care complement depending on the state of the POL flip-flop. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package. temperature range and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2922PC P-20 C C-l 
AM2922DC D-20 C C-l 
AM2922DC-B D-20 C 8-1 
AM2922DM D-20 M C-3 
AM2922DM-B D-20 M B-3 
AM2922FM F-20 M C-3 
AM2922FM-B F-20 M B-3 
AM2922LC L-20-' C C-l 
AM2922LC-B L-20-1 C 8-1 
AM2922LM L-20-1 M C-3 
AM2922LM-8 L-20-1 M B-3 

AM2922XC Dice C } Visual in$pection 

AM2922XM Dice M 10 MIL-STD-883. 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, l = Chip-Pak, F = Flal-Pak. Numberfoliowing letler is number of leads. 
See Appendix B for detailed ouHine. Where Appendix 8 contain$ several dash numbers. any of the variations of 
the package may be used unless otherwise specilied. 

2. C = 010 +70'C, VCC = 4.7510S.2SV, M= -SSlo + 12SoC, VCC= 4.50loS.50V. 
3. See Appendix A for details of screening. levels C-l and C-3 conform to Mll-STD-883, Class C. Level B-3 

. conforms 10 Mll-Sl'\)-883, Class 8. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

ep 

V~-----------------t----~------------~-----

Note: Actual current flow direction shown. 

INSTRUCTION 
INPUTS 

FROM PIPELINE 
REGISTER 

T'ST 
INPUTS 

,. 
" 
12 

'. " ,. 
,. 

----

- "0 - D, - D, - D. - D, 

- DS - D6 - 0, 

- DO - D, - D, - D3 - D, - "0 - D6 - D7 

AmZ910 

-
~ 

I 
I 
V 

ME ~ 

~ RE 
E P 

" e 
B 

DE 
A 

I 

I 
0' ME 

!:j 
III 

RE 
E P 

" e 
B 

A 
y 

I 

eLR 

POL 

"ND 

D7 

D. 

D. 

D, 
y 

MPR-2'5 

APPLICATION 

V; 
12 

UNCONDITIONAL 

Metallization and Pad Layout 

'0 

" 12 
,. ,. 

,. ,. 
" 17 ,. ,. 

DIE SIZE 0_080" X 0.099" 

MICROPROGRAM 

AI 
MEMORY 

OUTPUTS 

II 
~ 

D. D, 

Am25LS115 
PIPELINE REGISTER 

00 Q, ii, 

A versatile one-of-sixteen Test Select with PQlarity Control and Test Select Hold. 
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A 

lIE 

ME 

"0 

Vee 

D, 

·D, 

D. 
(f£ 
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Am2923 
Eight.lnput Multiplexer 

Distinctive Characteristics 

• Advanced Schottky technology 
• Switches one of eight inputs to two complementary 

output!:! 

FUNCTIONAL DESCRIPTION 

The Am2923 is an8,-input multiplexer that switches one of eight 
inputs onto the inverting and non-inverting outputs under the 
control of a 3-bit select cod,e, The inverting output is one gate 
delay faster than the non-inverting output. 

The Am2923 features a 3-state output for data bus organization. 
The active-LOW strobe, or "output control" applies to both the 
inverting and non-inverting output. When the output control is 
HIGH,the outputs are in the high-impedance state. When the 
output control is LOW, the active pull-up output is enabled. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 

Order Number 

AM2923PC 
AM2923DC 
AM2923DC-B 
AM2923DM 
AM2923DM-B 
AM2923FM 
AM2923FM-B 
AM2923LC 
AM2923LC-B 
AM2923LM 
AM2923LM-B 

AM2923XC 
AM2923XM 

Package Operating Screening 
Type Range Level 

(Note 1) (Note 2) (Note 3) 

P-16-1 C C-l 
0-16-1 G C-l 
0-16-1 C B-1 
0-16-1 M C-3 

.0-16-1 M B-3 
F-16-1 M C-3 
F-16-1 M B-3 
L-20-1 C C-l 
L-20-1 C B-1 
L-20-1 M C-3 
L-20-1 M B-3 
Dice c} Visual inspection 
Dice M to MIL-STO-883. 

Method 201OB. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, L = Chip-Pak, F = ' 
Flat-Pak. Number following letter is number of leads,. See 
Appendix B for detailed outline. Where Appendix B contains 
several dash numbers, any of the variations of the package 

'may be used unless otherwise specified. 
2. C = Oto +70°C, Vee = 4.75t05.25V, M = -55 to + 125°C, 

Vee = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 

conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 

RELATED PRODUCTS 

Part No. 

Am2922 
Am25LS2535 

Description 

8 Input MUX with Register Control 
8 l'!Put MUX with Register Control 

• 3-state output for bus organized systems 

0, 

O2 

0, 

BLI·070 
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LOGIC DIAGRAM 
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>--
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--I }---
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CONNECTION DIAGRAMS - Top Views 

0-16, P-16 

Vee 

d. 
0, 

o. 
0, 
A' 

D, 

D. 

W 
I 

Leadless Chip Carrier 
L-20-1 

F-16 pin configuration identical to 0-16. P-16. BLI·071 



Am2923 Am2923 
MAXIMUM RATINGS (Above which the useful life may be impaired). 

Storage Temperature ~65°C to +150°C 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin16toPi-nB) Contf;;uous--~~------ -

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Output 

DC Input Current 

~55°C to +125°C 

~O.5V to +7V 

~O.5V to + Vee max. 

~O.5V to +5.5V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am2923PC, OC, XC TA =0 to 70"C 
Am2923DM, FM, XM TA = -55.to +125"C 

Parameters Description 

Vee = 5.0V ±5% (COM'L) 
vee = 5.~V ±10% (MIL) 

MIN = 4.75V MAX = 5.25V 
MIN = 4.SV MAX = S.SV 

Test Conditions (Note 1) Min 

~ Vee = MIN, [IOH = -2mA 2.4 
VOH Output HIGH Voltage 

COM'L VIN = VIH pr VIL [ 10H = -6.SmA 2.4 

VOL Output LOW Voltage I 
Vee = MIN, 10L = 20mA 
VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2 
voltage for all inputs 

I VIL Input LOW Level Guaranteed inputlogleal LOW 
voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

IlL Untt Load I 
Vee = MAX, VIN = 0.5 (Note 3) Input LOW Current 

IIH Untt Load 
Vee = MAX, VIN = 2.7 (Note 3) Input HIGH Current 

II Input HIGH Current Vee = MAX, VIN = S.SV 

Oil-State (High-Impedance) Vee = MAX, Vo = 2.4V 
10(011) Output Current VIN = VIH or VIL Vo = O.SV 

Ise 
Output Short Circuit Current 

Vee = MAX, VOUT = O.OV -40 
(Note 4) 

Icc Power Supply Current Vee = MAX (Note 5) 

Typ 
(Note 2) 

3.4 

3.2 

55 

Max 

0.5 

0.8 

-1.2 

-2 

50 

1 

50 

-50 

-100 

85 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

".A 

mA 

".A 

mA 

mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typicallimils are at Vee = S.OV, 2S"C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. lee is measured with all outputs open and all inputs at 4.SV. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

Parameters Description Test Conditions Min Typ Max Units 

tpLH 12 18 
A, B, or C to Y; 4 Levels of Delay ns 

tpHL 13 19.5 

tpLH 
A, B, or C to W; 3 Levels of Delay 

10 15 
ns 

tpHL 9 13.5 

tpLH 
Vee = S.OV, RL = 2800, CL = 15pF 

8 12 
AnyDtoY ns 

tpHL 8 12 

tpLH 
AnyDtoW 

4.5 7 
ns 

tpHL 4.5 7 

tZH 13 19.5 
Output Enable to Y ns 

tZL 14 21 

tZH 
Vee = S.OV, RL = 2800, CL = 15pF 

13 19.5 
Output Enable to W ns 

IZL 14 21 

tHZ 5.5 8.5 
Output Enable to Y ns 

tLZ 9 14 

tHZ 
Vee = S.OV, RL = 2800, CL = SpF 

5.5 8.5 
Output Enable to W ns 

ILZ 9 14 
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FUNCTION TABLE LOADING RULES (In Unit Loads) 

INPUTS OUTPUTS Fan-out 
SELECT 

C 

X 

l 
L 
l 
l 
H 
H 
H 
H 

H = HIGH 
L = LOW 

B 

X 
l 
L 
H 
H 

l 
L 
H 
H 

Output.j:ontrol 
A S 

X H 
L l 
H L 
L l 
H L 
L L 
H L 
L l 
H l 

x = Don't Care 
Z = High Impedance 

y W 

Z Z 
00 00 

01 01 
02 02 

03 03 
04 04 
Os Os 
06 06 
0 7 0 7 

00-07 =The output will follow the HIGH-level or LOW-level of 
the .selected input. 

00-07 = The output will follow the complement of the HIGH
level or LOW~level cif the selected input. 

Input Output Output 
Input/Output Pin No,'s Unit Load HIGH LOW 

P3 

0:2 2 

0.1 3 

DO 4 

Y 5 20 10 

W 6 20 10 

5 
GND 8 

C 9 

B 10 

A 11 

07 12 1. 

06 13 

D5 14 

04 15 

Vee 16 

A Schottky TTL Unit Load is defined as 50ltA measured at 

DEFINITION OF FUNCTIONAL TERMS 

A. B. C Thethree select inputs ohhe multiplexer. 

00.°1. 02. 03. 
04. 05. 06. 07 The eight data inputs of the multiplexer. 
Y Tbe true multiplexer output. 

iii The complement multiplexer output. 

S Output Control. HIGH on the output control (or strobe) 
forces both the Wand Y outputs to the high-impedance (off) 
state. 

2.7V HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONOITIONS 

DRIVING OUTPUT DRIVEN INPUT vcc ________________ ~--~--------~---

50n NOM 

Note: Actual current flow direction shown. 
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Am2923 

APPLICATIONS 

LOGIC FUNCTION GENERATION 

DD 
A A 

Am2923 51----, 

w 

Z = ABCD + ABCD + ACD + AB + ACD + BCD 

32·INPUT MULTIPLEXER 

BLI·073 II 
INPUTS 

0········· .. ····· .. ······ 7 8 ••·····•••••····•• .. ···15 16·······················23 24·······················31 

.-----
-i'Gi ~m 

u..~lY2 - lA o~ 
~i7ilYl 

r-" ~iYo----
A~ D, D, 0, D, D. D, 0, 0, 1 

~: 
D,D,D,DJ"D,D, 0'1 ~:"'D'D'DJD'D'D'D'I ~; 0,0, D'DJD'D'D'D'\ A A 

B Am2923 Am2923 . Arn2923 Am292J 
"INPUT MULTIPLEXER 8-INPUT MULTIPLEXER ~ 8'INPU~MULTIP~EXER ~ a-INPUT MULTIPLEXER 

- ( w y ..- , W , 

- 1 1 

MUL TJPLEXER OUTPUT MULTIPLEXER OUTPUT 

METALLIZATION AND PAD LAYOUT 

Vee 
D3 

16 
15 D4 

D2 14 D5 

D1 13 06 

DO 12 D) 
y 11 A 
W 10 B 
"S" 

9 

GND 

DIE SIZE: 0.064" X 0.067" 
BLI·074 
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Am2924 
Three· Line to Eight·Line Decoder/Demultiplexer 

Distinctive Characteristics 

• Advanced Schottky technology 
• Inverting and non-inverting enable inputs 

FUNCTIONAL DESCRIPTION 

The Am2924 is a 3-line to a-line decoder/demultiplexer fabricated 
using advanced Schottky technology. The decoder has three 
buffered select inputs A, Band C that are decoded toone of eight 
Youtputs. 

One active-HIGH and two active-LOW enables can be used for 
gating the decoder or cal') be used with incoming data for demul
tiplexing applications. When the enable iliput function is in the 
disable state, all eight Youtputs are HIGH regardless of the A, B 
and C select inputs. 

RELATED PRODUCTS 

Part No. 

Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am25LS2548 
Am2921 

Description 

8-B~ Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder . 
Chip Select Address Decoder 
1 of 8 Decoder 

ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 

Order Number 

AM2924PC 
AM29240C 
AM2924DC-B 
AM29240M 
AM29240M-B 

, AM2924FM 
AM2924FM-B 
AM2924LC 
AM2924LC-B 
AM2924LM 
AM2924LM-B 

AM2924XC 
AM2924XM 

Package Operating Screening 
Type Range Level 

(Note 1) (Note 2) (Note 3) 

P-16-1 C C-l 
0-16-1 C C-l 
0-16-1 C B-1 
0-16-1 M C-3 
0-16-1 M B-3 
F-16-1 M C-3 
F-16-1 M .B-3 
L-20-1 C C-l 
L-20-1 C 6-1 
L-20-1 M C-3 
L-20-1 M B-3 

Dice c} Visual inSpectio.n 
Dice M to.MIL-.STO-883. 

Method 2010B, 

Notes: 1, P = Molded DIP, 0;" Hermetic DIP, L = Chip-Pak. F = 
Flat-Pak. Numberfollowing letter is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains 
several dash numbers, any of the variations of the package 
may be used unless otherwise specified. 

2. C = 010 +7O'C, Vee = 4,75t05.25V, M = -55 to + 125°C, 
Vee = 4.50t05.50V. 

3, See Appendix A for details of screening. Levels C-l and C-3 
conform to MIL-STO-883, ClasS C. Level B-3 conforms to 
MIL-STO-883, Class B. 
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CONNECTION DIAGRAMS - Top Views 

0-16, P-16 Leadless Chip Carrier 
L·20·1 

Vee 

'" VI 
ffi 

V, 
G2i 

V, 

V, 

v, 
Yo 

F-18 pin configuration identical to 0-18, P-1S, 

Note: Pin 1 is marked for orientation. BLI.-077 



Am2924 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 

Am2924 

-65°C to +150oC 

-55°C to +125°C 

-O.5V to +7V 

-O.5V to +Vcc max. 

-O.5V to +5.5V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am2924PC, DC, XC TA =: oOe to +70o C VCC = 5.0V ±5% (COM'L) MIN, = 4,75V MAX. = 5.25V' 
Am2924DM, FM, XM T A = -5SoC to +12SoC VCC = 5.0V ±10% (MIL) MIN. = 4.5V MAX. = 5.5V 

Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

Vee = MIN., IOH = -lrnA I Mil 2.5 3.4 
VOH Output HIGH Voltage J eOM'L 

Volts 
V,N = V,H or V,l 2.7 3.4 

VOL Output lOW Voltage 
Vce = MIN., IOl - 20mA 

0.5 Volts 
V,N = V,H or V,l 

V,H Input HI G H level 
Guaranteed input logical HIGH 

2.0 Volts 
voltage for all inputs 

V,l Input lOW level 
Guaranteed input logical LOW 

0.8 Volts 
voltage for all inputs 

V, Input Clamp Voltage VCC - MIN., 'iN - -18mA -1.2 Volts 

"L Input lOW Current 
(Note 3) VCC = MAX .. V,N = 0.5V -2 mA 

IIH Input HIGH Current 
(Note 3) VCC = MAX., V,N = 2.7V 50 itA 

I, Input HIGH Current VCC = MAX., V,N = 5.5V 1.0 mA 

Ise 
Output Short Circuit Current 

Vee = MAX., VOUT = O.OV -40 -100 rnA 
(Note 4) 

lee Power Supply Current Vec= MAX. INote 5) 49 74 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typicailimits are at Vee:::: 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents:= Unit Load Current x Input Load Factor (See Loading Rules). 

4. ,Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Outputs enabled and open. 

Switching Characteristics (T A ~ +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tpLH Two Level Delay 4.5 7 
ns 

tPHL Select to Output 7 10.5 

tplH Three 'Level Delav 7.5 12 

Select to Output 
ns 

tpHl Vec = 5V. CL = 15pF, RL = 28011 
8 12 

tPLH G2A or G2B 5 8 
ns 

tPHL to Output 7 11 

tPlH 7 11 
Gl to Output ns 

tPHl 7 11 
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FUNCTION TABLE 

Inputs 
Outputs 

Enable Select 

Gl G2A G2i e B A Yo Vi Y2 V3 V4 Vii 'is Vi 

L X X X X X H H H H H H H H 

X H X X X X H H H H H H H H 

X X H X X X H H H H H H H H 

H L L L L L L H H H H H H H 

H L L L L H H L H H H H H H 

H L L L H L H H L H H H H H 

H_ L L L H H H H H L H H H H 

H -L L H L L H H H H L H H H 

H" L L H L H H H H H H L H H 

H L L H H L H H H H H H L H 

H L L H H H H H H H H H H L 

H - HIGH 
L= LOW 

x "" Don't care 

DEFINITION OF FUNCTIONAL TERMS: 

A. B. C Select. The three select inputs to the decoder. 

G1 The active-HIGH enable input. A LOW on the (;1 in
put forces all Voutputs HIGH regardless of any other 
inputs. 

G2A. G2ii The active-LOW enable input. A HIGH on 
either the G2A or G2B input forces all Y outputs HIGH 
regardless of any other inputs. 

YO. Y1• Y2. Y3. Y4• Y5• Y6. Y7 The eight decoder outputs. 

LOADING RULES (In Unit Loads) 

Fan-out 
Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
A 1 1 - -
B 2 1 - -
C 3 1 - -
'!:2A 4 1 - -
(;2IJ 5 1 - -
Gl 6 1 - -

"Vi 7 - 20 10 

GND 8 - - -

V6 9 - 20 10 

V5 10 - 20 10 

v;;:- II - 20 10 

"Vi 12 - 20 10 

V; 13 - 20 10 

Vi 14 - 20 10 

Va 15 - 20 10 

Vee - 16 - - -

A Schottky TTL Unit Load is defined as 50~A measured at 2.7V HIGH 
"'.nd -2.0mA measured at O,SV LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

vCC ____________ o_R_Iv_�N_G~O-UT-P-UT-I~-----O-R'-V~EN~'N-P--UT 

I 
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son NOM I 

---~"_1~v t ! j 
:'0-
I 
I "H 

: ~~ 
I 
I 
I 

Note: Actual curre"nt flow direction shown. 

UNIT LOAD 
2.8k,{lNOM 
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So 

5, 

52 
SELECT 

DATA 

H=HIGH 

Ap'PLICATION 

~ 
E 

G2A <t 

-=-
G2B 

Gl 

~ 
1J 
E 

G2. <t 

m 

Gl 

One-ot-Sixteen Derr,ultiplexer 

METALLIZATION AND PAD LAYOUT 

A 1-----, 

• 2----, 

C 3 
1iiA • 
'm • 

Gl • 

Vee 

V, 

v. 
Yo 
v.; 
V3 

V, 

V; 

Vo 

V, 

Yo 
V. 

v.; 
Va 
V, 

V, 

YO 

Iv., 

Y7 7 

GNO • ------' 

DIE SIZE 0_065" X 0_070" 
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Am2925 
Clock Generator and Microcycle Length Controller 

DISTINCTIVE CHARACTERISTICS 

• Crystal controlled oScillator , 
Stable operation from 1 MHz to over 31 MHz 

• Four microcode controlled clock outputs 
Allows clock cycle length control for 15-30% increase in 
system throughput. Microcode selects one of eight clock 
patterns from 3 to 10 oscillator cycles in length 

• System controls for Run/Halt and Single Step 
, Switch debounced inputs provide flexible halt controls 

• Slim 0.3" 24-pin package 
LSI complexity in minimum board area 

x, 

x, 

L, 

L, 

L, 

EN 

FIRST/CUT 

HALf 

BLOCK DIAGRAM 

r-------------~----_{~--F, 

r-_{~-e, 

~~z;:. r-_{~- c, 
AlOR 

REGISTERr-_{~- e, 

Hrl~-C, 

RUNIHALT 
RON AND 

SINGLE STEP 

SSNe CONTROL 

SSIIIO 

IiIIf 

WAITREQ 

mtiV 

ex 

,ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 

Order "lumber 

AM29250C 
AM29250C-B 
AM29250M 
AM29250M-B 
AM2925LC 
AM2925LC-B 
AM2925LM 
AM2925LM-B 

AM2925XC 
AM2925XM 

Package Operating Screening 
Type Range Level 

(Note 1) (Note 2) (Note 3) 

0-24-Slim C C-l 
0-24-Slim C B-1 
0-24-Slim M C-3 
0-24-Slim M B-3 

L-2B-l C C-l 
L-2B-l C C-3 
L·2B-' M B-1 
L-2B-l M B-3 
Dice c} Visual inspection 
Dice M to MIL·STO-883 

Method 2010B, 

Notes: 1. 0 = Hermetic DIP. Number following letter is number of 
leads. 

2. C = Oto +70"C. Vee = 4,75 to 5,25V, M = -55 to + 125°C, 
Vee = 4,50 to 5,50V, 

3. Levels C-l and C-3 conform to MIL-STO-883. Class C, 
Level B-3 conforms to MIL-STO-883, Class B. 
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FUNCTIONAL DESCRIPTION 

The Am2925 is a single-chip general purpose clock generator/ 
driver, It is c,rystal controlled, and has microprogram mabie clock 
cycle length to provide significant speed-up over fixed clock cycle 
approaches and meet a variety of system speed requirements. 
The Am2925 generates four different simultaneous clock output 
waveforms tailored to meet the needs of Am2900 and other 
bipolar and MOS microprocessor based systems, One-of-eight 
cycle lengths may be generated under microprogram control 
using the Cycle Length inputs L" L2, and L3' 

The Am2925 oscillator runs at frequencies to over 31 MHz, A 
buffered oscillator output, Fo, is provided for external system 
timing in addition to the four microcode controlled clock outputs 

C" C2, C3 and C4' • 

System control functions include Run, Halt, Single-Step, Initialize 
and Ready/Wait controls. In addition, the FIRST/LAST input de
termines where a halt occurs and the Cx input determines the end 
point timing of wait cycles, WAITACK indicates that the Am2925 
is in a wait state. 

CONNECTION DIAGRAMS - Top Views 

D-24-Slim 

GND Vee 

READY Cx 

L, INIT 

L, WAITREQ 

L, WAITACK 

C, RUN 

C, HALT 

c, FIRST/LAST 

c. x, 

SSNC X, 

SSNO Fo 

GND Vee 

Leadless Chip Carrier 
L-28-1 

Note: Pin 1 is marked for orientation. 



x, 

x, 

L, 

•• v 
~UTyp 

OSCI\..LATOA :---- io 

L __ dJ 

w 
\\7 
C, 

0. 
c, 
Co 
C, 

Co 
C, 

C; 

" Ai 

" 

LOGIC DIAGRAM 

STATE MACHINE DECODER 
(6-AND-OR..tNVERTER) 

" .. C3CZC,HW+'f,H+S,W ., I!.C3EJEZE1HW + AZA,C.C,E3EZHW+ 
AzA,1!3CzHW + C3CZC, ... eZH + CZW 

K3 = C4~E3EtE,HW~A2A,C4C3RW. 
fiCI' CaC" fiH . e;W 

~ = eaezC,RW+C.H+C.W 

B, '" AZC3E,HW+C4C3E,HW+iil1C4C3+ 

AlH+-A1W 
82 "" C4C3EZHW+A,C.CaE3HW+AZA,C4HW, 

AZe"3RW+AZH+AZW 

EXAMPLE: 

Am2925 

F. 
,.~ 

C, 
.. 

0. 
C, '. 

" C, 

'. C, 
C, 

" C, 

'. 0, 
C, 

" C, 

'. C, 
C, 

B, 
A, 

'. A, 

., 
A, 

' . A, 

~-==-__ -+-______ I-___ -_ -----------------=--.::,-------- STATEMA~~---I 
FIRSTILAST I 

DH'LT====~~-M--l-Qr-~ I 
LATCH fo C2 

c>--RiJjij~1!.[5 ----, J 
SSNC r-t----i 

Cx 

AS 
LATCH '. 

'. 

DEFINITION OF FUNCTIONAL TERMS 

System clock outputs. These outputs are all 
active during every system clock cycle. Their 
timing is determined by clock cycle length 
controls. L1 • L2 and L3. 

Clock cycle length control inputs. These in
puts receive the microcode bits that select the 
microcycle lengths. They form a control word 
which selects one of the eight microcycle 
waveform patterns F3 through FlO. 

The buffered oscillator output. Fe internally 
generates all of the timing edges for outputs 
Ci. C2• C3• C4 and WAITACK. Fe rises just 
prior to all of the C1• C2• C3• C4 transitions. 

H I 

I 

I 

I 

I 

MPA-7Bl 

HALT and RUN Debounced inputs to provide HALT control. 

FIRST/LAST 

These inputs determine whether the output 
clocks run or not. A LOW input on HALT (RUN 
= HIGH) will stop all clock outputs. 

HALT time control input. A HIGH input in 
conjunction with a HALT command will cause 
a halt to occur when C4 = LOW and C1 = C2 
= C3 = HIGH (see clock waveforms). A LOW 
input causes a HALT to occur when C1 = C2 
= C3 = LOW and C4 = HIGH. 

SSNO and SSNC Single Step control inputs. These debounced 
inputs allow system clock cycle single step
ping while HALT is activated LOW. 
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Am2925 

DEFINITION OF FUNCTIONAL TERMS (Cont.) 

WAITREQ 

WAITACK 

The Wait Request active LQW input. When 
LOW this input will cause the outputs to halt 
during the next oscillator cycle before the Cx 
input goes LOW. . 

Wait' cycle control input. The clock outputs 
respond to a wait request one oscillator clock 
cycle after Cx goes LOW. CX is normally tied 
to anyone of C1, C2, C3 or C4. 

The Wait Acknowledge active LOW output. 
When LOW, this output indicates that all clock 
outpuis are in the "WAIT" state. 

Am2925 CLOCK WAVEFORMS 

pATTERN 

INPUT 
CODE 

L3 L2 L1 

F, 
LLL 

F. 
LJ,H 

F. 
HLH 

F. 
HHH 

C, 

C, 

C. 

. C. 

F. 

C, 

Co 

C, 

C. 

FO 

C, 

C, 

C, 

C. 

FO 

C, 

C, 

C. 

C. 

Fo 

WAVEFORMS 
AND 

TIMING 

5~240 

PATTERN 

INPUT 
CODE 

L3 L2 L1 

F7 
LHH 

F. 
LHl 

Fg 
HHL 

F,. 
HLL 

C, 

C, 

C, 

C • 

F. 

C, 

C, 

c, 

c. 

Fo 

C, 

C, 

c, 

C. 

F. 

c, 

c, 

c, 

c. 

F. 

The READY active LOW input is used to con· 
tinue normal clock output patterns after a wait 
stage. 

The Initialize active .LOW input. This input is 
intended for use during power up initialization 
of the system. When LOW all clock outputs 
free run regardless of the state of the Halt, 
Single Step, Wait Request and Ready inputs. 

External crystal connections. X, can also be 
driven by a TIL frequency source. 

WAVEFORMS 
AND 

TIMING' 

MPR-782 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA = 0 to 70°C Vee = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MAX = 5.50V) MIL Te = -55 to 125°C Vee = 5.0V ±10% (MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Voltage Vee = MIN 
IOH = -1.0mA 

VIN = VIH·or VIL 

IOL = 4.0mA 

Vee = MIN 
WAITACK IOL - 8.0mA 

VOL Output LOW Voltage Cj 
VIN = VIH or VIL IOL - 12mA 

Fo IOL = 16mA 

VIH 
Input HIGH Level Guaranteed input logical HIGH 
(Note 3) voltage for ali inputs 

Input LOW level Guaranteed input logical LOW I MIL 
VIL (Note 3) voltage for ali inputs I COM'L 

VI 
Input Clamp Voltage 

Vee = MIN, liN = -18mA (Note 3) 

READY, INIT, Ll , L2, L3 

Vee = MAX 
WAITREO, Xl (See Figure 1) 

IlL Input LOW Current VIN = O.4V SSNO,SSNC, RUN,HALT 

Cx 

FIRST/LAST 

READY, INIT, Ll , L2, L3 

WAITREO 

Vee = MAX SSNO, SSNC, RUN, HALT 
IIH Input HIGH Current 

VIN = 2.7V Cx 

FIRST/LAST 

XI (See Figure 1) 

VIN = 5.5V READY, INIT, Ll , L2, L3 

VIN = Vee SSNO,SSNC, RUN,HALT 

II Input HIGH Current Vee = MAX VIN = 5.5V WAITREO, Cx 

VIN = Vee FIRST/LAST 

VIN = 4.0V Xl (See Figure 1) 

ISC 
Output Short Circuit 

Vee = MAX Current (Note 4) 

Icc 
Power Supply Current 

Vee = MAX (Note 5) 

Min 

2.5 

2.0 

-30 

Typ 
(Note 2) 

85 

Max 

0.4 

0.45 

0.5 

0.5 

0.7 

0.8 

-1.5 

-0.4 

-0.8 

-1.0 

-1.2 

-1.5 

20 

50 

-500 

70 

-750 

500 

100 

100 

1.0 

1.0 

1.0 

-85 

120 

Am2925 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

mA 

mA 

mA 

mA 

p.A 

p.A 

p.A 

p.A 

p.A 

p.A 

p.A 

p.A 

mA 

mA 

mA , 

mA 

mA 

Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical values are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Does not apply to Xl and X2. 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Icc varies with temperature and oscillation frequency as shown in Figure 2. The parameters specified (worst case) applies to fo = 0, +25°C, Cl = 

C2 = C3 = LOW, C4 = HIGH, Xl = 2.4V, X2 = open and FO = LOW. The variations shown in Figure 2 apply to typical values. 

MAXIMUM RATINGS (Above which the useiul life may be impaired) 

Storage Temperature -65 to +150°C 

Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to Ground Poteptial Continuous -0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.SV to +VCC max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 to +5.0mA 
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Am2925 
SWITCHING CHARACTERISTICS 
(T A = +2S'C, Vee = S.OV) 

Parameters 

1 'MAX' 
2 'MAX2 

3 'oFFSET 
4 . 

'oFFSET 

S. ISKEW 

6 ISKEW 

7 tSKEW 

8 IS 

.9 Iti 
10 Is 
11 Iti 
12 Is 
13 IH 

14 Is 

15 IH 

16 IS 

17 IS 

18 ts 

19 IS 

20 IpWL 

21 IpLH 

22 tpLH 

23 IpHL 

DeSCriptiO~ 
Fe Frequency (Cx Connected) (Nole 6) 

Fe Frequency (Cx = HIGH) 

Fo (I) to C" C2, C3, C4 orWAITACK (S) 

Fo (S) 10 C" C2' C3, C4 or WAITACK (L) . 

c, (S) 10 C2 (S) 

C1 (S) 10 C3 (S) 

C1 (S) 10 C4 (L) Opposite Transilion 

L1, L2, L3 to C1 (J1 

L1, ~, L310 C'(S) 

Cx to Fe (S) (Note 7) 

Cx to Fe (S) (Note 7) 

. WAITREO to Fe (S) (Note 8) 

WAITREQ 10 Fe (S) (Note 8) 

READY 10 Fo (S) (Note 8) 

READY 10 Fo (S) (N9Ie 8) 

RUN, HALT (L) 10 Fo (S) (Noles 8, 9) 

SSNC, SSNO to Fo (I) (Noles 8, 9) 

FIRST/LAST 10 Fe (S) (Nola 10) 

INIT (L) 10 Fe (S) (Nola 8) 

INIT lOW Pulse Width 

INIT 10 WAITACK 

Propagation Delay (Nole 11) 
X110Fo 

TYPICAL EXTERNAL CONNECTIONS 

1000" 

,_ 
MPR-783 

DESIGN CONSIDERATIONS 

1. Oscillator external connections should be less than I" long -
wirewrap is not recommended. 

2. VCC and GND connections should be less than '12" long to 
power plane. 

3. Supply decoupling includes both high frequency and trulk 
storage elements. 

4. The same considerations apply 'or 3rdovertone configura
tions. 

Min 

31 

0 

3 

0 

0 

4 

5 

9 

20 

0 

20 

0 

20 

0 

20 

20 

25 

30 

15 

0.8 

0.6 

OA 

0.2 

..J 0 

-0.2 

-0.4 

-0.6 

-O.B 
-1.0 

Typ Max Units Test Conditions 

42 

5.0 

11.5 

0.5 

0.5 

7 

17 

-10 

17 

-10 

17 

-10 

14 

14 

17 

10 

16 

13 

14 

TC - 125'C 

c - 25-C 

MHz 

7.5 ns 

16 ns 

2 ns 

2 ns 

10 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

23 ns 

16 ns 

17 ns 

TC - _55"C 

SLOPE - 4k 

CL = 15pF 

RL = 2800 

CL = 50pF 

RL = 2.0kO 

CL = ISpF 

RL = 2800 

TC = -55'C 

T =wc 

TC = 125'C 

1.0 2.0 3.0 4.0 5.0 
YIN - VOLTS 

MPA-784 

X1 Is nol a TTL input. It Is a cryslal connection to an Inverting linear 
oscillator amplifier, and is specified primarily for lesl convenience. 

Figure 1. Am2925 X, Input Characteristics 
(Typical, Vee = 5.0V) 
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SWITCHING CHARACTERISTICS 
Am2925 

OVER OPERATING RANGE Am2925 COM'L Am2925 MIL 

TA = Oto +70·C Te = -55 to +125·C 
vee = 5.0V ±5% vee = 5.0V ±10% Test 

Parameters Description Min Max Min Max Units Conditions 

1 fMAXI Fa Frequency (Cx Connected) (Note 6) 31 31 CL ~ 15pF 
MHz 

2 fMAX2 Fa Frequency (Cx ~ HIGH) RL ~ 2800 

3 tOFFSET Fa (s) to Cl, C2, C3, C4 orWAITACK (s) 8.5 8.5 ns 

4 toFFSET Fa (s) to C1, C2, Ca, C4 or WAITAGK ("'L) 17.0 18.0 ns 

5 tSKEW C1 (s) toC2 (s) 2 2 ns 

6 tSKEW C1 (S}toCa(_n 2 2 ns 

7 tSKEW C1 (S) to C4 ("'L) Opposite Transition 11 11 ns 

8 ts L1, ~, L3 to C1 (S) 6 7 ns 

9 tH L1, L2, L3 to C1 (S) 11 11 ns 

10 ts ex to Fa (S) (Note 7) 25 25 ns 

11 tH Cx to Fa (S) (Note 7) 0 0 ns CL ~ 50pF 

12 ts WAITREO to Fa (S) (Note 8) 25 25 ns RL ~ 2.0kn 

13 tH WAITREO to Fa (S) (Note B) 0 0 ns 

14 ts READY to Fa (S) (Note B) 25 25 ns II 
15 tH READY to Fo (S) (Note B) 0 0 ns 

16 ts RUN, HALT ("'L) to Fa (S) (Notes B,9) 25 25 ns 

17 ts SSNC, SSNO to Fa (S) (Notes B, 9) 25 25 ns 

lB ts FIRST/LAST to Fa (S) (Note 10) 30 35 ns 

19 ts INIT ("'L) to Fa en (Note B) 33 35 ns 

20 tpWL INIT LOW Pause Width 20 25 ns 

21 tpLH INIT to WAITACK 25 27 ns 

22 tpLH Propagation Delay (Note'11) 23 26 ns CL ~ 15pF 

23 tpHl XI to Fa 21 23 ns Rl ~ 2Boo 

Notes: 6. The frequency guarantees apply with Cx connected to Cl, C2, C3, C4 or HIGH. The Cx input load must be considered part of the 50pF/2.0k!l 
clock output loading. 

7. These setup and hold times apply tQ the Fa LOW-to-HIGH transition of the period in which Cx goes LOW. 
B. These inputs are synchronized internally. Failure to meet ts may cause a I/Fo delay but will not cause incorrect operation. 
9. These inputs are "debounced" by an internal R-S flip-flop and are intended to be connected to manual break-before-make switches. 

10. FIRST/LAST is normally wired HIGH or Law. 
11. Reference point of T offset has been moved forward which has increased T offsets. 

2.0 

1.9 

1.8 II 
1.7 

u 1.6 J? 
I 1.5 

fil· 
!:l 1.4 .. 

1.3 :Ii 
0: 
0 1.2 z 

1.1 

1.0 

0.9 

/ 
V " Lid 

~ 
Tc = -55'C -1-- ~ 

TJ: = 25'C -1-;:::::';.." 
Tq = 125'C I---

0.1 0.2 0.5 3 4 5 7 10 20 30 40 

FREQUENCY - MHz 

Figure 2. Am2925 lee Normalized vs Frequency (Vee = 5.5V) MPR·785 
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'Am2925 

c, 

c, 

c. 

" 

" (INTERNAL) 

" (INTERNAL) 

SWITCHING CHARACTERISTICS 

NORMAL CYCLE WITHOUT WAIT STATES (Pattern Fe Shown) 

WAIT nMING (ex Connected to C1) 

~'-------------------+----------"" 

WiffiiEo --------------""'"'1 

~------------------------------------~I 

REAtW--__________________________________________ ~ __ ~, 

WAJTnMING (Cx Connei::ted to C1) 

MPR-786 

MPR-787 



Am2925 OSCILLATOR APPLICATIONS 

EXTERNAL COMPONENT CALCULATIONS SUMMARY 

~=~bJ INPUT 
O.01j.lF 4.7kH 

1.0Vp_p <!O. VIN < Vee 

R = on for 6-20 MHz 

R = Xc2 = 211 ~ C2 'or 1..e MHz 

FUNDAMENTAL OSCILLATOR 

x, 

L,= ~ H 
~.j2 M 

(' ... 2OMHz) 

3rd HARMONIC OSCILLATOR 

MPR-788 

MPR·790 

EXTERNAL CLOCK DRIVE 

x, x, 

fO= 27T~ 
C1 =C2=C 

Xe3 <I XL 

L-C OSCILLATOR 

METALLIZATION AND PAD LAYOUT 

READY 2 ------, L,. ----, 
L,4 

e3 8 

SSNC 10 

SSN011 

GND 12 -------' 

r------ 24 Vee 

Vee 

23 ex. 

22 iNiT 

21 WAiTiiEQ 

20WiiiAcK 

19 RUN 

18 HALT 

17 FlRSTfLAST 

16X, 

'-----15X, 
'------ 14 Fa 

DIE SIZE .097" X .122" 
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Am2925 

Am2925 APPLICATIONS 

DETAILED FUNCTIONAL DESCRIPTION 

The Am2925 is a dynamically programmable general-purpose 
clock generator/driver. It can be logically separated into three 
parts. There is an OSCillator, a state machine decoder and a state 
machine control section. 

The oscillator is a linear inverting amplifier which with a minimum 
of external parts may be configured as a 1 st harmonic' crystal 
oscillator, 3rd harmonic' crystal oscillator, L-C oscillator or used 
to buffer an external clock. the buffered, inverted output of this 
oscillator is availavble as Fa. 

The state machine takes microcode information from the Micro
cycle Length "L" inputs Ll' L2 and L3 and counts the fundamental 

. frequency of the internal oscillator, Fo, to create the clock outputs, 
Cl, C2, C3 and C4' 

The clock outputs have a characteristic wave shape relationship 
for each microcycle length. For example, C1 is always LOW only 
on the last Fo clock period of a microcycle and C4 is always LOW 
on the first. C3 has an approximately 50% duty cycle, and C2 is 
HIGH for all but the last two periods. 

The current state of the machine is contained in a register, part of 
which is the Clock Generator Register. Cl, C2, C3 and C4 are the 
outputs of this- register. These outputs and the outputs of the 
Microcycle Control Latch are fed into a set of combinatorial logic 
to generate the next state. On each falling edge of the internal 
clock the next state is entered into the current state register. The 
Microcycie Control Latch is latched when C1 is HIGH. This means 
that it will be loaded during the last state of each microcycle, 
(C1 = C2 = C3 = LOW, C4 = HIGH). This internal latch selects 
one of eight possible microcycle lengths, F3 to FlO' 

The state machine control logic, which determines the mode of 
operation of the state machine, is intended to be connected to a 
front panel. There are four basic modes of operation of the 
Am2925 comprised of Run, Halt, Wait and Single Step. 

SYSTEM TIMING 

In the typical computer, the time required to execute different 
instructions varies. However, the time allotted to each instruction 
i,s the time that it takes to execute the longest instruction. The 
Am2925 allows the user to dynamically vary the time allotted for 
each instruction, thereby allowing the user to realize a higher 
throughput. 

This application note will cover several aspects of the Am2925. 
The first topic to be covered is the oscillator section which is 
responsible for providing the basis of all system timing. Second 
will be how to operate the Am2925; last will be an example of an 
Am2925 in a 16-bit microprogrammed machine. 

OSCILLATOR 

The Am2925 contains an inverting, linear amplifier which is in
tended to form the basis of a crystal oscillator. In designing this 
oscillator it is necessary to consider several factors relaied to 
the application. 

The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is considered 
stable if it is insensitive to variations in temperature and supply 
voltage, and if it is unaffected by individual component changes 
and aging. The design of the Am2925 is such that the degree to 

'It is understood that the terms "fundamental mode" and "3rd overtone" 
are generally regarded as more technically correct, but "1 st harmonic" 
and "3rd harmonic" are used here because of their more generally 
accepted usage 

which these goals are met is determined primarily by the choice of 
external components. Various types of crystals are available and 
the manufacturers' literature should be consulted to determine 
the appropriate type. For good temperature stability, zero tem
perature coefficient capacitors should be used (Type NPO). For 
extreme temperature stability, an oven must be used or some 
other form of temperature compensation applied. 

Absolute frequency accuracy must also be considered. The res
onant frequency varies with load capacitance. It is therefore 
important to match the load specified by the crystal ,manufacturer 
for a standard crystal (usually 32pF), or to specify the load when 
ordering a special crystal. It should then be possible to determine 
from the crystal characteristics ine load tolerance to maintain a 
given accuracy. If the "set-on" error due to load tolerance is 
unacceptable, a trimmer capacitor should be incorporated for fine 
adjustment. 

The mechanism by which a crystal resonates is electro
mechanical. This resonance occurs at a fundamental frequency 
(1st harmonic) and at all odd harmonics of th'is frequency (even 
harmonic resonance is not mechanically possible). Unless 
otherwise constrained crystal oscillators operate at their funda
mental frequency. However, crystals are not generally available 
with fundamental frequencies above 20-25MHz. At higher fre
quencies, an overtone oscillator must be used. In this case, the 
crystal is designed to oscillate efficiently at one of its odd har
monic frequencies and additional components are included in the 
oscillator circuit to prevent it oscillating at lower harmonics. 

Where a high degree of accuracy or stability is not required, the 
amplifier may be configured as an L-C oscillator. It may also be 
driven from an external clock source if operation is required in 
synchronism with that source. 

1st Harmonic (Fundamental) Oscillator 

The circuit of a typical 1st harmonic oscillator is shown in Figure 1. 
The crystal load is comprised of the two 68pF capacitors in series. 
This 34pF approximates the standard 32pF crystal load. If a 
closer match is required then one of the capacitors should be 
replaced with a parallel combination of a fixed capacitor and a 
trimmer. The nominal value of the combination should be 60pF to 
pro~ide proper crystal loading. 

A typical crystal speCification for use in this circuit is: 

Frequency Range: 5-20MHz 
Resonance: Parallel Mode 
Load: 32pF 
Stability: .01% or to match systems requirements 
Case: H-17 - for smaller size 
Temp Range: -30 to +70'C, 

Note: Frequency will change over temp 

Am2925 

R 

c, Hm-- C2 68PFI I ~pF 
Figure 1. Connections for 5·20 MHz' MPR-792 
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It is good practice to ground the case of the crystal to eliminate 
stray pick-up and keep all connections as short as possible. 

Note:' At fundamental frequencies below 5MHz it is possible for 
the oscillator to operate at the 3rd harmonic. To prevent this a 
resistor should be added in series with the X2 pin as shown in the 
circuit diagram. 

The resistor value should match the impedance of C2: 

1 
R = XC2 = 2rr f C2 

3rd Harmonic Oscillator 

At frequencies greater than 20MHz the crystal can be operated 
at its 3rd harmonic. A typical circuit is shown in Figure 2. Two 
additional components are included; an inductor, Ll, and a 
capacitor, C3. The purpose of the capacitor is to block the d.c. 
path through the inductor and thereby maintain the correct 
amplifier bias. C3 should be large (;,,1000pF). 

The inductor forms a parallel tuned circuit with C1. This circuit has 
its resonance set between the 1 st and 3rd harmonics of the 
crystal and is used to prevent the oscillator operating at the 1 st 
harmonic. In the 1st harmonic oscillator (Figure 1), the crystal 
appears as an inductor and forms a 1T-network with the two 
capacitors, thus providing the necessary phase shift for oscilla
tion. In the 3rd harmonic oscillator, Ll and Cl are chosen such 
that at the 3rd harmonic the impedance of circuit is equivalent to 
that of the capacitor C2 in the 1st harmonic oscillator, (Figure 3b). 
Thus, the same 1T-network is formed (Figure 3c) and oscillation is 
possible. At the 1st harmonic the tuned circuit appears as an 
inductor (Figure 3a), the 1T-network is not formed and oscillation 
is not possible. 

.....----;0 

;~~~Q 
FUNDAMENTAL. I. MPR.794 

a) Fundamental Equivalent 

t---;O 

Am2925 

Am2925 

X, 

MPR·793 

Figure 2. Connections for Frequencies above 20MHz 

The following specification is typical for a crystal to be used in a 
3rd harmonic oscillator. 

Frequency Range: Above 20MHz 
Resonance: Parallel Mode 
Load: 32pF .. 
Stability: .01 % or to match systems requirements 
Case: H-17 - for smaller size 
Temp Range: -30 to + 70°C 

Note: Frequency will change temp 

Again it is good practice to ground the crystal case and keep 
connections short. 

x 
FREQ 

""- FTRAP 

~ FUNDAMENTAL, f 

I "'-31 
MPR-795 

b) Trap Impedance 

~~~0 
CHARACTERISTICS AT=W 
THIRD HARMONIC MPR·796 

c) 3rd Harmonic Equivalent 

Figure 3. Forcing Third Harmonic Oscillation 
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Am2925 

Design Procedure 

(1) Assume Cj = 82pF and C2 = 68pF (this gives a sensible 
inductor value). Lj' is calculated according to the formula 

1151 
Lj =-

f02 

fo = Operating frequency in MHz 
Ll in /-LH 

This sets the resonant frequency of the L-C combination at 
0.52 fo. 

(2) Select the closest standard value induc;tor for Lj. Using this 
value calculate Cj such that the resulting crystal load at the 
3rd harmonic is 32pF. 

25330 
Cj = 60 +--

Lj • f02 
Cl in pF. 

Choose the closest standard capacitor value !o this. 

Using standard values both the resonant frequency of the L-C 
circuit (fr) and the crystal load are non-optimal. This will cause a 
slight error in the oscillating frequency. If this is not permissible Cj 
may be a fixed capacitor in parallel with a trimmer such ttiat the 
range oj adjustment includes the calculated value for Cj . This is 
then set to give the desired frequency. In either case the approxi
mate inductor value will cause the resonant frequency to the L-C 
circuit to change. This frequency, fr, may be computed and 
should remain approximately midway between the 1st and 3rd 
harmonic. 

L-C Oscillator 

fr in MHz 
Lj in /-LH 
Cl in pF. 

The Am2925 can be operated as'an L-C tuned oscillator (Figure 
4) and will perform as a stable oscillator within the restrictions of 
the chosen frequency determining components, i.e., (inductor 
and capacitors). The circuit chosen is a classical7T-network with 
DC loop isolation. The Am2925 oscillator is a DC biased linear 
amplifier. This DC bias is necessary and therefore C3 is included 
to block the DC path through the inductor. If a variable slug tuned 
inductor is used a moderate range of frequency adjustment 
tune ability (approximately 2:1) can be achieved. The range can 
be enhanced by switching the two resonant capaCitors (Cj, C2) to 
larger or smaller values. The specific frequency of operation can 
be determined by the formula 

1 

f = 21Tj L C 

(where C is Cj and C2 in series). 

Am2925 

MPA·798 

Figure 4. L-C Tuned Oscillator 

External Clock Drive 

The Am2925 can be driven from an external clock 'source at a 
signal level of 1.0V pop or greater. This is accomplished by 
reducing the. gain of the amplifier, and AC coupling the input 
signal (Figure 5). The gain is reduced by feeding the amplifier 
output back to the input through a 4.7kO resistor. AC coupling is 
prOVided by a O.Ol/-LF capacitor. The controlled gain minimizes 
ringing caused by the fast rising edges of the driver. 

The AC coupling maintains oscillator output symmetry by pre
serving oscillator DC bias levels. X j can be driven directly by TTL 
levels meeting the DC input requirements. 

Am2925 

1.0Vp.p'" YIN < Vee 

~~~~~r-~--~~~ 
c, R, 

O.01~F' 4.7k1! MPA·797 

Figure 5. External Clock Drive 

Am2925 Control Inputs 

The control inputs fall into two categories, microcycle length 
control and clock control. Microcycle length control is provided via 
the "L" inputs which is intended to be connected to the micropro
gram memory. The "L" inputs are used to select one of eight cycle 
lengths ranging from three oscillator cycles for pattern F3 to ten 
oscillator cycles for pattern F1O. This information is always loaded 
althe end olthe microcycle into the Microcycle Control Latch. The 
microcycle latch performs the function of a pipeline register for 
the microcycle length microcode bits. Therefore, the cycle 
length goes in the same microword as the instruction that it is 
associated with. 

The clock control inputs are used to synchronize the micro
program machine with the external world and I/O devices. Inputs 
like RUN, HALT, SSNO and SSNC, which start and stop execu
tion, are meant to be connected to switches on the front panel of 
the microprogrammed machine (see Figure 6). These inputs 
have internal pull-up resistors and are connected to an R-S 
flip-flop in order to provide switch debouncing. The FIRST/LAST 
input is used to determine at what point of the microcycle the 
Am2925 will halt when HALT or a SINGLE STEP is initiated. In 
most applications the user wires this input HIGH or LOW de
pending on his design. 

Vee 
SPDTSWITCH 

HAi:i' 

Am2925 

NC 
SSNC 

NO 
SSNO 

GND 

SPOT PUSHBUTTON SWITCH 

-=- -=- MPA·799 

Figure 6. Switch Connection for RUiiiIHAL T and 
Single Step 
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Am2925 

FO 

CX 

Figure 7. Am2925 WAIT/READY Timing MPR·800 

When HALT is held low (RUN = HIGH) the state machine will start 
the halt mode on the last (C1 = LOW) orthe first (C4 = LOW) state 
of the microcycle as determined by the FIRST/LAST input. When 
RUN goes low (HALT = HIGH) the state machine will resume the 
run mode. 

The WAITREQ, CX, READY and WAITACK signals are used to 
synchronize other parts of a computer system (memory, I/O 
devices) to the CPU by dynamically stretching the microcycle. For 
example, the CPU may access a slow peripheral that requires the 
data remain on the data bus for several microseconds in which 
case the peripheral pulls the WAITREQ line LOW. The Cx input 
lets the designer specify when the WAITREQ line is sampled in 
the microcycle. This has a direct impact on how much time the 
peripheral has to respond in order to request a wait cycle (see 
Figure 7). The READY line is used by the peripheral to signal 
when it is ready to resume axecution of the rest of the microcycle. 
The WAITACK line goes LOW on the next oscillator cycle after the 
Cx input goes LOW and remains LOW until the second oscillator 
cycle after READY goes LOW. 

The SSNO and SSNC inputs are used to initiate the SINGLE 
STEP mode. These debounced inputs allow a single microcycle 
to occur while in the halt mode. SSNO (normally open) and SSNC 
(normally closed) are intended to be connected to a momentary 
SPDT switch. After SSNO has been low for one clock edge, the 
state machine will change to the run mode. The microcycle will 
end on the first or last state of the microcycle depending on the 
state of the FIRST/LAST. 

AC Timing Signal References 

Set-up and hold times in registers and latches are measured 
relative to the clock signals that drives them. In the Am2925, the 
crystal oscillator provides a free running clock signal that drives 
all the registers on the devices. This clock is provided for the user 
through the buffered output of Fo. Therefore, FO is used as the 
reference for set-up, hold and clock to output times. However for 
the Microcontrol Latch, the set-up and hold times are referenced 
to the C1 output which is the buffered version of the latch enable. 
This reference is appropriate for the Microcontrol LatcQ because 
in a typical application this latch is considered part of the pipeline 
register which is also driven by one of the "c" outputs. 

Clock Outputs 

There are four clock outputs provided for the user which have 
different duty cycles. The user must make a decision as to which 
one best fits his purposes. For example, in a three address 
architecture, with the Am2903 (Figure 8), the C3 clock (approxi
mately 50% duty cycle) could be used to drive the clock input 
while C2 (always low last two oscillator cycles) drives Instruction 
Enable. This guarantees, 'or microcycle lengths greater than 
four, that the internal RAM data latches of the Am2903 are closed 
and the destination address is multiplexed onto the B address bus 
before the RAM begins the Write cycle (Figure 9). 

16·BIT MACHINE WITH Am2925 

The block diagram in Figure 10 shows a 16-bit microprogrammed 
machine which uses an Am2925 to generate system timing. The 
design decisions include oscillator frequency and clock pattern 
selections. 

Selecting the Crystal 

In order to pick the oscillator frequency, a detailed timing analysis 
of the machine must be done in order to determine the execution 
length of every operation to be performed. For each operation 
there will be several delay paths, which usually include the ALU 
and the microprogram control. 

SOURCE 
A3-0 

A QUAD 83-80 B 
2X1 
MUX DeST 

C. C,-Co 
CP Am2903 

WE 

lEN WRITE 

MPR-801 

Figure 8. Am2903 Three Address Architecture 
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Am2925 

C •• CLOCK 

INSTENABLE 

,..------... cp 

~I~'------~--------~~----"CYCLE---------------------------

Figure 9. Am2903 Three Address Operation 

DATA BUS 

Am2903 

CP 

Am2910 CC 

10.0MHz 

SSNC 
L, 0 

SSNO 

RUN 
Am2925 

HALT 

Figure 10. 16-Blt Microprogrammed Machine 
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Figure 11 is an example of two of these paths. PATH 1 is a path 
through the Am2910 (Figure 10) for a microprogram Conditional 
Jump Subroutine. PATH 2 is a data flow path through the Am2903 
for an Add instruction. Therefore, if the operation were an Add 
with a Conditional Jump Subroutine the maximum delay would be 
196ns. If there were a Program Control Unit also, then delays 
through it would have to be considered. 

After the execution times all of the instruction types have been 
calculated, the oscillator frequency can be selected. It is desirable 
to minimize the difference between the most commonly used 
instructions and multiples of the oscillator period. In this way the 
most efficient use can be made of the variable microcycle 
scheme. 

For example, in the hypothetical machine in Figure 10 there are 
five instruction types (most machines will have more). Figure 12 is 
a table which lists each instruction iype, corresponding execution 
time, and anticipated percentage of the typical instruction stream 
for each instruction. Several possible frequencies are shown 
which contain the next highest multiple of the corresponding 
oscillator period for each instruction. 20MHz is the best choice 
because it comes closest to matching instructions A and C which 
compose 90% of the typical instruction stream. 

In this example, 20MHz was chosen. At 20MHz there is a choice 
between fundamental or overtone crystals. Fundamental fre
quency crystals are commonly available up to 25MHz and 3rd 
harmonic crystals are available above 17MHz. A fundamental 
crystal was selected for the example machine because the com
ponent count for the oscillator design is lower than for the over
tone design. However, if it had turned outthat 30MHz was a better 
choice then overtone operation would be chosen since funda
mental crystals above 25M Hz are not generally available. 

Fixed Bandwidth Buses 

For those designs that require a data bus with fixed bandwidth 
and fixed time slots for each memory access, the designer should 
consider using cycle lengths which are a multiple of the shortest 
cycle length, i.e., cycle lengths 3,6 and 9 or cycle lengths 4 and 8. 

Instruction 
Type A B 

Execution Time 143 180 

Percentage of 
60% 8% 

Instruction Stream 

Closest Multiple 
Oscillator Period 

20MHz P = 50 150 (3P) 200 (4P) 

25M Hz P = 40 160 (4P) 200 (5P) 

30MHz fl = 33 167 (5P) 200 (6P) 

33MHz P = 30 150 (5P) 180 (6P) 

Am2925 

The design could further require that the bus be accessed only 
during the shortest cycle length. Therefore, by using multiple 
cycle lengths it can be predicted when the CPU will access the 
bus and for how long, thereby maintaining the fixed bandwidth. 

Performance Comparison 

Estimated performance can be calculated directly from Figure 12. 
For a fixed microcycle machine the longest instruction execution 
time would have to be used for all instructions, yielding an aver
age instruction time of 228ns. With a variable microcycle machine 
the average instruction time is the sum of the products for each 
instruction, of the percentage of the instruction stream and the 
next highest multiple. The average instruction for the example 
machine with a 20MHz crystal is: 

(0.6 x 150 + .08 x 200 + .3 + 200 + .01 x 200 + .01 + 250) = 

170.5ns 

This represents a 25% increase in system performance without 
requiring any other system speed-ups and without requiring 
faster devices. 

Device No. Device Path Path 1 Path 2 

Am27S27 CP - Q 27 27 
Am2904 INST - CT 58 -

Am2903 I/AB - GP - 81 
Am291 0 CC - Y 43 -
Am2902A GP - CN + Z - 7 
Am27S27 TS 55 -
Am2903 CN - Z - 64 
Am2904 TSZ - 17 

Total ns 183 196 

Figure 11. Delay Path Totals for an Add and a Conditional 
Jump Subroutine 

C 0 E Unit 

184 200 228 ns 

30% 1% 1% % 

200 (4P) 200 (4P) 250 (5P) ns 

200 (5P) 200 (5P) 240 (6P) ns 

200 (6P) 200 (6P) 233 (7P) ns 

210 (7P) 210 (7P) 240 (8P) ns 

Figure 12. Instruction Time Analysis 
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Am2926 • Am2929 
SchoOk, Three·State Quad Sus Driver/Receiver 

Distinctive Characteristics 

• Advanced Schottky technology 
• 48mA driver sink current 
• 3~state outputs on ,driver and receiver 
• PNP inputs 
• Am2926 has inverting outputs 
• Am2929 has non-inverting butputs 

FUNCTIONAL DESCRIPTION 
The Am2926 and Am2929 are high speed bus transceivers 
consisting of four bus drivers with three-state outputs and 
fourbus receivers, also with three,state outputs', Ea,ch driver 
output is internally connected to a receiver input, Both th'e 
drivers and receivers have PNP inputs, 

One buffered common "bus enable" input is connected to 
the four drivers and another buffered common "receiver 
enable" input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 

A HIGH on the receiver enable (R7E) input forces the four 
receiver outputs to the high-impedance state while a LOW 
on the receiver enable input allows the received data to be 
transferred to the output. The complementary design of the 
bus enable and receiver enable inputs allows these control 
inputs to lie connected together externally such that'a single 
transmit/receive function is derived. 

• Driver propagation delay -14ns max for Ain2926; 17ns 
max for Am2929 ' 

• Receiver propagation delay - 14ns max for Am2926; 
17ns max for Am2929 

" 0/' 

R7E 

LOGIC SYMBOL 

Am2926 

'0 

Vee = Pin 16 
GND = Pin 8 

'2 

'3 

Ro 

R, 

R2 11 

R3 '4 

BLI·136 

LOGIC DIAGRAMS 

(15) 

Am2926 
Inverting Output (3-State) 

D, D2 

OlE --I>---.4--t---.....--+-+--\---, 

~_1_1I~:>---.4_-t-__ ....--+_+--\_--' 

(3) BO 

(6) 8, 

Am2929 
Non-Inverting Output (3-State) 

0, 02 

141 I7l (91 

(15) 
0/' --I>--4.---t--....--+-+--\---, 

(121 

(3) Bo 

(6) 81 

+---+=-W2 

CONNi:CTION DIAGRAM 
TOp View 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Receiver) 

DC Output Current, Into Outputs (BUS) 

DC I nput Current 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 
Am2926PC. DC. XC Am2929PC. DC, XC TA=O·Cto+75·C,COM·L) MIN.=4.75V MAX.=5.25V 

Am2929DM, XM Am2926DM, XM TA--55·Cto+125·C'MIL) MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions 'Not. 1) 

Driver 
I,L Low Level I nput Current Y,N = O.4V 

',L Low Level I nput Current I Disabledl Y,N =O.4V 

I'H High Level Input CurrentlDIN. DEI Y,N = VCCMAX. 

VOL Low Level Output Voltage lOUT =48mAINote 51 

VOH High Level Output Voltage lOUr = -10mA, VCC = VCCMIN.INote 61 

lOS S~ort Circuit Output Current VOUT = OV, VCC = VCCMAX.INote 41 

Receiver 
I,L Low Level Input Current Y,N =0.4V 

"H High Level Input Current (Re) Y,N = VCCMAX. 

VOL Low Level Output Voltage lOUT = 20mA INote 51 

VOH High Level Output Voltage 
lOUT = -100 !loA, VCC = 5.0V 

lOUT = -2.0mA INote 61 

lOS Short Circuit Output Current VOUT = OV, VCC = VCCMAX. 

Both Driver and ReceIVer 
VTL Low Level Input Threshold Voltage 

VTH High Level I nput Threshold Voltage 

10 
Low Level Output Off Leakage Current VOUT =0.5V 

. High Level Output Off Leakage Current VOUT =2.4V 

V, I nput Clamp Voltage ',N = -12mA 

"wRI I Am2926 VCC = VCCMAX. 

ICC 
Power/Current Consumption I 

VCC = VCCMAX. Am2929 

Switching Characteristics (TA = +25·C, vcc = 5.0V) Am2926 
Typ. Parameters Description Test Conditions Min. 

tPLH 10 
Driver Input to Bus Figure 1 

tPHL 10 

tPLH 
Bus to Receiver Output 

9.0 
Figure 2 

tpHL 6.0 

tZL 
Driver Enable to Bus 

19 
Figure 3 

tLZ 15 

tZL Receiver Enable to 15 
Receiver Output 

Figure 4 
tLZ 10 

Min. 

2.4 

-50 

3.5 

2.4 

-30 

0.85 

Max. 
14 

14 

14 

14 

25 

20 

20 

15 

Typ. 
,Not. 2) 

Am2926/2929 

-O.5V to+7V 

-O.5V to +Vcc max. 

-O.5V to +5.5V 

30mA 

SOmA 

-30mA to +5.0mA 

Max. Units 

-200 !loA 

-25 !loA 

25 !loA 

0.5 Volts 

Volts 

-150 mA 

-200 !loA 

25 !loA 

0.5 Volts 

Volts 

-75 rnA 

Volts 

2.0 Volts 

-100 IlA 

100 !loA 

-1.0 Volts 

457/87 
mW/mA 

578/110 

Min. 
Am2929 

Typ. Max. Units 

13 17 
ns 

13 17 

12 17 
ns 

9.0 17 

21 28 
ns 

18 23 

18 23 
ns 

13 18 
.. . . Notes. 1. For conditions shown as MIN. or MAX .• use the appropriate value speCified under Electncal Characterrstics for the applicable davlce type . 

2. Typical limits are at Vee"" 5.0V. 25°C ambient and maximum loading. ' 
3. Actual input currents"" Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the sh.ort circuit test should not exceed ona second. 
5. Output sink current is supplied through a resistor to Vee. 
6. Measuramants applv to each output and the associated dat3 input independently. 
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Am2926/2929 

DEFINITION OF FUNCTIONAL TERMS 
Do, ° 1, ° 2, 03 The four driver inputs. 
80, B1, B2, B3 The four driver outputs and receiver inputs 

'(data is invprted). 

Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted ,while data from the driver inputs is non-
inverted. ' 

B/E Bus enable input. When the bus enable Input is LOW, 
the four driver outputs are in the high·impedance state. 

R/E Receiver enable input. When the receiver enable input 
is HIGH, the four receiver outputs are in the high-impedance 
state. 

DRIVER FUNCTION TABLE 

B/E 

L 

H 

H 

L= LOW 
H = HIGH 

INPUTS 

i = 0, 1,2, or 3 

Am2926 
OUTPUT 

°i Bi 

X Z 

L H 

H L 

x == Don't Care 
Z = High Impedance 

Am2929 
OUTPUT 

Bi 

Z 

L 

H 

LOADING RULES (In Unit Loads) 

LOW Fan·out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
R7E 1 1/8 

RO 2 50 10 

BO 3 1/16 250 25 

DO 4 1/8 

R1 5 50 10 

B1 6 1/16 250 25 

01 7 1/8 

GNO 8 

02 9 1/8 

112 10 1/16 250 25 

R2 11 50 10 

0 3 12 1/8 

B3 13 1/16 250 25 

R3 14 50 10 

B/E 15 1/8 

VCC 16 

A TTL Unit Load is defined as -1.6mA measured at 0.4V LOW 
and 40l'A measured at 2.4V HIGH. 

RECEIVER FUNCTION TABLE 

R/E 

H 

L 

L 

L= LOW 
H = HIGH 

INPUTS 

i = 0, 1,2, or 3 

Am2926 
OUTPUT 

Bi Ri 

X Z 
L H -

H L 

x = Don't Care 
Z = High Impedance 

Am2929 
OUTPUT 

Ri 

Z 
L 

H 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

BUS DRIVER 
OUTPUT 

RECEIVER 
OUTPUT ALL INPUTS 

________ ~------+_------~------~----~~----vcc 

45n 
NOM. I 

I 

[!] 
I 

Fil~ 
Note: Actual current flow direction shown., 
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2.6V 

BIE 

R7r 
DO 

0 , 

0, 

0, 

2.6V 

BIE 

VCC =5.0V 

... .,. 

.,-
BJ 
AD 

A, 

A, 

", 

B/E 

AiE 
DO 

0 , 

0, 

0, 

Am2926/2929 

AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY (Data In to Busl 

Vee" s.ov 2.GV 

3OIlp' 

lIC-S87 

Figure 1 

INPUT~ 
'PHL~ I-- -I 1:= 'PCH 

OUTPUT~ 
INPUT PULSE: 
Ir" If= 5ns 110%1090%1 
freq = 10MHz (50%duty cvcle) 
Amplitude = 2.6V 

BLI-083 

PROPAGATION DELAY (Bus to Receiver Outl 

2.6V 

9'" 

1.3kn 

lIC-S70 

Figure 2 

INPUT~ 
'PHL:::J r- --I t::: 'PCH 

OUTPUT~ 
INPUT PULSE: 
tr= If'" 5ns (10% to 90%) 
freq = lOMHz (50% duty cycle) 
Amplitude"2.6V 

BLI-084 

PROPAG~TION DELAY (Bus Enable to Bus Outputl 

Vee 

To 
r, 
.,-., 
AD 

AI 

A, 

A, 

5k1! 
(PROBEI 

s.ov 

2.4kl! 

lIC-573 

Figure 3 

70U 
INPUT~ 

'ZL-I r- ~ t: 'LZ 
OUTPUT ~--1.5V !~ 

~10"'" 

INPUT PULSE 
Ir'- If ~ 5ns (10"1, to 90'.~,1 
Ireq = 5MHl (50% duty cycle) 
Ampllwde=2.6V 

BLI-085 

PROPAGATION DELAY- (Receive Enable to Receive Outputl 

Vee 2.6V 

50 
8/E 

.,. 
RTE .,.. 
DO BJ 
0, AD 

D, A, 

0, A, 

A, 

5." 
(PROBE) 

-=-
lIC-578 

S.OV 

2.4kn 

3Dp' 

-=-
Figure 4 
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'40" 

INPUT~ 
'LZ:::::j t: --I . r-TZL 

OUTPUT~ 

INPUT PULSE 
tr = tf = 5ns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6v 

BLI-OBS 

I 



Am2926/2929 

DATA { 
IN 

- DO 

- 0, 

- O2 

- 03 

e;, ., .. 
Am2926 

./E RiE 

Y 
H = TRANSMIT 
L= RECEIVE 

APPLICATION 

·3 

"0_ } I_DO 
R, _. DATA DATA - 0, 
R2 _ OUT IN _02 

·3_ _ 03 

ORDERING INFORMATION 

·0 ., ·2 

Am2926 

./E R7E 

Y 
H = TRANSMIT 
L= RECEIVE 

·3 

==== 14-·,T8us TO OTHER 
Am2926's 

"0_ 
",-
·2_ 

"3 _ 

} 
DATA 
OUT 

BLI-OB7 

Order ihe part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2926 Am2929 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM2929PC AM2929PC P-16-.1 C C-1 
AM2929DC AM2929DC 0-16-1 C C-1 
AM2929DC-B AM2929DC-B 0-16-1 C B-1 
AM2926DM 0-16-1 M C-3 
AM2926DM-B 0-16-1 M B-3 

AM2926XC 'AM2929XC Dice C 
} Visual inspection 

AM2926XM Dice M 
to MIL-STD-883 
Method 2010 B. 

Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 

contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0 to 70°C, VCC = 4.75V to 5.25V, M = '-55 to + 125°C, VCC = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 confonn to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

Metallization and Pad Layouts 

Am2926 Am2929 

16 Vee '6 Vee 
RIE 15 .IE WE , 15 .IE 

·0 14 ·3 ·0 , ,. ·3 
·0 13 '3 iiQ 3 13 Fa 

DO • 12 D3 DO • 12 03 ., 11 ., ., 5 11 ., 
., ,. . , B, 6 , .. S; 

0, 0, 0, 7 O2 

OND 8 GND • 
01 E SIZE 0.058" X 0.091" DIESIZE O'{)58" X 0.091;' 
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Am2927 • Am2928 
Quad Three-State Sus Transceivers With Clock Enable 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceivers 
• Three-state bus driver and receiver outputs 
• D-type register on drivers 
• Latch output on Am2927 
• Registered output on Am2928 
• Output data to. input wrap around gating 
• Input register to output transfer gating with or without 

driving data bus 

• Clock enabled registers 
• Bus driver outputs can sink 48mA at O.SV max. 
• Three-state receiver outputs sink 24mA at O.SV max. 
• 3.0V minimum VOH for direct interface to MaS 

microprocessors 
• Advanced low-power Schottky processing 

FUNCTIONAL DESCRIPTION 

The Am2927 and Am2928 are high-performance, low-power 
Schottky, quad bus transceivers intended for use in bipolar or 
MaS microprocessor system applications. 

Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock inputs. 
The four transceivers share common enables, clock, select and 
three-state control lines. 

The Am2927 consists of four D-type edge-triggered flip-flops. 
Each flip-flop output is connected to a three-state data bus driver 
and separately to the input of a corresponding receiver latch 
input. The receiver latch can select input from the driver or the 
data bus. The select line determines the source of input data for 
the bus driver choosing between input data or data recirculated 
from the receiver output. The receiver output also has a three
state output buffer. 

The combination of the select input, S, the driver input enable, 
ENDR, and the receiver latch enable, RLE, providi1 seven differ-

ent data path operating modes not available in other trans
ceivers. For example, transmitted data can be stored in the re
ceiver for subsequent retransmission. Also, received data can be 
output to the system and simultaneously fed back to the driver 
input. 

The Am2928 is similar to the Am2927, but with aD-type edge
triggered register in the receiver and a receiver enable, ENREC, 
which functions as a common clock enable. 

Data from each D input is inverted at the bus output. Likewise, 
data at the bus input is inverted at the receiver output. 

All three-state controls and enable lines are active low (the 
Am2927 receiver latch is transparent when' RLE is LOW). The 
select input, S, determines whether the enabled driver input 
accepts data from the data input, 0, or from the corresponding 
receiver output, Y. Similarly, the select line determines whether 
the receiver accepts input data from the data bus, or the driver 
output. 

SIMPLIFIED LOGIC DIAGRAMS 

S 
SELECT 

BLI-OSS 

ENDR 
DRIVER 
ENABLE 

'ENREC for Am2928 

Am2927 
Bill! 

CP BE 
CLOCK BUS 
INPUT ENABLE 

LOGIC SYMBOL 

LATCH 

RLE 
RECEIVER 

LATCH 
ENABLE 

. OUTPUT 
y 

DE 
OUTPUT 
ENABLE 

S 
SELECT 

ENOR 
DRIVER 
ENABLE 

Am2928 

BE 
8US 

ENABLE 

a 

OUTPUT 
Y 

ENREC CP OE 
RECEIVER CLOCK OUTPUT 
ENABLE INPUT ENABLE 

Am2927 CONNECTION DIAGRAM - Top View 

S 'RlE Yo Do Mo Y, 0, BU., ClK GND 

Note: Pin 1 is 'marked for orientation. 

BLI-089 'ENREC for Am2928 Bll·09Q 
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Am2927 2928 

DETAILED LOGIC DIAGRAMS 

INPUTD D~A_-r=====1~==:[::> 

DRIVER 
ENABLE 

ENABLE 

CP 
CLOCK 
INPUT 

Am2927 

~ Q~----r-----~ 

BUS 
ENABLE 

RECEIVER 
ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage' 

DC O\ltput Current, Into Outputs (ExCept BUS) 

DC Output Current, into Bus 

DC Input Current 

5-258 

>-..... ~I>C)-- OUTPUT Y 

BU.()llI 

Q ~ ...... --t>c>-- OUTPUT Y 

ONE OF FOUR TRANSCEIVER SEcnONS 

COMMON CONTROLS 

OUTPUT 
ENABLE ' 

BU-092 

-0.5 to +7V 

-0.5 V to +VCC max. 

-0.5 to +5.5V 

30mA 
100mA 

-30 to +5.0mA 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = 0 to +7O"C vee = 5.0V ±5% 

MIL TA = -5510 +125'C Vee = 5.0V ±10% 

(MIN = 4.75V MAX = S.2SV) 

(MIN = 4.SOV MAX = S.SOV) 

Am2927/2928 

BUS INPUT/OUTPUT CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE 
Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

Bus Output LOW Voltage Vee = MIN Volts 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate 
2. Typical limits are at Vee = S.OV, 2S'C ambient and 
3. Not more than one output should be shorted at a time. 
4. This parameter is typical of device characterization 

~=~~~~~ 
COM'L TA = % (MIN = 4.7SV MAX = S.25V) 

MIL T .OV ±10% (MIN =4.S0V MAX = S.SOV) 

DC CHAR~TI OVER OPERATING RANGE (Except Bus Ports) 

Parameters "T~scrIPtlon Test Conditions (Note 1) 
Typ 

Min (Note 2) Max Units 

Vee = MIN MIL, IOH = -2.0mA 2.4 3.4 

VOH Receiver Output HIGH VoHage VIN = VIH or Vil COM'L, IOH = -6.SmA 2.4 3.4 Volts 

Vee = S.OV IOH = -100/LA 3.0 

VOL Output LOW VoHage 
Vee = MIN 

IOl = 24mA 0.5 Volts 
VIN = Vil or VIH 

VIH Input HIGH Level 
Guaranteed input logical 

2.0 Volts 
HIGH voltage for all inputs 

Guaranteed input logical MIL 0.8 . 
Vil Input LOW Level Volts 

LOW voltage for all inputs COM'L 0.8 

VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.2 Volts 

S, ENDR -2.8 
III Input LOW Current Vee = MAX, VIN = O.4V 

All other inputs 
rnA 

-1.4 

S, ENDR 100 
IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

All other inputs 50 
p.A 

II Input HIGH Current Vee = MAX, VIN = S.SV 1.0 rnA 

IOZH Off-State Output Current Vee = MAX 
Vo= 2.4V 100 

/LA 
IOZL (Receiver Output) VO\= 0.5V -50 

Isc Output Shorl Circuit Current Vee = MAX 
, Receiver -40 -100 rnA 

fcc 
Am2927 150 185 

Power Supply Current Vee = MAX rnA 
Am2928 153 190 
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Am2927/2928 
Am2927 ' 
SWITCHING CHARACTERiSTICS OVER OPERATING TEMPERATURE RANGE 

Driver Clock, CP, to BUS 

Latch Enable, RLE, to Receiver Output 

Output Enable, OE, to Receiver Output 

Driver Enable, ENDR, to Clock 

J--="-----j Select, S, to Clock (RLE = HIGH) 

I-"""-'----j Select, S, to Receiver Output 

f--''-----J Data Inputs, D, to Clock 

I--:""-----j BUS to Latch Enable, RLE 

Notes: 1. For conditions shown as MIN or MAX, use the 
2. Typical limits are at Vee = 5.0V, 25°C ambient 
3. Not more than one output should be shorted at a 

Am2928 
SWITCHING \lnj"'""~\1 

Test Conditions Min 

CL (BUS) = 5iOpF 
RL (BUS) '" lOOn 

CL = 5OpF, RL = 270n 

Am2927XC 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test Conditions Min Max Units 

Driver Enable, ENDR, to Clock 

BUS to Clock (Receiver Registar) 

Receiver Enable, EiiiREc, to Clock 

S to Clock 

I-"'-----J Data.lnputs, D, to Clock (DriVer Register) 

CL (BUS) = 50pF 
RL (BUS) = loon 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Charactaristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2927/2928 

DEFINITION OF FUNCTIONAL TERMS 

CP Clock Pulse to internal registers enters data on the OE Output Enable. When Output Enable is LOW the 
LOW-to-HIGH transition. four receiver outputs Yare active. 

BE Bus Enable. When Bus Enable is LOW the four ENDR Driver Enable. Common clock enable for the input 
drivers drive the BUS outputs. register. Allows the data on the D inputs to be 

BUSo• BUS1• The four driver outputs and receiver inputs. 
loaded into the driver register on the clock LOW-
to-HIGH transition. 

BUS2• BUS3 
RLE Receiver Latch Enable (Am2927 only). When Re-

00. 0 1• The four driver data inputs inverting from D to ceiver Latch Enable is LOW. the four receiver 

02. 0 3 BUS. latches are transparent. The latches hold received 

The four receiver data outputs inverting from BUS 
data when RLE is HIGH. 

Yo. Y1. 
ENREC Receiver Enable (Am2928 only). Common clock Y2. Y3 to Y. 

enable for the receiver register. Allows the BUS 
S Select input controls data path modes in conjunc- driver or previous receiver data to enter the re-

tion with ENDR and RLE (or ENREC). ceiver register on the rising edge of the clock. 

Am2927 FUNCTION TABLES 

Driver Register Control Receiver Latch Control 

ENDR S RLE Driver Register ENDR S RLE Receiver Output I 
H X X Hold Previous Data X X H Data Latched 

L L X Load from 0 Input 
H H L 

Driver Register Output at Y Output 

L H L Load from BUS (Latch Transparent) 

L H H Load Latched Receiver Data X L L Bus Data at Y Output 
L X L (Latch Transparent) 

Am2928 FUNCTION TABLES 

Driver Register Control Receiver Register Control 

ENDR S Driver Register ENDR S ENREC Receiver Output 

H X Hold Previous Data X X H Hold Previous Data 

L L Load from 0 Input H H L Load from Driver Register 

L H Load from Receiver Register X L L 
Load from BUS 

L X L 

ORDERING INFORMATION 

Am2927 Am2928 Package Operating Screening 
Order Number Order Number Type Range Level 

AM2927DC AM292BDC 0-20 C C-1 
AM2927DM AM292BDM 0-20 M C-3 
AM2927LC AM292BLC L-2B C C-1 
AM2927LCB AM2928LCB L-2B C B-2 
AM2927LM AM292BLM L-2B M C-3 
AM2927LMB AM292BLMB L-2B M B-3 

AM2927XC AM292BXC Dice C } Visual inspection 

AM2927XM AM292BXM Dice M 
to MIL-STD-B83 
method 2010B 
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Am2927/2928 

APPLICATION 

DATA BUS 

.. I 
BUS BUS 

4 Am2928's I- CONTROL CONTROL _ 4 Am2928's 

y D Y D 

I ) I I 
IN OUT IN OUT 

Am2903 Am2904 MEMORY 
ARRAY 

Am2902 

The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 
high-speed bipolar microprocessor system. BLH193 

Am2927 AND Am2928 FUNCTION TABLE 

Control Input Condition 
Driver Input Receiver Input 

BE From From 5 ENDR * Signal Flow 

BUS 
BUS L L L -@lYID- H 

D 
Input 

(No Load) L L H --lliJ-l [ID- L 

BUS H L L r@J4ill-r H 

Receiver 

~®r (No Load) H L H L 

BUS L H L [Q]Lffi}- H 

(No Load) Driver H H L . ~ X 

(No Load) X H H [Q]--l[ID- L 

*RLE for Am2927 (asynchronous) or ENREC for Am2928 ( S). 

LOAD TEST CIRCUIT 

TEST 
POINT vee 

FROM OUTPUT 1.11 S1~ 
UNDER TEST 1 1"1 '" 7' 

CLINCLUDES 
... :;... 

R '" 7' ALL DIODES 
PROBE AND JIG I 1~ ... '- 1N916 OR 

CAPACITANCE 
'" 7' 1N3064 

...; .. ~ 
, BLI·223 

Note: For standard totem-pole outputs, remove R,; S, and S2 closed. 
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Am29272928 

METALLIZATION AND PAD LAYOUTS 

Am2927 

s 1 20 Vee 

19 EiiDIi 
iU· 2 18 lm 

RO 3 17 R, 

AO • 16 A, 

BUs" 5 15 lm§", 

R, 6 ,. R. 

A, 7 13 A. 

BUS, ,. BUSt 

CLK 11 BE 

GND 10 

Am2928 

S 1 20 Vee 

19 ENliR 
ENREC 2 18 OE 

RO 3 17 R, 

AO • 16 A3 

BUSO 5 15 BUS3 

R, 6 ,. R. 

A, 7 13 Ao 

sus, 8 
" 

BUSt 

CLK 9 11 BE 

GND 10 

DIE SIZE 0.087" X 0.144" 
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Am2930 
Program Control Unit 

DISTINCTIVE CHARACTERISTICS 

• Powerful, 4-bit "sl ice address controller for memories 
Useful with both main memory and microprogram memory 
Expandable to generate any address length 

• Executes 32 instructions 
Automatic generation of address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

• Contains cascadable full adder 
Twelve different relative address instructions are provided; 
including jump-tQ-subroutine relative and return-from-sub
routine relative 

• Built-in condition code input 
Sixteen instructions are dependent on external condition 
control 

• Seventeen-level push/pop stack 
On-chip storage of subroutine return addresses nested up to 
17 levels deep " 

• Separate incrementer for program counter 
A relative address may be computed and PC may be incre
mented by one on a single cycle 

RELATED PRODUCTS 

Part No. 

Am2902A 
Am2904 
Am2920 
Am2922 

Description 

Carry Look-Ahead Generator 
Status and Shift Control Unit 
a-Bit Register 
Condition Code MUX 

For applications information, see Chapter V of Bit Slice Micro
processor Design, Mick &. Brick, McGraw Hill Publications. 

.GENERAL DESCRIPTION 

The Am2930 is a four-bit wide Program Control Unit intended 
to perform machine level addressing functions, although the 
device can also be used as a microprogram sequencer. Four 
Am2930's may be interconnected to generate a 16-bit address 
(64K words). The Am2930 contains a program counter, a sub
routine stack, an auxiliary register, and a full adder for com
puting relative addresses. 

The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subroutine; 
and 5) miscellaneous instructions. 

There are four sources of data for the adder which generates 
the Address outputs (YO-Y3). These are: 1) the Program 
Counter (PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) th~". Direct inputs (0). Under control of the Instruction 
inputs (10-14), the multiplexers at the adder inputs allow var
ious combinations of these terms to be generated at the three
state Y aqdress outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. A 
condition ~ode input is provided for conditional instructions. 

BLOCK DIAGRAM 

RE 

MPR·22, 
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Am2930 

BLOCK DIAGRAM 

Co II 
'--~----<J c, 

G 

Cn+4 

liE 
CEN" 

OEN" RST* 

DEN" iEN 

6 6 6 
INC· 

RSEL" 
RCE" ce 

CP Vee GND 

'INTERNAL MPR-221 

CONNECTION DIAGRAMS - Top Views 

0-28 L-28-1 

'0 2B Vcc 

Ii FULL 27 u- I~ -S? ~ .!.' 

EMPTY 26 '2 

C, 25 '3 liE I, 

liE 24 I. 
Ci+4 I. 

Ci+4 23 ce 
Co cc 

Co 22 iEN 
Am2930 Yo iEN 

Vo 21 RE 
Y, RE v, 20 00 

Y2 10 '9 0, 
Y2 00 

Y3 11 18 D2 Y, 0, 

G 12 17 D3 

13 I" + 
c a. Ia. ~ eN 

Cn +4 ,6 z " ,J " 
GND ,. ,5 CP 

F-28 pin configuration identical to D-28. 

Note: Pin 1 is marked for orientation. 
MPR-225 
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Am2930 '. 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage. Temperature -65 to- + 150·C 

Temperature (Ambient) Under Bias -55 to +125·C 

Supply Voltage to Ground Potential -0.5 to+7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to Vee max. 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 to +5.0mA 

OPERATING RANGE 
Part Number Temperature Vee 

Am2930PC, DC TA = 0 to 70·C 4.75V to 5.25V 

Am29300M, FM Te = -55 to + 125·C 4.50V to 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

Yo, Y" Y2, Y3 ! 
Vee = MIN., G', Cn+4, IOH = -1.6mA 2;4 

VOH Output HIGH Voltage 
VIN = Vil or VIH Ci+4 Volts 

'P, FULL, 
IOH = -1.2mA 2.4 

EMPTY 

IOl = 20mA 0.5 
Yo, V"~ Y2, Y3 

(COM'L) 

IOl = 16mA (MIL) O.S 

VOL Output LOW Voltage Vee = MIN. G,Cn+4 
IOl = 16mA 0.5 Volts 

VIN = Vil or VIH Cj+4 

P, FULL, 
IOl = 12mA 0.5 

EMPTY 

VIH Input HIGH Level (Note 4) 2.0 Volts 

Vil Input LOW Level (Note 4) 0.8 Volts 

VI Input Clamp Voltage Vee = MIN., liN = -18mA -1.5 Volts 

0 0- 3 ,-.360 

10-4, RE, lEN, -.702 

III Input LOW Current Vee = MAX.', VIN = O.SV 
CP,OE 

mA 
CC -.657 

Cj -2.31 

Cn -3.25 

00- 3 20 

10- 4, RE, lEN, 
40 

CP,QE 
IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

CC 50 
p.A 

Cj 90 

" Cn 250 

II Input HIGH Current Vee = MAX., VIN = 5.5V 1.0 mA 

Ise 
Output Short Circuit Current 

Vee = MAX. -30 -85 mA (Note;!) 

IOZl ~=MAX., I YO-3 
VOUT = o..SV -SO 

IOZH 
Output OFF Current 

OE = 2.4V VOUT = 2.4V 50 
p.A 

TA = 25·C 150 205 

Te = -55 to +125·C 239 

Icc 
Power Supply Current Vee = MAX. Te = +125·C 170 mA 
(Note 5) 

TA = o.,to·70·C 220. 
TA = 7o.·C 185 

Notes: 1. For conditions shown 88 MIN. or MAX., use the appropriate value specified under Electrical Characteristics ,for the applicable device type. 
2. Tvplcaillmi~ are at Vee = 5.0V. 25C1C ambient "and maximum loading. 
3. Not more than one output should be shorted at 8 time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed· noise immunity and should only be teste~ in a static~, noise--free environment. 
5. Minimum Icc is at maximum temPerature. 
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Am2930 

Am2930 SWITCHING CHARACTERISTICS 

Tables A, B, C and 0 define the timing characteristics of the Am2930. Measurements are made at 1.5V with VIL = OV and 
VIH = 3.0V. For three-state disable tests, CL = 5.0pF and measurement is to 0.5V change on. output voltage level. 

I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 
Vcc = 4.75 to 5.25V, TA = 0 to 70°C 

TABLEIA TABLEIC TABLEID 

Clock Characteristics. Combinational Propagation Delays. Setup and Hold Times. All in ns. 
All in ns. All relative to clock 

t Minimum Clock LOW Time 131n& Outputs fully loaded. CL = 50pF. LOW-to-HIGH transition. 
L Minimul1' Clock HIGH Time 1 33ns 

~ 

!~ 
~ 

TABLEIB 
output Set-up Hold 

From Ci+4 Ci+4 Input Time Time 
Output Enable/Disable Times. Input y G,P Cn+4 14=L ~=H run Empty 

14-0 114 
All in ns. 14-0 81 67 77 80 91 69 

cc 75 
CL = 5.0pF for output disable tests. cc 63 45 55 72 42 lEN 55 

Cn 32 25 45 
From To Enable Disable Cn 43 

Ci 22 22 
Ci 32 

OE y 27 26 CP 69 53 61 43 78 55 55 
CC 

D (RE ~ L. 25 y 55 37 D 49 33 40 59 I ... ~ 0-8 or 10·15) (NOlel) 
lEN 40 o (All other conditions) 68 

14-0 y 80 55 (Note 1) RE 24 

Note 1: "Suspend" instruction. 

II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE. 
Vcc = 4.5 to 5.5V, Tc = -55 to +125°C 

TABLEIIA 
Clock Characteristics. 

TABLEIIC TABLE liD 
Combinational Propagation Delays. Setup and Hold Times. All in ns. 

All in ns. All relative to clock 
I Minimum Clock LOW Time I 35n8 I 
I Minimum Clock HIGH Time I 35n8 I 

Outputs fully loaded. CL = SOpF. LOW-to-HIGH transition. 

TABLE liB 
Output Enable/Disable Times. ~ output 

From 
Input Y G,P Cn+4 

All inns. 14•0 88 74 82 
CL = 5.0pF for output disable tests. CC 68 52 60 

cn 37 30 

From To Enable Disable Ci 
OE y 32 31 CP 74 58 68 

CC y 60 42 (Note 1) 
D 55 38 45 
lEN 

14_0 
Y 85 60 (Note 1) 

Note 1: "Suspend" instruction. 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin althe device to rise by 100s 
of millivolts momentarily. 

CPo 
,...-

Ci+4 Ci+4 Sat-up Hold 
14=L 14=H Full Empty Input TIme TIme 

87 97 78 14-0 124 

78 47 CC 80 

46 lEN 69 

23 23 Cn 52 

46 84 60 60 Ci 37 

65 D (RE ~ L. 30 
45 

14•0 = 0-8 or 10-15) 

o (All other conditions) 72 
RE 29 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise hils settled. AMD recommends using 
VIL ", O.4V and VIH ;;. 2.4V for AC tests. 

5. To simplify failure analysis, programs should be deSigned to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2930 

ARCHITECTURE OF THE Am2930 
The Am2930 is a bipolar Program Control Unit intended for use 
in high-speed microprocessor applications. The device is a cas
cadable, four-bit slice such that three devices allow addressing 
of up to 4K words of memory and four devices allow addressing 
of up to 64K words of memory. ' 

As shown in the Block Diagram, the device consists of the 
following: 

1) A full adder with input multiplexers 
2) A Program Counter Register with an incrementer and an 

input multiplexer 
3) A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an 

input mUltiplexer, a 17 x 4 RAM, and a Stack Pointer 
4) An auxiliary register with an input multiplexer 
5) An instruction decoder 
6) Four 3-state output buffers on the address'outputs 

The following paragraphs describe each ofthese blocks in detail. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition and proviSion is made for further 
lookahead by including both carry propagate (P) and carry 
generate {G) outputs. In' slower systems, the carry output 
(Cn+4) can be connected to the next higher Cn to provide 
ripple block arithmetic_ The carry input to the adder (Cn) is 
internally inhibited during those instructions which do not re
quire an addition to be performed. For these instructions; the 
data is passed directly through the adder, independent of the 
state of Cn. 

The multiplexers at the A and B inputs of the adder are con
trolled by the I nstruction decoder which selects the appropriate 
adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register, preceeded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the incre
menter output on the LOW·to·HIGH transition of the clock 
input '(CP) at the end of every instruction. 

The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Ci+4) is connected to the incrementer carry input (Ci) of the 
next higher device. The, output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Ci. 
Therefore, it is possible 'to control the entire cascaded incre
menter from the Ci input of the least significant device; a LOW 
on the Ci input of the least significant device will simply pass 
the data frorn the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre
mented before they are loaded 'into PC. During three instruc
tions (unconditional Hold and conditional Hold and Suspend 
when the CC input is LOW),'the Ci input is internally inhibited; 
therefore, data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the 'output of the Full Adder, 
depending upon the instruction, being executed. During the 
Jump, Jump-to-Subroutine, and Return instructions, the multi
plexer choosds the Full Adder outputs as the input to the in
crementer if the CC input is LOW. The Full Adder output is 
also selected for the Reset instruction. For all other instruc
tions, the PC is selected as the input to the iricrementer. 

17 x 4 LIFO Stack, 

The 17 x 4 LI Fa stack consiSts of a multiplexer, a 17 x 4 RAM, 
and a Stack Pointer (SPfwhich address the words in the RAM. 

The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (5) is available at the 
output of the RAM. 

Data is pushed onto the Top of the Stack from either D or PC. 
, It is written into memory location SP+1. The SP is incremented 

on the LOW-to-HIGH clock transition at the end of the cycle 
so that it still points to the last data written into the RAM. 

For a Pop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that it 
then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-H IGH transition of the Clock input. It is internally 
prevented from incrementing whIm the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Empty output (EMPTY) is LOW when the 
stack is empty (after the Reset instruction and after the last 
word has bean Popped from the stack); the active LOW Full 
output (FULL) is LOW either when the stack is full or when 
the current instruction being executed will fill the stack (during 
and after the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded ftom either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition cif the clock input (CP) if the Regis
ter Enable input (RE) is LOW or if the Instruction inputs call 
for it to be loaded. When R E is LOW, R is loaded from th~ D 
inputs unless the Instruction dictates that R be loaded from 
the output of the Full Adder. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 

For unconditional instructions, theCC input is not utilized; 
it may be either H IG H or LOW. For conditional instructions, 
if CC is LOW, the condition is met and the conditional oper
ation is performed; if CC is HIGH, a Fetch PC is performed. 

Output Buffers 

The Address outputs (YO'Y3) are three-state drivers which 
may be disabled either under Instruction control or by a i-IIGH 
on the Output Enable input (OE). Disabling the Y outputs does 
not affect the execution of instructions inside the Am2930. 

I nstruction Enable 

When HIGH, the Instruction Enable input (lEN) forces ,PC and 
SP into the hold mode and disables the write cirCUitry to the 
RAM. The auxiliary register (R) is under control of the RE in
put when lEN is HIGH, independent ofthe stateofthe Instruc
tion inputs. The I EN input does not "affect the combinatorial 
data paths or Y outputs in the Am2930. The data paths are 
selected by the Instruction and CC inputs and are not affected 
by lEN. ' -
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Am2930 INSTRUCTION SET 
The Am2930 Instruction set can be divided into five types of 
instructions. These are: 

• Unconditional Fetches 
• Conditional Jumps 
• Conditional Jumps-to-Subroutine 
• Conditional Returns·from-Subroutine 
• Miscellaneous Instructions 
The following paragraphs describe each of these types in detail. 

Unconditional Fetches 

As can be seen from Table 1, there are nine unconditional 
Fetch instructions (Instructions 1·9). Under control of the 
Instruction inputs, the desired value is placed at the Y out
puts. For all Fetch instructions, PC is incremented if Ci of the' 
least significant device is HIGH. For Instructions 1 through 7, 
the auxiliary register is under control of the RE input. For 
Instructions 8 and 9, R is loaded with PC and R + D, respec
tively. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 

Conditional Jumps 

There are six conditional Jump instructions (Instructions 16 
through 21). Under control of the Instruction inputs, the de
sired value is placed at the Y outputs. Additionally, the 
value is incremented if Ci of the least significant device is 
HIGH and loaded into PC. During these instructions, R is 
controlled by RE. The RAM and Stack Pointer are not 
changed during these instructions. The above operations are 
performed if the CC input is LOW; if CC is HIGH, a Fetch PC 
operation is performed. 

Conditional Jumps-to-Subroutine 

There are six conditional Jump-to·Subroutine instructions 
(Instructions 22 through 27). Under control of the Instruction 
inputs, the desired value is placed on the Y outputs. On 
the rising edge of the clock the value is incremented" 
and loaded into PC, PC is loaded into the RAM at location 
SP + 1; and SP is incremented. 

As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump·to·Subroutine or Fetch PC is performed 
depends upon the state of the CC input. 

Conditional Returns·from-Subroutine 

There are two conditional Return-from·Subroutine instructions 
(Instructions 28 and 29). Under control of the instruction in
puts, either S or S+D is placed at the Y outputs. Additionally, 
the selected value is incremented" and loaded into PC and 
SP is decremented at the end of the cycle (on the rising 
edge of the clock). 

" If Cj of the least significant device is HIGH. 

Am2930 

As with the Condition Jump and Jump-to-Subroutine Instruc
tions, R is controlled by R E and whether the Return-from
Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset (Instruction 0) 
The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Ci input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by R E: 

Load R (Instruction 10) 
This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Ci of the least sig
nificant device: The SP and RAM are not changed. 

Push PC (I nstruction 11) 
This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (I nstruction 12) 
This instruction is the same as Fetch PC except that D is loaded 
into the RAM and SP is incremented at the end of the cycle; 
i.e., external data is Pushed onto the stack. 

Pop S (I nstruction 13) 
This instruction places the Top of the Stack (S) at the Yout
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Ci input of the least significant device is 
HIGH. R is controlled by RE. 

Pop PC (Instruction 14) 

This instruction is the same as Fetch PC except SP is decre
mented at the end of the cycle, causing the data at the top of 
the stack to be lost. 

Hold (Instruction 15) 
This instruction places PC at the Y outputs and inhibits any 
change in PC, SP, and RAM. R is controlled by R E. 

Conditional H.old (Instruction 30) 
This instruction is the same as Hold except CC must be LOW. 
If CC is HIGH, the Fetch PC instruction is performed. 

Suspend (Instruction 31) 
The Suspend instruction is the same as th Conditional Hold 
instruction except the Y outputs are forced into the high
impedance state if CC is LOW. 
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Ani2930 

Mnemonic Instruction 
Numb .. 

PRST 0 

FPC 1 

FR 2 

FO 3 

FRO 4 

FPO 5 

FPR 6 

FSO 7 

FPLR 8 

FROR 9 

PLOR 10 

PSHP 11 

PSHO 12 

POPS 13 
POPP 14 

PHLO 15 

16-31 

JMPR 16 
JMPO 17 
JMPZ Hi 
JPRO 19 
JPPO 20 
JPPR 21 
JSBR 22 
JSBO 23 
JSBZ 24 

JSRD 25 
JSPO 26 

JSPR 27 
,RTS 28 

RTSO 29 
CHLD 30 
PSUS 31 

PC - Program Counter 
R - Auxiliary Register 

TABLE 1- Am2930 INSTRUCTION SET 

14 13 12 11 IO'CC lEN 

X X 

L L 
L L 
L L 

L L 
L L 

L L 
L L 

L L 
L H 
L H 
L H 

L H 
L H 

L H 

L H 

L H 

H X 

H L 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H H 
H H 
H H 
H H 
H H 

H H 

H H 

H H 

X X X X H 

L L L X L 
L L H X L 
L H L X L 
L H H X L 
H L L X L 
H L H X L 
H H L X L 
H H H X L 
L L L X L 
L L H X L 
L H L X L 
L H H X L 
H L L X L 
H L H X L 
H H L X L 
H H H X 'L 

X X X H L 

L L L L L 
L L H L L 
L H L L L 

L H H L L 
H L L L L 
H L H L L 
H H L L L 
H H H L L 
L L L L L 
L L H L L 
L H L L L 
L H j-j L L 
H L L L L 

H L H L L 

H H L L L 
H H H L L 

SP - Stack Pointer 
D Direct Inputs 

I nstr:uction YO'Y3 PC 

Instruction Note 1 -
Disable 
RESET "0" "O"+Cj 

FETCH PC PC PC+Cj 
FETCH R R PC+Cj 
FETCH Q 0 PC+Cj 
FETCH R+O R+D+Cn PC+Cj 
FETCH PC+O PC+O+Cn PC+Cj 
FETCH PC+R PC+R+Cn PC+Cj 
FETCH S+O S+D+Cn PC+Cj 
FETCH PC~ R PC PC+Cj 
FETCH R+O~R R+D+Cn PC+Cj 
LOAOR PC PC+Cj 
PUSH PC PC PC+Cj 
PUSH 0 PC PC+Cj 
POP S S PC+Cj 
POP PC PC PC+Cj 
HOLD PC -

FAIL CONO'L PC PC+CI 
TEST (FETCH PCI 

JUMPR R R+Cj 
JUMP 0 0 D+Cj 

JUMP "0" "0" "O"+Cj 
JUMP R+O R+D+Cn R+D+Cn+Cj 
JUMP PC+O PC+O+Cn PC+D+Cn+Cj 
JUMP PC+R PC+R+Cn PC+R+Cn+Cj 
JSB R R R+Cj 
JSB 0 0 D+Cj 
JSB "0" "0" "O"+Cj 
JSB R+O R+O+Cn R+O+Cn+Cj 
JSB PC+O PC+O+C" PC+O+C,,+Cj 
JSB PC+R PC+R+Cn PC+R+Cn+Cj 
RETURN'S S S+Cj 

RETURN S+O S+D+Cn S+O+Cn+Cj 
HOLD PC -
SUSPEND Z (Note 21 -

S - Stack Top 

Next State {after CP S I {Note 31 

R 

R'E-L RE= H RAM 

0 - -

0 - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - -

PC PC -
R+D+Cn R+O+Cn -

0 0 -
0 - PC ~ Loc SP+l 

0 - 0 -+ Loc SP+1 
0 - -
0 - -
0 - -

0 - -

0 - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - PC -+ Loc SP+l 
0 - pc- Loc SP+1 

0 - pc- Loc SP+1 

0 - PC- Loc SP+1 
0 - PC -+ Loc SP+1 
0 - PC -+ Loc SP+1 

0 - -
0 - -
0 - -
0 - -

Notes: 1. When lEN is HIGH, the YO-Y3 outputs oontain the same data as when lEN Is LOW, as determined by 10-14 and CC, 
2. Z = High impedance state (outputs "OFF"). 
3. - = No change. 
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-
Reset 

-
-
-
-
-
-
-
-
-
-

SP+l 
SP+l 
SP-l 

SP-l 

-

-
-
-
-
-
-

SP+l 
SP+l 
SP+1 

,SP+l 
SP+J 
SP+l 

SP-l 

SP-l 

-
-



TEST OUTPUT LOAD CONFIGURATIONS FOR Am2930 

A. THREE STATE OUTPUTS 

IA 
1'1 

'K 

5.0 - VeE - VOL 
R, = 

IOL + VOlilK 

Vee 

I 

B. NORMAL OUTPUTS 

R, = 
5.0 - VeE - VOL 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 8" 82, 83 are closed during function tests and all AC tests except output enable tests. 
3. 8, and 83 are closed while ~ is open for IpZH test. 

8, and 82 are closed while 83 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

Pin# 
(DIP) 

2 

3 

'6 

8-11 

12 

13 

16 

TEST OUTPUT LOADS FOR Am2930 

T".t 
Pin Label Circuit R, 

FULL B 300 

EMPTY B 300 

C;+4 B 240 

Yo-3 A 240 

G B 240 

Cn+4 B 240 

P B 300 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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2K 

2K 

1.5K 

lK 
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I.SK 
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Am2930 

APPLICATIONS 

The Am2930 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1_ 

The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data 'Bus via a 16-
bit register (two Am2920 a-bit Registers), and the output of 
the Am2901's via a 16-bit register. 

The Address outputs (Y) of the Am2930 are loaded into a 16-
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. 

An Am2902 High-Speed Lookahead Carry Generator is uti
lized to provide high-speed relative and indexed addressing. In 
slower systems, the Cn+4 output can be wired to the next 
higher Cn input to provide ripple block arithmetic. 

PIN DEFINITIONS 

104 The five Instruction control lines to the Am2930 .. 
used to establ ish data paths and enable internal 
registers. 

lEN The Instruction Enable Input, used to enable and 
disable internal. registers. When lEN is LOW, al\ in
ternal registers are under control of the Instruction 
inputs. When lEN is HIGH, all internal registers ex
cept R are inhibited from changing state. R is con
trolled by the R E input. The I EN input does not 
affect the combinatorial data paths and the outputs 
established by the Instruction inputs. 

CC The Condition Code i~put determin'l!s whether or 
not a conditional instruction (Instructions 16-31) is 
performed. If CC is LOW, the conditional instruction 
is executed. If CC is HIGH, Fetch PC (Instruction 1) 
is executed. The CC input may be either HIGH or 
LOW for unconditional instructions (Instructions 
0-15). 

FiE The Register Enable input for the Auxiliary Register 
(R). A LOW on R E cailses the Auxiliary Register 
(R) to be loaded from the 0 inputs unless Instruc
tion a or 9 is being executed and lEN is LOW. 

" 
21 

- 7 

22 

15 

'5 

LOGIC SYMBOL 
(DIP) 

1 27 26 25 24 20 19 16 17 

10 

Vee = Pin 28 

GND = Pin 14 

11 

13 

12 

16 

MPR-220 

The Condition Code input (CC) is derived from the same con
dition code multiplexer which generates the condition code in
put for the microprogram sequencer. 

The control inputs of the Am2930 (10-4, I EN, R E, OE, and Ci 
and Cn of the least significant device) are shown originating at 
the Pipeline Register. Although it is not shown in Figure 1, it 
is possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 
same microcycle. Forcing the lEN input HIGH inhibits any 
changes in the Am2930 internal registers, independent of the 
state of these seven inputs. This allows the Am2930 to be 
placed in a hold mode while the other device is using the same 
Pipeline Register outputs as control signals. 

Cn 

Cn+4 

ii,a 

Ci 

Ci+4 

YO-3 

00-3 

CP 

The carry-in to the Full Adder. 

The carry-out of the Full Adder. 

The carry generate and propagate outputs ofthe Full 
Adder. 

The carry-in to the program counter incrementer: 

The carry-out of the program counter incrementer. 

The four address outputs of the Am2930. These are 
three-state output lines. When enabled, they display 
the outputs of the Full Adder. 

Output Enable. When OE is HIGH, the Youtputs 
are OFF (high-impedance); when OE is LOW, the Y 
outputs are active (HIGH or LOW). 

The four Direct inputs which are used as inputs to 
the Auxiliary Register, the RAM, and the Full 
Adder, under instruction control. . 

The Empty output is LOW when the Stack is empty. 

The Full output is LOW when the LIFO stack is full 
- during and after the 17th push operation. 

The clock input to the Am2930. All internal reg
isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 

METALLIZATION AND PAD LAYOUT 

'0' 

FiiU 
1 GNO 

2 28 Vee 
EMPTY 3 27 

" 
2. 

" 
25 

" 
C, 4 

24 
" OE' 5 

23 cc 
CI • 4 • 22 iEN 

Co 7 
21 liE 

Yo a 20 Do 
V, • ,. 0, 

V, " 18 0, 
V, 11 

17 0, 

li 12 
,. P 
15 CP 

DIE SIZE: 13 14 

0.133" X 0.200" Co -, GNO 

Pad numbers correspond to DIP pinout. 
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Am2930 

INPUT/OUTPUT CIRCUIT CURRENT INTERFACE 

DRIVEN INPUTS 
v~ __________ .-__________ __ 

Vee --------------f--------

"H 

ALL OTHERS 

Note,; Cj input is connected to both configurations in parallel. 

ALL OTHER alp's 
DRIVING OUTPUT 

DRIVING OUTPUTS 
YO-3 

DRIVING OUTPUT Vee ______________ --' ..... ____ ...L 
Vee ----------------1-----+ 

I 
I 

[ 

Note; Actual current flow direction shown. 

ORDERING INFORMATION 

[i 
I 
I 

\'i 
I 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

, 

AM2930DC 0·28 C 0.1" 
AM2930DC-B 0·28 C B·2(Note4) 
AM2930DM 0·28 M C·3 
AM2930DM·B 0·28 M B-3 
AM2930FM F·28·2 M' 0.3 
AM2930FM·B F·28·2 M B-3 
AM2930CLC L·28·1 C C·l 
AM2930CLM L·28·1 M C·3 
AM2930CLM·B L·28·1 M B-3 

AM2930XC Dice C } 
Visual inspection' 

AM2930XM Dice M to MIL·STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat·Pak. Number following letter is number of leads. See 
Appendix B for detailed ou~ine. Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

2. C = Oto +7O'C, Vee = 4.75t05.25V, M = -55 to + 12S'C, Vee = 4.50toS.50V. 
3. See Appendix A for details of screening. Levels C·l and C·3 conform to MIL·STD·883, Class C. Level 

B·3 conforms to MIL·STD-883,Class B. 
4. 96 hour bum·in. 
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Am2932 
Program Control Unit/Push. Pop Stacie 

DISTINCTIVE CHARACTERISTICS 

• Powerful, 4-bit slice address controller for memories 
Useful with both main memory and microprogram memory 
Expandable to generate any address length 

• Executes 16 instructions 
Automatic generation of address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

• Contains cascadable full adder 
Eight relative address instructions are provided, including 
jump relative and jump-to-subrputine relative 

• Seventeen-level push/pop stack 
On-Chip storage of subroutine returh addresses nested up to 
17 levels deep 

• Separate incrementer for program counter 
A relative address may be computed and PC may be incre
mented by one on a single cycle 

RELATED PRODUCTS 

Part No. 

Am2902A 
Am2904 
Am2920 
Am2922 

Description 

Carry Look-Ahead Generator 
Status and Shift Control Unit 
8- Bit Register 
Condition Code MUX 

For applications information, see Chapter V 01 Bit Slice Micro
processor DeSign, Mick & Brick, McGraw Hill Publications. 

GENERAL DESCRIPTION 

The Am2932 is a four-bit wide Program Control Unit in
tended to perform machine level addressing functions, although 
the device can also be used as a microprogram sequencer. Four 
A.,.,2932s may be interconnected to generate a 16-bit address 
(64K words). The Am2932 contains a program counter, a sub
routine stack, an auxiliary register, and a full adder for com
puting relative addresses. 

The Am2932 performs five types of instructions. These are: 
1) Fetch; 2) Jump; 3) Jump-to-Subroutine; 4) Return-from
Subroutine; and 5) miscellaneous instructions. 

There are four sources of data for the adder which generates 
the Address outputs (YO-Y3). These are: 1) the Program 
Counter(PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) the Direct inputs (D). Under control of the Instruction 
inputs (10-13), the multiplexers at the adder inputs allow var
ious combinations of these terms to be generated at the three
state Y address outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. 

Co 

*INTERNAL 

BLOCK DIAGRAM 

! ! ! 
CP Vee GND 

OEN'" 
INC· 

RSEL* 

Rce'" 

INSTRUCTION 
DECODER 

BLI'095 
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Am2932 

-INTERNAL 

BLI-097 

BLOCK .DIAGRAM 

D 

CoD-+--I-' 

'---t----<J C, 

Cn+4 0+---------+-------' 

OEN"---I,><o----N 

! ! ! 
VO_3 CP Vee GND 

CEN* 
RST· 
DEN" 
INC· 

RSEl" 
RCE" 

INC" 

INSTRUCTION 
DECODER 

CONNECTION DIAGRAMS - Top Views 

0.20 

<S ~ 
Vee 

'I 
NO 

'2 0, •• 

'3 c, 

DO V, 

°1 v, 

D, v, 

03 Va. 

eo+4 

ep ~ !i 

Note: Pin 1 I, marked for orientation. 
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Am2932 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to + 150°C 

Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to Ground Potential -0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to Vee max. 

DC Input Voltage -0.5 to +5.5V 

DC Output Cu rrent, Into Outputs 30mA 

DC Input Current -30 to +5.0mA 

OPERATING RANGE 

Part Number Temperature 

TA = Ot070°C 

Te = -55 to +125°C 

Typ I DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

Yo. Y1, Y2, Y3 

VOH Output HIGH Voltage Vee = MIN., Cn+4 IOH = -1.6mA 2.4 
Volts 

VIN = VIL or VIH Ci+4 

FULL IOH = -1.2mA 2.4 

IOL = 20mA 0.5 
Yo, Y1, Y2, Y3 

(COM'L) 

IOL = 16mA (MIL) 0.5 

VOL Output LOW Voltage Vce = MIN. CoH, IOL = 16mA 0.5 Volts 
VIN = VIL or VIH Cj+4 

FULL IOL = 12mA 0.5 

VIH Input HIGH Level (Note 4) 2.0 Volts 

VIL Input LOW Level (Note 4) 0.8 Volts 

VI Input Clamp Voltage Vcc = MIN., liN = -18mA -1.5 Volts 

0 0- 3 -.360 

10- 3, CP -.702 
IlL Input LOW Current Vee = MAX., VIN = 0.5V mA 

Cj -2.0 

Cn -3.69 

00-3 20 

10- 3, CP 40 
IIH Input HIGH Current Vcc = MAX"VIN = 2.7V 

Cj 90 
,.A 

Cn 250 

II Input HIGH Current Vee = MAX., VIN = 5.5V 1.0 mA 

Ise 
Output Short Circuit 

Vee = MAX. -30 -85 mA 
Current (Note 3) 

IOZL ~c= MAX., I YO-3 
VOUT = 0.5V -50 

IOZH 
Output OFF Current 

OE = 2.4V VOUT, = 2.4V 50 
,.A 

TA = 25°C 128 176 

Te = -55 to +125°C 210 

Icc Power Supply Current Vee = MAX. Tc = +125°C 145 mA 
(Note 5) 

TA. =' 0 to 70°C 190 

TA = 70°C 160 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum 1oading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free envirQnment. 
5. Minimu~ ICC is at maximum temperature. 
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Am2932 

Am2932 SWITCHING CHARACTERISTICS 

Tables A, B, C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V with Vil = OV and 
,VIH = 3.0V. For three-state disable tests, Cl = 5.0pF and measurement is to O.5V change on output voltage level.. 

I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 
Vee = 4.75 to 5.25V, TA = 0 to +70"C 

TABLEIA 
Clock Characteristics. 

TABLEIC 
Combinational PropagatiOn Delays. 

TABLEID 
Set-up and Hold Times. All in 'ns. 

All in ns. 
Minimum Clock LOW Time 31 ns Outputs fully loaded. Cl = 50pF. 

All relative to clock 
LOW-to-HIGH transition. 

Minimum Clock HIGH Time 33ns 

~ tput 
Ci+4 Ci+4 From 

Full Input Y Cn+4 (Note 1) (Note 2) 

C!!:-
,.--

Set-up Hold 
Input Time Time 

TABLEIB 
Output Enable/Disable Times. 

All in ns. 

'3-0 81 77 91 80 69 

Cn 32 25 45 - -
CI - - 22 22 -

Cn 43 0 

c; 32 5 

D 52 2 

el = 5.0pF for output disable tests. CP 69 61 78 43 55 13-0 114 0 

D 39 - 50 -, -

Notes: 1. Instructions 5, 7,11,12,13,14. 
2. All instructions except 5, 7, 11, 12, 13, 14. 

II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE. 
Vee = 4.5 to 5.5V, Te = -55 to +125°C 

TABLEIIA 
Clock Characteristics. 

TABLEIIC 
Combinational Propagation Delays. 

TABLE 110 
Set-up and Hold TImes. All in ns. 

All in ns. 

Minimum Clock LOW Time Outputs fully loaded. Cl = 50pF. 
All relative to clock 

LOW-to-HIGH transition, 

Minimum Clock HIGH Time 

~ output 
From 
Input y 

TABLE liB 13-0 88 

Output Enable/Di$able Times. C' , n 37 

All in ns. CI -
Cl = 5.0pF for output disable tests. CP 74 

D 44 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned,taking into account the high complexity and power 
levels of the part. The following noles may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5 - Bns. Inductance in the ground 

C~ 
,.--

CiH CiH Set-up Hold 
CnH (Note 1) (Note 2) Fuii Input Time Time 

82 

30 

-
86 

-

97 87 78 Cn 52 0 

46 - - c; 37 5 

23 23 - D 80 2 

84 45 80 13-0 124 0 

55 - -

!)Iotes: 1, Instructions 5, 7, II, 12, 13, 14. 
2, All instructions except 5. 7.11. 12,13, 14. 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL ,.; O.4V and VIH '" 2.4V for AC tests. 

5. To simplify failure analysiS, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our' test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license: 
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ARCHITECTURE OF THE Am2932 

The Am2932 is a bipolar Program Control Unit intended 
for use in high-speed microprocessor applications. The device 
is a cascadable, four-bit slice such that three devices allow ad
dressing of up to 4K words of memory and four devices allow 
addressing of up to 64K words of memory. 

As shown in the Block Diagram, the device consists of ~he 
following: 

1) A full adder with input multiplexers 
2) A Program Counter Register with an incrementer and an 

input multiplexer 
3) A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an 

input multiplexer, a 17 x 4 RAM, and a Stack Pointer 
4) An auxiliary register with an input multiplexer 
5) An instruction decoder 
6) Four 3-state output buffers on the address outputs 

The following paragraphs describe each ofthese blocks in detail. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition. The carry output (Cn+4) can be 
connected to the next higher Cn to provide ripple block 
arithmetic: The carry input to the adder (Cn) is internally 
inhibited during those instructions which do not require an 
addition to be performed. For these instructions, the data is 
passed directly through the adder, independent of the state 
of Cn. 

The mUltiplexers at the A and B inputs of the adder are con
trolled by the Instruction decoder which selects the appropriate 
adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the incre
menter output on the LOW-to-H IGH transition of the clock 
input (CP) at the end of every instruction. 

The incrementerutilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Ci+4) is connected to the incrementer carry input (Ci) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Ci. 
Therefore, it is possible to control the entire cascaded incre
menter from the Ci input of the least significant device; a LOW 
on the Ci input of the least significant device will simply pass 
the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre
mented before they are loaded into PC. During the suspend 

" 

BLI-094 

LOGIC SYMBOL 
(DIP) 

Vee = Pin 20 

GND =Pin 10 

Am2932 

instruction the Ci input is internally inhibited; therefore, data 
is passed from the multiplexer output to the PC without incre
menting. The multiplexer selects the input to the incrementer 
from either PC or the output of the Full Adder, depending 
upon the instruction being executed, During the Jump, Jump
to-Subroutine, and Return instructions, the mult,iplexer 
chooses the Full Adder outputs as the input to the incrementer. 
The Full Adder output is also selected for the Reset instruction. 
For all other instructions, the PC is selected as the input to the 
incrementer. 

17 x 4 LIFO Stack 

The 17x4 LIFO stack consists ofa multiplexer, a 17x4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 

The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 

Data is pushed onto the Top of the Stack from either 0 or PC. 
It is written into memory location SP+1. The SP is incremented 
on the LOW-to-H I G H clock transition at the end of the cycle 
so that it still points to the last data written into the RAM. 

For a Pop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that it 
then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when tlie Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Full output (FULL) is LOW either when the 
stack is full or when the current instructioh being executed 
will fill the stack (during and after the 17th Push). 

Auxiliary Register (R) 

The Auxili~ry Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Instruc
tion inputs call for it to be loaded. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP,and RAM. 

Output Buffers 
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The Address outputs (YO-Y3) are three-state drivers which 
may be disabled under Instruction control. 

METALLIZATION AND PAD LAYOUT 

'. 
" " 
'. 
" 

DIE SIZE: 
0.134" X 0.200" 

r-~--2D Vee 

D " · , 
" , 

· .. · ., · .. 
" .. 
:: ;_4 

Pad numbers correspond to' DIP pinout. 
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Am2932 
tABLE i - Am2932 INSTRUCTION SET 

Instruction 
Number 13 12 11 10 Mnemonic Instruction 

a L L L L PRST RESET . 
1 L L L H PSUS SUSPEND 
2 L L H L PSHD PUSH D 
3 L L H H POPS POPS 
4 L H L L FPC FETCH PC 
5 L H L H JMPD JUMP D 
6 L H H L PSHP PUSH PC 
7 L H H H RTS RETURNS 
8 H' L L L FR FETCI-/ A 
9 H L L H FPR FETCH PC+R 

.10 H L H L FPLR FETCH PC ..... R 
11 H L H H JMrR JUMP R 
12 H H L L JPPR JUMP PC+R 
13 H H L H JS8R JSB R 
14 H H H L JSPR JSB PC+R 
15 H H H H PLDR LOADR 

Notes: 1. Z = High jmpedance state (outputs "OFF"). 
2. - = No change. 

Am2932 INSTRUCTION SET 

The Am2932 Instruction set can be divided into five types of 
instructions. These are: 

• Fetches 
• Jumps 
• Jumps·to·Subroutine 
~ Retl,lrn·from·Subroutine 
• Miscellaneous Instructions 
The following paragraphs describ.e each of these types in detail. 

I·· Fetches 

As can be seen from Table I, there are four Fetch instructions 
(Instructions 4, 8, 9, 10). Under control of the Instructions 
inputs, the desired value is placed at the V outputs~ For all 
Fetch instructions, PC is incremented if Ci of the least sig
nific'ant device is HIGH. F.or Instruction 10 R is loaded with 
PC. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 

Jumps 

There are three Jump instructions (Instructions 5, 11,. 12). 
Under control of the Instruction inputs, the desired value is 
placed at the V outputs. Additionally, the value is in
cremented if Ci of the least significant device is HIGH and 
loaded into PC. The RAM, Stack Pointer and R are not 
changed d~ring these instructions. 

Jumps-to-Subroutine 

There are two Jump-to-Subroutine instructions (Instructions 
13and 14), Under control of the Instruction inputs, the desired 
value is placed on the V outputs. On the rising edge of the 
clock the value is incremented" and loaded into PC, PC is 
loaded into the RAM at location SP +1;' and SP is 
incremented. 

,During these instructions, R is not changed. 

Return·from-Subroutine (Instruction 7) 

Under control of the instruction inputs, S is placed at the V 

"'"Cj of the least significant device is HIGH. 

Next l!tate (after CP n -. Note 2 

YO,V3 PC R RAM SP 

"0" "O"+<:j - - Reset 
Z (Note 1) - - - -
PC PC+Cj - D ..... Loc SP+l SP+l 
S PC+Cj - - SP-l 
PC PC+Cj - - -
D D+Cj - - -
PC PC+Cj - PC ..... Loc SP+l SP+l 
S S+Cj - - SP-l 
R PC+Cj - - -
PC+R+Cn PC+Cj - - -
PC PC+Cj PC - -
R R+Cj - - -
PC+R+Cn PC+R+Cn+Cj - - -
R R+Cj - PC ..... Loc SP+l SP+l 
PC+R+Cn PC+R+Cn+Cj - PC ..... Loc SP+l SP+l 
PC PC+Cj D 

PC - Program Counter 
R - Auxiliary Register 
S - Stack Top 

- -

SP - Stack Pointer 
D - Dir.ect Inputs 

outputs. Additionally, the value of S is incremented" and 
loaded into PC and SP is decremented at the end of the 
cycle (on the rising edge of the clock). 

During this instruction, R is not changed, 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset II nstruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero cir one into PC, depending upon the Ci input of the le~st 
significant device, and resets SP. The RAM and R are unchanged. 

Load R II nstruction 15) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Ci of the least sig
nificant device. The SP and RAM are not changed. 

Push PC (I nstruction 6) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e" the current PC is Pushed onto the stack. 

Push 0 (Instruction 2) 

This instruction is the same as Fetch PC except that D is loaded 
into the RAM and SP is incremented at the end of the cycle; 
i.e., external data is Pushed onto the stack. 

Pop S (I nstruction 3) 

This instruction places the Top of the Stack (S) at the Y out
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Ci input of the least significant device is 
HIGH. R is not changed. 

Suspend (Instruction 1) 

The Suspend instruction inhibits any change in PC, SP, Rand 
RAM and forces the V outputs into ~he high impedance state. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2932 

A. THREE STATE OUTPUTS B. NORMAL OUTPUTS 

s, s, 
R, 

vour~ IA 1 I~ 
* R, I CL 

-= -= 

R2 ~ 
2.4V --
IOH 

R1 ~ 
5.0 - VBE - VOL 

1m + Vm/R2 

Notes: 1. CL ~ 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 81, 82, 83 are closed during function tests and all AC tests except output enable tests. 
3. 8 , and 83 are closed while 82 is open for tPZH test. 

8 1 and 82 are closed while 83 is open for tPZL test. 
4. CL ~ 5.0pF for output disable tests. 

Pin# 
(DIP) 

2 

4 

6-9 

12 

TEST OUTPUT LOADS FOR Am2932 

Test 
Pin Label Circuit R1 

FULL B 300 

Ci+4 B 240 

YO-3 A 240 

Cn+4 B 240 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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R2 

2K 

1.5K 

1K 

1.5K 

Am2932 
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BLI-09B 
Figure 1. Typical 16·Bit Microcomputer Design. 
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Am2932 

APPLICATIONS PIN DEFINITIONS 

The Am2932 is shown in a tYpical 16-bit,.2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2932 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16-
bit register (two Am2920 8-bit Registers), and the output of 
the Am2901 s via a 16-bit register. 

The Address outputs (Y) of the Am2932 are passed to the 
address bus. 

The Cn+4 output can be wired to the next higher Cn input to 
provide ripple block arithmetic. 

The control inputs of the Am2932 (10-3, Ci and Cn of the least 
significant device) are shown.originating at the Pipeline Register. 

10-3 

Cn 

Cn+4 

Ci 

Ci+4 

YO-3 

00-3 

CP 

The four Instruction control lines to the Am2932, 
used to establish data paths and enable internal 
registers. 

The carry-in to the Full Adder. 

The carry-out of the Full Adder. 

The carry-in to the program counter incrementer. 

The carry-out of the program counter incrementer. 

The four address outputs of the Am2932. These are 
three-state output lines. When enabled, they display 
the outputs of the Full Adder. 

The four Direct inputs which are used as inputs to the 
Auxiliary Register, the RAM, and the Full Adder, 
under instruction control. 

The Full output is LOW when the LIFO stack is full 
- during and after the 17th push operation. 

The clock input to the Am2932. All internal reg
isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 

IO---1~~~4-+-----~--+-~~------.-~~-+~-----, 
"~~--~~~+----'-r--+-~~----~~~~-+-r--~ 

CP--~~-+~~+-----~--~+-~------~--~~~----~ 

11 10 INSTRUCTION YOUTPUTS 
DO D, 02 D3 

L L RESET "0" 
10 17 X 4fUlL 

L H SUSPEND Z (HIGH IMPEDANCE) I, LIFO 

H L PUSH D SEE NOTE 1 
CP STACK 

Yo Y, v2Ya 

H H POPS TOP OF STACK 

BLI-099 

Equivalent Logic Symbol for 

Am2932 with 12. 13 Grounded 

Figure shows the use of four Am2932s as a 17-word by 16-bit LIFO stack by grounding 12 and 13. 
The effect of grounding 13 is shown in Figure 3. 

Note 1. During this instruction, PC is placed on the Y outputs. If Cj is held LOW, the Y outputs will be LOW for this 
instruction after the device is initialized with a Reset Instruction. ' 

Figure 2. Application of Four Am2932s as a 17-Word by 16-Bit LIFO Stack_ 
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Am2932, 

00 D,02 03 

'0 FULL 

" 
'2 Am2932 

'a ... 
C; Ci+4 

NC Cn Cn+4 NC 
CP 
Yo V, Yz V3 

12 11 

L 
L 
L 
L 
H 
H 
H 
H 

'------+--4-C; 

Figure 3. Equivalent Circuit of Am2932 with 13 Grounded. 

ORDERING INFORMATION 

L 
L 
H 
H 
L 
L 
H 
H 

RST* 

OEN* 

INC· 

10 INSTRUCTION 

L RESET 
H SUSPEND 
L PUSH D 
H POPS 
L FETCH PC 
H JUMPD 
L PUSH PC 
H RETURN S 

81.1·100 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Number 

AM2932DC 
AM2932DC-B 
AM2932DM 
AM2932DM-B 
AM2932LC 
AM2932LM 
AM2932LM-B 

AM2932XC 
AM2932XM 

Packllge Type Operating Range Screening Level 
(Note 1) (Nole 2) (Nole 3) , 

D-20 C C-l 
0-20 C B-2 (Note 4) 
0-20, M C-3 
0-20 M B-3 

L-28-2 C C-l 
L-28-2 M C-3 
L-28-2 M B-3 
Dice C } Visual inspection 
Dice M to MIL-STD-883. 

Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flal-Pak. Number following letter is number of leads. See Appendix B 
for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may 
be-used unless otherwise specified. 

2. C = 010 +70'C, Vee = 4.75t05.25V, M = -55 to + 125'C, Vee = 4.50toS.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform t9 MIL-STD-883, Class C. Level B-3 

conforms to MIL-STD-883, Class B. 
4. 96 hour burn-in.' 
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Am2940 
DMA Address Gener.tor 

DISTINCTIVE CHARACTERISTICS 

• DMA Address Generation 
Generates memory address, word count and DONE signal for 
DMA transfer operation. 

• Expandable Eight-bit Slice 
Any number of Am2940's can be cascaded to form larger 
memory addresses - three devices address 16 megawords. 

• Repeat Data Transfer Capability 
Initial memory address and word count are saved so that the 
data transfer can be repeated. 

• Programmable Control Modes 
Provides four types of DMA transfer control plus memory 
address increment/decrement. 

• High Speed, Bipolar LSI 
Advanced Low-Power Schottky TTL technology provides typi
cal CLOCK to DONE propagation delay of SOns and 24mA 
output current sink capability. 

• Microprogrammable 
Executes 8 different instructions. 

GENERAL DESCRIPTION 

The Am2940, a 28-pin member of Advanced Micro Devices 
Am2900 family of Low-Power Schottky bipolar LSI chips, is a 
high-speed, cascadable, eight-bit wide Direct Memory Access 
Address Generator slice. Any number of Am2940's can be cas
caded to form larger addresses. 

The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data to or 
from a memory. It also maintains a data word count and gener
ates a DONE signal when a programmable terminal count has 
been reached. The device is designed for use in peripheral con
trollers with DMA capability or in any other system which transfers 
data to or from sequential locations of a memory. 

The Am2940 can be programmed to increment or decrement the 
memory address in any of four control modes, and executes eight 
different instructions. The initial address and word count are 
saved internally by the Am2940 so that they can be restored later 
in order to repeat the data transfer operation. 

BLOCK DIAGRAM 

o 

A~~~<:~+---~l---~-----~~~--+-------------, 

PEA D-+_----' 

Ig:~~ ICIH~--~I-----""':;..t----------------------...1 

INSTRUCTION D~"--I 
(10-12) 

INSTRUCTIONS THAT LOAD REGISTERS 
CLOCKED WITH RISING EOGE OF CLOCK 

CLOCK~ 
CP~ 

For applications information see the last part of this data sheet and chapter VII of ell Slice Microprocessor DeSign, by Mlck and Brick, 
McGraw-Hili Publishers. 

Am2940 DMA Address Generator MPR·226 
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Am2940 

" 

14 

&" 

A, 

.CO 

DONE 

Vee 

Wl51 

WOO 

ACT 

<l' 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, 
temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2940DC D-28 C C-l 
AM2940DC.-B D-28 C B-2. (Note 4) 
AM2940DM D-28 M <:;-3 
AM2940DM-B D-2B M B-3 
AM2940FM F-28-2 M C-3 
AM2940FM-B F-28-2 M B-3 
AM2940LC L-28 C C-l 
AM2940LM L-28 M C-3 
AM2940LM-B L-2B M B-3 

AM2940XC Dice C } Visual.inspection 

AM2940XM Dice M 
to MIL-STD-883 

. Method 2010B. 

Notes: 1. P = Molded DIP, D ;. Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B 
for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package. 
may be used unless otherwise specified. 

.!! 

tf 

2. C = 0 to +7O'C, Vee = 4.75 to 5.25V. M = -55 to + 125"C, Vee = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-B83, Class C. Level B-3 

conforms to MIL-STD-883, Class B. 
4. 96 hour bum-in. 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

., .. .. A, 

D, .. 
D, Am2940 .. ., 

ADDRESS 
A, 

... ., 
D, A, 

A, 

" I,NSTRUCTION 
.. 

" 
" D'A 

CLOCk 

" 

Note: Numbers refer to DIP pin connections. 

MPR·227 DIE SIZE: 0.178" X 0.181" 

CONNECTION DIAGRAMS - Top Views 

Chip-PakTII F-28-2 0-28 
L-28 

" ~ <l' !: ,; ~ wei Vee .. 
WC<5 DON! D, 

ACi ~D .. D, 
A, 

"" 
D, A, 

D, D, "'" 
" 

A, A, 
A, A, 

v", OND 0, 0, 

CP 0, D. '"" 
A, ... "'" OE. OE, m 
co .. GND .. 

D, 

MPR·588 
Q .. C' !: &' 

D, 

Nota: Pin 1 is markad for orientation 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 5-286 
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Am2940 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

I 

Storage Temperature -65'C to +150'C 

Temperature (Ambient) Under Bias -55'C to +125'C 

Supply VoHage to Ground Potential -O.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to Vee max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current. Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

OPERATING RANGE 
PIN Temperature Vee 

Am2940DC TA= Oto+7O"C Vee = S.OV ±S% (MIN. = 4.7SV MAX. = S.2SV) 

Am294ODM, FM Te= -55 to + 125"C Vee = S.OV ±10% (MIN. = 4.S0V MAX. - S.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VOH Output HIGH Voltage Vee = MIN., I MIL IOH = -1.0mA 
2.4 Volts 

VIN = VIH or VIL I COM'L IOH = -2.6mA 

Vee = MIN., WCO,ACO 
MIL IOL = 8.0mA 

COM'L IOL - 12mA 
VOL Output LOW Voltage VIN = VIH or VIL 

MIL IOL = 16mA 
0.5 . Volts 

(Note 5) Ao- 7.DO-7 
DONE COM'L IOl = 24mA 

VIH Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts 

Vil Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for all inputs 0.8 

VI Input Clamp Voltage Vee = MIN .• liN = -18mA -1.5 Volts 

III Input LOW Current Vee = MAX., VIN = O.SV 
00- 7 -0.15 

mA 
All Others -0.8 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 
00- 7 150 

JAA All Others 40 

leEx Output Leakage on DONE Vee - MAX., Vo - S.SV 250 JAA 
II Input HIGH Current Vee = MAX., VIN = S.SV 1.0 mA 

Ise 
Output Short Circuit Current 

Vee = MAX. + O.SV, Vo = O.SV -30 -85 mA 
(Note 3) 

IOZL VOUT:' O.SV 
Ao-7 -50 

Vee = MAX. 00- 7 -150 
Output OFF Current OE = 2.4V AO-7 50 

JAA 
IOZH' VOUT = 2.4V 

0 0- 7 150 

TA = 2S·C 170 275 
'--' TA = O·C to +70"C 290 

lee Power Supply Current Vee = MAX. 
Am2940DC 

TA - +70·C 235 rnA 

Am2940DM. FM 
Te = -SS·C to +12S·C 315 
Te - +12S·C 225 

Notes: 1. For conditions shown as MIN. or MAX .• use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = S.OV, 2S·C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration 01 the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise· free environment (not functionally tested). 
5. IOL limit on A; and OJ (i = Oto 7) applies to either output individually, but not both at the same time. The sum of the loading on A; plus OJ 

is limited to 24mA MIL or 32mA COM'L. 
-

3.0\1' 

INPUTS .'JNiWiWI.. 

ov 

3.0V 

CLOCK ~'-'V I15V\ ov 
~23",_ 

INPUT TO 
See Tables A for ts and th for various 

-ou~;~~ ~i~AY- OUTPUT DELAY inputs. See Tables B for combinational 
delays from clock and other inputs to 

OUTPUTS 
outputs. 

Figure 2. Switching Waveforms. MPR·728 
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Am2940 

SWITCHING CHARACTERISTICS 
The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made 
at 1.5'11 with input levels at OV or 3V. All values are in ns wiih Cl = 50pF except output disable times (OE to A and I to 0) 
which are specified or a 5pF load. All times are in ns. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE. 
Am2940DC (TA = 0 to + 70°C, Vec = 4.75 to 5.25V, CL = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 

LOW-ta-HIGH transition) Input ACO WCO Ao-7 DONE DO-7 

Input ts th ACI 20 

DO-7'l' 24 4 WCI 
20 46 

1012 46 5 
(Note 2) 

10-2 37 
ACI 30 4 

CP 58 58 54 85 WCI 30 3 (Note 3) 
(Note 1) 

C. Clock Requirements 
D. En'able/Dlsable Times 

Minimum Clock LOW Time 23 ns From To Disable Enable 

Minimum Clock HIGH Time 34 1012 D0-7 35 35 ns 
ns 

Maximum Clock Frequency 17 MHz OE AO-7 25 25 ns 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANG.E 
Am2940DM, FM (TC = -55 to +125°C, VCC = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 

LOW-ta-HIGH transition) 
Input ACO WCO AO-7 DONE DO-7 

Input ts th ACI 21 
DO-7 27 6 WCI 
1012 49 5 (Note 2) 21 54 

ACI 34 5 10-12 41 

WCI 34 5 
CP 64 64 62 88 (Note 1) (Note 3) 

C. Clock Requirements D. Enable/Disable Times 

Minimum Clock LOW Time 23 ns From To Disable Enable 

Minimum Clock HIGH Time 35 ns 1012 DO_7 42· 42 ns 

Maximum Clock Frequency 16 MHz OE AO-7 30 30 ns 

Notes: 1. Control modes 0, 1, and 3 only. 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part .. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. 
Large changes in VCC current as the device switches may 
cause erroneous function failures due to VCC changes. 

2 .. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100's 
of millivolts momentarily. 

5-288 

2. WCI to Done occurs only in control modes 0 and 1. 
3. CP to Done'occurs only in control modes 0, 1, and 2. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has. settled. AMD recommends using 
VIL <s O.4V and VIH ;" 2.4V for AC tests. 

5, To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2940 

Am2940 ARCHITECTURE 

As shown in the Block Diagram, the Am2940 consists of the 
following: 
• A three-bit Control Register. . 
• An eight-bit Address Counter with input multiplexer. 
• An eight-bit Address Register. 
• An eight-bit Word Counter with input multiplexer. 
• An eight-bit Word Count Register. 
• Transfer complete circuitry. 
• An eight-bit wide data multiplexer with three-state output buff

ers. 
• Three-state address output buffers with external output enable 

control. 
• An instruction decoder. 

. Control Register 

Under instruction control, the Control Register can be loaded or 
read from the bidirectional DATA lines 0 0-07, Control Register 
bits 0 and 1 determine the Am2940 Control Mode, and bit 2 
determines whether the Address Counter increments or decre
ments. Figure 1 defines the Control Register format. 

Addresll Counter 

The Address Counter, which provides the current memory ad
dress, is an eight-bit, binary, up/down counter with full look-ahead 
carry generation. The Address Carry input (ACI) and Address 
Carry Output (ACO) allow cascading to accommodate larger 
addresses. Under instruction control, the Address Counter can 
be enabled, disabled, and loaded from the DATA inputs, 0 0-07, or 
the Address Register. When enabled and the ACI input is LOW, 
the Address Counter· increments/decrements· on the LOW to 
HIGH transition of the CLOCK input, CPo The Address Counter 
output can be enabled onto the three-state ADDRESS outputs 
Ao-A7 under control of the Output Enable input, OEA. 

Address Register 

The eight-bit Address Register saves the initial address so that it 
can be restored later in order to repeat a transfer operation. When 
the LOAD ADDRESS instruction is exec:uted, the Address Regis
ter and Address Counter are simultaneously loaded from the 
DATA inputs, 0 0-07, 

Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain and 
save a word count, are similar in structure and operation to. the 
Address Counter and Address Register, with the exception that 
the Word Counter increments in Control Modes 1 and 3, decre
ments in Control Mode 0, and is disabled in Control Mode 2. The 
LOAD WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 

Transfer Complete Circuitry 

The Transfer Complete Circuitry is a combinational logic network 
which detects the completion of the data transfer operation in 
three Control Modes and generates the DONE output signal. The 
DONE Signal is a open-collector output, which can be dot;anded 
between chips . 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, 0 0-07, The Data Mul
tiplexer and three-state Data output buffers are instruction con, 
trolled. 

Addresa Output Buffers 

The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ao-A7' 
under external control. When the Output Enable input, ~ is 
LOW, the Address output buffers are enabled; when OEA is 
HIGH, the ADDRESS lines are in the high-impedance state. The 
address and Data Output Buffers can sink 24mA output current 
over the commercial operating range. 

Instruction Decoder 

The Instruction Decoder generates required internal control sig
nals as a function of the INSTRUCTION inputs, 10 -12 and Control 
Register bits 0 and 1. ' 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and Con
trol Register, all on the LOW to HIGH transition of the CP signal. 

Control Register 

CRl CRo 

'L 

L 

H 

H 

H= HIGH 

L = LOW 

L 

H 

L 

H 

Control Mode 
Number 

0 

2 

3 

CR2 1 CR1 ·1 CRo 

Control Word DONE Output Signal 

Mode Type Counter WCI = LOW WCI = HIGH 

Word Count Equals Zero Decrement 
HIGH when HIGH when 
Word Counter = 1 Word Counter = 0 

HIGH when HIGH when 
Word Count Compare Increment Word Counter + 1 Word Counter 

= Word Count Reg. = Word Count Reg. 

Address Compare Hold HIGH when Word Counter = Address Counter 

Word Counter Carry Out Increment Always LOW 

CR2 Address Counter 

L Increment 

H Decrement 

Figure 1. Control Register Format Definition. 
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Am2940 CONTROL MODES 

Control Mode 0 - Word Count Equals Zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the Clock input, CP. Figure 1 specifies 
when the DONE signal is generated. 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in WCI, is LOW, the Word Counter increments on the LOW 
to HIGH tranSition of the clock input, CPo Figure 1 specifies when 
the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the Address 
Register and Address Counter and the final memory address is 
loaded into the Word Count Register and Word Counter. The 
Word Counter is always disabled in this mode and serves as a 
holding register for the final memory address. When the Address 
Counter is enabled and the ACI input is LOW, the Address 
Counter increments or decrements (depending on Control Regis
ter bit 2) on the LOW to HIGH transition of the CLOCK input, CPo 
The Transfer Complete Circuitry compares the Address Counter 
with the Word Counter a,nd generates the DONE signal during the 
last word transfer, i,e. when the Address Counter equals the 
Word Counter. 

Control Mode 3 - Word Counter Csrry Out Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word Counter 
is enabled and the WCI input is LOW, the Word Counter incre· 
ments on the LOW to HIGH transition of the CLOCK input, CP. A 
Word Counter Carry Out Signal, WCO, indicates the last data 
word is being transferred. The DONE signal is not required in this 
mode and, therefore, is always LOW. 

Am2940 

Am2940 INSTRUCTIONS 

The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register, one instruction enables the Address and 
Word counters, and one instruction reinitializes the Address and 
Word Counters. The function of the REINITIALIZE COUNTERS, 
LOAD WORD COUNT, and ENABLE COUNTERS instructions 
varies with the Control Mode being utilized. Table 1 defines the 
Am2940 Instructions as a function of Instruction inputs 10.12 and 
the four Am2940 Control Modes. 

The WRITE CONTROL REGISTER instruction writes DATA 
input 0 0-02 into the Control Register; DATA inputs 0 3-07 are 
"don't care" inputs for this instruction. The READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, 0 0-02, DATA lines 03-07 are in the HIGH state 
during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs to 
DATA lines 00-07, The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs 00-07 are written into both the Word Count Register and 
Word Counter. In Control Mode 1, DATA inputs 0 0-07 are written 
into the Word Count Register and the Word Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Address 
Counter outputs to DATA lines 00-07, and the LOAD ADDRESS 
instruction writes DATA inputs 0 0.07 into both the Address Reg
ister and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS instruc
tion enables both the Address and Word Counters; in Control 
Mode 2, the Address Counter is enabled and the Word Counter 
holds its contents. When enabled and the carry Input is active, the 
counters increment on the LOW to HIGH transition of the CLOCK 
input, CPo Thus, with this instruction applied, counting can be 
controlled' by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control Mode 
dependent. In Control Modes 0, 2, and 3, the contents of the 
Address Register and Word Count Register are transferred to the 
respective Address Counter and Word Counter; in Control Mode 
1, tM content of the Address Register is transferred to the Ad· 
dress Counter and the Word Counter is cleared. The 
REINITIALIZE COUNTERS instruction allows a data transfer 
operation to be repeated without reloading the address and word 
count from the. DATA lines. 

TABLE I, Am2940 INSTRUCTIONS 

Octal Control Word Word A ...... - Control 00 .. .. I, '0 Code Function Mnemonic 
M_ 

Reg. Co._ Reg. Counter Regllter DO·a., 

WAITE 
L L L CONTROL WRCR 0,1,2,3 HOLD HOLD HOLD HOLD Oo·D2~CA INPUT 

REGISTER 
READ 

L L H CONTAOl ROCA 0,1,2,3 HOLD HOLD HOLD HOLD HOLD ~~-;~rD2 REGISTER 
READ 

L H L WORD ROwe 0,1,2.3 HOLD HOLD HOLD HOLD HOLD we..., 
COUNTER 

REAO 
L H H ADDRESS ROAC 0,1,2,3 HOLD HOLD HOLD HOLD HOLD AC-+D 

COUNTER 

H L 4 I REINITIALIZE 0,2,3 HOLD WCR-+WC HOLD AR~C HOLD 
L 

. COUNTERS 
REIN 

HOLD ZERO-+WC HOLD AR""'*'AC HOLD 

H L H 
LOAD LOAD 0,1,2,3 HOLD HOLD D->AR D-AC HOLD INPUT 

ADDRESS 
LOAD 0,2,3 D->WR D-toWC HOLD HOLD HOLD INPUT 

H H L WORD LOwe --
COUNT D-+WR ZERO-+WC HOLD HOLD HOLD :PUTj ENABLE ENABLE 

ENABLE 
0,1,3 HOLD COUNT HOLD COUNT HOLD 

H H H ENCT 
COUNTERS HOLD HOLD HOLD ENABLE HOLD Z . 

COUNT 

CR = Control Reg. WCR = Word Count Reg. L= LOW 
AR = Address Reg. WC = Word Counter H = HIGH Note 1: 
AC = Address Counter 0= Data Z = High Impedance Data Bits 03.07 are high during this instruction. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2940 

A. THREE STATE OUTPUTS B; NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 

vee 

5, 

VPUT ~>-__ --K 

5, 

.VOUT 0--0-"'(>-__ --1<1----+ 

5.0 - VOL 
R1 = 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 8 1, 82, 8a are closed during function tests and all AC tests except output enable tests. 
3. 8 1 and 8a are closed while 82 is open for IpZH tesl. 

81 and 82 are closed while 8a is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

Pin # 
(DIP) 

-
-

6 

7 

10 

TEST OUTPUT LOADS FOR Am2940 (DIP) 

Test 
Pin Label Circuit R, 

Ao-7 A 220 

0 0•7 A 220 

ACO B 470 

DONE C. 270 

WCO B 470 

For additional information on testing, see section 
"Guidelines on Testing Am2900family Devices." 
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APPLICATIONS 

The Am2940 is designed for use in peripheral controllers with 
'DMA capability or in any other system which transfers data to or 
from sequential locations of a memory. One or more Am2940's 
can be used in each peripheral controller of a distributed DMA 
system to provide the memory address and word count required 
for DMA operation. 

Figure 3 shows a block diagram of an example micropro
grammed DMA peripheral controller: The Am291 0 Micropro
gram Sequencer. Microprogram Memory. and the Microin
struction Register form the microprogram control portion of 
this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA op
eration. An internal three-state bus provides the communi
cation path between the. Microinstruction 'Register. the 
Am2917 Data Transceivers. the Am2940. the Am2901 A Mi
croprocessor. and the Device Interface Circuitry. 

Am2940 

The Am2940 interconnections are shown in detail in Figure 4. 
Two Am2940's are cascaded to generate a sixteen-bit address. 
The Am2940 ADDRESS and DATA output current sink capability 
is 24mA over the commercial operating range. This allows the 
Am2940's to drive the System Address Bus and Internal Three
State Bus directly. thereby eliminating the need for separate bus 
drivers. Three-bits in the Microinstruction Register provide the 
Am2940 Instruction Inputs. 10-12, The microprogram clock is used 
to clock the Am2940's and. when the ENABLE COUNTERS 
instruction is applied. address and word'counting is controlled by 
the CNT bit of the Microinstruction Register. 

Asynchronous interface control circuitry generates System Bus 
control signals and enables the Am2940 Address onto the Sys
tem Address Bus at the appropriate time. The open-collector 
DONE outputs are dot-anded and used as a test input to the 
Am2910 Microprogram Sequencer. 

SYSTEM ADDRESS BUS 

REG 
& 

MUX 

DEVICE 

Figure 3, DMA Peripheral Controller Block Diagram. 
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Am2942 
Programmable Timer/Counter 

DMA Address Generator 

DISTINCTIVE CHARACTERISTICS 

• 22-pin version of Am2940 -
Provides multiplexed Address and Data lines plus addi
tional Instruction Input and Instruction Enable pins. 

• Can be used as either DMA Address Generator or Pro
grammable Timer Counter. 

• Executes 16 instructions -
Eight DMA instructions plus eight Timer/Counter instruc
tions 

• Provides two independent programmable 8-bit up/down 
counters in a 22-pin package -

Counters can be cascaded to form single-chip 16-bit up/ 
down counter. 

• Reinitialize capability -
Counters can be reinitialized from on-chip registers. 

• Expandable eight-bit slice -
Any number of Am2942s can be cascaded. Three de
vices provide a 48 bit counter. 

• Programmable control modes -
Provide four types of control. 

• High speed bipolar LSI -
Advanced Low-Power Schottky TTL technology provides 
typical count frequency of 25MHz and 24mA output cur
rent sink capability. 

GENERAL DESCRIPTION 

The Am2942, a 22-pin version of the Am2940, can be used 
as a high-speed DMA Address Generator or Programmable 
Timer/Counter. II provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2942 executes 16 
instructions; eight are the same as the Am2940 instructions, 
and eight instructions facilitate the use of the Am2942 as a 
Programmable Timer/Counter. The Instruction Enable input 
allows the sharing of the Am2942 instruction field with other 
devices. 

When used as a Timer/Counter, the Am2942 provides two in
dependent, programmable, eight-bit, up-down counters in a 
22-pin package. The two on-chip counters can be cascaded to 
form a single chip, 16-bit counter. Also, any number of chips 
can be cascaded - for example three cascaded Am2942s 
form a 48-bit timer/counter. 

Reinitialization instructions provide the capability to reinitialize 
the counters from on-chip registers. Am2942 Programmable 
Control Modes, identical to those of the Am2940, offer four 
different types of programmable control. 

BLOCK DIAGRAM 

I7<J 

I 
8 0 

ACi 

0 

INSTRUCTION 
ENABLE (iEI 

INSTRUCTION 
(10-131 

~ 

I 

I ADDRESS I REGISTER 

0 I 7 

I 
MULTIPLEXER I I 

I 
ADDRESS 
COUNTER 

I 

• 

7 0 

ACO wEi 

7 0 

I 

I I 
I TRANSFER COMPLETE 

0 

I 

INSTRUCTION 
DECODE 

CIRCUITRY 

_~OIC 
DONE 

1 
I WORD COUNT I REGISTER 

0 1 7 

I 
MUL TIPtEXER I 

I 7 

WORD 
WCO I CONTROL I 

COUNTER REGISTER 

1 7 0 2 

I 
J I OATA MULTIPLEXER I YO·Y7 

7 

CLOCK~ 

For applications information see the last part of this data sheet and Chapter VII of Bit Slice Microprocessor Design. by Mick and Brick, 
McGraw-Hili Publishers. 

MPA·231 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, 
temperature range and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2942DC D-22 C C-1 
AM2942DC-B 0-22 C B-2 (Note 4) 
AM2942DM D.-22 M C-3 
AM2942DM-B D-22 M B-3 
AM2942FM F-22 M C-3 
AM2942FM-B F-22 M B-3 
AM2942LC L-28 C C-1 
AM2942LM L;28 M C-3 
AM2942LM-B L-28 M B-3 

AM2942XC Dice C } Visual inspection 

AM2942XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B 
for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may 
be used unless otherwise specified. 

Ne 

o. 

0, 

0, 

o. 

ii! 

NC 

2. C = Oto +70"C, Vee = 4.75t05.25V, M = -55to +125"C, Vee = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 

conforms to MIL-STD-883, Class B. . 
4. 96 hour burn-in. 

LOGIC SYMBOL 

" I Am2942 
12 INSTRUCTION 

'. 
" 

II! 

~ 

Vee = Pin 22 
GND = Pin 11 

Chip·Pak™ 
L-28-1 

~ ~ ,H ~ 

! ~ ~ 
,g 

" '. 
" 
" 
" '. '. 

0" 

l~ 

MPR·232 

METALLIZATION AND PAD LAYOUT 

""" 2-----, .., . 
Do ' 
0, , 

0, ' 
'. ' 
Ie 8 

~ .oNE 
20 ACO 

" 0, 

" .. 

t3., L _____ 13 ~ 

DIESIZE: 0.181"XO.178" 

CONNECTION DIAGRAMS - Top Views 

0·22 

wei Vee 

WCO DONE 

ACi ACO 
NC 

0, 0, 
0, 

0, D. 
De 

0, 
0, Os 

0, 
0 3 D. 

iE '3 

OED 
" 

CLOCK ., 
GND 

" 

F-22 Pin Configuration identical to D-22 

Note: Pin 1 is marked for orientation. 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 5-295 
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Am2942 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +1500C 

Temperature (Ambient) Under Bias -55°C to +~25°C 
Supply Voltage to Ground Potential, -O.5V to + 7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to Vee max. 

DC Input Voltage ' -O.5V to +5.5V 
DC Output Current, Int:,::0_O=utc:P-=u-=ts'--__ . _______________________________ --=3c:0-,-m-"-.A 

DC Input Current -30mA to +5.0mA 

OPERATING RANGE 
Temperature Vee 

TA = O°C to +70°C Vee = 5.0V-,---±_5_% __ .:,-(M~IN:_:_.-=-4-.7cc5V__,__,_M_:_AX-.-=-5 ___ .2-5-V,:--)_1 

Te =_55° to +125°C Vee = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTER!STICS OVER OPERATING RANGE Typ. 
Parameters Description Test Conditions (Note 1) Min (Note 2)' Max Units 

VOH Output HIGH Voltage 
Vee = MIN., I MIL IOH = -'1.0mA 

2.4 Volts VIN = VIH or VIL I COM'L IOH = -2.6mA 

WCO, ACO 
MIL IOL ;" 8.0mA 

VOL Output LOW Voltage Vee = MIN" COM'L IOL = 12mA 
0.5 Volts 

VIN = VIH or VIL 
0 0- 7, DONE 

MIL IOL - 16mA 

COM'L IOL = 24mA 

VIH Input HIGH Level (Note 4) Guaranteed Input Logical I-jIGH voltage for all inputs 2.0 Volts 

VIL Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for all inputs 0.8 

VI Input Clamp Voltage Vee = MIN., liN = -18mA -1.5 Volts 

IlL Input LOW Current Vee = MAX., VIN = 0:5V 
0 0- 7 -0.15 

mA 
All Others -0.8 

Input HIGH Current 
0 0-7 150 

/LA IIH Vee = MAX., VIN = 2,7V 
All Qthers 40 

i'CEX Output Leakage on PONE Vce = MAX., Vo = 5.5V 250 /LA 

II Input HIGH Current Vee = MAX., VIN = 5.5V 1.0 mA 

Ise 
Output Short Circuit Current 

Vee = MAX. + 0.5V, Vo = 0.5V -30 -85 mA 
(Note 3) 

10ZL Vee = MAX. I VOUT = 0.5V I 00-7 -150 

IOZH 
Output OFF Current 

OE = 2.4V I VOUT = 2AV I 0 0- 7 150 
/LA 

TA = 25°C 155 250 

Am2942PC, OC 
TA = O°C to +70°C 265 

Icc Power Supply Current Vee = MAX. TA - +70°C 220 mA 

Am2942DM, FM 
Te:'" -55°C to +125°C 285 

Te - +125°C 205 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5,OV, 25°C ambient and maximum loading. 
3, Not more than one output should be shorted at a time. Duration of the short circuit test'should not exceed one second. 
4, These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not functional testing). 

3.0V 

INPUTS 

3.DV 

CLOCK 

OU'TPUTS 

Figure 5. Switching Waveforms. 

5-296 

See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V 
with input levels atOVor3V. All values are in nswith CL = 50pF except output disable times (I to D) which are specified for a 5pF 
load. All times are in ns. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2942PC, DC (TA = 0 to + 70°C, VCC = 4.75 to 5.25V, CL = 50pF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-ta-HIGH transition) 

Input ts th 

00-7 24 6 

10-3 46 5 

ACI 30 4 

WCI 30 3 

IE 46 5 

C. Clock Requirements 

Minimum Clock LOW Time 23 

Minimum Clock HIGH Time 34 

Maximum CI.ock Frequency 17 

ns 

ns 

MHz 

B. Combinational Delays 

Input ACO WCO DONE DG-7 

ACI 20 - - -

WCI .- 20 46 -(Note 1) 
... _---- --
to-3 - - - 37 ..---+-- --- -- -

CP II (Note 2) 58 58 85 59 
.--f---

IE .- - - 37 

D. Enable/Disable Times 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2942DM, FM (Tc = -55 to +125°C, Vee = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times 
(Relative to clock 

LOW-to-H!GH transition) 

Input ts th 

00-7 27 7 

10-3 49 5 

ACI 34 5 

WCI 34 5 

IE 49 5 

C. Clock Requirements 

Minimum Clock LOW Time 23 
1---

Minimum Clock HIGH Time 35 

Maximum Clock Frequency 17 

Notes on Testing 

ns 

ns 

MHz 

Incoming test procedures on this device. should be carefully 
planned, taking into account the high complexity and power 
levels of the part The following notes may be useful: 

1. Insure the pari is adequately decoupled at the test head. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
start t6 oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 

B. Combinational Delay.s 

Input ACO WCO DONE D()"7 

ACI 21 - - -
-=-- ----

wei - 21 54 -
(Note 1) 

--
10-3 - - - 41 

--,---
CP 

64 64 88 68 (Note 2) 
--

IE - - - 41 

D. Enable/Disable Times 

Notes: 1. WCi to Done occurs only in control modes 0 and 1. 
2. CP to Done occurs only in control modes 0, 1, and 2. 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
nOise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL ,,;; 0.4V and VIH '" 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2942 ARCHITECTURE 

As shown in the BIQCk Diagram, the Am2942 consists of the 
following: 
• A three-bit Control Register. 
• An eight-bit Address Counter with input multiplexer. 
• An eight-bit Address Register. 
• An eight-bit Word Counter with input multiplexer. 
• An eight-bit Word Count Register. 
• Transfer complete circuitry: 
• An eight-bit wide data' multiplexer with three-state output 

buffers. 
it An instruction decoder. 

Control Register 

Under instruction control, the Control Register can be loaded. 
or read from the bidirectional OATA lines 00-07, Control Re
gister bits 0 and 1 determine the Am2942 Control Mode, and 
bit 2 determines whether the Address Counter increments or 
decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory ad
dress, is an eight-bit, binary, upldown counter with full lock
ahead Carry generation. The Address Carry input (ACI) and 
Address Carry Output (ACO)' allow cascading to accommo
date larger addresses. Under instruction 90ntrol, the Address 
Counter.can be enabled, disabled, and loaded from the DATA 
inputs, 00-07, or the Address Register. When enabled and 
the ACI input is LOW, the Address Counter incrementsl 
decrements on the LOW to HIGH transition of the CLOCK in
put, CPo 

Address Regl!!ter 

The eight-bit Address Register saves the initial address so 
that it can be restored later in order to repeat a transfer oper
ation. When the LOAD ADDRESS instruction is executed,the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, 00-07, 

Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the excep
tion that the Word Counter increments in Control Modes 1 
and 3, and decrements in Control Modes 0 and 2. The LOAD 
WORD COUNT in.struction simultaneously loads the Word 
Counter and Word Count Register. 

Transfer Complete Circuitry 

The Transfer Complete Circuitry is'a combinational logic net
work which detects the completion of the data transfer opera
tion in three Control Modes and generates the DONE output 
signal. The DONE signal is a open-collector output, which can 
be dot-anded between chips. 

Data Multiplexer 

The Data Multiplexer is an eight~bit wide, three-input multip
lexer which allows the Address Counter, Word Counter and 
Control Register to be read at DATA lines 0 0-07, The Data Mul
tiplexer output, YO-V7, is enabled onto DATA lines 0 0- 7 if and 
only if the Output Enable input, OEo, is LOW. (Refer to Figure 
2.) 

Instruction Decoder 

The Instruction Decoder generatas required internal' control 
signals as a function of the INSTRUCTION inputs, 10-13 Con
trol Register bits 0 and 1, and the INSTRUCTION ENABLE 
input, IE. ' 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW to HIGH transition of the CP 
signal. 

Control Register 

CR. I CR, I CRo 

Control Mode Control 
"Mode Type 

Word 
Counter 

DONE Output Signsl 

CR, CRo Number 

H 

H 

H - HIGH 
L - LOW 

H 

H 

WCI = LOW wcr = HtGH 

Word Count Equals Zero Decrement 

Word Count Compare Increment 

HIGH when 
Word Counter = 1 

HIGH when 
Word Counter + 1 
= Word Count Reg. 

HIGH when 
Word Counter"" 0 

HIGH when 
Word Counter 
"" Word Count Reg. 

Address Compare Decrement HIGH when Word Counter = Address Counter 

Word Counter Carry Out Increment Always LOW 

Address Counter I 
l L J Increment I 
I H I Decrement I 

Figure 1_ Control Register Format Definition. 

L DATA MULTIPLEXER OUTPUT, YO-Y7 

H HIGH Z 

Figure 2. Oata.Bus Output Enable Function. 
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Am2942 INSTRUCTIONS 

The Am2942 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 

Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input Do-D2 into the Con-

HEX 

~ 13 12 11 10 CODE 

Am2942 

transition of the CLOCK input, CPo Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 

0 0 0 0 0 0 WRITE CONTROL REGISTER 
0 0 0 0 1 1 READ CONTROL REGISTER z 
0 0 0 1 0 2 READ WORD COUNTER !!l 
0 0 0 1 1 3 READ ADDRESS COUNTER :Oc 
0 0 1 0 0 4 REINITIALIZE COUNTERS C:I: 

Ql> 
0 0 1 0 1 5 LOAD ADDRESS 6 0 0 1 1 0 6 LOAD WORD COUNT Z 
0 0 1 1 1 7 ENABLE COUNTERS en 

1 0 X X X 0-7 INSTRUCTION DISABLE 

0 1 0 0 0 8 WRITE CONTROL REGISTER, TIC 
0 1 0 0 1 9 REINITIALIZE ADDRESS COUNTER z::! 
0 1 0 1 0 A READ WORD COUNTER, TIC en I: 

-i m 
0 1 0 1 1 B READ ADDRESS COUNTER, TIC :oO!! 

c:(') 0 1 1 0 0 C REINITIALIZE ADDRESS & WORD COUNTERS (')0 
0 1 1 0 1 D LOAD ADDRESS, TIC ::!i 

iii! 0 1 1 1 0 E LOAD WORD COUNT, TIC 
0 1 1 1 1 F REINITIALIZE WORD COUNTER en:o 
1 1 X X X 8-F INSTRUCTION DISABLE, TIC 

o ~ LOW 1 ~ HIGH X ~ DON'T CARE 

Notes: 1. When I~ is tied LOW, the Am2942 acts as a DMA circuit: When 13 is tied HIGH, the Am2942 acts 
as a TimerlCounter circuit. 

2. Am2942 instructions 0 through 7 are the same as Am2940 instructions. 

Figure 3. AI1\2942 Instructions. 

trol Register; DATA inputs D3-D7 are "don't care" inputs for 
this instruction. The READ CONTROL REGISTER instruction 
gates the Control Register to Data Multiplexer outputs Y 0-Y 2. 
Outputs Y3-Y7 are HIGH during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter, to Data 
Multiplexer outputs, YO-Y7. The LOAD WORD COUNT instruc
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs Do-D7 are written into both the Word Count Re
gister and Word Counter. In Control Mode 1, DATA inputs 
Do-D7 are written into the Word Count Register and the Word 
Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Ad
dress Counter to Data Multiplexer outputs, YO-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs Do-D7 into 
both the Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS in
struction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the 
Word Counter holds its contents. When enabled and the carry 
input is active, the counters increment on the LOW to HIGH 

cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 

When T;; is HIGH, Instruction inputs, 10-12, are disabled. If 13 is 
LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be con
trolled by the carry inputs with the ENABLE COUNTERS in
struction applied or with Instruction Inputs 10-12 disabled. 

Instructions 8-F facilitate the use of the Am2942 as a Pro
grammable Timer/Counter. They differ from instructions 0-7 in 
that they provide independent control of the Address Counter, 
Word Counter and Control Register. 

The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input Do-D2 into the Control Register. DATA inputs 
D3-D7 are "don't care" inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 
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The Word Counter can be read. using the READ 'WORD 
COUNTER. TIC instruction. Both counters are enabled when 
this instruction is executed. 

When the READ ADDRESS COUNTER. TIC instruction is 
executed. both counters are ,enabled and the address counter 
contents appear at the Data Multiplexer output: 

The REINITIALIZE ADDRESS and WORD COUNTERS in
struction provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the Data 
Multiplexer output. 

DATA inputs 0 0-07 are loaded into both the Address Register 
and Counter when the LOAD ADDRESS. TIC instruction is 

131211 10 Control 

Ie (Hex) Function Mnemonic Mode 

L 0 
WRITE CONTROL 

WRCR 0.1.2.3 
REGISTER 

L 1 
READ CONTROL 

RDCR 0,1,2,3 
REGISTER 

L 2 
READ WORD 

RDWC 0,1,2,3 
COUNTER 

L 3 
READ ADDRESS 

RDAC 0,1,2,3 
COUNTER 

REINITIALIZE 0,2,3 
L 4 

COUNTERS 
,REIN 

1 

L 5 
LOAD 

LOAD 0,1,2,3 
ADDRESS 

LOAD WORD 0,2,3 
L 6 

COUNT 
LDWC 

1 

ENABLE 0, t, 3 
L 7 ENCT 

COUNTERS 2 

INSTRUCTION 0,1,3 
H 0-7 -

DISABLE 2 

L 8 
WRITE CONTROL 

WCRT 0,1,2,3 
REGISTER, TIC 

L 9 
REINITIALIZE 

REAC 0,1,2,3 
ADA. COUNTER 

L A 
READ WORD 

RWCT 0,1,2,3 
COUNTER,TC 

L B 
READ ADDRESS 

RACT 0,1,2,3 
COUNTER, TIC 

REINITIALIZE 0,2,3 
L C ADDRESS AND RAWC 

WORD COUNTERS 1 

L 0 
LOAD 

LDAT 0,1,2,3 
ADDRESS, TIC 

LOAD WORD 0,2,3 
L E 

COUNT, TIC 
LWCT 

1 

REINITIAPZE 0,2,3 
L F REWC 

WORD COUNTER 1 

INSTRUCTION 0,1.3 
H 8-F 

DISABLE, TIC 
-

2 

WR = WORD REGISTER 
WC = WORD COUNTER 
AR .. ADDRESS REGISTER 

AC '= ADDRESS COUNTER 
CR = CONTROL REGISTER 
0= DATA 

Word 
Reg. 

HOLO 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

D-+WR 

D-+WR 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

D-+WR 

D-+WR 

HOLD 

HOLD 

HOLD 

HOLD 

executed. The Word Counter is enabled, and its'contents ~p
pear at the Data Multiplexer output. 

The L;OAD WORD COUNT. TIC instruction is identical to the 
LOAD WORD COUNT instruction with the exception that Ad-
dress Counter is enabled. ' , 

The Word Counter can be independently reinitialized using 
the REINITIALIZE WORD COUNTER instruction. The Ad
dress Cou'nter is enabled and the Word Counter contents ap
pear at the Data Multiplexer output. 

When the i; input is HIGH. Instruction inputs. 10-12• are dis
abled. The function performed when 13 is HIGH is identical to 
that performed when 13 is LOW. with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 

Data 
Word Adr. Adr. Control Multiplexer 

Counter Reg. Counter Reg. Output 

HOLO HOLD HOLD 00.2-+ CR 
FORCED 

HIGH 

HOLD HOLD HOLD HOLD 
CONTROL 

REG. 

HOLD HOLD HOLD HOLD 
WORD 

COUNTER 

HOLD HOLD HOLD HOLD 
ADA. 

COUNTER 

WR-+WC HOLD AR-+AC HOLD ADR. CNTR. 

ZERO .. WC HOLD AR-+AC HOLD ADA. CNTR. 

HOLD· D-+AR D-+AC HOLD 
WORD 

COUNTER 

D-+WC HOLD HOLD HOLD FORCED HIGH 

ZERO-+WC HOLD HOLD HOLD FORCED HIGH 

ENABLE HOLD ENABLE HOLD ADA. CNTA. 

HOLD HOLD ENABLE HOLD ADA. CNTA. 

ENABLE HOLD ENABLE HOLD ADA. CNTR. 

HOLD HOLD ENABLE HOLD ADA. CNTA. 

ENABLE HOLD ENABLE 00-2 -+CR 
CONTROL 

REG. 

ENABLE HOLD AR -+AC HOLD 
ADA. 

COUNTER 

ENABLE HOLD ENABLE HOLD 
WORD 

COUNTER 

ENABLE HOLD ENABLE HOLD 
ADA. 

COUNTER. 

WR-+WC HOLD AR'-+AC HOLD ADA. CNTA. 

ZERO-+WC HOLD AR -+AC HOLD ADR, CNTA. 

ENABLE D-+AR o -+AC HOLD 
WORD 

COUNTER 

D-+WC HOLD ENABLE HOLD FORCED HIGH 

ZERO-+WC HOLD ENABLE HOLD FORCED HIGH 

WR-+WC HOLD ENABLE HOLD WD. CNTA. 

ZERO-+WC HOLD ,ENABLE HOLD WD. CNTR. 

ENABLE HOLD ENABLE HOLD WD. CNTR. 

HOLD HOLD ENABLE HOLD WD. CNTR. 

Figure 4. Am2942 Function Table. 
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Am2942 CONTROL MODES 

Control Mode 0 - Word Count Equals zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, wei, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the CLOCK input, CPo Figure 1 
specifies when the DONE signal is generated in this mode. 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD wORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH tranSition of the clock input, CPo Figure 1 specifies when 
the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need 
to be specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 

Am2942 

address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final mem~ address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de
pending on Control Register bit 2) on the LOW to HIGH trans
ition of the CLOCK input, CPo The Transfer Complete Circuitry 
compares the Address Counter with the Word Counter and 
generates the DONE signal during the last word transfer, i.e. 
when the Address Counter equals the Word Counter. 

Control Mode 3 - Word Counter Carry Out Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the ,Word 
Counter is enabled and the WCi input is LOW, the Word 
Counter increments on the LOW to HIGH transition of the 
CLOCK input, CPo A Word Counter Carry Out signal, WCC, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 

5-301 

I 



Am2942 

TEST OUTPUT LOAD CONFIGURATIONS FOR Ain2942 

A. THREE STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 

5, 

VOUT~ 

Rl = 

vee 

50 5, 
R, 

VoUT~ 

R. 

-= -= 

IS' R2= 
2.4V 

IOH 
R1 = 

5.0 - VSE - VOL 
Rl = 

5.0 - VSE - VOL 

, IOL + VOLj1K IOL + VOL/R2 

Notes: 1, CL = SOpF includes scope probe, wiring and stray capacitances without device in test fixture, 
2, 51, 52, 53 are closed during function tests and all AC tests except output enable tests. 
3. 51 and 53 are closed while 52 is open for tpzH test. 

51 and 52 are closed while 53 is open for tPZL test. 
4. CL = 5.0pF for output disable tests, 

Pin # 
(DIP) 

-

20 

21 

2 

TEST OUTPUT LOADS FOR Am2942 (DIP) 

Test 
Pin Label Circuit R1 

00-7 A 220 

ACO B 470 

DONE. C 270 

WCO B 470 

For addilionalinformation on testing; see section 
"Guidelines on Testing Am2900 Family Devices." 
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APPLICATIONS 

Figure 6 shows an Am2942 used as two independent, pro
grammable eight-bit timer/counters. In this' example, an 
Am2910 Microprogram Sequencer provides an address to 
Am27S27 512 x 8 Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 

The Am2942 Instruction input, 13 , is tied HIGH to select the 
eight Timer/Counter instructions. The i;.' 10-12, and OED inputs 
are provided by the microinstruction, and the 0 0-07 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the r~ctive ~ 
Counter and Address Counter. The DONE, ACO and WCO 

OTHE. I TEST 
INPUTS 

~--------------------;~ 

L----------------------------i~ 

Am2942 

output signals indicate that a pre-programmed time or count 
has been reached. 

Figure 7 shows an Am2942 used as a single 16-bit pro
grammable timer/counter. In this example, the Word Counter 
carry-out, WCO, is connected to the Address Counter carry-in, 
ACI, to form a Single 16-bit counter which is enabled by the 
GATE signal. 

Figure 8 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form the 
low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time, 

Am2910 
MICROPROGRAM SEQUENCER 

Yo-V11 

Am27S27 
RJGISTERED PROMS 

Am2942 

OONE 

CP 

Wlli 1------- GATE we 

.a 1------- GATE AC 

L-----------------------------------------~~YV_+w 

OTHER 
TEST 
INPUTS 

Figure 6. Two 8-Blt Programmable CountersfTimers in a 22·Pln Package. 

OTHER 

L-------------------;------i~ 

Am2910 
MICROPROGRAM SEQUENCER 

YO'Y11 

Am27S27 
REGISTERED PROMS 

Am2942 

OONE 

L-____________________ +-________________ ~~~r_+5V 

CP 

wei 1------ GATE 

.a 1-------, 

Figure 7. 18-Bit Programmable Counter/Timer Using a Single Am2942. 
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Am2942 

OTHER I TEST 
INPUTS 

~J r---

=== Do-D11 

~ MUX cc Am2910 CP REG r== MICROPROGRAM S!l:QUENCER 

r-;::: ~ 
YO·Y" 

.(~ '---

Am27S27 
REGISTERED PROMS 

MlCROINSTRUCTtoN REG CP CLOCK 

OTHER .---1 I I 
1 h 

I 
I I 

3 

~J I~,:TA BUS I'i 

I 

+r 3 +r ~.:1~7) J 
OED D .. D7. Cp :J iE iE 10-12 '3 10-12 '3 OED 

CP 

r wco Am .... we; - Wc'6 Am2942 wei r-- GA 

ACO 
CONE 

iCi -- ACO 
CONE AaiJ 

I L 

TE 

I I 
+5V 

MPR·236 

Figure 8. 32-81t Programmable Counter/Timer Using Two Am2942s. 
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Am2946 • Am2947·· 
Octal Three-State Bidirectional Bus Transceivers 

DISTINCTIVE CHARACTERISTICS 

• B-bit bidirectional data flow reduces system package count 
• 3-state inputs/outputs for interfacing with bus-oriented 

systems 
.; PNP inputs reduce input loading 
• Vee - 1.15 VOH interfaces with TTL, MaS and CMOS 
• 4BmA, 300pF bus drive capability 
• Am2946 inverting transceivers 
• Am2947 noninverting transceivers 
• Transmit/Receive and Chip Disable simplify control logic 
• 20-pin ceramic and molded DIP package 
• Low power - BmA per bidirectional bit 
• Advanced Schottky processing 
• Bus port stays in hi-impedance state during power up/down 

FUNCTIONAL DESCRIPTION 

The Am2946 and Am2947 are B-bit state Schottky transceivers. 
They provide bidirectional drive for bus-oriented microprocessor 
and digital communications systems .. Straight through bidirec
tional transceivers are featured, with 24mA drive capability on the 
A ports and 48mA bus drive capability on the B ports. PNP inputs 
are incorporated to reduce input loading. 

One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a 3-state 
condition. Chip Disable is functionally the same as an active LOW 
chip select. 

The output high voltage (VOH) is specified at Vee - 1.15V 
minimum to allow interfacing with MaS, CMOS, TTL, ROM, RAM, 
or microprocessors. 

~----------------------------------~----------------------------------~ 

TRANSMITI 
'RE'CEiVE -~L-" 

(TIR} 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientaton. 

Am2947 
LOGIC DIAGRAM 

Am2946 has inverting transceivers. 

11 
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CD 

riA 

LOGIC SYMBOL 

A PORT 

Am2946 
Am2947 

19 18 17 16 15 14 13 12 

BPORT 

Vee ~ Pin 20 
GND ~ Pin 10 
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Am2946/2947 
Am2946 • Am2947 

ABSOLUTE MAXIMUM RATINGS (Abolle which the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

Input Voltage 

butput Voltage 

Lead Temperature (Soldering, 10 seconds) 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 

MIL TA ~ -55 to +125°C VCC MIN ~ 4.5V VCC MAX ~ 5.5V 
COM'L TA ~ 0 to +700C VCC MIN ~ 4.75V VCC MAX ~ 5.25V 

DC ELECTRICAL CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions Min 

A PORT (Ao-A71 
VIH Logical "1"' Input Voltage CD = Vil MAX, T/R = 2.0V 2.0 

Vil Logical "0" Input Voltage C~ = Vil MAX, I COM'L 
T/R = 2.0V I MIL 

VOH Logical "t" OUtput Voltage C~= VllMAX. ioH = -0.4mA Vee-US 
T/R = O.SV 10H = -3.0mA 2.7 

VOL Logical "0" Oulput Voltage C~= Vil MAX, I 10l = 12mA 
T/R = O.SV I COM'L 10l = 24mA 

los Output Short Circuit Current CD = Vil MAX, TlR = O.SV, Vo = OV, 
Vee = MAX, Note 2 

-10 

IIH logical "1" Input Current CD = Vil MAX, T/R = 2.0V, VI = 2.7V 

II Input Current ai Maximum Input Vollsge CD = 2.0V, Vee MAX, VI = Vee MAX 

III Logical "0" Input Current CD = Vil MAX, T/R = 2.0V, VI = 0.4V 

Ve Input Clamp Voltage CD = 2.0V, liN = -12rnA 

100 Output/Input 3-State Current CD = 2.0V Vo = 0.4V 

Vo = 4.0V 

B PORT (Bo-B71 

VIH' Logical "1" Input Voltage CD = Vil MAX, T/R = Vil MAX 2.0 

Vil Logical "0" Input Voltage C~= VllMAX, I COM'L 
T/R = VllMAX I MIL 

10H = -0.4mA Vee-US 

VOH Logical "1" Output Voltage CD = VllMAX, 10H = -5.0mA 2.7 
TIR = 2.0V 

10H = -lOrnA 2.4 

VOL Logical "0" Output Voltage CD = Vil MAX, 10l = 20mA 
TiFf = 2.0V 10l = 48mA 

los Output Short Circuit Current CD = VIL MAX, T/R = 2.0V, Vo = OV 
Vee = MAX. Note,2 

-25 

IIH Logical "1" Input Current CD = Vil MAX, T/R = Vil MAX, VI = 2.7V 

II Input Current at Maxinium Input Voltage . CD = 2.0V, Vee = MAX, VI = Vee MAX 

III Logical "0" Input Current CD = V\L MAX, T/R = Vil MAX, VI = 0.4V 

Ve Input Clamp Voltage CD =2.0V, liN = -12mA 

100 Output/Input 3-5tate Current CD = 2.0V Vo = 0.4V 

Vo = 4.0V 

CONTROL INPUTS CD, T/R 

VIH Logical "1" Input Voltage 2.0 

Vil Logical "0" Input Voltage I COM',L 

I MIL 

IIH Logical "I" Input Current VI = 2.7V 

II Input Current at Maximum Input Voltage Vee = MAX, VI = Vee MAX 

IlL Logical "0" Input Current VI = 0.4V I T/R 

I CD 

Ve Input Clamp Voltage liN = -12rnA " 

POWER SUPPLY CURRENT 

Am2946 CD = VI = 2.0V, Vee = MAX 

Icc Power Supply CUrrent CD = 0.4V, VINA = TtR = 2.0V, Vee = MAX 

Am2947B CD = 2.0V, VI = 0.4V, Vee = MAX 

CD = VINA = .0.4V, TtR = 2.0V, Vee = MAX 

5-306 

-6510 +150"C 

7.0V 

5.5V 

5.5V 

Typ 
(Note 1) Max Units 

Valls 

O.S Volts 
0.7 

Vee-0.7 Volts 
3.95 

0.3 0.4 Valls 
'0.35 0.50 

-38 -75 mA 

0.1 80 pA 

1 rnA 

-70 -200 /LA 

-0.7 -1.5 Volts' 

-200 
pA 

SO 

Volts 

0.8 Volts 
0.7 

Vee-O.S 

3.9 Volts 

3.6 

0.3 0.4 Volts 
0.4 0.5 

-50 -150 mA 

0.1 SO pA 

1 rnA 

-70 -200 pA 

-0.7 -1.5 Volts 

-200 pA' 
200 

Volts 

0.8 Volts 
0.7 

0.5 20 pA 

1.0 mA 

-0.1 -0.25 mA 
-0.1 -0.25 

-O.S -1.5 Volts 

70 100 mA 
100 150 

70 100 rnA 
90 140 



Am2946 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, TA = 25°C) 

Parameter Description Test Conditions 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 
Propagation Delay to a Logical "0" from CD = 0.4V, TIR = O.4V (Figure 1) 
B Port to A Port Rl = lk, R2 = 5k, Cl = 30pF 

tpDLHA 
Propagation Delay to a Logical "1" from CD = 0.4V, TIR = O.4V (Figure 1) 
B Port to A Port Rl = lk, R2 = 5k, Cl = 30pF 

tpLZA 
Propagation Delay from a Logical "0" to 3-State from Bo to B7 = 2.4V, TIR = 0.4V (Figure 3) 
CDtoA Port S3 = 1, As = lk, C4' = 15pF 

tpHZA 
Propagation Delay from a Logical "1" to 3-State from Bo to 87 = 0.4V, TIR = O.4V (Figure 3) 
CD to A Port S3 = 0, Rs = lk, C4 = 15pF 

ipZLA 
Propagation Delay from 3-State to a Logical "0" from Bo to 87 = 2.4V, TIR = 0.4V (Figure 3) 
CDtoA Port Sa = I, Rs = lk, C4 = 30pF 

tpZHA 
Propagation Delay from 3-State to a Logical "1" from 80 to 87 = 0.4V, TIR = 0.4V (Figure 3) 
CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical "0" from 
CD = O.4V, TIR = 2.4V (Figure l)j 

tpDHLB 
A Port to 8 Port l Rl = lOOn, R2 = lk, Cl = 300pF 

I Rl = 667n, R2 = 5k, Cl = 45pF 

Propagation Delay to a Logical "1" from 
CD = 0.4V, T/R = 2.4V (Figure 1) I 

\PDLHB I Rl = lOOn, R2 = lk, Cl = 300pF A Port to 8 Port 
I Rl = 667!l, R2 = 5k, Cl = 45pF 

tpLZB 
Propagation Delay from a Logical "0" to 3-State from Ao to A7 = 2.4V, TIR = 2.4V (Figure 3) 
CD to B Port S3 = I, Rs = lk, C4 = 15pF 

tpHZB 
Propagation Delay from a Logical "1" to 3-State from Ao to A7 = 0.4V, TIR = 2.4V (Figure 3) 
CD to 8 Port S3 = 0, Rs = lk, C4 = 15pF 

Propagation Delay from ~-State to a Logical "0" from 
Ao to A7 = 2.4V, TIR = 2.4V (Figure 3)1 

tpZLB I S3 = 1, Rs = lOOn, C4 = 300pF CD to B Port 
I S3 = 1, Rs = 667!l, C4 = 45pF 

Propagation Delay from 3-State to a Logical "1" from 
Ao to A7 = O.4V, TIR = 2.4V (Figure 3)1 

tpZHB 
COlo 8 Port I S3 - 0, Rs - lk, C4 - 300pF 

I 6'3 = 0, Rs = 5k, C4 = 45pF 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation D~ay from Transmit Mode to Receive a 
CD = 0.4V (Figure 2) 

tTAL SI = 1, R4 = lOOn, C3 =.5pF Logical "0", T IR to A Port 
S2 = 1, R3 = lk, C2 = 30pF 

Propagation D~lay from Transmit Mode to Receive a 
CD = O.4V (Figure 2) 

tTAH SI = 0, R4 = lOOn, C3 = 5pF Logical "I", TIR to A Port 
S2 = 0, R3 = 5k, C2 = 30pF 

Propagation D!lay from Receive Mode to Transmit a 
CD = 0.4V (Figure 2) 

tATL SI = 1, R4 = lOOn, C3 = 300pF Logical "0", TIR to 8 Port 
S2 = I, R3 = 300n, C2 = 5pF 

Propagation Delay from Receive Mode to Transmit a 
CD = 0.4V (Figure 2) 

tRTH Logical "1", TIR to 8 POri SI = 0, R4 = lk, C3 = 300pF 
S2 = 0, R3 = 300n, C2 = 5pF 

Notes: 1. All typical values given are for Vee = 5.0V and TA = 2SoC. 
2. Only one output at a time should be shorted. 

FUNCTION TABLE 

Inputs Conditions 

Chip Disable 0 0 1 

Transmit'Receive 0 1 X 

APort Out In HI-Z 

8 Port In Out HI-Z 

5-307 

Typ 
(Note 1) 

8 

11 

10 

8 

19 

19 

12 

7 

15 

9 

13 

8 

25 

16 

22 

14 

23 

22 

26 

27 

Am2946/2947 

Max Units 

12 ns 

16 ns 

15 ns 

15 ns 

25 ns 

25 ns 

18 ns 

12 ns I 
20 ns 

14 ns 

18 ns 

15 ns 

35 ns 

22 ns 

35 ns 

22 ns 

33 ns 

33 ns 

35 ns 

35 ns 



, 

AI112946/2947 
Am2946 
AC ELECTRICAL CHARACTERISTICS over operating range Am2946 COM'L 

TA = 0 to+70"C 
Vee = 5.0V ±5'l1. 

Parameter Description Test Conditions Max 

A PORT DATA/MODE SPECIFICATIONS 

IpDHLA 
Propagation Delay to a Logical CD '= 0.4V, TJR = 0.4V (Figure 1) 

16 
"0" from B Port to A Port Rl = lk, R2 = Sk, Cl = 3,OpF 

tpOLHA 
Propagation Delay to a Logical CD = 0.4V, T/R = 0.4V (Figure 1) 

20 "I" from B Port to A Port Rl = lk, A2 = Sk, Cl = 30pF 

IplZA. 
Propagation Delay from a Logical _ So to Br = 2.4V, TIl'i = 0.4V (Figure 3) 18 
"0" to 3-Stata from CO to A Port ' S3 = I, As = lk, C4 = ISpF 

tpHZA 
Propagation Delay from a Logical Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 18 
"I" to·3-State from CD to A Port S3 = 0, R5 = lk, C4 =15pF 

tPZLA 
Propagation Delay from 3-State to So to B7 = 2.4V, T/R = 0.4V (Figure 3) 

28 
a Logical "0" from CD to A Port S3 = I, R5= lk, C4 = 30pF 

tpZHA 
Propagation Delay from 3-State to Bo to B7 = 0.4V, TIl'i = 0.4V (Figure 3) 28 
a Logical "1" from CD to A Port S3 = 0, R5 = Sk, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical 
CD = 0.4V, TIl'i = 2.4V (Figure 1) I 

24 tpOHLB I Rl = loon, R2 = lk, Cl = 300pF "0" from A Port to B Port 
I Rl = 6670, R2 = Sk, Cl = 4SpF 16 

Propagation Delay to a Logical 
CD = 0.4V, TI"Ff = 2.4V (Figure 1) I 

2S tpDLHB L Rl = lOOn, R2 - lk, Cl = 300pF "1" from A Port to B Port 
I Rl = 6670, R2 = Sk, Cl = 4SpF 19 

tPl2B 
Propagation Delay from a Logical Ao to A7 = 2.4V, TIl'i.= 2.4V (Figure 3) 23 
"0" to 3-State from CD to B Port S3 = 1, R5 = lk, C4 = ISpF 

IpHZB 
Propagation Delay from a Logical Ao to A7 = 0.4V, TIl'i = 2.4V (Figure 3) 18 
"I" to 3-State from CD to B Port S3 = 0, R5 = lk, C4 = ISpF 

Propagation Delay from 3-State to 
Ao to A7 = 2.4V, TJR = 2.4V (Figure 3)1 

38 tPZLB 
a Logical "0" from CD to B Port I S3 - I, R5 - lOOn, C4 - 300pF 

I S3 = I, R5 = 6670, C4 = 4SpF 26 

Propagation Delay from 3-State to 
Ao to A7 = O.4V, TI"Ff = 2.4V (Figure 3) 

38 tPZHB I S3 = 0, R5 - lk, C4 - 300pF a Logical "I" from CD to B Port 
I S3 = 0, R5 = Sk, C4 = 45pF 26 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation Delay from Transmit CD = 0.4V (Figure 2) 

tTRL Mode to Receive a Logical "0", SI = 1, R4 = .100n, C3 = SpF 38 
TIFitoA Port S2 = 1, Ra = lk, C2 = 30pF 

Propagation Delay from Transmit CD = 0.4V (Figure 2) 

tTRH Mode to Receive a Logical "1", SI = 0, R4 = lOOn, C3 = SpF 38 
TIFi to A Port ~ = 0, Ra = Sk, ~= 30pF 

Propagation Deiay from Receive CD = 0.4V (Figure 2) 
tRTL Mode to Transmit a Logical "0", SI = 1, R4 = lOOn, C3 = 300pF 41 

TIFito B Port S2 = I, R3 = 3OOn, C2 = SpF 

Propagation Delay from Receive CD = 0.4V (Figure 2) 

lATH Mode to Transmit a Logical "1", SI = 0, R4 = lk, C3 = 300pF 41 
Tll'ito B Port S2 = 0, R3 = 30on, C2 = 5pF 

5-308 

Am2946 MIL 

TA = -55 to +125"C 
Vee = 5.0V ±10'll. 

Max Unlta 

19 ns 

23 ns 

21 ns 

21 ns 

33 ns 

33 ns 

29 ns 

19 ns 

30 ns 

22 ns 

26 ns 

21 ns 

43 ns 

30 ns 

43 ns 

30 ns 

43 ns 

43 ns 

47 ns 

47 ns 



Am2947 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, TA = 25°C) 

Parameter Description Test Conditions 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 
Propagation Delay to a Logical "0" from CD = 0.4V, T/R = 0.4V (Figure 1) 
8 Port to A Port Rl = lk, R2 = Sk, Cl = 30pF 

tpDLHA 
Propagation Delay to a Logical "I" from CD = 0.4V, T/R = 0.4V (Figure 1) 
8 Port to A Port Rl = lk, R2 = 5k, Cl = 30pF 

tpLZA 
Propagation Delay from a Logical "0" to 3-State from 80 to 87 = 0.4V, T/R = 0.4V (Figure 3) 
CD toA Port Sa = 1, Rs = lk, C4 = 15pF 

tpHZA 
Propagation Delay from a Logical "I" to 3-State from Bo to 87 = 2.4V, T/R = 0.4V (Figure 3) 
CD to A Port Sa = 0, Rs = lk. C4 = 15pF 

tpZLA 
Propagation Delay from 3-State to a Logical "0" from 80 to 87 = O.4V, T/R = O.4V (Figure 3) 
CDtoA Port Sa = 1, Rs = lk, C4 = 30pF 

tpZHA 
Propagation Delay from 3-State to a Logical "I" from 80 to 87 = 2.4V, T/R = 0.4V (Figure 3) 
CDtoA Port % = 0, Rs = 5k, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical "0" from 
CD = 0.4V, T/R = 2.4V (Figure 1) I 

tpDHLB 
A Port to 8 Port i I Rl = lOon; R2 = lk, C1 = 300pF 

; I Rl = 667!1, R2 = Sk, Cl = 45pF 

Propagation Delay to a Logical "I" from 
CD = 0.4V. T/R = 2.4V (Figure 1) I 

tpDLHB : I Rl = lOOn, R2 = lk, Cl = 300pF A Port to 8 Port· 
! I Rl = 667n, R2. = Sk, Cl = 45pF 

tpLZB 
Propagation Delay from a Logical "0" to 3-State from Ao to A7 = 0.4V. T/R = 2.4V (Figure 3) 
CD to 8 Port Sa = 1, Rs = lk, C4 = ISpF 

tpHZB 
Propagation Delay from a Logical "I" to 3-State from Ao to A7 = 2.4V. T/R = 2.4V (Figure 3) 
CD to B Port Sa = 0, Rs = lk. C4 = 15pF 

Propagation Delay from 3-State to a Logical "0" from 
Ao to A7 = O.4V, J/R = 2.4V (Figure 3) I 

tpZLB 
CD to B Port II Sa - 1. Rs - lOon, C4 - 300pF 

II Sa = 1, Rs = 667!1, C4 = 45pF 

Propagation Delay from 3-State to a Logical "1" from 
Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) I 

tpZHB II Sa - 0, Rs - lk, C4 - 300pF CD to B Port 
II Sa = O. Rs = Sk, C4 = 45pF 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation D~ay from Transmit Mode to Receive a CD = 0.4V (Figure 2) 

tTAL S1 = 1. R4 = lOOn, Ca = 5pF Logical "0", T/R to A Port 
S2 = 1. Ra = lk. C2 = 30pF 

Propagation Delay from Transmit Mode to Receive a 
CD = 0.4V (Figure 2) 

tTAH Logical "1", T/R to A Port Sl = 1. R4 = lOOn, Ca = 5pF 
S2 = 0, Ra = Sk, C2 = 30pF 

Propagalion Delay from Receive Mode to Transmit a 
CD = 0.4V (Figure 2) 

tATL Logical "0", T/R to B Port Sl = 1, R4 = loon. C3 = 300pF 
82 = 0, R3 = 300n, C2 = 5pF 

Propagation D~lay from Receive Mode to Transmit a 
CD = O.4V (Figure 2) 

tATH 81 = 0, R4 = lk, Cs = 300pF Logical "1", T IR to B Port 
S2 = 1, Rs = 300n. C2 = SpF 

Notes: 1. All typical values given are .for Vee = 5.0V and TA = 25°C. 
2. Only one output at a time should be shorted. 

Typ 
(Note 1) 

14 

13 

11 

8 

19 

19 

18 

11 

16 

11 

13 

8 

25 

16 

26 

14 

28 

28 

31 

31 

Am2946/2947 

Max Units 

18 ns 

18 ns 

15 ns 

15 ns 

25 ns 

25 ns 

23 ns 

18 ns 

23 ns 

18 ns 

18 ns 

15 ns 

3S ns 

22 ns 

35 ns 

22 ns 

38 ns 

38 ns 

40 ns 

40 ns 

DEFINITION OF FUNCTIONAL TERMS 

Ao-A7 A port inputs/outputs are receiver output drivers when T/R 
is LOW and are transmit inputs when T/R is HIGH. 

CD Chip Disable forces all output drivers into 3-state when 
HIGH (same function as active LOW chip select, CS). 

BO-B7 B port inputs/outputs are transmit output drivers when T/R 
is HIGH and receiver inputs when T/R is LOW. 

T/R Trallsmit/Receive direction control determineS whether A 
port or B port drivers are in 3-state. With T/R HIGH A port 
is the input and B port is the output. With T/RLOW A port 
is the output and B port is the input. 
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Am2946/2947 
Am2947 
AC ELECTRICAL CHARACTERISTICS over operating range Am2947 COM'L. 

TA = O.to +70·C 
Vee = 5.0V ±5'l1. 

Parameter Description Test Conditions Max 

A PORT DATA/MODE SPECIFICATIONS 

tpOHLA 
Propagation Delay to a Logical CD = 0.4V, TIR = O.4V (Figure 1) 21 "0" from B Port to A Port Rl = Ik, R2 = 5k, Cl = 30pF 

tpOLHA 
Propagation Delay to a Logical CD = 0.4V, T/R = 0.4V (Figure I) 21 
"I" from .B Port to A Port Rl = lk, R2 = 5k, C1 = 30pF 

tpLZA Propagation Delay from a Logical Bo to B7 = 0.4V, T/R = O.4V (Figure 3) 18 "0" to 3-Slate from CD 10 A Port S3 = I, Rs '" lk, C4 = 15pF 

IPHZA 
Propagalion Delay from a Logical So 10 Br = 2.4V, T/R = O.4V (Figure 3) 18 
"I" 10 3-State from CD 10 A Port S3 = 0, Rs = Ik, 94 = 15pF 

IpZLA 
Propagalion Delay from 3-Stale 10 80 to B7 = 0.4V, TIR = O.4V (Figure 3) 28 a Logical "0" from CD to A Port S3 = I, Rs = Ik, C4 = 30pF 

IpZHA 
Propagation Delay from 3-Slate to Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 28 
a Lqgicai "I" from CD to A Port S3 = 0, Rs =5k, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical 
CD = O.4V, T/R = 2.4V (Figure I) I 

28 tpOHLB 
"0" from A Port to B Port I Rl = 1000, R2 = lk, Cl = 300pF 

I Rl = 6670, R2 = Sk, Cl = 4SpF 22 

Propagation Delay to a Logical 
CD = O.4V, T/R = 2.4V (Figure I) J 

28 tpOLHB 
"I" from A Port 10 B'Port I Rl = 1000, R2 = Ik, Cl = 300pF 

I Rl = 6670, R2 = 5k, Cl = 45pF 22 

IpLZB 
Propagalion Delay from a Logical Ao 10 A7 = O.4V, T/R = 2.4V (Figure 3) 23 "0" 10 3-Slale from CD to B Port S3 = I, Rs = Ik, C4 = 15pF 

IpHZB 
Propagation Delay from a Logical Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 18 
"I" to 3·Stale from CD to B Port S3 = 0, Rs = lk, C4 = 15pF 

Propagation Delay from 3-State to 
Ao to A7 = O.4V, T/R = 2.4V (Figure 3) 

38 tpZLB I S3 = I, Rs = 1000, C4 = 300pF a Logical "0" from CD 10 B Port 
I S3 = I, Rs =. 6670, C4 '= 45pF 26 

Propagation Delay fro~ 3.-State to 
Ao to A7 = 2.4V, T/R = 2,4V (Figure 3) 

38 tpZHB I S3 - 0, Rs = lk, C4 = 300pF a Logical "I" from CD to B Port 
I S3 = 0, Rs = 5k, C4 = 4spF 26 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation Delay from Transmit CD = 0.4V (Figure 2) 

ITRL Mode to Receive a Logical "0", SI = 0, R4 = 1000, C3 = 5pF 42 
TiRtoA Port S2 =1, R3 = Ik, C2 = 30pF 

Propagation Delay from Transmit CD = 0,4V (Figure 2) 

tTRH Mode to Receive a Logical "I", SI = I, R4 = 1000, C3 = 5pF 42 
TiR 10 A Port S2 = 0, R3 = Sk, C2 = 30pF 

Propagation Delay from Receive CD.= O,4V (Figure 2) 
IRTL Mode 10 Transmit a Logical "0", SI = I, ~ = 1000, C3 = 300pF 45 

T/Rto B Port S2 = I, R3 = 3000, C2 = 5pF 

Propagation Delay from Receive CD = 0,4V (Figure 2) 
IRTH Mode to Transmit a Logical "I", SI = 0, R4 = lk, C3 = 300pF 45 

T/Rto B Port S2 = I, R3 = 3000, C2 = 5pF 

5·310 

Am2947 MIL 

TA = -55 to +125·C 
Vee = 5.0V ±10'll. 

Max Units 

24 ns 

24 ns 

21 ns 

21 ns 

33 ns 

33 ns 

34 ns 

25 ns 

34 ns 

25 ns 

26 ns 

21 ns 

43 ns 

30 ns 

43 ns 

30 ns 

48 ns 

48 ns 

51 ns 

51 ns 



Am2946/2947 

SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 

Am2946 ~ ,. ____ 3.0V 

... ~~: "15V 1.5V V ~ 
Am2947 ~-'-PO-L-H---'-P-OH-L-¥ I ~ 
B~~TR~ _____ .J/'" 1.0V '---

INPUT 

Vee 

DEVICE 
UNDER 
TEST 

OUTItUT 

Ir ~ If < 10ns 
10%10 90% Note: C1 includes test fixture capacitance. 

Figure 1. Propagation Delay from A Port to B Port or from B Port to A Port. 

"I 

A PORT 0------..... --1 .-..... ------0 BPORT 

aPORT 

Ir ~ If < 10ns 
10%10 90% 

vcc~ 
S2'" 1 

Note: C2 and C3 include test fixture capacitance. 

Figure 2. Propagation Delay from TiFi to APort or B Port. 

,.--------___ .. , ______ 3.0V Vee 

Vee 

INP~ $." '.5V\;" 

I d~ ~--j ~r--OV I~~~ 0-------01 t-..,..------o :~~T 

o~~~lE IF 
IPHZ=:1 §~LZ 'pZL ~ r-

ou~~~ '.0vRv ~ 

t,. ~ If < 10ns 
10% 10 90% 

INPUT 

R, 

Note: C4 includes test fixture capacitance. 

Port input is in a fixed logical condition. 

Figure 3. Propagation Delay from CD to A Port or B Port. 
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Am2946/2947 

Metallization and Pad Layouts 

Am2946 Am2947 

vcc 20 vcc 20 

As 19 "0 As 1 19 "0 

AI I. "I AI I. "I 

A2 17 ., A2 17 -.82 

A3 16 "3 A3 I. ·3 

A. 15 ". A. 15 ". 
As " Ils As I. Ils 
As 13 "6 As 13 Be 
A7 A7 

CD 12 "' CD 12 "' 
GND, 10 11 TIR GND 10 11 T/R 

DIE SIZE .069" X .089" DIE SIZE .069" X .089" 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2946 Am2947 Package Type Operating Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM2946PC AM2947PC D-20-1 C C-l 
AM2946DC AM2947DC D-20-1 C C-l 
AM2946DC-8 AM2947DC-8 D-20-1 C 8-1 
AM2946DM AM2947DM D-20-1 M C-3 
AM2946DM-8 AM2947DM-8 D-20-1 M 8-3 

} Visual inspection 
AM2946XC AM2947XC Dice· C to MIL-STD-883 

Method 20108. 

Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 8for detailed outline. Where Appendix 8 

contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0 to 70'C, VCC = 4.75V to 5.25V, M = -55 to +125'C, Vee = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level 8-3 conforms to MIL-STD-883, Class 8. 
4. 96 hour burn-in. 
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Am2948 • Am2949 
Octal Three·State 8idirectional8us Tr~nsceivers 

DISTINCTIVE CHARACTERISTICS 

• 8-bit bidirectional data flow reduces system package count 
• 3-state inputs/outputs for interfacing with bus-oriented 

systems 
• PNP inputs reduce input loading 
• Vee - 1.15V VOH interfaces with TTL, MaS, and CMOS 
• 48mA, 300pF bus drive capability 
• Am2948 has inverting tranceivers 
• Am2949 has noninverting transceivers 
• Separate TRANSMIT and RECEIVE Enables 
• 20 pin ceramic and molded DIP package 
• Low power - 8mA per bidirectional bit 
• Advanced Schottky processing 
• Bus port stays in hi-impedance state during power up/down 

GENERAL DESCRIPTION 

The Am2948 and Am2949 are 8-bit, 3-state Schottky trans
ceivers. They provide bidirectional drive for bus-oriented micro
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capability 
on the A ports and 48mA bus drive capability on the B ports. PNP 
inputs are incorporated to reduce input loading. 

Separate TRANSMIT and RECEIVE Enables are provided for 
microprocessor system with separated read and write control 
bus lines. 

The output high voltage (VOH) is specified at Vee - 1.15V 
minimumto allow interfacing with MaS, CMOS, TIL, ROM, RAM, 
or microprocessors. 

Am2949 
LOGIC DIAGRAM 



Am2948/2949 
Am2948 • Am2949 
ABSOLUTE MAXIMUM RATINGS (Above whiCh the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

Input Voltage 

Output Voltage 

Lead Temperature (Soldering, 10 seconds) 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 

MIL TA ~ -55 to +125°C Vee MIN ~ 4.SV Vee MAX ~ 5.5V 
COM'L TA ~ 0 to +70°C Vee MIN ~ 4.75V Vee MAX ~ 5.25V 

DC ELECTRICAL CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions Min 

A PORT (Ao-A7) 

VIH Logical "1" Input Voltage T ~ a.8V, A ~ 2.aV 2.a 

VIL Logical "0" Input Voltage T ~ a.BV, R ~ 2.0V I eOM'L 

I MIL 

VOH Logical "1"' Output Voltage T ~ 2.0V, R ~ a.BV 10H .~ ~a.4mA Vee~1.15 

10H ~ ~3.0mA 2.7 

VOL Logical "a" Output Voltage T ~ 2.0V, R ~ a.8V I 10L ~ 12mA 

I eOM'L 10L ~ 24mA 

los Output Short Circuit Current 
T ~2.0V, R ~ O.BV, Va ~ av, 
Vee ~ MAX, Note 2 

~10 

IIH Logical "1" Input Current T ~ a.8V, R ~ 2.aV, VI ~ 2.7V 

II Input Current at Maximum Input Voltage T ~ R ~ 2.av, Vee ~ MAX, VI ~ Vee MAX 

IlL Logical "0" Input Current T ~ O.BV, R ~ 2.0V, VI ~ O.4V 

Ve Input Clamp Voltage T ~R ~ 2.0V, liN ~ ~12mA 

100 Outputllnput 3-State Current T ~ R ~ 2.0V Va ~ O.4V 

Va ~ 4.0V 

B PORT (Bo-B7) 

VIH Logical "1" I nput Voltage T ~ 2.0V, R ~ O.BV 2.a 

VIL Logical "0" Input Voltage T ~ 2.aV, R ~ a.BV I eOM'L 

I MIL 

10H ~ ~a.4mA Vee~1.15 

VOH Logical "1" Output Voltage T ~ 0.8V, R ~ 2.0V 10H ~ -S.OmA 2.7 

10H ~ ~10mA 2.4 

VOL Logical "a" Output Voltage T ~ a.8V, R ~ 2.0V 10L ~ 20mA 

10L ~ 48mA 

los Output Short Circuit Current 
T ~ a.8V, R ~ 2.0V, Va ~ av 
Vee ~ MAX, Note 2 

-25 

IIH Logical "1" Input Current T ~ 2.0V, R ~ 0.8V, VI ~ 2.7V 

II Input Current at Maximum Input Voltage T ~ R ~ 2.av, Vee ~ MAX, VI ~ Vee MAX 

IlL Logical "0" Input Current T ~ 2.0V, R ~ O.8V, VI ~ 0.4V 

Ve Input (:Iamp Voltage T ~ R ~ 2,OV, liN ~ ~12mA 

100 OutputJlnput 3·State Current T ~ R ~ 2.0V Va ~ 0.4V 

I Va ~ 4.0V 

CONTROL INPUTS T, R 

VIH Logical "1" Input Voltage 2.0 

VIL Logical "0" Input Voltage I eOM'L 

1 MIL 

IIH Logical "1" Input Current VI ~ 2.7V 

II Input Current at Maximum Input Voltage Vee ~ MAX, VI ~ Vee MAX 

IlL Lpgical "0" Input Current VI ~ O.4V I R 

I T 

Ve Input Clamp Voltage liN ~ ~12mA 

POWER SUPPLY CURRENT 

Am2948 T ~ R ~ 2.aV, VI ~ 2.0V. Vee ~ MAX 

lee Power Supply Current T ~ O.4V,VINA ~ R ~ 2.av, Vee ~ MAX 

Am2949 T ~ R ~ 2.av, VI ~ 0.4V, Vee ~ MAX 

T ~ VINA ~ 0.4V, R ~ 2.0V, Vee ~ MAX 

5-314 

Typ 
(Note 1) 

Vee~0.7 

3.95 

0.3 

0.35 

~3B 

0.1 

~70 

~a.7 

Vee- 0.8 

3.9 

3.6 

0.3 

a.4 

~50 

0.1 

~70 

~a.7 

0.5 

~0.1 

~a.25 

-0.8 

70 

lao 

70 

9a 

-65 to +150°C 

7.0V 

5.5V 

5.5V 

Max Units 

Volts 

0.8 
Volts 

0.7 

Volts 

0.4 Volts 
0.50 

~75 mA 

80 "A 

1 mA 

~20a "A 
~l.S Volts 

~2ao 
"A 

80 

Volts 

0.8 
Volts 

0.7 

Volts 

0.4 
Volts 

0.5 

~150 mA 

80 "A 

1 mA 

-200 "A 

-1.5 Volts 

~2ao 
"A 

200 

Volts 

0.8 Volts 
0.7 

2a "A 

1.0 mA 

-0.25 mA 
-0.5 

-·1.5 Volts 

100 mA 
150 

100 mA 
140 



Am2948/2949 
Am2948 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, TA = 25°C) 

Parameter Description Test Conditions Typ Max Units 

A PORT DATA/MODE SPECIFICATIONS 

tpOHLA 
Propagation Delay to a Logical "0" from T = 2.4V, R = 0.4V (Figure A) 

8 12 ns B Port to A Port Rt = Ik, R2 = 5k, Ct = 30pF 

tpOLHA 
Propagation Delay to a Logical 'T' from T = 2.4V, R = 0.4V (Figure A) II 16 ns 
B Port to A Port RI = Ik, R2 = 5k,Cl = 30pF 

tpLZA 
~ropagation Delay from a Logical "0" to 3-State from Bo to B7 = 2.4V, T = 2.4V (Figure B) 10 IS ns 
RtoAPort S3 = I, R5 = Ik, C4 = 15pF 

tpHZA 
Propagation Delay from a Logical "I" to 3-State from So to ~ = 0.4V, T = 2.4V (Figure B) 

8 IS ns RtoAPort Sa = 0, R5 = Ik, C4 = 15pF 

tpZLA 
~opagation Delay from 3-State to a Logical "0" from Bo to B7 = 2.4V, T = 2.4V (Figure B) 

20 27 ns RtoAPort S3 = I, R5 = Ik, C4 = 30pF 

tpZHA 
Propagation Delay from 3-State to a Logical "I" from Bo to B7 = 0;4V, T = 2.4V (Figure B) 20 27 ns RtoAPort S3 = 0, R5 = 5k, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical "0" from 
T = 0.4V, R = 2.4V (Figure A) I 

12 18 tpoHLB II RI = 1000, R2 = Ik, Ct = 300pF 
ns 

A Port to B Port 
II Rt = 6670, R2 = 5k, Cl = 45pF 8 12 ns 

Propagation Delay to a Logical "I" from 
T = 0.4V, R = 2.4V (Figure A) I 20 tpOLH8 II Rt = 1000, R2 = Ik, Cl = 300pF 

15 ns 
A Port to B Port 

II 
i I Rt = 6670, R2 = 5k, Cl = 45pF 9 14 ns 

tpLZB 
fropagation Delay from a Logical "0" to 3-State from flo to A7 = 2.4V, R = 2.4V (Figure B) 13 18 ns 
TtoBPort Sa = I, As = Ik, C4 = 15pF 

tpHZB 
fr0pagation Delay from a Logical "I" to 3-State from flo to A7 = O.4V, R = 2.4V (Figure B) 

B 15 ns 
TtoBPort S3 = 0, R5 = Ik, C4 = 15pF 

Propagation Delay from 3-State to a Logical "0" from 
flo to A7 = 2.4V, R = 2.4V (Figure B) I 

25 35 ns tpZLB 
"fto B Port . I S3 - I, R5 - 1000, C4 - 300pF 

I S3 = t, R5 = 6670, C4 = 45pF 18 25 ns 

Propagation Delay from 3-State to a Logical "I" from 
Ao to A7 = 0.4V, R = 2.4V (Figure B) I 

25 35 ns tpZHB 
"fto B Port I S3 = 0, R5 = lk, C4 = 300pF 

I S3 = 0, R5 = 5k, C4 = 45pF 16 25 ns 

FUNCTION TABLE 

Control Inputs Resulting Conditions 

Transmit Receive A Port B Port -

1 0 Out In 

0 1 In Out 

1 1 3-State 3-State 

0 0 Both Active-

'This is not an intended logic condition and may cause oscillations. 
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Am2948/2949 
Am2948 Am2948, ~OM'L Am2948 MIL 

.' ", 

AC ELECTRICAL, CHARACTERI,STICS over operating range 
TA=O to +70·C TA = -55 to +125"C , 

Vee = 5.0V i5% Vee = 5.0V ±100/0 
" 

Parameter Description Test 'Conditions, ;" Max Max Units 

A PORT. DATA/MODE SPECIFICATIONS 

tpOHtA 
Propagation Delay to a Logical T = 2.4V, A = OAV (Figure A) 19 16 ns "0" from B Port to A Port ' A, ,= lk, A2 = 5k, C, = ~OpF 

\PDLHA 
Propagation Delay to a Logical T = 2.4V, A = 0.4V (Figure A) 23 20 ns "f' from ,B Port to A Port A,,= lk, A2 = 5k,C1 = 30pF 

tpLZA' 
Propagation Delay from a Logical 
"0" to 3-State from R to A Port 

Bo to B7 = 2AV, T = 2AV (Figure B) 
S3 = I, As = lk,'C4 = 15pF .' . 

21 18 ns 

\PHZA 
'Propagation Delay from a Logical Bo to B7= O.4V, T = 2.4V (Figur~B) 21 18 ns 
"1" to 3-State from R to A POrt S3 = 0, As = lk, C4 '", 15pF 

tpZtA 
' Propagation Delay from 3-State to Bo to B7 '" 2.4V, T = 2.4V (Figure B), 35 30 ns 

a Logical "0" from R to A Port S3 = l,As = lk, C4 '= 30pF 

tPZHA 
Propagation Delay from 3-State to Bo to,B7 '" 0.4V,T = 2.4V (FigurE> B) 35 30 ns 
a Logical "1" from R to A Port ' S3 = 0, As= Sk, C4 = 30PF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical 
T ,;, 0.4V, A = 2AV (Figure A) I 

tpOHLB ! I A1 = lOOn, A2 = tk, C1 = 300pF 
29 24 ns 

"0" from A Port to B Port 
I rA1 = 6670, A2 = 5k, C1 = 45pF 19 16 ns 

Propagation Delay to a Logical 
T = O.4V, A = 2.4V (Figure A) I 

tpOLHB 1'1 A1 -lOOn, A2 - lk, C1 - 300pF' 
30 25 ns 

"1" from A Port to B Port 
II A1 = 6670, A2 = 5k, C1 = 45pF 22 19 ns 

tpLZB 
Propagation Delay !!:9m a Logical Ao to A7 = 2AV, A ~ 2.4V (Figure B) 

26 23 ns "0" to 3-State from T to B Port S3 =1, As = lk, C4 = 15pF 

tPHZB 
Propagation Delay !!:.om a Logical Ao to A7 = O.4V, A = 2.4V (Figure B) 21 18 ns ( "I" to 3-State from T to B Port S3 = 0, As = lk, C4 = 15pF 

Propagation Delay from 3-State to 
Ao to "'7 = 2.4V, A = 2.4V (Figure B) I 

43 38 tPZLB II S3 = 1, Rs = lOOn, C4 = 300pF 
ns 

a Logical "0" from T to B Port 
II S3 '" 1, As = 6670, C4 = 45pF 33 28 ns 

Propagation Delay from 3-State to 
Ao to A7 = OAV, A = 2.4V (Figure B) I 

43 38 ns tpZHB 
a Logical "1" from T to B Port ,II S3 - 0, As - lk, C4 - 300pF 

II S3 = 0, As = 5k, C4 = 45pF 33 28 ns 
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Am2948/2949 
Am2949 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, TA = 25°C) 

Parameter Description Test Conditions Typ Max Units 

A PORT DATA/MODE SPECIFICATIONS 

IpOHLA 
Propagalion Delay 10 a logical "0" from T = 2.4V, R = 0.4V (Figure A) 14 18 ns B Portio A Port Rl = lk, R2 = 5k, Cl = 30pF 

IpOLHA 
Propagalion Delay 10 a logical "1" from T = 2.4V, R = 0.4V (Figure A) 13 18 ns B Portio A Port Rl = lk, R2 = 5k, Cl = 30pF 

IpLZA 
f,ropagation Delay from a Logical "0" 10 3-Stale from So to e-, = O.4V, T = 2.4V (Figure B) 11 15 ns 
RloAPort Sa = 1, Rs = lk, C4 = 15pF 

IpHZA 
f.r0pagalion Delay from a logical "I" 10 3-8tale from So 10 B7 = 2.4V, T = 2.4V (Figure B) , 

8 15 ns RloAPort S3 = 0, Rs = lk, C4 = 15pF 

IpZLA 
f,ropagation Delay from 3-8lale 10 a logical "0" from Bo 10 B7 = 0.4V, T = 2.4V (Figure B) 20 27 ns RloAPort Sa = 1, Rs = lk, C4 = 30pF 

IpZHA 
.f.r0pagalion Delay from 3-Slale 10 a logical "1" from Bo 10 e-, = 2.4V, T = 2.4V (Figure B) 20 27 ns Rio A Port S3 = 0, R5 = 5k, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagalion Delay 10 a logical "0" from 
T = 0.4V, R = 2.4V (Figure A) J 18 23 IpOHLB I Rl = 1000, R2 = lk, Cl = 300pF 

ns 
A PortloB Port 

I Rl = 6670, R2 = 5k, Cl = 45pF 11 18 ns 

Propagalion Delay 10 a logical "I" from 
T = 0.4V, R = 2.4V (Figure A) I 

IpOLHB I Rl = 1000, R2 = lk, Cl = 300pF 
16 23 ns 

A Port 10 B Port 
I Rl = 6670, R2 = 5k, Cl = 45pF 11 18 ns 

IpLZB 
f,ropagation Delay from a logical "0" to 3-State from Ao 10 A7 = 0.4V, R = 2.4V (Figure B) 13 18 ns TtoBPort Sa = 1, Rs = lk, C4 = 15pF 

tpHZB 
f,ropagation Delay from a logical "1" 10 3-State from Ao 10 A7 = 2.4V, R = 2.4V (Figure B) 

8 15 ns TtoBPort S3 = 0, Rs = lk, C4 = 15pF 

Propagation Delay from 3-8tale '10 a logical "0" from Ao to A7 = O.4V, R = 2.4V (Figure B) J 
25 35 ns IpZLB 

Tlo B Port I S3 - I, Rs = 1000, C4 = 300pF 

I S3 = 1, Rs = 6670, C4 = 45pF 17 25 ns 

Propagalion Delay from 3-Slale 10 a Logical "1" from 
Ao 10 A7 = 2.4V, R = 2.4V (Figure B) I 

24 35 tpZHB I S3 = 0, R5 = lk, C4 = 300pF 
ns 

TtoBPort 
I Sa = 0, Rs = 5k, C4 = 45pF 17 25 ns 

DEFINITION OF FUNCTIONAL TERMS 

Ao-A7 A port inputs/outputs are receiver output drivers when 
Receive is LOW and Transmit is HIGH, and are 
Iransmit inputs when Receive is HIGH and Transmit 
is lOW. 

B port inputs/outputs are transmit outpul drivers when 
Transmit is LOW and Receive is HIGH, and are re
ceiver inputs when Transmit is HIGH and Receive 
is LOW. 

Transmit, These controls determine whether A port and B port 
Receive drivers are in 3-state. With both Transmit and Receive 

HIGH both ports are in3-state. Transmit and Receive 
both LOW activate both drivers and may cause oscil
lations. This is not an intended logic condition. With 
Transmit HIGH and Receive LOW A port is the output 
and B port is the input. With Transmit LOW and Re
ceive HIGH B port is the output and A port is the input. 
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Am2948/294& 
Am2949 
AC ELECTRICAL CHARACTERISTICS over operating range Am2949 COM'l 

TA=Oto+700c 
Vee = 5.0V ±5"1o 

Parameter Description Test Conditions Max 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 
Propagation Delay to a Logical T = 2AV, R = OAV (Figure A) 

24 
"0" from B Port to A Port Rl = lk',R2 = Sk, Cl = 30pF 

tpOLHA 
Propagation Delay to a Logical T = 2AV, R = 0,4V (Figure A) 

24 
"I" from B Port to A Port R, = lk, R2 = Sk, C, = 30pF 

tplZA 
Propagation Delay ~m a Logical Bo to B7 = O,4V, T = 2AV (Figure B) 21 
"0" to 3-State from R to A Port S3 = I, Rs = lk, C4 = 15pF 

tpHZA 
Propagation Delay from a Logical Bo to Br = 2,4V, T = 2,4V (Figure B) 

21 
"I" to 3-State from R to A Port S3 = 0, Rs = lk, C4 = 15pF 

tpZLA 
Propagation Delay.!!:om 3-State to Bo to B7 = OAV, T = 2.4V (Figure B) 3S 
a Logical "0" from R to A Port S3 = I, Rs= lk, C4 = 30pF 

tpZHA 
Propagation Delay from 3-State to Bo to B7 = 2AV, T = 2AV (Figure B) 

3S 
a Logical "I" from R to A Port S3 = 0, Rs = Sk, C4 = 30pF 

B PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical 
T = OAV, R = 2,4V (Figure A) J 34 tpOHLB II Rl = lOOn, R2 = lk, C, = 300pF "0" from A Port to B Port 

II R, = 66m, R2 = Sk, Cl = 4SpF 25 

Propagation Delay to a Logical 
T = 0,4V, R = 2AV (Figure A) I 

tpOLHB II R, = lOOn, R2 = lk, Cl = 300pF 
34 

"I" from A Port to B Port 
II Rl = 66m, R2 = Sk, C, = 4SpF 25 

tpLZB 
Propagation Delay ~m a Logical Ao to A7 = OAV, R = 2AV (Figure B) 

26 "0" to 3-State from T to B Port S3 = I, Rs = lk, C4 = 15pF 

tPHZB 
Propagation Delay !!:om a Logical Ao to A7 = 2.4V, R = 2.4V (Figure B) 21 
"I" to 3-State from T to B Port S3 = 0, Rs = lk, C4 = ISpF 

Propagation Delay from 3-State to 
Ao to A7 = OAV, R = 2,4V (Figure B)I 

43 tpZLB 
a Logical "0" from l' to B Port II S3 = I, Rs = lOOn, C4 = 300pF 

II S3 = I, Rs = 66m, C4 = 45pF 33 

Propagation Delay from 3-State to 
Ao to A7 = 2,4V, R = 2.4V (Figure B)I 

43 tpZHB II S3 = 0, Rs = lk, C4 = 300pF a Logical "1" from -1' to B Port 
II S3 = 0, Rs = 5k, C4 = 45pF I 33 
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Am2949 MIL 

TA = -55 to +125°C 
Vee = 5.0V ±10% 

Max Units 

-
2t ns 

21 ns 

18 ns 

18 ns 

30 ns 

30 ns 

28 ns 

22 ns 

28 ns 

22 ns 

23 ns 

18 ns 

38 ns 

2B ns 

38 ns 

28 ns 



Am2948 

INPUT 
An OR Bn 

Am2949 

OUTPUT 
Bn OR An 

SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 

I, = If < IOns 
10% 10 90% 

,-___ 3.0V 

'---- OV 

Note: C, includes lest fixture capacitance. 

Figure A. Propagation Delay from A Port to B Port or from B Port to A Port 

PORT 
INPUT 

2.4VO--O 

O.4V 

t, = tf < IOns 
10% to 90% 

DEVICE 
UNDER 
TEST 

t--<>-~ R OR T 

3.0V 

~--- OV 

t-..... -----'--<> ~~UT 

Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. S.ee AC table. 

Figure B. Propagation Delay to/from Three-State from R to A Port and T to B Port 
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Am2948/2949 

Metalllzatlo,n and Pad Layouts 

"Am2948 Am2949 

Vce 20 vcc 20 
"0 ,9 BO AD ,9 "0 

A, 'B B, A, '8 B, 

A2 17 .. A2 17 .. 
A3 'a B3 A3 ,a B3 ... 'S B, A, 'S B, 

As 6 
\ " .. AS ,. BS 

Aa 7 '3 Ba Aa '3 Ba 

A7 A7 

T '2 "? T 12 B7 

GND 10 11 R GND 10 11 R 

DIE; SIZE .069" X .089" DIE SIZE .069" X ,089" 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening leveL 

Am2948 Am2949 Package Type Operating Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM2948PC AM2949PC P-20-1 C C-l 
AM2948DC ,AM2949DC D-20-1 C C-l 
AM2948DC-B AM2949DC-B D-20-1 C B-1 
AM2948DM AM2949DM D-20-1 M C-3 
AM2948DM-B AM2949DM-B D-20-1 M B-3 

} Visual inspection 
AM2948XC AM2949XC Dice C to MIL-STD-883 

Method 2010B, 

Notes: 
1, P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline, Where Appendix B 

contains several dash numbers, any of the variations of the package may be used unless otherwise specified, 
2, C = ° to 70"C, VCC = 4,75 to 5.25V, M = -55 to +125"C, Vee = 4.50 to 5.50V. 
3, See Appendix A for details of screening, Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
4. 96 hour burn-in, -
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Am2950 • Am2950A 
Am2951 • Am2951 A 

Eight. Bit Bidirectional I/O Ports with Handshake 

DISTINCTIVE CHARACTERISTICS 

• Eight-Bit, Bidirectional 1/0 Port with Handshake -
Two eight-bit, back-to-back registers store data moving in both 
directions between two bidirectional busses. 

• Register Full/Empty Flags-
On-chip flag flip-flops provide data transfer handshaking 
signals. 

• Separate Clock, Clock Enable and Three-State Output Enable 
for Each Register. 

• Separate, Edge-Sensitive Clear Control for Each Flag 
Flip-Flop. 

• Inverting and Non-Inverting Versions -
The Am2950 provides non-inverting data outputs. The 
Am2951 provides inverting data outputs. 

• 24mA Output Current Sink Capability. 

• Fast-
The Am2950A and Am2951A will be 25 -·30% faster than the 
Am2950 and Am2951. 

Am2950 BLOCK DIAGRAM 
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GENERAL DESCRIPTION 

The Am2950 and Am2951, members of Advanced Micro Devices 
Am2900 Family, are designed for use as parallel data 1/0 ports. 
Two eight-bit, back to back registers store data moving in both 
directions between two bidirectional, 3-state busses. On chip flag 
flip-flops, set automatically when a register is loaded, provide the 
handshaking signals required for demand-response data 
transfer. 

Considerable flexibility is designed into the Am2950 • Am2951. 
Separate clock, clock enable and three-state output enable sig
nals are provided for each register, and edge-sensitive clear 
inputs are provided for each flag flip-flop. A number of these 
circuits can be used for wider 1/0 ports. Both inverting and non-in
verting versions are available. 

Twenty-four mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2950 • Am2951. 

The Am2950A and Am2951A feature AMD's ion-implanted 
micro-oxide (IMOX'M) processing. They are plug-in replace
ments for the Am2950 and Am2951 respectively but will be ap
proximately 30% faster. 
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Am2950/50A/51/51A 

Am29S0 
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LOGIC SYMBOLS 
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Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am2950A _ Am2951A 

Or!ler Number Or!ler Number Am29S0 Am2951 Package Type Operating Range Screening Level 
(Note 5) (Note 5) Or!ler Number Order Number (Note 1) (Note 2) (Note 3) 

AM2950APC AM2951APC AM2950PC AM2951PC P-28 C C-l 
AM2950ADC' AM2951ADC AM2950DC AM2951DC D-28 C C-l 
AM2950ADC-B AM2951ADC-B AM2950DC-B AM2951DC-B D-28 C B-2 (Note 4) 
AM2950ADM AM2951ADM AM2950DM AM2951DM D-28 M C-3 
AM2950ADM-B AM2951ADM-B AM2950DM-B AM2951DM-B D-28 M B-3 
AM2950AFM AM2951AFM AM2950FM AM2951FM F-28-2 M C-3 
AM2950AFM,B AM2950AFM-B AM2950FM-B AM2951FM-B F-28-2 M B-3 
AM2950ALC AM2951ALC AM2950LC AM2951LC L-28 C .C-t 
AM2950ALM AM2951ALM AM2950LM AM2951LM L-28 C C-3 
AM2950ALM-B AM2951ALM-B AM2950LM-B AM2951LM-B L-28 M B-3 

AM2950AXC AM2951AXC AM2950XC AM2951XC . Dice C } Visual inspection 

AM2950AXM AM2951AXM AM2950XM AM2951XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat pak. Number following letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B oontains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = Oto +70"C, Vee = 4.75t05.25V, M = -55to + 125°C, Vee = 4.50t05.50V. 
3. See Appendix A for details of screening. LevelsC-l and C-3 conform to MIL-STD-883, 

Class C. Level B-3 oonforms to MIL-STD-883, Class B. 
4. 96 hour burn-in. 
5. When available. 
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D 

X 

L 

H 

REGISTER FUNCTION TABLE 
(Applies to R 'or S Regiater) 

Inputs Internal 
CP CE Q Function 

X H NC Hold Data 

t L L 

t 
Load Data 

L H 

Am2950/SOA/51/51A 

OUTPUT CONTROL 

Internal Y·Outputs 

OE Q Am2950 Am2951 Function 

.H X Z Z Disable Outputs 

L L L H 

L H H L 
Enable Outputs 

FLAG FLlP·FLOP FUNCTION TABLE 
(Applies to R or S Flag Flip-Flop) 

Inputs 

CE CP CLR F·OutDut Function 

H X 4- NC Hold Flag 

X X t L Clear Flag 

L t 4- H Set Flag 

H = HIGH 
L = LOW 

NC = NO CHANGE 
t = LOW-to-HIGH Transition 

X = Don't Care 4- = NO LOW-to-HIGH Transition 
Z = High Impedance 

DEFINITION OF FUNCTIONAL TERMS 

A0-7 Eight bidirectional lines carrying the R Register inputs or 
S Register outputs. 

B0-7 Eight bidirectional lines carrying the S Register inputs or 
R Register outputs. 

CPR The clock for the R Register and FR Flip-Flop. When CER 
is LOW, data is entered into the R Register and the FR 
Flip-Flop is set on the LOW to HIGH transition of the CPR 
signal. . 

CER The Clock Enable for the R Register and FR Flip-Flop. 
When CER is LOW, data is entered into the R Register 
and the FR Flip-Flop is set on the LOW to HIGH transition 
of the CPR signal. When CER is HIGH, The R Register 
and FR Flip-Flop hold their contents, regardless of CPR 
signal tranSitions. 

OEBR The Output Enable for the R Register. When OEBR is 
LOW, The R Register three-state outputs are enabled 
onto the BO-7Iines. When OEBR is HIGH, the R Register 
outputs are in the high-impedance state. 

FR The FR Flip-Flop output. 

CLRR The clear control for the FR Flip-Flop. The FR Flip-Flop is 
cleared on the LOW to HIGH transition of CLRR signal. 

CPS The clock for the S Register and FS Flip-Flop. When BEs 
is LOW, data is entered into the S Register and the FS 
Flip-Fiop is set on the LOW to HIGH transtion of the CPS 
signal. 

CES The clock enable for the S Register and FS Flip-Flop. 
When CES is LOW, data is entered into the S Register 
and the FS Flip-Flop is set on .the LOW to HIGH transition 
of the CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless Of CPS signal 
transitions. 

OEAS The output enable for the S Register. When OEAS is 
LOW, the S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register 
outputs are in the high-impedance state. 

FS The FS Flip-Flop output. 
CLRS The clear control for the FS Flip-Flop. The FS Flip-Flop is 

cleaned on the LOW to HIGH transition of CLRS signal. 

METALLIZATION AND PAD LAYOUT 

10 

11 

24 

23 

22 

21 

20 

,. 

Numbers refer to DIP pin connection 
DIE SIZE 0.107" X 0.138" 
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Am2950/50A/51/51A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias - 55°C to + 125°C 

Supply Voltage to Ground Potential Continuous -O.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

DC Input Voltage -O.5V to +5.5V 

DC Output C'urrent, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

OPERATING RANGE 

Part Number Temperature VCC 

Am2950i51PC, DC TA ~ O°C to +70°C VCC ~ 5.0V ±5% (MIN. ~ 4.75V, MAX. ~5.25V) 

Am2950/51DM, FM TC ~ -55°C to +125°C VCC ~ 5.0V ±IO% (MIN. ~ 4.50V, MAX. ~ 5.50V) 

Am2950, Am2951 
DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

FR,FS IOH ~ -lmA 2.4 3.4 

VOH Output HIGH Voltage 
VCC ~ MIN. 

MIL, IOH ~ -2mA 2.4 3.4 Volts 
VIN ~ VIH or VIL AO-7,80-7 

COM'L, IOH ~ -6.5mA 2.4 3.4 

FR,FS IOL ~ t2mA 0.5 

VOL Output LOW Voltage VCC ~ MIN. MIL IOL ~ 16mA 0.5 Volts 
VIN ~ VIH or VIL· AO·7,80-7 

COM'L IOL ~ 24mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts 
voltage for all inputs 

VIL Input LOW Level Guaranteed input logical LOW 0.8 Volts 
voltage for all inputs 

VI Input Clamp Voltage VCC ~ MIN., liN ~ -18mA -1.5 Volts 

AO-7,80-7 -250 /LA 

IlL Input LOW Current VCC ~ MAX., VIN ~ 0.5V CLRR, CLRS -2.0 mA 

Others -360 /LA 

AO-7,80-7 70 
IIH Input HIGH Current VCC ~ MAX., VIN ~ 2.7V CLRR,CLRS 100 /LA 

Others 20 

II Input HIGH Current VCC ~ MAX., VIN ~ 5.5V 1.0 mA 

Output Off-state VO ~ 2.4V 70 
10 VCC ~ MAX. AO-7,80-7 /LA 

Leakage Current VO ~ O.4V -250 

ISC 
Output Short Circuit Current 

VCC ~MAX. -30 -85 mA 
(Note 3) 

TA ~ 25°C 156 263 

TA ~ O°C to +70°C 275 

ICC 
Power Supply Current COM'L 

TA ~ +70°C mA 
(Notes 4,5) 

VCC ~ MAX. 228 

Tc ~ -55°C to +125°C 309 
MIL 

Tc ~ +125°C 202 

Notes: I. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at VCC ~ 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the ,short circuit test should not exceed bne second. 
4. ICC is measured with all inputs at 4.5V and all outputs open. 
5. Wprst case ICC is at minimum temperature. 
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Am2950/50A/51/51A 

Am2950A· Am2951A SWITCHING CHARACTERISTICS 
The tables below define the Am2950A • Am2951A switching characteristics. Tables A are setup and hold times relative to a clock 
LOW-to-HIGH transition. Tables Bare propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All valueiS are in ns with RL on Ai 
and Bi = 2200 and RL on FS and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = 0 to + 70'C, VCC = 4.75 to 5.25V, CL = 50pF) 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 

With Input AO-7 BO-7 FS FR From To tREC 

CPS j 

CPR I 
CLRSS --
CLRRJ 

CLRSj cPsJ 

CLRRj CPRj 

Input Respect To ts th 

AO-7 CPR .f 
BO-7 CPS .f 
CES CPS .f 
CER CPR .f 

D. 

'I=AII~TIt'~ OVER MILITARY OPERATING RANGE 

B. Propagation Delays C. Recovery Times 

Input AO·7 BO·7 FS FR From To tREC 
ts th CPS j CLRSJ CPsJ 

CPR I CLRRj CPRj 

CLRSS 

CLRRJ 

D. Pulse·Width Requirements E. Enable/Disable Times 

Min. LOW ~in. HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS AO·7 
CPS OEBR BO·7 
CPR 

CLRS 

CLRR 

'Where two nu'mbers appear, the first is the Am2950A spec, the second is the ~m2951A spec. 
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Am29SO/SOA/51/51A 

Am2950 • Am2951 SWITCHING CHARACTERISTICS 

The tables below define the Am2950 • Am2951 switching characteristics. Tables A are set-up and hold times relative to a ciock 
LOW-to-HIGH transition. Tables Bare propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on 
Ai and Bi = 2200 and RL on FS and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = 0 to +70°C, VCC = 4.75 to 5.25V, CL = 50pF) . 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 

Input 

AO·7 

BO-7 

CES 

CER 

With Input AO-7 BO-7 FS FR From To tREC 
Respect To ts th 

CPR S 7 5 

CPS S 7 5 

CPS S '19/15 4 

CPR S '19/15 4 

CPS j '30/26 - 20 -

CPR I .. -~ 
-. '30/26 - 20 

CLRSS - - 22 -

CLRRJ - - - 22 

CLRSS CPSj' 31 

CLRRJ CPRJ 31 

D. Pulse-Width Requirements E. Enable/Disable Times 

Input 

CPS 

CPR 

Cl-RS 

CLRR 

Min. LOW Min. HIGH From To 
. Pulse Width Pulse Width OEAS AO-7 

20 20 OEBR BO-7 
20 20 

20 20 

20 20 

'~here two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(TC = -55 to +125°C, vce = 4.5 to 5.5V, CL = 50pF) 

Disable Enable 

22 27 

22 27 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 

With Input AO-7 BO-7 FS FR From To tREC 
Input Respect To ts th 

AO-7 CPR S 11 8 

BO-7 CPS S 11 8 

CES CPS S '20/15 4 

CER CPR S '20/15 4 

CPS j 
-- _ .. -

'35/28 - 20 .. 

CPR I 
_ .. 

- "35/28 - 20 

CLRSS - - 22 --
f--- I---'--
CLRRJ .. - - 22 

CLRSJ CPSj' 34 

CLRRJ CPRj 34 

D. Pulse-Width Requirements E .. Enable/Disable Times 

Min. LOW Min. HIGH From To Disable Enable 
input Pulse Width Pulse Width OEAS AO-7 24 28 
CPS 20 20 OEBR BO-7 24 -~ 

CPR 20 20 

CLRS 20 20 

CLRR 20 20 

'Where tWo numbers appear, the first is the Am2950 spec, the second is the Am2951 spec 
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Am2950/50A/51/51 A 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2950/2951 

Notes: 1. CL = SOpF includes scope probe, wiring and stray capacitances without device in test fixture. 
2 .. 81, 82, 83 are closed during function tests and all AC tests except output enable tests. 
3. 8, and 83 are closed while 82 is open for tPZH test. 

8, and 82 are closed while 83 is open for tpzL test. 
4. CL = S.OpF for output disable tests. 

TEST OUTPUT LOADS FOR Am2950/2951 (DIP) 

Pin # 
(DIP) Pin Label 

- Ao-7 

- 80-7 

S F8 

11 FR 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vce current as the device switches may 
cause erroneous function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

Test 
Circuit R1 R2 

A 220 lK 

A 220 lK 

8 300 2.4K 

8 300 2.4K 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vil 
or VIH until the noise has settled. AMD recommends using 
Vll'''' 0.4V and VIH ;" 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
oftests. 

6. To assist in testihg, AMD offers complete documentation 
on our test procedures and, in most. cases, can provide 
Fairchild Sentry programs, under license. 
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Am2950/50A/51/51A 

APPLICATIONS 

The Am2950. Am2951 provides data transfer handshaking sig
nals as well as eight-bit, bidirectional data storage. Its flexibility 
allows it to be used in any type of computer system, including 
Am290Q, 8080, 8085, 8086, Z80, and Z8000 systems. 

tional peripheral data bus. The on-chip Flag flip-flops pro"ide the 
data in, data out handshaking signals required for data transfer 
and interrupt request generation. 

Figure 1 shows an Am2950 used to store data moving in both 
directions between a bidirectional system data bus and a bidirec-

Figure 2 shows a multiple I/O port system uSing Am2950's. Two 
Am2950's are used at each port to interface the 16-bit system 
data6us. The Am2950 flags are used to generate I/O interrupt 
requests. 

------------. -----,--
SEND NEW DATA ---1-'-----------------------+ ...... 

c,:LOCK 

CLOCK 
ENABLE 

I CPA 
DATA READY 

CLRA I eER 
DATA TAKEN 

OEeR 

A B 

CEs t----+--------+-- CLOCK ENABLE 
.-+------------+----t--------I--- SEND NEW DATA 

R~:6~ _ ..... ~,..:F..:S-------_1 
CPs 

DATA TAKEN 

I r-..... -------'-+--- CLOCK 

CLRs .' J 
----------------' --

PERIPHERAL 

Figure 1. A Bidirectional I/O Port with Handshaking Using the Am2950. 

MEMORY 

tRPT. r.:;;=-l:================:::::;~---~ 

WO 
PORTO 

110 
PORt, 

110. 
PORT 2 

Figure 2. Multiple I/O Port System. 
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Am2952 • Am2952A 
Am2953 • Am2953A 

Eight. Bit Bidirectional I/O Ports 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Eight-Bit, Bidirectional I/O Port The Am2952 and Am2953, members of Advanced Micro Devices 
Two eight-bit, back-to-back registers store data moving in both Am2900 Family, are designed for use as parallel data I/O ports. 
directions between two bidirectional busses. Two eight-bit, back to back registers store data moving in both 

• Separate Clock, Clock Enable and Three-State Output Enable directions between two bidirectional, 3-state busses. 
for Each Register. Considerable flexibility is designed into the Am2952 • Am2953. 

• Inverting and Non-Inverting Versions - Separate clock, clock enable and three-state output enable sig-
The Am2952 provides non-inverting data ouputs. The Am2953 nals are provided for each register. A number of ,hese circuits can 
provides inverting data outputs. be used for wider I/O ports. Both inverting and non-inverting 

• 24mA Output Current Sink Capability. versions are available. 
• 24-Pin Slim Package Twenty-four mA output current sink capability, sufficient for most 
• Fast-

The Am2952A and Am2953A will be 25 - 30% faster than the 
three-state busses, is provided by the Am2952 • Am2953. 

Am2952 and Am2953. The Am2952A and Am2953A feature AMD's ion-implanted 
micro-oxide (IMOX'") processing. They are plug-in replace-
ments for the Am2950 and Am2951 respectively but will be ap-
proximately 30% faster. 

Am2952 BLOCK DIAGRAM Am2953 BLOCK DIAGRAM 

CPR CPR 

I I 
CER L ... OEBR CER J, .... OEBR .. CP CEoo .. Vo ""'I 

·0 Ao CP CE .. Vo ""'I 
·0 

Do 
: v, 

Do Do 
: v, A, ., A, 8, 

0, 0, 

: v, 
0, 0, 

: v, A, ., A, ., 
0, 0, 

: v, 
0, 0, 

: v, A, ., A, ., 
0, 0, 

: v, 
0, 0, 

: v, A., ., A., 8, 
0, 0, 

-: Vs 
0, 0, 

: Vs As ·s As 8s 
Os Os 

: v. 
Os Os 

: v. As •• A • •• D. O. 
~ v, 

D. O. 
: v, A, ' ., A, ., 

0, 0, .... 0, 0,. ... 

* 00 DO I--- * 00 Dol---

~ 0, 0, I--- ~j<J- 0, 0, 

v,LA 
0, 0, 

v, .... 

"k V3~ 
0, 0, 

v,e: 
0, 0, 

v,[: 
0, 0, 

Vse: 
0, 0, 

vsf.! 
0, 0, 

Vee: 
Os Os 

Vee: 
Os Os 

v,r:: 
O. D. 

v,F:: 
De D. 

rot 
Q7eE Cp07 f"'I 07 CE CPo, 

OEAS ..... I I CPs arAS .... I I CPs 

.... .... 
CEs CEs 

-

MPR·804 MPR·B05 
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Am2952/52A/53/53A 

LOGIC SYMBOLS 

Am2952 Am2953 

15 10 11 15 10 11 

CPR CER 

18 Ao Bo 16 Ao Bo 

11 ~ B, 11 A, B, 

18 As a. 18 As B. 

19 As B. 19 As Am2953 a. Am2962 
20 Ao B. 20 A. B, 

21 A. Bs .3 2' AS Bs 
22 Aa a. 22 Aa B. 
23 A7 B7 23 A7 Bt 

,. ,. '3 ,. 
MPR-S06 MPR-S07 

CONNECTION DIAGRAM 
Top View 

0·24 

B7 Vee 

a. A7 

Bs Aa 

B. As 

a. Ao 

B. A. 

B, A. 

Bo A, 

OEa. Ao 
CPo OEAS 

CER CPs 

GND CEs 

Note: Pin 1 is marked for orientation. 
B; is inverted on Am2953. ·MPR·SOS 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2952A Am2953A 
Order Number Order Number Am2952 Am2953 Package Type Operating Range Screening Level 

(Note 5) (Note 5) Order Number Order Number (Note 1) , (Note 2) (Note 3) 

AM2952ADC AM2953ADC AM2952DC AM2953DC 0-24 C C-l 
AM2952ADC-B AM2953ADC-B AM2952DC-B AM2953DC-B 0-24 C B-2 (Note 4) 
AM2952ADM AM2953ADM AM2952DM AM2953DM 0-24 M C-3 
AM2952ADM-B AM2953ADM-B AM2952DM-B AM2953DM-B 0-24 M B-3 

AM2952AXC AM2953AXC AM2952XC AM2953XC Dice C } Visual inspection 

AM2952AXM AM2953AXM AM2952XM AM2953XM Dice M 
to MIL-STD-883 
Method 20108. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix Bfordetailed outline. Where 
Appendix B conteins several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70"C, Vee = 4.75 to 5.25V, M = -55 to +125"C, Vee = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-' and C-3 contorm to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

ClassB. 
4. 96 hour bum-in. 
5. When available. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC hiput Voltage 

DC Output Current, Into Outputs 

DC Input Current 

OPERATING RANGE 

Part Number Temperature Vee 
Am2952153DC Vee = 5.llv ±5% (MIN = 4.75V, MAX = 5.25V) 

Am2952153DM Te = -55 to +125'C Vee = 5.0V ±10% (MIN = 4.50V, MAX = 5.50V) 

Am2952, Am2953 
DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min 

Vee = MIN MIL, 10H = -2mA 2.4 
VOH Output HIGH Voltage Ao-7' BO-7 

V,N = VIH or VIL COM'L, 10L = -6.5mA 2.4 

Vee = MIN MIL, 10L = 16mA 
VOL Output LOW Voltage 

VIN = VIH or VIL 
Ao-7' BO-7 

COM'L, 10L = 24mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 

voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, 'iN = -18mA 

IlL Input LOW Current 
A(}-7, B0-7 

Vee = MAX, VIN = 0.5V 
Others 

'IH Input HIGH Current Vee = MAX, VIN = 2.7V 
Ao-7' BO-7 

Others 

II Input HIGH Current Vee = MAX, VIN = 5.5V 

Output Off-state Vo = 2.4V 
10 

Leakage Current 
Vee = MAX AO-7' BO-7 

Vo = O.4V 

Ise 
Output Shorl Circuit Current 

Vee = MAX -30 
(Note 3) 

TA = 25'C 

TA = 0 to +70'C 
Power Supply Current 

Vee = MAX 
COM'L 

TA = +70'C lee 
(Notes 4,5) 

Te = -55 to +125'C MIL 

Te = +125'C 

Am2952/52A/53/53A 

-O.5V to + 7.0V 

-O.5V to +VCC max. 

-O.5V to +5.5V 

30mA 

-30mA to +5.0mA 

Typ. 
(Note 2) 

3.4 

3.4 

156 

Max Units 

Volts 

0.5 
vons 

0.5 

Volts 

0.8 Volts 

-1.5 Volts 

-250 p.A 

-360 p.A 

70 

20 
p.A 

1.0 rnA 

70 
p.A 

-250 

-85 rnA 

263 

275 

228 rnA 

309 

202 

Notes: 1 .. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
3. Not more than one output should be shorled at a time. Duration of the shorl circuit test should not exceed one second. 
4. lee is measured with all inputS at 4.5V and all outputs open. 
5. Worst case lee is at minimum temperature. 
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Am2952/52A/53/53A 

Am2952A • Am2953A SWITCHING CHARACTERISTICS 
The tables below define the Am2952A" Am2953A switching characteristics. Tables A are setup and hold times relative to a clock' 
LOW-.to-HIGH transition. Tables Bare ptopagational delays. Tables C are pulse-width requirements. Tables D are enable/disable. 
times. All measurements are made at 1.5V with input levels at OVor 3V. All values are in ns with RL on Ai and Bi = 2200 and RLon 
FS and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = 0 to +70°C, vcc = 4.75 to 5.25V, CL= 50pF)" 

A. Set-up and Hold Times B. Propagation Delays 

With Input A0-7 80-7 
Input Respect to ts th CPS S 
Ao-7S CPR CPR S 
80-7 S CPS 

CES S CPS 

CER S CPR 

C. Pulse-Width Requirements 

Min. LOW Min. HIGH 
Input Pulse Width Pulse Width 

CPS 

CPR 

the seoond is the Am2953A spec. 

OVER MILITARY OPERATING RANGE 

B. Propagation Delays, 

Input A0-7 B0-7 

CPS S 
CPR S 

C. Pulse-Width Requirements D. Enable/Disable times 

Min. LOW Min. HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS AO·7 
CPS OEBR Bo·7 
CPR 

"Where two. numbers appear, the first is the Am2952A spec, the seoond is the Am2953A spec. 
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Am2952/52A/53/53A 

Am2952· Am2953 SWITCHING CHARACTERISTICS 

The tables below define the Am2952 ' Am2953 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables Bare propagational delays. Tables C are pulse-width requirements. 'Tables 0 are enable/disable 
times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on Ai and Bi = 2200 and RL on FS 
and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = 0 to + 70°C, VCC = 4.75 to 5.25V, CL = 50pF) 

A. Set.up and Hold Times B. Propagation Delays 

With Input A0-7 B0-7 
Input Respect to ts t., 

"0-7 S CPR 7 5 
CPS S '30/26 -

CPR S - '30/26 

BO-7 S CPS 7 5 

CES S CPS '19/15 4 

CER S CPR '19/15 4 

C. Pulse· Width Requirements D. Enable/Disable Times 

Min. LOW Min. HIGH From To Disable Enable 
Input Pulse Width Pulse Width 

OEAS AO·7 22 27 
CPS 

CPR 

20 20 
OEBR BO·7 22 27 

20 20 

'Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(rc = -55 to+125°C, VCC = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times B. Propagation Delays 

With Input A0-7 B0-7 
Input Respect to ts th 

"0·7 J CPR 11 8 

BO·7 J CPS 11 8 

CPS S '35/28 -

CPR S - '35/28 

CES J CPS '20/15 4 

CER J CPR '20/15 4 

C. Pulse-Width Requirements D. Enable/Disable Times 

Min. LOW Min. HIGH From To Disable Enable 
Input Pulse Width Pulse Width OEAS AO·7 24 28 
CPS 20 20 OEBR BO·7 24 28 
CPR 20 20 

'Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec 

5-333 

II 



· Am2952/52A/53/53A 

D 

X 

L 

H 

REGISTER FUNCTION TABLE 
(Appll.s to R or S Register) 

Inputs Internal 
CP CE Q Function 

X H "Ie Hold Data 

t L L 

t Load Data 
L H 

DEFINITION OF FUNCTIONAL TERMS 

A0-7. Eight bidirectional lines carrying the R Register inputs or 
S Register outputs. 

B0-7 Eight bidirectional lines carrying the S Register inputs or 
R Register outputs. 

CPR The clock for the R Register. When CER is LOW. data is 
entered into the R Register on the LOW to HIGH transition 
of the CPR signal. 

CER The Clock Enable for the R Register. Whim CER is LOW. 
data is entered into the R Register on the lOW to HIGH 
transition of the CPR signal. When CER is HIGH. the R 

-Register holds its contents. regardless of CPR signal 
transitions. 

OEBR The Output Enable for the R Register. When OEBR is 
LOW. The R Register three-state outputs are enabled 

OE 
H 

l 

L 

OUTPUT CONTROL 

Internal Y·Outputs 
Q Am2950 Am2951 Function 

X Z Z Disable Outputs 

L L H 

H H L 
Enable Outputs 

onto the BO-7Iines. When OEBR is HIGH. the R Register 
outputs.are in the high-impedance state. 

CPS The clock for the S Register. When CES is LOW~ data is 
entered into the S Register on the LOW to HIGH transition 
of the CPS signal. . 

CES The clock enable for the S Register. When CES is LOW. 
data is entered into the S Register on the LOW to HIGH 
transition of the CPS signal. When CES is HIGH. the S 
Register holds its contents. regardless of CPS signal 
transitions. 

OEAS The output enable for the S Register. When OEAS is 
LOW. the S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH. the S Register 
outputs are in the high-impedance state. 

METALLIZATION AND PAD LAYOUT 

22 

23 

24 

21 20 19 18 17 16 15 

84 56 78 

DIE SIZE 0.107" X 0.13S" 

5-334 

14 

18 

12 

11 

10 



Am2952/52A/53/53A 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2952/Am2953 

A. THREE-STATE OUTPUTS 

IA 

5.0 - VeE - VOL 
R1 ~ 

IOl + VOL/IK 

Vee 

I 

B. NORMAL OUTPUTS 

Vee 

s, R, 

VOUT~ 

l' 
-» 

.::~ 
R2 .::~ 

.::~ 
-=- -=-

MPR·810 

R2 ~ 
2.4V --
IOH 

R1 ~ 
5.0 - VeE - VOL 

IOl + VOl/R2 

Notes: I. CL ~ 50pF includes scope probe. wiring and stray capacitances without device in test fixture. 
2. 8 1• 82. 83 are closed during function tests and all AC tests except output enable tests. 
3. 8 1 ·and 83 are closed while 82 is open for tPZH test. 

8 1 and 82 are closed while 83 is open for tpZL test. 
4. CL ~ 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am295212953 

Pin # 
(DIP) Pin Label 

Ao-7 

Test 
Circuit 

A 

A 

220 IK 

220 IK 

For additional information on testing. see section 
"Guidelines on Testing Am2900 Family Devices." 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vce current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start· to oscillate at nigh frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
'as much as- 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL "" 0.4V and VIH "" 2.4V for AC tests. 

5. To simplify failure analysis. programs should be designed to 
perform DC. Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2954 • Am2955 
Octal Registers with'Three-State Outputs 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCFilPTION 

• Eight-bit, high-speed parallel registers 
• Am2954 has non-inverting inputs 
• Am2955 has inverting inputs 
• Positive, edge-triggered, D-type flip-flops 
• Buffered common clock and buffered common three-state 

control 

The Am2954 and Am2955 are 8-bit registers built using high
speed Schottky technology, The registers consist of eight D-type 
flip-flops with a buffered common clock and a buffered 3-state 
output control. When ihe output enable (DE) input is LOW, the 
eight outputs are enabled. When the OE input is HIGH, the 
outputs are in the 3-state condition, 

• VOL =O.5V (max) at IOL= 32mA 
• High-speed - Clock to output 11ns typical 

RELATED PRODUCTS 

Part No_ 

Am29821-26 
Am2918 
Ah12920 

Description 

8, 9, 10-Bit Registers 
Quad D-Register 
Quad D-Type Flip-Flop 

Input data meeting the sei-up and hold time requirements of the 
D inputs is transferred to the Y outputs on the LOW-to-HIGH 
transition of the clock input. 

The devices are packaged in a space-saving (O.3-inch row 
spacing) 20-pin package. 

LOGIC DIAGRAM 
Am2954 



BLI·'" 

Am2954/2955 

CONNECTION DIAGRAMS 
Top Views 

D-20,P-20 Leadless Chip Carrier 
L-20-1 

vee Y7 0, D. v. Vs Os 0, v, cp 

I~ 
C) 

,g ~ ~ ~ 

0, 0, 

liE Vo Do 0, V, V, 0, 0, V3 GND 
V, D. 

Vee Y7 0, o. V, Vs 0, 0, v, cp Vo v. 

Do V. 

0, O. 
Am2955 

.:' c .. ~ rf z " liE Vo Do 0, v, v, D, D, Y3 GND " 
F-20 pin configuration identical to D-20, P-20. 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am2954 Am2955 Package Type Operating Range Screening Level 
Order Number Order Number (Note I) (Note 2) (Note 3) . 
AM2954PC AM2955PC 
AM2954DC AM2955DC 
AM2954DC-B AM2955DC-B 
AM2954DM AM2955DM 
AM2954DM-B AM2955DM-B 
AM2954FM AM2955FM 
AM2954FM-B AM2955FM-B 
AM2954LC AM2955LC 
AM2954LC-B AM2955LC-B 
AM2954LM AM2955LM 
AM2954LM-B AM2955LM-B 

AM2954XC AM2955XC 
AM2954XM AM2955XM 

P-20 
D-20 
0-20 
D-20 
D-20 
~-20 
F-20 

L-20-1 
L-20-1 
L-20-1 
L-20-1 

Dice 
Dice 

C C-I 
C C-I 
C B-1 
M C-3 
M B-3 
M C-3 
M B-3 
C C-l 
C B-1 
M C-3 
M B-3 

C 
M 

} 
Visual inspection 
to MIL-STD-883 
Method 2010B. 

Notes: I. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number follOwing letter is number 
of leads. See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of 
the variations of the package may be used unless otherwise specified. 

2. C = Oto +7O"C, Vee = 4.75t05.25V, M = -55to +125'C, Vee = 4.50t05.50V. 
3. See Appendix A for details of screening. Levels C-I and C-3 conform to MIL-STD-883, Class C. Levels 

B-3 conform to MIL-STD-883, Class B. 
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Am2954/2955 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

Am2954XC, DC, PC 
Am2954XM, DM, FM 

Am2955XC, DC, PC 
Am2955XM, DM, FM 

TA = 0 to 70"C 
TC = -55 to +125"C 

Vcc = 4.75 to 5.25V 
Vee = 4.50 to 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VOH oUtput HIGH VoHage Vee = MIN MIL, 10H = -2.OmA 

Y,N = V,H or V,L COM'L, 10H = -6.5mA 

VOL Output LOW Voltaile Vee = MIN 10l = 20mA 

V,N = V,H or V,L 10l = 32mA 

V,H Input HIGH Level 
Guaranteed input logical HIGH 

- voHage for all inputs 

V,l Input LOW Level 
Guaranteed input logical LOW 
voHage for all Inputs 

V, Input Clamp VoHage Vee = MIN, liN = -18mA 

I,l Input LOW Current Vee = MAX, Y,N = 0.5V 

I'H Input HIGH Current Vee = MAX, V,N = 2.7V 

I, Input HIGH Current Vee = MAX, Y,N = 5.5V 

loz 
Off-State (High-Impedance) 

Vee = MAX 
Vo = O,5V 

Output Qurrent Vo - 2.4V 

Isc 
Output Short Circuit Current 

Vee = MAX (Note 3) 

Icc 
Power Supply Current 

Vee = MAX 
(Note 4) 

Min 

2.4 

2.4 

2.0 

-40 

Typ 
(Note 2) 

3.4 

3.1 

90 

Max Units 

VoHs 

.45 
Volts 

.5 

VoHs 

0.8 VoHs 

-1.2 Voks 

-250 p.A 

50 p.A 

1.0 mA 

-50 

50 
p.A 

-100 mA 

140 mA 

Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25"C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Am2954 measured at CLK = lOW-to-HIGH, 6E = HIGH, and all data inputs are lOW .. 

Am2955 measured at ClK = LOW-to-HIGH, OE = HIGH, and all data inputs are lOW. 

MAXIMUM RATINGS (Above which the useful life may oe impaired) 

Storage Temperature -65 to +150°C 

Temperature (Ambient) Under Bias -55 to +125°C . 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max 

DC Input Voltage 

DC Output Current, Into Outputs 

DC input Current 

DEFINITION OF FUNCTIONAL TERMS 

OJ The D flip-flop data inputs (Am2954, non-inverting). 

OJ The D flip-flop data inputs (Am2955, inverting). 

CP Clock Pulse for the register. Enters data on the LOW-to
HIGH transition. 

Vj The register three-state outputs (Am2954, non-inverting). 

OE Output Control. An active-LOW three-state control used to 
enable the outputs. A HIGH level input forces the outputs 
to the high impedance (off) state. 

Function 

Hi-Z 

LOAD 
REGISTER 

H=HIGH 
L = LOW 

OE 

H 
H 

L 
L 
H 
H 

X = Don't Care 
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-0.5 to +5.5V 

30mA 

-30 to +5.0mA 

FUNCTION TABLE 

Input~ Internal Outputs 

eloc~ Am2954 Dj .Am2955 Dj OJ Vj 

L X X Ne Z 
H X X Ne Z 

t L H L L 
t H L H H 
t L H L Z 
t H L H Z 

NC = No Change 
Z = High Impedance 
t = LOW-to-HIGH transition 



SWITCHING CHARACTERISTICS 
(TA = 25°C, Vee = 5.0V) 

Parameters Description 

tpLH 

tpHL 
Clock to Outpul, Yj 

tZH 
OE to Yj 

tZL 

tHZ 
OE 10 Yj 

tLZ 

I HIGH 
tpw Clock Pulse Width 

I LOW 

Is 
Data to Clock 

-'H 
fmax Maximum Clock Frequency (Note 1l 

Min 

6 

7.3 

5 

2 

75 

Am2954/2955 

Am2954 ;, Am2955 

Typ Max Units Test Conditions 

8 15 ns 

11 17 ns CL = 15pF 

8 15 ns RL = 280n 

11 18 ns 

5 9 ns CL = 5pF 

7 12 ns RL = 280n 

ns 

ns 

ns 
CL = 15pF 
RL = 28O!l 

ns 

100 MHz 

Note: 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency wnh no constraints on Ir• If. pulse width or 

Do 

D, 

Y, 

Y2 

O2 

03 

V3 

duly cycle. I 
METALLIZATION AND PAD LAYOUTS 

Am2954 

,------- 20 Vce Of 
,----- 19 Y7 Vo 2 ------, 

• 18 D7 DO • 
4 17 D. 0, 4 

• 16 V • V, • 
6 ,. V. Y2 • 
7 ,. D. D. 7 

8 ,. D. 03 8 

'----- 12 V. v3 • --------' 

Am2955 

,------- 20 vee 
,-----19 Y7 

18 07 

17 D. 

16 V. 

,. V. 

" D. 

,. D. 

GND 10 --------' '-------- 11 CP GND 10 --------' 

'-----12 Y. 

'--------11 CP 

DIE SIZE 0.085" X 0.110" 
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Am2954/2955 

ADDRESS 

APPLICATION 

INCOMING DATA BUS 

Dual 16-word by 16-bit non-inverting high-speed data buffer. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTpUT PNPINPUTS 

ycc----------------~r_----r_--------~--------

[IJ 
I 

I! '" 
I 

Note: Actual current flow direction shown. 
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Am2956 • Am2957 
Octall.atches with Three·State Outputs 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• a-bit, high-speed parallel latches 
• Am2956 has non-inverting inputs 
• Am2957 has inverting inputs 
• VOL = 0.5V (max) at 10l = 32mA 
• Hysteresis on latch enable input for improved noise margin 

The Am2956 and Am2957 are octal latches with 3-state outputs 
for bus organized system appUcations. The latches appear to be 
transparent to the data (data changes asynchronously) when 
latch enable, G, is HIGH. When G is LOW, the data that meets the 
set-up limes is latched. Data appears on the bus when the output 
enable, OE, is LOW. When OE is HIGH the bus output is in the 
high-impedance state. 

• 3-state outputs interface directly with bus organized 
systems 

RELATED PRODUCTS 

Part No. Description 

Am29841-46 8,9, 10-8it Latches 

The Am2956 presents non-inverted data at the outputs while the 
Am2957 is inverting. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 

LOGIC DIAGRAM 
Am2956 

E~~~~ G---[)o~~--r-~~--t---~--+---4---~--~---r--~---+---+---+--~ 

Vo v, Y2 V3 v, V. 

Inputs Do through 07 are inverted on the Am2957. 

LOGIC SYMBOLS 

7 8 ·13 14 17 18 3 • 7 8 ~ 13 ,. 17 18 

11 G 11 

Am2956 Am2857 

liE 

BLI·142 5 6 9 12 15 16 19 BLI-143 5 6 9 12 15 16 19 

Vee = Pin 20 
GND = Pin 10 

Copyright © 1980 by Advanced Micro Devices, Inc. 5-341 
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Am2956/2957 

CONNECTION DIAGRAMS 
Top Views 

0-20, P-20 Leadless Chip Carrier 
L-20-1 

Vee Y7 0, Oa Va V. Os 0, V, G 

~ ~ IIll ~ .;: 

0, 0, 

OE Vo Do 0, V, V2 O2 0, V3 GND BLI-140 
Y, Oa 

Y. Ya 

Vee V, "D7 Da Va Ys Ds 0, V, G 
0, Y, 

0, 0. 

.;' Q 

" ~ ~ z 
" 

OE Yo Do D, Y, V2 152 0, V3 GNO BlI-141 

F-20 pin configuration identical to 0-20, P-20. 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am2956 Am2957 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM2956PC AM2957PC P-20 C C-1 
AM2956DC AM2957DC 0-20 C C-l 
AM2956DCB AM2957DCB 0-20 C B-1 
AM2956DM AM2957DM 0-20 M C-3 
AM2956DMB AM2957DMB 0-20 M B-3 
AM2956FM AM2957FM F-20 M C-3 
AM2956FMB AM2957FMB F-20 M B-3 
AM2956LC AM2957LC L-20-1 C C-l 
AM2956LCB AM2957LCB L-2(}-1 C B-1 
AM2956LM AM2957LM L-20-1 M C-3 
AM2956LMB AM2957LMB L-2(}-1 M B-3 

AM2956XC AM2957XC Dice C } Visual inspection 
AM2956XM AM2957XM Dice M to MIL-STD-883 

Method 201 OB. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number 
of leads. 

2. C = 0 to + 7(1'C, Vee = 4.75 to 5.25V, M = -55 to + 125"C, Vee = 4.50 to 5.50V. 
3. See standard AMD Product Assurance Brochures for details of screening. Levels C-l and C-3 conform to 

MIL-STD-883, Class C. Levels B-3 conform to MIL-STD-883, Class B. 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

TA = Ot070'C Am2956/2957XC, DC, PC 
Am2956/2957XM, OM 
Am2956/2957FM 

TA = -55 to +125'C 
Te = -55 to +125°C 

Vee = 4.75 to 5.25V 
Vec = 4.50 to 5.50V 
Vee = 4.50 to 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Output HIGH Vottage Vee = MIN MIL, IOH = -2.0mA 
VOH 

VIN = VIH or VIL COM'L, 10H = -6.smA 

Vee = MIN 10l = 20mA 
Val Output LOW Vottage 

VIN ;" VIH or VIL • IOl' = 32mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
vottage for all inputs 

Vil Input LOW Level 
Guaranteed input logical LOW 
vottage for all inputs 

VI Input Clamp Vottage Vce = MIN, liN = -18mA 

III Input LOW Current Vee = MAX, VIN = O.5V 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 5.5V 

OIl-State (High-Impedance) Vo = O.5V 
loz Output Current Vee =, MAX I Vo - 2.4V 

Isc 
Output Short Circuit Current 

Vee = MAX (Note 3) 

Icc 
Power Supply Current ~ 
(Note 4) 2957 

Vec = MAX 

Min 

2.4 

2.4 

2.0 

-40 

Typ 
(Note 2) 

3.4 

3.1 

105 

110 

Am2956/2957 

Mex Units 

Votts 

.45 
Votts 

.5 

Votts 

0.8 Votts 

-1.2 Votts 

-250 iJoA 
50 iJoA 
1.0 mA 

-50 

50 
iJoA 

-100 mA 

160 

168 
mA 

Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable devICe type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to +150°C 

Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) CO(1tinuous -0.5 to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V 10 +Vcc max 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 to +5.0mA' 
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Am~956/2957 
Am2956 
SWITCHING CHARACTERISTICS 
(TA = + 25°C , VCC = 5.0V) 

Parameters Description 

tplH 

tpHL 
Enlilble to Output 

tplH 

tpHl 
Data Input to Output 

ts(H) HIGH Data to Enable 

Is(L) LOW Dala to Enable 

th(H) HIGH ·Data to Enable 

th(L) LOW Data to Enable 

tpwH 
Enable Pulse Width 

tpwl 

tZH OEtoYj 
tZl 

tHZ 
OEtoYI 

tlZ 

Min 

0 

0 

10 

10 

6 

7.3 

Typ Max Units Test CondHlons 

7 14 ns 

12 18 ns 

5 9 ns 

9 13 ns 

ns 

ns Cl = 15pF 
ns Rl = 2800 

ns 

ns 

ns 

8 15 ns 

11 18 ns 

6 9 ns Cl = 5pF 
8 12 ns Rl = 2800 

'AC performance over the operating temperature range Is guaranteed by testing defined in Group A, Subgroup 9. 

Inputs 
OE G Di 

H x X 

L H L 

L H H 
L L X 

Inputs 

_"OE" G OJ 
H X X 

L H L 

L H H 

L L X 

H = HIGH 
L= LOW 
X = Don't Care 

FUNCTION TABLES 

Am2956 

Internal Outputs 

°i Vi 
x Z 
H L 

L H 
NC NC 

Function 

Hi·Z 

~ Transparent 

Latched 

DEFINITION OF FUNCTIONAL TERMS 

Am2956 

OJ The latch data inputs. 

G The latch enable input. The latches are transparent when G 
is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

V i The 3-state latch outputs. 

OE The output enable control. When OE is LOW, the outputs Vj 
are enabled. When OE is HIGH, the outputs Vi are in the 
high-impedance (off) state. 

Am2957 Am2957 

Internal 

°i 
X 

H 
L 

NC 

OutpUts Function 
Vi 

Z Hi-Z 
H Transparent 
L 

NC Latched 

NC = No Change 
Z = High Impedance 

'Oi The latch inverting data inputs. 

G The latch enable input. The latches are transparent when G 
is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

Vi The 3-state latch outputs. 

OE The output enable control. When OE is LOW, the inverted 
outputs Vj are enabled. When OE is HIGH, the outputs Vi 
are in the high-impedance (off) state. 
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Am2957 
SWITCHING CHARACTERISTICS 
(TA = +25°C. Vee = 5.0V) 

Parameters Description 

tplH 

tpHl 
Enable to Output 

tplH 

tpHl 
Data Input to Output 

ts(H) HIGH Data to Enable 

ts(L) LOW Data to Enable 

th(H) HIGH Data 10 Enable 

Ih(L) LOW Dala 10 Enable 

IpwH 
Enable Pulse Widlh 

Ipwl 

IZH 
OEIOY; 

IZl 

1HZ 
OEtoY; 

ILZ 

Am2956 

DE 1 

Yo 2 

Do 3 

0, ~ 

Y, 5 

Y, 6 

0, 7 

0, • 
Y, 9 

GND 10 

DIE SIZE 0.066" X 0.119" 

Am2956/2957 

Min Typ Max Units Test Conditions 

t7 24 ns 

19 26 ns 

10 14 ns 

14 20 ns 

0 ns 

0 ns Cl = 15pF 

10 ns Rl = 2800 

10 ns 

6 ns 

7.3 ns 

8 15 ns 

11 18 ns 

6 9 ns Cl = 5pF 

8 10 ns Rl = 2800 

Metallization and Pad Layouts 

Am2957 

20 Vee DE 20 Vee 

19 Y, 19 Y, 

Yo 2 
18 0, Do 3 18 0, 

17 D. 0; • 17 Do 

16 Y. Y, 5 16 Y. 

15 Y, Y, 6 15 Y, 

I. 0, il, 7 " Ds 

13 D. 13 0:; 

12 Y. 0; • 12 Y. 

11 G Y, 9 11 G 

GND 10 

DIE SIZE 0.066" X 0.119" 
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Am29~/2'57 

Am2903 
ALU 

y 

APPLICATION 

DA~ ____ ~16~ ______ -J 

Transparent Latches are used in high performance CPU designs. The Z Latch configuration shown provides 
overlapped fetch of machine instructions and operand diita. 
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Am2958 • Am2959 
Octal Buffers/Line Drivers/Line Receivers with Three·State Outputs 

DlsnNcnvE CHARACTERISncs FUNcnONAL DESCRIPTION 

• Three-state outputs drive bus lines directly 
• Advanced Schottky processing 
• Hysteresis at inputs improve noise margin 
• PNP inputs reduce D.C. loading on bus lines 
• VOL of 0.55V at 65mA for commercial-range product; 

48mA for military-range product 

These buffers/line drivers. used as memory-address drivers. 
clock drivers. and bus oriented transmitters/receivers. pro
vide improved PC board density. The outputs of the com
mercial temperature range versions have 64mA sink and 
15mA source capability. which can be used to drive termi
nated lines down to 1330. The outputs of the military tem
perature range versions have 48mA sink and 12mA source 
current capability. 

• Data-to-output propagation delay times: 
Inverting - 7.0ns MAX 
Non-inverting - 9.0ns MAX 

• Enable-to-output - 15.0ns MAX 
• 20-pin hermetic and molded DIP packages 

Am2958 

lG Vee 

lAl ll! 

,Y, lYl 

lA' 'A' 

,Y3 lY' 

lA3 'A3 

'Y2 lY3 

lA4 2A' 

'Yl lY' 

GNO 2Al 

FeatUTing 0.2V minimum guaranteed hysteresis at each 
low-current PNP data input. they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 

The Am2958 and Am2959 have four buffers enabled from 
one common line. and the other four buffers enabled from 
another common line. The Am2958 is inverting. while the 
Am2959 presents true data at the outputs. 

CONNECTION DIAGRAMS 
Top Views 

Am2959 

lG Vee 

lAl 2G 

'Y' 1Y1 

lA' 2A' 

2Y3 lY' 

lA3 2A3 

,Y2 lY3 

lA' 2A2 

,Yl lY' 

GNO 'Al 
BLI-137 Bl~l38 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2958 Am2959 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM2958PC AM2959PC p-20-i C C-1 
AM2958DC AM2959DC 0-20-1 C C-1 
AM2958DC-B AM2959DC-B 0-20-1 C B-1 
AM2958DM AM2959DM 0-20-1 M C-3 
AM2958DM-B AM2959DM-B 0-20-1 M B-3 

Am2958XC Am2959XC Dice C } Visual inspection 
to MIL-STD-883 

Am2958XM Am2959XM Dice M 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number/ollowing letter is number 0/ leads. See Appendix B for detailed outline. Where Appendix 
B contains several dash numbers. any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 7(rC, VCC = 4.75V to 5.25V, M = -55 to + 125°C. VCC = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883. 
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Am2958/2959 

.LOGIC DIAGRAMS 
\. 

Am2958 Am2959 

lAl 2Yl lAl 2Al 2Yl 

lA2 2Y2 lA2 2Y2 

lA3 2Y3 lA3 2Y3 

lAO 2YO lAO 2YO 

iii iG 2ll 

MAXIMUM RATINGS above which the useful life may be impaired 

Storage TemPerature 

Temperature (Ambient),Under Bias 

Supply Voltage to Ground Potential -O.5V to +7.0V 

DC Voltage. Applied to Outputs for HIGH Output State -O.5Vto +VCC max. 

DC Input Voltage -O.5V to +7.0V 

DC Output Current 150mA 

DC Input Current -30mA to +5.0mA 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 

Am2958 (MIL) TA = -55 to +125'C 
Am2959 (COM'L) TA = 0 to 70'C 

Vee (MIN.) = 4.50V 
Vee (MIN.) = 4.75V 

Vee (MAX.) = 5.50V 
Vee (MAX.) = 5.25V 

Am29&8/2959 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

VIH High·Level Input Voltage 2.0 Volts 

VIL Low-Level Input Voltage 0.8 Volts 

VIK Input Clamp Voltage Vee = MIN., II = -18mA -1.2 Volts 

Hystersls (Vr+ - Vr-) Vee = MIN. 0.2 0.4 Volts 

Vee = MIN. COM'L, IOH = -.1mA 2.7 

VOH High-Level Output Voltage 
Vee = O.BV IOH = -3mA 2.4 3.4 

Volts 

Vee = MIN. MIL, IOH = -12mA 2.0 

VIL = 0.5V COM'L, IOH = -1.SmA 2.0 

VOL Low-Level Output Voltage Vee = MIN. MIL, IOL = 48mA 0.55 
Volts 

VIL = O.BV COM'L, IOL = 64mA 0.55 

IOZH 
Off-State Output Current, 

Vee = MAX. Vo = 2.4V 50 
High-Level Voltage Applied 

VIH = 2.0V tJA 

bz~ 
Off-State Output Current, VIL = O.BV 

Vo = 0.5V -50 
Low-Level Voltage applied 

II 
Input Current at Maximum 

Vee = MAX., VI = 5.5V 1.0 mA 
Input Voltage 

IIH High-Level Input Current, Any Input Vec MAX., VIH = 2.7V 50 tJA 

IlL Low-Level Input Circuit 
Any A 

Vec = MAX., VIL = O.5V 
-400 tJA 

AnyG -2.0 mA 

los ShOrt-Circuit Output Current (Note 3) Vee = MAX. -50 -225 mA 

All Outputs HIGH 3.7 65 
Vee = MAX, .-

Am2958 All Outputs LOW Outputs Open MIL and COM'L 59 90 mA 

Icc Supply Current 
Outputs at HI-Z 69 105 

All Outputs HIGH 37 65 

Am2959 All Outputs LOW 
Vec = MAX, 
Outputs Open MIL and COM'L 63 105 mA 

Outputs at Hi-Z 72 120 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee = 5.0V, TA = 25'C. 
3. Not more than one output should be shorted at a time, and duration 01 the short-circuit should not exceed on second. 

SWITCHING CHARACTERISTICS (Vee = 5V, T A = 25° e·) 
Am2958 Am2959 

Parameter Description Test Conditions Min Typ Max Min Typ. Max. UniU 

tPLH 
Propagation Delay Time, 

4.5 7.0 6.0 9.0 ns 
Low-to-High·Level Output 

tPHL 
Propagation Delay Time, 

4.5 7.0 6.0 9.0 ns 
High-to-Low-Level Output CL = 5OpF, RL = 90.0 INote 3) 

tZL Output Enable Time to Low Level 10 15 10 15 ns 

tZH Output Enable Time to High Level 6.5 10 B.O 12 ns 

tLZ Output Disable Time from low Level 10 15 10 15 ns 

Output Disable Time from High Level 
CL = 5.0pF, RL = 90.0 INote 31 

6.0 9.0 tHZ 6.0 9.0 ns 
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Am2958/2959 

BLI-117 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE T!MES. THREE-STAtE OUTPUTS 

WAVEFORtv12 

C~~VR~Tl ~. t--4-,------ 3V 
(LOW· LEVEL . t3V '1.3V 
ENABLING) 1:-- (-L _____ OV 

. r--tzLi tLZ 
WAVEFORM 1 -.--- :o:4.5V 5, & 52 L:'C.lOSED 13V ~Cl.OSED '<15V S20PEN " ~. 

b~VOL 
tZH------J tHZ u·rv n tl 

I J--..L.-.-.J~ VOH 

SlQPEN \ I<S'1"&S-2~ ~ "'1.5V 
52 CLOSED ___ "'OV CL,?SED 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low excE\pt when disabled by the output control. 

2. Waveform 2 is for an output with internal conditions such that the OUfput is high except when di$abled by the output control. 

BLI-118 

3. In the examples above, the phase relationships between.inputs and outputs have been chosen arbitrarilv. PA R " 1.0MHz, ZOUT ::t:I 50.0 
and tr EO;; 2.5n5, tf ~ 2.5n5. 

FUNCTION TABLES 

Am2958 Am2959 

INPUTS OUTPUT INPUTS. OUTPUT 

G A Y G A 

H X Z H X Z 

L H L L H H 
L L H L L L 

Am2958 USED AS SYSTEM BUS DRIVER -
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 

OUTPUT { 
CONTROL 

BLI-119 
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APPLICATIONS (Cont.) 

INDEPENDENT 4·BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 

OUTPUT 
PORTS 

INPUT 
PORTS 

FROM 
DATA BUS 

G I OUTPUT-PORT 
CONTROL 

G I'NPUT --¥ORT 
CONTROL 

Metallization and Pad Layout 

Am2958 • Am2959 

vee 
2. 

'2G;(2GI tGl 

lA1 2 

18 W1 
2Y4 3 

17 2A4 

lA24 

2Y3 5 16 lY2 

15 2A3 

1A3 6 

2Y2 7 14 1v3 

13 2AZ 

lA4 8 

12 lY4 

2V1 9 11 2A1 ,. 
GND 

DIE SIZE 0.077" X 0.124" 
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Am29203 
Four·Bit Bipolar Microprocessor Slice 

DISTINCTIVE CHARACTERISTICS 

• Expandable Register File -
Like the Am2901, the Am29203 contains 16 internal 
working registers arranged in a two-address architec
ture. But the Am29203 includes the necessary "hooks" 
to expal)d the register file externally to any number of 
registers. 

• Built-in Multiplication Logic -
Performing multiplication with the Am2901A requires a 
few external gates - these gates are contained on-chip 
in the Am29203. Three special instructions are used for 
unsigned multiplicatio'n, two's complement multiplication 
and the last cycle of a two's complement multiplication. 

• Built-in Division Logic -
The Am29203 contains all logic and interconnects for 
execution of a non-restoring, multiple-length division 
with correction of the quotient. ' 

• Built-in Normalization Logic -
The Am29203 can simulianeously shift the, Q register 
and count in a working register. Thus, the mantissa and 
exponent of a floating-point nUr1)ber can be developed 
using a single microcycle per shift. Status flags indicate 
when the operation is complete. 

• Built-In Parity Generation Circuitry -
The Am29203 can supply parity across the entire ALU 
output for use in error detection. 

• Built-in Sign Extension Circuitry -
To facilitate operation on different length two's comple
ment numbers, the Am29203 provides the capability to 
extend the sign at any slice boundary. 

• BCD Arithmetic -
The Am29203 features automatic BCD add and subtract 
and conversion between binary and BCD. 

• Improved Byte Handling -
On the Am29203 zero detection and register writing 
can be performed on a single byte rather than the 
whole word. ' 

• Two Bidirectional Data Lines 

• Improved I/O Capability -
Both the DA and DB data buses are bidirectional on tlie 
Am29203. In addition, the Y port is also bidirectional. 

RELATED PRODUCTS 

Part No. 

Am2902A 
Am2904 
Am2910A 
Am2914 
Am2917A 
Am2918 
Am2920 
Am2922 
Am2925 
Am2940 
Am2952 
Am29707 
Am27S35 

Description 

Carry Look-Ahead Generator 
Status and Shift Control Unit 
Microprogram Controller 
Vectored Priority Interrupt Controller 
Bus Transceiver 
Pipeline Register 
Octal Register 
Condition Code MUX 
System Clock Generator 
DMA Address Generator 
Bidirectional I/O Port 
Two-Port RAM 
Registered PROM 

IMOX is a trademark of Advanced Micro Devices, Inc. 

GENERAL DESCRIPTION 

The Am29203 is a four-bit expandable bipolar micro
processor slice. The Am29203 performs all functions per
formed by the industry standard Am2901 and, in addition, 
provides a number of significant enhancements that are 
especially useful in arithmetic-oriented processors. Infi
nitely expandable memory and three-port, three-address 
architecture are provided by the Am29203. In addition to 
its' complete arithmetic and 109i9 instruction set, the 
Am29203 provides a special set of instructions which 
facilitate the implementation of multiplication, division, 
normalization, BCD arithmetic and conversion, and other 
previously time consuming operations. The Am29203 has 
three bidirectional ports and features AMO's ion-implanted 
micro-oxide (IMOX"') technology. 

BLOCK DIAGRAM 

AO_3 

DAO __ 3 (NOTE" 1} 

GIN 

P/OVR 
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30 ,. 
28 

27 

11 

4' 
47 

• 
36 

34 

33 

" 
43 

3B 

LOGIC SYMBOL 

AD BO 44 

A, B, 45 

A, B, 46 ., B, 47 

WE " DAD DBO " DA, DB, 24 
DA, DB, 25 
D', DB, 26 
EA OEB " 
Cn +4 Co 

Am29203 10 
GIN 14 '0 P/aVR 12 

" 
22 

" 
" WRT'fE/MSS 

" m ,. 
" 
" 

SIOO 20 

'B S',,> 21 

C, 0100 

iEN 01°3 48 

15 19 'B 1716 

Vee = Pin 36 
GND = Pin 13 

0100 

Ell 
DA, 

OA, 

DA, 

DA, 

" 
" 

" 
Co 

Cn+4 

P/OVR 

GND 

G/N 

OEV 
Vo 
V, 

v, 
V, 

SIOO 
SlO, 

DBO 

DB, 

DIP 
0·48 

0103 

B, 

B, 

B, 

BO 

ep 

'0 
" 

CONNECTION DIAGRAMS 
Top Views 

CO 

Leadless Chip Carrier 
L·52·1 

WFil'fE/MSS 
Cn+4 

m 
iEN 

PfQVA 

OIl 
Vco lliN 

" OEy 

" 
" 

Y, 

" 
Y, 

MB Y, 
A, 

A, 

A, 

A, 

DB, 

D., 

Note: Pin t is marked for orientation. 

ORDERING INFORMATION 

Am29203 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am29203 Package Type Operating Range Screening Level 
Order Number (Notet) (Note 2) (Note 3) 

AM29203DC D-48 C C-t 
AM29203DC-B D-48 C B-2 (Note 4) 
AM29203DM D-48 M C-3 
AM29203DM-B D-48 M B-3 
AM29203FM F-48 M C-3 
AM29203FM-B F-48 M B-3 
AM29203LC L-S2 C C-l 
AM29203LM L-S2 M C-3 
AM29203LM-B L-S2 M B-3 

AM29203XC Dice C } Visual inspection 

AM29203XM Dice M 
to MIL-STD-883 
Method 2'()10B. ' 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = FlatPak, L = LeadlessChip-Pak. 
Number following leiter is number of leads. See Appendix B for detailed outline. 

2. C = Oto +7rJ'C, Vee = 4.75t05.25V, M = -55 to + 125'C, Vee = 4.S0to S.SOV. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL;STD-883, 

Class C. Level B-3 conforms to MIL-STD-883, Class B. 
4. 96 hour bum-in. 
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Atn29203 

PIN DEFINITIONS 

Ao-3 

80- 3 , 

DAo-3 

D80- 3 

Four RAM address inputs which contain the 
address of the RAM word appearing at the 
RAM A output port. 

Four RAM address inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is written' when the 
WE input and the CP input are lOW. 

The RAM write enable input. If WE is lOW, data 
at the Y I/O port is written into t!le RAM when 
the CP input is lOW. When WE is HIGH, 

, writing data into the RAM is inhibited. 

A four-bit external data input which can be selected 
as one of the AlU operand sources; DAo is the least 
significant bit. On the Am29203, the DA path is 
bidirectional, operating as eithe'r an AlU source 
operand or as an external output for the RAM A-port. 

A control input which, when HIGH selects DAo-3 as the 
AlU R operand, and, when L:OW, selects RAM output 
A as the AlU R operand and the DAo-3 output data. 

A four-bit external data input/output. Under 
control of the OEs input, RAM output port B 
can be directly read on these lines, or input 
data on these ,lines can be selected as the 
AlU S operand. 

A ,control input which, when lOW, enables RAM 
output B onto the DBo- 3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 

The carry-in input to the Am29203 AlU., 

The nine instruction inputs used to select the 
Am29203 operation to be performed. 

The instruction enable input which, when LOW, allows 
the Q Register and the Sign Compare flip-flop to be 
written, When lEN is HIGH, the Q Register and Sign 
Compare flip-flop are in the hold mode. On the 
Am29203, WRITE is not affected by lEN, but inter
nally disableS the RAM write enable. 

This output generally indicates the carry-out of the 
Am29203 AlU. Refer to Table 5 for an exact defini
tion of this pin. 

GiN A multi-purpose pin which indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the AlU' result at the most significant 
slice. Refer to Table 5 for an exact definition of 
this pin. 

"PiOVR A multi-purpose pin which indicates the carry prop
agate, P, function at the least Significant and inter
mediate slices, and indicates the conventional two's 
complement overflow, OVR, signal at the most sig
nificant slice. Refer to Table 5 for an exact definition 

Z 

SIOo, 

SI03 

of this pin, ' 

An open-collector input/output pin which, when HIGH, 
generally indicates the outputs are 'all lOW. For some 
Special Functions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 

Bidirectional serial shift inputs/outputs for the 

AlU shifter. During a shift-up operation, SIOo 
is 'an input and SI03 an output. During l! 

QIOo, 
QI0:i 

YO- 3 

CP 

I. 
11 

12 

(GND) 13 

14 

16 

16 

17 

1. 
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shift-down operation, SI03 is an input and SIOo 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

Bidirectional serial shift inpuls/outputs for the Q 
shifter which operate like SIOo and S103. Refer 
to Tables 3 and 4 for an exact definition of' 
these pins. 

An input pin which, when lied lOW, programs the 
chip to ae;! as the least Significant slice (lSS) of an 
Am29203 array and enables the WRITE output onto 
the WRITE/MSS pin. When lSS is tied HIGH, the 
chip is programmed to operate as either an inter
mediate or most significant slice and the WRITE out
put buffer is disabled. 

When lSS is tied lOW, the WRITE output signal 
appears at this pin; the WRITE signal is lOW 
when an instruction which writes data inio 
the RAM is being executed. When lSS is tied 
HIGH, WRITE/MSS is an input pin; tying it HIC3H 
programs the chip to operate as an inter
mediate slice (IS) and tying it lOW programs the 
chip to operate as the most significant slice (MSS). 

Four data inputs/outputs of the Am29203. Under 
control of the OEy input, the AlU shifter output data 
can be enabled onto these lines, or these lines can 
be used as data inputs when external data is written 
directly into the RAM. 

A control input which, when lOW, enables 
the ALU shifte.r output data onto the y 0-3 lines 
and, when HIGH, disables the YO-3 three
state output buffers. 

The clock input to the Am29203. The Q register and 
Sign Compare flip-flop are clocked on the lOW-to
HIGH transition of the CP signal. When enabled by 
WE, data is written in the RAM when CP is lOW. 

METALLIZATION AND PAD LAYOUT 
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Note: Pin numbers correspond 
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ARCHITECTURE OF THE Am29203 

The Am29203 is a high-performance. cascadable. four-bit 
bipolar microprocessor slice designed for use in CPUs. 
peripheral controllers. microprogram mabie machines. and 
numerous other applications. The microinstruction flexibility of 
the Am29203 allows the efficient emulation of almost any digi
tal computing machine. The nine-bit microinstruction selects 
the ALU sources. function and destination. The Am29203 is 
cascadable with full lookahead or ripple carry. has three-state 
outputs. and provides various ALU status flag outputs. Ad
vanced Low-Power Schottky processing is used to fabricate 
this 4S-pin LSI circuit. 

All data paths within the device are-four bits wide. As shown in the 
block diagram. the device consists of a 16-word by 4-bit. two-port 
RAM with latches on both output ports. a high-performance ALU 
and shifter. a multi-purpose a Register with shifter input. and a 
nine-bit instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input. CPo is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEB three-state output enable. RAM data 
can be read directly at the Am2903 DB I/O port. On the 
Am29203. EA provides the same feature at the DA port. 

External data at the Am29203 Y I/O port can be written directly 
into the RAM. or ALU shifter output data can be enabled onte 
the y. I/O port and entered into the RAM. Data is written into 
the RAM at the B address when the write enable input. WE. is 
LOW and the clock input. CPo is LOW. 

Arithmetic logic UnIt 

The Am29203 high-performance ALU can perform seven 
arithmetic and nine logic operations on two 4-bit operands. 
Multiplexers at the ALU inputs provide the capability to select 
various pairs of ALU source operands. The EA input selects 
either the DA external data input or RAM output port A for use 
as one ALU operand and the OEB and 10 inputs select RAM 
output port B. DB external data input. or the a register content 

for use as the second ALU operand. Also. during some ALU 
operations. zeroes are forced at the ALU operand inputs. Thus. 
the Am29203 ALU can operate on data from two external 
sources. from an internal and external source. or from two 
internal sources. Table 1 shows all possible pairs of ALU 
source operands as a function of the EA. OEB. and 10 inputs. 

TABLE 1. ALU OPERAND SOURCES 

EA 10 OEB ALU Operand R ALU Operand S 

L L L RAM Output A RAM Output B 
L L H RAM output A DBO_3 
L H X RAM Output A Q Register 
H L L DAO_3 RAM Output B 
H L H DA()"3 DBO-3 
H H X DAO_3 Q Register 

L= LOW H=HIGH' x = Don' Care 

Am29203 

TABLE 2. Am29203 ALU FUNCTIONS 

14 13 12 I, 10 ALU Functions 

L L L L L Special Functions 

L L L L H Fi = HIGH 

L L L H X F = S Minus R Minus 1 Plus Cn 

L L H L X F = R. Minus S Minus 1 Plus Cn 

L L H H X F = R Plus S Plus Cn 

L H L L X F=SPlusCn 

L H L H X F=SPlusCn 

L H H L L Reserved Special Functions 

L H H L H F= R Plus Cn 

L H H H L Reserved Special Functions 

L H H H H F = R Plus Cn 

H L L L L Special Functions 

,H L L L H Fi = LOW 

H l L H X Fi = Ri ANDSi 

H l H l X Fi = Ri EXCLUSIVE NOR Si 

H l H H X Fi = Ri EXCLUSIVE OR Si 

H H L L X Fi = Ri AND Si 

H H l H X Fi = Ri NOR Si 

H H H l X Fi =Ri NAND Si 

H H H Ii X Fi = Ri ORSi 

l= lOW H = HIGH i = Ot03 
X = 'LOW or HIGH 

When instruction bits '4. '3. '2.'1. and 10 are LOW. the Am29203 
executes special functions. Table 4 defines these special func' 
tions and the operation which the ALU performs for each. When 
the Am29203 executes instructions other than the 16 special 
functions. the ALU operation is determined by instruction bits 14 • 

'3• 12• and I" Table 2 defines the ALU operation as a function of 
these four instruction bits. 

Am29203s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am29203s are 
cascaded. each Slice must be programmed to be a most sig
nificant slice (MSS). intermediate slice (IS). or least significant 
slice (LSS) of the array, The carry generate. G. and carry prop
agate. P. signals required for a lookahead carry scheme are 
generated by the Am29203 and are available as outputs of the 
least significant and intermediate slices. 

The Am29203 also generates a carry-out signal. Cn + 4. which 
's generally available as an output of each slice. Both the 
carry-in. Cn• and carry-out. CnH• signals are active HIGH, The 
ALU generates two other status outputs, These are negative. N. 
and overflow. OVA. The N output is generally the most signifi
cant (sign) bit of the ALU output and can be used to determine 
positive or negative results, The OVR output indicates that the 
arithmetic operation being performed exceeds the available 
two'S complement number range, The Nand OVR signals are 
available as outputs of the most significant slice, Thus. the 
multipurpose G/N and P/OVR outputs indicate G and P at the 
least significant and intermediate slices. and sign and overflow 
at the most significant slice, To some extent. the meaning of the 
CnH• P/OVR,. and GiN Signals vary with the ALU function being 
performed, Refer to Table 5 for an exact definition of these four 
signals as a function of the-Am29203 instruction, 
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ALU. Shifter 

Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2FJ, or shifts it down 
one bit positi!?n (F/2). Both arithmetic and logical shift operations 
are possible. An arithmetic .shift operation shifts data around the 
most significant (Sign) bit position of the most significant slice, 
and a'iogical shift operation shifts data ilirougti'this bit'position 
(see Figure A). 8100 and 8103 are bidirectional serial shift 
inputs/outputs. During a shift-up operation, 8100 is generally a 
serial shift input and 8103 a serial shift output. During a shift-down 
operation, 8103 is generally a serial shift input and 8100 a serial 
shift output. • ' 

To some extent, the 'meaning of the 8100 and 8103 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

The ALUshifter also provides the capability to sign extend at slice 
boundaries. Under instruction control, the 8100 (sign) input can 
be extended through Yo, Y I, Y 2, Y 3 and propagated to the 8103 
output. 

A cascadable, five-bit parity generator/checker is deSigned into 
the Am29203 ALU shifter and provides ALU error detection 
capability. Parity for the Fo, Fl, F2, F3 ALU outputs and 8103 
input is generated and, under instruction control, is made avail
able at the 8100 output. Refer to ,the Am29203 applications 
section for a more detailed description of the Am29203 sign 
extension and parity generation/checking capability. 

The instruction inputs determine the ALu shifter operation. Table 
4 defines the special functions, and the operation the ALU shifter 
performs for each. When the Am29203 executes instructions 
other than the speciat functions, the ALU shifter operation is de
termined by instruction bits la, 17, 16, 15' Table 3 defines the ALU 
shifter operation as a function of these four bits. 

Q Register 

The a Register is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH transition olthe CP input. Ilis intended primar
ily for use in multiplication and division operations; however, it 
can also be used as an accumulator or holding register lor some 
applications. The ALU output, F,can be loaded into the a Regis
ter, and/or the a Register can be selected as the source for the 

Figure- A. 

.. Am29203 Arithmetic Shift Path 

"0, -{P: : I -.'00 SlOJ,--iIr--: :---1111--' "00 -_"nt ..... ' 

...... 
Significant or 

1nterm8d1mt Stiel 

Am29203 logical Shift Path 

"0, --I1r--: :---1111-- SIDO 

All 
SicePositloni 

ALU 8 operand. The shifter at the input to the a Register provides 
the capability to shift the a Register contents up one bit position 
(20) or down one bit poSition (0/2). Only logical shifts are per
formed. 0100 and 0103 are bidirectional shift serial inputs/ 
outputs. During a a Register shift-up operation, 0100 is a serial 
shift input and 0103 is a serial shift output. During a shift-down 
operation, 0103 is a serial shift input and 0100 is a serial shift 
output. 

Double-length arithmetic and logical shifting capability is pro
vided by the Am29203. The double-length shift is performed by 
connecting aiDa of the most significant slice to 8100 of the 
least significant slice, and executing an instruction which shifts 
both the ALU output and the a register. 

The a register and shifter are controlled by the instruction in
puts. Table 4 defines the Am29203 special functions and the 
operations which the a register and shifter perform for each. 
'When the Am29203 executes instructions other than the spe
cial functions, the a register and shifter operation is controlled 
by instruction bits IS, 17, 16, 15. Table 3 defines the a register 
and shifter operation as a function of these four bits. 

Output Buffers 

The DB, DA, and Y ports are bidirectional I/O ports driven by 
three-state output buffers with external output enable controls. 

TABLE 3. ALU. DESTINATION CONTROL FOR 10 OR 11 OR 12 OR 13 = HIGH, lEN = LOW 

Hex ALUShllte, 
I. 17 I, 15 ~ Function 

l l l l 0 Arlltl. F/2-+V 

l l L H , Log, F/2_Y 

l l H l 2 Arith. FI2_V 

l l H H 3 Log. F!2_V 

l H l l 4 F-Y 

i l H l H 5 F_Y 

l H H l 6 F-Y 

l H H H 7 F_Y 

H l l l 8 Arith.2F_Y 

H L l H • Log.2F-Y 

H l H l A Arlth.2F-Y 

H l H H B Log.2F-Y 

H H' l l C F-Y 

H H l H 0 F_Y 

H H H l E SlOo-Yo. Y,:: V2. Y3 

H H H H F F_Y 

Parity = F3¥ F2¥ Fl ¥ Fo¥SIOa. 
V = Exclusiw OR 

8103 

MoI,8Ig, Otho, 
Slice SII ... 

Inpul Inpul 

Input 'Input 

Input Inpul 

Input I""", 
Input Input. 

Input Input 

In"" Input 

Input Input 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

SIOo SIOo 

F, F, 

l= lOW 
'H = HIGH 

Ya 
_8Ig. Othe, 

Slice Slle .. 

F, 610, 

610, 610, 

F, 6103 
610, 610, 

F, F, 

F, F, 

" F; 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

F, F, 

SIOo SIOo 
F, F, 
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Ya Q'Reg • 
MoOt 81g. Otho, 

Wriie 
Shifter 

Slice Sll_ Yl YO 8100 Function 01°3 0100 

610, F, F" F, F, l Hold HI-Z Hi-Z 

F, F, F, F, F, l Hold HI-Z Hi-Z 

6103 F, F, F, Fo l Log,cw-a InJ1u1 00 

F, F, F, F, F, l Log, QJ2_0 .... 00 
F, F, F, F, Pari1y l Hold Hj-Z Hi-Z 

F, F, F, F, Parity H Log, QJ2-0 I""", 00 
F, F, F, F, Parity H F-a HI-Z Hi-Z 

F, F, F, F, Parity l F-O Hi-Z HI-Z 

F, F, F, 610, Input l Hold HI-Z Hi-Z 

F, F, F, 810, I""", l Hold HI-2 HI-2 

F, F, F, 610, Input l Log. 20-+0 a, Input 

F, F, F, 610, In"" l Log,2O-a 03 InJ1u1 
F, F, F, F, Hi-Z H Hold HI-2 Hi-Z ., F, F, Fo Hi-Z H Log.2Q~ 03 '''''''' SIOo SIOo 6100 6100 Input l Hold HI·Z HI-l 

F, F, F, F, Hl-Z l Hold Hi-Z Hi-Z 

HI-Z = High Impedance 



Am29203 
TABLE 4. SPECIAL FUNCTIONS (Note 7) 

SI~ 
OReg. 

(Hex) (Hex) Special AWShllter MostSlg Other Shiller 

"'?lels 14 13121,10 Function ALU Function Function Slice Slices 8100 Function Q\~ 0100 WRiTE 
0 L 0 Unsigned Muiliply F:::S+CnifZ=l log F/2 - Y Z Input FO log 0/2_ a Input 00 L F=R+S+c"IIZ=H (Note I) 

, L 0 
BCOto Binary (Note 4) log F/2- Y 
Conversion 

Input Input FO log 0/2- a Input 00 L 

1 H 0 
Multiprecision (Note 4) LogF/2-+ Y Input Input FO Hold Z 00 L 
BCD to Binary 

2 L 0 
Two's Complement F=S+CnifZ=l LogF/2 -+Y Z Input FO 

LogQI2- a Inpul 00 L 
Multiply F""R+S+CniIZ=H (Nole2) 

3 L 0 Decfementby F=S-2+Cn F_Y Z Z Parity Hotd , Z Z L 
One or Two 

4 L 0 
Increment by F:S+1+Cn F_Y Inpul Input Parity Hold Z Z L One or Two 

5 L 0 
Sign/Magnitude F=!+CnifZ=L F_Y 

Input Inpul Parity Hotd Z Z L Two's Complement F=S+CnifZ=H (Note a) 

6 L 0 
Two's Complement F=S+CnifZ=L Log F/2 ....",. Y Z Input FO log0l2_0 Inpu! 00 L 
Multiply, Last Cycle F""S-R-1+Cn lfZ=H (Note 2) 

7 L 0 BCOOlvide (Note 4) F_ Y Z Z Parity Hotd Z Z L 
by Two 

8 L 0 
Single length 

F=S+Cn F_Y F3 F3 Z log 20- a Oa Input L NormaHze 

9 L 0 
Binary to BCD (Note 5) Log2F-+ Y 
Conversion F3 F3 Input Log 20, a Oa Inpul L 

9 H 0 
Multiprecision (Note 5) log2F_Y Fa Fa Input Hotd Z Input L 
Binary to BCD 

Double Length 
A L 0 Nonnalize and First F=S+Cn log2F -+ Y RaV F3 F3 Input Log2Q-+ Q Oa Input L 

DivldeOp 

B L 0 BCOAdd F=R+S+CnBCD F_Y 0 0 Z Hold Z Z L (Note B) 

C L 0 
Two's Complement F=S+R+CnifZ=L log2F_Y RaV F F3 Input log 20_ a as Input L 
Divide F==S-R-1 +CnifZ=H 

0 L o. BCD Subtract F=R-S-1 +CnBCD 
(Note B) 

F_Y 0 0 Z Hotd Z Z L 

Two's Complement 
F=S+R+CnifZ=L 

E L 0 Divide Correction F=S-R-1+Cn ifZ=H 
F_Y F3 Fa z log 20- a Oa Input L 

and Remainder 

F L 0 BCD Subtract 
F==S-R-1+Cn BCD F_Y 0 0 Z Hotd Z Z L (Note B) 

Notes: 1. At the most significant slice only, the Cn+4 signal is internally gated to the V3 output. 
2. At the most significant slice only, F3 V OVR is internally gated to the V3 output. 
3. At the most significant slice only, S3V F3 is generated at the V3 output. 
4. On each slice, F = S if magnitude of SO-3 is less than 8 and F = S l/1inus 3 if magnitude of SO-3 is 8 or greater. 
5. On each slice, F = S if magnitude of So-3 is less than 5 and F = S plus 3 if magnitude of So-3 is 5 or greater. Addition is module 16. 
6. Additions and subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format. 
7. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 

L = LOW 
H = HIGH 
X = Don't Care 

Hi·Z = High Impedance 
= Exclusive OR 

Parity = SI03 v F3 V F2 V Fl V Fo 

The Y output buffers are enabled when the OEv input is LOW 
and are in the high impedance state when OEv is HIGH. The 
DB output buffers are enabled when the OEB input is LOW and 
the DA buffers are enabled when EA is LOW. 

The zero, Z, pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the VO•3 pins are all 
LOW. To some extent the meaning of this Signal varies with the 
instruction being performed. Refer to Table 5 for an exact defini
tion of this signal as a function of the Am29203 instructions. On 
the Am29203, the Z pin will be HIGH if OEv is HIGH, allowing 
zero detection on less than the full word. 

Instruction Decoder 

The Instruction Decoder generates required internal control sig· 
nals as a function of the nine Instruction inputs, lo-a; the Instruc
tion Enable input, lEN; the LSS input; and the WRITE/MSS 
input/output. 

The WRITE output is LOW when an instruction which writes data. 
into the RAM is being executed. Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am29203 
instruction inputs. 

On the Am29203, when lEN is HIGH, the Q register and Sign 
Compare Flip·Flop contents are preserved. When lEN is LOW, 
the Q register and Sign Compare Flip-Flop can be written ac
cording to the Am29203 instruction. The Sign Compare Flip
Flop is an on-chip flip·flop which is used during an Am29203 
divide operation (see Figure B). On tlie Am2g203, lEN controls 
internal writing, but does not affect WRITE. The lEN signal 
can then be controlled separately at each chip to facilitate byte 
operations. 

Programming the Am29203 Slice Position 

Tl'ingthe LSS input LOW programs the slice to operate as a least 
significant slice (LSS) and enables the WRITE output signal onto 
the WRITE/MSS bidirectional 1/0 pin. When LSS is tied HIGH, the 
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WRi'fE/MSS pin becomes an input pin; tying the WRITE/MSS pin 
HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi
cant slice (MSS). The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be connected together. 
See Figure 2 of applications. 

Am29203 SPECIAL FUNCTIONS 

The Am29203 provides 16 Special Functions which facilitate 
the implementation of the following operations: 

• Single- and Double-Length Normalization 
• Two's Complement Division 
• Unsigned and Two's Complement Multiplication 
• Conversion Between Two's Complement and Sign/Magnitude 

Representation 
• Incrementation and Decrementation by One or Two 
• BCD add, subtract, and divide by two 
• Single-and double-precision BCD to Binary 'and Binary to 

BCD conversion. 

Tabl,e 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two's 
complement, non-resioring divide operation are provided by the 
Am29203. These functions provide both single- and double
precision divide operations and can be performed in "n" clock 
cycles, where "n" is the number of bits in the quotient. 

The Unsigned Multiply Special Function and the two Two's Com
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two's complement numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 
shift algorithm, During the last cycle of the two's complement 
multiplication, a conditional subtraction, rather than addition, is 
performed because the sign bit of the multiplier carries negative 
weight. 

The Sign/Magnitude-Two's Complement .speCial Function can 
be used to convert number representation systems. A 'number 
expressed in Sign/Magnitude representation can be converted to 
the Two's Complement representation, and vice-versa, in one 
clock cycle. 

The Increment by One or Two Special Function can be used 
to increment an unsigned or two's complement number by 
one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 

The BCD arithmetic speCial functions can be used to add or 
subtract two BCD numbers and generate a valid BCD result in 
one microcycle. In addition a BCD divide by two adjust instruc
tion can be used to obtain a valid BCD representation after 
shifting a number down by one bit. 

The BCD/Binary conversion special function instructions facili
tate single- and double-precision algorithms to convert from 
BCD to Binary and from Binary to BCD. 

Refer to Am29203 applications section for a more detailed de
scription of these Special Functions. 

Figure B. Sign Compare Flip-Flop 

SPECIAL 
FUNCTION 

AORC o Q 

ClK Q 
SIGN 
COMPARE 

The sign compare signal appears at the Z output of the most significant slice 
during special functions C, 0 and E, F. Refer to Table 5. 
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TABLE 5, Am29203 STATUS OUTPUTS 

P/OVR GIN 
(Hex) (Hex) GI PI MoetSig Oth. lIosl Sig 

1.171,15 14131Zl, 10 (I = 0103) (I =0103) Cn+4 Slice Sllc ... Slice 

x 0 X 0 , 0 0 0 Fa 

X , X Ri/lSj II;VSj GVPc" Cn+3 V Cn+4 P Fa 

X 2 X Ai ASj Ri VSI GVPCn Cn+3 V Cn+4 P Fa 

X a x Ri /lSj Ri VSj G VPCn Cn+3 V Cn+4 P Fa 

X 4 X 0 Sj GVPCn Cn+3 V Cn+4 p Fa 

x 5 X 0 S; GVPCn c,,+a VCn+4 P Fa 

X 6 X 0 II; GVPCn c,,+a V'Cn+4 P Fa 

X 7 X 0 Rj GVPCn Cn+3 V Cn+4 P F3 

X 8 X 0 , 0 0 0 Fa 

X 9 X RjASi , 0 0 0 Fa 

x A X Rj /IS; RiVS; 0 0 0 Fa 

X B X RIASi Ri VSj 0 0 0 Fa 

x C X Ri /IS; , 0 0 0 Fa 

x 0 x II; /I Sj , 0 0 0 Fa 

x E X R; /lSj , 0 0 0 Fa 

x F X R; 1\ Sj , 0 0 0 Fa 

0 0 L OIIZ~ L S; ~Z~ L GyPCn Cn+3 Vc,,+4 p Fa Rjl\S;~Z~H RjVS;~Z~H , 0 L 0 S; GVPCn Cn+3 V Cn+4 P Fa , 8 L 0 S; 0 0 0 Fa 

2 0 L 
o liZ ~ L S; ~Z~ L 

GVPCn Cn+3 V Cn+4 p Fa RjI\S,iIZ=H R;VSj~Z~H 

a 0 L (Note 6) (Notel) GVPCn Cn+3 V Cn+4 P Fa 

4 0 L (Note') (Note 2) GVPCn Cn+3 V Cn+4 P Fa 

5 0 L 0 
§~Z~ L GVPCn Cn+3 V Cn+4 p FaifZ=L 
SjIfZ= H FaVSaWZ~ H 

6 0 L QifZ= L ~ifZ=L GVPc" Cn+3 V Cn+4 p Fa Ril\S;~Z~H RiVSjWZ~H 

7 0 L 0 SI GVPCn Cn+3 V Cn+4 P Fa 

8 0 L 0 Sj (Note a) ~ Q, P Os 
9 0 L 0 Sj G VPCn Cn+3 VCn+4 P Fa 

9 8 L 0 Sj 0 0 0 Fa 
t--- p A 0 L 0 SI (Note 4) F2 F, Fa 

B 0 L R; /lSj Rj Sj GVPCn (Note 8) (Note 8) (Note 9) 

C 0 L f!;I\SjWZ~L f!;VSjjIZ~L GYPCn Cn+3 V Cn+4 p Fa RjI\SlifZ=H RIVS;WZ~H 

0 0 L R; /lSj RiVSj GVPCn Cn+3lr:i Cn+4 P Fa 

E 0 L R'I\Sj~Z~L !'!iVSI~Z~L GVPCn c,,+a V Cn+4 p Fa ii:I\SljIZ~H RjVS;~Z~H 

F 0 L ~I\Si Ai VSj GVPCn Cn+3 "rf Cn+4 p Fa 

Notes: 1. If~ is LOW. Go ~ So and Gl, 2, 3 = O. If LSS is HIGH. GO,l. 2.3 ~ O. 
2. I :"SS is LOW. Po = 1 and Pl. 2. 3 ~ Sl, 2. 3. If LSS is HIGH. Pi = Sj. 
3. At the most significant Slice. Cn+4 ~ 03 V 02. At other Slices. Cn+4 ~ G v PCn. 
4. At the most significant slice. Cn+4 = F3 V F2. At other slices. Cn+4 = G v PCn. 
5. Z = 0'00'1 Q2Q3FOFl F2F3. 
6. If LSS is LOW. GO ~ 0 and Gl.2.3 = Sl.2.3. If LSS is HIGH. GO.l.2.3 = SO.1.2.3. 
7. IfLSSis LOW. Po = So and Pl 2 3 ~ 1.lf LSS Is HIGH, Po 123 = 1. 
B. On all slices P ~ (PO + P3) (PO'+'132) (PO + 131 + 1'2). • •• 
9. On all slices '13 = 133 (GO + <31 + P2) (Go + '(31) (Pl + (32) (P3 + 1'1 '1'2' Go). 
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Oth. IIoeISlg 
Sllcee .SlIce 

G YOY'Y2YS 

G VOy, V2Y3 

G YOY'Y2Ya 

G YoY,Y2Ya 

G YOY'Y2Ya 

G YOY'Y2Ya 

G YOY, Y2Ya 

G Yo..Y, Y2Va 
G YOY'Y2Ya 

G YOY'Y2Ya 

G YoV'Y2Ya 

G YOY'Y2Ya 

G YOY'Y2Ya 

G YOY,Y2Ya 
G YOY, Y2Ya 

G YOY'Y2Ya 

G input 

'G YOY'Y2Ya 

G YoY1 V2Ya 

G Input 

G YOY'Y2Ya 

G YOY,Y2Ya 

G Sa 

G Input 

G YOY, Y2Ya 

G ~Q,~Os 

G 0001~ 
G OoQ,Q2Oa 
G (NoteS) 

(Note 9) YoY,Y2Ya 

G Sign Compare 
FFOutput 

G YOY'Y2Ya 

G Sign Compare 
FFOutput 

G YoV1 Y2Ya 

L =LOW~O 

H ~ HIGH ~ 1 
v = OR 
1\ = AND 

Z(OEy= LOW) 

Intermedlete 
Slice 

YOY, Y2YS 

YOV'Y2V3 

YOY, Y2Ya 

YOY, Y2Ya 

YOY'Y2Ya 

YOY'Y2Ya 

YoY,Y2Ya 

YOY'Y2YS 

YeY, Y2Ya 

VOY'Y2Ya 
VOY'Y2Ya 

YOY'Y2Ya 

YOY' Y2Ya 

. YaY, Y2Ya 

YoV'Y2Ya 

YOY'Y2Ya 

input 

YOY'Y2Ya 

YOY'Y2Ya 

.input 

YOY,Y2Ya 

YOY'Y2Ya 

in"," 

Input 

YOY'Y2Ya 

~Q,Q2Oa 

OoQ,Q2Oa 
OoO,Q2Oa 

(Note 5) 

YOY'Y2Ya 

input 

YOY'Y2Va 

Input 

YOY1 Y2Y3 

V = EXCLUSIVE OR 

P = P3P2P,PO 

Am29203 

LeestSlg 
Slice 

YOY'Y2YS 

VOY'Y2Y3 

YOY'Y2Ya 

YOY'Y2Ya 

YOY, Y2Ya 

YOY, Y2Ya 

YOY'Y2Ya 

YOY'Y2Ya 
YOY'Y2Ya 

YOY'Y2Ya 

YOY'Y2Ya 

YOY, Y2Ya 

YOY'Y2Ya 

VoY,V2Va 

YOY'Y2Ya 

YOY'Y2Ya 

~ 

YOY, Y2Ya 

YoY,YoYa 

~ 

YoY'Y2Ya 

YOY'Y2Ya 

in"," 

~ 

YOY'Y2Ya 

~Q,Q2Oa 

000IQ2Oa 
Ooal0z0a 

(NoteS) 

YoY,Y2Ya 

Input 

YOY'Y2Ya 

Input 

YOY1 V2Y3 

G ~ G3 V G2P3 G1P2P3 V GOP1P2P3 

Cn + 3 ~ G2 V G1P2 v GOP1P2 v CnPOP1P2 

I 



Am29203 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am29203 

A. THREE·STATE OUTPUTS B. NORMAL 04TPUTS C. OPEN·COLLECTOR OUTPUTS 

IA 

5.0 - VBE - VOL 
RI = 

tOL + VOL/1K 

Vee 

I 

R2 = 

RI = 

Vee 

2.4V 
Rl = 

5.0 - VOL 
--
.IOH IOL 

5.0 - VBE - VOL 

IOL + VOL/R2 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in hand in test fixture. 
2. 8 1. 82, 83 are closed during function tests and all A.C. tests except output enable tests. 
3. 8 1 and 83 are closed While 82 is open for tpZH test. 

8 1 and 82 are closed while 83 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

Pin# 

1 

11 

12 

14 

16·19 

20 

21 

22 

23·26 

40 

48 

TEST OUTPUT LOADS FOR Am29203 

Test 
Pin Label Circuit RI 

0100 A 458 

Cn + 4 B 478 

P/OVR B 383 
GIN B 21? 

YO-3 A 241 

8100 A 458 

8103 A 458 

Z C 281 

OBO·3 A 458 

WRITE/M8S A 458 

0103 A 458 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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lK 

3K 

3K 

1.5K 

lK 

lK 

lK 

-
lK 

lK 
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Am29203 
OPERATING RANGES (over which DC, switching, and functional specifications apply) 

Part Number 
Range Suffix Temperature Vee 

COM'L 
PC,PCB, 

TA=OI070"C 4.75105.25V 
DC,DCB,XC 

MIL 
DM,DMB, 

Tc= -5510 + 125'C 4.50 10 5.S0V 
FM,FMB,XM 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to +150'C 

Temperature (Ambient) Under Bias -55 to +125'C 

Supply Voltage to Ground Potential Continuous -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 to +Vec max. 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30·to +5.0mA 

Am2903 Burn-in and Life Test Circuit 

v CLOCK 
,. 

ee Vee 

21 J38 

-=1- Vee 

" 143 32 34 3 5 15 31 

47 CP I. 16 DAo DA2 EA LSS lEN OEY OEB 14 27011 

B3 G 
27 22 300n 

I· 
A3 Z 

2 10 16 30011 
Cn Vo 

PE CP 
~ 

46 17 300H - P3 03 .--- B2 V, 
28 18 300lI 

5 ~ A2 V2 - P2 12 20 I. 300" 

4 
O2 5100 V3 

~ P, 1 12 470U 
~ 01°0 P 

3 13 45 Am29203 11 56O!I 

~ Po Am9316 0, B, Cn+4 

G 21 560n 
10 A, 51°3 
~ CET 

14 48 56O!I 

7 
00 - 12 01°3 

~ CEP 44 23 560!I 
Bo DBo 

1 15 30 24 560n 
~ iii'i 

TCl 
Ao DB, 

Vee GND 41 25 560n 
I, DB2 

40 26 560H 
MSS 

DA1 DAa WE 
DB3 

Vee GND 17 15 I, I, 10 lo.lt{ 
.~~ 

13 33 35 • 8 r214 
6 37 

Vee = 5.0V Vee 
O.1j.LF Frequency = 100kHz 

TA = +125'C 
All registers are 1/4 watt ±5% 
This circuit conforms to MIL-STD-883, Methods 1005 and 1015, Condition D. 

One Am9316 Can Drive Maximum of Five Am2903s. 

Noles on Tesllng 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexijy and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test he;;ld. 
Large changes in Vee current as the device switches may 
cause erroneous function failures due to Vee changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5 - 8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 1005 
of millivo~s momentarily. 
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4. Use extreme care in defining input levels for AC tests. Many 
inputs may be cnanged at once, so there will be significant 
noise at the devi.ce pins and they may not actually reach V,L 
or VIH until the noise has settled. AMD recommends using 
V,L " O.4V_and VIH '" 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of. tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 

II 



~29aoa. . 
DC CHARACTERISTICS OVER OPERATING RArtGE 

Typ. 
Parameters Description Test Co'ndltlons (Note 1) Min. (Note 2) Max. Unite 

10H = ::.1.6mA 2.4 
YO·Y3. GIN 

VOH Oulput HIGH Voltage 
Vee = MIN. 10H = ::.800pA Vohs 
VIN = VIH or VIL OBo-3' PIOVA 2.4 

SIOO. S103. 0100, 0103, 
WRITE. CnH 

'eEx 
Output Leakage Currant. Vee = MIN .• VOH = 5 .. 5V 250 pA 
for Z Output (Note 4) VIN = VIH or VIL 

Yo. YI. Y2 IOL = 20mA (COM'L) 
0.5 

Y3; Z 10L = l6mA (MIL) 

DBa, OBI, IOL - l2mA (COM'L) 
0.5 

VOL Output LOW Voltage Vee = MIN. 
OB2. 0B3 10L - 8.0mA tMIL) 

Vohs 
VIN = VIH = or VIL GIN IOL - l8mA 0.5 

PIOVA IOL = ·10mA 0.5 

CnH, SIOo 

I 
SIOa, 0100 10L = 8.0mA 0.5 
OlOa, WAITE 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 VoHs 
voltage for all inputs (Note 6) 

VIL Input LOW Level 
Guaranteed input logical LOW 

0.8 VoHs 
vohage for all inputs (Note 6) 

VI Input Clamp Voltage Vee = MIN., liN = -18mA -1.5 Vohs 

Cn -3.6 

Yo, YI , Y2, Y3 -1.13 

'0.
'
1, 12, la, 14 

-0.72 

IlL Input LOW Current Vee = MAX., ViN = 0.5V OAo, OAI, OA2, OA3 
rnA 

(Note 4) 
5100, ~' 0100, 
0103• , OBo. OBI. -0.77 
OB2, DB3 

All other inputs -0.36 

Cn 200 

Yo, YI • Y2, Y3 110 

'0"4, OAn·OA3 40 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V· SIOo• S103. 0100• IJ.A 
(Note 4) 0103, OBO_3. 90 

MSS 

All other inputs 20 

'I Input .HIGH Current Vee = MAX., VIN = 5.SV 1.0 rnA 

YO'Y3 
Vo = 2.4V 110 

10ZH 
Off State Vee = MAX., Vo = O.SV -1130 p.A 
(HIGH Impedance) 

10ZL Output Currant 
(Note 4) 

OBO_3, 0100, aiDa, Vo = 2.4V 90 

5100. 5103, WAITEIMSS Vo - O.SV -770 

los 
Output Short Circuit Vee = MAX + O.SV 

-30 -85 rnA 
Cur.rent (Note 3) Vo = 0.5V 

TA = 25'C 220 335 

cmil TA '" Ot070'C 350 

lee 
Power Supply Current 

Vee = MAX. TA = 70'C 291 rnA (Note 5) 

MIL 
T e = -55 to 125'C 395 

Te = 125'C 258 

Note.: 1. For conditlohs shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typieallimits are at Vee = 5.0V, 25'e ambient and maximum loading. 
3. Not more than one output shoUld be shorted at a time. Duration of the short cir~ult test should not ext;aed one second. 
4. YO-3' DBo-3. SIOO,3' 0100.3 and WRITE/MSS are throe state outputs internally connected to TIL inputs. Z Is an open-collector output internally 

connected to a TTl Input. Input characteristics are measured under conditions such that the outputs are in the OFF state. 
5. Worst case ICC is at ~Inlmum temperature. 
6. These Input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally teated). 
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Am29203 
I. Am29203 Guaranteed Commercial Enable{Ploable TI ..... 

Range Performance All Functions 

The tables below specify the performance of the Am29203 
over the commercial operating range of 0 to + 70"C, with VCC 
from 4.75 to 5.25V. All data are in ns, with inputs switching 
between 0 and 3V at Wins and measurements made at 1.5V. 
All outputs have maximum DC load. 

From To Enable Ploable 

Clock and Wrila Puloa Charactarl8llca 
All Functlona 

Minimum Clock LOW Time 30 no 
Mlnimu'!' Clock HIGH Time 30 ns 

OEV 

.(lEB 

I. 

18765 

143210 

LSS 

No1e: 

VI 27 25 ns 

OBi 31 25 ns 

5100, SID, 25 no 

0100. 010, 60 ns 

0100. aiD, 65 60 ns 

WRiTE 31 25 ns 

Minimum Time CP and WE 30 both LOW to Write ns 1. CL = S.OpF for output disable tests. Measurement is made to a O.SV 
change on the output. 

~t 
From Input Y Cn+4 G,P 
A Address 86 81 69 
(Arilh. Mode) 
B Address 99 88 81 

A Address 87 - 68 
(Logic Mode) 
B Address 84 - 73 

DA Jnputs 63 60 49 
(Arith. Mode)· 
DB Inputs 61 59 47 

OA Inputs 84 - 48 
(Logic Mode) 

. DB Inputs 55 - 32 

EA 59 53 42 

Cn 40 30 -

10 52 48 36 

14321 71 65 72 

'8765 42 - -

lEN - - -

510,,5100 26 - -

Clock 87 67 71 

V - - -

MSS 44 - 44 

Combinational Delays 
All Functions 

Z(I) N OVR DB 

110 86 108 -

123 99 112 49 

111 89 - -
108 84 - 49 

87 64 89 -

85 62 84 -
88 66 - -

79 57 - -

83 59 83 -

84 40 58 -
76 52 63 -

95 69 84 -
66 - - -

- - - -

50 - - -
111 66 108 37 

24 - - -

68 44 44 -

0100 SIOo 
WRITE 0103 SIOO SI03 Parity 

- - 84 94 115 

- - 94 104 140 

- - 79 94 115 

- - 84 gO 120 

- - 60 70 101 

- - 62 68 98 

- - 61 72 101 

- - 52 61 93 

- - 57 84 98 

- - 38 46 67 

49 - 50- 58- 93_ 

49 - 66- 73- 105-_ .. 
50 60- 42- 45- 42_ 

22 - - - -
- - - 29 36 

- 40 84 92 105 

- - - - -

- - 44 46 44 

Note: A ... " means the output is enabled or disabled by the input. See enable and disable times. A number shown with a • is the delay to correct data 
on an enabled output. A • shown without a number means the output Is disabled by the Input or it is enabled but the delav to correct the data is 
determined by something &fse. 

Setup and Hold TIme. 
All Functlona 

CAUTION: READ NOTES. NA = Not Applicable; no Hmlng constraint. 

:s: HIGH-to-LOW LOW-to-HIGH 

WIthRaopect ~ 
From Input to this Signal Sat·up 

V C_ NA 

WE HIGH Clock 25 

WE LOW Clock NA 

A, B as Sources Clock 27 

B as a Destination ClOCk and WE both LOW 6 

0100, CIO, Clock NA 

18765 Clock 24 

lEN HIGH Clock 30 

lEN LOW Clock N~ 

143210 Clock 24 

Notes: 
1. For setup times from all inputs not specified, the setup time 

is computed by cafculating the delay to stable V outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y selUp time is necessary to setup the Q regis
ter. All unspecified hold times are less than or equal to zero 
relative to the clock LOW-to·HIGH edge. 

2. WE controls writing intO the RAM. lEN controls writing into Q 

and, indirectuontrols WE through the write output. To pre
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clocl< has gone LOW to 
cause a wrfte provided the WE' LOW and lEN LOW set-up 
times are met. Having gone LOW, Ihey should not be returned 
HIGH until after the clock has gone HIGH. 

~ 
Hold Sat-up Hold Comment 

NA 20 3 To store Y in RAM or Q 

Note 2 No1e2 0 To Prevent Writing 

NA 30 0 To Write into RAM 

3 NA NA See Note 3 

Note 4 No1e 4 3 
To Write Data only into 
the Correct B Address 

NA 21 3 To Shift a 

NoteS NoteS a 
Note 2 Nete2 0 To Prevent Writing r 

NA 30 a To Write into 0 

- 68 0 See Note F 

3. A and B addresses·must be SBt·Op prk 
tion to capture data in latches at P 

4. Writing occurs when CP and W' 
dress should be stable durin~ 

5. Because '8765 control thEt
RAM and Q, they sI1ouJ~ 
time unless lEN is Hh. 

6. The set-up time prior to 
occurs in parallel with the Sl:. 
to-LOW transition and the clot.. 
time requirement on 143210, relati\o 
transition, is the longer 01 (1) the ::.., 
L .... H, and (2) the sum of the set-
H .... L and the clock LOW time. 
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. Am29203 
!I. Am29203 Guaranteed Military 

Range Performance 
The tables below sp8c1fy th\9 performance of the Am29203 
over the military operating range of -55 to + 12O"C. with Vce; 
from 4.50 to 5.50V. All data are In ns. with inputs switching 
between 0 and 3V at Wins and measurements made at 1.5V. 
All outputs have maximum' DC load. 

Clock and Write Pul .. Characteristics 
All FunCUono 

MlnlmuT Clock LOW Time 40 ns 

Minimum Clock HIGH Time 40 ns 

From 

OEV 

OEe 

I. 

18765 

143210 

m 
Note: 

Enablt/Dloable Times 
All Functlone 

To Enable DI .. ble 

v, 27 25 

OBi 34 25 

SIOo. SiC3 25 

0100. 010, 60 

0100. aiD, 70 60 

WRITE 34 25 

ns 

ns 

ns 

ns 
ns 

ns 

Minimum Time CP and WE 
40 both LOW to Writ. ns . 1. CL = 5.0pF for output disable tests. Measurement is made to a O.SV 

change on the output. 

Combinational Delays 
All FunCUone 

~ut 0100 SIOo 
From Input Y Cn+4 G,p Z(s) N OVR DB WRITE 0103 SIOo SI03 Pa~ty 

A Address 91 B5 72 116 92 115 - - - 89 98 120. 
(Arith. Modo) 
B Address 101 93 84 126 102 118 5? . - - 97 106 146 

A Address 92 - 72 117 93 - - - - 84 98 120 
(LogIc Modo) 
B Address 88 - 73 111 89 - 52 - - 88 92 125 

DA Inputs 64 62 51 89 88 94 - - - 62 71 107 
(Artth. Modo) 
DB Inputs 63 80 48 88 83 89 - - - 64 88 100 

DA Inputs 85 - 51 90 67 - ~ - - . 62 72 108 
(Logic Mode) 
DB Inputs 56 - 32 81 57 - - - - 52 63 100 

EA 80 56 43 85 60 87 - - - 58 64 103 

Cn 40 30 - 65 40 59 - - - 38 46 69 

10 52. 50 38 77 52 66 - 53 . 51' 58_ 98-

14-321 72 69_ 73 97 71 88 - 53 - 66- 75- 111* 

18765 44 - - 69 - - - 50 65' 42- 45_ 420 

lEN - - - - - - - 24 - - - -

S103• SIOo 26 - - 51 - - - - - - 29 36 

Clock 89 90 74 114 89 116 39 - 42 91 96 110 

V - - - 25 - - - - - - - -

~ 45 - 44 70 44 44 - - - 44 46 44 

Note: A 'It" means the output is enabled or disabled by the Input. See enable and disable times, A number shown with a ... is the delay to correct data 
on an enabled output. A ... shown without a number means the output is disabled by the input or it is enabled bllt the delay to correct the data is 
determined by something 01 ... 

Setup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 

HIGH-to-LOW LOW·to-HIGH , 

With Respect I~ 
Input to this Signal Set·up 

V Clock NA 

WE HIGH Clock 25 

WE LOW Clock NA 

At B as SOurces Clock 38 

B as a Destination Clock and WE both LOW 6 

0100. 0103 Clock NA 

18765 Clock 24 

lEN HIGH Clock 30 

lEN LOW Clock NA 

'43210 Clock 24 

Notes: 
1. For setup times from all inputs not spec~ied, the setup time 

Is computed by calculating the delay to stable Y outputs and 
then allowing the Y Setup time. Even if the RAM is not being 
loaded, the Y setUp time is necessary to setup the Q regis
ter. All unspecified hold times are less than or equal to zero 
relative to.the cloCk LOW-to-HIGH edge. 

2. ~ controls wrning into the RAM. lEN controls writing into Q 

and, indirectly, controls WE throughthe write output. To pre
vent wriling, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW aHerthe clock has gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 

I 
Hold Set-up Hold Comment 

NA 23 3 To store Y in AAMorQ 

Note 2 Note 2 0 To Prevent Writing 

NA 35 0 To Write into RAM 

3 NA NA See Note 3 

Note 4 Note 4 3 To Write Data only into 
the Co.rrect B Address 

NA 23 3 To Shift a 

Note 5 Note 5 0 

Note.2 Note 2 0 To Prevent Writing into a 
NA 30 O. To Write into a 
- 74 0 Soo Note 6 

3. A and B addresses must be set-up prior to clock LOW transi-' 
tion to capture data in latches at RAM output . 

. 4. Writing occurs when CP and WE are both LOW. The B ad
dress should be stable during this entire period. 

S. Because 18765 control the writing or not writing of data.into 
RAM and Q. they should be stable during the entire clock LOW 
time unless lEN is HIGH. preventing writing. 

6. The set-up. time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on·14321 a. relative to'the·clock LOW-la-HIGH 
transition, is the longer of (1) the set-up·time prior to clock 
L -+ H, and ·(2) .the sum of the set-up time prior to clock 
H .... Vand the clock LOW time. . . , 
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Oulput Enabfe/Dlsable Ttmes 
All Functlona 

Am29203 
Am29203 Guaranteed Commercial 
Range Performance 
The tables below specify the guaranteed performance of the 
Am29203 over the commercial operating range of 0 to + 7(1'C. 
with VCC from 4.75 to 5.25V. All data are in ns. with inputs 
switching between 0 and 3V at Wins and measurements made 
at 1.5V. All outputs have maximum DC load. 

Output disable tests performed with CL = 5pF and measured 
to O.5V change of output voltage level. 

,Clock Characteristics 
All Functlona 

Minimum Clock LOW Time 30 

Minimum Clock HIGH 11me 30 

Minimum Time CP and We" 
30 both LOW to Write 

From 

OEY 

OEB 

18 

ns 18765 

ns 143210 

LSS 
ns 

To Enable Disable 

VI 27 25 

DB, 31 ' 25 

5100.510. 25 

0100.010. 60 

0100. 010, 65 60 

WRITE 31 25 

Combinational Propagation Delays 
~=50pF 

Standard Functions 

~t 
From Input Y Cn+4 G,P Z N 

AAddr 68 56 52 72 • 61 

BAddr 65 52 49 70 60 

DA 55 40 43 62 50 

DB 59 49 44 65 54 

Cn 40 18 - 32 26 

18-0 64(1) 65 50 72(1) 59 

Clock 60 43 43 62 55 

lEN - - - - -
M55 44 - 44 68 44 

5100-3 23 - - 29 -

Note.: 
1. A (1) means the output depends on the other input disabled 

or enabled by the Controlling inputs. The number shown is 
based or all other inputs enabted with valid data applied. 

2. A (2) means the output is enabled 'or disabled by the input. 
See Output Enable/Disable times. A number shown with a 
(2) is the delay to correct data on an enabled output., 

3, A "-" means the delay path does not exist. 

OVR 

67 

64 

53 

55 

24 

88 

59 

-
44 

-

SIOo 
DA DB WR OtOg aiDa SlOg SIDa Parity 

24 - - - - 42 62 78 

- 24 - - - 36 60 76 

- - - - - 30 53 65 

- - - - - 32 56 60 

- -. - - - 21 27 38 

- - 26 21 (2) 20 (2) 53 (2) 60 (2) 74(2) 

21 21 - 21 21 36 55 60 

- - 22 - - - - -
- - - - - 44 46 44 

- - - - - - 29 t7 

Setup and Hold Times 
AIIFun~'Ilons 

CAUTION: READ NOTES. NA = Not Applicable; no ttmlng constraint. 

::s: HIGH-ta-LOW LOW-to-HIGH 

With Respect 
From Input to this Signal Setup 

V Clock NA 

WE'HIGH Clock 10 

WE LOW Clock NA 

A. B as Sources Clock 17 

B as a Destination Clock and WE both LOW 6 

0100. aiDa Clock NA 

18765 Clock 12 

lEN HIGH Clock 20 

lEN LOW Clock NA 

143210 Clock 12 

Notes: 
1. For setup times from all inputs not specified in Table B. the 

setup time i,s' computed by calculating the delay to stable Y 
outputs and then allowing the Y setup time. Even if the RAM 
is oot being loaded. the Y setup time is necessary to setup 
the 0 register. All unspecified hold times are less than or 
!9!,!al t'1 zero relative 10 the cloci< LOW-to-HIGH edge. 

2. WE controls writing into the RAM. iEIi controls writing into 
a. To prevent writing. lEN and WE must be HIGH during the 
entire clock LOW time. They may go LOW after the clock 
has ~e LOW to cause a write provided the WE LOW 
and lEN LOW setup times are met. Having gone LOW. 
they should not be returned HIGH until after the clock has 
gone HIGH. 

3. A and B addresses must be setup prior to clock LOW tran
sition to capture data in latches at RAM output. 

'" 
, 

Hold Setup Hold Comment 

NA 18 3 To Store Y in RAM or a 
Note 2 Note 2 a To Prevent Writing 

NA 16 a To Write Into RAM 

3 NA NA See Note 3 

Note 4 Note 4 3 
To Write Data Only into 
the Correct B Address 

NA 14 3 To Shift a 

Note 5 Note 5 a 
Note 2 Note 2 a To Prevent Writing into a 

NA 

-
18 a To Write into Q 

3S a See Note 6 

4. Writing occurs when CP and WE are both LOW. The B 
address should be stable during this entire period. 

S. Because 18765 cODlrol the writing or not writing of data into 
RAM and a. they should be stable during the entire clock 
LOW time unless lEN is HIGH. preventing writing. 

6. The setup time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the setup time prior to. the clock 
HIGH-iO'LOW transition and the clock LOW time. The ac: 
tual setup time requirement on 143210. relative to the clock 
LOW-to-HIGH transition. is the longer of (1) the setup time 
prior to clock L--+ H. and (2) the sum of the setup,time prior 
to clock H ... L and the clock LOW time. 
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Am29203 Guaranteed Commercial 
Range Performance 
The Am29203 switching characteristics are a function of the 
power supply voltage, the temperature, and the operating 
mode of the device. The data has been condensed onto the 
tables on the following pages. These tables define the speeds 
of the cOmbinational paths for each of the special functions. 

Data is shown in bold type where different from the timing 
specifications for the .standard functiol,1s. Except where other
wise noted, data is taken with inputs switching between 0 and 
3.0Vat lV/ns, with the measurement point at 1.SV. Outputs are 
measured at 1.SV and are loaded with CL = SOpF and 
maximum DC load. 

SPECIAL FUNCTIONS 

(Hex) (Hex) Available Special (Hex) (Hex) Available Special 

18171615 14 131:z1110 On Function lal7161s 14 13121110 On Function 

0 L 0 
Am2903 Unsigned Mu~iply 
Am29203 

8 L 0 
Am2903 Single Length 
Am29203 Normalize 

1 L 0 Am29203 BCD to Binary 
Conversion 

9 L 0 Am29203 
Binary to BCD 
Conversion 

1 H 0 Am29203 Multiprecision 
BCD to Binary 

9 H 0 Am29203 Mu~iprecision 
Binary to BCD 

2 L 0 Am2903 Two's Complement 
Am29203 Multiply 

3 L 0 Am29203 Decrement by 
One or Two 

Am2903 
Double Length 

A L 0 
Am29203 Normalize and First 

DivideOp 

B L 0 Am29203 BCD Add 

4 L 0 
Am2903 Increment by 
Am29203 One or Two 

C L 0 Am2903 Two's Complement 
Am29203 Divide 

5 L 0 Am2903 Sign/Magnitude 
Am29203 Two's Complement 

6 L 0 Am2903 Two's Complement 
Am29203 Mu~iply Last Cycle 

0 L 0 Am29203 BCD Subtract 

Am2903 Two's Complement 
E L 0 

Am29203 Divide Correction 
and Remainder 

7 L 0 Am29203 BCD Divide by Two F L 0 Am29203 BCD Subtract 

BCD Functions 

SF1. SF7. SF9. SFB, SF!), SFF 

~ From Input V Cn +4 G,P Z N 

A,Addr 76 65 76 84 76 

B,Addr 82 65 76 83 76 

DA 60 41 53 58 53 

DB 59 41 50 50 50 

Cn 40 22 - 32 34 

18-0 77(1) 55 44 70(1) 59 

Clock 76 59 70 78 70 

lEN - - - - -

MSS 44 - 44 68 44 

S100-3 23 - - 29 -

Notes: 
1. A (1) means the output depends on the other input disabled 

or enabled by the contrOlling inputs. The number shown is 
,based on all other inputs enabled with valid data applied. 

2. A (2) means the output is enabled or disabled by the input. 

OVR 

76 

76 

53 

50 

34 

62 

10 

.-

44 

-

S-366 

SIOo 
DA DB WR QIOo QI03 SIOo SI03 Parity 

24 - - - - 76 52 85 

- 24 - - - 76 52 85 

- - - - - - - -
- - - - - 58 41 79 

- - - - - 38 44 43 

- - 26 21 (2) 21 (2) 81 (2) 55(2) 86 (2) 

21 21 - 21 21 70 46 83 

- - 22 - - - - -

- - - - - 44 46 44 

- - - - - - - 17 

See Output Enable/Disable times. A number shown with a 
(2) is the delay to correct data on an enabled output. 

3. A "-" means the delay path does not exist. 



~ From Input 

A, BAddr 

DA,DB 

Cn 

10-5 

Clock 

Z 

lEN 

S100-3 

SF 0: 
F ~S+CnifZ~O' 

S+R+CnifZ~l 

Y3 ~ Cn+4 (MSS) 
Z ~ Qo(LSS) 

~t 
From Input 

A, BAddr 

DA,DB 

Cn 

10-5 

Clock 

Z 

lEN 

SIOO_3 

SF3: 
F~S-2+Cn 

Y 

MSS 68 

IS 68 

LSS 68 

MSS 59 

IS 59 

LSS 59 

MSS 40 

IS 40 

LSS 40 

MSS 84(1) 

IS 84(1) 

LSS 84(1) 

MSS ,50 

IS 60 

LSS 60 

MSS 71 

IS 71 

-
23 

Y 

MSS 66 

IS 68 

LSS 68 

MSS 59 

IS 59 

LSS 59 

MSS 40 

IS 40 

LSS 40 

MSS 54 

IS. 54 

LSS 54 

MSS 60 

IS 60 

LSS 60 

-
23 

Guaranteed Combinational Delays 
TA = 0 to +7O'C, Vee = 4.75 to 5.25V 

Special Functions 0, 2, 6 

,Cn+4 G,P Z N OVR 

56 

56 

56 

49 

49 

49 

18 

18 

18 

67 

67 

67 

43 

43 

43 

52 

52 

-

-

- - 61 

52 - -
52 - -
- - -

48 - -

48 - -
- - -

- - -
- - -
- - 74 

74 - -

74 31 -
- - 55 

43 - -

43 29 -

- - 64 

50 - -

- - -
- - -

SF 2: 
F ~S+Cn~Z~O 

R+S+CnifZ~l 

Y3 ~ F3 Ell OVR (MSS) 
Z ~ Qo(LSS) 

Guaranteed Combinational Delays 
TA = 0 to + 70·C, Vee = 4.75 to 5~25V 

Special Functions 3 and 4 

Cn+4 G,P Z N 

56 - 72 61 

56 52 72 -
56 52 72 -
49 - 65 54 

49 48 65 -
49 48 65 -
18 - 32 26 

18 - 32 -
18 - 32 -

52 - 54 52 

52 40 54 -
52 40 54 -

43 - 62 55 

43 43 62 -

43 43 62 -

67 

-
-
-
-

-

-

-
-

74 

-

-
59 

-

-

60 

-
-

-

OVR 

67 

-
-
55 

-

-

24 

-

-

64 

-

-

59 

-
-

Z is an Output lOt' all Slices 

- - - - -
- - - - -

SF4: 
F~S+l+Cn 

5·367 

SIOo 

42 

42 

42 

32 

32 

32 

21 

21 

21 

68 

68 

68 

36 

36 

36 

42 

42 

-

-

SI03 
Parity 

78 

78 

78 

65 

65 

65 

38 

38 

38 

74 

74 

74 

60 

60 

60 

-
-

Am29203 

DA,DB Q100-3 WR 

24 - -
24 - -
24 - -
- - -
- - -
- - -
- - -
- - -
- - -

- 21 -
- 21 -
- 21 26 

21 21 -
21 21 -
21 21 -
- - -
- - -
- - 22 

- - -

SF 6: 
F ~S+CnifZ~O 

S-R-1 +CnifZ~ 1 
Y3 ~ OVR Ell F3 (MSS) 
Z ~ 00 (LSS) 

DA,DB Q100-3 WR 

24 - -
24 - -
24 - -
- - -
- - -
- - -
- - -
- - -
- - -
- 21 -
- 21 -
- 21 -

21 21 -
21 21 -
21 21 -

- - 22 

- - -



Am29203 

~t 
From Input 

A. BAddr 

DA.DB 

Cn 

10- 5 

Clock 

Z 

lEN 

SIOo-a 

SF 5: 
F ~S+CnifZ~O 

S+CnifZ~1 
V3 ~ S3 Ell Fa (MSS) 
Z ~ S3(MSS) 

~t 
From Input 

A,BAddr 

DA,DB 

Cn 

10 - 5 

Clock 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

IS 
Z t:SS--"-
lEN 

SI00 __ 3 

SF8: 
F ~S+Cn 

Cn +4 ~ Oa Ell 02 (MSS) 
OVR ~ 02 Ell 0, (MSS) 
N ~ Oa(MSS) 
Z ~ 000,0203 

y 

96 

68 

68 

90 

59 

59 

40 

40 

40 

94 

83 

83 

97 

60 

60 

62 

62 

-
23 

Y 

68 

68 

68 

59 

59 

59 

40 

40 

40 

61 

52 

52 

60 

60 

60 

-
23 

GuaranteedComblnatlori!ll Delays 
'fA = 0 to + 70"C, Vee = 4.75 to 5.25V 

Special Function 5 

Cn +4 G,p Z N OVR 
56 ~ 43 96 

56 52 - -
56 52 - -
49 - - 89 

49 4B - -
49 48 - -
18 - - 2B 

18 '- - -
18 - - -
64 - 31 94 

64 64 - -

64 64 - -

43 - 38 89 

43 64 - -
43 64 - -
44 43 - -
44 '43 - -
- - - -
- - - -

Guaranteed Combinational Delays 
TA = 0 to + 70"C, Vee = 4.75 to 5.25V 

Special Function 8 

CIi+4 G,P Z N 

- - - -
56 52 - -

56 52 - -
- - - -

49 4B - -

49 4B - -

- - - -
18 - - -
18 - - -
43 - 2B 23 

66 40 28 -
66 40 28 -

27 - 29 23 

43 43 29 -
43 43 29 -

67 

-
-
55 

-
-
24 

-

-
88 

-

-

59 

-

-

-

-
-
-

OVR 
-
-

-
-
-

-

-
-
-
24 

-
-

28 

-
-

, 

SI03 

78 

78 

78 

65 

65 

65 

38 

38 

38 

97 

86 

86 

60 

60 

60 

85 

85 

-
-

Slo, 

62 

62 

62 

56 

56 

56 

27 

27 

27 

60 

60 

60 

55 

55 

55 

Z is an Output lor all Slices. 

- - - - - -

- - - - - -

5-368 

DA, DB Q100-3 WR 
24 - -
24 - -
24 - -
- - -
- - -
- - -

- - -
- - -
- - -

- 21 -
- 21 -
- 21 26 

21 21 -
21 21 -
21 21 -
- - -
- - -

- - -
- - 22 

DA,DB Q100-3 WR 
24 - -

24 - -
24 - -
- -- -

-- - - -
- - -
- - -
- - -
- - -
- 21 -
- 21 -
- 21 26 

21 21 -

21 21 -
21 21 - -

- - 22 

- - -



~t 
From Input 

A, B Addr 

DA,DB 

Cn 

10-5 . 

Clock 

Z 

lEN 

8lOo_a 

$FA: 
F =S+Cn 
N = Fa (MSS) 
SiCa = Fa ED R3 (M8S) 
Cn+4 = F3 ED F2 (MSS) 
OVR = F2 ED Fl (MSS) 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

MSS 

ISS 

LSS 

Z = Oo01020iFoF1F2F3 

~t 
From Inpul 

MSS 

A, BAddr IS 

LSS 

MSS 

DA.DB IS 

LSS 

MSS 

Cn IS 

LSS 

MSS 

10-5 IS 

LSS 

MSS 

Clock IS 

LSS 

IS 
Z 

LSS 

lEN 

81°0_3 

SFC: 
F =R+S+CniIZ=O 

S-R-1+CniIZ=1 
SI03 = F3 ED R3 (M8S) 

y 

68 

68 

68 

59 

59 

59 

40 

40 

40 

61 (1) 

52 (1) 

52(1) 

60 

60 

60 

23 

23 

Y 

68 

68 

68 

59 

59 

59 

40 

40 

40 

91 (1) 

68(1) 

68 (1) 

60 

60 

60 

62 

62 

-

23 

Z = F3 ED As (MSS) Irom previous cycle 

Guaranteed Combinational Delays 
TA = 0 to + 70'C, Vee = 4.75 to 5.25V 

Spacial Function A 

Cn+4 G,P Z N 

56 - 72 43 

56 52 72 -

56 52 72 -

50 - 72 43 

49 48 72 -

49 48 72 -

37 - 27 25 

18 - 27 -

18 - 27 -

70 - 52 52 

66 40 52 -

66 40 52 -
44 - 42 38 

43 43 42 -

43 43 42 -

OVR 

64 

-
-

58 

-
-
28 

-

-

66 

-

-

49 

-

-

Z is an Output lor all Slices 

- - - -

- - - -

Guarantaed Combinational Delays 
TA = 010 +70'C, Vee = 4.75 to 5.25V 

Special Function C 

Cn+4 G,P Z N 

56 - - 61 

56 52 - -

56 52 - -
49 - - 54 

49 48 - -
49 48 - -

18 - -- 26 

18 - - -

18 - - -

70 - 28 77 

65 61 - -
65 61 - -

43 - 30 55 

43 I 43 - -
43 43 - -

44 46 - -

44 46 - -

- - - -

- - - -

5-369 

-
-

OVR 

67 

-

-

55 

-
-

24 

-

'-

72 

-

-

59 

-

-
--

-

-
-

Am29203 

SIQa DA,DB Q100-3 WR 

62 24 - -

62 24 - -
62 24 - -

56 - - -

56 - - -
56 - - -
27 - - -
27 - - -
27 - - -

67 - 21 -

60 - 21 -

60 - 21 -

43 21 21 -

55 21 21 -

55 21 21 -

- - - 22 

- - - -

SI03 DA,DB Q100-3 WR 

62 24 - -
62 24 - -
62 24 - -
56 - - -
56 - - -

56 - - -
40 - - -

27 - - -
27 - - -
89 - 21 -
66 - 21 -

66 - 21 26 

88 21 21 -
55 2; 21 -
55 21 21 -

65 - - -
65 - - -
- - - 22 

- - - -



Am29203 

~t 
From Input 

A;'BAddr 

DA,DB 

Cn 

10-5 

Clock 

Z 

lEN 

S100-3 

SFE: 
F =R+S+CnifZ=O 

S-R-1+Cn ifZ=1 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

IS 

LSS 

Z = F3 Ell R3 (MSS) from previous cycle 

y 

68 

68 

68 

59 

59 

59 

40 

40 

40 

91 

68 

68 

60 

60 

60 

62 

62 

-
23 

Guaranteed Combinational Delays 
TA = 0 to +70"C, Vee = 4:75 to 5.25V 

Special Function E 

Cn+4 G,P z N 

56 - - 61 

56 52 - -

56 52 - -

49 - - 54 

49 48 -, -

49 4B - -

18 - - 26 

18 - - -
18 - - -
70 - 28 77 

65 61 - -

65 61 - -
43 - 30 55 

43 43 - -
43 43 - -

44 46 - -
44 46 - -
- - - -
- - - -

5-370 

OVR SIQa DA,DB Q100-3 WR 

67 62 24 - -

- 62 24 - -

- 62 24 - -

55 56 - - -
- 56 - - -

- 56 - - -
24 27 - - -

- 27 - - -

- 27 - - -

72 79 - 21 -

- 66 - 21 -

- 66 - 21 26 

59 55 21 21 -
- 55 21 21 -

- 55 21 21 -

- 65 - - -

- 65 - - -

- - - - 22 

- - - - -



USING THE Am29203 

Am29203 APPLICATIONS 

The Am29203 is designed to be used .in microprogrammed 
systems. Figure 1 illustrates a recommended architecture. The 
control and data inputs to the Am29203 normally will all come 
from registers clocked at the same time as the Am29203. The 
registe(inputs come from a ROM or PROM - the "micropro
gram store." This memory contains sequences of microinstruc
tions which apply the proper control signals to the Am29203s 
and other circuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
Am2910 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, an~ linking subroutines. The Am291 0 is controlled by 
some of the bits coming from the microprogram store. Essen
tially, these bits are the "next instruction" control. 

Figure 1. Typical Microprogram Architecture. 

MAP 

One Level Pipeline Based System 

Am29203 

Note that with the microprogram register in between the micro
program memory store and the Am29203s, a microinstruction 
accessed on one cycle is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the 
Am29203s occurs in parallel with the access time of the mi
croprogram store. Without the "pipeline register," these two 
functions must occur serially. 

Expansion of the Am29203 

The Am29203 is a four-bit CPU slice. Any nifmber of Am29203s 
can be interconnected to form CPUs of 8, 16,32, or more bits, in 
four-bit increments. Rgure 2 illustrates the interconnection of 
four Am29203s to form a 16-bit CPU, using ripple carry. 

With the exception of the carry interconnection, all expansion 
schemes are the same. The 0103 and SI03 pins are bidirectional 
le!Vright shift lines at the MSB of the device. For all devices 
except the most significant, these lines are connected to the 0100 
and SIOo pins of the adjacent more significant device. These 
connections allow the a registers of all Am29203s to be shifted 
leftprrightasacontiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate input sig
nals to the shift inputs. 

Device 1 has been defined as the least significant slice (LSS) and 
its LSS· pin has accordi~ been grounded. The Write/Most 
Significant Slice (WRITE/MSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) signal common to the four devices. Devices 2 and 3 
are designated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HIGH. Caution: W/MSS must be tied 
to Vee through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4 is designated the most si~ant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open collector, bidirectional Z pins are tied together for 
detecting zero or for inter-chip communication for some special 
instruction. The Carry-Out (Cn+4) is connected to the Carry-In 
(Cn) of ihe next chip in the case of ripple carry. For a faster carry 
scheme, an Am2902 may be employed (as shown in Figure 3) 
such that the G and P outputs of the Am2903 are connected to the 
appropriate G andPinputs olthe Am2902, while the Cn+x, Cn+y, 
and Cn+ z outputs of the Am2902 are connected to the Cn input of 
the appropriate Am2903. Note that GIN and P/OVR pin functions 
are device dependent. The most significant slice outputs Nand 
OVR while all other slices output G and P. 

Figure 2. l6-Bit CPU with Ripple Carry. 

MSS "" DEVICE 4 DEVICE 3 DEVICE 2 Dev/eEl 

DB DA DB DA DB DA DB 

01°15 0103 0100 01°3 01°0 0103 0100 0103 

SI015 SI03 SIOO "0, SIOO "0, SIOO SI03 SIOO 

CARRY <:"., c, Cn+4 Cn+4 C, Cn +4 CARRY 
OUT .. 'N 

NEGATIVE N Am2!I2Q3 Am29203 Am2IIZ03 Am20203 

OVERFLOW OVR w/MSS WIMSS 
ZERO lSS +5 -= lSS 

5-371 
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Am29203 

The lEN pin ot"the Am29203 allows the option of oonditional 
instruction exeCution. If iEN is LOW, all intemal clocking is en
abled, allowing the latches, RAM, and a RegiS!!,r to function.· If 
·IEN is HIGH, the RAM and a Register are disabled. The RAM is 
controlled by lEN if WE is connected to the WRITE output. 

It would be appropriate at this point to rneritlon thet the Am29203 
may be microcoded to work in either two-or three-address ar
'chiiecture modes. The two-address modes allow A+B .... B while 
the three-address mode makes possibleA+B-+C~ Implementa
tion of a three-address architecture is made possible by vary
ing the timing of iEiii in relationship to the extemal clock and 
changing the B address as shown in Figure 4. This technique is 
discussed in more detail under Memory Expansion. 

Parity 

'The Am?9203 computes parity on a ~en word when the 
instruction bits 15-8 have the values of 416 to 716 as shown in 
Table 3. The computed parity is the result of the exclusive OR 
of the individual ALU outputs and SIDa. Parity output Is found 
on SIOo. Parity between devices may be cascaded by the in
terconnection of the SIOo and SIDa ports of the devices as 
shown in "'igure 3. The equation for the parity output at SIOo 
port of device 1is given by SIOo = F15 V F14 V F13 V ... V F1 
VFo VS1015· 

Figure 3. 16,Bit CPU with Carry Look Ahead. 

01°15 

51015 

CARRV 
OUT 

NEGATIVE, 

OVERFLOW 

ZERO 

MSS 
DEVICE 4 

DA D. 

0l0, 0100 

SI03 SIOO 

en+, C. 

DEVICE 3 DEVICE 2 

DA DB DA DB 

LSS 
DEVICE 1 

DA DB 

I------I0,e, 
1-----'--1 SI03 

01001------101°3 

1------ISI03 

0100 1-____ -1 OJo, 01001---_ 0100 

1------151°3 SIOO SIOO 

'en f:RRV 

L---~----~~+-~--------~-+~-------~~+-~-V~--'5 

Am20203 
C.I--------' 

Figure 4. Relationship of iErii and Clock During Two Address and Three Address Modes. 

r--- TWO ADDRESS MODE -I- THREE ADDRESS MODE --I 
EXTERNAL CLOCK J \'-----'Ii--\ / 

lEN \'---_---1 
• ~ ... ___ ST_A8_L_E ___ X 
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Figure 5. Sign Extend. 
DEVICE3 DEVICE 2 DEVICE 1 

Am29203 Am29203 Am29203 Am29203 

~~~ -----\SI03 81°01-------18103 81001---------18103 51001------18103 SIOO _ ~~GN 

r-- '6- 18 - '6-'S - '6- IS r-- '6-'8 

~~ ~~ ~~ -~ 

HIGH )--4--+----------<>--+----------4--+-----------' 
tSOr--

CHIP ISC )-------------' 
SIGN 

EXTEND IS8 )-----------------------..... 

' .. )------------------------------------' 
Sign Extend 

Sign extension across any number of Am29203 devices can be 
done in one microcycle. Referring again to the table of instruc
tions (Table 3), the sign extend instruction (Hex instruction E) 
on 15- 8 causes the sign present at the SIOo port of a device 
to be extended across the device and appear at the SI03 port 
and at the Y outputs. If the least significant bit of the instruc· 
tion (bit 15) is HIGH, Hex instruction F is present on 15- 8 , 

commanding a shifter pass instruction. At this time, F3 of the 
ALU is present on the SI03 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of 15 when 16- 8 are HIGH. Figure 5 out· 
lines the Am29203 in sign extend mode. With 16-8 held HIGH, 
the' individual chip sign extend is controlled by ISA.O' If, for 
example, ISA and 158 are HIGH while Isc and 150 are LOW, 
the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SI03 
pin of device 4. The output of ttie four devices will be avail· 
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension is 
stored in the RAM. 

SPECIAL FUNCTIONS 

When 10- 4 = (), the Am2903 is in the Special Function mode. In 
this mode, bOth the source and destination are controlled by 15- 8, 

The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am29203. 

NORMALIZATION, SINGLE· AND DOUBLE·LENGTH 

Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
opposite polarity. 

Normalization is commonly used in such operations as flxed-to
floating point conversion and diviSion. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6a represents the a Register of a 
16-bit processor which contains a positive number. When the 
Single-Length Normalize command is applied, each positive 
edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) ofthe a Register. Zeros are shifted in via the 
alOo port. When the bits on either side of the radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6b. The event of normalization is 
externally indicated by a HIGH level on the CnH pin of the most 
Significant slice (Cn+4 MSS = a 3 MSS "I a 2 MSS). 

5-373 

Figure 6. 

RADIX 

15~r14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

a REGISTER 0 1 0 I 0 I 0 1 I' I' I"l oj Q I, 0 I 0 I, 1 I 
MSS LSS 

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1 

a) Un normalized Positive Number. 

RADIX 

1~r'4 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Q REGISTER 0 I' I' I' 'I' I oJo 'I 0\0 I' 'I 0 I 0 0 I 
MSS LSS 

b) Normalized Positive Number. 

There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication is 
available on the Cn+4 pin (OVR '" a 2 MSS "I a 1 MSS). This 
is for use in applications that require a stag" of register buffer
ing of the normalization indication. 

Since a number comprised of all zeros is not considered for 
normalization, the Am29203 indicates when such a condition 
arises. If the a Register is zero and the Single-Length Normaliza
tion command is given, a HIGH level will be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the a register, 0 3 MSS. An 'unnormalized negative number 
(Figure 7a) is normalized in the same manner as a positive 
number. The results of Single-length normalization are shown 
in Figure 7b. The device interconnection for single-length 
normalization is Outlined in Figure 8. During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stored in one of the work
ing registers. This can be achieved by forcing a HIGH at the 
Cn input of the least significant slice, since during this special 
fURction the ALU performs the function [BJ + Cn and the re
sult is stored in S. 

Normalizing a double-length word can be done with the Double
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the a Register holds the least Significant half 
(Figure 9). The device interconnection for double-length normal
ization is shown in Figure 10. The Cn+4, OVR, N, and Z outputs of 
the most Significant slice perform the same functions in double
length normalization as they did in single-length normalization 
except that Cn+4' OVR, and N are derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization, instead of the a Register of the most significant 

I 
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Figure 7. 
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Figure 8. Single length Normalize. 
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slice as in single-length normalization. A high-level Z line in 
double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating that the double
length word is zero. 

When double-length normalization is being performed, shift 
counting is done either with an extra microcycle or with an exter
nal counter. 

SIGN MAGNITUDE, TWO'S COMPLEMENT CONVERSION 

As part of the special instruction set, the Am2903 can convert 
between two's complement and sign/magnitude representa
tions. Figure 11 illustrates the interconnection needed for sign 
magnitude/two's complement conversion. The word to be 
converted is applied to the S input port of the ALU (from the 
RAM B port or the DB I/O port). The Cn input of device 1 is 
connected to the Z pin. The sign bit (S3MSS) is brought out on the 
Z line and informs the other ALU's if the conversion is being 
performed on a negative or positive number. If the number to be 
converted is the most negative number in two's complement 
[i.e., 100 ... 00 (_2n)], an overflow indication will occur. This is 
because - 2n is one greater than any number that can be repre
sented in sign magnitude notation and hence an attempted con
version to sign magnitude from - 2n will cause an overflow. When 
minus zero in sign magnitude notation (100 . . . 0) is converted to 
two's complement notation, the correct result is obtained 
(0 ... 0). 

Am29203 

INCREMENT BY ONE OR TWO 

Incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful in the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one if Cn is LOW or incremented by two if 
Cn is HIGH. 

UNSIGNED MULTIPLY 

This Special Function allows for easy implementation of un
signed multiplication. Figure 13 is the 'unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand be in the register ad
dressed by Address. port A. The initial conditions for the 
execution of the algorithm are that: 1) register Ro be reset to 
zero; 2) the multiplicand be in R1 ; and 3) the multiplier be in 
R2. The first operation transfers the multiplier, R2, to the Q 
Register. The Unsigned Multiply instruction is then executed 
16 times. During the Unsigned Multiply instruction, Ro is ad
dressed by RAM address port B and the multiplicand is ad
dressed by RAM address port A. 

When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least Significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU's of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul-

Figure 11. 2's Complement-Sign/Magnitude. 
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Figure 12. Increment by 2/1. 
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Figure 13. Unsigned 16 X 16 Multiply Flowchart. 

STARr 
Din RO 
Multiplicand in A 1 
Multiplier in R2 

N 

END 
~roduct (MS)-jn RO 
Product ItS) in 0 ' 
Multip:licand in R, 
Multiplier in R2 

til Id (referenced by the A address port) if Z = 1. If Z = 0, 
tt !put of the ALU is simply the partial product (referenced 
by B address port). Since Cn is held LOW, it is not a fac-
-tor :he computation. Each positive-going edge of the clock 
will ii ~rnally shift the ALU outputs toward the least significant 
bit an I simultaneously store the shifted results In the register 
selected by the B, address port" thus becoming the new partial 
sum. During the down shifting process, the Cn+4 generated in 
device 4 is internally shifted into the Y 3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
0100 ports of each device into the 0103, port of the next less 
significant slice. The partial product is shifted down between 
chips in a like mariner, between the SIOo and SI03 ports, with 
SIOo of device 1 being connected to 0103 of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found in the register 
referenced by the B address lines while the least significant 
16 bits are stored in tlie a Register. USing a typical Computer 
Control Unit (CCU)"as shown in Figure 16, the unsigned mul
tiply operatiOn requires only two lines of micrOcode, as shown 
in Figure 17, and is:executed in 17 microcycles. 

TWO'S COMPLEMENT MULnPLICAnON 

The algorithm for two's complement multiplication is illustrated 
by Figure 14. The initial conditions tor two's complement mul
tiplicatiOn are the s'ame as for the unsigned multiply operation. 
The Two's Complement Multiply Command is applied for 15 
clock cycles in the case of a 16 x 16 multiply. During the 
down shifting process the term NVQVR generated in device 
4 is internally shifted into the Y3 positiOn of device 4. The data 
flow shown in Figure 15 is still valid. After 15 cycles, the sign 
bit of the multiplier is present al the Z output of device '1. At 
this time, the user must place the Two's Complement Multiply 
Last cycle command on the instruction lines. The intercon
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two's cOmplement representation of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this point, two's complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two's complement 
multiply operation requires only three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 

Figure 14. 2's Complement 16 X Hi Multiply. 
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Figure,15. Multiply. 
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Figure 16. Typical Computer Control Unit (CCU). 
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Figure 17. Micro Code for UnSigned 16 X 16 Multiply, 
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Figure 18. 2's Complement Multiply, Last Cycle. 
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Figure 19. Microcode for 2'a Complement 16 x 16 Multiply. 
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Three instructions on the Am29203 can be used to microcode 
signed integer division. The algorithm is a non-restoring four
quadrant division, with different preamble and postamble mi
crocode for single- and double-precision integer division. 

Single-precision signed integer divide is the most straightfor
ward. Other than division by zero, there is only one case when 
an overflow results, namely when the most negative number 
(-2n- 1) is divided by -1. This case is detected by the post
amble, and does not require separate tests of dividend and 
divisor .in the preamble. 

Single-precision division begins by loading the a register with 
the dividend. Following this, the negative bit of the status 
register is tested and the dividend register is loaded with all 
ones or all zeros so as to sign extend the a register. The 'di
vidend is now a double-precision integer, with the least sig
nificant half in the a register and the most significant half in the 
dividend register. This double-precision integer is then shifted 
up one position in preparation for the divide. 

The division starts with the First Divide Operation applied to the 
divisor register (A address) and the dividend register (6 
address). This operation computes the quotient sign as the ex
clusive OR of dividend and divisor sign, and shifts it into the 
least significant position of the a register while simultaneously 
upshifting the double-precision dividend one bit. The First Di
vide Operation also Updates the Sign Compare Flip-Flop (in 
the MSS) with the exclusive NOR of the dividend and divisor 
sign, which determines whether the next operation will be an 
add or a subtract. 

The stage is now set for repeated execution of the divide step. 
Provided correct shift linkages externally (S103 on the MSS to 
0100 on tile LSS, . lind aiDa on MSS to SIOo on the LSS) , 
each execution of the divide step computes a new quotient bit 
by either adding the divisor to the dividend (if the sign compare 
flip-flop is HIGH) or subtracting the divisor from the dividend (if 
the sign compare flip-flop is LOW), and then producing the ex
clusive NOR of the silln 'of the result and the divisor sign as the 
new quotient bit and the new value of the sign compare flip
flop. The upshifted result replaces the partial remainder in the 
dividend register. The divide step must be repeated n-2 times 
for n bit signed integers. Note that the sign compare flip-flop 
resides on the most . significant .slice, and controls the other 
slices through the zero pin which becomes an input on the 
intermediate and least significant slices fOr this operation. , 
The divide correction step also adds or subtracts tlie divisor 
from the partial remainder in the dividend register, but does not 
upshift ihe result. The quotient bit shifted into the O· register by 
this. step is.always a 1. This means that the quotient produced 
by the divide algorithm is always odd; in half the cases, of 
course, this guel3s is wrong, and must be corrected. At each 
step of the divide algorithm, the result of the previous guess is 

eJ Comment 

x X R2 X 0 Load Counter & R2 ..... Q 

o 0 Rl Ro 0 2's Complement Multiply 

. 0 Z 2's Complement 
o Rl Ro Multiply (Last Cycle) 

corrected and a new guess is made. Since correction lags 
computation of the quotient bits by one step, after the laSt step 
there is still one correction needed. 

After the divide correction step, the product of quotient and 
divisor plus the remainder is guaranteed to be equal to the 
dividend. However, the magnitude of the quotient may be off by 
one, the sign of the remainder may !Je wrong, and the mag
nitude of the remainder may lie between the magnitude of the 
divisor and zero. 

In general, correction is needed when the sign of the remainder 
and initial dividend differ. For positive quotients, the correction 
is performed by subtracting one from the quotient and adding 
the' divisor back to the remainder. For negative quotients, the 
correction is performec! by adding one to the quotient and sub-
tracting the divisor from the remainder. . 

A special case arises when the dividend is negative and the 
remainder at the end of the division is exactly zero. Since zero 
appears to be positive in two's complement, it appears that cor
rection is necessary, whereas in fact it is not. This case is 
easily detected by testing the remainder for zero after the last 
divide step, and terminating the algorithm if it is. A related pro~ 
blem arises with negative dividends when the partial remainder 
becomes exactly zero in an intermediate step of the division. 
Once again, the algorithm sees this as a change of sign, and 
records the wrong quotient bit. However, in such cases, the 
final remainder always has the same magnitude as the divisor; 
but has the same sign as the dividend. Since the multiplicative 
rule is still satisfied, this means that the quotient is too small in 
magnitude by one. This case is detected by adding the mag
nitude of the divisor to the remainder and testing for zero, and 
the correction is the opposite of the "normal" correcti,?n: posi
tive quotients are incremented, and negative quotients are de
cremented. (The remainder should be made exactly zero). 
Note that the single case that produces overflow for single
precision signed integer divide may be detected by checking 

. the overflow in this correction step. . 

The complete algorithm is shown in Figure 20. It is important to 
remember that the zero status available at the end of the divide 
correction step is the sign compare flip-flop output, and does 
not reflect whether the finai partial remainder is zero or not. 
Also, in interruptible systems, the division steps must not be 
interrupted, because the sign· compare flip-flop cannot be 
saved or restored on the interrupt. However, division can be 
stopped and. resumed provided no instruction In between 
affects the state of the sign compare flip-flop. Some examples 
of the correction for single-precision signed divide are shown in 
Figure 21. 

The. shift linkage requirements for the divide steps are sum
marized in Figures 22, 23 and 24. These figures should be 
used as guidelines when microcoding the fields contrOlling the 
shift multiplexers in the 2904 for. the divide steps. 
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Except for the overflow problem, the same algorithm with minor 
variations in the preamble implements double-precision divi
sion. Of course, in this case, sign extension is not needed; 
instead, the least significant half of the double-precision divi
dend is loaded in the a register, the most significant half re
mains in the "dividend" registers, and, after the initial upshift by 
one bit, the divide steps are executed exactly as before. 

When a double-precision signed integer is divided by a single
precision signed integer, overflow occurs when the quotient 
requires more than n bits to represent. For example 22n-2 di
vided by 1 requires 2n bits to represent. A subset of these 
cases of overflow is the case where the magnitude of the quo
tient requires exactly n bits to represent, leaving no bits for the 
sign; and a special case of this is where the quotient magnitude 
is 2n-1. The preamble to the divide presented below detects 
the first two cases in that order, and the postamble detects the 
last case. 

The principle of overflow detection used here is to first calcu
late the quotient sign, and then calculate n + 1 bits of quotient. 
There is an overflow when bits n + 1 and n differ from the sign. 
This detects cases where the quotient requires more than n + 1 
bits to represent (quotient bit n+1 differs from the quotient 
sign), and where the quotient requires exactly n + 1 bits to rep
resent (quotient bit n+ 1 is the same as the quotient sign but 
quotient bit n differs from the quotient sign). Unfortunately quo
tients with a magnitude of 2n-l do not fit this scheme: when 
the quotient is -2n- 1, this test indicates an overflow, and 
when the quotient is 2n-1 (an overflow), this test does not 
show an overflow. In other words, when there is a disagree
ment between the nih quotient bit and the quotient sign, it does 
not necessarily indicate an overflow; and it is not until all the 
quotient bits are calculated that it can be decided whether there 
was an overflow or not. This irregularity is a consequence of 
the asymmetry of the two's complement number system. 

The implementation of this algorithm on the Am29203 is 
simplified by using a flip-flop on the SiCa line out of the MSS to 
store a copy of the new quotient bit calculated each cycle. If 
this flip-flop output is connected to a sequencer test multiplexer 
input, then testing of quotient bits can be pipelined. This is 
useful in the preamble for overflow detection and in the post
amble for the correction steps. 

The microcode for the double-precision divide is outlined in 
Figure 25. The divide operation is first applied to the dividend 
and divisor without the initial 'upshift of the dividend. This cal
culates the quotient sign and updates the sign compare nip
flop. At the end of the cycle, the complement of the quotient 
sign is setup at the input to the external flip-flop, which can be 
tested in the next cycle to determine the quotient sign. How
ever, the divide first operation has the side-effect of upshifting 
the dividend. This side-effect is undesirable because it pre
vents the divide step from calculating the n + 1 th quotient bit. 
For this reason, the dividend is shifted down again with the sign 
bit of the status register selected as the linkage in. Following 
this, a divide step is executed and the algorithm terminated on 
overflow if the quotient bit calculated by the divide steps is dif
ferent from the sign bit. The algorithm proceeds to calculate the 

5-379 

Am29203 

nth quotient bit. If the nth quotient bit agrees with the quotient 
sign, there still may be an overflow if the quotient turns out to 
be 2n-1; and if the nth quotient bit disagrees with the quotient 
sign, there still may not be an overflow if the quotient turns out 
to be -2"-1. So at this stage the algorithm cannot decide 
whether there is an overflow or not based on the quotient 
bit; instead, it proceeds to calculate the remaining quotient 
bits, retaining the information about P<ltential overflow in the 
control flow. 

After the last divide step (which performs "divide correction"), 
the algorithm again tests the state of the external flip-flop, 
"storing" it in the control flow. This last state of the divide flip
flop would be lost without the external flip-flop, since the quo
tient bit shifted in is always a 1 in this case. The two's comple
ment divide op is used instead of the divide correction so as to 
have access to the sign compare on the SiCs line. (The state 
of the external flip-flop after this cycle determines whether the 
correction requires incrementing or decrementing of the quo
tient). Note that the remainder now needs to be shifted down 
by one bit; this is done concurrently with the testing of the ex- II 
ternal flip-flop, and the microcode also updates the Z bit of the 
status register. In the next cycle, the Z bit is tested and the' 
algorithm terminates if it is set. This is followed by a test for 
negative remainder and dividend. If the test fails, a branch is 
taken to the test for positive dividend and remainder. Concur-
rently, the remainder is added to the divisor with lEN high and 
the Z flag again updated. This is the first part of the test for the 
absolute value of the remainder being equal to the divisor. In 
the next cycle, the Z flag is tested; if it is set, a branch is taken 
to the correction step. Again, in the same cycle, the divisor is 
subtracted from the remainder with lEN high to complete the 
magnitude test. 

In the following cycle, the Z flag is tested as before. If it is not 
set, the algorithm terminates. The test for positive dividend and 
remainder computes the OR of the remainder and initial di
vidend with lEN high, and updates the N flag of the status re
gister. In the next cycle the algorithm tests the N flag and exits 
if it is low, indicating that the dividend and remainder signs 
agreed. Otherwise, the correction steps are executed. 

The algorithm has been written for fastest execution, not 
shortest possible microcode. The technique of using the control 
flow to "remember" states of flags leads to duplication of code 
but saves cycles on testing flags and branching. At the end of 
the algorithm, there are two places where the quotient is in
cremented. One of these sequences corresponds to the 
"normal" case (quotient bit n agreed with quotient sign). This 
microcycle produces an overflow when the quotient is 2n-1. 
The other sequence where the quotient is incremented corres
ponds to the case where the nih bit of quotient disagreed with 
the quotient sign. This case is an overflow unless the quotient 
is -2n - 1; however, then an overflow is produced by the cor
rection, when 2" - 1 -1 is incremented. Hence, in this case, if 
the correction does not produce an overflow, then there is an 
overflow. 
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NORMCHK: 
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Figure 20a. Flowchart for Single-Precision Division 

TWO'S 
COMPLEMENT 
DIVIDECORR 

NO 

Initially, dividend is in R01VDND, 
diVISOf' in AOIVSR' 

Finally, the quotient Is In 0, 
the Nmalnder In, RREM' 

"This can also be done by adding or subtracting the divisor to the remainder 
since their magnitudes are equal. 

""This corresponds to -2n- 1 divided by -1. 

Figure 20b. Single-Precision Divide Microcode 

1. Y - ROIVSR, UPDATE Z FLAG: 
2., IF Z GOTO OVERFLOW. Q - ROIVONO. UPDATE N; 
3. IF NOT N GOTO UPSH. RREM _ 0; 
4. RREM- -1; 
5. UPSHIFT RREM.Q; 
6. FOR (n-3). FIRST DIVIDE OP (RREM. ROIVSR); 
7. ENDFOR, TWO'S COMPLEMENT DIVIDE OP (RREM.ROIVSR); 
8. DIVIDE "CO;:lRECTION" OP (RREM, ROIVSR); 

, 9. Y _ RREM. UPDATE Z. V; 
10. IF Z GOTO DONE. Y - RREM AND ROIVONO. UPDATE N; 
11. IF NOT N GOTO NORMCHK. Y '"' ROIVSR ~ RREM. UPDATE Z; 
12. IF Z GOTO EaMAG. Y - ROIVSR + RREM. UPDAT~ Z; 
13. IF Z GOTO EaMAGNXT. Y _ Q, UPDATE N; 
14. IF NOT V RETURN. ROUOT - a; 
15. GOTOOVERFLOW; 
16. Y - RREM OR ROIVONO. UPDATE N; 
17. IF NOT N GOTO DONE, Y _ Q. UPDATE N; 
18. IF N GOTO ADDONE; 
19. RREM - RREM + ROIVSR; 
20. Q _ Q - 1, UPDATE V, GOTO DONE; 
21. Y _ Q. UPDATE N; 
22. IF N GOTO SUBONE; 
23. RREM - RAEM - RCIVSR; 

,24. a _ Q + 1. UPDATE V. GOTO DONE; 
25. ( .... OVERFLOW MICROCODE) 

Test for divisor = 0 
Test quotient sign for sign Elxutnslon 

zero extend into RREM 
One extend if negative 
logic upshift RAEM and a, zero fill 
Loop setup: load 2910 counter and push PC 
RAEM on B address; repeat" - 2 times 
Shift in '1' into alOoo! LSS 
Test remainder for zero 
Done if remainder ~ O. check for dividend 

and remainder being negative 
First half of. magnitude check 
Other half of magnitude check 
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If magnitude equal, then go test 
sign of Q eJse return 

Check If remainder and dividend positive 
If yes; exit 
Increment negative quotie~s 

This can never overflow since Q is odd 

Decrement negative quotients 

This could overflow for positive Q 

Note: Where Y is specified as destination, use iEN ::( HIGH. 
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Figure 21. Examples of Single· Precision Signed Divide 
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Figure 2.2. Double Length Normalize/First Divide Operation 

010, 0'00 01°3 0100 01°3 01°0 

Am29203 Am29203 Am2ll203 -. 
.'0, ·'00 SI03 ·'00 .'0, ·'00 

1 f t 

Figure 23. Two's Complement Divide 
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Figure 24. Two's Complement DivIde CorrectIon 

F"[B)+(A)+CnHZ=O 
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FIgure 25. Double-Precision Sl~ned Division Microcode 

LOOP: 

DONE: 

NORMCHK1: 

CORRECT1: 

SUB: 

NORMCHK2: 

·CORRECT2 

NEGQUOT: 

POSSBLOVF: 

1. Q- RDIVDNDLSH; 
2. RREM +- ROIVDNDMSH; 
3. DIVIDE FIRST OP (RREM, RDIVSR), UPDATE N; 
4. IF EXTOFF GOTO NEGOUOT, DOWNSH RREM • 0 WITH N FILL; 
5. TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 
6. IF EXTOFF GOTO OVERFLOW, TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 
7. IF EXTOFF GOTO POSSBLOVF, TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 
8. FOR (n- 5), TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 
9. ENDFOR, TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 

10. TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR), UPDATE N, 0100 - 1; 
11. IF EXTOFF GOTO SUB, RREM _ DOWNSH RREM, 510, _ N, UPDATE Z; 
12. IF Z GOTO DONE, Y - RREM AND RDIVDNDMSH, UPDATE Z, V; 
13. IF NOT N GOTO NORMCHK1, Y - RREM + RDIVSR, UPDATE Z; 
14. IF Z GOTO CORRECT1, Y - RREM - RDIVSR, UPDATE Z; 
15. IF Z GOTO CORRECT1; 
16. IF NOT V RETURN, ROUDT _ 0; 
17. GOTO OVERFLOW; 
18. Y - RREM OR RDlVDNDMSH, UPDATE N, V; 
19. IF NOT N GOTO DONE; 
20. RREM +- RREM + ROIVSA; 
21.0_0-1,GOTODONE; 
22. IF Z GOTO DONE, Y - ""EM AND RDIVDNDMSH, UPDATE Z, V; 
23. IF NOT N GOTO NORMCHK2, Y - RREM + RDIVSR, UPDATE Z; 
24. IF Z GOTO CORRECT2, Y - RREM - RDIVSR, UPDATE Z; 
25. IF Z GOTO CORRECT2; 
26. GOTO DONE; 
27. Y - RREM OR RDIVDNDMSH, UPDATE N, V; 
28. IF NOT N GOTO DONE; 
29. RREM- RREM - RDIVSR; 
30. 0_ 0 + 1, UPDATE V; 
31. GOTO DONE; 
32. TWO'S COMPLEMENT DIVIDE OP (RREM' RDIVSR); 
33. IF NOT EXTOFF GOTO OVERFLOW, TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 
34. IF EXTOFF GOTO LOOP, TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR): 
35. FOR (n-5), TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSfI); 
36. ENDFOR, TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR); 
37. TWO'S COMPLEMENT DIVIDE OP (RREM, RDIVSR), UPDATE N, 0100 _ 1; 
38. IF NOT EXTOFF GOTO OVERFLOW, RREM - 0; 
39. 0_ 0 + 1, UPDATE V; 
40. IF V GOTO DONE; . 
41. GOTOOVERFLOW; 
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Initialize a register 
Initialize remainder register RREM 
Find quotient sign, setup external quotient ftip-flop (EXTQFF) 
Branch on quotient sign; restore dividend by downshift 
Compute bit n + 1 of quotient 
Error if different from sign; compute bit n of quotient 
Possible overflow if different from sign 
Setup iteration count 
Iterate divide step 
Divide last step: quotient bit is always a '1'; setup EXTQFF 
last state 01 EXTQFF decides direction of connection 
Exit if remainder zero; test for negative remainder and dividend 
If test failed. go check for positive remainder and dividend 
For negative remainder and dividend, check remainder magnitude 
If remainder magnitude = divisor magnitude, connect quotient 
Else if no overflow return 
Else overflow; 
Check for pqsitive dividend and remainder 
If test passed. done 
Else correct remainder 
Correct quotient. and exit 

This part of the algorithm repeats the correction code for the 
case where the last value of the EXTQFF was a high, 
indicating correction in the opposite direction. 

Executed instead of 5. 6, 7 when the quotient is negative 

This is executed when the n~ quotient bit differs from the 
quotient sign. The division is completed to check whether 
the quotient is -2"-1 

'This ts s;gnalled by an overflow in the 
. correction step. Otherwise, there has been a division overflow. 
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BYTE SWAP The resultant permuted data is presented to the DA ports of the 

The multi-port architecture of the Am2903 allows for easy im- Am2903 where it is re-Ioaded into the memories of the Am2903 
on the next positive edge of CP using the source and function 

plementation of high- and low-order byte swapping. Figure 26 commands of F = A plus Cn (Cn = 0)· for the Am2958 or F == A 
outlines a byte swap implementation utilizing two data portS. plus Cn (Cn = 0) for the Am2959 and the destination command 
Initially, the lower order 8-bit byte is stored in devices 1 and 2, F Y, B. 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the A higher speed technique for achieving the byte swap opera-
desired word is placed on the B address port. When the byte tion is illustrated in Figure 27. Instead of inputting the per-
swap line is brought LOW, the bytes to be swapped will be muted data via the DA ports, the permuted data is entered via 
flowing from the DB ports of the Am2903 through the the Y input/output ports with OEY held HIGH. This technique 
Am295812959 Three-state Buffers. The outputs of the three- bypasses the ALU, thus allowing faster operation. The Am2903 
state buffers are' permuted such that the byte swap is achieved. destination command F -+ Y, B should be used. 

Figure 26. Byte Swap. 

MSS LSS 
DeVICE 4 OEVICE 3 DEVICE 2 DeVICE 1 

Am29203 Am2920a Am29203 Am29203 II 
DA O_ 3 080 _ 3 r- r OA O_ 3 
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4 4 4 4 4 4 4 4 

I I I 
BYTE L 
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4 I 
4 

4 1 , 
Figure 27. High Speed Byte Swap. 
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BCD OPERATIONS WITH 
THE Am29203 -

BCD FUNCTIONS 

Binary Coded Decimal (BCD) numbers are a means to represent 
decimal numbers in binary form such that each digit is rep
resented by four biis of its equivalent binary value. They are 
useful in applications where there is a considerable amount of 
interaction with the decimal number representation. The value of 
the four binary bits corresponding to each BCD digit does not 
exceed nine. 

As part of the speCial instruction set, the Am29203 can convert 
numbers between binary and BCD representations~ It also per
forms basic arithmetic operations on BCD numbers. 

BINARY TO BCD CONVERSION 

This instruction, when executed several times, allows conversion 
, from binary to BCD numbers. Using the same number of bits, the 

binary representation of numbers has a larger range of values 
than a BCD representation. Hence, care must be taken to see that 
the value of the binary number does not exceed the BCD range 
before using this instruction. Multiprecision representations 
where the width of the BCD number is larger than the width olthe 
system, allows a larger range on numbers. The binary number 
may be stored as multi precision as well. Usually multiprecision 
representations are integer multiples of the width of the system. 

Figure 28 shows a flow chart for a single precision conversion in a 
16-bit wide system. It involves executing the Binary to BCD con
version instruction 16 times. 

In case of single-precision, this in:>truction requires that the binary 
number be present in the Q register and uses one of tlie RAM 
registers for storing the BCD number during and after the conver
sion. The RAM register is cleared before use. Each instruction is 
composed of two steps. The first step adds a binary value of three 
to each BCD digit which is five or greater as a preadjustment for a 
shift which follows. This addition is performed independently Oller 
each slice and the carry bits from each slice are ignored. The 
second step shifts up the Q register and the RAM register with the 
interconnections as in Figure 29, for a 16-bit system. The 
Am29203 executes both the steps in one microcycle. The number 
of shifts have to be a multiple of four to obtain a meaningful result. 

The Am29203 also has another speCial instruction to facilitate 
multi precision Binary to BCD conversions. This instruction re
ferred to as "Multiprecision Binary to BCD Conversion" does the 
same action as the "Binary to BCD Conversion" except for the 
shifting of the Q register. 

The flow chart for the simplest double precision Binary to BCD 
conversion algorithm in a 16-bit system is shown in Figure 30. 
Initially the Q register stores the most significant half of the binary 
number. Two registers RO and R1, which are both cleared initially, 
are used for storing the most significant and leastsignificaht half 
of the BCD number after conversion respectively. The' shift for 
each binary bit requires two·microcycles. The Binary to BCD 
conversion instruction is executed first of R1 and the most sig
nificant bit from R1 that is shifted out is stored as the Mc or carry 
bit of the Am2904. The shift linkages for this step are shown in 
Figure 31. Next the Multiprecision Binary to BCD conversion 
instruction is executed so that RO is also adjusted and the Mc or 
carry bit is shifted in'. These two instructions together account for 
one equivalent shift of the double precision number as a whole. 
After 16 such shifts, the Q register is loaded with the least signiii
cant half of the binary number and the same operations' are 
performed again 16 times. Once the single precision binary 
number is converted to a double precision BCD number, then the 
algorithm can be terminated after 16 shifts of the binary number. 

FIgure 28. Binary to BCD Conversion - Single Precision 

START 
o In RD 
Binary number 
inQ 

END 
BCD number In RD 
o In Q 

* - Operations occur in same cycle In microcOde. 

Figure 29. Binary to BCD Conversion 

L Am29203 AM29203 Am29203 Am29203 

01°3 0100 010, 010. 010, 010. 0103 0100 -- en +4 - OVR 

-N 

- 510, 510. SIO, 510. 510, 5100 SlO, SIOo -
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Figure 30. Double Precision 113-Bit Binary 
to BCD Conversion 

START 
o in RO 
o in R1 

END 
BCD (MS) in RO 
BCD (LS) in RI 
OlnQ 

* - Operations occur In same cycle In microcode. 

Figure 31. Shift Linkages During Double Precision Binary 
to BCD Conversion 

a) Binary to BCD on R1 

RO MC RI Q 

D-1 A~DH ~ 
BCD (MS) Am2904 BCD (LS) BiNARY (MS OR LS) 

b) Multlprecislon Binary to BCD on RO 

RO Me RI Q 

A~DI-O 
BCD (MS) Am2904 BCD (LS) BINARY (MS OR LS) 
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The above algorithm can be made more efficient by noting that 
the shifting of RO is not necessary for the first few cycles. 

This is because mostly zeros are shifted into the already cleared 
register for the most part of the first 16 shifts of the double 
precision number. The flow chart for implementing this on double 
precision representations in a 16-bit system is shown iJ:l Figure 
32. The most significant half of the binary number is first loaded in 
the Q register. For the first 13 cycles it is sufticientto shift only the 

Figure 32. 16-Bit Double Precision Binary 
to BCD Conversion 

., 

·2 

·3 

• - Operations occur In same cycle In microcode. 

II 
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Rl register during conversion. After this both RO and RI have to 
be shifted as cascaded registers. This is because the value of the 
largest unsigned 16-bit binary number is 65535 and thus requires 
19 bits for representing in BCD. As a result, a non-zero bit may be 
shifted out of RI after 13 shifts and it is necessary to start shifting 
RO as well after this. After the first 16 shifts on the Q register, the 
least significant binary number is loaded in a and 16 more double 
precision shifts are done. The shift-linkages while shifting RO and 
RI are same as the previous case and are shown in Figure 31. 

BCD TO BINARY CONVERSIONS 

The BCD to Binary conversion instruction essentially reverses 
the steps of the BinarY to BCD instruction described earlier. The 
BCD number is initially present in one of the RAM registers and 
the Q register is used during the conversion to store the binary 
equivalent. The BCD to Binary conversion algorithm requires that 
the BCD number first be shifted one bit down and then an adjust: 
ment done on the BCD digits, which subtracts three from each 
BCD digit which is eight or greater. However, since the Am29203 
has its Shifter after the ALU.section, the BCD to Binary conversion 
instruction first performs the adjustment for a previous shift and 
then performs the shift in preparation for the next i[lstruction. A 
flow chart for this conversion is shown in Figure 33. The BCD 
number in RO is first shifted down one bit to load· its least signifi
cant bit into the most significant bit of the Q register. After this, the 
BCD to Binary conversion instruction is executed 15 times to 
perform the necessary adjustments and shifts successively. The 
interconnections are shown in Figure 34. Thus, 16 shifts and 15 

. . 
Figure 33. BCD to Binary Conversion - Single Precision 

STAAT 
BCD number In RO 

END 
Binary number In Q 
OlnRO 

* - Operattons occur In the same cycle In microcode. 

adjustments are performed on the 16-bit number. The adjustment 
on the final shift is not required as the binary number is fully 
formed anyway and the BCD number is zero at this stage. 

As in the case of the Binary to BCD conv~rsion instruction, it may 
be noted that the adjustment is done independently over each 
slice and the carry bits play no role in this adjustment. 

The scheme for converting multiprecision BCD numbers to binary 
is similar to the one outlined in the Binary to BCD conversion 
section. The simp.lest, but not the most efficient scheme, uses the 
flow chart shown in Figure 35 for a double precision number in a 
16-bit system. The shift linkages are shown in Figure 36. Initially, 
the most significant half of the BCD number is stored in RO and 
the least significant half is in RI. The Q register is used for storing 
a part of the binary equivalent during and after the conversion. 
The BCD number as a whole has to be first shifted down one bit. 
First RO is downshifted with the linkages shown in Figure 36a so 
that its least significant bit'is collected in the Mc or carry flip-liopof 
the Am2904. Then RI and Q are shifted down as shown in Figure 
36b so that Mc is loaded in the MSB of RI. The next two instruc
tions perform the adjustment on this shift and also downshift the 
adjusted numbers by one bit in preparation for the next adjust and 
shift. The Multiprecision BCD to Binary conversion instruction is 
executed on RO so as to adjust and downshift RO and its LSB is 
stored in Mc as shown in Figure 36c. The BCD to Binary conver
sion instruction following this adjusts RI and downshifts RI and 
ci with Mc being loaded into the MSB of RI as shown in Figure 
361l. These two instructions are performed 15 times in a loop. As 
a result, RO and Q get shifted 16 times including the initial shift. 
Since the contents of RO are now zeros, it is no longer necessary 
to shift it further. The Q register contains the least significant half 
of the binary result which is transferred to R2. After this the BCD 
to Binary conversion is performed on RI, 16 times with the 
linkages shown in Figure 36e, so that a zero is input in the MSB of 
Rl. The most significant half of the binary number is available in 
the Q register at the end of the operation. The .double precision 
BCD to Binary Conversion Algorithm can be made more efficient 
for certain statistical distribution of numbers. This is possible 
when it is recognized that the most significant half of the BCD 
number is equal to zero in the beginning and only a single preCi
sion conversion is requiredon the least significant half. Also when 
the contents of RO, which initially contains the most significant 
half olthe BCD number, become zero before the first 16 cycles, it 
is no longer necessary to perform a shifting on it. 

One such algorithm is outlined in Figure 37. The initial and final 
contents of the registers are the same as in Figure 35. Initially, it is 
tested to see if RO is equal to zero. If it is, then a single precision 
conversion is performed on RI so thal'the least significant half of 
the binary equivalent is available in the Q register. This is then 
transferred to R2 and Q is loaded with a zero. If RO is not zero, 
then it is downshifted into Mc as shown in Figure 36a, and the 
status is loaded in this step to see if the shifted number had 
reached zero. RI cascaded with Q is then downshifted into MC as 
shown in Figure 36b, and the status is not loaded in this step so 

Figure 34. BCD to Binary Conversion 

L Am29203 Am29203 Am29203 Am29203 

0100 OICa 0103 DiDo· 0100 0100 0103 0100 i--- CNT. - OVA CN ~ 
-N 

- SICa SI03 9103 SIDo SIDo SIDo SI03, SIOo I--
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Figure 35. Simple 16-Bit Double Precision BCD 
to Binary Conversion . 

START 
BCD (MS) In RO 
BCD (LS) in R1 

END 
o In RO 
Oin R1 
Binary (MS) In Q 
Binary (LS) In R2 

'" - Operations occur in same cycle In mk;rocode. 

Figure 36. Shift Linkages for Double-Precision BCD to 
Binary Conversion 

MSB 
RO 

LSB 
Me 

MSB 
R1 

LSB MSB 
Q 

LSB 

BCD (MS) D BCD (LS) BINARY 

RO Me 
a) 

.--1 ~ 
Me R1 

b) D-l H 
R. Me 

c) 

.--1 ADJUST 

~ 
a) Shift RO Me R1 Q 

b) ShiftRl d) O--J ADJUST H c) Multiprecision BCD 
to BIN on RO 

d) BCD to BIN on Rl R1 Q 

with MC input 
e) 

0--1 ADJUST H e) BCD to BIN on Rl 
with Zero Input 
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that the previously set status can be used for a conditional branch 
later on while executing a loop. The Multiprecision BCD to binary 
conversion is performed on AO and a simultaneous branch is 
taken if the previously loaded status indicated AO to be zero. If AO 
is non-zero then the algorithm does a double precision conver
sion on RO and R1 15 times. The status is set while shifting AO and 
is left unchanged while shifting A1 ~o that a branch can be taken 
when AO becomes zero. If it does, the conversion is performed on 
A1 alone for the remaining cycles. After the first 16 shifts on A1 it 
may be necessary to unload the Q register in to A2 before 
completing the last 16 cycles of conversion. This algorithm trades 
off the number of lines of microcode for a statistically faster 
conversion. This happens whenever small numbers are being 
dealt with more frequently in a system where multiprecision num
bers may also be required less often. The advantage increases 
with wider systems. 

DIVIDE BY TWO ADJUST 
This instruction is useful in dividing BCD numbers by two. It 
should be used after an instruction which shifts the number down 
by one bit. The instruction essentially performs a correction on 
the downshifted number to obtain a valid BCD representation 
again. The correction performed is identical to the BCD to Binary 
conversion instruction. but no shifting is done. 

DECREMENT BY ONE OR TWO 
This function available in the Am29203 does not require the 
storing of commonly used constants such as one or two in the 
AAM registers or memory. The instruction decrements by one 
when Cn is high and by two when Cn is low. The instruction is also 
useful for addressing byte addressable memories in a 16-bit wide 
system. 

BCD ADD AND SUBTRACT 

5-387 

The Am29203 provides instructions to add or subtract two BCD 
numbers in one microcycle. There are two subtract instructions 
whereby the A and S operands can be subtracted from each 
other. When the BCD addition or subtraction is performed on 
BCD numbers the result is a valid BCD number. The result is 
undefined if either of the operands is an invalid BCD representa
tion, so Considered wheh any olthe groups offourbits over a slice 
has a value greater than nine. 

The Carry, Propagate and. Generate signals have a different 
Significance in BCD arithmetic as compared to binary arithmetiC. 
During addition, the Carry output from a slice indicates that the 
result of the addition was gieater than nine over the slice and that 
a one should be added to the next BCD digit. In order to speed up 
the addition process, the Look-Ahead Carry Generator, Am2902, 
can stili be used as before. In case of BCD additions, Propagate 
signifies that the result equals nine and if there is a carry input to 
the slice then the carry will have to be propagated out of the slice. 
The Generate signal while performing additions signifies that the 
result is already greater than nine and a carry output needs to be 
generated whether or not the carry input exists. The state of the 
Propagate signal for results greater than nine does not matter 
because the Generate signal produces a carry output anyway. In 
case of subtract operations, the Carry output may be interpreted 
as a "borrow". Borrowing is necessary in BCD arithmetic when 
the digit to be subtracted is larger than the digit it is subtracted 
from. If both the digits are equal then a borrow from a higher digit 
is not necessary unless the previous digit borrows too. This is 
equivalent to a propagaiion of the borrow signal and is indicated 
on the Propagation line. Whenever borrowing is necessary, irre
spective of the previous digit, then the Generate signal is active. 

Generate overrides the Propagate and whenever Generate is 
active and the state of the Propagate does not matter. The Carry 
output signal, Cn + 4, goes low whenever a borrowing if; done 
from a higher order digit. 

I 
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BCD MULTIPLICATION AND DIVISION 

Most general purpose machines do not have hardwired com
binatorial logic to perform multiplication and division because of 
cost trade-offs. In most applications the multiplications are 
performed at least one order .of magnitude or more less lower 
case often than adds, division being at least another order of 
magnitude again. Therefore, the small frequency of use and 
high ilardware cost of combinatorial methods justify imple
menting divide and multiply with microcode algorithms. Al
gorithms for BCD multiply and divide parallel some of the more 
classical binary methods with. little change. These algorithms 
are built of simple operation, such as shift, add, and subtract 
which the Am29203 provides in both binary and BCD. 

MULnPLY 

In its most simple form, multiplication can be performed by re
peatedly adding the multiplicand to itself as numbered in. the 
multiplier. This method however is very costly in CPU cycles. 
With a slight modification in concept the computation time can 
be reduced significantly.' 

An improved method starts by zeroing' the accumulator and 
adding to it the multiplicand as many times as numbered by the 
least significant digit (LSD) of the mu~ipli~r. The multiplicand is 
then multiplied by ten (a shift of 4 bits left) and added to the 
accumulator as numbered by the next least significant digit of 
the multiplier. The algorithm iterates until the most significant 
digit of the "multiplier is used. This method achieves an im
provement ratio of approximately 10n - 1/n x 9 (where n is the 
number of digits in the multiplier). 

The previous method can be further improved by precomputing 
and holding the nine multiples of the multiplicand in a register 
file. The correct multiple can be selected by routing the multi
plier digit onto the register file address bus. Multiply by ten of 
the multiplicand can be performed by adding it to a shifted 
accumulator rather than shifting the multiplicand. The im
provement ratio over the previous method is approximately 
n x 9/n + 10 (where n is related to the number of digits in the 
multiplier). 

MULTIPLICAnON HARDWARE IMPLEMENTATION 

.The preceding paragraphs have discussed the theoretical al
gorithm and hardware for BCD multiplication. Figure 37 shows 
a particular implementation of hardware using the Am29203 
which will do ten's complement BCD mu~iplication using the 
last method discussed. 

The purpose of the hardware around the Am29203 can best be 
described by grouping it into three sections. In the lower left 
corper is the logic which detects overflow conditions during 
BCD adds and subtracts. The buffers over the MSD (Most Sig
nificant Device) are used for sign fill during BCD shift. When a 
BCD shift is being.performed the BCD number is brought out 
on the DB bus and passed to the next lower digit via the DA 
port and then passed through the ALU into the RAM. However, 
on the MSD the sign digit is wrapped around from DBMSD to 
DAMSD. The final group of logic is the register A which holds a 
link digit in order to implement multiprecision BCD shifts. Re
gister A also serves to hold the LSD (Least Significant Digit) of 
the multiplier so it can be presented to the A address bus. . 

Fig\lre 38 shows a flow chart of the ten's complement multiply 
microcode. 

The top box in the chart contains instructions to clear the ac
cumulator and generate the multiples of the multiplicand. 
It takes eleven cycles to execute. The next box initializes 
the counter in the sequencer to one less than the desired num
.ber of iterations. It also loads the LSD of the multiplier into 
register A. 

The main part of the multiplication code is the inner loop. Re
gister A selects which mu~iple of the mu~iplicand will be added 
to the partial product in the accumulator. The next two instruc
tions perform a BCD shift of the accumulator (R12, R13) with 
sign fill. The last instruction BCD-shifts the multiplier, loads link 
register A with the LSD, while checking the loop counter. The 
loop is executed seven times. 

The last group of instructions performs an adjust according to 
the sign digit which is now in the LSD and register A. In radix 
complement forms of numbers (such as ten's complement), the 

Figure 37. Ten's Complement BCD Multiplication Implementation 
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Figure 38. Ten's Complement BCD Multiplication 

RESULT: R12. R13 
MULTIPLICAND: Rn 
MULTIPLIER: R10 

* 

NO 

*HAPPENS IN THE SAME CYCLE 

ZERO - RO, R12 
R11 __ R1 
R1+R1_ R2 
R1 +R2 ___ R3 

R1+R2 __ R3 

* 
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sign digit has a numeric weight of -1 x rn where r is the radix 
and n is the number of digits including the sign. Therefore, re
gister A is used to select 0 or the multiplier and subtract it from 
the multiplicand. 

In this multiply algorithm there is a buffer digit between the sign 
digit and the digit with the first significant data. The buffer digit 
prevents an overflow from happening during the addition in the 
multiply loop. This condition could be ignored if overflow was 
detected after addition and a routine were conditionally called 
to handle the case. The overflow condition can be corrected by 
subtracting one from the sign digit after the BCD shift. The 
buffer digit can also be avoided by converting the numbers to 
positive sign magnitude numbers, multiplying them, and then 
adjusting the result according to the product of original signs of 
multiplier and multiplicand. The final option is to use the 
hardware shown in Figure 39. This hardware, during shift, shifts 
in the sign, if it was an overflow a 1 is subtracted from the sign. 

DIVISION IN BCD 

As pOinted out previously, the algorithms for binary can be 
applied to BCD. BCD division can be accomplished with re
peated subtractions of the divisor from the dividend and keep
ing count. This method can be very costly if the dividend is big 
and the divisor very small. However, it helps to explain the 
method below which called a restoring radix ten division. 

Without loss of generality, it will be assumed that both the di
vidend and the divisor are fractions, as well as the generated 
quotient. Also assumed is that the dividend and divisor are 
normalized (which implies keeping track of exponents implicitly 
or explicitly) and that both are positive. 

The restoring division algorithm starts by subtracting the divisor 
from the dividend until'" a negative partial dividend is created. 
The divisor is then added back to the partial dividend to restore 
to a positive partial dividend. A count is kept of how many di
visors went into the dividend before there was a negative di
vidend. This count is the most significant digit of the quotient. 
The partial dividend is then shifted up one digit (mu~iply by 
radix ten). The procedure of subtracting the divisor and count
ing is repeated for each digit in the quotient. This method is 

Figure 39. Buffer Digit Correction Logic 
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Am29203 

similar to the scheme which is taught in grade school where 
trial divisors are tested and finally subtracted from the dividend. 
After each division the trial divisor is moved over one column. 

On the average the restoring algorithm must perform five sub
tracts and' one addition for each digit in the quotient. The addi
tion may be eliminated by performing a non-restoring 
algorithm; This makes approximately 20% improllement in 
execution time. 

The non-restoring division algorithm proceeds like the restoring 
algorithm until the negative partial dividend at which point the 
dividend is shifted up one BCD digit without restoring. The 
count which was kept is placed into the most significant digit of 
the quotient. The counter is then set to 9 and is decremented 
each time the divisor is added to the dividend. The adding and 
decrementing is continued until the partial dividend is positive. 
The contents of the counter is then placed in the second most 
significant digit of the quotient and the partial dividend is shifted 
up on BCD digit. At this point the algorithm is started over with 
the subtractir:tg and counting. 

HARDWARE IMPLEMENTATION OF DIVISION 

Of the shill and subtract class of algorithms discussed above, 
non-restoring was the best because it eliminated the restora
tion step. A further improvement can be made on the algorithm. 
Instead of repeatedly subtracting the divisor from the dividend, 
binary weighted multiples may be subtracted in a successive 
approximation sequence. 

The algorithm starts by subtracting eight times the divisor from 
the dividend, then four times the divisor, two times divisor, and 
finally the divisor. Each time a multiple is subtracted, the sign of 
the result is inspected. If the sign does not change, then a one 
is placed in the corresponding bit of the quotient digit. For 
example, if eight times the divisor worked, then a one would be 
placed in the most significant bit of the quotient digit (23). If the 
sign changes, then a 0 is placed in the corresponding bit posi
tion. When the sign changes during operations with the next 
lower binary weighted multiples, the algorithm continues in a 
similar fashion but addition is performed rather than subtrac
tion. As long as the result of each addition is negative, 0 is 
entered into the appropriate quotient digit. The algorithm con
tinues adding whenever the partial dividend is negative and 
subtracting when it is positive. 

Whenever one times the divisor multiple has been added 6r 
subtracted from the partial dividend, the partial dividend is 
shifted up (times ten) by one BCD digit al)d calculation of the 
next significant digit of the quotient begins. 

Calculation of the next quotient digit starts with subtracting 
eight times the divisor from the partial dividend if the partial 
dividend is positive. If the partial dividend is negative, it is an 
indication that the divisor was subtracted from the partial di
vidend once too allen. A correction must therefore be added to 
the partial dividend. Since the partial dividend is shifted up by 
one digit, the correction is performed by adding in ten times the 
divisor. These steps however, can be combined into one step 
by adding two times the divisor rather than adding ten times 
and then subtracting eight times the divisor. 

The flow chart in Figure 4t is an implementation of the above 
algorithm. This implementation assumes that the numbers are 
positive signed normalized fractions to begin with. It first gen
erates the multiples of the divisor and stores them in the regis
ter file. Next, the counter in the sequencer is loaded with two 
less than the desired number of times through the loop. 

The major block of the flow chart that follows, perlorms the 
division. This flow chart can be viewed as a state diagram 
which not only instructs the Am29203 what to perform, but also 
contains the sign of the dividend as state information. The left 
hand column represents the states where the dividend is posi
tive and the right hand column is where the dividend is nega
tive. When the dividend is positive, subtractions are performed 
and when it is negative, additions are periormed. Switching 
between the two columns is performed by checking the carry
out of the MSD. If the dividend is positive and the subtraction 
results in no carry-out, then the new partial dividend is nega
tive at which point the algorithm flow is switched right to the 
column. If. the dividend is negative and the subtraction results 
in a carry-out, then the new partial dividend is positive at which 
point the algorithm flow switches to the left column. 

The last box which is a BCD shift left (times ten) of the dividend 
also shifts in the quotient digit which was assembled in a shift 
register. During the last shift instruction, the counter can be 
tested and the algorithm terminated on zero count. 

Figure 40 shows the hardware to perform the division. Besides 
the Am29203, there are two other important groups of logic 

Figure 40. BCD Division Implementation 
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Figure 41. BCD Division 
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shown in the diagrlilm. The carry (sign) is fed into a shift regIs
ter which assembles each quotient digit. When the dividend is 
shifted up one digit, the new quotient digit is shifted into the 
LSD of the least significant half of the dividend as the MSD is 
shifted into a link register. The link register can then be shifted 
into the LSD of the most significant half of the dividend. 

In a non-pipelined system, the total algorithm takes 5 cycles 
per quotient digit and 5 cycles to set up. Therefore, 16 digits 
divided by 8 digits in an 8 digit machine will take 45 cycles to 
execute. 

In a pipelined system the status flags, (such as carry-out) are 
registered in order to break up long delay paths. This results in 
shorter microprogram instruction cycle time which is set in ac
cordance with the longest delay path in the machine. A branch 
.based on the carry-out cannot bE! performed in the same cycle 
as the arithmetic operation and therefore an extra cycle must 
be added for each conditional branch. The CTR conditional 
branch, decrement and BCD shift happens in one cycle be
cause the CTR zero flag is not registered in the Am2910. The 
algorithm, therefore, takes 85. cycles to execute in a single 
pipelined system. 

The execution time, in a pipelined system, may be substan
tially oecreased by implementing a conditional BCD ADD or 
SUBTRACT, thereby' eliminating .the need for a separate con
ditionsJ branch. In order to achieve such, a multiplexer is 
placed in. the Am29203 instruction path. During normal opera
tion instructions are passed through it from the pipeline register 
to the Am29203. During BCO DIVISION the multiplexer is used 
to select between BGD ADD' or SUBTRACT based on the reg
istered carry-out of the previous ADD or SUBTRACT. 

The resulting algorithm, shown in Figure 42, executes in 5 cy
cles for each BCD digit. Alt!1ough it takes just as many cycles 
as the non-pipelined system, therE1 is a net gain because the 
pipelined system has a faster cycle time than the non-pipelined 
system. 

WORD/BYTE OPERATIONS 
The Am29203 allows for Word/Byte Operations. Figure 45 pic
tures a 16-bit system which is capable of doing word or byte 
(lower half of word) operations. 

In the Byte mode the BYTE/WORD 1ioe is HIGH which in turn 
asserts a LOW on the W/MSS input of Device 2 making it the 
MSS device. At the same time the multiplexer. selects the status 
flags of Device 2. The lEN and OEy of Devices 4 and 3 are 
forced HIGH which disables them from writing into RAM or onto 
hY~ . 

In the word mode Device 4 is the MSS device and the multi
plexer selects its status flags. The lEN inputs are brought low 
which eriables writing in to RAM. The OEy is also allowed to go 
low .. 

MEMORY EXPANSION 

The Am29203 allows for a theoretically infinite memory expan
sion. Figure 44, Am29203 and Am29707, pictures a 4-bit slice 
of a system which has.48 words of RAM and 16 words of ROM. 
RAM storage is provided by the Am29203 and the Am29707s. 
The Am29707 RAM is functionally identical to the Am29203 
RAM. The Am27S19 is used to store constants and masks and 
is addressable from address port A only. The' system is or
ganized around five data buses. Inter-bus communication may 
be done through the Am29707 or the Am29203. The memory 
addressing scheme specifies the data source for the R input of 
the ALU eminating from the register locations specified by ad
dres!; field A. AO-3 addr!,!sses 16 memory locations in each 

chip while address bits A4-6 are decoded arid used for the 
output enable for the desired Chip. The B address field is used 
to select the S input of the ALU and the C field is used to 
specify the register location where the result of the ALU opera
tion is to be stored. 

Bits BO-3 are for source register addressing in each chip. Bits 
B4 and Bs are used for chip output enable selection. CO-3 
access the 16 destination addresses on each chip while bits C4 
and Cs control the Write Enable of the desired chip. The 
source and destination register address are multiplexed such 
that when the clock is HIGH, the source register address is 
presented to the B address ports of the RAMs. The Instruction 
Enable (lEN) is HIGH at this time. The data flows from the Y 
port or the internal B port as selected by the decoder whose 
inputs are B4 and Bs. When the clock goes LOW, the data 
eminating from the selected Y outputs of the Am29707s and 
the RAM outputs of the Am29203 are latched and the destina
tion address is now selected for use by the RAM address lines. 

Figure 42. BCD Division (Pipelined System Configuration) 

*EXECUTES IN TWO CYCLES 
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When the destination address stabilizes on the address lines, 
the lEN pin is brought LOW. When the WRITE output goes 
LOW as part of a write data instruction execution, address bits 
C4 and C5 of the corresponding decoder are enabled. The 
selected decoder line will go LOW, allowing the desired mem
ory location to be written into. To switch between two- and 
three-address architecture, the user simply makes the source 
and destination addresses .the same; i.e., 80-3 = CO-3 and 
84-5 = C4-5. For two-address architecture, the MUX is re-

o moved from the circuit. 

Am29203 

The advantage of separating the write signal from the lEN sig
nal is that writing can be controlled over less than the full word 
length. For example, in a 16-bit system, the lower two devices 
can have one lEN Signal and the upper two devices a second 
lEN signal. Controlling these two signals separately allows data 
to be written in either byte without disturbing the other byte. 
The 2- and 3-address architecture is handled in the same way 
as with the Am2903. 

FI9ure 43. Statistically Efficient 16-Blt Double Precision BCD to Bin Conversion 
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Figure 44. Expanded Memory for Am29203/29707 
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Figure 45. Connections for Word/Byte Operations (Am29203 Only) 
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I""" SPECIAL REPORT ON MICROSYSTEMS OESIGN TECHNIQUES - . MICROPROCESSORS/MICROCOMPUTERS 

MICROPROGRAMMED 
SYSTEM DESIGN 
A family of bit-sHce chips provides modules for customizing 
processors and microcode 

by Sunil Joshi and 
Oaapak Mithani 

I icroprogramming is used in systems with large 
and very large scale integration building blocks, 
as well as within the integrated circuits themselves 

for implementing the control sections. In systems, the 
technique is applied wherever conventional micropro
cessors fall short of speed and adaptability require
ments. With microprogrll:llJll1able large scale integration 
building blocks, customiZing computer architecture to 
suit various applications becomes easier, faster, and 
more efficient. Larger systems that Use a micropro
grammed approach can remove speed bottJenecks and 
increase throughput. Embedding the most frequently 
used software in microcode provides a speed advantage. 
Possibilities include word processing routines, com
pilers, database managers, and interpreters. To cut soft
ware size, microcode can directly execute higher level . 
languages, such as Pascal or C. Moreover, developing 
powerful customized instructions substantially 
improves throughput. 
. A custom designed computer has two options: a ran
dom logic hardwired approach or a microprogrammed 
approach. With random logic, the control section of the 
machine is reduced to a state machine design that can be 

Sunil Joshi is a senior product planning and 
applications engineer at Advanced Micro Devices, 901 
Thompson PI, Sunnyvale, CA 94086, where he is 
currently involved in Ihe design of microprogrammable 
producls for local area networks. He has also been 
involved in Ihe design of IQ in Ihe Am2900 family of 
bit-slice processors. Mr Joshi hf!S a BSEE from Ihe 
Indian Inslitute of Technology, Bombay, India, and 
an MSEEfrom Rensselaer Polytechnic Institute, 
Troy, NY. 

implemented in hardware. Microprogramming provides 
a more modular and systematic method of imple
menting the control mechanism of a machine, because 
the control sequence is stored in an array that can be 
accessed systematically. Modularization of the random 
logic to reside in an array makes it as easy to change as if 
it were software; this fmnware pattern usually resides in 
a programmable read only memory (PROM). A 
sequencer then addresses different lOcations of the 
PROM to execute different controls to the other sections 
of the machine. PROM microcoding is not as fast as 
hardwired logic for the same level of technology because 
of its slower access time. However, microprogramming 
is typically used for building high speed systems that are 
several times faster than those built using general pur
pose microprocessors. This is possible because most 
building blocks for microprogrammed systems use 
bipolar technology, which is faster than metal oxide 
semiconductor (MOS). 

Although the concept of bit slicing is independent of 
microprogramming, bit-slice processors 'are commonly 
used in microprogrammed systems. The flexibility of 
microprogramming can be used effectively for cas
cading and Controlling several bit-slice processors to 
form larger-width systems. Together with bit slicing, 
microprogramming achieves high performance through 
variable data widths, customized instruction sets, and 
novel architectures. Typically, this technique requires 
more hardware than microprocessor designs. Because of 

Deepak Mithani is also a senior product planning and 
applications engineer at Advanced Micro Devices. He 
is involved in designing new prodUCIS for Ihe Am2900 
family of microprogrommable devices. Before joining 
AMD, Mr Milhani designed very high speed data 
processing systems. He holds a BSEE from 
M. S. University, Baroda, India, and an MSEE from 
Ihe University of WISconsin, Madison. 
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Microprogrammed System Design 
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their flexibility, microProgrammed 
s}'Stems can be optimized for 
various considerations such as 
speed, power dissipation, chip 
count, and design time. Cost and 
design time, for example, are not 
easy to estimate. Althouah it may 
take loqer and cost more to .qesign 
a new system, only minor microcode 
changes may be necessary to, 
upgrade to the next version, reflec
ting a lower overall cost. The,
Am2900 family of large and very 
large scale integration building 
blocks for microprogrammed 
systems is used here to illustrate the 
architectural issues and design 
tradeoffs .involved in selecting and 
configuring microprogrammed 
devices. 

Contralpath 
The heart of the microprogrammed' 
machine, the control path comprises 
a sequencer, the microprogram 
memory where the control bits are 
stored, and a pipeline register at the 
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output of the memory.' (See Pia 1 and Fig 2.) The 
sequencer provides the addresses to the PROM for the 
control word, which must execute nat, and controls the 
program flow and branching. This is the oaly 1iardware 
required. for a controller that does not require an 
arithmetic and logic unit (ALU). 

Plpellalal. The pipeline (PL) resister at the output of 
the PROM breaks the address path to prevent race condi
tions. The mic:roiDstruction in the PL register executes in 
the current cycle wbile the next microaddress is simulta
neously computed in the sequencer, which then accesses 

An important consideration in 
choosing between single and double 
pipelining is the throughput. as 
opposed to raw speed. 

the contents of this address in the PROM. Several bits in 
the microword act u an iDstruc:tion field for the 
sequencer. This field tells the sequencer to continue to 
the next. address, and whether or not a conditional 
branch or subroutine access is required. When a branch 
on a condition is desired, the appropriate condition is 
selected throup the condition code multiplexer, which 
causes the sequencer to branch if the condition is met 
(FIB 3). That is, if a branch is performed while instruc
tion at address '0 is in the PL, then either 'lor the 
branch address 70 is at the output of the sequencer for 
PROM access. Other controls spedfied in address '0 exe
cute whether the branch is taken or not. 

Critical speed path for this architecture, called single 
pipeliDing, consists of the sequencer propagation delay 
in series with the PROM access time. This path may limit 
.the fastest cycle time of the machine. When a faster 
cycle time is necessary, a doub1e-pipelined architecture 
breaks the critical path into two smaller paths by placiDg 
a second PL register at the output of the sequencer 
(Fig 4). When the contents of address '0 are in the PLI 
relister and the iDstruc:tion is a branch, address 'lis 
present in PU If.the branch is taken, address 70 is at the 
output of the sequencer. Thus, when a branch is taken, 
the contents of address '1 execute before the contents in 

Microprogrammed System Design 

the branch address 70 appear in the PLI. Because the PL 
register hu to be "flushed," a latency of ODe clock cycle 
is added before the required branch instruction 
executes. Double-pipe1iDed architectures require two 
cycles to take a branch of any kind, including subrou
tine jumps. returns, and so forth. In most cases this 
extra iDstruc:tion cannot perform a useful operation in 
the ALU, and becomes a "no operation." 

One important consideration when choosing between 
a single- and double-pipe1iDed scheme is the throughput 
that can be achieved, u opposed to raw speed. Because 
of shorter critical paths, double pipe1iDing allows futer 
clocking speeds. However, if considerable branching 
exists in the microcode flow, it may take two cycles to 
execute t:Yery branch. One cycle may not function 
usefully in the ALU, thereby reducing the machine's 
overall throughput. Double pipe1iDing is more useful 
when the program flow consists of very few branches. 
When much branching is required, more functions can 
be performed in a fIXed amount of time using single 
pipeliDiDl, t:Yen though the clock speed is slower. 
Double pipeliDiDl for applications using frequent 
branclUng results in extra code space, which increues 
the lenath of the code and may call for more PROMS. 
The microcode may also be difficult to read and debug, 
increasina the design time. . 

The PL resister ShOWD for the single-pipe1iDed archi
tecture may not be required for some bits of the micro
word (Fig 5). This happens when a register is built at the 
input of the controlled device for the purpose of syn
chronization, u in the case of the Am2!W. In such a 
case a registered PROM cannot be used for these bits. 

Hortzo.t8i aDd verUal microPf'Oll'Ulllllfal. In hori
zont8i.code, the microword bits are usigaed so that all 
the dt:Yices controlled by the microcode have their con
trol bits allocated in the same word, allowing them to be 
controlled simultaneOusly. With dedicated bit control 
for all the dt:Yices, parallelism is at a maximum, and 
many t:Yents can be initiated in a single cycle. In vertical 
mic:rocodinl St:Yeral devices are usigaed for a I-bit field 
with oaly one device selected per cycle. Since oaly one 
dt:Yice can be controlled at a time, St:Yerallines of code 
may be required to control all the devices sequentially. 
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Vertical microcoding is so called because the width of 
the code is reduced by field sharing but. the length 
increases; additional instruction enable. bits in the 
microword indicate which device is selected. Since the 
total amount of PROM adds to the cost of the system, it 
is important to minimize the width. and length of the 
microcode. In many cases vertical microprogramming 
reduces the chip count for the PROMs, as those with a 
larger addressing space or depth are more common than 
those having a greater data width. Horizontal code, on 
the other hand, allows maximum parallelism and hence 
maximum throughput. The desirable approach, 
therefore, is to share fields where parallelism is not re
quired. This is possible for example, while controlling 
the Am2914, which is an interrupt controller. In central 
processing unit (CPU) emulations it is checked for inter
rupts only at the end of every machine cycle but its four 
instruction lines can share code with some other device. 

One commonly shared field for the sequencer is the 
branch address field of the Am2910, which is also used 
for loading the register/counter. With the restriction 
that no branching will be allowed while loading the 
counter, several bits of code can be shared. Other fields 
that can be shared with ALU fields are the interrUpt con
troller (Am2914), the status controller (Am2904) and the 
program control unit (Am2930) fields. The direct 
memory access (DMA) controller (Am2940, Am2942) 
fields are usually not shared with the ALU fields because 
the ALU is used for loading the DMA device. The Am2910 
branch address field can also be shared with the Am2904. 
Most of the Am2900 family devices have an instruction 
enable iEN pin to permit field sharing. 

Microprogram memory. The microprogram memory 
is usually a PROM or an electrically programmable read 
only memory (EPROM). Sometimes a random access 
memory (RAM) may be used, which is referred to as a 
writable control store (WCS). The wes is not only useful 

for program debugging, but can also be used for context . 
switching between different microcodes. A wcs can be 
built using a dual-ported RAM that can be written into 
by one /lddress port and read via the sequencer address 
port. The use of a wes, however, complicates the hard
ware around the sequencer because extra logic is 
required to bootstrap the wcs during startup. A wcs is 
typically used for development system design and for 
machines which change their personality by reloading a 
different microcode. 

SequeDcers. A commonly used sequencer is the 
Am2910 becaUSe it has a 12-bit wide address path to 
access 4k words of microcode, and a S-deep stack for 
subroutine nesting. It also contains a counter that exe
cutes microcode loops. The 4-bit wide Am2909 or 
Am2911 may sometimes be preferred, because they are 
faster and less complex· than the Am2910. Each requires 
either external small sca1e integration or an Am29811 and 
a counter to control them, but they can cascade to form 
address widths larger than 12 bits, making them suitable 
for specialized applications. The Am2911 is a 2O-pin ver
sion of the 28-pin Am2909 and saves board space, while 
the Am2909 offers a degree of parallelism in that its reg
ister can be loaded while a branch is being taken via the 
D input. Both allow a custom designed instruction set. 

Data path 
Most microprogrammed systems have an ALU selected 
on the basis of the numerical computation required by 
the desired applications. Some applications need the 
emulation of an existing CPU while others involve new 

. designs. A major consideration for cpu's is the ALU's 
number crunching capability. The other class of appli
cation is general purpose, such as disk or communica
tion controllers. Controllers usually do not require 
much arithmetic capability but must be efficient for 
high speed data transfer and bit manipulations. 

The Am2901 and the Am2!i103 have been used widely as 
ALUs in the past, and two new introductions to the family 
constitute the Am29203 and the Am29116. The fIrSt three 
are 4-bit slices and can be used for variable data widths, 
while the Am29116 is a 16-bit fixed width ALU. The 
Am2901 is the simplest of the 4-bit ALU slices and has a 
basic instruction set for logical and arithmetic opera
tions, and also has a 16-word dual-ported RAM and a 
shifter. This device allows the fastest cycle time among 
ALUs and is used for simple but high speed. controllq 
designs. 

As opposed tp the raw speed that can be achieved 
using the Am290I, the Am2903 allows for a higher 
throughput. The Am2903 has its shifter after the ALU, 
several data entry ports (DA, DB, and Y) and an expand
able register file. Its special instructions include 
unsigned and 2's complement multiply, divide, normal
ize, and sign extend. Thus, multiply and divide routines 
can be written for both integer and floating point opera
tions. The normalize instruction allows incrementing 
the exponent and the shift operation in the same cycle 
using a single line of microcode. 

Am29203 is an enhancement of the Am2903. In addi
tion to the Am2903 instruction set, the Am29203 has 
instructions for binary coded decimal (BCD) arithmetic. 
BCD numbers are useful in applications that may be 
input/output (1/0) intensive and need to input or output 
data in decimal or ASCII formats. Retaining this data as 
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BCD, instead of convening it to binary, has the advan
tage of not requiring overhead in converting data types 
for input and output. 

Machines using BCD representations tend to perform 
more additions and subtractions on these numbers than 
multiplications and divisions. Therefore, the Am29203 
instruction set has single-cycle BCD add and subtract 
instructions, with mechanisms provided for BCD multi
ply and divide in multiple cycles. The Am29203 also has 
bidirectional data buses DA and DB, so that they are 
symmetrical. This is unlike the Am2903, in which only 
the DB bus is bidirectional. The architectural impact of 
this is that data could be output on both DA and DB 
simultaneously from the dual-ported RAM, and could 
also be used internally by the ALU for computation. 
Data output on DA and DB could be used to provide a 
parallelism in the data paths or even to implement fault 
tolerant ALU schemes. In the latter case, an external 
parity checking circuit verifies the parity of the data 
bOth before and after the ALU operation. The Am29203 
also provides multiprecision arithmetic capability for 
BCD numbers. Since each BCD digit occupies 4 bits, a 16-
or 24-bit machine may be able to store only 4 or 6 BCD 
digits, respectively, using single precision. However, 
double- or triple-precision representations allow the use 
of many more BCD digits for accuracy without adding to 
the cost of the system by adding more slices. 

Am2903 and Am29203 are suited for designing CPUs 
that are either accumulator based or general register 
based. In general register architecture it is possible to 
have 1-, 2-, or 3~egister addressing. The 3-acidress 
machine is implemented by multiplexing the third 
address on the B address port. Some CPU designs require 
more than 16 registers. Even this can be achieved by 
adding the expander register rue Am297O$ or Am29707 to 
the ALUs. These ALUs can also be used for designing 
stack oriented CPUs by adding an address control sec
tion that treats the register rue as a stack and keeps track 
of the pointers. 
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Microprogrammed System DeSign 

If the Am2!103 or the Am29203 are used for CPus, the 
Am2!104 status and control chip can be used for com
pressing most of the small scale integration around them 
into one chip. The Am2!104 incorporates all the multi
plexers, status registers, and linkage control hardware in 
a single chip; it is also useful for, several CPU emulations 
because its instructions allow efficient manipulation .of 
status bits. For example, some machines either store' a 
borrow on subtraction, or just store a carry. The 
Am2!104 can convert between the two schemes because it 
has both a micro and machine status register. The micro 
status register is particularly useful where interrupts can 
occur at mierocycle boundaries, and saving of micro 
status is essential. 

Another consideration in CPU 4esign is interfacing 
with various buses and peripherals. The ALUs described 
here interface to both multiplexed and demultipiexed 
data and address buses on the backplane. J'hree. sepa
rate buses (DA, DB, and Y) on the Am2903 and the 
Am29203 permit a variety of architectUres. Reliability of 
the data path can be improved by adding error detection 
and correction capability in the paths to and from the 
memory to the ALU. Error detection and correction can 
be implemented by using schemes such as Hamming 
codes, which add redundancy to the data paths by 
adding extra check bits. The Am2960 error detection and 
correction chip uses modified Hamming code for detec
tion and correction of single-bit errors and detection of 
double-bit and some multiple-bit errors. It is cascadable 
and can handle data width from 8 to 64 bits when used 
with bit-slice ALUs. 

In spite of the eJ\lremely fast speeds that can be 
obtained by using bit-slice parts, these ALUs may still be 
slow· for some specialized applications. Examples of 
these are in signal processing where a great deal of 
multiplication using complex numbers has to be per
formed. The Am2903 and the Am29203 have been designed 
with the necessary hooks for configuring them with a 
hardware multiplier or an external PROM for fast table 
lookups. Fig 6 shows how the bidirectional DB port can 
be used as an advantage for hooking up to a 16 x 16 
multiplier. This achieves an order of magnitude im
provement in throughput. 

Although the Am2!101 and Am2903 were designed and 
optimized for CPU applications, they have also been 
commonly used for controller designs. Intelligent con
trollers must be very efficient in the movement of data, 
manipulation' of status, and response to events and 
interrupts •. They are characterized more by bit manipu
lation and logical operations than by number crunching 
and complex arithmetic. The Am29116 is a 16-bit fIXed 
width processor optimized for controllers. Its architec
ture is characterized by a single-port RAM, an 
accumulator and a data latch for temporary storage of 
data, and a 3-input ALU for performing an operation on 
three operands simultaneously. 

The Am29116 has a bidirectional bus for the input and 
output of data. A 16-bit barrel shifter is provided to 
rotate a word by up to 16 bits in one microcycie. The . 
combination of a 3-input ALU and a: barrel shifter allows 
operations such as rotate and merge, where one operand 
is rotated up to 16 places, and selectively merged with 
another operand using a third operand as a mask for the 
selection. In addition, the Am29116 has features such as 
priority encoding, cyclic redundancy check computation, 
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aDd the capability to execute immediate instructions 
where constants can be. brought in on the instruc
tion inputs using two cycles. It also improves the power 
dissiPation and the chip count compared to an imple
mentation using the Am2901 or the Am2903. 

Add..... pith 
System performance is largely determined by the 
addressing mechanisms and modes employed. Need for 
efficient memory addressing becomes more evident with 
the availability of the faster and more efficient pro
cessors. To access random information from the mem
ory, different 8ddressing techniques are used. In general 
register architecture, one re8ister is designated as the 
program counter and others may be assigned tasks such 
as index register, .stack pointer, upper bound and lower 
bound for stack, and so on. Using these registers, differ
ent addressing techniques such as program counter rela
tive, indexed, immediate, base tegisterrelative, and 
indirect addressing can be implemented very efficiently. 
In addition, ability to' manage stacks for subroutine 
linkage and for expr~on evaluation enhances the flow 
of control though a system. 

A system that does not use a separate progrBm con
ttol subsystem usually uses a general register arChitec
ture for. addressing. In. this situation, address for the 
main memory is generated by the ALU. If all the registers 
issociated with main memory addressmg are removed 
from the ALU and placed in the program control subsys
tem, then the address computation. for the next macro
instruction can be done concurrently with the ALU 
operation. Thus, the use of separate hardware allows 
more parallelism in a system at the macroinstruction 
level. 

Such a program control unit can be implemented 
using the Am2901s or Am293OS. In this system (Fig 7), the 
nth instruction Is executed in the ALU during a register 
to register instruction. The instruction register -is loaded 

with the n + 1st instructiO{1 from the Z latch, and the 
starting address is generated in the sequencer. The n + 
2nd instruction is read intO the Z latch from the main 
memory, and the address for the n + 3rd instruction is 
loaded into the memory address register (MAR). 

The most general purpose type of program control 
unit can be implemented with Am2901s. Its 16-register, 
2-port fIle structure provides several advantages in 
terms of stack pointer control, stack pointer boundary 
checking, program control, and iinplementation of dif
ferent addressing modes. For a simple program control 
unit, the Am2930 provides 17-deep subroutine linkage 
stack, index register, program counter, and an ALU for 
relative addressing. Both devices are 4-bit slices and are 
cascadable up to any width of address required, which 
makes the expansion of the main memory easy. 

System timinp 
Clock speed, which increases the performance, is deter
mined by the delays through the various paths, the 
longest being the critical path. In a conventionally 
microprogrammed system, the slowest microinstruction 
execution time determines the microcycle time, even if it 
is the only slow microinstruction. In such a system, 
much microcycle time goes unused during the execution 
of all other microinstructions. To improve the microcy
cle time, these functions are sometimes broken into 
several shorter instructions, but this is cumbersome and 
adds to the amount of microcode. An alternative solu
tion is to vary the ,microcycle time and stretch the cycle 
whenever the slow microinstructions are executed (Fig 
8). This solution provides maximum usage of the micro
cycle time for all microinstructions. 

TheAm2925 clock generator and microcycle length 
controller can vary microcyc1e length depending upon 
the microinstruction being executed. The Am2925 takes 

. the oscillator output as basic clock, (FO), and generates 
four clock outputs, each with a different duty cycle. The 
output clocks can have a period from three to ten times 
the basicFO clock period. Information about the 
microcycle length is extracted from the microcode in the 
preceding microcycle (Fig 5). For simple applications, 
the Am2925 generates a clock with approximately 50'70 
duty cycles. For special applications, like the 3-address 
architecture with the Am29203, the Am2925 also 
generates an approPE:iate clock (always low during the 
last two FO cycles) to drive the instruction enable input 
for proper write timing into the 2-pon RAM. In 
addition, the' Am2925 can insert wait states to synchro
nize other parts of the computer system; such as mem
ory and 1/0 devices, with the CPU. For debugging a 
system, the Am292S also permits single-stepping of the 
microcycle. In general, the throughput of a system can 
be improved by 100J0 to 25'70, using the Am2925, 
depending upon the instruction mix over the fIXed 
length system. 

{'NSTRUCT'ON EXECUTION PERIOO 
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32k logical address space. Each 
register contains a Write protection 
bit. and a I4-bit physical page 
number. If the Write protection bit is 
set, any write cycle to this page will 
not be permitted and will generate a 
processor interrupt. The I4-bit 
physical page number is combined 
with the logical address offset to 
provide a 24-bit physical address. 
This allows the microcomputer to 
address 32M bytes of physical 
memory. MICROSTORE 

56-81T MICIIOINSTRUCTION 

Standard HP 1000 minicomputer 
input/output (110) interface cards, 
which were introduced with the 
HP 1000 L-series computer, are also 
used .with the A600. Each interface 
card contains a custom complemen-

ftc 1 HP 1_ MIlO sequeacer. Reptered P1IOMI coatlibi Mel mJcroatore ud 
plpellae reaJster Ia oaly lIVea JIlICkaIes. 

tary metal oxide semiconductor 
(CMOS) I/O processor capable of executing I/O instruc
tions to communicate with the processor board, and of 
performing DMA transfers with memory on a cycle steal
ing basis. The microcomputer provides a memory page 
map for each I/O interface, permitting DMA transfers to 
any page or combination of pages in physical memory. 
Its memory cycle time of 4S4 ns provides a backplane 
bandwidth of 4.3M bytes/so 

HP- 1000 architecture permits referencing registers as 
memory lOcation 0 or 1. An FPLA detects this condition, 
and the ALU source or destination is selected as either 
memory, or the ALU resister rue accordingly. An addi
tional FPLA is part of the status register and determines, 
based on .the status register contents and the instruction 
resister contents, whether conditional instructions ,will 
skip the next instruction. 

A600 memory is both a memory controller and a mem
ory array. The array portion can be either 128k or S12k 
bytes, with additional array cards able to increase main 
memory to 4M bytes. Memory has a cycle time of 4S4 ns 
and uses simple parity for error detection. A dynamic 
mapping system is also part of the memory controller. It 
consists of 32 sets of 32 page-mapping resisters, and 
maps logical addresses into physical addresses as shown 
in Fig 3. 

Every memory cycle is a mapped memory access. The 
address extension register is loaded by the processor or 
direct memory access (DMA) and selects one of the 32 
sets of maps. Each IS-bit logical address is divided into 
two parts: a page number and an offset. The page num
ber selects one of the 32 page-mapp~gregisters. Since 
each page is 1024 words, the 32 map registers provide a 

...-_......, IMMEDIATE 

L,,;,.;.,;;;;...;....I~~R 

ADDRESS 
1....:';';;;::';'::"'..1 GENERATOR . 

Fig 1 HP 1_ .10600 llritbmelic ualt. Implemealiag ALU with 
blt..uee LSI cblps deJiven outltaaellag price/performaaee 
wbHe mialmlzing board space. 

Software compatibility guarantees that a correctly 
written application program for a member of the mini
computer family will execute correctly on the A600 
microcomputer. For .the microcomputer design, soft
ware compatibility meant that the macro level machine 
characteristics had to be fIXed. Thus, the microcom
puter has the same register set, instruction set, time base 
generator, memory mapping, memory' protection, and 
powerfail capabilities as the minicomputer members of 
the family. 

Rather than a limitation, the software compatibility 
requirement was actually a benefit. Instead ofrequiring 
months. of effort to invent a new architecture, the 
microcomputer architecture was well defmed from the' 
start. This permitted the design team to concentrate on . 
features to improve the computer price/performance 
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Interrupti . 
Interdevice communication efficiency depends on the 
ability of the CPU to handle asynchronous events. 
Polling is one way of· interdevice communication in 
which the CPU interropteS each device by asking it if 
service is required. starting with the hiallest priority 
device. This approach is slow and inefficient. causinl 
more overhead. The more efficient way of servicinl 
asynchronous events is the interrupt method. Whenever 
a device needs service from the CPU it generatt:S an inter· . 
rupt request signal to it. If the requesting device is of the 
hiahest priority. then the CPU suspends the program 
currently executing and s.ervices the requesting device as 
soon as it receives the interrupt request. After servic:ina 
the device. the CPU resumes the previously suspended 
Program if there are no other devices requesting service. 
If more than one device requests service at ·the same 
time. then the device with the hiahest priority will be set· 
viced rtnt. When an interrupt request is beina serviced. 
only another interrupt request with a higher priority can 
interrupt the routine; this allowS nesting of interrupts 
within interrupts. These functions. are usually performed 
by an interrupt controller that may also have features to 
selectively mask certain interrupts. 

Interrupt handling can be efficiently implemented by 
the AmDI" vectored priority interrupt controDer. Cas· 
cadabl.e to any number of. priority levels. it can be 

. microprogrammed to meet the requirements of .specific 
app1ic8tiona. For example. interrupts can be handled at 
two levels by the microprosrammed CPU-the macro
level interrupt or microlevel interrupt. In the macrolevel 
interrupt, the CPU checks for uy interrupt request after 

completinl the execution of every macroinstruction. If 
any request is pendinl. the CPU services the device and 
then returns to the interrupted pro&ram. As soon as the 
device request is &ranted by the controll~. the CPU com· 
pletes the current microinstruction and jumps to the ser· 
vice routine for that particular device. The Am29I" can 
be used for both types of interrupts. 

Direct lIIIIIary _ 
Hiall speed techniques are required for transferring 
blocks of data between the main memory and the 1/0 
devices. The three most widely used ~qut:S are pro
arammecI uo. memory mapped UO. and direct memory 
access UO. The DMA technique .USe5 a direct path 
between the Inain memory and the 110 device to perform 
data transfers. thus relieving the CPU for other .wks. 
The CPU inidali.zes the DMA device by sending a memory 
address and the number of words to be transferred. 
Actual data transfer is done directly between the uo 
devices and the memory through the DMA interface. 
DMA transfer can be implemented by three methods. In 
the first method. the CPU is put on halt. while the DMA 

, data transfer is beiq performed. The second method . 
time sUces each memory cycle into halves; one for the 
CPU and the other forDMA transfer. But the most com· 
monly used technique is cycle stealina. which is also the 
most· efficient way to utilize the available resources. In 
this method, the DMA device steals a CPU memory cycle 
whenever the CPU is not using one. and performs a DMA 
transfer. 

Am2ll4O DMA address generator is partitioned into 
I·bit sllces cucadable to form larle memory addresses. 
With the AmltSO uo port. it can handle over 'M 
words/so The Am2ll4O lenerates sequential addresses for 
block transfer. Word count for block transfer can be 
prosrammed by the cpu. and the Am2ll4O also maintains 
'the word count and lenerates a sianal when the block 
transfer is complete. One or more AmltoQ can be used 
in each peripherai controDer of a distributed DMA 
system. Microproarammatrility of this part provides 
complete flexibility for the desired architecture. 

BIIllogl'llpl!y 
Advaac:ed Micro DeYicea. BIpoUu MiC1'OfH'OCGIOr Lo,ic a"d 1",.,,_ ~ta Book. 1981 
V. Coleawl. "Implemelltinl lDterrupti for BIt·Slice Pro-

ccuon." EI«tIoItk8. Apr 24. 1980. p 1'9 . 
S. Joshi. D. MitIwIi. IIlCl S. StephlnHn. "Bipolar VLSJ 

Buildl Hi·Bit ControUer Handllna May Fast Peripherals at 
Once." El«tro"k8. Nov 30. 1981. pp 98-102 . 

J. Mick IIlCl J. Bric:k. BIt-sJa MlcroprtJCa80r Dui''''. 
McOraw HiD. New York. NY. 1980 

M. MIller IIlCl S. Joshi. "Blt·Slice Proceuor Speeds 
Throup BCD MatII. ... EI«tl'Ollic DGip. Dec 10. 1981. 
pp 104-112 

W. Miller. D. MitIwIi. aDd S. Joshl."An Error Correctinl 
Memory Daip with the Am2Mo Family." Electro"ic 
DGip CoIIf- ProcftdJJI". vol,lIM. 1981, P 171 

5·402 



Design 
Combining the speed of bipolar 4-bit-slice architecture with new decimal
arithmetic capability, a microprocessor takes aim at business-systerr 
applications formerly dominated by large computers. 

Bit-slice processor 
,speeds through BCD math 

For the first time, binary-coded-decimal (BCD) 
arithmetic will be brought to minicomputer-class 
systems. The vehicle is the Am29203 microprocessor 
slice, which calculates directly in the decimal system. 
As a result, such systems will be able to make inroads 
into a growing number of business applications, 
including distributed satellite office machines and 
point-of-sale terminals. Previously, BCD data han
dling was dominated by large computers of the IBM 
360/370 variety and desktop calculators. 

Taking up where the Am2901 and 2903 left off, 
the 29203 continues the tradition of flexible, 
microprogrammed building blocks with low package 
count (see "Benefits of a Microprogrammed 
Machine"). Like its predecessors, the 29203 is a 4-
bit-slice ALU and shifter with two operands entering 
from a two-port register file. Although it features 
the standard ALU functions of the Am2903, the 
Am29203 has twice the number of special instruc
tions-the 2903 instructions are a subset of the 29203 
instruction set. A major portion of the expanded 
instructions allows designers to manipulate the new 
BCD-type numbers. 

The 29203 adds BCD arithmetic capability to TTL 
processors, along with the speed and flexibility for 
which the Am2900 family is already known. Behind 
the new processor's performance is the combination 
of AMD's proprietary LSI technology, called the 
Imox process, and internal ECL circuitry ... 

A processor that operates directly on decimal 
numbers offers many benefits in business applica
tions, notably processing numbers created by and for 
the business community. Compared with "scientific" 
numbers-data produced for engineering or scien~ 
tific use-"business" numbers have limited precision 

Michael J. Miller, Applications Engineer 
Sunil Joshi, Applications Engineer 
Advanced Micro Devices Inc. 
901 Thompson PI., Sunnyvale, CA 94086 

(about eight or nine decimal digits). A business 
number begins in ASCII format, is changed to BCD, 
where addition and subtraction are done-there are 
few divisions and multiplications-and is displayed 
or stored after being converted into a form readable 
by humans (ASCII). This type of cycle is I/O
intensive, whereas scientific applications are 
computation-intensive. 

Most of the benefits of business processing stem 
from not having to convert input data to binary, as 
required by scientific applications. Performing 
arithmetic directly on BCD data has two advantages: 
speed and accuracy. Significant processing time is 
saved by eliminating base con- . 
versions.' For exam
ple, most 
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processors communicate data to termina,ls and iJrintc 
ersin alphanumeric code such as ASCII or EBCDIC. 
But the data must first be converted into a com
putable form stich as BCD or binary. Whether or 
not the final encoding is BCD or binary, 
alphanumeric code must first be converted into BCD. 
This conversion is simple because there is a one-to
one correspondence between ASCII or EBCDIC 
characters and BCD. It is equivalent to a look-up 
table procedure followed by packing operations. 

When the target encoding is' binary, a packed 
number must be converted from· BCD into binary 
with an iterative algorithm using four operatiorts per 
digit. In machines without special BCD capabilities, 
converting into and frombin;lry requires an order. 
of magnitude more time than conversions between 
alphanumeric code and BCD. 

Since it is sometimes necessary to convert between 
BCD and binary as in scientific applications, the 
29203 has iristructions for' this pur
pose. Such instructions reduce con
version time by a factor of 
75% or better over 
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machines with no BCD capabilities. These instruc-
· tions handle both single- and double-precision 

. calculations. 
One benefit of not having to convert into binary 

concerns round-off problems When a number is 
.converted from one base into another, it may not 
be possible to represent it i~ the new base with a 
finite number of digits. For example, converting 
$0.30 in base 10 into binary gives the infinite series 
0.01001101 ... Now the converted number must be 
truncated and rounded off to fit the limited storage 

· range. Unfortunately, converting from binary back 
· into base 10 does not give the original value. Thus, 
a computer that performs calculations in the native
base representation is able to eliminate round-off 
errors. For this purpose, the 29203 has built-in BCD 
arithmetic capabilities. These include single-cycle 

addition, subtraction, 
and BCD division by 

two, used to adjust 
downshifted 

numbers to ob
tain valid rep

resen-



Bit-slice processor for BCD 

tations in the binary-coded-decimal format. 
The 29203's overall structure consists of a RAM 

connected to the inputs of an ALU, the~utput of 
which is passed through a shifter and back into the 
RAM (Fig. 1). The ALU is optimized to execute 
powerful logic and arithmetic operations on un
signed, two's-complement, and BCD numbers. The 
ALU, shifters, and RAM all can be cascaded to form 
larger words and more temporary storage registers 
can also be added. 

Three buses give flexibility 

Using three bidirectional buses, the 29203 is highly 
suitable for microprogrammed systems that. require 
considerable data-flow flexibility. Buses DA and DB 
bring external data or constants directly into the 
ALU for computation. The Rand S multiplexers 
provide the selection between external data and the 
dual-ported RAM as data sources for the ALU. The 
result of an ALU operation can be either loaded into 
the temporary Q register or made available at,the 
Y port after shifting (if necessary). In this case, the 
Y port may be used as an output port. The result 
of an ALU operation can be'written into any RAM 
location during this same cycle. 

Another way to bring data into the ALU is through 
the bidirectional Y bus. Under these conditions, 
output buffers on the Y bus go into three-state 
operation and data on the Y bus is written into the 
internal RAM. While this is occuring, the ALU can 
perform an operation that involves writing into the 
Q register but does not require the Y bus as an ouput. 
Buses DA and DB also provide added flexibility when 
used as outputs. In the simplest case, one or both 
operands can be put onto these buses, with the result 
of the operation appearing on the Y bus. Because 
these outputs are available, they can be used by a 
fault-tolerant computer for performing external 
parity checks on the data paths preceding the ALU. 
Then the parity or check bits can be matched with 
those derived from the ALU's output-including the 
Y bus and shifted data-to indicate a fault. 

When used as outputs, the DA and DB buses allow 
an external processor to operate on data stored in 
the RAM. This increases the effective instruction set 
of the ALU section. Moreover, it is advantageous for, 
configuring a parallel multiplier for fast multiplica
tion. The multiplier accepts data from the DA and 
DB ports, multiplies it, and loads the result back into 
the RAM, using the Y bus as an input. 

The 2903's multiport architecture makes the im
plementation of high- and low-order byte swapping 
simple. Figure 2a shows a byte swap using two data 
ports. Initially, the low-order byte is stored in devices 
1 and 2, and the high-order byte in devices 3 and 
4. To make an exchange, the register location of the 
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1. Designed around an ALU and an on-board RAM, the 
Am29203 4-bit-slice processor relies on a bidirectional three
bus architecture to bring external data and cpnstants into the 
ALU lor computation. It can be cascaded to form larger words. 

2. Using multlport architecture, the 29203 allows hlgh- and 
low-order byte swapping (a) and fast byte swapping (b). 
Permutations of the three-state buffers (Am2958/59) produce 
any combination of output data. The high-speed byte swap 
bypasses the processor's ALU, permlltlng laster operation. 
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Bit-Slice Processor for BCD 

desired word is placed on the B-address port. When 
the byte swap line is brought low, the bytes to be 
swapped flow from the DB ports of the 29203 through 
the 2958/2959 three-state buffers. P-ermutations of· 
the three-state buffer outputs achieve the byte swap. 
The resulting permuted data are presented tothe DA 
ports of the 29203, where they are reloaded into 
memory on the next positive edge of the clock 
(cP). That is accomplished using the source and 
function command, F = A + Cn (Cn = 0), for the 2958, 
or F = A + Cn (C n = 0) for the 2959, and the destination 
command, F ~ Y, B. 

A faster circuit for byte swapping is illustrated 
in Fig. 2b. Instead of being entered via the DA ports, 
permuted data are entered through the Y 1/0 ports 
of OE" (held high). This technique bypasses the ALU, 
allowing faster operation. The 29203 destination 
command, F ~ Y, B, should be used in this mode. 

3. The 29203's 16-word RAM can be expanded in multiples 
of 16 words to form long register flies. The ALU draws data 

. from any two register locations. 

The 29303 contains a I6-word, dual-ported, RAM 
for temporary data storage. The RAM, which serves 
as a register file, can be expanded in multiples of 
16 words to accommodate as many registers as 
necessary, using the 29707 (Fig. 3). fn addition, the 
29203 permits a three-address architecture so that 
ALU operands may be selected fromany two register 
locations, including the extended registers. 

These operations can be achieved in a single 
microcycle by switching the port-B address in the 
middle of the cycle. Latches at the RAM output 
capture the source operands during the first half of 
the cycle. With the instruction-enable signal (TIm) 
held inactive to prevent writing into RAM, the third 
address can be multiplexed-when it stabilizes, writ
ing takes place by activating lEN. Using lEN as a 
control also permits a partial word to be written into 
the RAM. Thus, in a I6-bit system, the upper or lower 
byte of a word can be independently written by 
providing an lEN control signal for each half of the 
word. 

System handles 16-bit words as well as bytes 

In a I6-bit system, both word and byte operatiolls 
ma;; have to be performed. Apart from the ALU 
result, status conditions must be available in the 
word and byte modes. The 29203 forces the open
collector zero-detection pin (Z) to a high whenever 
the output buffers on the Y bus are three-stated. 
Thus, a zero-detecting flag is detected only on the 
byte that is selected. As shown in Fig. 4; the byte
word-selection line turns off the lEN and OEY signals 
on the upper two bit-slices and forces the third slice 
to act as the most significant slice (MSS). As a result, 
the carry, negative, overflow, and ·zero flags then 
apply to the byte mode. 

In most ALUs, the zero-detection flag is the last 
flag to stabilize. This indicates that a microcycle can 

4. Word/Byte operations among four 29203 processors are possible using the circuit illustrated. The byte
wOrd selection line determines which 29203 acts as the most signJ.ficant.slice (MSS). 
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Bit-slice processor for BCD 

be completed only after this flag stabilizes at the 
input of the status register. In the 29203, zero 
detection is performed at the output of the ALU 
shifter, before the Y -bus output buffers. In that way, 
the zero-detection flag is available simultaneously 
with data on the Y bus. Propagation delays are 

shortened through one of the critical paths by 
performing zero detection in parallel, with data going 
through the output buffers, which are also 
responsible for translating 'EeL into TTL levels. 
Special design techniques have been used in the 29203 
to increase the speed of the zero-detection circuitry 

BenefIts of. microprogrammed machine 
Many current processors are de- widespread use. Today: in new 

signed using microprogramming system design,a designer can 
techniques, in which a large part choose. between microprocessors 
of the system control is performed with a fixed instruction Slit-the 
by read-only memorY-Uljually 808O,8086,andZSOOOareexamples 
,PROMs-rather than by arrays of, ":"".f!,tJIil'. m4erQprogtammahie de-
gates and flip-flops. The techitiqnll vk:e,9, 'l'b~ benefits of the, former 

.' often reduces the package C<\1iInt 9t, inl!lu<lea very lowPIICkaail count 
, .' the controller, gives it a Iiighlt..:...tbree orfourdevie~s':"andpre .. 

ordered structure, unlik~ randoon.'" : ~igltl!d inlttruction sets. Thus de
logic systems. Moreover, bee:lu~ '$ignerseal1 begin at a higher de
firmware, rather than hardwat:e;.', ".j!~ wi.th respect to ~he total 
is altered, microprogramming. systetnsolution. With a micropro-

".sirnplifies changeiltOa.t!:Ial!hi~&: . "gr4lm~~or, a "designeJ!, 
il»l1~lletion let, substanijalfy :re.' ,'!i(l,a/ldiifmtaAltistom inttructlonset 

noa,tnrod~letil:lll e~rieao~ '.' .tfuitls executed much faster than 
,:IIilI~.C9I~liII,' 'JinIIS" vitl\l in.ex.t:e1'l.dJng a niiiid set, .out at the expense of 

produm; eY¢le .I/I~d .allows.larger package count. 
'devices to' be changed rapidly to . 'firmware illipieriten,ts 
sUit. detnand$. ' Also be 

sucliat 

Each device in the 2900 family 
performs a basic system function 
'and is driven by a set of control 
line from a microirtstruction. The 
figure illustrates a typical system 
architecture. The system has two 
''sides": The left contains control 
eireUitry. and the right con tains 
ifl!ta~ti1anipulatioll circuits. The 
AIlU-array block compOSes the 
M,U;seratchpad registers, data •. 
~!nglogic, left-and right-shift-

, control, and a carry-look-ahead 
. eir~\tlt,. Dam are processed by 
, ~ it from main memory (not 
sb\lWtt} into the scratchpad regis-

. . " operations, and 
the results'to main 

Metpory addresses can 
transferred in and out 

Inemory-address reg
Wet ('MJ~Rll. FiOOIr status bits from 

',,';I~~~U:itec~~~~dmthest,arus 
tlJrltelllili-ll)lli'!!(IIllBei" operation. 
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5. Both blnary-to-BCD (a) and BCD-to-binary (b) conversions can be performed by the 29203, 
with either single or double precision. This gives the processor the flexibility to handle business 
calculations with decimal numbers or scientific work in binary. 

(see "Taking Advantage of ECL Technology"). 
To maintain software compatibility with the 2903, 

the 29203's instruction set isa complete superset of 
the 2903's and has the same op-code assignments. 
The set provides powerful instructions for perform
ing single- an.d double-length normalization of 
floating-point numbers, sign extension, and 
multiplication and division of integers as well as 
floating-point numbers. Instructions for increment
ing and decrementing operands by one or two are 
included, making it unnecessary to store constants 
such as one or two. The shift instructions permit both 
arithmetic and logical shifts. The processor also has 
a provision for computing the parity of a number 
that is present in several cascaded slices. 

Decimal applications abound 

The 29203 is an excellent choice for high
performance, I/O-intensive systems found in a Wide 
variety of applications. They can be small or 
medium-sized processors that perform word process
ing, data retrieval and processing, accounting, data 
management, and inventory control. On the other 
hand, I/O-intensive systems can also be large, dis
tributed multistation systems having a large control 
CPU, mass disk storage, and several intelligent 
terminals-such as for point-of-sale terminals in 
department stores. Other I/O-intensive uses include 
high-end data acquisition and control systems that 
must interface to off-the-shelf programmable in
strumentation as well as with analog and digital 
interfaces. 

6. Converting from binary to BCD (a) requires a series of 
addition and shift operations, e,sentially the reverse of BCD
to-binary conversion (b). The Instructions must be performed 
several times on a number to yield the correct result. 

All these applications require decimal arithmetic 
capability, plus the ability to handle ASCII formats 
and binary numbers efficiently. They also require 
fast responses to events, since a real-time application 
or human interface may be involved. Human-in
terface devices, in particular, must have response 
times no longer than a few seconds, even under 
maximum load conditions in systems that can be tied 
up by file look-ups, calculations, and file scans. Such 
applications necessitate a bit-slice micropro
grammed approach, in which the system width can 
be tailored and the throughput maximized to handle 
large amounts of data efficiently and quickly. 

The 29203 has instructions for converting between 
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BCD and binary formats and for performing the 
basic arithmetic functions in both formats. BCD 
addition and subtraction are the most commonly 
used arithmetic instructions when calculating with 
decimal numbers. The 29203 has instructions for 
adding or subtracting two BCD numbers in one 
microcyc\e. The external connections for these opera
tions are the same as for binary addition and 
subtraction. 

A internal carry-look-ahead scheme enables aBCD 
operation to be executed as fast as a binary one. 
There are two subtraction instructions in which the 
Rand S operands can be subtracted from each other. 
When BCD addition or subtraction is performed on 
BCD numbers, the result is a valid BCD numLer-

Bit-Slice Processor for BCD 

but the result is undefined if either operand is an 
invalid BCD number. An invalid number exists when 
any group of 4 bits over a slice has a value greater 
then 9. During addition, the carry output indicates 
that the result of the addition was greater than 9 
over the slice, and that a 1 must be added to the 
next BCD digit. 

The addition process can be speeded up by using 
a 2902 carry-look-ahead generator. In BCD additions, 
the propagation signal signifies that the result must 
be propagated out of the slice. The generation signal 
indicates that a result is already greater than 9, and 
that a carry output must be generated regardless of 
whether the carry input exists. The state of the 
propagation signal for results greater than 9 is 

7. Flowcharts for double-precision BCD-to-binary conversion (a) and binary-lo·BCD 
conversion (b) are similar to Ihose for Single-precision except for special shifting operations 
Involved in multiprecislon operation. 
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of'shifts must be a multiple of 4 to yield a meaningful 
result. 

Another special instruction facilitates multipreci
sion binary-to-BCD conversions. Called a multipreci
sion binary-to-BCD conversion, it acts like a normal 
binary-to-BCD conversion except for shifting of the 
Q register. Figure 7 shows the flowchart for the 
simplest double-precision binary-to-BCD conversion 
algorithm in a 16-bit system, Initially, the Q register 
stores the most significant half of the binary number 
after conversions, two registers, Ro and RI-both 
initially cleared-store the most significant and least 
significant halves, respectively, of the BCD number. 

The shift for each binary bit requires two 
microcycles. The binary-to-BCD conversion is ex
ecuted first on RI, and the most significant bit shifted 
out of RI is stored as the carry bit (M.,) of the 2904 

. (Fig. 8). Then the multiprecision binary-to-BCD 

8. Shift linkages between registers allow the 29203 to perform 
binary-to-BCD conversions (a), and multlprecislon blnary-to
BCD conversions. ~sually, 16 shifts between registers are 
required to convert a number correctly from one base into 
another. Each bit takes two microcycles. 

conversion instruction is executed so the Ro is ad
justed as Me is shifted on. Together, the two instruc
tions account for one equivalent shift of the double
precision number as a whole. After 16 such sliifts, 
the Q register is loaded with the least significant half 
of the binary number and the same operations are 
performed again 16 times. Once the singfe-precision 
binary number is converted into a double-precision 
BCD number, th'e algorithm can be terminated after 
16 shifts of the binary number. 

The BCD-to-binary-conversion instruction essen
tially reverses the steps of the binary-to-BCD con
version (Fig. 6b). The BCD number initially resides 
in one of the RAM registers and the Q register stores 
the binary equivalent during conversion. The BCD
to,binary algorithm requires that the BCD number, 
first be shifted 1 bit down. Then 3 is subtracted from 
any BCD digit having a value of 8 or greater. 
However, since the 2903's shifter comes after the 

ALU, the BCD-to-binaryconversion instruction first 
performs the adjustment for a previous· shift and 
then performs the shift in anticipation of the next 
instruction. The BCD number in Ro is first shifted 
down 1 bit to load its least significant bit into the 
most significant bit t;>f the Q register. Then BCD
to-binary conversion is executed 15 times to perform 
the necessary adjustments and shift successively 
(Fig. 7). Ultimately, 16 shifts and 15 adjustments are 
performed on the binary number. An adjustment of 
the final shift is not required, since the binary 
number is fully formed, and the BCD number is zero 
at this point. As in the binary-to-BCD conversion 
instruction, the adjustment is done independlmtly 
over each slice, and the carry bits play no role. 

Converting multi precision BCD numbers to binary 
is similar to binary-to-BCD conversions. The 
simplest, but not the most efficient, scheme operates 
according to the flowchart in Fig. 5b for a double
precision number in a 16-bit system. 
, Initially, the most significant half of the BCD 

number is stored in Ro, and the least significant half 
in RI. The Q register stores a part of ,the binary 
equivalent during and after conversion. The BCD 
number as a whole must first be shifted down by 
1 bit. Register Ro is shifted down as shown so that 
its least significant bit is collected in the M" or carry 
flip-flop of the 2904. Next, RI and Q are shifted down, 
allowing Me to be loaded into the most significant 
bit of RI. The following two instructions perform the 
adjustments on this shift and downshift the adjusted 
numbers by 1 bit in preparation for the next adjust
ment and shift cycle. 

The multiprecision BCD-to-binary conversion in
struction is executed in Ro, which allows adjustment, 
downshifting, and storage of the least significant bit 
in Me. The following conversion instruction adjusts 
RI and downshifts both RI and Q, with M" being 
loaded into the most significant bit of RI. These two 
instructions are performed 15 times in a loop. As 
a result, Ro and Q are shifted 16 times. 

Since the contents in Ro are now all Os, there is 
no need for further shifting. The Q register contains 
the least significant half of the binary result, which 
is transferred to R2• Then the BCD-to-binary con
version ia performed 16 times on RI-using the 
linkages-so that a 0 is entered into the most 
significant bit of RI. The most significant half of the 
binary number is available in the Q register at the 
end of the operation.D 
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inconsequential, since the generation signal produces 
a carry output anyway. 

In subtractions, the carry output can be in
terpreted as a borrow. Borrowing is necessary in 
BCD arithmetic when the digit to be subtracted is 
larger than the digit from which it is subtracted. If 
both digits are equal, a borrow from a higher digit 
is necessary only if the previous digit borrows. This 
is equivalent to a borrow signal and is indicated on 
the propagation line. When borrowing is necessary, 
regardless of the previous digit, the generation line 
is active. 

A generation signal overrides a propagation, and 
when it is active, the state of the propagation does 
not matter. The carry-output signal, eN + 4: goes 
low when a borrow occurs from a high-order digit. 
Thus, when a larger number is subtracted from a 
smaller one, the absence of a carry-output signal 
from the most significant slice indicates that the 
result is available as a ten's-complement number. 
The information then can be used for adjusting the 
sign of the number. There are several ways to store 
the sign of BCD numbers; usually they involve a tag 
bit or a digit to provide sign information. 

Binary to BCD and vice-versa 

The binary-to-BCD conversion instruction must be 
performed several times for a conversion. For the 
same number of bits, a binary representation of a 
number has a larger range of values than a BCD 
representation. Designers must therefore ensure 
that. the binary number value' does not exceed the 
BCD range before using the instruction. Multipreci
sion representations, in which the width of the BCD 
number is larger than the width of the system, 
permit a larger number range. A binary number can 
also be stored as a multi precision number. Usually, 
multiprecision representations are integer multiples 
of the width of the system. Figure 5 shows a flow
chart for a single-precision conversion in a 16-bit
wide system. In this case, the binary-to-BCD con
version instruction must be executed 16 times. 

In sirtgle-precision conversion, an instruction re
quires that the binary number be present in the Q 
register. The instruction uses one of the RAM regis
ters for storing the BCD number during and after 
conversion; the RAM register must be cleared before 
use. Each instruction consists of two steps: The first 
adds a binary value of 3 to any BCD digit having 
a value of 5 or greater, as a preadjustment for a shift 
operation that follows. Addition is performed in
dependently over each slice, and the carry bits from 
each slice are ignored. The second step shifts up the 
Q register and the RAM register-interconnections 
are shown in Fig. 6a for a 16-bit system. The 29203 
executes both steps in one microcycle. The number 
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Taking advantage of EeL technology 

ZenHletection logie exemplifies the methods used 
to improve the system performance of the Am29203 
4-bit-iJlice processor. The device' was analyzed in a 
typiealsystem confIgUration to identify critical-speed 
paths both in the c;hip and in the system. This analysis 

'wall performed by modeling various important buses 
aildpins as nodes of a network and assigning realistic 
aeIay times 'for the paths eonnectedby the nodes. 

A computer program identified the criticsl paths 
,in The 29203'sECL technology was used 

delays. For example; the speed of 
gates may be changed merely by 

, consumption. The more 
the speed, ,or the siIQrter 

UlII.utliQLVSlrrretl'lmlililil thc'eate. EeL designs have 
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The International Standard of Qyality 
guarnntees these electrical AQLs on all 
~eters over the o.Qe~i!f!g tempeIa-
. . : 0.1% on MaS RAMs & ROMs; 
0.2% on & Interface; 0.3% 
on Linear, & other memories. 

Copyright 1981 Hayden Publishing Co .• Inc. 
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Am29705 • Am29705A • Am29707 
16· Word bV 4·8;f 2·Porf RAM 

DISTINCTIVE CHARACTERISTICS 

• 16-word by 4-bit, 2-port RAM 
• Two output ports, each with separate output control 
• Separate four-bit latches on each output port (Am2~707 

has separate output control) 
• Data output is noninverting with respect to data input 
• Chip select and write enable inputs for ease in cascading 
• Am29707 offers 20% improved cycle time over 

Am29705A when used with Am29203 in three 
address architecture 

• Am29705A is a pin-for-pin replacement for the Am29705 
with about a 30% speed improvement on the 
critical paths 

RELATED PRODUCTS 

Part No. 

Am29751A 
Am2921 
Am25LS138 
Am25LS139 
Am25LS157 

Description 

Bipolar PROM 
One-of-Eight Decoder 
One-of-Four Decoder 
Dual One-of-Four Decoder 
Quad 2-by·1 MUX 

Am29705· Am29705A BLOCK DIAGRAM 

.. 

A~LO 

FORCE A 

""" 

. 
~~:'J:: 

A 16.WORD&Y4.BIT B 
ADDRESS TWO.PORT RAM ADDRESS 

" 
" 
" 
" 

GENERAL DESCRIPTION 

The Am29705 is a 16-word by 4·bit, two'port RAM built 
using advanced Low-Power Schottky processing. This 
RAM features two separate output ports such that any two 
4-bit words can be read from these outputs simu~aneously. 
Each output port has a four-bit latch but a common Latch 
Enable (LE) input is used to control all eight latches. The 
device has two Write Enable (WE) inputs and is designed 
such that the Write Enable 1 (WE1) and Latch Enable (LE) 
inputs can be wired together to make the operation of the 
RAM appear edge triggered. 

The device has a fully decoded four-bit A-address field to 
address any of the 16 memory words for the A-output port. 
Likewise, a four-bit B-address input is used to simultane
ously select any of the 16 words for presentation at the 
B-output port. New incoming data is written into the four-bit 
RAM word selected by the B-address. The 0 inputs are 
used to load new data into the device. 

The Am29705 features three-state outputs so that several 
devices can be cascaded to increase the total number of 
memory words in the system. The A-output port is in the 
high,-impedance state when the OE-A input is HIGH. 
Likewise, the B-output port is in the high-impedance state 
when the OE-B input is HIGH. Four devices can be paral
leled using only one Am25LS139 decoder for output control. 

The Write Enable inputs control the writing of new data into 
the RAM. When both Write Enable inputs are LOW, new 
data is written into the word selected by the B-address field. 
When either Write Enable input is HIGH, no data is written 
into the RAM. 

The Am29707 is ari identical circuit to the Am29705, ex
cept each output port has a separate Latch Enable (LE) . 
input. An extra write enable input (WE2) may be connected 

.directly to the lEN of the Am29203 for' improved cycle 
times over the Am29705A. The WE/BLE input can then be 
connected directly to system clOCK. 

The Am29705A is a plug-in replacement for the Am29705, 
but is about 30o/~ faster. The Am29705A and Am29707 
feature AMD's advanced ion-implanted micro·oxide 
(IMOXT") processing. 

Am29707 BLOCK DIAGRAM 

A, B, 
1f1..WORD BY 4·81T 

A, TWD-PORT RAM ., 
A 

A • . 
A, ADDRESS ADDflESS ., 

OECODeR ADDflESS ADDRESS DECODER . .. . B, 

... ·PORT a-poRT 
WE, 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29705' Am29705A 
LOGIC SYMBOLS 

Am29707 
DO 0, D, 0 3 26 

WRITE 
ENABLE 

A3 

A, 

A, 
22 

AD 

FORCE A 
LOW 

A OUTPUT 
CONTROL 

20 " 
MPR-253 'A, Yc>'O YA2 YA 3 YBO YB, Y82 Y8 3 " n " " w " 05 " MPR·860 

CONNECTION DIAGRAMS - Top Views 
Am29705· Am29705A Am29707 

D, DO WE, '0 " " '3 A LO LE YSo YAO YB, YA, GND D, 00 WE, '0 " " '3 ALE vTE 
[lLE 

Yl:J o YAo YB, '(A, (,ND 

MPR-252 
L-28-1 

Leadless Chip Carriers 
L-28-1 

MPR,-851 

.r: Ii " ,; ~ .- " .r: If " ,; ~ .- " 
" WE2 " ." 

" Ao " Ao 

" A, " 
A-CO A, A, 

A, WE/BLE A, 

"0 OE-A '''' OE.), 

'.0, 0E.fi "'0 6E.i'i 

MPR·852 ~ f € ! f f Note: Pin 1 is marked for orientation. ~ f ~ ! ~ £ MPR-853 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am29707 Am29705A Am29705 Package Type Operating Range Screening Level 
Order Number Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM29707PC AM2970SAPC AM2970SPC P-28 C C-l 
AM29707DC AM2970SADC AM2970SDC D-28 C C-l 
AM29707DC-B AM2970SADC-B AM2970SDC-B D-28 C B-2 (Note 4) 
AM29707DM AM2970SADM AM2970SDM D-28 M C-3 
AM29707DM-B AM2970SADM-B AM29705DM-B D-28 M B-3 
AM29707FM AM2970SAFM AM2970SFM F-28-1 M C-3 
AM29707FM-B AM2970SAFM-B AM2970SFM-B F-28-1 M B-3 
AM29707LC AM2970SALC AM2970SLC L-28 C C-1 
AM29707LM AM2970SALM AM2970SLM L-28 M C-3 
AM29707LM-B AM2970SALM-B AM2970SLM-B L-28 M B-3 

AM29707XC AM2970SAXC AM2970SXC Dice C } Visual inspection 

AM29707XM AM2970SAXM AM2970SXM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number fOllowing letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used 
unless otherwise specified. 

2. C = 0 to + 70°C, Vee = 4.7S to S.2SV, M = - SS to + 125°C, Vee = 4.50 to S.50V. 
3. See Appendix A for details of screening. Levels C-1 and C,3 conform to MIL-STD-883, Class C. Level B-3 conforms to 

MIL-STD-883, Class B. 
4. 96 hour burn-in. 
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PIN DEFINITIONS 

00-1>3 Data Inputs 
New data is written into the RAM through these 
inputs. 

Ao-A3 The A-Address Inputs 
The four-bit field presented at the A inputs selects 
one of the 16 memory words for presentation to 
the A-Data Latch. A-LO 

Bo-B3 The B-Address Inputs 
The four bit field presented at the B inputs selects 
one of the 16 memory words for presentation to 
the B-Data Latch. The B address field also selects 
the word into which new data is written. 

YAo-YA3 The Four A-Data Latch Outputs 

YBo-YB3 The Four B-Data Latch Outputs 

WE1, WE2 Write Enables 
When both Write Enables are LOW, new data is ALE 
written into the word selected by the B-address 
field. " either Write Enable input is HIGH, no new 
data can be written into the memory. 

OE-A A-Port Output Enable 
When OE-A is LOW, data in the A-Data Latch is 
present at the YAi outputs. " OE-A is HIGH, the 
YAi outputs are in the high-impedance (off) state. WE/BLE 

OE-B B-Port Output Enable 
When OE-B is LOW, data in the B-Data Latch is 
present at the YBi outputs. When OE-B is HIGH 
the YBi outputs are in the high-impedance (off) 
state. 

LE Latch Enable 
The LE input controls the latches for both the RAM 
A-output port and RAM B-output port. When the 
LE input is HIGH, the latches are open (trans-

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

Arn29705/29705A/29707 

parent) and data from the RAM, as selected by the 
A and B address fields, is present at the outputs. 
When LE is LOW, the latches are closed and they 
retain the last data read from the RAM indepen
dent of the current A and B address field inputs. 
(Am29705A· Am29705A only.) 

Force A Zero 
This input is used to force the outputs of the A-port 
latches LOW independent of the Latch Enable 
input or A-address field select inputs. Thus, the 
A-output bus can be forced LOW using this control 
signal. When the A-La input is HIGH, the A 
latches operate in their normal fashion. Once the A 
latches are forced LOW, they remain LOW inde
pendent of the A-La input if the latches are 
closed. (Am29705· Am29705A only.) 

A-Output Port Latch Enable 
When ALE is HIGH, the A latch is open (trans
parent) and data from the RAM, as selected by the 
A address field, is present at the A output. When 
ALE is LOW, the A latch is closed and retains the 
last data read from the RAM independent of the 
current A address field input. (Am29707 only.) 

Write Enable/B-Output Port Latch Enable 
When WEIBLE is LOW together with WEt and 
WE2, new data is written into the word selected 
by the B address field. When WEIBLE or any 
Write Enable input is HIGH, no data is written into 
the RAM. 

WEIBLE also controls the B output port. When 
WEIBLE is HIGH, the B latch is open (trans
parent), and when this input is LOW, the B latch is 
closed (Am29707 only). 

Note: Actual current flow direction shown. 
MPR-254 
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FUNCTION TABLES 

Am29705 • Am29705A 
WRITE CONTROL 

RAM Outputs at Latch Inputs 

WE, WE2 Function A-Port B-Port 

L L Write 0 into B 
L L Write 0 into B 
X H No Write 
H X No Write 

A data (A ~ B) 
(A ~ B) Input Data 

A Data 
A Data 

Input Data 
Input Data 

BData 
BData 

H = HIGH L ~ LOW x ~ Don't Care 

Inputs 

OE-A A-LO 

H X 
L L 
L H 
L H 

H ~HIGH 

L ~LOW 

Inputs 

OE-A ALE 

H X 
L H 
L L 

H ~ HIGH 
L ~LOW 

VA READ 

LE YAOutput 

X Z 
X L 
H A-Port RAM Data 
L NC 

X ~ Don't Care 
Z .~ High Impedance 

WE, 

L 
X 
X 
H 

H ~ HIGH 

YAREAD 

YA Output 

Z 
A-Port RAM Data 

NC 

0 = Don't Care 
Z ~ High Impedance 

Input 

Inputs 

Function OE-B LE 

High Impedance 
ForceYALOW 

Latches Transparent 
Latches Retain Data H 

NC ~ No Change L 

Am29707 
WRITE CONTROL 

H X 
L H 
L L 

= HIGH 
~LOW 

YBREAD 

YBOutput 

Z 
B-Port RAM Da,a 

NC 

X = Don'teare 
Z ~ High Impedance 

RAM Outputs at Latch Inputs 

WE2 WE/BLE Function A-Port B-Port 

L L Write 0 intoB AData(A~ B) Not Specified 
X H No Write A Data BData 
H X No Write A Data Boata 
X X No Write A Data BData 

L = LOW X = Don't Care 

YB READ 

Inputs 

Function OE-B WE/BLE YBOutput 

High Impedance H 

I 
X Z 

Latches Transparent L H B-Port RAM Data 
Latches Retain Data L L NC 

NC ~ No Change H = HIGH 0 = Don't Care 
~ LOW Z = High Impedance 

LOADING RULES (In Unit Loads) 

Fan-out 
Output Output 

Function 

High Impedance 
Latches Transparent 
Latches Retain Data 

NC = No change 

Function 

High Impedance 
Latches Transparent 
latches Retain Data 

NC = No Change 

Fan-out 
Output Output 

Input/Output Pin No:s Unit Load HIGH LOW Input/Output Pin No:s 
Input 

Unit Load, HIGH LOW 

Dl YAI 13 ----'-----------------------100/200 33 

DO 2 GND 14 --------------_._---_._---
WE, 3 YB2 15 100/,200 33 

BO 4 0.55 16 100/200 33 

Bl 5 0.55 17 100/200 33 

B2 6 0,55 18 100/200 33 

B3 0.55 OE-B 19 

20 

21 0.55 

OE-A 
A-LO (29705 8 

Only) 

22 0.55 

23 0.55 

24 0.55 

LE (29705 Onlv) 9 

ALE 129707 8 Only) 

A2 
---c-=------::------c-'-:-:c---------

AI 

AO 

25 

26 
WEIBLE 129707 9 Only) 

YBO 10 100/200 33 27 

YAO 11 100/200 33, VCC 28 

YBI 12 100/200 33 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 

OPERATING RANGE 
Part Number 

Suffix Vee Temperature 

PC,PC-B 
DC,DC-S 4.75 10 5.25V TA = 010 +70"C 
XC 

DM,DM-B 
FM,FM-8 4.5105.5V TA = -5510 +125°C 
XM 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for HIGH Output State 
---_ .. _---------_.-

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Am29705/29705A/29707 

_65°C to +150°C 

-O.5V to +7 .OV 

-O:5V to +Vcc max. 

-O.5V to +5.5V 

30m A 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Typ. 
Parameten Description Test Conditions (Not. 1) Min. (Not. 2) Max. Units 

VOH Output HIGH Voltage 
VCC= MIN. MIL, 10H = -2.0mA 2.4 

Volt. 
VIN = VIH or VIL COM'L, 10H = -4.0mA 2.4 

10l = 4.0mA 0.4 

VOL Output LOW Voltage 
VCC= MIN. 

10L =8.0rnA 0.45 Volts 
V,N = V,H or V,L 

10L -12mA 0.5 

V,H Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volt. 
voltage for all inputs 

V,L Input LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 0.8 Volts 

VI Input Clamp Voltage VCC = MIN., 'iN = '-18mA -1.5 Volts 

Ai,Si -0.25 

I,L Input LOW Current VCC = MAX., V,N = 0.4V OE-A,OE-S -0.54 rnA 

Others -0.36 

IIH Input HIGH Current Vce - MAl<., VIN = 2.7V 20' ,.A 

II Input HIGH Current VCC = MAX .. Y,N = 5 5V 0.1 mA 

Off State (High Impedance) VeC= MAX. Vo = 2.7V 20 
10 

Output Current Y,N = V,H or V,L Vo = 0.4V -20 
,.A 

ISC 
Output Short Circuit Current VCC = MAX. -30 -85 mA 
(Note 3) 

TA=25°C 121 195 

VCC = MAX. TA =O°Cto +70°C 210 

ICC Power Supply Current (Worst case ICC is at 
TA=70°C 170 rnA 

minimum temperature) 
(Note 4) TC = -55°C to. +I25°C :210 

TC': 125°C 150 
.. 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Charac~erjstics for the applicable device type. 
2. Typical limits are at Vee:: 5.0V. 25°e ambient and maximum loadin.9. . 
3. Not more than one OUtput should be shorted at a time. DUration of the short circuit test should not exceed one second. 
4. All inputs grounded except OE~A and O.E~B =2.4V. 
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Am29705/29705A/29707 
Am29705A SW.ITCHING CHARACTERISTICS 
(Output levels = 0 and 3.0V, transitions measured at 1.5V) 
(RL = 390n CL = 50pF) 

Parameters From To 

Access Time 
A Address Stable or YAStableor 
B Address Stable YBStable 

Turn·On Time OE-Aor OE-B LOW YA or YB Stable 

Tum-Off TIme OE-AorOE-BHIGH YAorYBOff 

Reset TIme A-LOLOW YALOW 

Enable Time LEHIGH YA and YB Stable 

Transparency 
WEorWE2 YA or YB 

0 YAorYB 

MINIMUM SETUP AND HOLD TIME (in ns) 

Parameters From To 

. Data Setup TIme DSiabie Either WE HIGH 
----.---

Data Hold, TIme Either WE HIGH o Changing 

Address Setup TIme BStable Both WE LOW 

Address Hold Time Either WE HIGH BChanging 

Latch Close Before LELOW WE, LOW 

Write Begin~ 
f----. 

LELOW WE2LOW 

Address Setup 
AorBStable LELOW 

Before Latch Closes 

MINIMUM PULSE WIDTHS 

Parameters Input Pulse 

Write Pulse Width 
WE, HIGH-LOW-HIGH 

WE2 HIGH-LOW-HIGH 

A Latch Reset Pulse A-LO HIGH-LOW-HIGH 

Latch Data Capture LE LOW-HIGH-LOW 

Note: The Am29705A meet or exceeds all of the specifications of the Am29705. 

5-418 

Test TA = Oto +700C TA = -55 to + 125°C 
Conditions Vee = 4.75 to 5.25V Vee = 4.5 to 5.5V 

LE= HIGH 28 30 

20 20 

20 20 

20 25 

20 25 

35 40 

35 40 

TA = Oto +700C TA= -55 to + 125°C 
Test Vee = 5.0V ±5% Vee = 4.5 to 5.5V 

Conditions Max 

12 15 

3 0 

0 3 

3 0 

WE2LOW 0 0 

WE, LOW 0 0 

15 20 

TA = Oto +700C TA = -55 to +125°C 
Test Vee = 5.0V ± 5% Vee = 4.5 to 5.5V 

Conditions Max 

WE2LOW 20 20 

WE, LOW 20 / 20 

15 15 

15 15 



Am29705 SWITCHING CHARACTERISTICS 
(Output levels ='0 and 3,OV, transitions measured at 1,5V) 
(RL - 390n CL - 50pF) - -

Parameters From To 

Access Time A Address Stable or YA Stable or 
B Address Stable YBStabie 

Tum·OnTime OE-A or OE-B LOW YA or YB Stable 

Turn-Off Time OE-A or OE-B HIGH YAor YBOff 

Reset Time A-LOLOW YALOW 

Enable Time LEHIGH YA and YB Stable 

MINIMUM SETUP AND HOLD TIMES (in ns) 

Parameters From To 

Data Setup Time o Stable Either WE HIGH 

Data Hold Time Either WE HIGH o Changing 

Address Setup Time BStable Both WE LOW 

Address Hold Time Either WE HIGH BChanging 

Latch Close Before LELOW WE, LOW 

WnteBegins LELOW WE2LOW 

Address Setup 
AorBStable LELOW 

Before Latch Closes 

MINIMUM PULSE WIDTHS 

Parameters Input Pulse 

Write Pulse Width WE, HIGH-LOW-HIGH 

WE2 HIGH-LOW·HIGH 

A Latch Reset Pulse A-LO HIGH-LOW-HIGH 

Latch Data Capture LE LOW-HIGH-LOW 

Arn29705/29705A/29707 

Test TA = Oto +700C TA = -55to +125°C 
Conditions Vee = 4.75 to 5.25V Vee = 4.5 to 5.5V 

LE = HIGH 53 58 

30 30 

20 20 

35 35 

32 32 

TA=OtO+70°C TA = -55 to + 125°C 
Test Vee = 5.0V ±5% Vee = 4.5 to 5.5V 

Conditions Max 

20 25 

3 5 

5 5 

0 0 

WE2LOW 0 0 

WE, LOW 0 0 

45 50 

TA = Oto +700C TA = -55 to +125°C 
Test Vee = S.OV ±S% Vee = 4.S to S.SV 

Conditions Max 

WE2LOW 25 25 

WE, LOW 20 20 

20 20 

20 25 
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Am29707 SWITCHING CHARACTERISTICS 
(Output lavels = 0 and 3.0V, transitions measured at 1.5V) 
(RL = 3900, CL = 50pF) 

Parameters From To 

Access Time A Address Stable or YA Stable or 
B Address Stable YB Stable 

Turn-On Time OE-A or OE-B LOW YA or YB Stable 

Turn-Off Time OE-A or OE-B HIGH YA or YB Off 

Reset Time A-La LOW, YALOW 

Enable Time LE HIGH YA and YB Stable 

WE orWE2 YA or YB 
Transparency 

D YA or YB 

Minimum Set-up and Hold Times (In ns) 

Parameters From, To 

Data Set-Up Time D Stable Either WE HIGH 

Data Hold Time Either WE HIGH D Changing 

Address Set-Up Time B Stable Both WE LOW 

Address Hold Time Either WE HIGH B Changing 

Latch Close LE LOW WEl LOW 
Before Write Begins LE LOW WE2LOW 

Address Set-Up 
A or B Stable LE LOW 

Before Latch Closes 

Minimum Pulse Widths 

Parameters Input Pulse 

Write Pulse Width 
,WEl HIGH-LOW-HIGH 

WE2 HIGH-LOW-HIGH 
----_._-----

A Latch Reset Pulse A-LO HIGH-LOW-HIGH 

Latch Data Capture LE LOW-HIGH-LOW 

5-420 

TA = 25"C 

Conditions Vee = 4.75 to 5.25V 

LE = HIGH 13 

6 

13 

8 

8 

12 
14 

TA = 25·C 
Vee = 5.0V ±5'" 

Conditions Max 

2' 

4 

-1 

8 

WE2 LOW 0 

WEl LOW 0 

7 

TA = 0 to +70·C 
Vee = 5.0V ±5% 

Conditions Max 

WE2LOW 25 

WEl LOW 20 

20 

20 



Notes on Testing 

Am29705/29705A/29707 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am29705 

A. THREE-STATE OUTPUTS 

s, 

R1 = 
5.0 - VBE - VOL 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitances without device in test fixture. 
2. 51. 52. 53 are closed during function tests and all A.C. tests except output enable tests. 
3. 51 and 53 are closed while 52 is open for tPZH test. 

51 and 52 are closed while 53 is open for tPZL test. 
4. CL = 5pF for output disable tests. 

Pin # 
(DIP) 

TEST OUTPUT LOADS FOR Am29705 

Test 
Pin Label Circuit R1 R2 

~ ____ ~ ____ Y_A~O-~3 ____ ~ ____ A __ ~ ___ 3_1_2 __ -r ___ 1_K __ ~ 
YBO-3 A 312 1K 

MPR·854 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power . 
levels of the part. The following notes may be useful: 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach YIL 
or YIH until the noise has settled. AMD recommends using 
YIL '" O.4Y and YIH ;" 2.4Y for AC tests. 

1. Insure the part is adequately decoupled at the test head. 
Large changes in YCC current as the device switches may 
cause erroneous function failures due to 'Ycc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as' 400mA in 5-8ns. Inductance in the ground 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. . 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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USING THE Am29705 AND Am29707 
All references to the Am29705 include the Am29705A. The Am2903 and Am29203 each contain only 16 scratchpad 

registers plus the Q register. For applications which require 
more than 17 registers, the register set of the Am2903 and 
Am~9203 can be easily expanded. 

Use the Am29705 with the Am2903 
- Use the Am29707 with the Am29203 

For further applications information on using the Am29705 with 
the Am2903, see Chapter Iii of Bit Slice Microprocessor 
Design, Mick and Brick, McGraw-Hili Publications. 

-

CPU MAIN DATA BUS MEM 

I I LENABLE 

A B OE 

Am25LS157 
DATA INPUT MUX Am25LS2569 

/ R I--COUNTER 

J 
REGISTER 

Am25lS163 
0 

Q A B 
COUNTF.R ADOR ADDR 
REGISTER 

Am2970S 

--0 WE, Arn25LS2569 

LE p--- S ---C WE, COUNTER 
REGISTER 

OEA A B OE8 

I 
I 

I OE 

I 
ENABLE 

, 
A 

Am25lS2521 
ADDRESS 8 

COMPARATOR 

! 
DISK PERIPHERAL BUS TAPE 

The Am29705 as a two-way interface buffer. Data may be passed between the main data bus and the peri· 
pheral data bus under I/O control. The two-port RAM allows data to be written into buffer storage from a 
peripheral device, using the B address port and the S counter register, while it is being read into main memory, 
using the A address port and the Q counter register. This simultaneous· read/write capability facilitates DMA 
transfers because the CPU can ignore write requests from the peripheral device. Data output from CPU to 
the peripheral device is handled by sequential write and read operations_ Data is written into buffer storage 
from the CPU, using the B address port and the R counter register. It is read onto the peripheral device using 
the B address port and either the R register, for single word transfers, or the S register, for block transfers. 
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A·SOURce 
AODAESS 

Arn29705/29705A/29707 

WRITE 
ENABLE 

A, 
A2 

A, 
AO 

FORCE A 
LOW 

A OUTPUT 
CONTROL 

APPLICATIONS (Cont.) 

A l6-word by 4-bit two-port RAM with LE and WEl connected to make the device appear edge triggered_ 
WE1 and WE2 are logically identical but are electrically slightly different. For synchronous operation with
out possibility of race, WEl should be connected to LE. 

£~~~~ --,----,-OA"",.-'-"-:,,:--------------, 

"" .. -------....------i.A, A, _-,-_____ +.,... __ ~A, 
"2 "2 
"3 "] 

rc AeL~ 

"" .. 
A, 
A, 
A, 

;----

"t=J A4 - A 

" "5- B 
,,~ 

r G "P- "', .. 
tN~~~~ -- A, 

A, 
A, 

I-( A·LD 

~ 

" 
" 
" 
" 

" 
" 
" 
" 

0" 

"" Y 

" 
" 
" 
" 

"" 

a·POAT 
EHABlE 

-

,---
,--~ 

48- 8 3 

38- 8 2 

2e- 8 , 

la_Bo 

JA-C2 

4A-C3 

MPA-257 

a SOURCE 
AO()RESS 

C OESTlN;TlON 
y 

;:=::1 

',- --':::::: ~ ,-f" 
"~ '--+-_-<>1'1'2 ~ a_Cs 

.', A, 
- A, 

- A, 
" 

A, 

'-------010<--+---+--+-1-+-__ ++++71" 't"'-!" 10-------' I +-~ 
,VAo .~~ VA3, 

A OUTPUT I 

,YBO • ~. VB] , 

BOUTPUT 

A 64-word by 4-bit three address memory. Data is read from the A address to the YA outputs and from the 
. B address to the YB outputs while the latch enable is HIGH. When the.latch enable goes LOW, the YA and 

YB data is held in the internallatch.es, and the RAM B address is switched to the C-destination address lines. 
A write pulse will then deposit the input data into the location selected by the C address. 
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111 
I 

I 

APPLICATIONS (Cont.) 

DA 
BUS 1 BUS 2 

r-dI 7--J 

10F8 

I 

DeCODER 
Am2921 

I I 

BUS 3 CP BUS 4 

PROM 

- A4 

r- - AO-A3 

°0-0 3 

cs 
Am29751 

0:-

I 
0 

1-1-- A RAM B 

OEA DEB 

VA VB 

f---<: 
_WE, 

LE 
WE~I Am29707 WEI 

BlE 
. WEa 

I 
0 

-I-- A RAM B 

OEA <mi 

VA VB -- WE, 

f---<: LE WE ~ 
n~ Am29107 _ 

, WE2 

-!--- A B 
DEA <mi 
DA DB 

Am29203 
I-- CP WE 

:-<l lEN WRITE 

OEV V 

I 

A3 -AO 

CP iEN 

Am29203 EXPANDED MEMORY 

SUS 5 

~ 

Is QUAD 
2X 1 
MUX 

I Am25L.S157 

I I 
SOURCE DEST 
83- BO Co - C3 

1 
I I 

10F4 

I IE 

DECODER 
Am25LS139 

I r ~ 
B4 B5 

A 48-word by 4-bit expanded memory for the Am29203 using the Am29707. The Am29751 PROM serves as 
a constant store. 
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WE FOR 
EXT DEST 

10F4 

I 

DECODER 
Am25LSl39 

I I 
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Am29803A 
16·War Branch Control Unit 

DISTINCTIVE CHARACTERISTICS 

• 16 separate instructions - 2,4,8 or 16-way branch in 
one microprogram execution cycle 

• Four individual test inputs 
• Four individual outputs for driving the four OR inputs on 

the Am2909A Microprogram Sequencer 
• Provides maximum branch capability in a microprogram 

control unit using the Am2909 
• Advanced Low-Power Schottky processing 

FUNCTIONAL DESCRIPTION 

The Am29803A is a Low-Power Schottky processed device 
that provides 16-waybranch control when used in conjunc
tion with the Am2909A Microprogram Sequencer. 

The device features 16 instructions that provide all combi
nations of simultaneous testing of four different inputs. The 
device has four outputs that are used to drive the four OR 
inputs of the Am2909A Microprogram Sequencer. 

The "zero" instruction inhibits the testing of any of the four 
test (T) inputs. The remaining 15 instructions are used to 
test combinations of 1, 2, 3 or 4 of the T inputs simultane
ously. If one T input is being tested, the Am29803A will 
select one of two possible addresses. If two T inputs are 
being tested, the device will select one of four possible 
addresses. If three T inputs are being tested, the device will 
select one of eight possible addresses. If all four T inputs 
are being tested,the device will select one. of sixteen ad
dresses as the field used to drive the OR inputs of the 
Am2909A. 

LOGIC DIAGRAM 

Ta Ta 

T2 1'2 

T, T, 

TO To 
'0 

'0 

CONNECTION DIAGRAM - Top View 
D16,P16 

F-16 pin configuration identical to D~16, P16. 

Note: Pin I is marked for orientation. 

DECODE 
MATRIX 

I, 
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OR3 

OR2 

OR, 

la 
'ORo 

ORa 

OR2 

OR, 

ORO 

LOGIC SYMBOL 

5 6 7 4 

9 10 11 12 

Vee = Pin 1~ 

GND = Pin 8 

OE, 

OE2 

'a 

'4 

II 



Am29803A 
MAXIMUM RATINGS (Above which the useful life may be. impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 

Am29803ADC TA = O"C to +75°C Vee = 5.0V ±5% 

Am2!1803ADM TA = -55°C to +125°C Vee = 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY. DATA 

Parameters Description 

VOH Output HIGH Voltage 

VOL Output LOW Voltage 

VIH Input HIGH level 

VIL Input LOW Level 

IlL Input LOW Current 

IIH Input HIGH Current 

II Input HIGH Current 

ISC Output Short Circuit Current 

ICC Power Supply Current 

VI Input Clamp Voltage 

ICE X Output Leakage Current 

elN I "put Capacitance 

COUT Output Capacitance 

Note 1. Typical limits are at vee;: 5.0V and T A "" 2S? C 

Test Conditions 

Vec = MIN .• IOH = -:-2.0rnA 

VIN = VIH or VIL 

VCC = MIN .• IOL = 16rn'A 

VIN = VIH or VIL . 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

VCC = MAX .. VIN = 0.45V 

Vce = MAX .• VIN "2.7V 

VCC " MAX .• VIN " 5.5V 

VCC = MAX .• VOUT = O.OV (Note 2) 

All inputs" GND 

VCC" MAX. 

VCC" MIN .• liN = -18mA 

Va = 4.5V 

Vce = MAX. Va " 2.4V 
VCSI = 2.4V 

Va " 0.4V 

VIN = 2.0V @f - 1 MHz (Note 3) 

VOUT " 2.0V @f = 1 MHz (Note 3) 

Min. 

2.4 

2.0 

-20 

Typ. 
(Note 1) 

-0.010 

'-40 

95 

4 

8 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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-65°C to +150°C 

-55°C to +125°C 

-O.5V to +7.0V 

-O.5V to +Vec max. 

-O.5V to +5.5V 

-30mA to +5mA 

Max. Units 

Volts 

0.45 Volts 

Volts 

0.8 Volts 

-0.250 rnA 

25 jlA 

1.0 mA 

-90 rnA 

130 mA 

-1.2 Volts 

40 

40 jl.A 

-40 

pF 



SWITCHING CHARACTERISTICS 
(TA = +25°e. vee = 5.0V) 

Am29803A 

Parameters Description Test Conditions Min. Typ. Max. • Units 

IplH 
Ii to ORj 25 35 ns 

IpHl 

IplH 
Tj to ORj Cl = 15pF 

25 35 ns 
IpHl Rl = 2.0kn 

tZH 
OE; to OR; 15 18 ns 

IZl 

1HZ 
OE; to OR; 

Cl = 5.0pF 

Rl=2.0kn 
15 18 ns 

tlZ 

SWITCHING CHARACTERISTICS COM'L MIL 
OVER OPERATING RANGE 

TA = O°C to +70°C TA = _55°C to +125°C 
VCC = 5.0V ±5% VCC = 5.0V ±10% 

Parameters Description Test Conditions Min. Max. Min. Max. Units 

IplH 

IpHl 
Ii to ORj 

IPlH 
Tj to ORj 

tpHl Cl=15pF 

tZH 
OE; to OR; 

Rl=2.0k<1 

IZl 

tHZ 

IlZ 
OE; to OR; 

DEFINITION OF FUNCTIONAL TERMS 

The four instruction inputs to the 
device 

TO T 1, T 2, T 3 The four test inputs for the device 
ORO, OR1, OR2' OR3 The four outputs of the device that are 

connected to the four OR inputs ofthe 
Am2909 
Output Enable. When either OE input 
is HIGH, the ORi outputs are in the 
high impedance state. When both the 
OEl and OE2 inputs are LOW, the OR 
outputs are enabled and the selected 
data will be present. 

LOW·POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

vcc------~--------.-----L-----------~----

Note: Actual current flow direction shown. 
MPR-312 

45 60 

45 60 

30 30 

20 20 

, GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 

ns 

ns 

ns 

ns 

A Low-Power Schottky TTL Unit Load is defined as 20IJ..A measured at 
2 7V HIGH and -036mA measured at04V LOW 

Output 
Input Output LOW 

Pin No:s Input/Output Load HIGH MIL COM'L 

1 12 0.5 - - -

2 11 0.5 - - -
3 10 0.5 - - -
4 T3 0.5 - - -

5 TO 0.5 - - -

6 Tl 0.5 - - -

7 T2 0.5 - - -

8 GND - - - -

9 ORO - 100 44 44 

10 ORl - 100 44 44 

11 OR2 - 100 44 44 

12 OR3 - 100 44 44 

13 OEl 0.5 - - -
14 OE2 ' 0.5 - - -
15 13 0.5 - - -
16 VCC - - - -

5-427 

I 



Am29803A 

FUNCTION TABLE 

Function 13 12 I, 10 T3 T2 T, TO OR3 OR2 OR, ORO 

No Test L L L L X X X X L L L L 

L H 
X X X L L L L 'L Test TO L L X X X H L L L H 

L H L 
X X L X L L L L TestTl L X X H X L L L H 

X X L L L L L L 

L H H X X L H L L L H 
TestTO&Tl L X X H L L L H L 

-x x H H L L H H 

H L L X L X X L L L L TestT2 L X H X X L L L H 

X L X L L L L L 

L H L H X L X H L L L H 
Test TO & T2 X H X L L L H L 

X H X H L L H H 

X L L X L L L L 

H X L H X L L L H TestTl & T2 L H L X H L X L L H L 
X H H X L L H H 

X L L L L L L L 
X L L H L L L H 
X L H L L L H L 

H H X L H H L L H H Test TO. Tl & T2 L H X H L L L H L L 
X H L H L H L H 
X H H L L H H L 
X H H H L H H H 

H L L L X X X L L L L TestT3 L H X X X L L L H 

L X X L L L L L 
L X X H L L L H 

Test TO & T3 H L L H H X X L L L H L 
H X X H L L H H 

L X L X L L L L 

H L X H X L L L H TestTl &T3 H L L H X L X L L H L 
H X H X L L H H 

L X L L L L L L 
L X L H L L L H 
L X H L L L H L 
L X H H L L H H 

TestTo.Tl &T3 H L H H H X I: L L H L L 
H X L H L H L H 
H X H L L H H L 
H X H H L H H H 

L L X X L L L L 
TestT2 & T3 H / L H X X L L L H H L L H L X X L L H L 

H H X X L L H H 

L L X L L L L L 
L L X H L L L H 
L H X L L L H L 

Test TO. T2 & T3 H L H X H L L H H H L H H L X L L H L L 
H L X H L H L H 
H H X L L H H L 
H H X H L H H H 

L L L X L L L L 
L L H X L L L H 
L H L X L L H L. 

TestTl.T2&T3 H H L H H X L L H H H L H L L X L H L L 
H L H X L H L H 
H H L X L H H L 
H H H X L H H H 

L L L L L L L L 
L L L H L L L H 
L L H L L L H L 
L L .H H L L H H 
L H L L L H L L 
L H L H L H L H 
L H H L L H H L 

TestTo.Tl. T2&T3 H 
L H H H L H H H H H H H L L L H L L L 
H L L H H L L H 
H L H L H L H L 
H L H H H L H H 
H H L L H H L L 
H H L H H H L H 
H H H L H H ). H L 
H H H H H H H H 

L = LOW, H = HIGH, X::c Don't care 
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Am29803 

ORDERING INFORMATION 

Order the part number according to the teble below to obtain the desired package, temperature range, and screening level. 

Order Package Type Operating Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 

AM29803APC P-16 C C-l 
AM29803ADC 0-16 C C-l 
AM29803ADC-B 0-16 C B-1 
AM29803ADM 0-16 M C-3 
AM29803ADM-B 0-16 M B-3 
AM29803AFM F-16 M C-3 
AM29803AFM-B F-16 M B-3 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Numbel following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = O"C to +70'C, Vee = 4.75V to 5.25V, M = - 55'C to + 125'C, Vee = 4.50V to 5.50V. 
3. See Appendix A for deteils of screening. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 

APPLICATION 

<;Ar ______________________ r-___ ' __________________ ,~/ DATA BUS 

I V 

INSTRUCTION REGISTER I 
OP CODe OTHER) 

I I 
0; ADDRESS 

LOAD/COUNT 

r- TC COUNTER ~i£~~:i DE r-
OUTPUT I "~"'" I """"'"'" I I 

AND lOOP STACK I 
SUBROUTINE I 

2 2 

'--, '4 

CAARY __ 7 

OVR- 6 

ZERO __ 5 

SIGN __ 4 

INAPT_3 

POLARITY 
CONTROL 

Am29811A 
NEXT 

ADDRESS 
CONTROL 

ADDRESS 

MICROPROGRAM MEMORY 

INSTRUCTION 
AND ENABLES. 

- TEST 1---
BRANCH 
ADDRESS I NEXT ADDRESS I 

SELECT 
OTHER 

ETC __ 2 

I I 
,["' 

'----,--..... 

A typical computer control unit using the Am2909, Am2911, Am29803A and Am29811A. Note that 
the least significant microprogram sequencer is an Am2909 and the more significant sequencers 
are Am2911's. 
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Am29811A 
Next Address Control Unit 

DISTINCTIVE CHARACTERISTICS 

• Next address control unit for the Am2911A Microprogram 
Sequencer 

• 16 next address instructions 
• Test input for conditional instructions 
• Separate outputs to control the Am2911A, an independent 

event counter, and a mapping PROM/branch address 
interface 

• Advanced Low-Power Schottky technology 

LOGIC DIAGRAM 

TEST ---1:>0-----, 

MATRIX 
DECODING 

ARRAY 

'0 

P = Pass 

F = Fail MPR·314 

FUNCTlONA~ CHARACTERISTICS 

The Am29811A is a Low-Power Schottky device designed 
specifically for next address control of the Am2911A Micropro
gram Sequencer. The device contains all outputs required to 
control a high-performance computer control unit or a structured 
state machine design using microprogramming techniques. 

Sixteen instructions are available by using a four-bit instruction 
field 10-3. In addition, a test input is available such that condi
tional instructions can be performed based on a condition code 
test input. 

The full instruction set consists of such functions as conditional 
jumps, conditional jump-to-subroutine, conditional return
from-subroutine, conditional repeat loops, conditional branch to 
starting address, and so forth. 

One Am29811A can be used to control any number of Am2911A 
Microprogram Sequencer,s. The Am2911A Sequencer is a 
four-bit slice itself. Thus, one Am29811A Next Address Control 
Unit and three Am2911A Microprogram Sequencers can be 
used to build a powerful, microprogram sequencer capable of 
contrOlling 4k words of microprogram memory. 

CONNECTION DIAGRAM 
Top View 

J)16,D16 

MAP E Vee 

PUP DE 

FE '3 
5, 

" 

50 

eNT LOAD '0 

CNTE TeST 

GNO PT"'E 

F-16 pin configuration identical to 0·16, P-16. 

Vee = Pin 16 

GND = Pin 8 

Note: Pin 1 is marked for orientation. 

LOGIC SYMBOL 

10 TEST 

'5 OE 
PUP 

5, 

14 13·,2 11 

MPR·315 

MPR·316 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 

Am29811ADC 

Am29811ADM 

TA = O°C to +75°C 

TA = -55°C to +125°C 

Vee = 5.0V ±5% 

Vee = 5.0V ±10%· 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 

Typ. 
Parameters Description T<lst Conditions Min. INote 1) 

VOH Output HIGH Voltage 
Vee = MIN., IOH = -2.0mA 

VIN = VIH or VIL 
2.4 

VOL Output LOW Voltage 
Vee = MIN., IOL - 16mA 

VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

VIL I nput LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

IlL Input LOW Current Vee = MAX., VIN - 0.4SV -0.010 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = 5.5V 

Ise Output Short Circuit Current Vee = MAX., VOUT = O.OV INote 2) -20 -40 

ICC Power Supply Current 
All inputs = GND 

90 
Vee = MAX. 

VI Input Clamp Voltage VCC = MIN., liN" -18mA 

Vo = 4.SV 

ICEX Output Leakage Current VCC = MAX. 
Vo = 2.4V 

Ves = 2AV 
Vo = O.4V 

CIN I nput Capacitance VIN - 2.0V @f - 1 MHz INote 3) 4 

COUT Output Capacitance VOUT = 2.0V @f = 1 MHz INote 3) 8 

Note.: 1. TypicallimitsareatVeC=5.0VandTA=25°C. 

Am29811A 

-65°C to +150°C 

-55°C to +125°C 

-O.5V to + 7.0V 

-O.5V to +Vee max. 

-O.5V to +5.5V 

-30mA to +5mA 

Max. Units 

Volts 

0.45 Volts 

Volts' 

0.8 Volts 

-0.250 mA 

25 "A 

1.0 mA 

·-90 mA 

115 mA 

-1.2 Volts 

40 

40 IlA 

-40 

pF 

2. "Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but period.ically sampled .. 
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Am29811 A 
SWITCHING CHARACTERISTICS 
(T A = +25°C, VCC = 5.0V) 

Parameters, Description Test Conditions 

tPLH 
Ii to Any Output 

tpHL 

tPLH 
Test to Any Output 

tPHL 

tZH 
OE to Any Output 

tZL 

1HZ 

tLZ 
OE to Any Output 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

IpLH 

tPHL 
Ii to Any Output 

tPLH 
Test to Any Output 

tpHL 

tZH 
O"E to Any Output 

tZL 

1HZ 

ILZ 
OE to Any .output 

DEFINITION OF FUNCTIONAL TERMS 

10.1,.12.13 The four instruction inputs to the Am29811A. 

TEST The condition code input to the device. When 
the test input is LOVV, the device assumes 
the test has failed. When the test input 
is HIGH. the device assumes the condition 
code required 'has been met; the test has 
passed. 

This, output is used to drive the parallel load 
input of an Am25LS169 up/down counter. 

This output is used to drive the counter ena
ble input of an Am25LS169 up/down counter. 

This output is used to control the three-state 
outputs of the mapping PROM or PLA used 
to provide the initial starting address for each 
machine instruction. 

CL = 15pF 

RL = 2.0kn 

CL = 5.0pF 

RL =2.0kn 

FE File 
Enable 

PUP 

5-432 

Min. Typ. Max Units' 

25 35 ns 

25 35 ns 

15 20 ns 

15 20 ns 

This output is used to control the three-state 
output of the pipeline register, (Am2918) con
taining the branch address for the computer 
control Linit. 

This output is used to drive the file enable 
input of the Am2911. When the file enable 
output is LOW, a stack operation will take 
place. 

Push/Pop. The PUP output is used to drive 
the push/pop input of the Am2911 Micro
program Sequencer. When the PUP output is 
HIGH, a push will take place when the file is 
enabled. When the PUP output is LOW. a pop 
will take place when the file is enabled. 

These two outputs are used to drive the So 
and S, inputs to the Am2911 Microprogram 
Sequencer. These outputs control whether the, 
direct input, the register, the microprogram 
counter, or the .stack is selected as the source 
of the next address for the microprogram 
memory. 



Am29811A 

LOW·POWER SCHOTTKY INPUT/OUTPUT GUARANTEED LOADING RULES 
CURRENT INTERFACE CONDITIONS OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20,uA measured at 
2.7V HIGH and -O.36mA measured atO.4V LOW. 

Output 

DR IV I NG OUTPUT I DRIVEN INPUT 
Input Output LOW 

Vee Pin No:s Input/Output Load HIGH MIL COM'L 
I 1 MAP E - 100 44 44 I 

[i] 
2 PUP - 100 44 44 

3 FE - 100 44 44 
. 

4 Sl - 100 44 44 ----
V 5 So - 100 44 44 

I r.A 6 CNT LOAO 100 44 44 

I J"I 7 CNT E - 100 44 44 

~ 
.J"o. 

I 
I 

::S~ 8 GND - - - -
I "H ~ ~ I 9 PL E - 100 44 44 

I ::s ~ 10 TEST 0.5 - - -

I 11 10 0.5 - - -

.". I .". 12 11 0.5 - - -
13 12 0.5 - - - I 
14 13 0.5 - - .-

15 OE - 100 44 44 

Note: Actual current flow direction shown. 
16 VCC - - - -

MPR·317 

INSTRUCTION TABLE 

MNEMONIC 13.12 11 10 INSTRUCTION 

JZ L L L L Jump to Address Zero 

CJS L L L H Conditional Jump·to·Subroutine with Jump Address 
in Pipeline Register. 

JMAP L L H L Jump to Address at Mapping PROM Output. 

CJP L L H H Conditional Jump to Address in Pipeline Register 

PUSH L H L L Push Stack and Conditionally Load Counter 

JSRP L H L H Jump·i:o·Subroutine with Starting Address Conditionally 
Selected from Am2911 R·Register or Pipeline Register. 

CJV L H H L Conditional Jump to Vector Address. 

JRP L H H H Jump to Address Conditionally Selected from Am2911 
R·Register or Pipeline Register. 

RFCT H L L L Repeat Loop if Counter is not Equal to Zero. 
RPCT H L L H Repeat Pipeline Address if Counter is not Equal to Zero. 

CRTN H L H L Conditional Return·from·Subroutine. 

CJPP H L H H Conditional Jump to Pipeline Address and Pop Stack. 

LDCT H H L L Load Cciunter and Continue. 

LOOP H H L H Test End of Loop. 

CONT H·H H L Continue to Next Address. 
JP H H H H Jump to Pipeline Register Address. 
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Am29811A 

MNEMONIC 
INSTRUCTION 

JZ 
eJS 

JMAP 
CJP 

PUSH 

JSRP 

CJV 

JRP 

RFCT 

RPCT 

CRTN 

CJPP 

LDCT 

LOOP 

caNT 
JP 

L= LOW 
H=HIGH 
X = Don't Care 

13 12 I, 10 
L L L L 

L L L H 

L L H l 

L l H H 

L H L L 

l H l H 

l H H l 

l H H H 

H L L l 

H L l H 

H l H l 

H l H H 

H H l L 

H H l H 

H H H l 

H H H H 

Am29811A FUNCTION TABLE 

INPUTS 

FUNCTION 

JUMP ZERO 

CONDJSB PL 

JUMP MAP 

CONO JUMP PL 

PUSH/COND LO CNTR 

COND JSB Atp~ 

CDND JUMP VECTOR 

CDND JUMP R/PL 

REPEAT LOOP, CNTR '* 0 

REPEAT PL, CNTA ¢ a 

CONDATN 

COND JUMP PL & POP 

LOAD CNTA & CONTINUE 

TEST END LOOP 

CONTINUE 

JUMP PL 

DEC = Decrement 
*LL = Special Case 

TEST NEXT ADDR 
INPUT SOURCE 

X D 

L PC 

H D 

X D 

L PC 

H D 

L PC 

H PC 

L R 

H D 

l PC 

H D 

L R 

H D 

L F 

H PC 

l D 

H PC 

L PC 

H F 

l PC 

H 0 

X PC 

l F 

H PC 

X PC 

X D 

Am29811A TRUTH TABLE 

INPUTS 

OUTPUTS' 

FILE COUNTER 

HOLD LL' 

HOLD HOLD 

PUSH HOLD 

HOLD HOLD 

HOLD HOLD 

HOLD HOLD 

PUSH HOLD 

PUSH LOAD 
PUSH HOLD 

PUSH HOLD 

HOLD HOLD 

HOLD HOLD 

HOLD HOLD 

HOLD HOLD 

HOLD DEC 

POP HOLD 

HOLD DEC 
HOLD HOLD 

HOLD HOLD 

POP HOLD 

HOLD HOLD 

POP HOLD 

HOLD LOAD 

HOLD HOLD 

POP HOLD 

HOLD HOLD 

HOLD HOLD 

OUTPUTS 

MNEMONIC FUNCTION 
NEXT FILE COUNTER 

JZ 

CJS 

JMAP 

CJP 

PUSH 

JSRP 

CJV 

JRP. 

RFGT 

RPCT 

CRTN 

CJPP 

LDCT 

LOOP 

CQNT 

JP 

L = LOW 
H = HIGH 

13 
PINNO. 14 

JUMP ZERO L 

l 

eOND JSB PL ,l 

l 

JUMP MAP L 

l 

CONDJUMP PL l 

l 

PUSH/COND lD CNTR L 

l 

COND JSB R/PL l 

l 

COND JUMP VECTOR l 

l 

COND JUMP R/PL l 

l 

REPEAT LOOP, CTR ¢ 0 H 

H 

REPEAT PL, CTR ¢ 0 H 

H 

COND RTN H 

H 

COND JUMP PL & POP ,H 
H 

LO CNTR & CONTINUE H 

H 

TEST END LOOP H 

H 

CONTINUE H 

H 

JUMPPL H 

H 

In 
12 I, 10 

w 
I-

13 12 11 '0 
L L L l 

l l l H 

l L H l 

l L H H 

l H l l 

l H L H 

l H H l 

l H H H 

H l l l 

H l l H 

H l H l 

H L H H 

H H l l 

H H l H 

H H H l 

H H H H 

l l l l 

L l l H 
l l H l 

l l H H 

l H l l 

l H L H 

l H H l 

l H H H 

H l l l 

H L L H 

H l H L 

H l H H 

H H l l 

H H l H 

H H H l 

H H H H 
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ADDR 

I~ SOURCE ... 
S, So I~ ::;) lill ... 
4 5 3 2 6 7 

H H H H l l 

H H H H ·l l 

l l H H H H 

H H l H H H 

H H H H H H 

H H H H H H 

l L H H H H 

H H H H H H 

l l l H H H 

l l l H l H 

l H l H H H 

H H l H H H 

l l H H H H 

H H H H H H 

l H H H H H 

H H H H H H 

·H l H l H l 

l l L l H H 

H H H H H l 

l l H H H H 

l l H l H H 

H l l l H H 

l l H l H H 

H H L l H H 

l l H H l H 

l l H H l H 

H l H l H H 

l l l l H H 

l l H H H H 

L l H H H H 

H H H H H H 

H H H H H H 

MAP·E PL·E 

H L 

H L 

H L 

L H 

H L 

H l 

H l 

H l 

H l 

H L 

H H 

H H 

H L 

H L 

H .l 

H l 

H L 

H L 

H l 

H L 

H l 

H l 

H L 

H l 

H l 

H L 

H l 

Ii I~ , 9 
H L 

H l 

H L 

H l 

L H 

l H 

H l 

H (. 

H L 

H L 

H L 

H l 

H H 

H H 

H L 

H l 

H L 

H l 

H l 

H l 

H l 

H L 
H L 

H l 

H L 

H L 

H L 

H L 

H L 

H l 

H l 

H l 



Am29811A 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Order Package Type Operating Range Screening Level 
Number (Note 1) (Note 2) (Nota 3) 

AM29811APC P-16 C C-l 
AM29811ADC 0-16 C C-l 
AM29811 ADC-8 0-16 C 8-1 
AM29811ADM 0-16 M C-3 
AM29811ADM-8 0-16 M 8-3 
AM29811AFM F-16 M C-3 
AM29811AFM-B F-16 M 8-3 

Notas: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 8 for detailed outline. 
Where Appendix 8 contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = O°C to +70°C, Vee = 4.75V to 5.25V, M = - 55°C to +125°C, Vee = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STO-883, Class C. Level 8-3 conforms to MIL-STD-883, 

Class 8. 

I 
0; 

r- TC COUNTEA 

LOAD/COUNT 

'--- 8 

CARRV- 7 

aVR- • 

ZERa_ 5 

SIGN- _ 

INRPT_ 3 

ETC- 2 

+' 
3 

t--

APPLICA nON 

DATA BUS 

INSTRUCTION REGISTER I 
OPCODE I OTHER I 

j 
ADDRESS 

STARTING 
0.1- FE, PUP 

ADDRESS 
DECODER 

I 

OUTPUT 

I 
I 1 

0 

So 

" 

------
Am2911A MICROPROGRAM SEQUENCERS ::=1l I 

I , 
REGISTER 

I 
I 

I 
R F PC 

I NEXT ADDRESS 
MULTIPLEXER 

OUTPUT 

STACK POINTER 

1 
SUBROUTINE 

AND LOOP STACK 

J 
1 

MICROPROGRAM 
COUNTER REGISTER 

1 

I 

I 

I 

2 212 
I INCREMENT:..j 

L .1 f 
I 
~ . --t--Am29811A 

NEXT 
ADDRESS ADDRESS 
CONTROL MICROPROGRAM MEMORY 

POLARITY - TEST - -CONTROL 

I I BRANCH NEXT ADDRESS OTHER ADDRESS SELECT 

I I I , 

1-
aE PIPELINE REGISTER 

, 1 
J I L-

I TO Am2901 

OTHER 

A Typical Computer Control Unit Using the Am2911 and Am29811A_ 
MPR-318 
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Am29100 
Controller Family Products Index 

Am29112 
Am29116 

Am29118 
Am2904 
Am2910 
Am2913 
Am2914 
Am2~25 

Am2940 
Am2942 
Am2950/2951 
Am2952/2953 

Design Aids 

Am29100 Family Overview ................................................ 6-1 
Interruptible 8-Bit Microprogram Sequencer ................................... 6-2 
16-Bit Bipolar Microprocessor .:............................................. 6-15 
Am29116 System Cycle Timing ............................................ 6-44 
"Bipolar VLSI: Opening Up High Speed Control," reprinted from 

Electronics ............................................................. 6-46 
CPU Using Am29116 Application Note .... .................................. 6-51 
Disk Controller Using Am29116 Application Note ............................ 6-65 
Bit-Mapped Graphics Controller Using Am29116 Application Note ........... 6-133 
I/O Port for Am29116 ......................... ; ............................. 6-145 
Status and Shift Control Unit .................................•....... See Section 5 
Microprogram Controller ............................................. See Section 5 
Priority Interrupt Expander ........................................... See Section 5 
Vectored Priority Interrupt Controller .................................. See Section 5 
System Clock Generator and Driver ................................ , .. See Section 5 
DMA Address Generator ............................................ See Section 5 
Programmable Timer/Counter/DMA Address Generator ................. See Section 5 
8-Bit Bidirectional I/O Ports with Handshake .............. ' ............. See Section 5 
8-Bit Bidirectional I/O Ports .......................................... See Section 5 

Am2900 Family Application Literature ............................................... See Section 3 
. Customer Education Center Courses (including Am29116) ............................. See Section 3 
Videotape Seminar Kits (including Am29116) ......................................... See Section 3 
System 29 Development System ................................................... See Section 3 
General Information ............................................................. See Section 13 



Am29100 High-Performance 
Controller Products 

A BETTER WAY IS HERE 

A new family of products irom Advanced Micro Devices makes 
high-performance controller design a snap. 

MICROPROGRAMMING; BEST FOR COMPUTERS, 
BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for computer 
design, offers lots of advantages in controllers as well. The ease 
with which the functions of a microprogrammed controller can be 
enhanced and modified made the original 2900 Family popular 
for many disk, printer and communications controllers. The 
high-speed operation of these microprogrammed systems 
makes it possible to handle higher data rates from ~ewer 
peripheral devices and to build intelligence into the controller. 

But the original 2900 products are architecturally oriented to
ward computers, with deSign features optimized for arithmetic 
functions and short sequences of microinstructions. MOS pro
cessors are good choices for many low-speed applications, but 
when the demand for speed and intelligence goes up, they can
not keep pace. Controllers need something better: the 29100 
Family. 

The 29100 Family products have been designed from the 
ground up with peripheral Control applications in mind. They are 
fast, they are optimized for bit-manipulation, character handling, 
data communication and long, sophisticated microprograms and 
they are designed to work together in a system. 

FAST LIKE YOU'VE NEVER HAD 

The central element of our new high-speed controller family is 
the Am29116 - a 16-bit bipolar microprocessor. It's not a slice -
it's a complete 16-bit processor, with three-input ALU, 32 
scratchpad registers, an accumulator, data latch, barrel shifter, 

priority encoder and status register with conditional code gener
ation logic. But the Am29116 is far more than a very fast number 
cruncher - it's been optimized for controller-oriented applica
tions. It's instruction set has instructions often needed in con
trollers that are not available in any other processor. 

A WHOLE FAMILY OF FAST LSI CONTROLLER PARTS 

There's more to our controller family than just the Am29116. A 
new sequencer, the Am29112, has been expressly designed for 
10MHz microprogram control, with features like real-time inter
rupt servicing and deep subroutining. Rapid internal data trans
fer is handled by the Am2940 DMA Address Generator and by 
the Am2950 handshaking 1/0 port. The Am9520 Burst Error 
Processor will provide a solution for error correction on disk 
reads. Now, more than ever, the 2900 Family is the better solu
tion for high data rate and highly intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. The 
basic controller consists of the Am29116, a microprogram con
trol unit and a high-speed buffer memory. Each microinstruction 
includes: a) a 16-bit instruction field to the Am29116, 
b) next-microinstruction selection bits, c) control for the buffer 
memory, d and e) control for the interface circuits and f) possi
bly an 8 or 16-bit data field. 

Interface circuits like the Am2940 and Am2950 are used to pro
vide DMA and to pass data between the controller and the host 
computer. Other circuits are used to interface to the peripheral. 
In this example, ·a disk interface is shown with a serial-parallel 
converter, a FIFO and a burst error processor. Controllers for 
other peripherals use identical hardware except for the 
peripheral interface itself. 

HIGH-PERFORMANCE INTELLIGENT CONTROLLER 
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Am29112 
A High.Performance 8.8i, Slice Microprogram Sequencer 

DISTINCTIVE CHARACTERISTICS 

• Fast-
The Am29112 is designed to operate in 10MHz 
microprog~ammed systems. 

• Expandable-
A single Am29i12 is a bits wide and addresses 256 
words of microprogram memory. Two Am291l2's may 
be cascaded to directly address up to 64K of 
microprogram memory. 

• Deep-stack-
A 33 deep on-chip stack is used for subroutine linkage, 
interrupt handling and loop control. 

• Interruptible at the microprogram level -
Two kinds Qf interrupts: maskable and unmaskable. 

• Powerful loop control -
Features an a-bit counter for loop control. When two 
Am29ll2s are cascaded, the counters can act as a 
single l6-bit CX)unter or two independent a-bit counters. 

• Powerful addressing modes -
Features direct, multiway, multiway relative and 
program counter relative addressing. 

• Support for writable control stora 

• Hold feature -
A hold pin facilitates multiple sequencer 
implementations. 

• 48-pin Hermetic DIP 

RELATED PRODUCTS 

Part No. 

Am29116 
Am2904 
Am2910A 
Am2914 
Am2925 
Am2940 
Am2942 
Am2950/51 152153 
Am29118 

Description 

A 16-Bit Bipolar MicroproceSsor 
Status and Shift Control Unit 
Microprogram Controller 
Vectored Priority Interrupt Controller 
System Clock Generator and Driver 
DMA Address Generator 
Programmable limer/Counler/DMA 
8-B~ Bidirectional 1/0 Pori 
8-Bit BidireClionalliO Port/Accumulator 

FUNCTIONAL DESCRIPTION 

The Arri29ll2 is a high performance interruptible micro
program controller intended for use in very high speed mi
croprogrammed machines and optimized for the new 
state-of-the-art ALU's and other processing components. 

It has an instruction set featuring relative . and multiway 
branching, a rich variety of looping constructs, and provi
sion for 198ding and unloading the on-chip stack. 

Interrupts are accepted at the microcycle level and ser
viced in a manner completely transparent to the inter-
rupted microcode. . 

Figure,. Am29112 in a Single Pipalined System 
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MtCROPROGRAM 
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MICROPROGRAM 

PIPELINE REGISTER 

APPLICATION NOTES REFERENCE 

-

- Microprogrammed CPU using Am29l16 
- An intelligent fast disk controller 

MUX I 
L--r--...J~ 

- Am29116 architecture speeds pixel manipulation in 
interactive bit mapped graphics 
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Figure 1. Control Path in a Single Pipelined System Using the Am29112 
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PIN FUNCTIONS 

00-1>7 Bidirectional data input for direct input to address UINTR Unmaskable interrupt request input. 
multiplexer, counter and other control registers and MINTR Maskable interrupt request input. 
stack output. 

INTO Disable for maskable interrupts. 
YO-Y7 Bidirectional microprogram address bus outputs MINTA Maskable interrupt acknowledge. 

microprogram address and inputs interrupt vector. 
LSS Programs the least significant chip when high, 

Mo-M3 Multiway input pins for up to 16 way branches. most significant chip when low. 
HOLD When this Signal is high, the Y bus is three-stated RST Reset input. Seleets zero as the next microprogram 

and the carry in to the program counter incre- address, resets the stack pOinter and interrupt 
menter is forced low. Also, the CMUX output is logic, and disables maskable interrupts. 
selected at the incrementer input. 

CP Clock input. 
CC Test input for the sequencer. (See Table 2.) 

ACIO Bidirectional adder 1/0 line for cascaded 
CCEN Test enable for the sequencer. (S~ Table 2.) Am29112s. 
POL Polarity input for test. (See Table 2.) PCIO Bidirectional program counter I/O line for cascad6d 
10-'" Instruction input. Am29112s. 

Is-Is Mode control input. Select one of three CIO Bidirectio~al counter 1/0 line for cascaded 
modes: normal, extended or forced continue. (See Am29112s. 
Table 1.) CZIO Bidirectional counter zero 1/0 line for cascaded 

STKERR Indicates stack overflow or underflow. Am29112s. 
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Figure 2. Am29112 48-Pin Package 
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The Am29112 is designed for use in single-level pipelined 
systems. A typical configuration is shown in Figure 1. 

Branch addresses, constants for the various registers, and 
stack pointer values are supplied to the Am29112 through the 
D port which is bidirectional to allow the stack to be unload
ed onto an external UFO. The next address generated by 
the sequencer is output on the Y port and directly drives the 
microprogram memory. A single register at the output of the 
microprogram memory contains the microinstruction being 
executed, while the next is being fetched. External conditions 
are applied to the CC input of the Am29112 via the condition 
code MUX and also to the multiway inputs. 

A vectored priority interrupt controller generates a prioritized 
interrupt request (MINTR) to the Am29112, which acknow
ledges the request via the MINTA pin. Upon receiving the 
acknowledge, the priority interrupt control puts out.the encoded 
priority of the interrupt, which is translated to a vector by the 
vector mapping PROM. The MINTA output of the Am29112 
turns on the PROM output and simultaneously turns off the Y 
port, enabling the interrupt vector onto the microprogram ad-
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dress bus. In the Am29112, internal states are automatically 
saved on the stack while the interrupt vector is transmitted 
through the Y port and incremented to form the next micropro
gram address. 

The emergency detect circuit generates an unmaskable inter
rupt request upon power failure or stack error. On receiving an 
unmaskable interrupt, the sequencer branches to the unmask
able interrupt routine; the address of this routine is stored on 
the Am29112 in the INTVECT register. Detailed interrupt hand
ling is discussed in a later section. 

ARCHITECTURE OF THE Am29112 

The internal organization of the Am29112 is shown in 
Figure 2. The most important control loop inside the sequencer 
consists of the CMUX, incrementer, and PC register. The 
CMUX selects the next microprogram address based on the 
instruction and condition code inputs. The next microprogram 
address is selected from the PC register for a continue, the D 
port for a branch, the adder for relative and multiway branches, 
the interrupt register for unmaskable interrupts, the stack for 
subroutine returns or loop repeats, or all zeros for the JUMP 
ZERO instruction. 



The Am29112 has many registers other than the PC register 
and the interrupt register. There is an a-bit counter used for 
loop control; the OWIOTH register is a 4-bit register which 
programs the number of least significant bits of the 0 port that 
are added to the PC in relative addressing modes; the stack 
pointer is a 5-bit counter/register that points to the top of stack 
element; the 4-bit command register is used to program the 
chip on power-up for compatibility with the extemal hardware 
configuration; finally, there is the INTRTN register which is 
used for saving the CMUX output on the stack when an inter
rupt occurs. 

With the exception of the INTRTN register and the stack 
pOinter, each of the above registers can be loaded directly from 
the 0 port of the Am29112. 

INSTRUCTION SET OF THE Am29112 

MODE BITS (16, 5) 

The Am29112 is controlled by 5 instruction inputs, two mode 
inputs, and the condition code. In typical applications it is ex
pected that the instruction inputs are driven directly from the 
pipeline, whereas the mode inputs are either permanently 
wired high or low to select the desired operating mode, or dri
ven indirectly via extemal logiC. (In some applications it might 
be justifiable to drive the mode bits directly from the pipeline). 
The two mode bits select among three operating modes: nor
mal (00), extended (01) and forced continue (10 and 11). In the 
normal mode, the entire instruction set of the Am29112 applies. 

TABLE 1. MODE CONTROLS 

165 Mode Description 

00 Normal For cascaded Am29112s, two independent 
S-bit counters 

01 Extended For cascaded Am29112s, one 16-bit counter 

10 Forced The Am29112 executes a continue instruction 
-

Continue 
regardless of instruction, condition code, 

11 and multi way inputs. 

EXTENDED MODE 

The instruction set includes instructions that differentiate be
tween upper and lower counters (when there are two cascaded 
Am29112s). In the normal mode, the two counters on cascaded 
Am29112s function independently, and it is possible to set up a 
doubly nested loop without having to save and restore counter 
values on the stack. In the extended mode, however, the 
counters on cascaded Am29112s behave like one 16-bit 
counter and instructions that differentiate between the counters 
degenerate into identical instructions. Hence in a system with 
only one Am29112 there is no use for the extended mode. 

FORCED CONTINUE MODE 

In the forced continue mode the Am29112 executes a continue 
in every cycle regardless of the instruction bits, condition code, 
and multiway inputs. The simplest application (if mode bits are 
driven directly from the pipeline) is to use forced continue for 
straight-line segments of code thereby permitting most of the 
sequencer control fields of the pipeline to be shared. The 
forced continue also has an important application in systems 
with a writeable control store where .it is necessary to step 
through the addresses sequentially while loading the WCS. 

The instructions of the Am29112 are classified into four groups: 

6-5 

Am29112 

The Am29112 features a high speed adder with full carry 
lookahead across a-bits. The adder is used for PC relative 
addressing (branch address is PC + 0), multiway relative ad
dressing (branch address is 0 + M, where M is the 4-bit mul
tiway input), and for testing the stack pointer against the 0 bus. 
In cascaded configurations, carry ripples from the LSS adder to 
the MSS adder over the CIO line. 

The on-chip stack is 33 deep, and the Am29112 has instruc
tions to save the 0 inputs, counter, multiway register, and·PC
register on the stack. The stack output bus is connected via 
three-state buffers. to the 0 port. It is possible to pop the stack 
to the 0 port. 

• Branching and subroutine linkage 
• Looping 
• Stack and register 
• Interrupt 

The sequencer has an instruction repertOire of altogether 40 
different instructions. In order to encode these instructions with 
only 5 instruction lines, the condition code is used in some 
cases to differentiate between two distinct instructions sharing 
the same opcode. This way of encoding is used for the stack 
and register, and interrupt groups of instructions. For these in
structions, therefore, the condition code multiplexer is not used 
to select an external condition. However it is required to force 
the condition code to unconditional Pass or Fail. The condition 
code enable and polarity logic has been designed with this in 
mind. Using the enable and polarity, it is possible to generate 
both unconditional Pass and unconditional Fail (regardless of 
the condition code input). Hence the condition code is for these 
instructions is like a sixth instruction line, and the condition 
code multiplexer field of the pipeline can be shared for these 
instructions (see Figure 4 and Table 2). 

Figure 4. Condition Code Circuit 

CCEN~D-
ee-~ CONDITION 

p~ ________________________________ -J 

TABLE 2. CONDITION CODE TABLE 

CCEN CC POL Condition 

0 0 0 PASS 
0 1 0 FAIL 
0 0 1 FAIL 
0 1 1 PASS 
1 0 0 PASS 
1 1 0 PASS 
1 0 1 FAIL 
1 1 1 FAIL 

II 



Am29112 

Am29112 Instruction Set 

Opcode (140) Condition Mnemonic Description 

0 X JZ.U UNCONOITIONAL JUMP ZERO 
1 PASS PUSHD.P PUSH D (PASS) 
1 FAiL LDCMD.F LOAD COMMAND REGISTER FROM D (FAIL), 
2 COND POP,C, POP; CONDITIONAL STACKOUT, TO D 
3 COND CJD.C CONDITIONAL JUMP D 
4 COND CJSD.C CONDITIONAL JUMP SUBROUTINE D 
5 COND CJMW·C CONDITIONAL JUMP MULTIWAY D 
6 COND CJSMW.C CONDITIONAL JUMP SUBROUTINE MULTIWAY.D 
7 COND CRTN.C CONDITIONAL RETURN 
8 COND PUSHPL.C PUSH PC; COND LOAD LOWER COUNTER 
9 COND LDLC.C LOAQ LOWER COUNTER; COND PUSH COUNTER 
10 PASS POPLC.P POP TO LOWER COUNTER (PASS) 
11 PASS RSTSP.P RESET STACK POINTER (PASS) 
11 FAIL LDINTV.F LOAD UNMASKABLE INTERRUPT VECTOR (FAIL) 
12- PASS RFCTU.P REPEAT LOOP, UPPER COUNTER = 0 (PASS) 
12- FAIL RFCTL.F REPEAT LOOP, LOWER COUNTER = 0 (FAIL) 
13*· PASS RPCTU.P REPEAT PIPELINE, UPPER COUNTER = 0 (PASS) 
13·· FAIL RPCTL.F REPEAT PIPELINE, LOWER ,COUNTER = 0 (FAIL) 
14 COND' LooP.C TEST END LOOP 
15 PASS ENINT,P ENABLE INTERRUPTS (PASS) 
15 FAIL DISINT.F DISABLE INTERRUPTS (FAIL) 

16··· COND TWBL.C THREE-WAY BRANCH, LOWER COUNTER 
17··· COND TWBU,C THREE-WAY BRANCH, UPPER COUNTER 

18' PASS TSTSP.P TEST SP WITH D (PASS) 
18 FAIL TSTMT.F JUMP ,D IF STACK NOT EMPTY 
19 COND (,:JDF.C COND JUMP D/STACK AND POP 
20 COND CJSDF.C COND JUMP SUBROUTINE D/STACK AND POP 
21 COND CJMWR.C COND JUMP MULTIWAY RELATIVE D 
22 COND CJSMWR.C COND JUMP SUBROUTINE MULTIWAY RELATIVE D 
23 COND CJPP,C COND JUMP PIPELINE AND POP 
24 COND PUSHPU,C PUSH PC; COND LOAD UPPER COUNTER 
25 COND LDUC.C LOAD UPPER COUNTER; COND PUSH COUNTER 
26 PASS POI?UC,P POP TO UPPER COUNTER (PASS) 
26 FAIL POPDW.F POP TO DISPLACEMENT WIDTH (FAIL) 
27 COND LDDW,C LOAD DISPLACEMENT WIDTH; COND PUSH DW 
28 COND CJR.C COND JUMP D PC REL 
29 COND CJRN.C COND JUMP D PC REL NEGATIVE 
30 COND CJSR.C COND JUMP SUBROUTINE D PC REL 
31 COND CJSRN.C COND JUMP SUBROUTINE D PC REL NEGATIVE 

-These instructions are identical in the extended mode. 
--These too, 

***J'hese too. 

Extensions: U - unconditional; C - conditional; P - PASS condition; F - FAIL condition. 

Note: PASS/FAIL condition can be produced as follows. P stands for polarity and I for input 

CC CCEN POL Condition 

X 1 0 PASS 

X 1 1 FAIL 

I 0 P COND 
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o Jump Zero (JZ.U) 

00 

01 

02 

03 

UNCONDITIONAL 

SA 

5B 

5C 

50 

2 Pop and Unconditional Stackout 
to o (POP.C) 

31 

32 

33ltJI---lSTACK 

34 OPORT -

35 
PASS 

FAIL 

CONDITIONAL 

5 Jump Multlway 0 (CJMW.C) 

AU 

AI 

A2 

A3 B2 

A4 B3 

AS B4 

A& B5 

FAlL PASS 

CONDITIONAL 

8 Push PC and Conditional Load 
Lower Counter (PUSHPL.C) 

25 

29 

77 

29 

29 

2A 

FAIL 

LOWER COUNTER 

PASS 

CONDITIONAL 

1 Push 0 (PUSHD.P) 

50 

51 

52 

53 

54 

FORCED PASS 

3 Jump 0 (CJD. C) 

8A 

8B 

8C 

80 

&E 

6F 

70 

FAIL 

(D) 

(0)+1 

(0)+2 

(0)+3 

PASS 

CONDITIONAL 

6 Jump Subroutine Multiway 
o (CJSMW.C) 

B9 

SA 

BB 

BC 

BD 

BE 

BF 

FAIL 

CONDIllONAL 

B3 

B4 

B5 

9 Load Lo_r Counter and 
Conditional Push Counter (LDLC. C) 

'¥1 

38 

39 

3A 

3B 

3C 

FAlL 

STACK 

PASS 

CONDITIONAL 

6-7 

Load Command Latch 
from 0 (LDCMD.F) 

FORCED FAIL 

Am29112 

4 Jump Subroutine 0 (CJSD.C) 

91 

92 

93 

94 

95 (0)+1 

98 (0)+2, 

W (0)+3 

FAIL PASS 

CONomONAL 

7 Return (CRTN.C) 

25 11 

2e 12 

77 13 

29 14 

29 15 

2A 

2B 

FAIL PASS 

CONDITIONAL 

10 Pop to Lower Counter 
(POPLC.P) 

4A 

4B 

4C 

40 

4E 

4F 
LOWER COUNTER 

FORCED PASS 
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11 Reset Stack POinter (RSTSP.P) 

lA 

lB 

lC {.J ...... ---{ 0 

lD STACK POINTER 

FORCED PASS 

12 Repeat Loop, Lower Counter 
(RFCTL.F) 

4A 

4B 

4C 

4D 

4E 

4F 

50 

51 

POP 

FORCED FAIL 

14 Test End Loop (LOOP.C) 

4F 

50 

51 

52 

53 

54 

55 

POP 

FAIL 

CONDITIONAL 

16 Three-Way 8ranch, Lower 
Counter (TW8L.C) 

45 

47 

48 

49 

4A FAIL 
(D) 

4B PASS 
(D)+1 

4C 
(D)+2 

(D)+3 

CONDITIONAL 

11 Load Unmaskable Interrupi 
Vector (LDINTV.F) 

2C 

2D 

2E ,,:1---'( D 

2F INTVECT 
REGISTER 

30 

FORCED FAIL 

13 Repeat Pipeline, Upper 
Counter (RPCTL.P) 

16 

17 

18 

19 

20 POP 

21 

22 

FORCED PASS 

15 Enable Interrupts (ENINT.P) 

12 

13 

14 

15 ENABLE 
MASKAeLE 
INTERRUPTS 

FORCED PASS 

17 Three-Way 8ranch, Upper 
Counter (TW8U.C) 

45 

47 

45 

49 

12 Repeat Loop, Upper Counter 
(RFCTU.P) 

pop 
28 

FORCED PASS 

13 Repeat Pipeline, Lower 
Counter (RPCTL.F) 

16 

17 

18 

19 

20 POP 

21 

22 

FORCED FAIL 

15 Disable Interrupts (DISINT.F) 

12 

-13 

14 

15 DISABLE 
MASKABLE 
INTERRUPTS 

FORCeD FAIL 

16 Test SP with D (TSTSP .P) 

POP 

Cl 

C2 

C3 

C4 

C5 

NOT 
ENOUGH 
SPACE 

ENOUGH 
SPACE 

45 

49 

4A 

FORCED PASS 



18 Jump 0 If Stack Not Empty 
(TSTMT.F) 

45 

46 

47 

STACK 
EMPTY 

(0) 

(0) + 1 

(Dl+2 

STACK 
NOT EMPTY 

FORCED FAIL 

21 Conditional Jump Multlway 
Relative 0 (CJMWR.C) 

A4 

B8 

B8 

FAIL PASS 

CONDITIONAL 

24 Push PC and Conditional Loild 
Upper Counter (PUSHPU.C) 

25 

25 

27 

28 

29 

2A 

UPPER COUNTER 
PASS 

CONDITIONAL 

26 Pop to Displacement Width 
(POPDW.F) 

71 

72 

73 

74 

75 

DWIDTHREG 

FDRCEDFAIL 

19 Conditional Jump D/Stack 
and Pop (CJDF.C) 

70 

71 

72 

73 

83 

84 

STKI 

(STKl+l 

(STK) + 2 

(STKI + 2 

(Dl 

(Dl+l 

(Dl+2 

FAIL 
(STACK) 

PASS 
(Dl 

CONDmONAL 

22 Conditional Jump Subroutine 
Multlway Relative 0 (CJSMWR.C) 

A4 B8 

FAIL PASS 

CONDITIONAL 

25 Load Upper Counter lind 
Conditional Push Counter 
(LDUC.C) 

3C 

3D 

CONDITIONAL 

27 Load Displacement Width and 
Conditional Push OW (LDDW.c) 

19 

lA 

lB 

lC 

lD 

IE 
STACK 
PASS 

CONDITIONAL 
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~ Conditional Jump Subroutine 
D/Stack and Pop (CJSDF.C) 

70 

71 

72 

73 

83 

84'!.U~JE--

(STKI 

(STI<) + 1 

(STKI + 2 

(STKl+3 

(Dl+ 1 

(0)+ 2 

FAIL 
(STACKI 

PASS 
(Dl 

CONDInONAL 

23 Conditional Jump Pipeline 
and Pop (CJPP) 

STACK 

83 
POP STACK 

84 IF PASS 

85 

88 

", (Dl 

88 (Dl+l 

(Dl+2 

FAIL PASS 

CONDITIONAL 

26 Pop to Upper Counter (POPUC.P) 

~A 

4B 

4E 

4F 

UPPER COUNTER 

FORCED PASS 

28 Conditional Jump 0 PC Relative 
(CJR.C) 

4A 
DU =2 

4B 

4C JUMP ADDRESS IS 
(PCl+ D" 

4D 
PASS 

FAIL 4E 

4F 

0" is displacement (see 1). 

CONDITIONAL 
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29 Conditional Jump D PC Relative 
Negative (CJRN.C) 

30 Conditional Jump Subroutine 
. D PC Relative (CJSR.C) 

31. Conditional Jump Subroutine 
D PC Relative Negative (CJSRN.C) 

49 
0** =-2 4A~C 

4B' STACK 
"\ 0·· = 2 

49~C 4A STACK 
PASS 4Ap 4B~ PASS 

PASS 
4B~ 0·· =-2 4C FAIL 

4C 

4D 

JUMP ADDRESS IS 
(PC) + D" 

4D 
JUMP ADDRESS IS 

4E ~ (PC)+D" 

4C 

40 
JUMP ADDRESS IS 
(PC) + D" 

FAIL· FAIL 

D" ; -2, shouid be two's complement (see 2). D" is displacement (sae·l). D" ; -2, should be two's complement (see 2). 

CONDITIONAL CONDITIONAL CONDITIONAL 

Notes: 1. The number of bits of D used as displacement is stcired in DWIDTH register. The remaining high order bits are zero·extended. 
2. The ·number of bits of D used as displacement is stored in DWIDTH register. The remaining high order bits are one· extended. 

BRANCHING INSTRUCTIONS 

Direct Branching 

Instruction 0 is the unconditional jump to zero instruction. This 
instruCtion also resets the stack pointer and the interrupt logic. 

Direct branching is implemented by instruction 3 (COND JUMP 
D) and 4 (COND JSB D). The branch address is input through 
the D port. If the condition is PASS, the branch is taken, other
wise the sequencer executes a continue. Two-way direct 
branching is implemented by instruction 19 (COND JMP Df 
STACK) and instruction 20 (COND JSB DfSTACK). If the cori
dition is Pass, the branch address is taken from the D input 
port, otherwise, the branch address is taken from the stack: In 
either case the stack is popped. This instruction assumes that 
the alternative address was pushed on the stack by a previous 
instruction. Jump to subroutine differs from JUMP in that the 
PC register is pushed on the stack if the condition is PASS for 
a jump subro" .ine. This enables the subroutine to use COND 
RETURN (7: ., return to the point of call. Note that the two· 
way jump to subroutine (20) causes a simultaneous pop and 
push so that the stack pOinter is unaffected but the top of stack 
element is replaced by the return address. 

Relative Branching 

In the relative branch instructions, a dynamically alterable sub
field of the D inputs is added to the PC to form the branch 
address. The remaining most significant bits of the D inputs are 
ignored and internally converted to all O's for forward branches 
and all l's for backward branches. The displacement width 
(DWIDTH) register in the Am29112 holds. the number of least 
significant bits of D that partiCipate in the relative branch as the 
displaCement, and can be loaded from the D port. In cascaded 
systems, the displacement width has to be loaded conSistently 
in the two chips. For example, for a displacement width of 9, 
the lower order chip gets a displacement width of 8 and the 
higher order chip gets a displacement width of 1. As another 
example, if the lower order chip has a displacement width of 
less than 8 bits, the higher order chip must have a displace
ment width of zero. If the displacement width register is loaded 
with any value greater than 8, it is el(actly as if it werE~ loaded 
with 8. 

Instruction 28 (29) is the relative jump Oump back) instruction, 
and instruction 30 (31) is the relative jump to subroutine Oump 
back to subroutine). For backward relative branches, the dis-

placement must be coded as a two's complement negative 
number. When the displacement width is the same as the mi
croaddress width the forward and backward relative branch in

. structions ani identical. When the displacement width is less 
than the microaddress width, the more significant bits of D out
side the displacement are forced to all zeros for positive 
branches and to all ones for negative branches. This is effec
tively like sign extension except that the sign information is 
contained in the instruction rather than the displacement, and 
there is no need for sign information to propagate between 
cascaded chips since it Is assumed that the displacement width 
registers in the two chips have been conSistently loaded. 
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The disadvantage of having the sign information in the instruc
tion rather than the displacement can be overcome by a judi
cious choice of instruction format. The opcodes for forward and 
backward relative branch instructions have been chosen to 
differ in the least significant bit position only, with a '0' in that bit 
for forward branches and a '1' for backward branches. If the 
sequencer instruction field is contiguous with and on the more 
significant side of the displacement field in the pipeline register, 
then the least significant instruction bit is like the sign bit for the 
displacement for relative branch instructions. This permits the 
assembler to use the same opcode for forward and backward 
relative branch instructions, but overlap the displacement field 
(now declared to be one bit longer than the actual displace
ment field in the pipeline)with the sequencer instruction field by 
one bit. If the assembler now generates a negative displace: 
ment, the sequencer opcode formed is the backward brancn: 
while if the displacement is positive, the sequencer opcode 
formed is forward branch. 

When the instruction is "executed, the PC already has been in
cremented and points to the next sequential instruction, hence 
a forward branch with a displacement of 0 caU$es the next se
quential instruction to be executed. 

Multlway Branching 

Two variants of multiway branching are available on the 
Am29112 - multiway substitute D and multiway relative D. In 
multiway substitute D the 4 muHiway inputs directly replace tlie 
4 least significant bits of the branch address input at D. Instruc
tion 5 is a conditional multiway branch and instruction 6 a con
ditional multiway subroutine call. In these instructions, the least 
significant 4· bits of. the D input port are not used by the 



sequencer, and may be. shared, for instance 'to select among 
different sets of multiway inputs. 

Multiway branching has the disadvantage that the jump table 
must be aligned on a 16 word boundary. This disadvantage is 
overcome in the Am29112 multiway relative branching instruc
tions. In these instructions, the number input on the multiway 
pins is added to the branch address input at D. Instruction 21 is 
a conditional multiway relative branch and instruction 22 a con
ditional multiway relative subroutine call. 

One of the advantages of multiway branching is that it enables 
a 16 way decision to be made in exactly one microcycle. How
ever, the 16 target addresses are constrained to be contiguous 
in memory. Hence, if the target routines need more than one 
microword each, as is very likely, they are addressed indirectly 
through a table of 16 contiguous branch instructions. For very 
high speed applications, the extra microcycle needed to branch 
indirectly off the jump table may not be acceptable. This pen
alty is avoidable if the multiway bits are offset with respect to 
the 0 inputs. When two cascaded Am29112's are. used, there 
are two sets of 4-bit multiway inputs. The least significant chip 
has a multiway input with no offset, while the most significant 
chip has a multiway input with an S-bit offset. The Am29112 
command register has a bit CR(I) that enables or disables 
multiway branching on the Chip. In a system with two cascaded 
Am29112s, each chip has a command register bit. Multiway 
branching may be disabled in either chip by resetting the com
mand register bit on that chip, or enabled by setting the com
mand register bi.t. When multiway branching is disabled on a 
chip, for that chip both multiway and multiway relative branches 
are converted to direct branches, and the multiway inputs are a 
don't care. Multiway branching with an a-bit offset is im
plemented by disabling multiway in the least significant slice 
and enabling it in the most significant slice. In this case, the 16 
target addresses. are dispersed in memory, separated by 256 
locations each. Another useful configuration is obtained by 
enabling multiway on both chips. In this case, up to 16 sets of 
target addresses are dispersed in memory, separated by 256 
locations each. 

The Am29112 does not have an unconditional continue in its 
instruction set. This is not expected to be a drawback because 
the instruction set requires that both unconditional PASS and 
unconditional FAIL are required by the sequencer to select 
among different instructions sharing the same opcode. Hence, 
a continue is obtained by executing instruction 3 (COND JUMP 
D) with a forced FAIL condition. 

LOOPING INSTRUCTIONS 

The looping instructions on the Am29112 are of two kinds: con
ditional, which depend on an external condition to signal loop 
termination, and iterative; which decrement the Am29112 
counter and check for a count of zero. There is also a three
way brarich instruction that combines the check for external 
condition with the check for count of zero in a single instruction. 

All the looping instructions are similar in two respects. Firstly, 
the check for the loop condition is done at the end of the loop. 
This implies that the loop body is always executed. at least 
once. Secondly, in the case that the loop has to be repeated, a 
backward branch to the loop head is made by using the ad
dress on top of stack. This frees the 0 inputs for other use, but 
makes it necessary to push the address of the start of the loop 
on the stack before entering the loop. Also, if the loop is itera
tive, it is necessary to load a count value in the counter at the 
same time. Instructions 24 (PUSH PC; COND LOAD UPPER 
COUNTER) and a (PUSH PC; COND LOAD LOWER 
COUNTER) combine both these requirements. 
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Instruction 14 implements a simple conditional repeat loop. If 
the condition is FAIL the sequencer loops back using the top of 
stack address, and if the condition is PASS, the sequencer 
performs a continue to the next sequentiaJ address, and 
simultaneously pops the stack to remove the address of the 
loop head. The instruction may be described in Pascal-like 
syntax as: 

repeat PUSH PC 
LOOP BODY 

until condition = TRUE; 

Instruction 23 (COND LOOP EXIT) implements a loop exit that 
may be used with any of the Am29112 loop instructions. It is a 
conditional jump to 0, which simultaneously pops the stack. If 
the condition is FAIL, it simply performs a continue. 

As discussed earlier, the counters present in cascaded 
Am29112s may be used independently or cascaded as a single 
16-bit counter under microprogram control. The mode bits 
select the cascaded configuration only in the extended mode. 
There are separate repeat and three-way branch instructions 
for upper and lower counters. In the case of the repeat instruc
tions, the condition code is used to differentiate between the 
repeat on the upper and the repeat on lower counter (a condi
tion of PASS selects the upper counter). In the case of the 
three,way branch, which need,s the condition code input for the 6 
external condition, there are two separate opcodes for three- . 
way branch on upper (opcode 17) and three-way branch on 
lower (opcode 16). When a single Am29112 is used only the 
repeat on lower counter instructions are useful; and when two 
Am29112s are cascaded but operated in the extended mode, 
the repeat instructions on upper and lower counter are identical 
in effect and both operate on the 16-bit cascaded counter. 

Instruction 12 (REPEAT LOOP IF COUNTER NOT ZERO) is 
the iterative analog of instruct.ion 14 (CONDITIONAL REPEAT 
LOOP). Instruction a (PUSH PC; COND LOAD COUNTER) is 
used with condition code as forced PASS and the desired 
count in .the D field of pipeline. This'causes the address of the 
loop head to be pushed on the stack, and the lower counter 
loaded with the count. At th,e end of the loop body, the repeat 
instruction checks if the count is zero. If it is not zero, it 
performs a loop back using the top. of stack address; and 
simultaneously decrements the counter; if it is zero, it pops the 
address of the loop head off the stack and simultaneously 
selects the next sequential address thereby exiting the loop. A 
repeat loop on the upper counter can be set up using instruc-
tion 24 instead of a to push PC and load upper counter, and 
using instruction 14 to loop back with condition code as forced 
PASS. Note the potential off-by-one error: since the count is 
checked before it is decremented, a count of 1 causes.two iter
ations: the first iteration finds a count of 1 and decrements; on 
the second iteration the count is found to be zero and the loop 
terminates. Hence, the value of cOiJnt loaded should be one 
less than the desired number of iterations. In the example 
above, loading the counter with 7 resulted in a iterations. 

The single instruction repeat (instruction 13) is provided for ap
plications where the loop body is a single microinstruction, for 
example, an ALU shi'!. The loop is set up as before using in
struction a or 7 ,(PUSH PC; COND LOAD COUNTER). The re
peat instruction then presents its own address to the D inputs 
of the sequencer. As with the repeat loop instruction, the single 
instruction repeat checks for counter = O. If the counter is 
equal to zero, it pops the stack and continues to the next se
quential instruction; otherwise it repeats the address presented 
to the D inputs, which is its own address, and decrements the 
count by one. Instruction 13 can also be used in place of 
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instruction 12 where there is' no stack location available to hold' 
the address of the loop head. . 

Often it is necessary to repeat an action until either some ex
'ternal condition becomes' true or a predetermined count is 
reached: for example, searching a character string for al'l oc
curance' of sonie character, The three-way branch instructions 
of the Am29112 combine the test for count and external condi
tion in one cycle. At any loop iteration, if the condition bljcomes 
PASS when the three-way branch is executed, then the sequ
encer performs a' continue to the next sequential instrUction, 
and pops the stack. If the condition is FAIL when the three-way. 
branch is executed, the sequencer tests the count. If the count 
is zero, then the search is unsuccessful an~ the sequencer 
performs a branch to the address input at the .0 port, simul
taneously popping the stack. If the count is not zero, and the 
condition is FAIL, the sequencer performs a loop back via the .
stack, and decrements the counter by one. 

Since interrupts may occur at any point in the execution of mi
crocode, it is' necessary to be able to save Counter values on 
the stack so that the interrupt routines can use the counter 
without interfering with the operation of the interrupted code. 
The sequencer 'prOVides instructions that permit arbitrary nest
ing of loops and subroutine calls. Instruction 9 (LOAD LOWER 
COUNTER; CONDITIONAL PUSH COUNTER) can be use.d to 
load the lower counter from the D port. If the condition is PASS, 
then the Instruction also causes the old counter value to be 
pushed on the stack: To restore the couf!!erfrom the stack, 
instruction 10 (POP TO LOWER COUNTER) can be used with 
a forced FAIL condition. Instructions '25 (LOAD UPPER 
COUNTER; CONDITIONAL PUSH COUNTER) and 26 (COND 
POP' TO UPPER COUNTER/POP TO DISPLACEMENT 
WIDTH) are the counterparts for operating on the upper 
counter. Note that in cascaded systems, when the counter is 
pushed, regardle!'is of whether instruction 25 or instruction 10 is 

. executed the entire counter is pushed to keep .the stack bal
anced in the two Am29112s. 

STACK AND REGISTER INSTRUCTIONS 

In add.ition to all the instructions mentioned earlier that explicitly 
or impliCitly alier the stack, the Am29112 has some specialized 
instructions for sta~ manipulation. 

The stack on the Am29112 is 33 deep~ Attempting to push 
when the stack is full or to pop when the stack is empty causes 
the STACK ERROR signal out of the Am29112 to be gener
ated. The error is latched internally and persists until either the 
chip is reset, or'the staok is popped in case of overflow or 
pushed in case of underflow. When the stack overflows, the 
stack pointer does not wrap around, and all subsequent pushes 
on the full slack write over the top-of-stack location. 

The stack on the Am29112 can be loaded through theD port 
using instruction 1 (COND PUSH D/LOAD COMMAND RE
GISTER) with condition as forced PASS and unloaded out of 
the 0 port using instruction 2 (POP; CONO STACKOUT TO D) 
with a forced flASS condition. In the stackout instruction the D 
port becomes an output port, Care must be taken to avoiCl 
contention on the D bus when this instruCtion is execwted. The 
ability to load and unload the stack is useful for implementing 
context switches. For fast unloading. of the stack, a tight two
instruction loop can be set up using instruction 12 (POP; 
COND STACKOUT TO D) with a forced FAIL condition and 
instruction 18 (COND TEST SP/BRANCH STACK NOT 
EMPTy) also with a forced FAIL condition. The branch instruc
tion performs a branch to 0 if the stack is not empty. 

.The stack nesting level in an interruptible sequencer varies 
dynamically. Hence, the Am29112 is provided with instructions 

for checking the available stack space: instruction 18 (COND 
TEST SP/BRANCH STACK NOT EMPTY). Two distinct in
structions for' testing the stack painter have been packed into 
the same opcode, and are differentiated by the condition code. 
A condition code of PASS selects the Test Stack Pointer in
structioo. In this instruction, the sequencer tests the stack to 
see if there is enough space, as determined by a constant input 
at the 0 port; if there is enough space, the sequencer performs 
a continue, whereas if there is not enough space, the se
quencer performs a subroutine return. The number of stack lo
cations required is input at the 0 port. In a system with only 
one Am29112, the least significant 6 bits of the 0 are used 
within the chip for this instruction. In a system with two cas
caded Am29112s the determination is made independently in 
the two chips (Since the stack painter is at all times identical in 
the two chips). Hence, the same number must be presented to 
the two chips. The adders in the twoAm29112s are not 
cascaded for this instruction but function independently. In both 
Am29112s only the 6 LSBs of the D port are actually used in 
the comparison. 

INTERRUPT HANDLING 

The Am29112 recognizes two kinds of interrupts: maskable 
and unmaskable. Maskable interrupts cause automatic saving 
of status on the internal stack and can be inhibited, either ex
ternally via the INTERRUPT DISABLE pin, or internally via 
instruction 15 (COND ENABLE/DISABLE INTERRUpn. In ad
dition, maskable interrupts are disabled when then~ is not 
enough space on the stack to service the interrupt, thOugh 
this internal inhibit can be overidden be clearing a bit in the 
command register. The unmaskable interrupt, on the other 
hand, cannot be disabled and does not cause saVing of status 

. on the intemal stack. It is intended for handling abnormal and 
irrecoverable situations liIie power failure or stack overflow. 
When an unmaskable interrupt occurs, the sequencer 
branches to the address of the unmaskable interrupt routine 
stored in the INTVECT register. This address is stored on chip 
at system initialize time using instruction 11 (COND RESET 
SP/LOAD INTERRUPT REGISTER) with a condition of FAIL. If 
a maskable interrupt is being processed when the unmaskable 
interrupt occurs, the unmaskable interrupt may be delayed at 
most one cycle to prevent contention on the Y bus. In ·any 
case, the unmaskable interrupt request should persist for at 
least one clock edge. 

The Am29112 contains an interrupt dis<lble flip-flop on-chip. 
The flip-flop is set by the DISABLE INTERRUPT instruction 

. (opcode 15 with forced FAIL) and reset by the ENABLE 
INTERRUPT instruction (opcode 15 with forced PASS). The 
flip-flop output performs the same function as the interrupt dis
able pin. On reset, or on receiving an unmaskable interrupt, the 
flip-flop is Set thereby disabling maskable interrupts. Hence, 
at the end of.·initialization, the ENABLE INTERRUPT instruc
tion will have to be executed to reset the flip-flop and enable 
maskable interrupts. 

In the case of maskable interrupts, the interrupt return address 
is saved on the stack automatically using the INTRTN register. 
The INTRTN register is loaded with the CMUXoutput with 
every clock. When an interrupt is acknowledged, the Am29112 
output is turned off and the vector applied externally. However, 
the sequencer executes the instruction which is in the pipeline 
register in that cycle. The result of executing the interrupted 
instruction, namely the·next address, does not come out of the 
Am29112 Y bus because the Y bus is used to input the inter
rupt vector. It is clocked into the INTRTN register. On the. first 
cycle of the interrupt routine, the sequencer pushes the return 
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address on the stack so that the interrupt routine returns by 
doing a COND RETURN, like any other subroutine. 

THE INVISIBLE STACK PUSH THAT THE SEQUENCER 
EXECUTES WHEN IT IS INTERRUPTED OCCURS IN THE 
FIRST CYCLE OF THE INTERRUPT SERVICE ROUTINE. 
HENCE, THE FIRST INSTRUCTION OF THE INTERRUPT 
SERVICE ROUTINE MAY NOT BE ANY INSTRUCTION 
THAT USES THE STACK. 

Before acknowledging an interrupt, the sequencer checks the 
stack to see if there is enough space to handle the interrupt. If 
there is insufficient space on the stack, the acknowledge is not 
generated. This feature may be disabled by a bit in the com
mand register. 

CR(O) = 1 INHIBIT ACKNOWLEDGE ON STACK FULL 
(DEFAULT) 

CR(O) = 0 GENERATE ACKNOWLEDGE ON 
STACK FULL 

MASKABLEINTERRUPTS 
The branch vector for maskable interrupts is applied externally 
to the Y port of the Am29112. This section discusses the sys
tem timing considerations and their impact on interrupt han
dling in the Am29112. 

Figure 3(a) shows a general system configuration highlighting 
the interrupt portion of the circuitry and the control loop. A 
priority interrupt controller generates an interrupt request for 
the highest priority pending interrupt. This request is applied to 
the MINTR pin of the Am29112. If the request is not masked, 
the Am29112 puts out an acknowledge on the MINTA pin. The 
interrupt controller then puts out the encoded priority of the 
highest priority interrupt to the vector PROM, which maps the 
priority code into a vector. 

The MINTA line turns on the vector PROM output at the same 
time as the Y port on the Am29112 is three-stated. Hence, the, 
interrupt vector gets onto the micro memory address bus and is 
also input into the Am29112, and incremented to form the next 
address. The Am29112 saves the return address on the stack 
so that when the interrupt service routine does a subroutine 
return, control returns to the instruction following the interrupted 
instruction. 

The maskable interrupt request is synchronized on the 
Am29112. If there is no disable, therefore, the acknowledge al
ways is active in the cycle following the request. However, the 
acknowledge to Y bus three-stating delay is programmable: the 
Y bus three-stating signal can occur either in the same cycle 
as, or in the cycle following, the MINTA acknowledge, depend
ing on a bit in the command latch of the Am29112. 

The command register bit that programs the postdelay option is 
bit 2, the third least significant bit. The command register has 3 
bits altogether and is loaded from the 3 LSBs of the 0 inputs 
using instruction 1 (COND PUSH D/LOAD COMMAND AE
GISTER) with a condition of PASS. Note that in a system with 
two cascaded Am29112s the command registers in the two 
chips must both be loaded with the same data on system in
itialization. The postdelay bit in the command register selects 
the postdelay option when it is zero. 

Figure 3(b) shows the configuration without postdelay, includ
ing a simplified view of the acknowledge circuit. The acknow
ledge is granted at the same time the Y output of the Am29112 
is three-stated and the vector PROM enabled by the MINTA 
signal out of the Am29112. The critical delay path in this case is 
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clock to acknowledge (Am29112) + acknowledge to priority out 
(interrupt controller) + vector PROM access time + micropro
gram memory access time + pipeline setup time. Obviously, 
this delay will have a significant impact on overall cycle time. 
However, in slow systems or in systems where the vector is 
always available immediately with acknowledge, this configura
tion is acceptable. It is also acceptable if. the vector mapping 
PROM is made part of the microprogram memory by dedicat
ing the locations in low memory addressed by the priority to 
hold vectors to the corresponding interrupt routines. 

Figure 3(c) shows a simplified view of the Am29112 configured 
with postdelay active. An external D-type flip-flop adds a one 
cycle delay to the MINTA signal before it switches the output 
enable on the vector register. The interrupt request to acknow. 
ledge delay is the same as in tbe circuit with postdelay inactive, 
but the Y bus three-stating signal occurs one cycle later than 
the acknowledge. The critical path has been broken into two 
with the register at the vector PROM output. In this case the 
critical delay path is cut short by the microprogram memory 
access time. While the vector PROM accesses the interrupt 
vector, the microprogram memory accesses the next sequen
tial instruction. This implies that one more instruction of the in
terrupted code executes after the cycle in which the acknow
ledge is granted. (If that instruction happens to be a DISABLE 
INTERRUPT' instruction, then even though no more interrupts 
will be accepted by the Am29112, the interrupt which has been I 
acknowledged goes through and the corresponding interrupt . • 
service routine may enable interrupts again using the ENABLE 
INTERRUPT instruction.) 

The command register bits are summarized below: 

CR(O) : Interrupt acknowledge on stack full 

CR(O) = 1: inhibit acknowledge on stack full 
CR(O) = 0: generate acknowledge on stack full 

CR(l) : Mul!iwayenable 

CR(l) = 1: enable multiway branching 
CR(l) = 0: disable multiway branching 

CR(2) : Interrupt postdelay flip-flop 

CR(2) = 1: no postdelay 
CR(2) = 0: postdelay 

HOLD 

The Am291,12 is equipped with a HOLD pin for configurations 
utilizing more than one sequencer driving a common micro
program address bus. In such situations, it is n(lcessary to 
cause the unselected sequencer to hold its internal state while 
some other sequencer executes, so that it can resume execu
tion at the point where it was held. The HOLD pin, when as
serted, three-states the Y bus, forces low the carry into the PC 
incrementer, and selects the internal CMUX output (instead of 
the Y bus) at the incrementer input. To complete the HOLD 
function, it is also necessary to disable interrupts and to put the 
sequencer into the forced continue mode. Under these condi
tions, the value of the PC is recirculated through the CMUX 
a,nd the incrementer until the HOLD ,is released; and all the 
remaining state bits in the sequencer are not altered because 
of the forced continue. 
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Figure 3a.lnterrupt Control Loop 
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Am29116 
A High·Performance 16~8it 8ipolar Microprocessor 

DISTINCTIVE CHARACTERISTICS 

• Optimized for High-Performance Controllers 
Architecture and instruction set optimized for 
high-performance, intelligent controllers in 
microprogrammed environments. Excellent solution for 
applications requiring speed and bit-manip'ulation power. 

• Fast 
Supports lOOns microcycle time/l0MHz data rate for 
all instructions. 

• Flexible 16-Bit Data Path 
The ALU and all on-chip data storage elements are 
interconnected via a common 16-biMata bus. All 
instructions executable on bytes or H,-bit words. 

• 16-Bit Bilrrel Shifter 
Contains a IS-bit Barrel Shifter which can shift or rotate 
a word up to 15 positions in a single instruction cycle. 

• Immediate Instruction Capability 
Immediate instruction capability for multiplexing data 
and instructions. May be used for storing constants 
in microcode or for Configuring a second data port. 

• Powerful Field Insertion/Extraction and Bit 
Manipulation Instructions 
Rotate and Merge, Rotate and Compare and bit 
manipulation instructions provided for complex bit control. 

• 32-Working Registers 
Contains 32 working registers arranged in a single port 
RAM architecture. RAM may be configured to accept 
different source and destination addresses within 
single cycle. 

• Status Register and Condition-Code 
Generator/Multiplexer 
Contains status manipulation capability for condition code 
initiated branching and user definable flag manipulation. 

• CRC Generation 
Has instructions which perform both forward and r.everse 
CRC (Cyclic-Redundancy Check), calculations for any 
CRC polYnomial of 16 bits or less. (Supports 5MHz 
data rate)' 

• 52-Pin Hermetic DIP 

OTHER LITERATURE 

• Am29116 Electrical Characteristics 
• An Intelligent Fast Disk Controller Using the Am29116 

Application Note. 
• A Microprogrammed CPl) Using the Am29116 

Application Note 
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FUNCTIONAL DESCRIPTION 

The Am29116 is a microprogrammable 16-bit bipolar micro
processor whose architecture and instruction set is op
timized for high performance peripheral controllers, like 
graphics controllers, disk controllers, communications con
trollers, front-end concentrators and modems. The device 
also performs well in microprogrammed processor applica
tions, especially when combined with the Am29516 16x16 
multiplier (65ns worst-case 16x16 multiply). In addition to its 
complete arithmetic and logic instruction set, the Am29116 
instruction set contains functions particularly useful in con
troller applications; bit set, bit reset, bit test, rotate and 
merge, rotate and compare, and cyclic-redundancy-check 
(CRC) generation. 
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Figure 1. Detailed Am29116 Block Diagram MPR-740 

PIN DEFINITIONS (Pin out provided on back page) 
YO-Y15 Data Input/Output Lines_ When OEy is HIGH, YO-YI5 are 

used as external data inputs which allow data to be 
directly loaded into the 16-bit data latch_ Having OEy 
LOW allows the ALU data to be output on YO-Y15-

OLE 

OEy 

Data Latch Enable. When OLE is HIGH, the 16-bit data 
latch is transparent and is latched when OLE is LOW. 

Output Enable. When OEy is HIGH, the 16-bit Y outputs 
are disabled (high-impedance); when OEy is LOW, the 
16-bit Y outputs are enabled (HIGH or LOW). 

Sixteen Instruction Inputs. Used to select the operations 
to be performed in the Am29116. Also used as data inputs 
while performing immediate instructions. 

Instruction Enable. With lEN LOW, data can be written 
into the RAM when the clock is LOW. The Accumulator 
can accept data during the LOW-HIGH transition of the 
clock. Having lEN LOW, the Status Register can be 
updated when SREis LOW. With lEN HIGH, the condi
tional test output, CT, is disabled as a function of the 
instruction inputs. lEN should be LOW for the first half of 
the first cycle of an immediate instruction. 

Status Register Enable. When SRE and lEN are both 
LOW, the Status Register is updated at the end of all 
instructions with the exception of NO-OP, Save Status, 
and Test Status. Having either SRE or lEN HIGH will 
inhibit the Status Register from changing. 
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CP Clock Pulse. The clock input to the Am29116. The RAM 
latch is transparent when the clock is HIGH. When the 
clock goes LOW, the RAM output is latChed. Data is 
written into the RAM during the low period of the clock 
provided lEN is LOW and if the instruction being exe
cuted designates the RAM as the destination of opera
tion. The Accumulator and Status Register will accept 
data on the LOW-HIGH transition of the clock if lEN is 
also LOW. The instruction latch becomes transparent 
when it exits an immediate instruction mode during a 
LOW-HIGH transition of the clock. 

T1-T 4 Input/Output Pin. Under the control of OET, the four lower 
status bits Z, C, N, OVR become outputs on T1-T4, 
respectively when OET goes HIGH. When OET is LOW, 
T 1-T 4 are used as inputs to generate the CT output. 

OET Output Enable. When OET is LOW, the 4,bit T outputs 
are disabled (high-impedance); when OET is HIGH, the 
4-bit T outputs are enabled (HIGH or LOW). 

CT Conditional Test. The condition code multiplexer selects 
one of the tWelve condition code signals and places them 
on the CT output. A HIGH on the CToutput indicates a 
passed condition and a LOW indicates a failed condition. 



ARCHITECTURE OF THE Am29116 
The Am29116 is a high-performance, inicroprogrammable 16-bit bipolar 
microprocessor. 

As shown in the Block Diagram, Figure 1, the device consists 01 the 
lollowing elements interconnected with 16-bit data paths. 

• 32-Word by 16-Bit AAM 
• Accumulator 
• Data Latch 
• Barrel Shilter 
• ALU 
• Priority Encoder 
• Status Aegister 
• Condition-Code Generator/Multiplexer 
• Three-State Output fluffers 
• Instruction Latch and Decoder 

32-Word by 16-Blt RAM 
The 32-Word by 16-Bit RAM is a single-port RAM with a 16-bit latch at its 
output. The latches are transparent when the clock input (CP) is HIGH 
and latched when the clock il1j)lJt is LOW. Data is written into·the RAM 
while the clock is LOW il the iEfiI input is also LOW and il the instruction 
being executed delines the RAM as the destination'ol the operation. For 
byte instructions, only the lower eight RAM bits are written into; lor word 
instructions, all 16 bits are written into. With the use 01 an external 
multiplexer on live 01 the instruction inputs, ~ is possible to select separate 
read and write addresses for the same instruction. This two-address 
operation is not allowed for immediate instructions. 

Accumulator 
The 16-bit Accumulator is an edge-triggered register. The Accumulator 
accepts data on the LOW-to-HIGH transition 01 the clock input il the lEN 
input is LOW and il the instruction being executed delines the Ac
cumulator as the destination 01 the operation. For byte instructions, only 
the lower eight bits 01 the Accumulator are written into; lor word instruc
tions, all 16 bits are written into. 

Data Latch 
The 16-bit Data Latch holds the data input to the Am29116 on the 
bi-directional Y bus. The latch is transparent when the OLE input is HIGH 
and latched when the OLE input is LOW. 

Barrel Shifter 
A 16-bit Barrel Shifter is used as one 01 the ALU inputs. This permits 
rotating data Irom either the RAM, the Accumulator or the Data Latch up to 
15 positions. In the word mode, the Barrel Shilter rotates a 16-bit word; in 
the byte mode, it rotates only the lower eight bits. 

Arithmetic Logic Unit 
The Am29116 contains a 16-bit ALU with lull carry lookahead across all 16 
bits in the arithmetic mode. The ALU is capable 01 operating on e~her one, 
two or three operands, depending upon the instruction being executed. It 
has the ability to execute all conventional one and two operand opera
tions, such as pass,. complement, two's complement, add, subtract, AND, 
NAND, OR, NOR, EXOA, and EX-NOR. In addition, the ALU can also 
execute three-operand instructions such as rotate and merge and rotate 
and compare with mask. All ALU operations can be performed on eithor a 
word or byte basis, byte operations being performed on the lower eight 
bits only, 

The ALU produces three status outputs, C (carry), N (negative) and OVR 
(overflow). The appropriate flags are generated at the byte or word level, 
depending upon whether the device is executing In the byte or word 
mode. The Z (zero) flag, although not generated by the ALU, detects zero 
at both the byte and word level. 

The carry input to the ALU is generated by the Carry Multiplexer which can 
select an input 01 zero, one, or the stored carry bit Irom the Status 
Register, ac. Using ac as the carry input allows execution 01 multipreci
sion add~ion and subtractions. 

Priority Encodar 
The Priority Encoder produces a binary-weighted code to indicate the 
locations 01 the highest order ONE at its input. The input to the Priority 
Encoder is generated by the ALU which performs an AND operation on 
the operand to be prioritized and a mask. The mask determines which bit 
Ipcations to eliminate Irom prioritization. In the word mode, if no bit is 
HIGH, the output is a binary zero. If bit 15 is HIGH, the output is a binary 
one .. Bit 14 produces a binary two, etc. Finally, if only bit 0 is HIGH, a 
binary 16 is produced. 

Am29116 

In the byte mode, bits a thru15 do not partiCipate. If none of bits 7 thru 0 
are HIGH, the output is a binary zero. If bit 7 is HIGH a binary one is 
produced. B~ 6 produces a binary two, etc. Finally, if only bit 0 is HIGH, a 
binary a is produced. 

Status Reglstar 
The Status Register holds the a-bit status word. With the Status~Register 
Enable, (SRE) input LOW and the lEN input LOW, the Status Register is 
updated at the end of a~ructions except NO-OP, Save-Status and 
Test-Status instructions. SRE going HIGH or lEN going HIGH inhib~s the 
Status Register Irom changing. 

The lower lour bits of the Status Register contain the ALU status b~ of 
Zero (Z), Carry, (C) Negative (N), and Overflow (OVA). The upper lour 
bits contain a Link bit and three user-definable status bits (Flag. 1 , Flag 2, 
Flag 3). 

With SRE LOW and lEN LOW, the lowerlour status bits are updated alter 
each instruction except those mentioned abpve; NO-OP, Save Status, 
Status Test and the Status Set/Reset instruction for the upper four bits. 
. Under the same conditions, the upper four status bits are' changed only 
during their respective Status Set/Reset instructions and during Status 
Load instuctions in the word mode. The Link-Status bit is also updated 
alter each shift instruction. 

The Status Register can be loaded Irom the intemal Y -bus, and can also 
be selected as a source for the internal Y -bus. When the Status Register 
is loaded in the word mode, alia-bits are updated; in the byte mode, only 
the lower 4 bits (Z, C, N, OVR) are updated. 

When the Status Register.is selected as a source in the word mode, all 
eight bits are loaded into the lower byte of the destination; the upper byte 
01 the destination is loaded with all zeros. In the byte mode, the Status 
Register again loads into the lower byte of the destination, but the upper 
byte remains unchanged. This Store and Load combination allows saving 
and restoring the Status Register for interrupt and subroutine processing. 
The lour lower status bits (Z, C, N, OVR) can be read directly via the 
bidirectional T bus. These lour bits are available as outputs on the T, -4 
outputs whenever OEr is HIGH. 

Condition'Code Generator/Multiplexer 
The Condition-Code Generator/Multiplexer contains the logic necessary 
to develop the 12 condition-code test signals. The multiplexer portion can 
select one of these test signals and place it on the CT output for use by the 
microprogram sequence. The multiplexer may be addressed in two dif
ferent ways: One way is through the Test Instruction. This instruction 
specifies the test condition to be placed in the CT output, but does not 
allow an ALU operation at the same time. The second method uses the 
bidirectional T bus as an inpul. This requires extra bits in the microword, 
but provides the ability to simultaneously test and execute. The test 
instruction lines, 10-4 have priority over T'-4 for testing status. 

Three-Stata Output Buffers 
There are two sets of Three-State Output Buffers in the Am2g116. One set 
controls the bidirectional",l6-bit Y bus. These outputs are enabled by 
placing a LOW on the OE input. A HIGH puts the Y outputs in the 
high-impedance state, allowing data to be input to the Data latch from an 
external source. 

The second set 01 Three-State Output Buffers control the bidirectional 
4-bitT bus and is enabled by placing a HIGH on the OEr input. This allows 
storing the four internal ALU status bits (Z, C, N, OVA) externally. A LOW 
OEr input forces the T outputs into the high-impedance state. External 
devices can then drive the T bus to select a test condition for the CT 
output. 

Instruction Latch and Decoder 
The 16-bit Instruction Latch is normally transparent to allow decoding of 
the Instruction Inputs by the Instruction Decoder into the internal control 
Signals for the Am29116. All instructions except Immediate Instructions 
are executed in a single clock cycle. 

Immediate instructions require two clock cycles for execution. During the 
first clock cycle, the Instruction Decoder recognizes that an Immediate 
Instruction is being specified and captures the data on the Instruction 
Inputs in the Instruction Latch. During hi Second clock cycle, the data on 
the Instruction Inputs is used as one 01 the operands for the lunction 
specified during the first clock cycle. At the end 01 the second clock cycle, 
the Instruction Latch is returned to its transparent state. 
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INSTRUCTION seT 
The instruction set olthe Am29116 is very powerful. In addition to 
the single and two operand logical and arithmetic instructions, the 
Am29116 instruction set contains functions particularly useful in 
controiler applicaiions; bit set, bit reset, bit test, rotate and merge, 
rotate and compare, and cyclic-redundancy-check (CRC) gener
ation. Complex instructions like rotate and merge, rotate and 
compare, and prioritize are executed in a single microcycle. 

Three data types are supported by the Am29116. 

•. Bit 
• Byte 
• Word (16-bit) 

In the byte mode data is written into the lower half of the word and 
the upper half is unchanged. The special case is when the status 
register is specified as the destination. In the byte mode the LSH 
(OVR, N, C, Z) of the status register is updated an.d in the word 
mode ail eight bits of the status register are updated. The status 
register does not change for save status and test status instruc
tions. In the test :;;tatus instructions the CT output has the result 
and the V-bus is undefined. . 

The Am29116 Instruction Set can be divided into eleven typesbf 
instructions. These are:' , 

• Single Operand • Rotate and Compare 
• Two Operand • Prioritize 
• Single Bit Shift • Cyclic-Redundancy-Check 
• Rotate and Merge • Status 
• Bit Oriented • No-Op 
• Rotate 'by n Bits 

Each instruction type is arbitrarily divided into quadrants. Two 0+ 
the sixteen instruction lines decode to four quadrants labeilEid 
from 0 to 3. The quadrants were defined mainly for convenienCi~' 
in classification of the instruction seland addressing modesanq 
can be used together with the OP CODES to distinguish t~Ei 
instruCtions. 

The following pages describe each of the instruction types In 
detail. Throughout the description OEy is assumed !o be LOW 
allowing All) outputs on the V-bus. 

Table 1 illustrates operand source-destination combinations for 
each instruction type. 

TABLE 1. OPERAND SOURCE/DESTINATION COMBINATIONS 

Instruction Type Operand Combinations (Note 1) 

Source (RlS) Destination 

RAM (Note 2) RAM 
ACC ACC 

Single Operand 0 Y Bus 
O(OE) Status 
D(SE) ACC and Status 
I 
0 

Source (R) ISource (S) Destination 

RAM ACC RAM 
Two~Operand 

RAM I ACC 
0 RAM Y Bus 
0 ACC 
ACC I 
0 I 

Source (U) Destination 

r--' RAM RAM 
Single Bit Shift ACC ACC 

ACC Y Bus 
D RAM 
0 ACC 
0 Y Bus 

Source (U) Destination 

Rotate n Bits RAM RAM 
ACC ACC 
0 Y Bus 

Source (RIS) Destination 

RAM RAM 
. Bit Oriented ACC ACC 

0 Y Bus 
t--

Rotated ~.I. ,J .Non~Rotated Sourcel 
Source (U) Mask (S) Destination (R) 

0 I ACC 
Rotate and Merge 

D RAM ACC 
0 I RAM 
0 ACC RAM 
ACC I RAM 
RAM I ACC 

Rotated).I. J Non-Rotated Source/ 
Source (U) Mask (S) Destination (R) 

Rotate and 0 I ACC 
Compare 0 I RAM 

0 ACC RAM 
RAM I ACC 

Instruction Type Operand Combinations (Note 1) 

Source (R) Mask (S) De~ination· 

Prioritize (Note 3) RAM RAM RAM 
ACC ACC ACe 
0 I Y Bus 

0 

Cyclic Data In I Destination I Polynomial 
Redundancy Check QLlNK RAM ACC 
No Operation -

Bits Affected 
.. _-

OVR. N, C, Z 

Set Reset Status LINK 
Flag 1 
Flag 2 
Flag 3 

Source Destination 

Store Status Status RAM 
ACC 
Y Bus 

Source (R) Source (S) Destination --
D ACC Status 

Status Load ACC I Status and ACO 
0 I 

Test Condition (CT) 
' .. -

(NeOVR) + Z 
NEllOVR 
Z 
OVR 

Test Status 
LoW 
9 _ 
Z+C 
N 
LINK 
Flag1 
Flag2 
Flag3 

Notes: 1. When there is no dividing line between the R&S OPERANO 
or SOURCE and DESTINATION, the two 'must be used as a 
given pair. But where then! exists such a separation, any 
combination of them is possible, 
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2. In the SINGLE OPERAND INSTRUCTION, RAM cannot be 
used when both ACC and STATUS are designated as a 
DESTINATION. 

3. In the PRIORITIZE INSTRUCTIONS, OPERAND and MASK 
must be different sources. 
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SINGLE OPERAND INSTRUCTIONS 
The Single Operand Instructions contain four indicators; byte or needed, the Am29116 is capable of extending sign bit (D(SE)) or 
word mode, opcode, source and destination. It is further sub- binary zero (D(OE)) over 16-bits in the word mode. The least 
divided into two types. The first type uses RAM as a source or significant four bits of the Status Register (OVR, N, C, Z) are 
d!3stination or both, and the second type does not use RAM as a affected by the function performed in this category. The most· 
source or destination. Both types have different instruction for- significant bits of status register (FLAG 1 , FLAG2, FLAG3, LINK) 
mats as shown below. Under the control of instruction inputs, the are not affected. The only limitation in this type is that the RAM 
desired function is performed on the source and the result is cannot be used as a source when both ACC and the Status 
either stored in the specified destination or placed on the Y -bus or Register are specified as a destination. 
both. For a special case where a-bit to 16-bit conversion is 

SINGLE OPERAND FIELD DEFINITIONS 

15 14 13 12 9 a 54 0 

SOR I BIW I Quad I Opcode I SRC-Dest I RAM Address I 
SONR I B/W I Quad I Opcode I SRC I Dest I 

SINGLE OPERAND INSTRUCTION 

15 14 13 12 9 8 5 4 0 

Inlltructlon 1 B/W2 Quad3 Opcode RlS4 Dest4 RAM Address 

1100 MOVE SRC --- Dest 0000 SORA RAM ACC 00000 ROO RAM Reg 00 
1101 COMP SRC --- Dest 0010 SORV RAM V Bus . . . . .... 
1110 INC SRC + 1 --- Dest 0011 SORS RAM Status 11111 R31 RAM Reg 31 

I 
1111 NEG SRC +1 --- Dest 0100 SOAR ACC RAM 

SOR O=B 10 0110 SODR D RAM 
l=W 0111 SOIR I RAM 

1000 SOZR 0 RAM 
1001 SOZER D(OE) RAM 
1010 SOSER D(SE) RAM 
1011 SORR RAM RAM 

Inatructlon B/W Quad Opcode It/S4 Destination 

1100 MOVE SRC --- Dest 0100 SOA ACC 00000 NRV V Bus 
1101 COMP SRC .... Dest 0110 SOD D 00001 NRA ACC 

SONR O=B 1110 INC SRC +1 .... Dest 0111 SOl I 00100 NRS Status 
l=W 11 1111 NEG SRC + 1 ___ Dest 1000 SOZ a 00101 NRAS ACC, Status 

1001 SOZE D(OE) 
1010 SOSE D(SE) 

Not,,~: 1. The instruction mnemonic designates different instruction formats used in the Am29116. They are useful in assembly microcode with 
the System 29 AMDASM'· l11eta assembler. 

2. B = Byte Mode, W = Word Mode. 
3. See Instruction Set description. 
4. R = Source; S = Source; Dest = Destination. 

Y BUS AND STATUS - SINGLE OPERAND INSTRUCTIONS 

Instruction Opcode Description B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N' C Z 

SOR MOVE SRC --- Dest O=B Vi -SRCi NC NC NC NC U U U U 

SONR COMP SRC --- Dest 1 =W Vj -SRCj NC NC NC NC U U U U 

INC SRC + 1 --- Dest V -SRC +1 NC NC NC NC U U U U 

NEG SRC + 1 --- Dest V -SRC+l NC NC NC NC U U U U 

SRC= Source 
U';; Update 
NC = No Change 
0'" REiset 
1 = Set 
I = .. 0 to 15 when not specified 
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TWO OPERAND INSTRUCTIONS 
The Two Operand Instructions contain five indicators; byte or 
word mode, opcode, R source, S source, and destination. It is 
further subdivided into two types. The first type uses RAM as the 
source and/ordestination and the second type does noi use RAM 
as source or destination. The first typetias two formats; the only 
difference is in the quadrant. Under the control of instruction 
inputs, the desired function is performed on the specified sources 
and the result is stored in the specified destination or placed on 

the Y:bus or both. The least significant four bits of the status 
register (OVR, N, C, Z) are affected by the arithmetic functions 
performed and only the Nand Z bits are affected by the logiciil 
functions performed. The OVR and C bits of the status register 
are forced to ZERO for logical functions; Add with carry and 
Subtract with carry instructions are useful for Multiprecision Add 
or Subtract. 

Instruction B/W Quad 

O=B 00 0000 
l=W 0010 

0011 
1000 
1010 
1011 
1100 

TORl 1110 
1111 

Instruction B/W Quad 

O=B 10 0001 
t=W 0010 

0101 

TOR2 

Note 1: R = Source 
S = Source 
Des! = Destination 

TWO OPERAND FIELD DEFINITIONS: 

15 14 13 12 9 8 5 4 0 

TORl IS/w I Quad I SRC-SRC oPcodel RAM Address J 
-Dest· 

TOR2 l s/wlQuad 1 SRC-SRC 
-Dest 

Opcode I RAM Address I 
TONR I BlW I Quad I SRC-SRC I Opcode I Dest 

TWO OPERAND INSTRUCTIONS 

Rl Sl Destl Opcode 

TORAA RAM ACC ACC 0000 SUBR S minus R 
TORIA RAM I ACC 0001 SUBRC S minus R 
TODRA 0 RAM ACC with carry 
TORAY RAM ACC Y Bus 0010 SUBS R minus S 
TORIY RAM I YBus 0011 SUBSC R minus S 
TODRY 0 RAM Y Bus with carry 
TORAR RAM ACC RAM 0100 ADD R plus S 
TORIR RAM I RAM 0101 ADDC R plus S 
TODRR 0 RAM RAM with carry 

0110 AND R·S 
0111 NAND R:s 
1000 EXOR RalS 
1001 NOR R+S 
1010 OR R+S 
1011 EXNOR i'liS 

Rl Sl Destl Opcode 

TODAR 0 ACC RAM 0000 SUBR S minus R 
TOAIR ACC I RAM 0001 SUBRC S minus R 
TODIR 0 I RAM with carry 

0010 SUBS R minus S 
0011 SUBSC R minus S 

wnh carry 
0100 ADD R plus S 
0101 ADDC R plus S 

with carry 
0110 AND R·S 
0111 NAND R:s 
1000 EXOR RalS 
1001 NOR R+S 
1010 OR R+S 
1011 EXNOR RalS 
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RAM Address 

00000 ROO RAM Reg 00 
. . .. . . . . 

11111 R31 RAM Reg 31 

RAM Address 

00000 ROO RAM Reg 00 
. . . . .... 

11111 R31 RAM Reg 31 
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TWO OPERAND INSTRUCTIONS 

Instruction BIW Quad R1 Sl Opcode Destination 

O=B 11 0001 TOOA 0 ACC 0000 SUBR S minus R 00000 NRV V Bus 
1 =W 0010 TOAI ACC I 0001 SUBRC S minus R with 00001 NRA ACC 

0101 TOOl 0 I carry 00100 NRS Status 
0010 SUBS R minus S 00101 NRAS ACC, Status 

TONR 0011 SUBSC R minus S with 
carry 

0100 ADD R plus S 
0101 AOOC R plus S with 

carry 
0110 AND R·S 
0111 NAND R-:s 
1000 EXOR Res 
1001 NOR R+S 
1010 OR R+S 
1011 EXNOR Res 

Notes 1; R = Source 
S = Source 

Y BUS ,AND STATUS CONTENTS - TWO OPERAND INSTRUCTIONS 

Instruction Opcode Description Biw Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

SUBR S minus R O=B V<-S-R NC NC NC NC U U U U 

SUBRC S minus R with 1 =W V<-S+R-l +QC NC NC NC NC U U U U 
carry II 

SUBS R minus S V-R - S NC NC NC NC U U U U 

TORl SUBSC R minus S with V-R+S-l+QC NC NC NC NC U U U U 
TOR2 carry 
TONR 

ADD R plus S V_R+S NC NC NC NC U U U U 

ADDC R plus S with V<-R+S+QC NC NC NC NC U U U U 
carry 

AND R'S V-RjANDSj NC NC NC NC 0 U 0 U 

NAND R'S Vj <- Rj NAND Sj NC NC NC NC 0 U 0 U 

EXOR ReS Vj <- Rj EXOR Sj NC NC NC NC 0 U 0 U 

NOR R+S Vj <- Ri NOR Sj NC NC NC NC 0 U 0 U 

OR R+S Vj-RjORSj NC NC NC NC 0 U 0 U 

EXNOR Res Vj - Rj EXNOR Sj NC NC NC NC 0 U 0 U 

SRC = Source 
U = Update 
NC = No Change 
0= Reset 
1 = Set 
i = 0 to 15 when not specified 

• 
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SINGLE BIT SHIFT INSTRUCTIONS 
The Single Bit Shift Instructions contain four indicators; byte or 
word mode. direction and shift linkage. source and de$tination. It 

. is further subdivided into two types. The first type uses RAM as' 
the source and/or destination and the second type does not use 
RAM as source or destination. Under the control of the instruction 
inputs. the. desired shift function is performed on the specified 
source and the result is stored in the specified destination or 
placed on the V-bus or both. The direction and shift linkage 
indicator defines the direction of the shift (up or down) as well as 
what will be shifted into the vacant bit. On a shift-up instruction. 

the LSB may be loaded with ZERq.ONE. or the Link-Status bit 
(QUNK). The MSB is loaded into the Link-Status bit as shown in 
F.igure 2. On.a shift-down instruction. the MSBmay beload8d 
with ZERO. ONE. the contents·c)f the Status Carry flip-flop. (QC). 
the Exclusive-OR of the Negative-Status bit and the OVerflow
Status bit (QN eQOVR) or the' Link-Status bit. The LSB is loaded 
into the Link-Status bit as shown in Figure 3. The Nand Z bits of 
the Status register are affected but the OVR and Cbits are forced 
to ZERO. The Shift-Down with QNeQOVR is useful for. Two's 
Complement multiplication. 

SINGLE BIT SHIFT FIELD DEFINITIONS: 

15 14 13 12 9 8 5 4 0 

SHFTR I B/W I Quad I SRC-Dest I Opcode I RAM Address I 
SHFTNR I B/W I Quad I SRC I Opcode I Dest 

QUNK 

QC 

QNEBQOVR 

QUNK 

SOURCE 

SHIFTER 

OESnNAnON 

Figure 2. Shift Up Function 

SOURCE 

MUX SHIFTER 

OEsnNAnON 

Figure 3. Shift Oown Function 
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QUNK 

QUNK 

MPR·763 

MPR·764 
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SINGLE BIT SHIFT INSTRUCTIONS 

SINGLE BIT SHIFT 

Instruction B/W Quad U1 Dest1 Opcode RAM Address 

O=B 10 0110 SHRR RAM RAM 0000 SHUPZ Up 0 00000 ROO RAM Reg go 
1 =W 0111 SHOR 0 RAM 0001 SHUPl Up 1 .. . . 

SHFTR 0010 SHUPL Up OLiNK 11111 R31 RAM Aeg 31 
0100 SHONZ Down 0 
0101 SHONl Down 1 
0110 SHONL Down OLiNK 
0111 SHONC Down QC 
1000 SHONOV Down ONeOOVR 

Instruction B/W Quad U1 Opcode Destination 

O=B 11 0110 SHA ACC 0000 SHUPZ Up 0 00000 NRV V Bus 
1 = W 0111 SHO 0 0001 SHUPl Up 1 00001 NAA ACC 

SHFTNA 0010 SHUPL Up OLiNK 
0100 SHONZ Down 0 
0101 SHONI Down 1 
0110 SHONL Down OLiNK 
0111 SHONC Down QC 
1000 SHONOV Down ONeOOVA 

Note 1. U = Source 
Dest = Destination 

Y BUS AND STATUS - SINGLE BIT SHIFT INSTRUCTIONS 

Instruction Opcode Description B/W Y - Bus Flag3 Flag2 Flag1 U/IIK OVR N C Z 

SHUPZ Up 0 1 =W Vi .... SACi - 1. i = 1 to 15; NC NC NC SAC1S· 0 SAC14 0 U 
SHUPl Up 1 Vo .... Shift Input , 

SHUPL Up OLiNK 
Vi .... SACi - 1. i = 1 to 7; 

SHA 
O=B 

Vo .... Shift Input; 
NC NC NC SAC7· 0 SACs 0 U 

SHNA Va .... SAC7. Vi .... SRCi - 8 
for i = 9 to 15 . 

SHONZ Down 0 
O=W Vi .... SACi+ 1. i = 14 to 0; NC NC NC SRCo· 0 

Shift 
0 U 

SHONl Down 1 VIS .... Shift Input Input 
SHONL Down OLiNK 

Vi .... SACi + 1. i = 1 to 6; SHONC Down OC Shift 
SHCNOV Down ONeOOVA O=B Vi .... SACi - 7. i = 8 to 14; NC NC NC SRCo· 0 

Input 
0 U 

V7.1S .... Shift Input 

SAC = Source; ·Shifted Output is loaded into the OLiNK. 
U = Update 
NC = No Change 
0= Aeset 
1 = Set 
i = 0 to 15 when not specified 
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BITORIENT,ED INSTRUCTIONS 
The Bit Orientel! instructions contain four indicators; byte or word Reset Bit n which forces the nth bit to ZERO leaving the other bits 
mode, operation, source/destination, and the bit position olthe bit unqhanged; Test Bit n, which sets the ZERO Status Bit depending 
to be operated on (Bit 0 is the least significant bit). It is further on the state of bit n leaving all the bits unchanged; Load 2n, which 
subdivided into two types. The firsltype uses the RAM as both loads ONE in Bit position n and ZERO in all other bit positions; 
source and destination and has two kinds of formats which differ Load 2ii which loads ZERO in bit position n and ONE in all other 
only by quadrant. The second type does not use the RAM as a bit positions; increment by 2n, which adds 2n to the operand; and 
source or a destination. Under the control althe instruction inputs, decrement by 2n which subtracts 2n from the operand. For all the 
the desir/ed function is performed on the specified source and the Load Set, Reset and Test instructions,. the Nand Z bits are 
result is stored in the specified destination or placed on the V-bus affected and OVR and C bit of the Status register are forced to ' 
or both. The operations which can be performed are: Set Bit n ZERO. For aU arithmetic instructions the LSH (OVR, C, N, Z bits) 
which forces the nth bit to a ONE leaving other bits unchanged; of the Status register is affected. 

BIT ORIENTED FIELD DEFINITIONS 

1514 13 12 9 8 54 0 

BORl IB/wl Quad 
I 

n I Opcode I RAM Address I 

BOR2 IB/wl Quad I n I Opcode I RAM Address I 
BONR Is/w I Quad I n 

I 
1100 I Opcode 

I 

BIT ORIENTED INSTRUCTlONS 

Instruction B/W Quad n· Opcode RAM Address 

O=B 1101 SETNR Set RAM, bit n 00000 ROO RAM Reg 00· 
BORl 

l=W 
11 o to 15 1110 RSTNR Reset RAM, bit n .. .. .... 

1111 TSTNR Test RAM, bit n 11111 R31 RAM Reg 31 

Jnstruction B/W Quad n Opcode RAM Address 

1100 LD2NR 2" --> RAM 00000 ROO RAM Reg 00 
BOR2 0= B 10 o to 15 1101 LDC2NR 2n --> RAM .. .. .... 

1 =W 1110 A2NR RAM plus 2" -> RAM 11111 R31 RAM Reg 31 
1111 S2NR RAM minus 2" --> RAM 

Instruction B/W Quad n Opcode 

00000 TSTNA Test ACC, bit n 
00001 RSTNA Reset ACC, bit n 
00010 SETNA Set ACC, bit n 
00100 A2NA ACC plus 2" -> ACC 
00101 S2NA ACC minus 2" --> ACC 
00110 LD2NA 2" --> ACC 

BONR O=B 11 o to 15 1100 00111 LDC2NA 2n --> ACC 
1 = W 10000 TSTND Test 0, bit n 

10001 RSTND Reset 0, bit n 
10010 SETND Set D, bit n 
10100 A2NDY o plus 2~ -> Y Bus 
10101 S2NDY o minus 2" --> Y Bus 
10110 LS2NY 2" --> Y Bus 
10111 LDC2NY 2n-> Y Bus 

. 
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BIT ORIENTED INSTRUCTIONS 

Y BUS AND STATUS - BIT ORIENTED INSTRUCTIONS 

Instruction Opcode Description BIW y- Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

SETNR SetRAMB~n O=B Yj-RAMjfori ... n;Vn-1 NC NC NC NC 0 U 0 0 

BORI RSTNR Reset RAM. B~ n 1 =W Vi -RAMjfori ':/: n;Yn-O NC NC NC NC 0 U 0 U 

TSTNR TestRAM.~n Vi-Otori +- n;Yn-SRCn NC NC NC NC 0 U 0 U 

LD2NR 2M_RAM YI_Ofori';' n; Yn -1 NC NC NC NC 0 U 0 0 

BOR2 LDC2NR 2"-RAM Vi <I- 1 for i +- n; Yn 4- 0 NC NC NC NC 0 U 0 0 

A2NR RAM +2n~ RAM Vi-RAM + 2" NC NC NC NC U U U U 

S2NR RAM-2"~RAM Yj-RAM-2" NC NC NC NC U U U U 

TSTNA Test ACC. B~ n Yj-Ofori:;' n; Yn -ACen NC NC NC NC 0 U 0 U 

RSTNA Reset ACC. Bit n Yi +- ACCifor I .. n; Yn +- 0 NC NC NC NC 0 U 0 U 

SETNA Set ACC. B~n Yi-ACCjfori';' n;Yn-.1 NC NC NC NC 0 U 0 0 

A2NA ACC + 2n~ACC Yj+-ACC + 2" NC NC NC NC U U U U 

S2NA ACC-2n~ACC Yj+-ACC - 2" NC NC NC NC U U U U 

LD2NA 2"~ACC Vi-Ofori"* n; Yn-1 NC NC NC NC 0 U 0 0 

BONR LDC2NA 2n~ACC Vi-1 fori ='1= n;Vn-O NC NC NC NC 0 U 0 0 

TSTND TestD. Bltn Yj+-Oforl .. n; Yn +-On NC NC NC NC 0 U 0 U 

RSTND Reset 0, Bit n* Yj-Ojfori =1= n;Yn-O NC NC NC NC 0 U 0 U 

SETND ' Set D. Bit n' Vj -Ojfori:l= n; Yn-1 NC NC NC NC 0 U 0 0 

A2NDY O+2"_YBus Y+-D+2" NC NC NC NC U U U U 

S2NDY 0-2"-YBus Y+-D-2n NC NC NC NC U U U U 
I 

LD2NY 2"_ YBus Yj-Ofori+ n;Yn-1 NC NC NC NC 0 U 0 0 

LDC2NY 2"_ YBus Vi-1 fori '* n; Yn<f-O NC NC NC NC 0 U 0 0 

SRC = Source 
U = Update 
NC = No Change 
0= Reset 
1 = Set 
I = 0 to 15 wilen not specified 

'Destination is not D Latch but Y SUs. 

, 

, 
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ROTATE BY n BITS INSTRUCTIONS 
The Rotate by n Bitl; Instructions contain four indicators: byte or (0 to 15) and the result is either stored· in the specified destination 
word mode, source, destination and the number of places tne or placed on the Y -bus or both. An example of this instruction is 
source is to be rotated. It is further subdivided into two types. The given in Figure 4. in the Word mode, all l6-bits are rotated up 
first type uses RAM as a source and/or a destination and the while in the Byte mode, only lower B-bits (0-7) are rotated up. In 
second type does not use RAM as a source or destination. The the Word mode, a rotate up by n bits is equivalent to a rotate down 
first type has two different formats and the only difference is in the by (16-n) bits. Similarly, in the Byte mode a rotate up by n bits is 
quadrant. The second type has only one format as shown in the equivalent to a rotate down by (B-n) bits. The Nand Z bits of the 
table. Under the control of instruction inputs, the n indicator Status Register are affected and OVR and C bits are forced 
specifies the number of bit positions the source is to be rotated up to ZERO. 

-
EXAMPLE: n '" 4, Word Mode ROTATE BY n BITS FIELD DEFINITIONS: 

Source, 0001 0011 0111 1111 15 14 13 12 9 B 54 0 
Destination 0011 0111 1111 0001 

ROTRl IB/wl Quad 1 I 
SRC-Dest 

I 
RAM Address 

I 
n 

EXAMPLE: n = 4, Byte Mode 

Source 0001 0011 0111 1111 
ROTR21 B/wl I I I I Destination 0001 0011 1111 0111 Quad n SRC-Dest RAM Address 

Figure 4. Rotate by n Example 
ROTNR IB/wl Quad 

I 
n 

I 
1100 

I 
SRC-Dest 

I 

ROTATE BY n BITS INSTRUCTIONS 

Instruction B/W Quad n Ul Dest1 RAM Address 

O=B 
1100 RTRA RAM ACC 00000 ROO RAM Reg 00 

ROTRl 
1 = Vol 00 o to 15 1110 RTRV RAM V Bus . , .. .... 

1111 RTRR RAM RAM 11111 R31 RAM Reg 31 

Instruction 'B/W Quad n Ul Dest1 RAM Address 

O=B 0000 RTAR ACC RAM 00000 ROO RAM Reg 00 
ROTR2, 

1 =W 
01 Oto 15 0001 RTDR D RAM 

.. .. .... 
11111 R31 RAM Reg 31 

Instruction B/W Quad n Ul Dest1 

11000 RTDV D V Bus 

ROTNR O=B 11 o to 15 1100 11001 RTDA D ACC 
1 =W 11100 RTAY ACC V Bus 

11101 RTAA ACC ACC 

Note 1: U = Source 
Dest = Destination 

Y BUS AND STATUS - ROTATE BY n BITS INSTRUCTIONS 

Instruction Opcode B/W Y - Bus Flag3 Flag2 Flagl LINK OVR N C Z 

ROTRI 1 =W Yi +- SRC(I-n)mod16 NC NC NC NC 0 SRC1s_n 0 U 

. ROTR2 
O=B VI +- SRCi + S = SRC(i-n)modS NC NC NC NC 0 SRCS_n 0 U ROTNR lorl=0107 

SRC = Source 
U = Update 
NC = No Change 
0= Reset 
1 = Set 
I = 0 to 15 when not specified 

, 
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ROTATE AND MERGE INSTRUCTION 
The Rotate and Merge Instructions contain five indicators: byte will select the ith bit olthe R input as the ith output bit, while ONE in 
or word mode, rotated source, non-rotated source/destination, bit i will select the ith rotated U input as the output bit. The output 
mask and the number of bit positions a source is to be rotated. word is stored in the non'rotated operand location. The Nand Z 
The function performed by the Rotate and Merge instruction is bits are affected. The OVR and C bits of the Status register are 
illustrated in Figure 5. The rotated source, U, is rotated up by the forced to ZERO. An example of this instruction is given in 
Barrel Shifter n places. The mask input then selects, on a bit by bit Figure 6. 
basis, the rotated U input or R input. A ZERO in bit i of the mask 

u S (MASK) EXAMPLE: n = 4, Word Mode 

I U 0011 0001 0101 0110 

I I I 
Rotated U 0001 0101 0110 0011 

n BARREL R 1010 1010 1010 1010 SHIFTER R 

Mask (S) 0000 1111 0000 1111 
Destination 1010 0101 1010 0011 

I -f>v- 1 
I AND I I AND I 

Figure 6. Rotate and Merge Example 

I ! 
I 

ROTATE AND MERGE FIELD DEFINITIONS: 
OR 15 14 .13 12 98 54 0 

ROT SRC-
ROTM B/W Quad n Non ROT SRC- RAM Address 

MPR·768 
Mask 

Figure 5. Rotate and Merge Function 

ROTATE AND MERGE INSTRUCTION 

Instruction B/W Quad n U1 RlIlest1 S1 RAM Address 

0111 MDAI D ACC I 
1000 MDAR D ACe RAM 

00000 ROO RAM-Reg 00 
0=6 1001 MDRI D RAM I ROTM 
1 = W 

01 a to 15 
1010 MDRA D RAM ACC 

.. .. . ... 
1100 MARl ACC RAM I 

11111 R31 RAM Reg 31 

1110 MRAI RAM ACC I 

Note 1. U = Rotated Source 
RlDest = Non Rotated Source and Destination 
S = Mask 

Y BUS AND STATUS - ROTATED MERGE 

Instruction Opcode B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

1 =W V; <- (Non Rot Op); • (mask); + NC NC NC NC a U a U 
ROTM (Rot Op) (I-n)mod 16 • (mask); 

0=6 
V; <- (Non Rot Op); • (mask); + 

.NC NC NC NC a U a U 
(Rot OP)(;_n) mod 8 • (mask); 

SRC = Source 
U = Update 
NC = No Change 
a = Reset 
1 = Set 
i = a to 15 when not specified 
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ROTATE AND COMPARE INSTRUCTIONS 
The. Rotate and Compare Instructions contain five indicators: of the Barrel Shifter and R input. Thus, a ONE in the mask input 
byte or word mode,. rotated source, non-rotated source, mask, eliminates that bit from the comparison. A ZERO allows the 
and the number of bit positions the rotated source is to be rotated . comparison. If the comparison passes, the Zero flag is set. If it 
up. Under the control of instruction inputs, the function performed fails, the Zero flag is reset. The N and Z bit are affected. The OVR 
by the Rotate and Compare instruction is illustrated in Figure 7. and C bits of the Status register are forced to ZERO. An example 
The rotated operand is rotated by the Barrel Shifter n places. The of this instruction is given in Figure 8. 

, mask is inverted and ANDed on a bit-by-bit basis with the output 

u S(MASK) R EXAMPLE: n = 4, Word Mode 

I U 0011 0001 0101 0110 
U Rotated 0001 0101 0110 0011 

n BARREL 
R 0001 0101 1111 0000 

SHIFTER 
'i7 

Mask (S) 0000 0000 1111 1111 
Z (status) = 1 

J' 
Figure 8. Rotete and Compare Examples 

AND AND 

I I 
ROTATE AND COMPARE FIELD DEFINITIONS 

COMPARATOR 1514 1312 98 54 a 
(XOR) 

l~wlQuadl I 
Rot Src-

I RAM Address I I ROTC n . Non Rot Src-
MPR-770 Mask 

Figure 7_ Rotete and Compare Function 

ROTATE AND COMPARE INSTRUCTIONS 

Instruction B/W Quad n Ul R SI RAM Address 

0010 COAl 0 ACC I. 
00000 ROO RAM Reg 00 

0=8 0011 CORI 0 RAM I ROTC 
1 =W 

01 Oto 15 
0100 CORA D RAM ACC 

.. .. .. . 
0101 CRAI RAM ACC I 11111 R31 RAM Reg 31 

Note 1. U = Rotated Source 
RlOest = Non Rolated Source and Destination 
S = Mask 

Y BUS AND STATUS - ROTATE AND COMPARE 

Instruction Opcode B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

1 =W Yi '- (Rot 0p)i • (mask)i Ell 
NC NC NC NC a U a U 

ROTC (Non Rot OP)(i-n)mod 16 • (mask)1 

0=8 Yi <- (Rot 0p)1 • (mask)i Ell NC NC NC NC a U a U 
. (Non RotOP)(i-nj mod 8 • (mask)i 

SRC = Source 
U = Update 
NC = No Change 

0= Reset 

1 = Set 
i = 0 to 15 when not specified 
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PRIORITIZE INSTRUCTION 
The Prioritize Instructions contain four indicators: byte or word 
mode, operand source (R), mask source (5) and destination. It is 
further subdivided into two types. The function performed by the 
Prioritize instruction is shown in Figure 9. The R operand is 
ANDed with the complement olthe Mask operand. A ZERO in the 
Mask operand allows the corresponding bit in the R operand to 
participate in the priority encoding function. A ONE in the Mask 
operand forces the corresponding bit in the R operand to a ZERO, 
eliminating it from participation in the priority encoding function. 

R S (MASK) 

AND 

PRIORITY 
ENCODER 

DESTINATION t 5 

, 

Figure 9. Prioritize Function 

MPR·772 

The priority encoder accepts a 16-bit input and produces as-bit 
binary-weighted code indicating the bit position of the highest 
priority active bit. If none of the inputs are active, the output is 
ZERO. In the Word mode, if input bit 15 is active, the output is 1, 
etc. Figure 10 lists the output as a function of the highest-priority 
active-bit position in both the Word and Byte mode. The Nand Z 
bits are affected and the OVR and C bits of the status register are 
forced to ZERO. The only limitation in this instruction is that the 
operand and the mask must be different sources. 

WORD MODE BYTE MODE· 

Hlghest- Highesl 
Priority Encoder Priority Encoder 

Active Bit Output Active Bit Output 

None None 0 
15 7 1 
14 6 2 

1 15 
o 16 

·Bits 8 through 15 do not participate. 
Figure 10. 

PRIORITZE INSTRUCTION FIELD DEFINITIONS 

15 14 13 12 98 54 0 

B/W 1 Quad jDestination I Source (R) 
RAM Addressl 

Mask (s) 

B/W I Quad I I Destination 
RAM Addressl 

Mask (5) 
Source (R) 

BfW I QUadJ Mask (s) I Source (R) 
RAM Addressl 

Destination 

I B/W I Quad I Mask (s) Source (R) Destination 

PRIORITIZE INSTRUCTION 

Instruction B/W Quad Destination Source (R) RAM ~ddressiMask (S) 

0= B 1000 PRIA ACC 0111 PRTIA ACC 00000 ROO RAM Reg 00 
PRTI 

1 =W 10 1010 PR1Y Y Bus 1001 PR1D D 1011 PRIR RAM 11111 R31 RAM Reg 31 

Instruction B/W Quad Mask (S) Destination RAM AddressiSource (R) 

O=B 1000 PRA ACC 0000 PR2A ACC 00000 ROO RAM Reg 00 
PRT2 

1 =W 10 1010 PRZ 0 0010 PR2Y Y Bus 
1011 PRI I 11111 R31 RAM Reg 31 

Instruction B/W Quad Mask (S) Source (R) RAM AddressiDest 

O=B 1000 PRA ACC 0011 PR3R RAM 00000 ROO RAM Reg 00 
PRT3 

1 =W 10 1010 PRZ 0 0100 PR3A ACC 
1011 PRI ) 0110 PR3D D 11111 R31 RAM Reg 31 

Instruction B/W Quad Mask (S) Source (R) Destination 

O=B 1000 PRA ACC 0100 PRTA ACC 00000 NRY Y Bus 
PRTNR 1 =W 11 1010 PRZ 0 0110 PRTD D 00001 NRA ACC 

1011 PRI I 

Y BUS AND STATUS - PRIORITIZE INSTRUCTION 

Instruction Opcode B/W Y - Bus Flag3 Flag2 Flagl LINK OVR N C Z 

Yi - CODE (SRCn • maskn): 
PRTI 1 =W Ym <- 0; i = 0 to 4 and n = 0 to 15 NC NC NC NC 0 U 0 U 

PRT2 m = 5 to 15 

PRT3 Yi - CODE (SRCn : maskn): 
PRTNR O=B Ym<-O: i = Ot02andn = Ot07 NC NC NC NC 0 U 0 U 

m = 3to 15 

SRC - Source NC = No Change 1 - Set 
U = Update 0= Reset i = 0 to 15 when not specified 
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CRC INSTRUCTION 
The CRC (CYClic-Redundancy-Check) Instructions contain one' 
indicator: address of a RAM register to use as the check sum 
register. The CRC instruction provides a method for generation of 
the check'bits in a CRC calculation. Two CRC instructions are 
provided-CRC Forward lind CRC Reverse. The reason for pro
viding two instructions is that CRG Standards do not specify which 
data. bit is to be transmitted first. the LSB or the MSB. but they do 
specify which check bit must be transmitted first Figure 11 illus
trates the method used to generate these check bits for the GRG 
Forward function and Figure '12 illustrates method used for the 

CRG Reverse function. The ACt serves as a polynomial mask to ' 
define the generating polynomial While the RAM register holds 
the partial result and eventually the calculated check sum. The 
LINK-bit is used as the serial input. The serial input combines with 
the MSB of the check-sum register. according to the polynomial 
defined by the polynomial mask register. When the last input bit 
has been processed. the check-sum register. contains the CRG 
check bits. The LINK. Nand Z bits are affected and the OVR and 
C bits of the Status register are forced to ZERO. 

CYCLIC-REDUNDANCY-CHECK FIELD DEFINITIONS: 

GRGF 

CRCR 

POLYNOMIAL MASK 
(ACC) 

"'This bit must be transmitted first. 

1514 1312 98 54 0 

Quad 0110 0011 I RAM Address I 

f Quad 0110 1001 I RAM Address I 

QUNK 

Figure 11. CRC Forward Function MPR·773 
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CRC INSTRUCTION 

GUNK 
CHECKSUM 

POLYNOMIAL MASK REGISTER 
(ACC) (RAMI r-:- -

I IS I I' I I 1 
o I I IS I I' I I 1 I o· I 

1 

~ 
I I I I 

I BARREL SHIFTER N = IS I 
IJ I ( ( 

0 I 
r 1 1 I 1 

-This bU must be transmitted first. '(L 

Figure 12. CRC Reverse .Function MPR·774 

CYCLIC REDUNDANCY CHECK 

Instruction B/W Quad RAM Address 

00000 ROO RAM Reg 00 
CRCF 1 10 0110 0011 .. .. .... 

11111 R31 RAM Reg 31 

Instruction B/W Quad RAM Address 

00000 ROO RAM Reg 00 
CRCR 1 10 0110 1001 .. .. . ... 

11111 R31 RAM Reg 31 

Y BUS AND STATUS - CYCLIC REDUNDANCY CHECK 

Instruction Opcode B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

Yi +- [(QUNK Ell RAMI5)' ACCi] 
CRCF 1 =W Ell RAMi _ 1 for i = 15 to 1 NC NC NC RAM15' 0 U 0 U 

Yo +- [(QUNK Ell RAMI5)' ACCo] Ell 0 

Yi +- [(QUNK Ell RAMo) , ACCi] 
CRCR 1 =W Ell RAMI + 1 for i = 14 to 0 NC NC NC RAMO· 0 U 0 U 

Y1S +- [(QUNK Ell RAMo)' ACC1S] Ell 0 

SRC = Source ·QUNK is loaded with the shifted out M from the checksum register. 
U = Update 
NC = No Change 
0= Reset 
1 = Set 
i = 0 to 15 when not specified 
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STATUS INSTRUCTIONS 
Status Instructions - The Set Status Instruction contains a single have priority over T bus for testing the status register on 
indicator. This indicator specifies which bit or group of bits, con- CT output. See the discussion on the status register for a full 
tained in the status register (Figure 13), are to be set (forced to description. 
a ONE). 

14 1'3 T2 T1 CT 
14 13 12 11 

7 6 5 4 3 2 1 0 

1 Flag3 1 Flag2 I 1 1 I 1 1 1 

0 0 0 0 (N$OVR) + Z 
Flagl LINK OVR N C Z 

0 0 0 1 NeOVR 

MPR·775 0 0 1 0 Z 
Figure 13. Status Byte 0 0 1 1 OVR 

The Reset Status Instruction contains a single indicator. This 0 1 0 0 LOW 

indicator specifies which bit or group of bits, contained in the 0 1 0 1 C 
status register are to be reset (forced to ZERO). 

0 1 1 0 Z+C 
The Store Status Instruction contains two indicators; byte/word 

0 1 1 1 N 
and a second indicator that specifies the destination of the status 
register. The Store Status Instruction allows the status of the 1 0 0 0 LINK 
processor to be saved aod restored later, which is an especially 1 0 0 1 Flagl 
useful function for interrupt handling. 

1 0 1 0 Flag2 
The status register is always stored in the lower byte of the RAM 

1 0 1 1 Flag3 or the ACC register. Depending upon byte or word mode the 
upper byte is unchanged or loaded with all ZEROs respectively. 

The Load Status instructions are. included in the single operand STATUS: 
. instruction type. 

15 14 13 12 98 54 0 

The Test Status Instructions contain a single indicator which SETST 1 0 IOuad 11011 11010 1 Opcode 1 
specifies which one of the 12 possible test conditions are to be 
placed on the Conditional-Test output. Besides the eight bits in 
the Status register (OZ, aC, ON, OOVR, OLiNK, OFlagl, 

RSTST 1 0 1 Quad 1 1010 1 1010 1 Opcode 
1 OFlag2, and QFlag3), fo~loglcal fimctions (QN Ell QOVR, 

(ON Ell OOVR) + OZ, QZ + OC and LOW may also be selected. 
These functions are useful. in testing results of Two's Comple-
ment and unsigned number arithmetic operations. The status SVSTR I B/W I Quad 1 0111 1 1010 I RAM Address/Dest 

1 register may also be tested via the bidirectional T bus. The code 
to test the status register via T bus is similar to the code used by 

SVSTNR I B/W 1 Quad 1 0111 1 1010 1 Destination 
1 instruction lines 11 to 14 as shown below. Instruction lines 10 - 4 

STATUS INSTRUCTIONS 

Instruction B/W Quad Opcode 

00011 SONCZ Set OVR, N, C, Z 
00101 SL Set LINK 

SETST 0 11 1011 1010 00110 SFl Set Flagl 
01001 SF2 Set Flag2. 
01010 SF3 Set Flag3 

Instruction B/W Quad Opcode 

00011 RONCZ Reset OVR, N, C, Z 
00101 RL Reset LINK 

RSTST 0 11 1010 1010 00110 RFl Reset Flagl 
01001 RF2 Reset Flag2 
01010 RF3 Reset Flag3 

Instruction B/W Quad RAM Address/Dest 

O=B 
00000 ROO RAM Reg 00 

SVSTR 10 0111 1010 .. .. . ... 
l=W 11111 R31 RAM Reg 31 

Destination 

SVSTNR O=B 11 0111 1010 00000 NRY Y Bus 
1 = W 00001 NRA ACC e 

,. 
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STATUS INSTRUCTIONS 

Instruction B/W Quad Opcode (CT) 

00000 TNOZ Test (N'" OVR) + Z 
00010 TNO Test N"'OVR 
00100 TZ Test Z 
00110 TOVR TestOVR 
01000 TLOW Test LOW 

Test 0 11 1001 1010 01010 TC Test C 
01100 TZC TestZ + C 
01110 TN Test N 
10000 TL Test LINK 
10010 TFI Test Flagl 
10100 TF2 Test Flag2 
10110 TF3 Test Flag3 

Note: lEN· test status instruction has priority over T1-4 instruction. 

Y BUS AND STATUS - FOR STATUS INSTRUCTIONS 

Instruction Opcode Description BIW Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

SONCZ Set OVR, N, C, Z O=B Vi ~ 1 for i = 0 to 15 NC NC NC NC 1 1 1 1 

SL Set LINK NC NC NC 1 NC NC NC NC 

SETST SF1 Set Flag1 NC NC 1 NC NC NC NC NC 

SF2 Set Flag2 NC 1 NC NC NC NC NC NC 

SF3 Set Flag3 1 NC NC NC NC NC NC NC 

RONCZ Reset OVR, N, C, Z 0= B Y, ~ 0 for i = 0 to 15 NC NC NC NC 0 0 0 0 

RL Reset LINK NC NC NC 0 NC NC NC NC 

RSTST RF1 Reset Flag1 NC NC 0 NC NC NC NC NC 

RF2 Reset Flag2 NC 0 NC NC NC NC NC NC 

RF3 Reset Flag3 0 NC NC NC NC NC NC NC 

SVSTR Save Status· O=B Yi ~ Status; for i = 0 to 7; NC NC NC NC NC NC NC NC 
SVSTNR 1 =W Vi +- 0 for i = 8 to 15 

SRC = Source 
U = Update 
NC = No Change 
0= Reset 
1 = Set 
i = 0 to 15 when not specified 

'In byte mode only the tower byte from the Y bus is loaded into the RAM or ACC and in word mode all 16-bits from the Y bus are loaded into the RAM or ACC. 

Y BUS AND STATUS- FOR STATUS TEST INSTRUCTIONS 

Instruction Opcode Description B/W Y - Bus Flag3 Flag2 Flag1 LINK OVR N C Z 

TNOZ Test (N "'OVR) + Z O=B * NC NC NC NC NC NC NC NC 

TNO Test N",OVR NC NC NC NC NC NC NC NC 

TZ TestZ NC NC NC NC NC NC NC NC 

TOVR TestOVR NC NC NC NC NC NC NC NC . 
TLOW Test LOW NC NC NC NC NC NC NC NC 

Test TC TestC NC NC NC NC NC NC NC NC 

TZC TestZ + C NC NC NC NC NC NC NC NC 

TN TestN NC NC NC NC NC NC NC NC 

TL Test LINK NC NC NC NC NC NC NC NC 

TF1 Test Flag1 NC NC NC NC NC NC NC NC 

TF2 Test Flag2 NC NC NC NC NC NC NC NC 

TF3 Test Aag3 

'Y -Bus is undefined 

SRC = Source 
U = Update 
NC = No Change 
0= Reset 
1 = Set 
i. = 0 to 15 when not specified 
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·No-OP INSTRUCTION 

The NO-OP Instruction has a fixed 16-bit code. This instruction 
does not change any internal registers in the Am29116. It pre
serves the status register, RAM register and the ACC register. 

NO OPERATION FIELD DEFINITION: 

1514 1312 98 54. 

NOOP I 0 11 1000 1010 00000 

. No-OP INSTRUCTION 

Instruction B/W Quad 

NOOP o 11 1000 1010 00000 

Y BUS AND STATUS - No-OP INSTRUCTION 

o 

I Instruction I Opcode I B/W I Y - Bus I Flag3 I Flag2 I Flag1 I LINK I OVR I N I C I z I 
I NOOP 

SRC =' Source 
U = Update 
NC = No Change 
0= Reset 
1 = Set 

I 

i = 0 to 15 when not specified 

I O=B I * I NC I NC I NC I NC I NC TNCTNCTNCl 

'Y-Bus is undefined. 
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Instruction Type 

SOR 
SONR 
TORl 
TOR2 
TONR 
SHFTR 
SHFTNR 
ROTRl 
ROTR2 
ROTNR 
BORl 
BOR2 
BONR 
ROTM 
ROTC 
PRTl 
PRT2 
PRT3 
PRTNR 
CRCF 
CRCR 
NOOP 
SETST 
RSTST 
SVSTR 
SVSTNR 
TEST 

Single Operand RAM 
Single Operand Non-RAM 
Two Operand RAM (Quad 0) 
Two Operand RAM (Quad 2) 
Two Operand Non-RAM 
Single Bit Shift RAM 
Single Bit Shift Non-RAM 
Rotate n Bits RAM (Quad 0) 
Rotate n Bits RAM (Quad 1) 
Rotate n Bits Non-RAM 
Bit Oriented RAM (Quad 3) 
Bit Oriented RAM (Quad 2) 
Bit Oriented NOn-RAM 
Rotate and Merge 
Rotate and Compare 
Prioritize RAM; Type 1 
Prioritize RAM; Type 2 
Prioritize RAM; Type 3 
Priorijize Non-RAM 

SUMMARY OF MNEMONICS 
TODIR 
TODA 
TOAI 
TOOl 

Single Bit Shift 

SHRR 
SHDR 
SHA 
SHD 

Two Operand D. I to RAM 
Two Operand D. ACC 
Two Operand ACC. I 
Two Operand D. I 

Shift RAM, Store in RAM 
Shift D. Store in RAM 
ShiftACC . 
Shift 0 

Am29116 

Cyclic Redundancy Check Forward 
Cyclic Redundancy Check Reverse 
No Operation 

Rotate n Bits 

RTRA 
RTRY 
RTRR 
RTAR 
RTDR 
RTDY 
RTDA 
RTAY 
RTAA 

Rotate RAM. Store in ACC 
Rotate RAM. Place on Y Bus 
Rotate RAM. Store in RAM 
Rotate ACC. Store in RAM 
Rotate D. Store in RAM 
Rotate D. Place on Y Bus 
Rotate D. Store in ACC 
Rotate ACC. Place on Y Bus 
Rotate ACC. Store in ACC 

Rotate and Merge 

Set Status 
Reset Status 
Save Status RAM 
Save Status Non-RAM 
Test Status 

MDAI Merge Disjoint Bits of 0 and ACC Using 
I as Mask and Store in ACC 

MDAR Merge Disjoint Bits of 0 and ACC Using 
RAM as MasK and Store in ACC 

MDRI Merge Disjoint Bits of 0 and RAM Using 
I as Mask and Store in RAM 

SOURCE AND DESTINATION 

Single Operand 

MORA Merge Disjoint Bits of 0 and RAM Using 
ACe as Mask and'Store in RAM 

MARl Merge Disjoint Bits of ACC and RAM 
Using I as Mask and Store in RAM SORA 

SORY 
SORS 
SOAR 
SODR 
SOIR 
SOZR 
SOZER 
SOSER 
SORR 
SOA 
SOD 
SOl 
SOZ 
SOZE 
SOSE 
NRY 
NRA 
NRS 
NRAS 

Two Operand 

TORAA 
TORIA 
TODRA 
TORAY 
TORIY 
TODRY 
TORAR 
TORIR 
TODRR 
TODAR 
TOAIR 

Single Operand RAM to ACC 
Single Operand RAM to Y Bus 
Single Operand RAM to Status 
Single Operand ACC to RAM 
Single Operand 0 to RAM 
Single Operand I to RAM 
Single Operand 0 to RAM 
Single Operand D(OE) to RAM 
Single Operand D(SE) to RAM 
Single Operand RAM to RAM 
Single Operand ACC 
Single Operand 0 
Single Operand I 
Single Opllrand 0 
Single Operand D(OE) 
Single Operand D(SE) 
Non-RAM Y Bus 
Non-flAM ACC 
Non-RAM ~tatus 
Non-RAM ACC, Status 

Two Operand RAM. ACC to ACC 
Two Operand RAM. I to ACC 
Two Operand 0, RAM to ACC 
Two Operand RAM. ACC to Y Bus 
Two Operand RAM. I to Y Bus 
Two Operand D. RAM to Y Bus 
Two Operand RAM. ACC to RAM 
Two Operand RAM. I to RAM 
Two Operand D. RAM to RAM 
Two Operand D. ACC to RAM 
Two Operand ACC. I to RAM 

MRAI Merge Disjoint Bits of RAM and ACC 
Using I as Mask and Store in ACC 

Rotate and Compare 

COAl Compare Unmasked Bits of 0 and ACC 
Using I as Mask . 

CDRI Compare Unmasked Bits of 0 and RAM 
Using I as Mask 

CORA Compare Unmmasked Bits of 0 and RAM 
Using ACC as Mask 

CRAI Compare Unmasked Bits of RAM and ACC 
Using I as Mask 

Prioritize 

PR1A 
PRW 
PR1R 
PRT1A 
PR1D 
PR2A 
PR2Y 
PR3R 
PR3A 
PR3D 
PRTA 

PRTD 
PRA 

ACC as Destination for Prioritize Type 1 
Y Bus as Destination for Prioritize Type 1 
RAM as Destination for Prioritize Type 1 
ACC as Source for Prioritize Type 1 
o as Source for Prioritize Type 1 
ACC as Destination for Prioritize Type 2 
Y Bus as Destination for Prioritize Type 2 
RAM as Source for Prioritize Type 3 
ACC as Source for Prioritize Type 3 
o as Source for Prioritize Type 3 
ACC as SOurce for Prioritize Type 
Non-RAM 
o as Source for Prioritize Type Non-RAM 
ACC as Mask for Prioritize Type 2. 3. 
and Non-RAM 

Mnemonics copyright © 1980 Advanced Micro Devices. Inc. 
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SUMMARY OF MNEMONICS 
PRZ 

PRI 

OPCODE 

Addition' 

ADD 
ADDC 
A2NA 
A2NR 
A2NDY 

Subtraction 

SUBR 
SUBRC 
SUBS 
SUBSC 
S2NR 
S2NA 
S2NDY 

Mask Equal to Zero for Prioritize Type 
2, 3, and Non-RAM ' 
I as Maskfor Prioritize Type 2, 3, and 
Non-RAM 

Add without Carry 
Add with Carry 
Add 2n to ACC 
Add 2n to RAM 
Add 2n to 0, Place on Y Bus 

Subtract R from $ without Carry 
Subtract R from S with Carry 
Subtract S from R without Carry 
Subtract S from R with Carry 
Subtract 2n from RAM 
Subtract 2n from ACC 
Subtract 2n from 0, Place on Y Bus 

Logical Operations 

AND Boolean AND 
NAND Boolean NAND 
EXOR Boolean EXOR 
NOR Boolean NOR 
OR Boolean OR 
EX NOR . Boolean EXNOR 

SHIFTS 

SHUPZ 
SHUPl 
SHUPL 
SHDNZ 
SHDNl 
SHDNL 
SHDNC 
SHDNOV 

Loads 

LD2NR 
LDC2NR 

Shift Up Towards MSB with 0 Insert 
Shift Up Towards MSB with 1 Insert 
Shift Up Towards MSB with LINK Insert 
Shift Down Towards LSB with 0 Insert 
Shift Down Towards LSB with 1 Insert 
Shift Down Towards LSB with LINK Insert 
Shift Down Towards LSB with Carry Insert 
Shift Down Towards LSB with Sign EXOR 
Overflow Insert 

Load 2n into RAM 
Load 2n into RAM 

LD2NA. 
LDC2NA 
LD2NY 
LDC2NY 

Bit Oriented 

SETNR 
SETNA 
SETND 
SONCZ 
SL 
SFl 
SF2 
SF3 
RSTNR 
RSTNA 
RSTND 
RONCZ' 
RL 
RFl 
RF2 
RF3 
TSTNR 
TSTNA 
TSTND 

Load 2n into ACC 
Load 2n into ACC 
Place 2n on Y Bus 
P.lace 2n on Y Bus 

Set RAM, Bit n 
Set ACC, Bit n 
Set 0, Bit n 
Set OVR, N, C, Z, in Status Register 
Set LINK Bit in Status Register 
Set Flagl Bit in Status Register 
Set Flag2 Bit in Status Register 
Set Flag3 Bit in Status Register 
Reset RAM, Bit n I 

Reset ACC, Bit n 
Reset 0, Bit n 
Reset OVR, N, C, Z, in Status Register 
Reset LINK Bit in Status Register 
Reset Flagl Bit in Status Register 
Reset Flag2 B~ in Status Register 
Reset Flag3 Bit in Status Register 
Test RAM, Bit n 
Test ACC, Bit n 
Test 0, Bit n 

Arithmetic Operations 

MOVE Move and Update Status 
COMP Complement (l's Complement) 
INC Increment 
NEG Two's Complement 

Conditional Test 
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TNOZ 
TNO 
TZ 
TOVR 
TLOW 
TC 
TZC 
TN 
TL 
TFl 
TF2 
TF3 

Test (N <Il OVR) + Z 
Test N<IlOVR 
Test Zero Bit 
Test Overflow Bit 
Test for LOW 
Test Carry Bit 
TestZ + C 
Test Negative Bit 
Test LINK Bit 
Test Flagl Bit 
Test Flag2 Bit 
Test Flag3 Bit 

Mnemonics copyright © 1980 Advanced Micro Devices, Inc. 



MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Case) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output State' 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

OPERATING RANGE 
PIN Temperature 

AM29116DC, DCB TA = 010 +700C 

AM29116DM, DMB Te = -55 to +125°C 

Vce 

Vee = 5.0V ±5% (MIN = 4.75V, MAX = 5.25V) 

Vee = 5.0V ±10% (MIN = 4.50V, MAX = 5.50V) 

Vee AND GROUND PIN CONNECTIONS 

114 

113 

112 c, 
I" 
I,. c. I. 

Ia 
It 
I. 

GND 
I. 

vee 

I. 
I. 
I. 
I, 
I. +5V 

CP 

iEN 
SiiE 

CT ":' 

OET 

T. 

T3 
GND 

T2 

MPR-839 

Am29'J16 

-65 to + 150°C 

-55 to +125°C 

-0.5 to +7.0V 

-0.5V to VCC MAX 

-0.5 to +5.5V 

30mA 

-30 to +5.0mA 

Notes: 1. Ali Vee and ali GND pins musl be connected as shown. Offsets between any two Vee pins or between any two GND pins should be avoided. 
2. C, = 1.0",F, C2 = O.OI",F. 

The Cl and C2 capacitors should be used to shunllow- and high-frequency noise from Vee. Do nol replace willi one capacitor. 
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Am2911~ 
DC CHARACTERISTICS OVER OPERATING RANGE 

. Typ 
Parame"ra Description Test Conciitiens (Note 1) Min (Note 2) Max Units 

Vcc=MIN YO-15 IOH 2.4 
VOH Output HIGH Voltage TI-4 -1.6mA, COM'L Volts 

VIN=VIHorVll CT -1.2mA,MIL 2.4 

Vcc= MIN YO-15 IOl (COM'LJMIL) 
VOL Output LOW Voltage 

VIN = VIH or VIL 
TI-4 16mN12mA 

0.5 VOhs 
CT . 

VIH 
Guaranteed Input logical 

All inputs Volts 
HIGH Voltage (Note 6) 

Vil 
Guaranteed Input Logical 

All Inputs 0.8 Volts 
LOW Voltage (Note 6) 

VI Input Clamp Voltege Vee = MIN -1.5 Vohs 

-0.50 
-0.50 
-1.00 

Vcc= MAX -1.00 
III Input LOW Current VIN = 0.5 Vohs -0.50 mAo 

(Note 4) -0.50 
-0.50 
-1.50 
-0.55 
-0 .. 55 

50 
50 
100 
100 

IIH Input HIGH Current 50 p.A. 
50 
50 
150 
100 
100 

II All Inputs 1.0 mA 

IOlH TI-4 100 p.A. 
YO-15 

lOll 
Off State (HIGH Impedance) Vcc= MAX TI-4 -550 p.A. 
Output Current Vo= 0.5 Volts (Note 4) YO-15 

los Output Short Circuit Current -30 -85 mA 

COM'L 
735 

ICC 
Power Supply Current 

Vce= MAX mA (Note 5) 

MIL 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specilied under Operating Range lor the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25'C ambient and maximum loading. 
3. Not more than one output should be shor1ed at a time. Duration of the short circuit test should not exceed one second. 
4. YO-15, TI-4 are three-ste.te outputs internally conriectedto TTL inputs. Input characteristics are measured under conditions such lhatthe 

outputs are in the OFF state. 
5. Worst case Icc Is at minimum temperature. 
6. These input levels provide ~ero noise immunity and shOUld be tested only in a static, noise-Iree environment. 
7. Cold start. 
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SWITCHING CHARACTERISTICS 
The tables below define the Am29116 switching characteristics. All measurements are made at 1.5V with input levels at OV or 3V. All 
values are in nsec. All outputs have maximum DC loading. 

TYPICAL ROOM TEMPERATURE CHARACTERISTICS 
(TA = 25°C; Vee = 5.0V. CL = 50pF) 

A. Combinational Delays (nsec) 

Outputs 

YO-15 T1-4 CT 

10-4 (ADDA) 55 56 

10-15 (DATA) 55 56 

10-15 (INSTA) 55 56 . 29 

Input OLE 37·· 39 

Tl-4 25 

CP 40 40 24 

YO-15 ~7"" 39' 

lEN 

'YO-15 must be stored in the Data Latch and its source disabled 
the delay to Yo -15 as an output can be measured. 

"G~aranteed indirectly by other tests. 

D. Setup and Hold Times (nsec) 

Input 

10-4 (RAM ADDA) 

tTiming for immediate instruction for the first cycle. 
ttStetus register and aci:umulato( destination only. 

6-39 

B. Enable/Disable Times (nsec) 
(CL = 5pF for disable only) 

Low-to-High 
Transition 

~tup Hold Comment 

SingleADDA 
(Source) 

TwoADDA 
(Destination) 

II 
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SWITCHING CHARACTERISTICS ~Cont.) 

PRELIMINARY CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
, (TA= Oto +70"C, Vee = 4.7Sto S.2SV, Ct; = SOpF) 

A. Combinational Delays (nsec) 

Outputs 

YO-1S T1-4 , CT 

10-4 (ADDR) 79 84 

, 10-15 (DATA) 79 84 

_10-15 (INSTR), 79 84 4B 

DlE 58*~ 60 

TI-4 39 

CP 56 62 36 

YO':" 15 62" 84' 

lEN 43 

'YO-15 must be stored in the Data Latch and is source disabled before 
the delay to YO-15 as an output can be measured. 

"Guaranteed indirectly by other tests. ' 

D. Setup and Hold Times (nsec) 

Input 

10-4 (RAM ADDR) 

10-4 (RAM ADDR) 

10-15 (DATA) 

B. Enable/Disable Times (nsec) 
(Cl = SpF for disable only) 

Low-to-Hlgh 
Transition 

SetUp Hold' 

Do Not Change (th7) 0 

(tsa) 65 (th8) 0 

Comment 

SingleADDR 
(Source) 

TwoADDR 
(Destination) 

10-15 (INSTR) (ts3)38t (th3)t 17 (to9) 65 (th9) 0 

lEN H'IGH (t84) 10, 

iEiiiLOW CP (t85) 20 

SFiE CP 

y CP 

(tI111) tt 0 

(tsI2) 17 (thI2) 0 

(t.13) 44 (thI3) 0 

Immediate I 
first cycle 

y DLE (tsa) 10 (th6) 6 

DLE CP 

tTiming for Immedi,ate instruction f9r the first cycle. 
tt Status register and accumulator destination only, 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking irito account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequatelydecoupled at the test head. 
Large changes in Vce current as the device switches may 
cause erroneous function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in S-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 
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(t.14) 42 (thI4) 0 

4. Use extreme care in defining input levels for AC tests, Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. AMD recommends using 
VIL .. OAV and VIH ;;. 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fair;child Sentry programs, under license. 
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CONNECTION DIAGRAM METALLIZATION AND PAD LAYOUT 
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ORDERING INFORMATION 

Am29116 
Order Number 

AM29116DC 
AM29116DC-B 
AM29116DM 
AM29116DM-B 

AM29116XC 
AM29116XM 

Order the part number according to the table below to obtain 
the desired package, temparature range, and screening level. 

Package Type 
(Note 1) 

0-52 
0-52 
Q-52 
0-52 

Dice 
Dice 

Operating Range 
(Note 2) 

C 
C 
M 
M 

C 
M 

$creening Level 
(Note 3) 

C-1 
B-2 (Note 4) 

C-3 
B-3 

} 
Visual inspection 
to MIL-STD-883 
Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak, Number following leiter is number of leads. See Appendix 
B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the 
package may be used unless otherwise specified. 

2. C = 0 to + 70'C, Vee = 4.75 to 5.25V. " 
M =-55 to +125'C, Vee = 4.50 to 5.50V. 

3. Levels C-1and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-8B3, Class B, 
4, 96 hour bum-in. 
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THE USE OF AN EXTERNAL STATUS REGISTER 
IN REDUCING MICROCYCLE LENGTH 

The standard Connection of the CT pin of the Am29116 and 
microcycle length calculation arising from that connection are 
shown below: 

CRITICAL PATH TIMING (Figure A) 

Maximum 
Commercial 

Part Number Path Delay (ns) 

Pipeline Register CP-->Q 12 

Am29116 T --> CT 39 

FastMUX SEL or DIN""'" Y 20 

Am2910-1 CC ..... Y 30 

Am27S35 PROM access time and 
40 

(Registered PROM) Pipeline Register Setup 

Am29116 

CRITICAL PATH TIMING (Figure B) 

Maximum 
Commercial 

Part Number Path Delay (ns) 

Am29BXX 
CP-->Y 12 

Status Register 

FastMUX SELor DIN--> Y 20 

Am2910-1 CC--> Y 30 

Am27S35 PROM Access Time 40 

102 

141 The cycle time has been reduced from 141 to 102ns. 

While 141 ns cycle is quite fast, it can be improved by using an external 
register for status testing. 

CP-"L-__ 

/ 
NEW PATH 

FigureA. 

Figure B. 
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Am29116 System' Cycle Times 
Based on the preliminary commercia.1 Ac timing for the 29116, 
system microcycle times are estimated and included in the next 
few pages. Several observations can be made as follows: 

1. The data path microcycle is roughly 110ns (everl for Y-bus 
input/output in Ii single cycle). This will incrElase if external 
multiplexers (e.g., for 2 address, N-count register) or other 
system glues are used. < 

2. The control path is ihe system bottleneck. 

co 

. a. If CT from the 29116 is used, cycle time will be in the 
169ns (2910) range. 

SYSTEM BLOCK DIAGRAM 

seQUENCIA ill! CCIMC 

CT T,-T4 

...... 18 MUX ALU 

MPR-859 
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b. A lookahead scheme (placing a flip~flop in front of the 
sequencer CC input), will decrease the cycle 'time. This 
causes conditional branches to have different test condi
tion setup requirements (single cycle for simple status, 
two cycles for a complex test), which is undesirable for 
most applications. 

c. The sensible way is to use an external status register 
and a 2925 at maximum speed (31MHz) for variable 
cycle control. For example, in a 2910-1 system, one can 
switch between divide by 4 and by 5, to get 132 and 
165ns cycle respectively for conditional branch using 
status register aM CT from 29116. 

DATA PATH TIMING ANALYSIS 

I. Without Any External LogiC 

a, Pipeline Register (29821) CP-Q 12ns 
RALU (29116) I-T1-4 84 
Status Register (29821) Setup 4 

100ns 

b. Pipeline Register (29821) CP-Q 12ns 
RALU (29116) I-Y 79 
Data Register (29821) Setup 4 

95ns 

II. With Multiplexers for Address, N-Count, etc. 

a. Pipeline Register (29821) CP-Q 12ns 
Multiplexer (S157) Sel-Y 20 
RALU (29116) I-Tl-4 84 
Status Register (29821) Setup 4 

120ns 

b. Pipeline Register (29821) CP-Q 12ns 
Multiplexer (S157) Sel-Y 20 
RALU (29116) I-Y 79 
Data Register (29821) Setup 4 

115ns 

III. Using V-Bus as InpuVOutput in One Cycle 

a. Pipeline Register (29821) CP-Q 12ns 
Decoder (2924) Sel-Y 12 
Source Select (2918) OE-Y 19 
RALU (29116) YIN-YOUT 62 (est.) 
Destination (29821) Setup 4 

109ns 

OLE can go LOW 10ns after data is valid.on Y-bus (i.e., 53ns . 
after CPt). OEy should go LOW before 80ns from CPt. 
Therefore a 50% duty cycle clock will work at 110ns with OLE 
tied to OEy to CPo 



Am29116 System Cycle Times 

CONTROL PATH TIMING ANALYSIS 

Am2910 Am2910-1 Type 

I. Pipeline Register (29821) CP-Q 12 12 
Mapping PROM (27S190A) tM 35 35 
Sequencer o-y 20 20 Branch Map 
Control Memory tM 40 40 Non-Relative 
Pipeline Register (29821) Setup 4 4 

Cycle Time: 111 111 

II. Pipeline Register (29821) CP-Q 12 12 
Buffer Enable (2959) OE-V 20 20 
Sequencer O-V 20 20 Relative 
Control Memory tM 40 40 Branch 
Pipeline Register (29821) Setup 4 4 

Cycle Time: 96 96 

III. Pipeline Register (29821) CP-Q 12 12 
RALU (Am29116) I,T-CT 48 48 
CC-MUX (Am2923) O-W 12 12 Conditional 
Polarity (74886) O-V 11 11 Branch 
$equencer CC-V 43 30 Using CT 
Control Memory tM 40 40 from 29116 
Pipeline Register (29821) Setup· 4 4 

Cycle.Time: 170 157 

I IV. . Pipeline Register (29821) CP-Q 12 12 
CC-MUX (2923) Sel-W 20 20 
Polarity (74S86) O-V 11 11 Conditional 
Sequencer CC-V 43 30 Branch Using 
Control Memory tM 40 40 External Status 
Pipeline Register (29821) Setup 4 4 Register 

Cycle Time: 130 117 

V. Pipeline Register (29821) CP-Q 12 12 
Sequencer I-V 70 50 Instruction·to 
Control Memory tM 40 40 Output Path 
Pipeline Register (29821) Set-up 4 4 

Cycle Time: 126 106 

VI. Sequencer CP-V 125 85 
Control Memory tM 40 40 Clock to 
Pipeline Register Setup 4 4 Output Path 

Cycle Time: 169 129 
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Technical articles __ 

o In the last decade, peripheral controllers have evolved 
from little more than simple input/output ports into 
highly sophisticated dedicated processors that command 
the level of performance necessary for handling high 
data rates. They also must now provide intelligent pre
and post-processing of data to offload from the host 
computer the specialized tasks intelligent controllers per-
form. _ _ 

Recognizing the need for such a processor, Advanced 
Micro Devices has combined its proprietary Imox pro
cessing technology with a bipolar circuit design of scaled 
emitter-coupled logic based on very large-scale integra
tion to produce the Am29116 16-bit bipolar micropro
cessor. The largest and the most complex bipolar device 
ever prOduced, the 29116 has an architecture and an 
instruction set specifically designed for high-perform
ance, intelligent peripheral controllers. The high per
formance is a result of its unique architecture, micropro
grammable instruction set, and processing technology; 
its requisite high speed is achieved by designing the part 
in ECL with TTL-compatible levels at the pins (see "What 
is microprogramming?" p. 100). 

The instruction set of the 29116 has extensive data 
and bit manipulation capability to mask, rotate-and
merge, or rotate-and-compare, data in one microcycle
functions that are useful for field extraction, field inser
tion, and data alignment, which are frequently encoun
tered in controllers. The architecture provides flexibility 
and parallelism in the data paths so that the device can 
perform in one microcycle a complex function that 
would take other processors several cycles to execute. 
One such feature is the barrel shifter, which rotates a 
16-bit word by up to IS places in one microcycle before 
the arithmetic operation is performed. The part also has 
an on-chip priority encoder and cyclic-redundancy-

checking logic for specialized functions. 
Created for a microprogrammed environment, the 

29116 gives the user the flexibility to tailor the controller 
architecture for a specific application. MOS microproces
sors, with their fixed architecture and instruction set, are 
limited in this respect. The performance is at least an 
order of magnitude higher than that of any available 
MOS device (see "Imox: a union of TTL and ECL," 
p. 102): 

The 52-pin device has a microcycle time of 100 nano
seconds. In one cycle, the three-input arithmetic-and
logic unit operates on one, two, or three operands, while 
the barrel shifter is rotating one of the operands before it 
is used for an operation. The part also has a single-port 
register file that is 32 words deep by 16 bits wide and a 
dedicated accumulator to store temporary results. In this 
way, the advantages of both register-based and accumu
lator-based machines can be obtained (Fig. I). 

Bidirectional-busing 

The bidirectional 16-bit Y -bus is the primary off-chip 
data input and output port. The 16-bit D-Iatch at the 
input allows the data to be presented directly to the ALU, 
or be latched and used in the next cycle. This latch can 
thus be used as a pipeline for prefetching data while the 
ALU is performing a different function. It is also possible 
to bring data onto the chip on the V-bus, perform some 
function on it, and then send it out again on the same bus 
without even having to store it. 

The priority encoder generates a binary coded num
ber, indicating the most significant bit in the operand 
that is a one. This special-purpose hardware module -
saves a significant amount of time, since Ii _subroutine is 
ordinarily required to perform this often-used operation. 

The status register is clocked with the ALU every cycle 
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and can even contain user-defined status bits whose 
function is defined by the microcode. Using microin
structions, it is also possible to provide a condition-test 
output based on the status. The bidirectional T -bus, 
when used as an input, exploits the device's parallelism 
further by allowing the user to select a condition for 
branching, while simultaneously executing an instruction 
in the ALU. The user can also select separate read and 
write addresses for the same instruction in both the byte 
and l6-bit word modes. 

In addition to having full-carry lookahead across all 
16 bits, the ALU executes all the conventional one- and 
two-operand instructions, such as move, complement, 2's 
complement, add, subtract, AND, NAND, OR, NOR, exclu
sive-OR, and exclusive-NOR. 

.... klng in a microcycle 

Where the 29116 departs from convention is in its 
ability to operate on three operands simultaneously in a 
single microcycle. Thus a bit field can be selected from 
the two data operands with a masking operand all in a 
single microcycle. 

The ALU produces three status outputs: overflow, neg
ative, and carry. The zero flag, although not generated 
by the ALU, detects zero at both the byte and word level. 
The carry input to the ALU selects an input of 0, I, or the 
stored carry bit from the status register, QC. Using QC as 
the carry input allows efficient execution of multipreci
sion addition and subtraction. 

The condition-code generator contains the logic neces
sary to develop the 12 condition-code test signals. The 
condition-code multiplexer selects one of these test sig
nals and places it on the CT condition-test output for use 

OUTPUT. 
ENAB.LE.OET 
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by the microprogram sequencer. The multiplexer may be 
addressed in two different ways. In the first, a test 
instruction specifies the test condition to be placed on the 
CT output but does not allow an ALU operation at the 
same time. The second method uses the bidirectional 
T-bus as an input, which requires extra microcode but 
lets the controller simultaneously test and execute. 

. Specialized Instructions 

Immediate instructions are executed in two clock 
cycles. During the first clock cycle, the instruction 
decoder recognizes that an immediate instruction is 
being specified and captures the data on the inputs in the 
instruction latch. In the second clock cycle, the data on 
the instruction inputs is used as one of the operands for 
the function specified during the first clock cycle. At the 
end of the second clock cycle, the instruction latch is 
returned to its transparent state. 

Since the 29116 is optimized for intelligent control
lers, it has extensive bit manipulation instructions oper
ating in either the byte or the word mode. These insttuc
tions allow operations such as setting, resetting, and 
testing of any particular bit without affecting the rest of 
the bits. Single-bit masks can also be created, such as a 
single 1 in a field of Os or a single 0 in a field of 1 s in a 
single microcycle. In addition, the instructions can gen
erate memory addresses in powers of 2 by incrementing 
or decrementing a number by 2", where n can vary from 
o to 15. 

The rotate-by-n instruction uses the barrel shifter with 
n specifying the number of bit positions the source is to 
be rotated. In the word mode, a specified number of bits 
are wrapped around over the 16-bit boundary; in the 

1. Nonl architecture. The arithmetic-and-Ioglc unit on the 29116 16-blt bipolar microprocessor has three inputs so that a masking 
operation can be performed simultaneously with another Instruction. The barrel shifter and priority encoder further optimize it for control. 
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2. Maximum s,stem.)f the highest speeds are required, then the 29116 can be assisted by support chips from the 2900 family. However, a 

minimum system configuration can be realized by using only the shaded components, though system throughput will be slightly degraded. 

byte mode, the bits are rotated around the 8-bit bound
ary of the least significant byte. 

The rotate-andcmerge instruction can merge two 
operands on a bit-by-bit basis, .under the control of the 
mask as a third operand. Thus, in one microcyc1e, trans
lation from one code to another, such as ftom ASCII to 

hexadecimal, can be done with this instruction. This sort 
of operation would require at least three instructions 
with a conventional ALU. 

The rotate-and-compare instruction compares a 
rotated operand with a nonrotated operand. A I at the 
mask input (third operand) eliminates that bit from the 
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comparison. The result of the comparison is loaded in the 
o bit of the status ,register. If the comparison passes, the 
o bit is set. 

The 29116 can also prioritize a masked operand, 
which is ideal for performing noway jumps as well as for 
normalizing numbers. The priority encoder accepts a 
16-bit input and produces a 5-bit binary-weighted code 
indicating the bit position of the highest-priority active 
bit: If none of the bits is active, the output is O. Such an 
operation requires a separate subroutine when carried 
out on conventional microprocessors. 

Forward and reve,.e 

For reliable data transmission, the cyclic-redundancy
check instructions permit generation and comparison of 
the CRC check bits using any 16-bit polynomial. Since 
the CRC code standard does not indicate which data bit 
must be transmitted first, the 29116 supplies both for
ward and reverse CRC instructions, each of which con
sumes only two microcycles per bit-perfect for bidirec
tional ta pe drives. 

In the first cycle, the data bit is shifted from one of the 
registers into the link bit of the status register. During 
the second cycle, check bits are generated by executing 
either the CRC forward or reverse instructions. The result 

. is stored back into the check~sum register. 
The part also includes such niceties as exclusive-NoR 

sign extention for converting 8-bit integers into 16-bit 
ones and a single-bit shift directly on a register. 

A typical system configuration for the 29116 consists 
of a host computer, memory, and peripheral controller 
interfaced through three buses. The peripheral controller 
and the peripheral devices are interfaced with a separate 
data bus, which may be either serial or parallel, and a 
control bus. Information on the control buses comprises 
status, command, and timing signals. 

In a typical implementation of the peripheral control
ler portion of a system, the bidirectional interface to the 
host's data bus is via two Am2950 8:bit parallel liD 
ports. Two Am2940 8-bit direct-mcmory-access address 
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generators drive the associated address bus, and another 
2950 interfaces with the bidirectional control bus. The 
interfacle to the serial peripheral data bus in this case' is 
serial. The interface between these bus-interface units 
and the 29116 is a 16-bit bidirectional bus that connects 
to its Y port. A 256-word random-access memory for 
temporary data storage and a 12-bit interface to the 
microprogram controller connect to the D inputs of the 
AM2910 microprogram sequencer. The bus-control and' 
clock-enable signals for these devices are generated by 
the pipeline register at the output of the microprogram 
memory. 

The 29116, 2910, and the microprogram memory 
perform the data manipulation and routing; command 
and status generation and testing; and the timing-signal 
generation functions. This implementation minimizes the 
amount of hardware necessary to implement a control
ler, which is accomplished by sharing the instruction
inputs to the 29116 with the inputs to the 2910; by 
generating all the necessary test conditions within the 
29116, which permits connecting the CT output of the 
29116 directly to the condition code (cc) inputs of the 
2910; by performing all the necessary status manipula
tions within the 29116; and by using the same RAM 
address for reading and ,writing. 

A tradeoft 

Although the peripheral-controller implementation 
described above minimizes the amount of required hard
ware, 'it does' limit, the throughput. The architecture 
shown in Fig. 2 uses the same bus interface circuits but 
maximizes the throughput of the controller at the 
expense of additional hardware. In this implementation, 
the instruction inputs of the 29116 and the D inputs of 
the 29\0 are driven from separate microcode bits, mak
ing possible simultaneous instruction execution' in the 
29116 and direct jumping in the 2910. 

The multiplexer at the cc input of the 29\0 allows 
conditions to be tested without loading the signals into 
the 29116. Four additional bits of microcode drive the T 

INTELLIGENT 
CONTROLLER 

HARD'DiSK 
DRIVE 

3. TJp!calappllcelion. The 29116 Is ideal for contrOlling Winchester disk drives, It can handle up to eight such driv~ simultaneously and, 

with the addition of a burst-error processor and data-ciphering processor. it can be made very reliable as 'well, 
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inputs of the 29116, permitting simultaneous conditional 
testing and execution of an instruction in the controller. 
In addition, the ALU status bits can be selectively loaded 
into the 2904 to reduce the number of cycles necessary to 
perform status manipulation., 

By adding five additional microcode bits and a multi
plexer at the I inputs of the part, separate source and 
destination addresses can be used in the same microcy
cle. For example, the contents of the third register can be 
added to the contents of the a.ccumulator and the results 
can be stored in register 7. 

In addition to supplying the basic oscillator and clock 
driver functions, the 2925 system-clock generator and 
driver lets the user dynamically alter the length of the 
microcycle and, thus, interface the 29116 with slower 
bus-interface and peripheral circuits. The 2914 handles 
high-speed interrupts from the peripheral controllers. 

The 29116 functions as a superior disk controller 
because its bipolar technology.enables it to perform at 
much higher speeds than MOS processors and, therefore, 
handle as many as eight Winchester disk drives simulta
neously (Fig. 3). Its microprogrammability lets it be 
tailored to tlii: requirements of a specific application, 
Efficient data movement and data compression is possi-
ble using instructions, such as rotate-and-merge. . 

Major application areas 

The unit's bit manipulation instructions are useful for 
checking control and status bits. A microprogrammed 
system allows the controller to initiate a task such as 
positioning the disk head while performing other tasks 
until notified that the head is in position. 

Fast response to interrupts as well as other speed 
enhancements can be designed in, using other 2900 
bit-slice-family components. The eRe instructions can be 
used for the checking and generating the file header eRe 
bits; the eRe reverse instruction is included for systems 
(such as with magnetic tape) in which reading data in a 
forward and in a reverse direction is desirable to avoid 
time-wasting back-space and. reread operations;' 

Graphics processors vary in complexity based on the 
performance required from them, but sophisticated 
image processors require very high-speed controllers. 

,.l" 

The 29116 is well-suited for systems that include charac
ter and vector display or partition the screen into various 
regions that may need independent scrolling, cursor con
trol, zoom and pan, scaling, and translation and transfer 
of data betwcenvarious sections of the memory. 

If the part is used for address generation, the arithme
tic instructions using 2" are useful. For example,in a 
windowing operation, there are certain bits in eve~y 
horizontal scan that must be selected. The next line is 
displaced in the memory by a fixed addr.ess equal to the 
number of pixels in the horizontal line. 

Thus, address generation is simplified considerably. In 
addition, vectors can be generated from the coordinates 
of two points to be connected can be done easily using 
algorithms that generate the intermediate. points and 
require only additions and subtractions.cor interpolation. 

Saving cycles 

The rotate, rotate-and-merge, and other specialized 
instructions of the 29116 let the user perform the func
tions in one cycle that would take several cycles on 
conventional processors. For example, when a copying 
operation is performed on the display, a section of the 
area that was previously aligned with the 16-bit word 
boundary of the controller may no longer be aligned. The 
realigning may require rotation with a mask to leave the 
area outside the window unchanged. 

Another excellent application for the 29116 is as a 
cluster controller that manages a group of devices 
requiring service on a statistical basis.' These devices 
could be terminals or printers or specialized 110 ports. 
The controller can dynamically alter device priorities to 
assure a fast response to the active devices at the expense 
of the inactive ones. 

The kinds of functions that a cluster controller may 
have to perform are data transfers between the devices 
themselves or between a memory and the devices, check
ing of device status, diagnostics, and assigning of service 
priorities. The priorities can be of different kinds and 
may be dynamically' alterable. For example, when ,all 
devices are of equal priority, then a round-robin scheme 
can be used so that the devicejust serviced gets the last 
priority for the next service. 0 

Reprinted from ELECTRONICS, November 30, 1981, copyright 1981 by McGraw-Hili, Inc., with all rights "'"MId. 
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A Mlcroprog..amined CPU Using Am29116 

INTRODuCTION 

This appl~~h note shows .teChniques for designing a high
performance CPU u~ng the Am29116 16-bit Bipolar Micro
proceS$or. The Am29116 design maintains architectural and 
software compatibility with the Supar-16~ a 16-bit computer 
designed at AMD. An alternative implementation using the 
Am2901 and Am2903 4-bit Bipolar Microprocessor slices is 
described in chapter 9 of "Bit Slice Microprocessor Design" by 
John Mick and James Brick. 

The architecture of the CPU incorporates pipelining at the micro
program level as weU as at the macroinstruction level. It has the 
same instruction set as the Super-16, so it can run all its existing 
software with nO mOdification. Although the Am29116 is op
timized for peripheral controllers, it is an Ideal choice for the CPU. 
It has a powerful instruction set for arithmetic operations, data 
movements, multipl,e bit shifts, bit manipulations and status 
manlpt.tlations. In addition to speed, the Am29116 design reduces 
poWer requirements and PC board area. 

MAIN 
MEMORY 
CONTROl. 

I 

SYSTEM ORGANIZATION 

In a simple system comprising a main memory 16-bits wide anc! 
the CPU (Figure 1), the main memory is designed with static 
RAM chips (such as Am93422). A simple bus structure communi
cates between two devices. Although. the interfaCe to other I/O 
devices is not discussed, the bus can easily be mOdified to 
accommodate bus request, bus acknowledge and other interface 
signals. Addition of Qther I/O devices. would require a bus con
troller to arbitrate bus requests from the CPU or I/O devices that 
require Direct Memory .Access (DMA) transfers. 

The inter:face signals betWeen the memory and the' CPU are 
shqwn in Figure 2. The handshaking is done over a 16-bit-wide 
address bus, a 16-bit-wide bidirectional data bus and a control 
bus. The control bus comprises Memory Request, Read/Write, 

. Address Accepted, Data Strobe, Data Synch, .and Interrupt 
Control lines. 

To use the data in the n + 1 cycle, the Am29116 generates the 
main memory address during the n - 1 cycle and the data Is read 

INSTRUCTION REGISTER I I N I REGISTER 

- I- INTERRUPT J cONTROL 
J 1 

~ SEQUENCE 
CONTROL AND Am29116 

MICROPROGRAM 

I MEMORY 

'"'- CLOCK I 1 CON~OL 

I PIPELINE REGISTER 

I II/Ill STATUS -CONTROl. 

MPR-819 

Figure 1. Central Processing Unit Block Diagram 
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during the n cycle (Figure 3). The n cycle is longer than normal 
CPU cycles to accommodate for the main memory read timings. 
Information to stretch the cycle is provided during the n - 1 cycle 
to the Am2925 system clock generator. The CPU generates the 
address, memory request and read/write signals during the n 
cycle. The main memory responds to the memory requests by 
pulling the Address Accepted signal LOW. If the memory is busy, 
it does not generate the Address Accepted signal; instead the 

16 DATA BUS 

16 ADDRESS BUS 

1 ADDRESS ACCEPTED 

1 DATASTRDBE 

CPU MEMORY 

1 READ/WiiiTE 

1 MEMORY REQUEST 

1 DATASYNCH 

INTERRUPT REQ AND ACK 

2 

MPR·820 

Figure 2. Memory - CPU Handshaking Protocol 
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ADDRESS 
ACCP 

DATA STROBE 

DATASYNCH 

REAODATA 

n - 1th CYCLE 

f 
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CPU waits until it receives this signal. The CPU responds to the 
Address Accepted signal by generating the Data Strobe signal, 
indicating that it is ellpecting data from the memory. The Data 
Synchronous signal Is generated by the memory, indicating valid 
data on the bus for the read operation. The Data Strobe and Data 
Synchronous signals generate either the load Z Latch or Load 
Data Register Signal, depending upon whether the information 
requested is instruction or data, respectively. 

Since the Am29116 generates the main memory address and the 
data to be written, the memory write operation is done in two 
cycles (Figure 4). The address and the memory request are held 
active for two clocks. The n clock is longer than the normal CPU 
clock to accommodate the main IWmory write timings. If the 
memory is not busy then the READ RITE signal is generated in 
the next cycle along with the Data Strobe signal, indicating valid 
write data on the bus. The main memory write pulse is generated 
from the Data Strobe and R/W signals. Acceptance of the write 
data is indicated to the CPU by the Data Synchronous pulse. 

INSTRUCTION FORMATS 

Instructions, which are stored in the main memory, are either one 
or two words long, with a word being 16 bits wide (Figure 5). The 
most significant half (MSH) of the first word is the operation code 
field. The least significant half (LSH) is divided into two fields, four 
bits each, indicating register assignment for the operands and I 
the result. The lower half (registers 0-15) of the 32-register file in 
the Am29116 is used as a scratch pad by the user; the upper half • 

nth CYQ.E n + 1th CYCLE 

f L 

MPR-821 

Figure 3. Mamory Read 
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Figure 4. Memory Write 
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(registers 16-31) is used by the operating system to track memory 
stacks, counter, and so on. The first word of a two-word instruc
tion has the same format as the one word instruction explained 
above. The second word is always a 16-bitvalue, which is either a 
displacement address or an immediate data. 

There are 256 instructions possible with the 8-bit-wide operation 
code, which is usually more than enough for the general-purpose 
machine. The instruction set includes operation codes that can 
operate on the following data types: 

• Bit 
• Nibble 
• Byte 
• Word 

The information about the addressing mode is designed into the 
operation code for different instructions. In addition the instruction 
set also includes the PUSH/POP instruction to maintain single or 
multiple stacks, I/O instructions, decimal and binary integer 
arithmetic. 

Depending upon the addressing mode, the register specified by 
the instruction can act as either an accumulator for the arithmetic 
and logic operation or an index register to manipulate the operand 
address for the main memory. For the operations where the result 
is placed in the register, the R 1 field depicts the destination 
register address and R2 (or R2 + d) is the source register (or 
points to the source field in the main memory). For the operations 
where the result is transferred from the register to the main 
memory, the Rl field depicts the source register address and R2 
(R2 + d) points to the destination memory location. For the 
memory-to-memory transfer, the R2 field is the source pOinter 
and the Rl is the destination pOinter for the main memory. 

The microprogram architecture provides the flexibility for de
signers to select different formats and define the machine-level 
instructions. The instructions and instruction format are similar to 
the Super-16 computer designed at Advanced Micro Devices. 
For more detailed information refer to chapter 9 of "Bit-Slice 
Microprocessor Design" by John Mick and Jim Brick (a 
McGraw-Hili Publication). 

CPU ARCHITECTURE 

In the block diagram of the CPU (Figure 6), all internal data 
transfers are done through the 16-bit-wide internal bus. The data 
transfer between the system bus and the internal CPU bus is 
done through the Data Register, the Address Register and the Z 
latch. The design incorporates single-level pipeline structure. The 
register at the output of the microprogram memory acts as a 
pipeline register, providing the capabi.lity to execute simultane
ously one microinstruction while fetching the next. The Instruction 
Register (IR) and the Z latch allow macrolevel pipelining. While 
the macroinstruction in the Instruction Register is being decoded, 
the Z latch may contain the next macroinstruction (in the 
register-to-register mode) or the displacement field (in the index 
addressing) or the data (in the immediate addtessi~g). 

Data Path (Macroinstruction) 

The macroinstruction from the main memory is either loaded into 
the Z latch or into the Instruction Register. A macroinstruction can 
be loaded directly into the Instruction Register by making the Z 
latch transparent. The Z latch is made transparent by forcing its 
enable Signal HIGH. The decision to load either the Z latch or the 
Instruction Register is made by the addressing mode of the 
macroinstruction being decoded. During the pipefill operation, the 
first macroinstruction is loaded into the Instruction Register. All 
single-word instructions are next loaded into the Z latch, then into 
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the Instruction Register aiter execution of the current macro
instruction. Since a two-word instruction consumes information 
stored in both the Instruction Registers (which contains the 
instruction) and the Z latch (which contains the displacement),the 
next macroinstruction from the main memory is directly loaded 
into the Instruction Register. During the decoding of a two-word 
instruction, if the content of the Z latch is decoded to be a dis
placement then it is used by the Am29116 during the form 
operand address cycle. If it is decoded as immediate data, then it 
is used during the execute cycle. (See Instruction Execution 
section for both situations). 

The data transfer between the processor and other devices is 
implemented using the Am2918 data registers and tri-state buffer 
chips (Figure 7). The data receive register (DRX reg.) receives 
data from the system data bus under microprogram control. The 
data transmit register (DTX reg.) acts either as the register to 
transmit data on system data bus or as a temporary register for 
the CPU internal bus. As a temporary register, data can be loaded 
from the internal bus and read to the bus under the control of 
microprogram. 

The 0 latch at the input port of the Am29116 provides the capa
bility to input and output data in the same microcycle. Data is· 
brought in through the Y port (either from Z latch or DTX register) 
and loaded into the 0 latch during the first half of the cycle. During 
the second half, the 0 latch is disabled. The Y output buffers can II 
be turned on to allow the ALU resultlo appear on the internal bus. • The N register permits incorporation of functions such as N-way 
jump and normalization. A IS-bit word can be prioritized in the 
Am29116 under the control of a mask. The five-bit vector is 
loaded into the N-register and used in the next cycle either to 
branch to a specific microroutine or as a number "n" in the 
instruction to rotate a word in the barrel shifter. 

Microprogram Control 

The control logic generates the proper sequence of micro
program execution. The Am2910 Microprogram Controller 
generates the address for the next microinstruction to be exe
cuted. It can perform either sequential access or conditional 
branch to any microinstruction within its 4k microword range. The 
Am2910 receives the branch address <at 0 inputs) from one olthe 
four sources: 1) Pipeline Register, 2) Interrupt Vector DecOder, 
3) Macroinstruction Decoder, or 4) N-register. The macro
instruction Decoder (Mapping PROM) uses the operation code 
(bits 8-15 of IR) as an address and provides the starting address 
of the microroutlne that executes each macroinstruction. The 
interrupt vector decoder uses the three·bit vector (generated by 
the Am2914 Vectored Priority Interrupt Controller) unique to a 
requesting device and generates the starting address for interrupt 
service routine. The N-register provides the capability to do noway 
jump. The prioritize instruction in the Am29116 generates a five
bit binary vector indicating the most significant one in the 16-bit 
word. This vector along with other predefined bits can be used as 
a branch address. 

The decision to branch in the Am2910 depends upon the condi
tion presented at the CC input. The status bits from the Am29116 
T-bus (Carry, Overflow; Zero, Negative) can be used to branch in 
the next cycle by selecting one out of four (TI to T4) inputs at the 
CC-MUX. The condition test output from the Am29116 or.the 
Am2904 can be selected at the CC-MUX to branch on complex 
conditions (such as less than, equal, etc.) or to branch on the 
condition generated previously. 

Microcycle timing analysis for some selected critical paths is 
shown in Figure 8. This analysis is d9ne using worst case propo
gation delays of each chip. The timing path through the pipeline 
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TIMING ANALYSIS 

Path 1 Path 4 

Instruction Register CP Q 12ns Pipeline Register CP Y . 12ns 
Mapping PROM ADD Y 35ns Tn-State Gate Enable y "29ns 
Sequencer D Y 20ns Am29116 (preliminary data) I CT 48ns 
Micro-memory Add Y 40ns CC-MUX DIN Y 15ns 
Pipeline Register Setup 5ns cc Flip Flop. Setup 5ns 

112ns wg;;;-

Path 2 Path 5 

CC Flip Flop CP Q 12ns Pipeline Register CP Y 12ns 
Sequencer CC Y 43ns Tri-Slale Gate Enable Y 29ns 
Micro-memory Add Y 40ns Am29116 (preliminary data) I Y 79ns 
CC-MUX Sel Y 15ns Data Reg Setup 5ns 
CC Flip Flop Setup 5ns 12siiS 

115ns 
Path 6 

Path 3 Am2910 (PC and Stack) CP Y 1OOn8· 
Pipeline Register CP Y 12ns Micro-memory Add y. 40ns 
Sequencer I Y 70ns Pipeline Register Setup 5ns 
Micro-memory Add Y 40ns 145ns 
Pipeline Register Setup 5ns 

127ns 

'It is assumed that the previous Instruction could produce no change in the counter or could only decrement the counter. 

Figure 8. System Timing Analysis 
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regiSter (CP to 0), Am29H6 (I to CT), CCMUX (0 to V), Am2910 
(CC to y), microprogram memory (address accet;s) and back to 
the pipeline register (set-up time) was ttie most critical path 
affecting the mlcrocycle. However, the use of D-Fiip Flop (CCFF) 
separates the cycle time for that path into two non-critical paths. 
Since the D-Flip Flop delayed the condition code (CC) signal at 
the input of Am291 0 by a clock, the CC-Mux select lines are taken 
out from the microprogram memory to align the selection of the 
condition code and the execution of microinstruction. With the 
CCFF in,. the most critical path in the system is through the 
Am2910 (CP to y), microprogram memory (address access) and 
the pipeline register (set-up time). This critical path can be made 
non-critical by adopting two level architecture, which is not 
discussed in this application note for simplicity. 

Am29118 

The Am291 16 allows the processor to perform powerful arithme
tic and logic functions. In addition, the Am29116 also maintains 
and generates main memory addresses. Its 32-word AAM 
provides ample temporary storage to enhance the throughput of 
the processor. The lower half (Aegisters 0-15) of ttie 32-register 
file in the Am29116 is used as a scratch pad by the user, the upper 
half (Aegisters 16-31) is used by the operating sysiem for tracking 
memory stacks, counter, etc. For high-level language 
implementation, the barrel shifter allows field insertion and ex-. 
traction, rotation and table lookup. An onboard status register 
provides the ability to check the user-definable and other status 
flags through either the instruction inputs or the bidirectional 
T-bus with reslJlt appearing at the CT output. 

The instruction set of the Am29116 provides additional power to 
the processor. The prioritize and rotate instructions can be used 
to normalize a floating point instruction. The bit manipulation 
capability provides easy address manipulation and pattern 
generation. 

The detail CPU diagram (Figure 6) indicates that the 16-bit 
instruction inputs oUhe Am29116 are driven by the microcode 
bits. The multiplexer (tri·state bus) at the input of bits 0 to 3 
provide flexibility to address sixteen registers by either the 
macroinstruction field (AI or A2) or from the microcode. Similarly, 
to provide flexibility in specifying the number "N" for rotating a 
word from either the macroinstruction or N-Aegister or micro
Instruction"a multiplexer (tri-state bus) is used althe input of bits 9 
to 12. The outputs of the AI and the A2 field of the Instruction 
Aegister are controlled by separate microcode bits. Since the 
Am29116 has a single-port AAM, it takes two cycles to perform 
register-to-register operation. In the first cycle, the contents of A2 
are moved to the Accumulator. In the second cycle, an operation 
between AI and the Accumulator is performed with AI as the 
destination. Four additional bits of microcode drive the Tl to T4 
inputs of the Am29116. This allows simultaneous testing of the 
status and execution of an instruction in. the Am29116. The four 
status bits (C, N, OVA, Z) can be loaded into the status regiSter or 
can be taken out on the T-bus. Thus selective loading of the 
~atus bit can be done in the Am2904 using the T-bus. The 
flexibility of the Am2904 reduces the number of cycles necessary 
to perform status manipulations.' To allow branching in the next 
cycle, on these (C, N, OVA, Z) status bits, the T·bus also goes to 
the CC·MUX input. 

The Am2904 has two statui;; registers, one for the micro level 
·status and the other for the machine (macro) level status. The 
micro-status is updated every microcycle if the T'port of the 
Am29116 is the output port. The macro-status is updated at the 
erid of each machine instruction, Thus branching at the micro
level or machine-level becomes easier with the Am2904. 

The Am2925 system clock generator and driver, which provides 
basic clock oscillator and driver functions, can generate four 
diHerent clock waveforms (different duty cycle). The Am2925 
provides the capability to alter the length of the microcycle 
dynamically, and it responds to asynchronous interfaces by 
generating a wait State. The capability of the Am2925 to stretch 
the cycle and generate a wait state enhances the CPU power by 
making the interface with slower device easier and more efficient. 
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INSTRucnON EXECUTION 

The normal, instruction cycle nas four basic sequences of 
operations: 

1. Form memory address of instruction 
2. Fetch Instruction 
3. Decode Instruction 
4. Execute 

For instructions that require operands from the memory rather 
than the local register file, two extra steps will be required after the 
decode oPElration: form operand address and fetch operand. 

The performance is increased. by prefetching the next instruction 
during the execution of the current instruction. The pipeline 
architecture partially utilizes the overlapping capability, of the 
fetch, decode and the execute operations of the different instruc
tions because the Am29116 is acting as both the Program Control 
Unit and the Arithmetic Logic Unit. The use of separate PCUs 
(2901 or 2930) will increase the performance of the system and 
utilizes the pipeline architecture to the fullest extent. 

Each operation is detailed below. 

Form Memory Address (1 microcycle) 

The Program Counter (PC)is incremented by two and the result is 
loaded into the Memory Address Aegister (MAA) and back into 
the PC. This can be done by selecting AAM as the destination and 
OEy LOW in the Am29116, 

Fetch Instruction (1 microcycle) 

The Main Memory Aequest and the Aead Strobe is generated. 
The memory uses the address generated in the same cycle and 
puts the data on the bus. The instruction is loaded into the 
Instruction Aegister at the next rising edge of the microcycle. 

Decode Instruction (1 microcycle) 

The Instruction falls through the Z latch'into the IR. The mapping 
PAOM generates appropriate starting address for the micro
program from the operation code. 

Form Operand Address (1 microcycle) 

After every instruction fetch another read cycle occurs. The data 
is stored in the Z Latch. Depending upon the addressing mode of 
the instruction during the decode cycle, the decoding logic deter
mines whether the data in the Z Latch is the next instruction the 
displacement Or the immediate data. This displacement value is 
used with the specified index register to form an operand address 
and loaded into the MAR. 

Fetch Operand (1 microcycle) 

The Operand is r~ad from the memory address generated in the 
previous clock,and stored in the Z Latch (or D-Aeg). 

EXECUTE 

The Am29116 performs the specified operation on the op
erands.Two microcycles are required for a register-to-register 
type of instruction because of the single port register file in the 
Am29116. This can be done in one cycle by two address 
architectures. 



The instruction cycle for the Register-to-Register type (RR) is 
shown in Figure 9a. A second memory fetch occurs after the 
instruction fetch cycle during the pipefill operation. The second 
instruction fetched is stored in the Z-Iatch. The next instruction is 
loaded from the Z-Iatch into the IR after executing the current 
instruction. Concurrently, the address for the following instruction 
to be fetched is placed on the address bus. During the next cycle, 
the instruction fetched from the memory is stored into the Z-Iatch. 

1 2 3 • 5 8 7 8 8 10 

Form lnatructlon A a c 0 
Add .... 

Fatch IR Z Z Z 

IMtructlon A a c 0 

IR IR 
Decode A 

a c 

Form Opel'llnd 
Acldre •• 

F_ 
Operand 

Execute A A a B c 

y y y y y y y y y 

11 

C 

y 
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The execution of each instruction takes two clocks as explained 
before. Figure 5a indicates that, except for the pipefill operation, 
the Am29116 is used in all the cycles either for the execution of an 
instruction or for the generation of the main memory address. 

The instruction cycle for the Register-to-Index storage (RX) type 
is shown in Figure 9b. During the pipefill operation the displace
ment is fetched immlldiately after the instruction. After the pipe is 

12 13 ,. 15 11 17 18 11 20 21 

E PC+2_PC 
PC + 2 ..... MAR 

Z PC + 2_MARand 

E Load Z Latch,« IR 

IR Decode Inatructlon and 

0 LoK Pipolino Regl ... , 

Z + Index 
Regla .... _ MAR 

Load Date Reg'.' 

0 0 

y y y The Am28118 u •• ge 

A, B. C. 0 are Register to Register type instructions. 
Z ~ Z Latch 

1 2 3 • 5 

Form Instruction 
A Add ... a. Ao B 

F.etch 
IR Z 

Instruction A AD 

Dacode A 

Form Operand 
A Add ..... 

Fatch 
Operand A 

Execute 

y y y y 

·For pipefill opera~on only. 

IR ~ Instruction Register 

Figure 9a. Register to Register Instruction Cycle 

8 

IR 

B 

A 

y 

7 8 9 10 11 12 13 " 15 18 

BD C CD 

Z IR Z 

aD c Co 

B C 

B C 

B C 

B C 

y y y y y y y y 

A. !3 C are Register to Index storage type instructions. 
AD. Bo. Co are displacement. 
Z ~ Z Latch 
IR ~ Instruction Register 

17 

Figure 9b. Register to Index Storage Instruction Cycle 
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18 18 20 21 

PC+2_MAR 
PC+2-PC 

(PC+2_MAR 
and PC)-
Load IR or Z Latch 

PC+2-MARandPC 
_and Load 
Pipeline Reglater 

Z + Index 
Register ..... MAR 

PC + 2 ..... PC and MAR 
Load Operand In 
DtIta Reg ...... 

The Am29111 Uuge 

I 
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1 2 3 4, 6 8 7 8 , 10 ,11 ,12 13 14 15 18 17 18 19 ,,20 21 

Form Instruction 
A B 0' Bo B+2 8+20 PC+2_MAR 

Addreu Ao K Ko K+2 K+20 PC+2-PC 

IR Z IR Z IR Z (PC + 2- MAR - Bo' So 8+2 8+20 and PC)' ,- A Ao K Ko K+2 K+20 Load IR or Z Latch 

B 8+2 
PC + 2- MAR and PC 

Decode A K K+2 Decode and Load 
Pipeline Register 

Form 0pe0U1d B B+2 Z + Index 
'Address K K+2 R.gi ............. MAR 

F_ B+2 
PC+2-PCandMAR 

B Load Operand In Openmd K K+2 
Data Register 

B B+2 
execu .. A' 0' K K+2 

y y y y y y y y y y y y The Am29116 Uellge 

"During this cycle decision to branch takes place 
H condition Is true, Address = K = Index Reg + Ao 
" condition is faise, Address = B = A + 1 

z = Z latch 
IR = Instruction Register 

Figure 9c. Branch or CondltionRX Type Instruction Cycle 

filled, generation of the next instruction address and fetching of an 
operand can be done concurrently. The Am29116Is used in six 
out of the Seven cycles needed to execute the RX type of instruc· 
tion (Figure 5b). 

M specifies conditions for jump. (X2) + displacement is the 
branch address. 

The decision to branch on the RX-type instruction occurs after the 
CPU determines that the condition is true or false (during execute 
A cycle) (Figure 9c). The format for ttie macro-branch is shown in 
Figure 10. The condition code for the branching is presented to 
the Am2904. The Am2904 presents this condition to the Am2910 
where the decision to branch takes place. 

MICROWORD FORMAT 

The microinstruction is 78 bits wide (Figure 11). The control bits 
for each functional unit are grouped together for better readability. 

MEMORY CONTROL (4) 

Definitions of each control bits arestiown in Table I. The enable 
signals for loading the Z latch and the D latch of the Am29116 can 
be used with the clocks or other timing waveform to ensure proper 
operation. Proper waveforms for the memory interface can be 
generated from the Data Strobe and the READIWRITE signals 
depending upon the type'of static RAM chips used in the main 
memory. 

D 

M SPECIFIES CONDmON FOR JUMP 
(x21 + DISPlACEMENT IS THE BRANCH ADDRESS. 

MPR-B27 

Figure 10. Branch on Condition (RX) Instruction Format 

INTERRUPT CONTROL (5) 

SEQUENCE CONTROL (4) BRANCH ADDRESS (12) 

MPR-828 

Figura ,11. Mlcroword Format 
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TABLE 1. MICROINSTRUCTION FIELDS 

Field Width Mnemonic 

ALU 

16 10-115 
1 DlE 
1 lEN 
1 OEY 
1 SRE 
1 OET 
3 RAMSRC 
2 NSRC 

Data Path 

4 DSEL 
1 DLD 
1 MARLD 
1 IRLD 
1 ZlD 
1 NlD 
1 MAP 
1 VECT 

Memory Control 

1 R!W 
1 WREQ 
1 DATASTB 
1 MEMREQ 

Interrupt Control 

4 10-13 
1 INTO 

Clock Select 

3 L1-l 3 

Status 

1 EZ 
1 EC 
1 ES 
1 EOVR 
1 CEM 
1 CEMICRO 

Test 

4 T1-T4 

CCSEL 

3 CCSEl 

Sequence Control 

4 10-13 

Branch Address 

12 BA -
78 

EXAMPLE 

One of the frequent operations performed in the floating point 
CPU is normalization (Figure 12). A 23-bit mantissa is stored in 
two registers. To start, the MSH of mantissa is in register R 1 and 
the LSH is in the Accumulator. The contents of Al is checked for 
zero. If it is not zero, prioritization is done on Rl; otherwise, it is 
done on the Accumulator to determine the bit position of the most 
significant one. The actual number of positions to be shifted is 
one less than the binary weighted code generated from the 
Am29116; this can be done directly in the microroutine, which 

Description 

29116 Instruction 
29116 Data Latch Enable 
29116 Instruction Enable 
29116 Output Enable V-bus 
29116 Status Register Enable 
29116 Output Enable T-bus 
2911610-14 Source Select 
29116 '9-'12 Source Select 

Data Register Source/Destination Select 
Data Register Enable 
Memory Address Enable 
Instruction Register Enable 
Z Latch Enable 
N Register Enable 
Mapping PROM Output Enable 
Interrupt Vector PROM Output Enable 

Memory READ/WRITE Pulse 
Walt Request 
Data Strobe 
Memory Request 

2914 Instruction 
2914 Interrupt Disable 

2925 Clock length Select 

2904 Enable Zero 
2904 Enable Carry 
2904 Enable Sign 
2904 Enable Overflow 
2904 Enable Machine Status 
2904 Enable Micro Status 

29116 or 2904 Test Status Instruction 

Condition Code MUX Select 

2910 Instruction 

Next Micro Address 
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performs the normalization. Knowing the number of leading 
zeroes, the contents of the Rl can be rotated (Figure 13a). In the 
second step, the contents of the Accumulator can be rotated on 
the fly and merged with the contents of the R 1 under the control of 
mask. The result is stored back in Rl (Figure 13b). Since the MSH 
of the result is formed, the LSH can be formed by rotating the 
contents of the Accumulator by N and merging it with zero under 
the control of different mask (Figures 13c and 13d). Flow chart of 
the normalization is shown in Figure 14. 

I 
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START 

FINISH 
(RESULT) ''_ ___ -"'" __ 

Exa,-"ple: Floating Point Nonnallzatlon ' 

Figure 12. 

AI 

AI 

Step 1: ROTR1, W,N, RTRR, R1 (Am29116 Instruction) 

Figure 138. 

MASK 
(O· .. <!!!W1 

XI 

Step 2: ROTM, W, N, MARl, R1 

Figure 13b. 

Step 3: SOR, W, MOV~, SOZR, R2 

Figure 13c. 
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MASK 
(1 ... 1\!!!!!!!!!91 

Xl 

Step 4: ROTM, W, N, MARl, R2 
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ZEROS RZ 

MPR-B33 

Figure 13d. I 
....----------, . 

JSB Relative to N and 
Porform Slop 1 to 
S ....... S ..... 
In Flgurel3a to 13<1. 

NO 

JSII RoIoUve to N and 
Porform R ..... and Merge 
with R1 and ACe, and 
RHult Back In the R1. 
(Sayn=5then ~ 
M .... = 11111111111_1 

Figure 14. Normalization of floating Point Mantissa 
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CONCLUSION 

Microprogrammability of the Am2900 devices makes customized 
architecture easier and faster to design. The powerful ins~ruction 
set of the Am2911.6 provides additional capability to the CPU to do 
bit manipulation, Multiple Bit Rotate. Rotate and Merge. 
Rotate and Compare and prioritize functions besides normal 
arithmetic and logical operation. 
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The design shown in this application note is done with minimum 
part configuration. The throughput of the system can be 
increased with a separate Program Control Unit designed using 
the Am2930 or Am2901 executing concurrently with the Am29116 
(ALU). thus relieving the Am29116 from generating the main 
memory addresses. 
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Until recently, advances in high
performance disk systems were limited 
mainly by the state of the art in Read/Write 
circuits and head. Today, track densities 
and transfer rates are becoming so high that 
the design of the controller is becoming a 
bottleneck. The need for high bandwidth is 
accompanied by demands for more powerful 
c~and sets and the transfer of many 
operating system software tasks into the 
controller firmware. 

To implement intell igent high-bandwidth 
controllers, flexible and very fast VlSI 
building blocks are needed. This article. 
shows how two such bui lding b locks, the 
Am29116 Bipolar MiCroprocessor and the 
Am9520 Burst Error Processor, can be 
combined to form a disk controller with over 
20MHz bandwidth, and incorporate such 
features as detection and correction· of 
burst errors up to 11 bits long, I/O request 
queue sort i ng, sec tor cach i ng, dev i ce 
transparency, logical record I/O, and 
associative (content-addressed) reading and 
writing of logical records. 

The Am29116 performs 10 million 
instructions per second within a 16-bit 
parallel architecture and 32 x 16 register 
file. Its 16-bit barrel shifter allows an 
operand to be masked and rotated from 1 to 
15 places and then optionally compared with 
a second operanq within a single instruction 
cycle. Within a single cycle, it is also 
possible to rotate an operand and merge it 
with a second operand under a mask. 

Ot~~r important features of the Am29116 
{ 

includes its generation of forward and 
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reverse CRCs; its ability to prioritize 
event and status bits under mask; and its 
ability to set, reset, and test arbitrary 
bits. The Am29116 is the largest and most 
complex such bipolar device produced. 
Fabricated using AMD's proprietary 
ion-implemented oxide-isolated (IMOX™) 
process, it contains emitter-coupled logic 
(ECl) circuitry scaled to VlSI proportions. 
Although ECl is used internally, all input 
and output buffers are fully TTl
compatible. 

The Am9520's features, which make it a 
cornerstone of this design, include the 
abi1 i ty to generate check bits and detect 
and correct single and burst errors for four 
different modified Fire code polynomials-
including the popular 48-bit polynomial and 
the exceptionally powerful 56-bit 
polynomial used in this design. High 
throughput of the Am9520 is achieved by 
using an 8-bit parallel network of exclusive 
OR gates that accomplishes the equivalent, 
in a single clock, of eight clockings of a 
linear feedback shift register. In less 
than 200 microseconds, the correct high 
speed mode of the Am9520, which is used in 
this design, permits correction of a 
m~ximum-length error burst (11 bits) 
anywhere within a 256-byte sector using the 
microcode logic shown and the 56-bit 
polynomial. The Am9520 performs the correct 
high-speed function by simultaneously 
dividing the data input by all of the 
factors (except the. first) of the 
polynomial. location and correction of the 
error burst is fast because the periods of 

the factors are short compared with the 
period of the composite polynomial. 



Am29116 Organization 
The Am29116 includes a 32 x 16 RAM with 
latched outputs, a 16-bit accumulator, a 16-
bit data input latch, a 16-bit barrel 
shifter, a three-input arithmetic/logic 
unit, a 16-bit priority encoder, a status 
register, a condition-code 
generator/multiplexer, 16 tristate output 
buffers and a I6-bit instruction latch and 
decoder (Figure 1). 

The single-port RAM has output latches that 
are transparent when the clock input CP is 

HIGH and latched when CP is LOW. Data is 
written into the RAM while the clock is low 

Disk Controller Application Note 

if the TIN input is also LOW and if the 
instruction being executed selects the RAM 
as destination. Data is written into the 
low-order 8 bits of the addressed word for 
byte instructions and into all 16 bits for 
word instructions. Separate read and write 
RAM addresses may be used by supplying a 
multiplexer on instruction inputs 14-10 
using CP as the select signal. ~ 

The accumulator, which is edge-triggered, 
accepts data on the LOW-to-HIGH transition 
of CP if TIN is also LOW and if the 
instruction being executed selects it as the 

.-------<J0iY 

....... Dc:>-!r
opC>-
iBiC>-
vccc:>4-
GNDi::>rT-

.--__ ---------1~--1>--.,_-..;,;1.;o--t::~ YO.15 

0., 

32·WORD x 
1a.arr RAM 

.-----------I-IADDRESS 

CT 

16-BIT 
LATCH 

Figure 1. Am29116 Organization 
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destination. As with RAM locations, byte 

instructions modify only the lower half of 

the accumulator while word instructions 

modify the full register. 

The data input latch (O-latch) holds the 

data input to the ALU on'the bidirectional Y 

bus. The latch is transparent when the OLE 

input is HIGH and ,latched when the OLE input 

is LOW. The sources of theALU operation 

is generated outsidetheALU and,: also 

operates in either byte or word mode. The 

Stored Carry (QC) bit of the status register 

may be selected (along with o and 1) as the 

ALU carry input to suppo~t multi-precisiori 

arithmetic operations. This is used by the 

correct high speed microcode of the disk 

controller, which employs coefficients as 

large as 2,647,216. 

are the RAM, the accumulator, the O-latch The priority encoder produces a binary-

and the instruction inputs during IMMEDIATE weighted code to indicate the location of 

instructions. the highest-order non-masked one at ,its 

input. If none of the masked bits is HIGH, 

The ALU, which can operate on one, two, or' the output of the priority encoder is zero. 

three operands depending upon the If bit i is the most significant HIGH bit 

instruction' being executed, contains full then the output of the priority encoder is 

carry lookahead across all 16 bits. All ALU equal to s - i+ 1 where s is the positio~ of 

operat ions can 

or byte mode. 

Negative (N), 

be performed in either word 

Status outputs Carry (C), 

and Overflow (OVR) are 

generated at the byte 1 eve 1 for byte-mode 

operations and at the word level for word

mode operations. ~ fourth flag, Zero (Z), 

InstnlcUon Sequence 
PRTt at PAIA, PRID, R3 
B"Z JMPTABLE 

the sign bit and is equal to 15 in word mode 

and 7 in byte mode. To understand why s - i 

+ 1 is used in place of s - i (the usual 

priority encoding), consider the following 

example (Figure 2). The eight Attentipn 

Orive signals are presented on the time-

DrIve Attention ....... t. 

1234'87_ 
HHHLHHHL 

AnlIII10 
Zero Flag - ConcII ..... 

, eo..eMUX 

y·_t 

I 
Addnaa Jrqnat of 
JMPTABLE PROM 

Figure 2. Using the Am29116 Prioritize Instruction 
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multiplexed drive command/data bus and are 
read through the V-bus and data input latch 
of the Am29116. If the controller has 
already serviced all attention requests 
from drives 1-3 and wishes to service the 
highest priority attention request (if any) 
from drives 4-8, it executes a Prioritize 
instruction in byte mode using hexadecimal 
FFID as the mask, fo 11 owed by a Branch if 
Not Zero into a jump tab 1 e indexed by the 
priority encoder output. 

The 8-bit status register and the condition
code generator/multiplexer contain the 
information and logic necessary to develop 
12 condition-code test signals. The 
multiplexer selects one test signal and 
places it on the condition-code test (CT) 
output for use by the microprogram 
sequencer. The multiplexer is addressed in 
two ways. In the first, which is used here 
to maximize throughput, the T-bus is used in 
input-only mode to specify the multiplexer 
select position directly. In the second, 
the CT output is selected through a test 
instruction. 

The output enable V-bus (~) input enables 
the 16 tristate output buffers when it is 
LOW. When nrv is HIGH, the output buffers 
are read in the high-impedance state 
(allowing read/write and status data to 
reach the D-latch from the controller's 16-
bit system data bus). 

The 16-bit instruction latch is normally 
transparent to allow decoding of the 16 
instruction inputs 115-0 into internal 
control signals for the Am29116 and the 
execution of the instru.ction within a single 
clock cycle. The only exceptions to this 
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rule are the immediate-operand 
instructions, which execute in two clock 
cycles rather than one; These are captured 
in the instruction latch during the first 
clock and executed during the second. It is 
during the second clock that the immediate 
operand, which resides in the 115-0 field of 
the next microinstruction, is fetched and 
execution is completed. Immediate 
instructions are used extensively in the 
disk controller microcode whenever masks 
and special arithmetic constants are 
needed. (The Am29116 allows the addition or 
subtraction of 2N, and the use of 2N and its 
comp lement as a mask, for any N between 0 
and 15 within a single clock, so that for 6 
these 16 common numbers and 32 common masks, 
an immediate instruction is not required). 

Am29116 Instructions 
The 16-bit instructions of the Am29116 can 
be grouped into eleven types which 
correspond in a natural way with the 
Am29U6's internal instruction decoding 
logic: single operand, two operand, single 
bit shift, rotate and merge, bit oriented, 
rotate by n bits, rotate and compare, 
prioritize, cycl ic redudancy check, status, 
and no-op. The microprogrammer needs to be 
familiar with these groupings (and certain 
subgroupings) because the System 29 AMDASM 
OEF file provides mnemonics that correspond 
to them. For example, the AMOASM SRC file 
1 ine 

SOR W,INC,SORV,Rl 
increments the full 16-bit contents of 
Am29116 RAM location 1 by one and places it 
onto the V-bus and 

TORI B,SUBR,TORAR,R2 
subtracts the low-order byte ·of the 
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ae.cumulatorfrom the. low-order byte of .RAM . 
location 2.while leav.ing the high~order byte 
of location 2 unchanged. 

Table 1 summarizes the basic operations that 
Am29116 instructions can perform within a 

siogle cycl:e. (Two. cycles are us.ed if one 
operand ·.is immediate data.) Note that fora 
typical Hoe of this. table. there are 
several Am29116 mnemonic operation . codes. 
dependi"ng upon the choice· of operand 
source(s) and destination. 

TABLE 1. SINGLE-CLOCK Am29116 OPERATIONS 

Add 
Add with Carry 
Add 2N 

And 
COlllPlement 
Accumulate forward CRC 
Accumulate reverse CRC 
Exclusive Nor 
Exclusive Or 
Increment 
Load t N 

Load 2N Complemented 
Move 
Nand 
Negate (2' s comp 1 ement) 
Nor 
Or 
Prioritize under mask 
Reset bit N 
Reset status bit 
Rotate N bits 
Rotate N bits and cOlllPare under mask 
Rotate N bits and merge according to mask 
Set bit N-
Set status bit 
Single bit shift 
Subtract 
Subtract with Carry 
Subtract 2N 
Test bit N 
Test status bit 
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Many of the operations prove particularly 

useful when implementing intelligent disk 

controllers. For example, the packing of 

ASCII characters (which occupy 8-bit bytes 

in main memory yet need only occupy 7-bit 

cont i guou s frames in the disk record) is 

accoqllished efficiently and at high speed 

by Rotate and Merge instructions as shown in 

Figure 3. The microinstructions shown on 

the arrows perform the bit mapping indicated 

by them. In this example, 8 ASCII bytes 

requiring 64 bits of main storage are packed 

into 56 bits (8 7-bit contiguous frames) 

prior to being written to disk. In general, 

the abil ity of the Am29116 to rotate a 16-

bit operand by N bits and merge it with a 

second 16-bit operand under mask within a 

single cycle makes the manipulation of 

arbitrary-length, arbitrarily-ali gned data 

fields efficient and simple. Other 

operations that are especially valuable in 

B J l' 
~ !I 

1'1 l'! 
JII JII .. ,to 

J J 
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this application are provided by the CRe 

Forward instruction (used to generate or 

check the integrity of header records), the 

instructions which add and subtract 2N, load 

2N and its complement, reset, set,and test 

bit N, and (as indicated above) the masked 

Prioritize instruction. If the 

intelligence incorporated into the 

controller includes associative retrieval 

based upon recognition of an arbitrary bit 

string within the data record, the 

instructions which rotate by N bits and then 

(within the sall1e cycle) compare under mask 

are almost indispensable. 

Functions of An Intelligent Controller II!III 
The interface signal names, polarities, ,and. 

functions used in this article are similar 

to those used in the current ANSI standard 

for rigid disks. However, the methods and 

~ I 
p z !I' 

j i I: -.. ~ 

OI-
l' 

J 
~ 

JOI 
JII 
to 

2 
l' 

Figure 3. Packing ASCII Fiefds by Means of the Rotate and Merge Instruction 

6-71 



DlskCentroilerApplicatton.Note . 

funct ions discussed can be used for most 
current rigid or fle~ible disk drives. With 
minimal external logic. the Am29116 and 
Am9~20 perform all the functions needed to 
format. read. and write disks at over. 20 
MegaBits per second. These include 
generating and checking header CRGs. 
performing header-sector acquisitions. 
enabling and disabling drive read/write 
circuits at the appropriate 1imes. managing 
data flow through a high-speed buffer 
memory. generating check bits 
writes. and 'detecting and correcting 
and burst errors up to 11 bits long 
reads •. 

during 
s.ingle 
during 

Except for seeks. retries, and formatting. 
all of the above have been microcoded. The 
microcode fits within 256 words (one-fourth 
of the microprogram memory used in the 
design). and it is appropri ate here to 
describe some additional inte 11 igent 
functions that can be microprogrammed: 

Maintaining I/O Request Queues. To 
maximize throughput. the controller 
orders its read and write request queues 
by sector. head, drive. and cylinder. 
(Cylinders appear last in the order of 
sorting because a seek on one drive may 
be overlapped with a read or write on 
another.) The Am29116 maintains the 
read/write request queue in its 4096 x 
16 high-speed buffer memory. 

Selective sorting of, the read/write 
request queue is performed by the 
controller. Each new· request is 
assigned a "bump count" of o when the 
controller receives it. The request is 
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then placed into the queue at the 
position determined by the following: 

, (1) Behind all requests whose bump 
counts equal N ("Queue 1") 

(2) Inserted in sorted order into the 
remaining queue of requests whose 
bump counts are less than N ("Queue 
2") as follows: 

(a) By type (read afte,r 
write) 

( b) By sector number 
(c) By head number 
(d) By drive 'number 
( e) Finally. by cylinder 

number 

(3) Before each new request is queued. 
Queue. 2 is scanned head-tb-tail. 
Each request encountered during the 
scan that has a bump count of N is 
removed from Queue 2 and placed at 
the end of Queue 1. 

(4) After each new request is queued. 
the bump. count is in~reased by 1 for 
each Queue 2 member that has been 
bumped by it (i.e •• now follows it). 

It should be noted that the choice 
of N is application-dependent. 
since increasing N increases 
throughput but also lengthens 
response time for some read/write 
requests. 

2. Avoiding Redundant Reads. The Am29116 
also maintains copies of the last eight 
sectors read from or written to disk. 
Before each read request is entered into 
the queue. the Am29116 compares it with 



a list of buffer memory-resident sector 
images. If a match is found, the 
contents of the sector images are used 
to satisfy the read request and no 
enqueueing is performed. 

3. Performing Logical Record I/O and 
Maintaining Device Transparency. The 
Am29116 trans 1 ates I/O requests by 
logical record number into physical 
select, seek, and I/O operations by 
drive, track, head, and. sector numbers. 
The CPU software need not concern itself 
with the characterisitics of the 
particular drives attached, and it is 
minimally affected by deletions and 
additions of drives of varying types. 

4. Performing Associative Logical Record 
I/O. The Arn29116 reads, writes, or 
returns the logical record numbers of 
logical records that contain specified 
fields. 'The CPU software merely 
specifies the type of operation to be 
performed and the length, relative 
position within the logical record, and 
value of the content-addressing field. 

5. Performing Data Compression and 
Expansion. Much of theinfo~mation 

routinely stored on disk as 8-bit bytes 
is character data. While it is 
convenient to manipulate. these data. in 
the central processor in 8-bit EBCDIC 
notation, they can usually be stored 
much more efficiently on disk as either 
6-bit BCD (or FIELDATA) bytes or 7-bit 
ASCII bytes. The usefulness of 
cOl11lressing information in this manner 
depends entirely upon the database. For 
example, most accounting and management 
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information system data do not involve 
lower-case alphabetics and can be 
recorded in 6-bit BCD (or FIELDATA), 
giving approximately a 25% reduction in 
disk storage occupied and a 33% increase 
in storage effectiveness. Most word 
processing data involve lower-case 
alphabetics but can be recorded in 7-bit 
ASCII, giving approximately. a 12.5% 
reduction in disk storage occupied and a 
14.3% increase in storage 
effectiveness. The recording of data 
compressed in this manner is 
accomplished by a translation from 
EBCDIC to BCD/FIELDATA or ASCII 
followed by packing and an unformatted 6 
write operation. Compressed data. are 
read by an unformatted read operat ion 
followed by unpacking and a translation 
from BCD/FIELDATA or ASCII to ECBDIC. 
The translations are performed two 
bytes. ata time by the two 2048 x 8 
Am27S291 PROMs illustrated in Figure 8. 
The three microcode bits labelled XLAT2 
-XLATO select one of eight code 
translations; four are used by the 
BCD/FIELDATA and ASCII compression 
algorithms and four are spares. 

Many other types of. application
dependent data compression can be 
performed directly by the controller. 
The following IBM VM/370 CMS commands 
perform various types of compression 
depending upon the old file type: 

(1) COpy ,old file name. ,old file type. 
,old file mode. ,new file name. 
,new file type. ,new file mode. 
(REP PACK) 
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(2) COPY ,old file name. ,old file type. 
,old file mode. ,new file name. 
,new ,file type. ,new file mode. 
(REP UNPACK) 

All the functions of COPY (PACK) and 
COpy (UNPACK) can be performed by the 
Am29116 and Am9520-based contra ller. 
The controller allows packed files to be 
read and written as if they were 
unpacked, just as it allows 6-bit 
BCD/FIELDATA and 7-bit ASCII files to be 
read and written as if they were a-bit 
EBCDIC files. 

Syst~. Organization 
Figure 4 is 'an overall block diagram of the 
disk controller. The interface to the 
drives includes separate bit-serial data 
paths for read data and write data, and 
byte-parallel paths for corrrnands, disk 
addresses, and disk status as described in 

the current ANSI standard. The Am2910 
micros,equencer and lK x a Am27S35 regi stered 
microprogram memory drive the,' aO-bit 
control bus that directs the actions of the 
other components. Data flows ser i ally and 
asynchronously at' over' 20 MegaBits per 
second between the drives and the time
division multiplexed serial input/serial 
output ports of the 16 x 16 FIFO array. 
Data flows synchronously in 16-bit parallel 
form between the FIFO array and the 4K x 16 
Am9147 buffer memory. In this deSign, it is 
assumed that support of disk transfer rates 
of close to 30Mbit/sec. is desirable. This 
is why the burst error processor, which can 
handle data up to 20Mbit/sec, is placed in 
para lle 1 with the fi rst-in-fi rst-out memory 
array and the Am9147 RAM buffer*. During 

*AMD now offers the Am9520-1, a 30Mbit/sec 
part which will simplify the microcode shown 
in the application note • 

.--_..;..:s,;..;,stem au. (Host CPU or Chennl) 

Nord 
Dlok 
DrIve 

Figure 4. BloCk Diagram of the Am29116/Am9520 Oisk Controller 
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disk reads, the Am29116 maintains two 
pointers: a write pointer for transferring 
data from the fIFO array to the buffer 
memory at a rate close to 30MHz, and a read 
pointer for concurrent ly transferr ing data 
from the buffer memory to the burst error 
processor at a rate equivalent to lSMHz. 
During disk writes, in which the timing of 
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the checksum calculation is more critical, 
the transfers are not overlapped. If the 
data transfer rate needed is 20Mb it/sec or 
less in an alternative design, the burst 
error processor can be placed in line with 
the FIFO array. Table 2 lists the interface 
signa 1 s between the contro 11 er and up to 
eight drives. 

TABLE 2. CONTROLLER/DRIVE INTERFACE SIGNALS 

SYMBOL 

nDAO_7 

PROSE SIGNAl NAME 

Address Mark Control 

Attention 

Bus Acknowledge 

Bus Direction Out 

Busy 

Control Bus Parity 

Control Bus Data 
(~ultiplexed with SADRO_7) 

Co~and Request 

Index 

Port Enable 

Para~eter Request 

Read/Reference Clock -

Read/Reference Clock + 
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SIGNAl SOURCE 

Controller 

Selected Drive 

Selected Drive 

Controller 

Se lected Dr.ive 

Controller or 
Selected Drive 

Contro 11 er or 
Selected Drive 

Controller 

Selected Drive 

Controller 

Controller 

Selected Drive 

Selected Drive 
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TABLE 2 CONTROLLER/DRIVE INTERFACE. SIGNALS (Cont.) 

SYMBOL PROSE SIGNAl NAME SIGNAl.. SOURCE 

RUm.l Read Data - Selected Drive 

"RI1DP Read Data + Selected Drive 

R!JGA Read Gate Controller 

"S1S]RO_7 Select/Attention DriveO_7 Controller or 
(~ultiplexed with ~O-7) Selected Drive 

SAMD Sector/Address Mark Detected Selected Drive 

"SAS'f Select/Attention Strobe 

VItCM Write Clock -

~ Write Clock + 

WRDM Write Data -

~ Write Data + 

WRGA Write Gate 

The host CPU and memory interface is through 
either DMA or a host data channel, depending 
upon the host machine and application. 
Although the interface is not shown in 
detail, it can readily be implemented using 
the Am2940 DMA Address Generator and the 
Am2950 Parallel I/O Data Port. 

Figure 5 depicts the byte-sync logic and 
timing logic for the FIFO buffer. It has 
been assumed here that the encoding scheme 
used by the drives is one that employs all
zero preambles (e.g., Modified Frequency 

6-76 

Controller 

Controller 

Controller 

Controller 

Controller 

Controller 

Modulation). If 3PM or any other non-zero
preamble scheme is used, the byte-sync logic 
shown must be appropriately redesigned. 
Redesign of the byte-sync logic will also be 
necessary for drives that suppress 
transmission of part or all of the preamble. 

Byte sync is achieved by three binary. 
counters, which present and maintain a low 
output as soon as at least K zeroes followed 
by binary 11111110 (hexadecimal FE) have 
been encountered. The value of K may be 
"programmed" by means of the 0, C, B, A 
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acquiring phase lock with the sync byte 

train. The optimal choice for K depends 

upon the acquisition rate and . other 

characteristics of the clock/data 

separator. 

inputs to U1 and U2. These inputs are shown 

tied to hexadecimal F7. Since FF16 - F716 = 
0816 0810 , K= 8 for this instance. 

Higher values of K may render the detector 

unduly sensitive to phase locktime jitter 

and should be avoided. The bits first 

encountered during a sync burst are the 

least likely to be sampled correctly. since 

the drive's clock/data separator is still 

Figure 6 depicts the serial-to-parallel and 

parallel-to-serial conversion interface 

usi ng an array of 9403As operated in 
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parallel at an aggregate rate of 30Mbit/sec 
per second. The FIFOs themselves are 
individually operated at 7.5Mbit/sec per 
second, and the 30Mb aggregate data rate is 
achieved by an alternate clocking scheme 
(Figure 7}. This same scheme is used for 
both read and write clocking and that the 
FIFO serial input and output clocks, -rm 
and "C'P'SU, are falling-edge active. 
Pipelining is used to satisfy the setup time 
requirements of the FIFO serial inputs, OS. 
The FIFO serial outputs QS are also 
pipelined. However, the FIFO parallel 
inputs and outputs, 03-00 and O'3-QO, are 
fast enough to communicate with the buffer 
memory bus without pipelining. 

ROCK 
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The major elements of the remaining portion 
of the data path are the Am29116, the Am9520 
and 4096 words of Am9147-55 buffer memory 
(Figure 8). These elements interface 
through an internal 16-bit data bus. The 
Am29116 is connected to this bus through two 
Am2949 bidirectional bus transceivers. 
During data compression operations, the 
read and write data are actually routed 
through two sets of Am27S291 trans 1 at i on 
PROMs. The Am29116 also generates and 
maintains the buffer memory addresses. The 
buffer memory cOJlllrises sixteen Am9147-55 
4096 x 1 RAMs. It contains images of the 
last eight sectors read from or written to 

d1,'. '",.1/0 'eq'"" ""'"'. aod addi'iooa' II!!II 

~~~---------------------------
OENs __ --o/ 

WIle. \~ ______ ---J/ 

\~---~/ 

\\.--_------/ 
\~ __ --J/ 

CLOCK WAVEFORMS FOR WRCo THROUGH WAC. 
(WAVEFORMS FOR RDCo THROUGH. ROC, ARE SllMLAR) 

Figure 7. FIFO Alternate Clocking 
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housekeeping tables. The 8-bit data input 
and output lines of the'Am9520 are connected 
to the 16-bit internal data bus through a 
low and high byte bidirectional I/O port 
using two Am2950s. The instruction (C2-0) 
and read error pattern (REP) inputs of the 
Am9520 are generated by the Am29116 and are 
strobed into the command register under 
microprogram control. The Am9520 status 
signals--located error pattern (LP3-0) and 
pattern match (PM4-2)--are communicated to 
the Am29116 through the Am2959 buffer during 
high-speed error correction. In addition, 
the ANSI Control Bus Data (CBDA7_0) and the 
Select/Attention Drive (SADR7_0) signals to 
and from the selected drive are multiplexed 
and connected to the least significant byte 
of the internal data bus through an Am2949 
bidirectional bus transceiver. 

The Am2910 microprogram sequencer generates 
the next address to lK words of contro 1 

memory (Figure 9). The control memory is 80 
bits wide' and is configured using ten 
Am27S3~ 1024 x 8 registered PROMs. The'test 
condition (!t)input to the Am29l0 comes from 
one of sixteen sources (including a forced 
HIGH and a forced LOW) selected through 
multiplexers by five microinstruction bits. 
Except for the Am29116 CT status output, a 11 
of the test conditions are synchronized by 
the microinstruction clock (MICK) because 
they are from such asynchronous sources as 
the disk drives and the FIFO array. 

Microinstruction Format 
The format of the 80-bit microinstruction is 
outlined in Figure 10. The intent here is 
not to create a minimum-width, shared-field 
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control word but to demonstrate microcoding 
the controller in a straightforward manner. 
Table 3 details the definition for each of 
the fields. A microinstruction word and 
field definition (DEF) file incorporating 
these is available to System 29 users. 

Samp le mi crocode has been wr itten (and a 
source (SRC) file is available to System 29 
users) for uncompressed sector' read and 
write operations. The header and data 
segment format is shown in Figure 11. The 
code includes. header and sector 
acquisition, error checking of the header 
(via CRC), and error checking and correction 
of the data segments (via the Am9520 and its 6 
56-bit modified Fire code polynomial) 
(Figure 12). ' 

The sector input/output microroutine 
(SECTIO) performs input or output of a 
single 256-byte sector. Seek and retry 
operations are the responsibility of the 
calling microprogram. 

At entry to SECTIO, RO contains 0 to request 
a sector read, or +1 to request a sector 
write. Rl contains the I/O head number in 
its upper byte. The I/O track number is 
split between the lower byte of Rl and the 
upper byte of R2, while the lower byte of R2 
contains the I/O sector number. R3 contains 
the buffer memory start address. 

SECTIO first checks to see whether (RO) = +1 
and, if so, uses the Am9520 to calculate the 
56-bit modified Fire Code check bits that 

. are to be appended during write. The check 
bits are stored in buffer memory immediately 
following the data. 
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MICROINSTRUCTION FIELD 
BITS WIDTH 

(BITS) 

79-64 
63-60 
59 
58 

57 

56 
55-52 
51-42 
41-36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 

21 

20 

16 115-10 
4 T4-Tl 
1 SRE 
1 OEY 
1 lEN 
1 DLE 
4 13-10 
10 D9-DO 
6 

1 ~ 

1 Bl"CB 
1 'gm5 

1 "BfOj 

1 BIT6 
1 BF2L 
1 ID"W 
1 mmT 
1 "B'iW 
1 BTl6 

1 BT2L 
1 Bi2iJ 
1 rna 
1 CE2L 

1 

1 

Am29116 
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Testing 
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Buai/O 
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Seleelll 
Compression 
Algorithm 

Figure 10. Microinstruction Format 

TABLE 3. MICROINSTRUCTION FIELDS 

MNEMONIC 

A~29116 Instruction 
Am29116 Conditional Test Select 
A~291l6 Status Register Enable 
A~29116 Output Enable V-Bus 
A~29116 Instruction Enable 
Am29116 Data Latch Enable 
Am2910 Instruction 
A~291O Di rect Input 
Test Multiplexer Condition and True/False Select 
Address Mark Control (Table 1) 
(Enable Me~ory) Bus Fro~ (Disk Drive) Control Bus 
(Enable Me~ory) Bus Fro~ Translate PROM 
(Enable Me~ory) Bus From 9403A FIFO Array 
(Enable Me~ory) Bus Fro~ A~29116 V-Bus 
(Enable Me~ory) Bus Lower Byte Fro~ A~9520 Q-Bus 
(Enable Me~ory) Bus Upper Byte Fro~ A~9520 Q-Bus 
Bus Direction OUT (Table 1) 
(Enable Me~ory) Bus To 9403A FIFO Array 
(Enable Me~ory) Bus To ~29116 V-Bus 
(Enable Me~ory) Bus Lower Byte To ~9520 D-Bus 
(Enable Me~ory) Bus Upper Byte To ~9520 D-Bus 
(Enable Me~ory) Bus To A~9520 REP, P3-PO, & C2-CO 
Clock Enable A~9520 To Lower-Byte Bus Interface 
Register 
Clock Enable Memory Bus To ~9520 Interface 
Registers 
Clock Pulse For Am9520 (Microcoded Wavefor~) 
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MICROINSTRUCTION FIELD 
BITS WIDTH 

(BITS) 

19 1 
18 1 
17-16 2 
15 1 
14 1 
13 1 
12 1 
11 1 
10 1 
09 1 
08 1 
07 1 

06 1 
05 1 
04 1 
03 1 
02-0 3 

TABLE 3. MICROINSTRUCTION FIELDS (Cont.) 

MNEMONIC DESCRIPTION 

mer 
INPT 
JMPI 
~ 

m1\" 
MT 
()1JPf 

l"E'NIi" 
PFPM 
~ 

PL03 
fflQ 
lm'GA 
1mr 
"S'){ST 

iiIrnA 
XLAT 

Command Request (Table 1) 
(Enable Serial Data) Input To 9403A FIFO Array 
(Enable) Jump Indirect Am29116 V-Bus (Double-Rail) 
(Enable Loading Of Buffer) Memory Address Register 
tEnable Buffer) Memory Read 
(Enable) Memory Write Operation 
(Enable Serial Data) Output From 9403A FIFO Array 
Parameter Enable (Table 1) 
(Enable Setting Of Amg520) P Bits From Am9520 PM Bits 
(Enable) Parallel Fetch From 9403A FIFO Array 
(Enable) Parallel Load Of 9403A FIFO Array 
Parameter Request (Table 1) 
Read Gate (Table 1) 
Reset 9403A FIFO Array 
Select/Attention Strobe (Table 1) 
Write Gate (Table 1) 
Translate Table Select For Data Compression PROM 

Data Segment 
256 Bvte. 

Figure 11. Header and Data Segments 

SECTIO then (both for reads and for writes) 
uses the Am29II6 to calculate the CRC of the 
header contained in RI and R2. This CRC is 
saved i'n R4. 

CRC fields match the contents of RI, R2, and 
R4. If the search fails, RO is loaded with 
+1 (defective or missing header) and control 
is returned to the calling microprogram. If 
the search ;s successful, control is passed 
(via (RO) and table BRTABL) tci either the 
read sector (RDSECI) or the write sector 
(WRSECI) microcode module. 

A search is then made of the ent i re track 

for a header whose head, track, sector, and 
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Read Sector Microcode Module (RDSECl) 
This module transfers synchronized 

capabilities of the Am9520and the 
properties of the 56-bit modified Fire Code 

information, a 16~bit word at a time, from . polynomial make this .correction technique 
the 9403A FIFO array to buffer memory and extremely fast. Less than 200 microseconds 
from buffer memory to the Am9520 operating are required for a worst-case error location 
in Read High-Speed mode. Since the current and correction using the microcode shown. 
Am9520 data sheet only guarantees operation 
at 20MHz, some form of buffering must be 
used between the 30M Hz disk and the Am9520. 
This is accomplished by using R4as a memory 
buffer pointer for transfer in from the 
9403A's and R5 as a pointer for transfer out 
to the Am9520. For simplicity in the 
microcode loop, R5 increments at half 
(rather than two-thirds) the rate at which 

. R4 increments. 

. At the end of the read loop, R5 has advanced, 
halfway through the data read in and a 
second loop is executed to process the 
remaining half of the data through the 
Am9520. 

When all the data have been processed by the 
Am9520 Read High-Speed operation, the 
Am9520 error (ER) flag is tested to 
determine whether an error was detected •. If 
ER is low (no error), RO is loaded with 0 
(operat ion comp 1 eted successfu lly) and 
control is returned to the call i ng program. 

If ER is high, error correction ;s performed 
using the Am9520's correct high speed mode. 
This uses the Chinese Remainder' Theorem 
method. to calculate the error location (as a 
bit displacement from the end of the data 
segment) and error pattern (a 12-bit mask). 
The error is corrected by exclusive or-ing 
the error pattern with the 12-bit data field 
beginning at the error location. The 

The location of an error burst is calculated 
by: 
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where: 

L = N x K - (M1 x Al + M2 x A2 + M3 x 
A3 + M4 x A4) 

L is the difference in position between 
the last bit transferred and the 
beginning of the burst error • 

N is the composite period of the 56-bit 
polynomial and is equal to 585,442. 

K is the smallest integer such that Lis' 
positive. 

AI' A2, A3, and A4 are Chinese Remainder 
Theorem coefficients: 

Al = 452,387 
A2 = 2,521,904 
A3 = 578,864 
A4 = 2,647,216 

Ml' M2, M3, and M4 are factor match clock 
counts that are accumulated by the microcode 
while clocking the Am9520 in Correct High
Speed mode. For burst errors of length not 
exceeding 11 bits, it can be shown that Ml 
wi 11 never exceed 22 (the period of the 
first factor of the 56-bit polynomial); M2 
will never. exceed 13 (period of the second 



factor); M3 will never exceed 89 (period of 
the third factor); and M4 will never exceed 
23 (period of the fourth factor). 

Consequent ly, the max imum number of Am952.D 

clock cycles needed to locate an II-bit (or 
shorter) error burst is the sum of the first 
period and the maximum of the remaining 
three periods: 

22 + MAX (13, 89, 23) = 22 + 89 = 111 

It should be noted that the aqove number of 
Am9520 clock cycles is far less than the 
composite period, 585,442, which is the 
upper limit for correct normal operations 
and is representative of how long a less 
sophisticated part would require to locate 
and correct the error burst. 

To perform error location and correction, 
the Am9520 is placed in correct high-speed 
mode and its clock enable PO is set high for 
factor match clock count Ml accumulation. 
R8 is initialized to 0 to serve as the Ml 

'counter. PF1 (the maximum permissible value 
for Ml' which will be exceeded only for 
multiple bursts or bursts longer than 11 
bits) is loaded into the accumulator (ACC). 
The EP output is tested. If EP, is low, 
alignment exception (AE) is tested while the 
ACC is decremented and the Am9520 is 
clocked. If AE is high, the burst error is 
not on a byte boundary and R8 is incremented 
by 1. If AE is low, R8 is incremented by 8. 
The ACC is now tested. If positive, PFI is 
not exceeded and a loop back to the EP test 
is performed. If negative, an uncorrectable 
error exists; RO is set to +2; and control 
is returned to the calling microprogram. If 
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EP is high, the Ml calculation is complete; 
the error pattern is available; and M2 
through M4 can now be accumulated. 

The inherent parallelism of the Am9520 is 
then exploited by concurrently accumulating 
M2 through M4• This reduces the number of 
Am9520 clocks required from the sum of the 
three periods (125) to their maximum (89). 
R9 through Rll serve as the counters for M2 
through M4. The microprogram flow of 
control reflects the completeness or 
incompleteness of each factor match by 
looping through a jump table indexed by the 
Am9520 Pattern Match (PM2 through PM4) 
outputs, and by selectively disabling the PI II 
through P3 clock enab les with the same PM2 • 
through PM4 outputs. This yields eight , 
possible paths (Figure 12), in each of which 
the appropriate combination of R9 through 
R11 can be operated upon and tested to see 
if it exceeds period factor limits (i.e., a 
multiple-burst error or an error burst 
longer than 11 bits has been encountered). 

Once Ml through M4 have been obtained, the 
expression: 

is evaluated by calling a spec'ialized 
multiply subroutine (MUL) four times. This 
subroutine utilizes the special nature both 
of the per i od factor values and of the 
Chinese Remainder Theorem coefficients to 
maximize throughput. A specially optimized 
divide subroutine (DIV) is then called to 
calculate: 

(M1 x Al + M2 x A2 + M3 x A3 + M4 x A4) I 
N 
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leaving a remainder of (-L + N). 
additional subtract obtains L*. 

One 

The word-boundary address of the error burst 
in buffer memory is extracted from L using 
the Am29116 Rotate and Merge instruction. A 
16-way branch on the low-order 4 bits of L 
is used to enter a table (TAB2) of Rotate 
and Merge instructions. 

These align the error pattern (using a 
single ROTM instruction if the error burst 
does not cross a word boundary and two 
instructions if it does). The error burst 
is then exclusive OR-ed with the aligned 
error p-attern; RO is loaded with 0 
(operation completed successfully); and 
control is returned to the calling 
mi croprogram. 

Write Sector Microcode Module (WRSECI) 

This module transfers information one 16-
bit word at a time to the 9403A FIFO array. 
The information transferred comprises a 
d~ta preamble (13 all-zero bytes), data sync 
byte (hexadecimal FE), 256 data bytes, 7 
check bytes, and a data postamble (5 all
zero bytes). Both the data bytes and the 
check bytes are located in buffer memory, 
beginning at word (R3). (Calculation of the 
check bytes has already occurred at the 
beginning of SECTIO) .. 

RO is loaded with 0 (operation completed 
successfully) and control is returned to the 
calling program. 
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Conclusion 

The high-speed and parallel architecture of 
the Am29116 and Am9520-based controller 
allows handling of high data transfer rate 
disk drives and complex data manipulation 
and management. The availability of cost
effective microprogrammable building blocks 
in the Am2900 Family has led to systems with 
increasingly distributed control. This 
allows functions to be performed at system 
locations that optimize overall 
cost/performance. 

Significant improvements in host computer 
system performance can be realized by down
loading many time-consuming operating 
system tasks into the controller firmware. 
This allows mainstream proceSSing of the 
application programs to proceed with 
mi n ima 1 I/O overhead. System response is 
enhanced and main storage usage, software 
requirements and system overhead are 
reduced. 

* The method used here to obtain the error 
location is not the only <;lne possible. One 
alternative" is to subtract some form of the 
Chinese Remainder Theorem coefficients 
iteratively instead of multiplying and 
dividing. With each subtraction L would be 
tested. If negative, N would be added to L. 
This approach still exploits the parallel 
nature of the Am9520. 



AMDOS/29 AMDASM MICRO ASSEMBLER, Vl.4 
AM29116 / AM9520 ·DISK CONTROLLER 9/81 TABLER-KITSON 

1 This .DEF file (DISKCTLR.'DEF) was created by editing CONTROLR .. DEF, 
by addIng DEI' and EQU stat .... nts, deleting 801le. others, and by 
changing the basic microWQrd format. The bulk of the effort required 
to create such a file was considerably reduced by beginning from the 

; -master- file (CONTROLR.DEP) rather than typing a new file froll scratch. 

This particular .DEP file was created for a specific Am29116-Am9520 
disk controller, described in the AND application note: 
- ... High-Perfonlanca Intelligent Disk Controller,· by Otis Tabler and 
Brad Ii tson, to~ be released by AMD in early 1982. The Bource file 
Is DISKCTLR.SRC. 

The major difference between this DEF file and the CONTROLR.D£P file is 
the approach to the aicroprograauning. This fUe makes heavy use of 
DEF statement overlays whUe the other uses the cORuna-posi tional 
notation. The choice is a matter of preference. THE Am291l6 MNEMONICS 
AND INSTRUCTION LAYOUT ARE IDENTICAL IN THESE FILES. 

I This file may also be used as a master file which the user can edit to 
suit his/her application. 

Anyone finding an error in this file is requested to send a marked listing 
or por-tion thereof to: AMD APPLICATIONS or AMD CUSTOMER EDUCATION CENTER 

PO BOX 453 MS'10 PO BOX 453 MS'1l . 
SUNNYVALE, CA 94086 490-A LAKESIDE DRIVE 

SUNNYVALE, CA 94086 • 

Advanced Micro Devices reserves the right to make changes in its product 
wi thout notice in order to improve design or perfQrmance characteristics. 
The company assumes no responsibility for the use of any circuits or 

J programs described herein. 

Am29116 Mnemonics Copyright 01982 Advanced Micro Devices, Inc. 

~ORD 80 

******************.**.****.****.*.*************** 
GENERAL MNEMONICS 
•••••• ****.***.*****************************.*.** 
BYTE - WORD MODE SELECT [M] <---------- referenced by DEI' state.ents 

I 
B. 
W. 

I 

EQU 
EQU 

1B'O 
1BU 

; BYTE MODE 
J WORD MODE 

; **********************.********.**********.****** 
; N SELECT IN] 
; 
NO EQU H,O; 0 
Nl EQU HU 
N2 EQU H'2 
NJ EQU H,3 
N4 EQU Htf 
N5 EQU HIS 
N6 EQU HI6 

. N1 EQU Hf? 
NB EQU HI8 
N9 EQU H'9 
NA EQU HIA 
i/B EQU HIB 
NC EOU HIC 
ND EOU HID 
NE EOU HIE 
NF EQU HIF 

6-89 

Disk Controller Application Note 



Disk Controller Application Note 

." 'II. * * •. * •• * ... *." * *.".".*.".*."." * *. * * *." .. * ••••••• * * •• ."." * **." 
32 RAM REGISTERS [R] 

; 
RO: EOU 5010 00000 
Rl : EOU 5011 
1\2: EOU SOU 
R3: EOU 5013 
R4: EOU SOH 
RS-; EOU sots 
R6: EOU 5016 
R7: EOU 5017 
R8: EOU 50'8 
R9: EOU soU 
RIO: EOU 50110 
Rl1: EOU 50111 
R12: EOU 50112 
R13: EQU 50113 
RH: EOU 50114 
R15: EOU 50115 
R16: EOU 51>116 
R17: EQU 50117 
R18: EOU 50118 
R19: SOU 50119 
R20: EOU 50'20 
R21 : EOU 50'21 
R22: EOU 50'22 
R23: sou 50123 
R24: EOU 50124 
R25: sou 50125 
R26: EOU 50'26 
R27: EOU 50127 
R28: EOU 50128 
R29: EOU 50'29 
R30: EOU 50130 
R31: EOU 50131 

* ~ * * *.".".".".".".".* *."."." 'II'll ** *. *.* ** 
SINGLE OPERAND INSTRUCTIONS 
*****.* ************* •••••••• * 
OPCODES [1] 

~OVE: EOU HIC 1100 MOVE. 
COMP: EOU HIO 1101 COMP 
INC: EOU HIE 1110 INC INCREMENT 
NEG: EOU HtF 1111 NEG INCREMENT CQMP 

: .SOURCE-DESTINATION SELECT [2) 

~ORA; EOU HtO RAM ACC 
SbRY: EOU Ht2 RAM Y BUS 
SORS: EQU HI3 RAM STATUS 
SOAR: EOU HI4 ACC RAM 
SODR: EQU H,6 0 RAM 
SOIR: EQU Hi7 I RAM 
SOZR: EOU H'8 0 RAM 
saZER: EQU H'9 I O(OEI RAM 
SOSER, EQU HIA O(SE) RAM 
SORR: EQU HIB RAM RAM 
; 
; * 'II •••• * '* * •• * ••••••• ** •••••• ** ********** **. * •• * •• * •••• ******* 
SOR: OEF IV, B,lO,4VIO', 4V%D', 5VID',64X; SINGLE OPERAND RAM 

\ \ \ \ 
MODE, QUAD, OPCODE, SOURCE-DEST, REGISTER 

[MJ [1J [2] [R] <---- refer to proper. EOU groups 
********************************** ... " ...... ***,,** •• **,,***** ••• *** 
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50URCE (R/5) [3) 

~OA: EQU H'4 ACC 
500: EQU H'6 0 
501: EQU H'7 I 
50Z: EQU H'8 0 
SOU: EQU H'9 D(OE) 
SOSE: EQU H'A D(SE) , , DESTINATION [4 J 

~RY: EQU OiO Y BUS 
NRA: EQU 011 ACC 
NRS: "QU 0'4 STATUS 
NRAS: EQU 0'5 ACCiSTATUS , 
; * * •• *",." * ••••••• *fo •••• * •• * •••••••••••••••• ** •••• *fo ••••••••• *." *fo. 
BONR: DEF IV, Bt~1,4V'Dt, 4V'O'; SV'DI,64X ; SINGLE OPERAND NON-RAM 

MODE, QUAD, OPCODE, SOURCE, DESTINATION 
[MJ . [lJ [3J [4J 

* *." *." * * * *." * * * *." * '* * * * * *. * * * * * * *." * * .... '* * * *." * *. * *." 10 * *. * *. '* *iI * * * * *. 
* * * *-*. * '* '" * * * *." *",* * *." * * * * *." *. *. *." * * 
TWO OPERAND INSTRUCTIONS 
* *fo •• *fo •••••••••••••••••••••••••• _. 

OPCOOES [5J 

~UBR: EQU HiO 
SUBRC: EQU Htl 
SUSS: EQU H'2 
5USSC: EQU H'l 
ADO: EQU HI4 
AODe: EQU H,5 
AND: EQU H'6 
NAND: "QU Hr EXOR: EQU H 8 
NOR: EQU Ht 9 
OR: EQU H,A 
EXNOR: EQU HIB 

, , SOURCE-DESTINATION [6J , , 
TORAA: EQU H'O 
TORIA: EQU HI2 
TODRA: EQU HI3 
TORA-Y: "QU Hf8 
TORIY: "QU HIA 
TODRY: EQU HIB 
TORAR: "QU HIC 
TORIR: "QU HIE 
TODRR: EQU HIF , 

5 minus R 
S minus R wi th carry 
R minus 5 
R minus S with carry 
R plus S 
R plus 5 with carry 
R 5 
R S 
R 5 
R + 5 
R + S 
R 5 

, R DEST 

RAM ACC ACC 
RAM I ACC 
0 RAM ACC 
RAM ACC Y BUS 
RAM I Y BUS 
0 RAM Y BUS 
RAM ACC RAM 
RAM I RAM 
0 RAM RAM 

; * ** * * * ** * ** * •• *. * ** **** * **** * **** *,.. **** *. * ** * * * *** ** * *** * ** 
TORI: DE:F IV, BlaO,4V\n" 4Vtn" SV\Ot,64X , TWO OPERAND RAM (1) 

MODE, QUAD, SOURCE-DEST, QPCODE, REG ISTER 
[MJ [6J [5J [R) 

******.****************************************** ... ******.** 
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SOURCE-DESTINATION ['7] R S DIIST , 
TODAR: BOU HU D ACC RAIl 
TOAIR: EOU BU ACC I RAR 
TODIR: IIOU HtS D I RAIl , ; '" .*. '" '" ** '" '" '" ** ** .. **** .... ***** ************ ****.************** ** 
TOR2: D£F IV. BIIO,4VID., "VIDf, 5vtD'.6.X ; TWO O~BRAND RAM (2) 

MODE, QUAD, SOURCE-DEST, OPCODB, REGISTER 
[M] [7J [SJ [RI 

~ *******.*************.********** •• *.*.***** •• ****** •••••• **** 
SOURCE [8J 

fOOA: 
TOAI: 
TOOl: 
; 

EOU 
BOU 
IIOU 

HU 
HU 
HtS 

R 

D ACC 
ACC- I 
o I 

S 

I ***:** .. ** ** **** *** *** ** .. ***.*.************************ .. ****. 
TONR: DEF lV, Btll,4V'Dt, 4V1Dt, SVlDt, 6CX ; '!'WO OFERAIIID 1I0N-RAR 

MODB, OUAD,SOURCII,OPCODB,DBSTINATION 
[M] [8] [5] [4J 

***********.********* •• ******'********** •• ***.************** 
******************** •• ***it*******.*.*_*.*.******** 
SHIFT INSTRUCTIONS 
***********************************.*.*.****.***** 
DIRECTION AND INPUT [9 J 

~HUP2.: EQU H'O , UP 0 
SHUP1: EQU Htl , ; UP 1 
SHUPL: EOU H'2 , UP OLINK 
SUDNZ: EQU H'4 DOWN 0 
SHDNl: EQU HfS , DOWN 1 
SHDNL: BOU Ht6 ., DOWN OLINK 
SHDllc: EOU Ht7 DOWN OC 
SHDNOV: BQU Hf8 DOWN ON QOVR 

} SOURCE [10J , 
SHRR: EQU H,6 RAR RAR 
SHDR: EOU H,7 0 RAR 

, 
; *******.*****************.**.*****.**.****.*.'* ••• _*** 
SHFTR; DEF lV, SllO,4VID" 4V'O', SV'Ot,64X 

MODE, QUAD f SOURCE, OIRECT-INP'l', REGISTER 
[HJ [lOJ [9J [RJ 

* ***. * **. * * •• ** •. ** * '*** * * * •••• ** *.* *'***. **.**. * •• **. '*. 

SOURCE [11) 

~HA; 
SHD; ., , . 

EQU 
EQU 

Ht6 
Hf7 

ACC 
o 

; • *. * '* •• * •• * *** *'** .. *"** •• * *. * *.*. *** *. * •••• ***."."." • ." ••• ." 

SHIFT RAIl 

SHFTNR: DEF lV, SI11,4V'Ot, 4V'Dt, SV'D',64X ; SHIFT NON-RAM 

MODE, QUAD, SOURCE, DIRECT-I.NP I DESTINATION 
[M) [l1J [9J 14J (IIRY, NRA ONLY) 

....... ." *. '* •• *." ••••• '*. * ••• ** •• * •• ** '*"* *** • ." '* **." ••• ." .*. ** * 



, , .. _._._---_ .......... __ ._._ ........ ---_._._-_ ... _-
,ROTATE INSTRUCTIONS ,.,.,. .. *,. •• ,. *,. t •• * ••• It ••• * •••• tt ••••• ____ •• ___ •• * tttt 

; SOURCE-DESTINATION (U) , 
RTRA, 
RTRY, 
RTRR, 

EQU 
BQU 
BQU 

HIC 
HIB 
HIP 

R.... ACC 
R.... Y BUS 
R.... R .... 

; _. __ ._ ........ _--.. _------_ ....... __ ......... _-_ .... . 
ROTRl: DEF IV, BIOO,4vtDI,4vtD', 5V1DI,64X 

MODE, QUAD, N'I SOURCE-DEST, REGISTER 
(M) (N) (l2) [R) --_ ....... -. __ ... _-_ .. _-.... _._ .. -._.---_. __ ..... _._-

J SOURCE-DESTINATION (13) 

~TAR: 
RTDR, 

J 

BOU 
EQU 

R,O 
Hfl 

ACC RAM 
D R .... 

;. .. _* .. * .. ,. .. ** ....... ***.,. ** _It_ .. _._. ____ ._ .. _. ttt t.t •••• _ ... 

ROTATE R.... (I) 

ROTR2, DEF IV, BIOI,4V'DI,4V'DI. 5V'D',64X J ROTATE R .... (2) 

MODE, QUAD, N, SOURCE-DES!, RIG ISTER 
(M) [N) (l3) [R) .... * .. * * ......... '* .. ,. ....... ** ___ t __ ._ •••••• _. __ tt * ttt .. _._ It __ " 

SOURCE DESTINATION (14) 
J 
RTDY, BQU 0124 D Y BUS 
RTDA: BQU D125 D ACC 
RTAYI EQU DUB ACC Y BUS 
RTAlI, EQU DIU ACC ACC 

, , .-.. _ .... _._----... _--.-... -._._._-----_ ....... _-----
ROTNR. DB' IV, BIlI.4vtDI,HIC. SV'DI.64X J ROTATE NOlI-RAM 

MODE,QUAD,II. FIXID CODI. DISTIllATION 
(M) (III (l4) 

* * * * * * *** * * ** * * *** *** **** * *** * * * *******. * ** •• *.* * *. *. 
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/ 
/ 
/ 
/ 

******************** •• *.**** •••• *** ••••• *********** 
lilT ORIUTED INSTRUCTIOIIS 
~** ••• **** ••••• **.**.*.*** •• *********.***.******.** 

/ OPCODES (15) 
/ 
SETNR: 
RSTNR: 
TSTNR: 
/ 
I 

BOU 
IOU 
IOU 

HID 
BII 
Blr 

BI" RAM, BIT II 
AIBft RAM, BIT II 
TBST RAM, BIT II 

; •• ***************.*.****.*~***.**** ••• **.* •••••• **.*.*6-
BORl: DIP IV, BIll,~4vtDI,4vtDI, 5VUI,64X , BI" ORIEll'rID RAM (1) 

MODE,QUAD,N,OPCOOB,RBCISTIR 
(M) (II) (15) (R) 

*****.*.*.*****.*.***********.*.***********.*****.***.*. 

OPCODES (16) 
/ . 
LD2I1R: 
LDC2HR: 
A2I1R: 
SiNR: 
/ 
/ 

BOU 
BOU 
BOU 
BOU 

HIC 
HID 
BI. 
Blr 

2-. -- RAM 2-. --- RAIl 
RAM + 2-' - RAIl 
RlUI- 2-11 - RAIl 

I ********* ••• *****.*.*.***********.*****.***** •••••• ***6-
80R2: DEP IV, BIlD,4vtDI,4vtllf, 5vtDI,64X / BIT ORIUTED RAM (Z) 

MODE, QUAD,N, OPCODI,RBGIS'rBR 
(M) (II) (16) (R) 

*************************** ••• **** •••••••••• ***** •• ** •• * 
; OPCOOES (17) 
/ 
TSTNA: BOU DID / TEST ACC, BIT N 
RSTNA: BOU Dil RESBT ACC, 8ITII 
SETNA: EOU DI2 SIT Ace, 81'1 N 
A2NA: EOU DI4 ACC + 2"11 -- ACC 
S2NA: BOU DIS / ACC - 2"11 --ACC 
LD2NA: EOU 816 2"11 -- ACC 
LDC2NA: EOU DI7 2"11 -- ACC 
TSTND: EOU DIl6 TEST D, BIT N 
RSTNQ: EOU DU7 RESET D, BIT II 
SETND: EOU Due , SIT D, Bl'1" II 
A2NDY: EOU D120 D + 2"N -- Y BUS 
S2NDY: EOU DIZ1, /D-2"N--Y BUS 
LD2NY: EQU D122 Z"N -- Y BUS 
LDC2NY: BOU 01Z3 2"M -- Y BUS 

, 
; *********************************.*.*.* ••• ************ •• -
BONR: OEF IV, Blll,4V\DI,BUlOO, 5V'DI,64X ,BIT ORIENTSD NON-RAM 

MODE,QUAO,N,rIXBD CODI,OPCODE 
(M) (H) (17) 

***********************************.*.*****************.* 
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; ••••••••• * •••••••••• *** ••••••• * ••••••••••• iTt ••••••• 

I ROTATE A)lD MERGE 
J ••••••••••••••••••••• * •••••••••••• * ••• ~.** •••••••• 
• • SOURCE-DEST SELECT [U,S,MASR-DEST) [18) 

• I 
MOAI: 
MDAR: 
MDRI: 
MDRA: 
MARl: 
MRAI: 

, 

EOU 
EOU 
EOU 
EOU 
EOU 
EgU 

HI7 
HI8 
HI9 
H'A 
H'C 
HIE 

ROT 
, D 

., 0 
D 
D 
ACC 
RAM 

HOII-ROT MASK-DEST 
ACC I 
Ace RAM 
RAM I 
RAM ACC 
RAM I 
ACC I 

I .* ••• * ••••••••• * •••••••• * ••••••••••••••••••••••••••••• ** •• 
ROTM: DEF lV, BI01,4V'D,,4V'Dt, SV'Dt,64X ,ROTATE AND MERGE 

MODE, QUAD, N, SOURCE-DEST, REGISTER 
[01) [H) [18) [R) 

••••••• *.** •• *** ••• ** •••••••••••••••••••••••• *.* ••••• * ••• * 

***.*****-*-** •• *.***** •••••• * •• * ••• **** ••••• *.-* •• 
ROTATE AND COMPARE 
•• * •••••• * •••• _ ••• * •••••• ~ ••••••••••••••• _.**** ••• 

ROT.SRC(U}-NON ROT.SRC(S}/DEST-MASK(S) CUI 

bOAI: 
CDRI: 
CORA: 
CRAI: 

• 
I 

EOU 
EOU 
EOU 
EOU 

HI2 
HI3 
HI4 
H'S 

DAce 
D RAM 
D RAM 

I RAM ACC 

J *.* **.*.* •••• ********._ •••• _ •••••• * •• **.* •• * 

I 
I 
ACC 
I 

ROTC: DEI' lV, B'Ol,4V'O,,4YIO', SV'O',64X I ROTATE AND COMPARE 

MODE, QUAD, N, SOURCE-DEST-MASK, REGISTER 
[M} [N] [19] (R] 

, •• *. , ••• ** •• *. _. * * ••••••••••• - •• - _ •• * •• *.*-* • 
•••••••••••• *.*_ ••••• ** •••• **.* •• *.***_ •• *** ••••• * 
PRIORITIZE 
• *. * *. *. *. *. *. ***-* -- -- - - - _. _ ......... *. * ••••••• _.-

I SOURCE [20] 
I 
PRTlA: EOU HI7 ACC 
PRlD. EOU H'9 D 

, 
; DESTINATION (21] 

~RlA: EOU HI8 ACC 
PRlY. EOU HIA Y BUS 
PRlR. EOU H'B RAM , 
; ............. - .*. -* •• * .• * - .* •• _*. **** .... _.* •••• -*. 
PRT1: DEF IY, B,lO,4Y'D', 4YlDt, SV'Dt,64X 

MODE, QUAD, DESTINATION, SOURCE, REG-MASK 
(M) (21] [20] [R] 

•••••• -.... * *- * *. - _ •••••••• _ •••••• *. -. ** •• -., *** * 

DESTINATION [23] , 
PR2A: EOU HIO ACC 
PR2Y: EOU HI2 I Y BUS , , MASK (S) [22] , 
PRA: EOU HU ACC 
PRZ: EOU HIA 0 
PRI. EQU HIB , I 

, 
; •• *-*.**- -*._*.*.****_ ••• * ••••••••• **.-**.** ••• 
PRT2: DEP lV, BHO,4V'D', 4V'DI, SVlOI,64X PRIORITIZE RAM 

MODE, QUAD, MASK, DEST, REG-SOURCE 
[01] (22] [23] [R] 

* ** ••• ~ •• *. * •• **.* •• * _ •••• -* *. _.* ••••• - _. * - - ••• 
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; SOURCE (R) [24J 

PR3R, 
PR3A, 
PR30, 

; 

EOU 
EOU 
EOU 

H'3 
HI4 
R'6 

RAM 
ACC 
D 

. **************** •• *.**** •• * •••• **************** 
PRT3: DEF IV, BtlO,4VIDt. 4VIO'r SvtD,,64X PRIORITIZE RAM 
;. 

MODE, QUAD, MASK, SOURCE, REG-DEBT 
[MI [22J [241 [RI 

.. * .. 'II"" * .. *** ... * ""* * * *** .. ** .. ** * .****** * *********** 

SOURCE (R) [251 

~RTA: 
PRTD: 

; 

EOU 
EOU 

8'4 
RI6 

ACC 
I D 

~ ********************************************** 
PRTNR: OEF IV, B,11,4VID" 4VIO" 5V'OI,64X 

MODE, QUAO,MASJ(, SOURCE, DESTINATION 

I PRIORITIZE NON-RAM 

[MI [2·21 [25] (41 (NRY,MBA ONLY) 
.. * * * .... *** .. ***. * ** *** ***** ._._-* *** *********** * 
* * .. * .. * * ...... * .. * .... '* .. * * * ** * .. * .. * * .... ** ** .. ** .... ** *. * ** 
CYCLIC REDUNDANCY CHECK 
* * .... * * .. * .. * .... * * * .... * * * ** * .. * * * .. 1r** * .. * .. ** * * * •• * * * .. 
.. ** * .... ** ** * .......... * * * * * ...... ** ........ * ** .... * .... ** .. * .. 

CRCF: DEF etllOOllOOOll,SV\O',64X ; FORWARD 
; * ***** *** *** *******.*.** ••• **** •••••• ** •••• 
; 
; .,. **.**** * •• **"*** .******* ••••• ******.* ••• ** •• 
CRCR: DEF StllOOl101001,SV%DI,64X ; REVERSE 

* ** ...... * * * .. * .. ** * ** * * ** * * ... *. * * *. * .... - * .. * ....... 
.. * ...... * * * * * .. *. * ... * •••• *. * * *. * * •• * •• -* * 'II""." *. 
NOOP 

~o~;; .. ~;; *;;; ~: ~: ;:;. *'* *; *;~ .,~;; ;:;;.~: * '* * *. *** 
; ****11;" **.*.** ••• **** •• *** **~ **************** 
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,.,. *,. *,. ...... '* ...... *** ... ** * * * *",,. ......... **,. ... * ... *,. * * * * * **. * * * ... * ... 
STATUS 
* ... * ... * * * ** '*,. ...... * ...... ** * * * ... * * * * ... **,. '* * ... ,. * *,. *' ... * ... ,. ... ,. * * .... 
OPCOOE [26J 

~ONZC: 
SL: 
.sFl: 
SF2: 
SF3: 

, 

EQU 
EQU 
EQU 
EQU 
EQU 

50'3 
50'S 
50'6 
50'9 
50110 

SET ·OVR,N,C,Z 
SET LINK 
SET FLAG 
SET FLAG 
SET FLAG 

; ......... * ... '* * * ... ,...It * ... **,. *** ....... ** ** ... ** ...... * ** *.,.,. ...... * *** ... * *** 
SETST: DEF e,Oll,a,SA,5V'D',64X SET STATUS 

OPCODE 
[26J 

* ... *,. * * *,. * ...... **. *,. *,. * * .... * *,. ......... **,. ** ................... *.*** ...... *** 

, OPCOOE [27J 

~ONCZ: 
RL: 
RFl. 
RF2. 
RF3: , 

EQU 
EQU 
EOU 
EOU 
EQU 

Of) 
D'S 
0,6 
0'9 
0110 

RESET OVR,N,C,;z: 
RESET LINK 
RESET FLAG 1 
RESET FLAG 2 
RESET FLAG 3 

; ... * **** ** ............... ,. ...... *,. * ** ... ~, ... ** ... ,.,. *.,. ............... * ... ,. .................. ** ......... *,. 
RSTST: DEF BfOl1, HtAA, SV'D', 64X ; RESET STATUS 

O'CODE 
[27J 

* ........ ,. * * ** * ... * ......... *,. ... * .......... ,. *,. ..... ** ......... ** ...... ,. **,.,.,. ...... ** ...... 

; .ot ••• ot •••••• _ •••••••••••••••••••• 1I' •• 1I'.*1I' •• ***.*.*.** 
SVSTR; DEF IV, Bflo,Ht7A, SV'O',64X ; SAVE STATUS-RAM 

MODE, QUAD, FIXED, RAM ADDRESS/DEST 
[MJ [RJ 

••••••••••• ** ............. * * ............ * .......... ** •• *. * 

, 
; * *.* ******.** '* *****.*'*********.******* * *********.**** 
SVSTNR: DEF lV, BI11,HI7A, SV\O',64X ; SAVE STATUS NON-RAM 

MODE, CUAD, FIXED, DESTINATION 
[MJ [4J (NRY,NRA ONLY) 

**.*********.*.*.*.*.*********.**.**.***********.*** 
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"*.,,, .... '" ** •• '" *"'".*"" *.*" •••••• *" * •• "'.'" 'II." *.",,, "'''' •• 
TEST STATUS 
"*. "''''' *" .. " * * .. 'II" * .... " .*." •• '* ••••• "."'." ft ••• '" '" •••••• 
OPCODE (CT) 

; 
TNOZ: BOU 010 TEST (II OVII) + z 
TIIO, BOU 012 TEST II OVII 
TZ: BOU 014 TEST Z 
TOVR, BOU 016 TEST OVR 
TLOW, EOU DIS TEST LOW 
TC, BOU 0110 TEST C 
TZC, BOU 0112 TESTZ+C 
TN: BOU 0114 TEST II 
TL, BOU 0116 TEST LIIIK 
TF1: BOU OilS , TEST FLAG 
TF2, BOU 0120 , TEST FLAG 
TF3, BOU 0122 TEST rLAG 

; 
I ****~*.***.**** •• *~****.****.*** •••• *.********* •• * ••• 
TEST, DBF B'Oll,H'9A,svtOI,64X TEST STATUS 

, FIXED, OPCODE 
[CT] 

* ". * '" *. 'II. '" * "' ........... * •••••••• * •••• '" * ... *** •. * ••• * *. "'" 
; added DEF and EQU statements ; ••••••••••• * ••••••••• _", •••••.•••• 

IMMEDIATE OPERAND 
; 
IMME: DEF 16V%Dt, 64X 

CT MULTIPLEXER CONTROL 
; 
CT, 
NOZ: 
NO: 
Z, 
OVR, 
LOW: 
c, 
Zc: 
II, 
L, 
Fl, 
F2: 
F3 : 

~RE: 
NOSRE: 

DEF 
BOU 
BOU 
EOU 
BQU 
BQU 
BQU 
EQU 
EQU 
EQU 
EQU 
'QU 
EQU 

STATUS 

DEF 
DEF 

16X, 4V\Ot, 60X 
H#O 
HU 
H'2 
Ht3 
H#4 
H*s 
H*6 
Ht7 
H'S 
HI9 
HiA 
HiB 

REGISTER ENABLE 

20X, B,l, 59X 
20X, BtO, S9X 

OUTPUT ENABLE Y 
; 
OEY: DEF 
NOOEY: DEF 

21X, Sf 0, S8X 
2lX, BU, SSX 

INSTRUCTION ENABLE 
; 
lEN: DEF 
NOLEN: DEF 

22X, Bfa, S7X 
22X, Btl, 57X 

D-I-LATCH ENABLE , 
OLE: DEF 
NODLE: DEF 

23X, Btl, 56X 
23X, B40, 56X 
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; --------------------------------------------------
, Am2910 COMMANDS AND BRANCH ADDRESSES 
; note use of DEF statements - overlay in SRC file 
; - ---- - --- - ---- ------------------------------------
JZ: DEF 24X, HIO, 10V$D11023, 42X 
CJS: DEF 24X, HIl, 10V$Dtl023, 42X 
JS: DEF 24X, Hl1, lOV$DU023, 6QI36, 36x UNCONDITIONAL JUMP TO SUBR. 
JMAP: DEF 24X, HI2, lOV$DIlO23, 42X 
eJP: DEF 24X, HI3, lOV$DtlO23, 42X 
JP: DEF 24X, H'3, 10V$Dfl023, 6QI36, 36X UNCONDITIONAL JUMP 
PUSH: DEF 24X, 8'4, lOV$DtlO23, 42X 
,JSRP: DEF 24X, HIS, IDV$DIlO23, 42X 
eJv: DEF 24X, H16, lOV$Df:1023, 42X 
JRP: DEF 24X, HI7, lOV$Ol1023, 42X 
RFCT: DEF 24X, HIe, 10V$DU023, 42X 
RPCT: DEF 24X, HI9, lOV$otlO23, 42X 
CRTN: DEF 24X, HIA, lOV$D'1023, 42X 
RTN: DEF 24X, H'A, lOV$DtlO23, 6QI36, 
CJPP: DEF 24X, HtB, lOV$D,1023, 42X 

36X UNCONDl:TIONAL RETURN 

LoeT: DEF 24X, HIC, lOV$DH023, 42X 
LOOP: DEF 24X, HID, lOV$Ol1023, 42X 
CONT: DEF 24X, HtE, 1bV$DtlO23, 42X 
TWB: DEF 24X, HIF, lOV~DII023, 42X 

NOTE: For proper assembly, a ·S· must be used in any field which 
will be used to accept a symbolic address in the SRC fpe. 

Am2910 CONDITION CODE SELECTIONS , 
IF: DEF 3aX, SV%ot, BiO, 36X 
IFNOT: DEF 38X, SV\D' , BU, 36x 

, 
AE20 EQU 5QUO AM9S20 ALIGNMENT ERROR FLAG 
CT16 EQU 5QU1 AM29116 CONDITIONAL TEST FLAG 
EP20 EQU 5QU2 AM9520 ERROR PATTERN FLAG 
ER20 EQU 5QH3 AM9520 ERROR DETECTED FLAG 
FAIL EQU 5Qil4 UNCONDITIONAL FAILURE OF "TEST· 
RDYI EQU 5QI15 NOT READY INPUT (DATA UNAVAILABLE FROM FIFOS) 
RDYO EQU 5QI16 NOT READY OUTPUT (FIFOS FULL) 
suce EQU 5QH7 UNCONDITIONAL SUCCESS OF "TEST" 
ATTN EQU 5QI20 ATTENTION 
BACK EQU 5QI21 BUS ACKNOWLEDGE 
BUSY EQU 5QI22 BUSY 
INDX EQU 5QI23 INDEX 
SAMD EQU 5QI24 SECTOR / ADDRESS MARK DETECTED 
PM2 : EQU 5Q#25 AM9520 PATTERN MATCH 2 FLAG 
PM3 ; EQU 5QI26 AM9520 PATTERN MATCH 3 FLAG 
PM4, EQU 5QI27 AM9520 PATTERN MATCH 4 FLAG 
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MISCEL~NEOUS CONTROL SIGNALS 
; 
ADMC: D~F 44X, B,O, 35X ADDRESS MARR CONTROL 
BFCB: DEl' 4SX, BIO. 34X MEIIORY BUS FROM DRIVE CONTROL BUS 
BFTP: DEl' 46X, B,O, 33X MEIIORY BUS FROM TRAN!lLAT~ PROM 
BF03: DEI' 47X, BID, 32X MEMORY BUS FROM 9403A5 
B1'16: DEI' 4ax, BID, 31X MEIIORY BUS FROM AM29116 
BP2L: DEI' 49X, 8'0, 30X MEP.IORY BUS FROM AM9520 - LOWER BYTE 
BF2U: DEI' . sox, B,O • 29X MEIIORY BUS FRoM AM9520 - UPPER BYTE 
BOUT: DEI' SlX, B,O, 28X (DISK) BUS DIRECTION OUT (FROM CONTROLLER) 
bT03: DEI' S'2X, BIO, 27X MEMORY BUS TO 9403AS 
BT16: DEI' 53X, BtO,' 26X MEMORY BUS TO AM29116 
8T2L: DEl' S4X, B,O, 25X MEMORY BUS TO AM9520 - LOWER 8YTE 
BT2U: DEI' ssx, B,O, 24X MEMORY BUS TO AM9520 - UPPER BYTE 
BT20: DEI' 56X, 8'0, 23X I MEMORY BUS TO AM9520 - CONTROL INFORMATION 
CE2L: DEI' '57X, B,O, 22X CLOCK ENABLE AM9520 TO LOWER-BYTE BUS INT. 
CE20: DEI' sax, BIO, 21X CLOCK ENABLE MEMORY BUS TO AM9520 TRANSFER 
CP20: DEI' 59X, B,O, 20X CLOCK PULSE (ACTUAL WAVEFORM) FOR AM9S20 
CREQ: DEI' 60X, B,O, 19X C(JOIMAND REOUEST 
INPT: DEl' 61X, BID, 18X INPUT SERIAL DATA TO 9403AS 
JMPI: DEI' 62X, B'Ol. 16X JUMP INDIRECT AM29116 REGISTER 
NOJMPI: DEl' 62X, BI10, 16X NO INDIRECT JUMP 
MADR: DSF 64X, B,O, 15X M EMORY ACCESS 
MREA: DEl' 6SX, B,O, 14X ; M EMORY ADDRESS 
MWRT: DEl' 66X, B,O, 13X MEMORY WRITE 
aUPT: DEI' 67X, B,O, 12X OUTPUT SERIAL DATA FROM 9403AS 
PENB: DEl' 6SX, BIO, 11X PARAMETER ENABLE 
PFPM: DEI' 69X, BID, lOX I SET 9520 P BITS PROM 9520 PM BITS 
PF03, DEl' 70X, BID, 9X PARALLEL pETCH FROM 9403AS 

, PL03: DEl' 71X, 8'0, ax I PARALLEL LOAD INTO 9403AS 
PREQ: DEl' 72X, BIO, 7X PARAMETER REQUEST 
RooA: DEl' 73X, BID, 6x READ GATE 
RFIF: DEl' 74X, BID, 5x I RESET FIFO 
SAST: DEl' 75X, B'Q, 4X I SELECT / ATTENTION STROBE 
WRGA: DEl' 76X, B,O, 3x WRIrE G~TE 

kSCEBC: EOU 010 I ASCII TO EBCDIC SUBSET PREFIX 
BCDEBC: EOU 011 BCD TO EBCDIC SUBSET PREPIX 
EBCASC: EOU QI2 EBCDIC SUBSET TO ASCll PREFIX 
SBCBCD: EQU 013 EBCDIC S'UBSET TO BCD PREFIX 
I 
XLAT: DEl' 77X, 3\'\01 I TRAilS LATE PREFIX 

END 

TOTAL PHASE 1 ERRORS -
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CREATED 9/81 TABLER-KITSON 

J This SRC fne was created for the AND application note: 

;~ ~{I:-~:~f:~m:~~e B:~~eit ~::~~ Disk Controller-

Mnemonics and word format are defined in DISXC'TLR .. DEF 

Advanced Micro Devices reserves the right to Iftake chang •• in ita 
product wi thout notice in order to i.prove eSeslgn or perfor.ance 

J characteristics. The company assumes no responsibility for the 
use of any circuits or proqrams described herein. 

Am29116 Mnemonics Copyright 01982 Advanced Micro Device. 

I SECTOR READ / WRITE SUBROUTINE 
; • '* '* **"***** '* *** **** '* * '* ••••• * '*. *******.* * * ** 

INPUTS: 

FUNCTION CODE IN RO: 

o TO READ SECTOR 

+l '1'0 WRITE SECTOR 

HEAD NUMBER IN MSB or R1 

MSB OF TRACK NUMBER IN LSB or R1 

LSB OF TRACK NUMBER IN Msa or R2 

SECTOR NUMBER IN LSB or H2 

START ADDRESS or RAM SECTOR BUFFER IN R3 
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OU'I'PU'I'I 

RO COR'I'AIHS I 

, ADDITIONAL MNEMONICS • ___ .tr •••• _._. ___ •••• 

COOl ~RCMSIt: "OU' 16HtaoOS 
0010 CRCNIT: EOU 16 

NS,PASS: EOU 64 
0040 , 

, RDITCT: EOU 65 

0041 
~rl: 0016 EOU 22 

DODD PP2: EQU II 
0059 PPl: EOU 89 

"4: SOU 23 
0017 I 
E723 AILSN: EQU RU723 
0006 AIMSW: EQU 6 
SFA8 A2LSW: EOU H'BFA8 
D530 A3LSW: EOU H'D530 

A4LSW: IOU H'A928 
11928 , 
7100 KL128: EOU H'7100 

0477 KN128, SOU H'0477 

EEE2 KL5W: EOU HUEEl 

0008 
K~SW: IOU 8 

IP 'I'HI PUHCTIOH SPECIPIED WAS COItPLB'I'BD 
BI'I'HIR WITHOUT BRROR OR WITH A 
SUCCESSFULLY CORRBCTID READ BRROR 

+1 IF THE SEC'I'OR' S HIADBR IS BAD 

+2 IF All UHCORRBC'I'ABLI IRROR WAS DI'I'BC'I'ID IH 
RBADIIIG 'I'HI SECTOR'S DATA SIGHU'I' 

I CReF POLYNOMIAL MASK 
CRCP NUMSER OF ITERATIONS (Dtl6 <-- defa.l t bas. 
NUMSER OF SECTOR PASSES (SET THIS EOUAL 
'1'0 '1'8£ NUMSER OF SECTORS PER TRACK.) 

, READ ITERATION COUNT, EQUAL '1'0 THE NUMSBR 
OF 16-SIT NORDS tDATA PLUS MODIFIED FIRE 

; CODE) PER SECTOR, DIVIDED BY TWO, MINUS 1. 
PERIOD FACTOR ONE 
PERIOD FACTOR TWO 
PERIOD FACTOR THRSE 
PERIOD FACTOR FOUR 

Al CONSTANT(LEAST SIG. NORD) 
, Al CONS. (MOST SIG. WORD) 

A2 CONS. (LEAST 5IG. NORD) 
AJ' CONS. (LEAST SIG. WORD) 

I A4' CONS. (LtAST SIG. WORD) 

K(LSAST SIG. NORD) SHIFTED UP 
BY SEVEN pLACES 
K (MOST SIG. WORD) SHIPTED UP 
BY SEVEN PLACES. 
K (LEAST SIG. WORD) 
I«M05T 5IG. WORD) 
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I 
I 
I 
I 
I 
I 

0000 SBC'I'IO. 

0001 

0002 

0003 

0004 

0005 

0006 

0007 

I 
I 
I 

I 
I 
I 

I 

~ 

/ 
/ 
/ 

/ 
/ 
/ 

I 
/ 
I 

I 
/ 
/ 

~CPREL: 
/ 
/ 
/ 

0008 I 
I 
I 

0009 I 
I 
I 

OODA I 
/ 
I 

000& / 
/ 
/ 

OOOC 
/ 
/ 
/ 

IF THE FUNCTION COOE IN RO EQUALS +1 (WRITE SECTOR). PRBCALCULM'E 
THB MODIPIBD PlRE CODE'S PARTIAL CHICKSUM rOR THII FIRST HALF or 
THE DATA SIOMINT '1'0 BI WRITTIN, 

IOR2 W,0,B2IIR,RO 
ONODLI .. OUII olloon 'NOSRI, <------
aCT Z OIlOJMPI , 
UFNOT C'I'16 OCJP CFCOOI I 

not!' U •• ot overl.yed 
DIP .tat ... nt. 
119n1f1.d by ·0· 

RESBT THE AM9520 AIID THIN PLACI IT IN COMPU'!'I CHBCK BITS MODI, 
INI'I'IALUB COUIITER rOR CHICK BITS PRBCALCULATIOII LOOP. 

SOIlR W,NOVI,SOI,MRY 
ONODLI aNOlEN OOEY 'NOSRE 
'NOOMPI 
OCOBT 

INMB 810000 
ONOOLE illOlEN iOn &NOSRE 
IIT20 iHOJMPI 
'COHT 

SOHR W,Mon,SOI,MRY 
'NODLE &NOlIN iOEY 'NOSRI 
&NOJMPI 
'COII'I' 

IMME HI0010 
UODLE ONOIEN 'OEY '·1I0SIIE 
&aT20 &NOJMPI 
'LDC'I' 127 

(R3) TO R4 

SOR W,MOVE,SORY,R3 
'OLE .NOIEN OOEY OIlOSRE 
'NOJMPI 
.CON'I' 

SOR W,MOVE,SODR,R4 
'NODLE • lEN. .NOOEY &NOSR£ 
'NOJMPI 
'CON'I' 

BEGIN CHECK BITS PRECALCULA'I'ION LOOP • 
. (R4) '1'0 THE MAR. 

SOR 
ONODLE 
'MADR 
.COII'I' 

W ,MOVE, SORY, R4 
&NOIEN ,OEY, 
.NOJMPI 

,NOSRE 

CLOCK THE LESS SIGNIFICANT BYTE OP ((MAR» INTO TBE AM9520. 

NOOP 
iNODLB 'NOUN iHOOBY 'NOSRI 
lBT2L UOJMPI 
iCOIIT 

NOOP 
iHOOLE iNOUII 'NOOBY 'HOSRE 
,CP20 illOJMPI 
,COIIT 

NOOP PaR TIMING PURPOSES 

NOOP 
'NODLE 'NOIEN 'NOOEY 'NOSRE 
INOJMPI 
.COII'I' 

CLOCK THE MORE SIGNIFICANT BYTE or UMAR» INTO THE IIM9520. 

NOOP 
INODLE iNOIEN aNOOEY iNOSRE 
18'1'2U &NOJMPI 
iCON'I' 

INCREMENT (R4). 
END CHECIC BITS PRECALCULATION LOOP. 

SOR W, INC, SORR, Rt 
aNODLE II EN aNOOEY ONOSRE 
aCP20 'NOJMPI 
'RPCT PCPREL 
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OOOD 
/ 
/ 
/ 

OOOE 
/ 
/ 
/ 

OOOP ~CBIBL: 
/ 
/ 
/ 

0010 / 
/ 
/ 

0011 / 
/ 
/ 

0012 / 
/ 
/ 

0013 / 
/ 
/ 

0014 

0015 

/ 
/ 
/ 

/ 
/ 
I 

0016 / 
I 
/ 

0017 
I 
/ 
I 

0018 

0019 

/ 
/ 
/ 

/ 
/ 
/ 

PLACE THE AM9520IN WRITE CHECK BI'I'S MODE. 
INITIALIZE COUNTER FOR S'I'ORE C~ECK BITS IN BUFFER LOOP. 

SONR W,MOVE,SOI,NRY 
,NODLE &NOIEN 'OEY 'NOSRE 
'NOJMPI 
'CONT 

IMM! HIOOll 
&NODLE ,NOlEN &OEY &NOSRE 
&BT20 'NOJMPI. 
'LDCT 2 

BEGIN STORE CHECK BITS IN· BUFFER LOOP. 
(R4) 'I'D THE MAR. 

CLOCK OU'!' NEXT MODIFIED FIRB CODS BYTE 'I'D 'l'HE 
LESS-SIGNIFICANT MEMORY BUS INTERFACE RIIGISTER. 

SOR 
&NODLE 
'CP20 
&CON'I' 

NOOP 

\If ,MOVE, SORY, R4 
&NOIEN ,DEY &NOSRE 
&MADR 'NOJMPI 

'NODLE ,NOIEN ,NOOEY &NOSRE 
&CE2L &NOJMPI 
iCONT 

NOOP FOR 'l'IMING PURPOSES 

NOOP 
'NODLE 'NOXEN 'NOOEY &NOSRE 
&NOJMPI 
'CONT 

CLOCK OU'I' NEXT MODIFIED FIRE CODE BYTE TO 'l'HE 
MORE-SIGNIFICANT MEMORY BUS INTERFACE REGISTER. 

NOOP 
ONODLE 'NOlEN 'NOOEY 'NOSRE 
.CP20 oNOJMPI 
'CONT 

NOOP FOR TIMING PURPOSES 

NOOP 
'NODLE ,NOXEN 'NOOEY 'NOSRE 
,NOJMPI 
,CaNT 

(BUS INTERFACE REGIS'I'ER PAIR) TO (MAR). 
INCREMENT (R4). 
END STORE CHECK BITS IN BUFFER LOOP. 

SOR W,INC,SORR,R4 
'NODLE &I EN 'NOOEY 'NOSRE 
'BF2L &BF2U 'MWR'I' &NOJMPI 
'RPeT SCSISL 

ZERO 'l'HE UPPER BYTE OF (RS) AND 'l'HEN CLOCK 'l'HE 7'1'H AND LAST 
BY'I'E or THE MODIFIED FIRE CODE IN'I'O I'I'S LOWER BYTE. 

SOR 
'NODLE 
&CP20 
&CONT 

NOOP 

W,MOVE,SOZR,RS 
&IEN oNOOEY ,NOSRE 
&NQJMPI 

'NODLE &NOIEN 'NOOEY ,NOSRE 
'CE2L &NQJMPI 
,CON'!' 

8,MOVE,SODR,RS SOR 
'OLE 
&BUL 
&CON'I' 

UEN 'NOOEY &NOSRE 
18'1'16 iNOJMPI 

(R4) 'I'D MAR. 

SOR 
'NODLE 
'MADR 
&CONT 

W,MOVB,SORY,R4 
oNOIEN &OEY 
&NQJMPI 

(RS) '1'0 (MAR). 

SOR 'II ,MOVE, SORY, RS 

,NOSRE 

,NODLE ·oNOIEN OOEY &NOSRE 
'81'16 ,KWHT ONOJMPI 
,CaNT 
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, 
OOlA CFCODE: 

/ 
/ 
/ 

OOlB 
/ 
/ 
/ 

OOlC 
/ 
/ 
/ 

0010 
/ 
/ 
/ 

OOlE 
/ 
/ 
/ 

OOlF 
/ 
/ 
/ 

0020 
/ 
/ 
/ 

0021 
/ 
/ 
/ 

, 
0022 CRCFL1: 

/ 
/ 
/ 

0023 
/ 
/ 
/ 

0024 
/ 
/ 
/ 

0025 
/ 
/ 
/ 

0026 bRCFL2: 
/ 
/ 
/ 

0027 
/ 
/ 
/ 

Disk Controller Application Note 

CONVERT THE FUNCTION CODE IN RO TO A MICROCODE BRANCH ADDRESS. 

SONR W ,MOVE, Sal, NRA 
iNOOLE &IEN &NOOEY &NOSRE 
&NOJMPI 
,CONT 

IM"E BRTABL 
iNOOLE ,lEN &HooEY 'NOSRE 
oNOJMPI 
,caNT 

TORl W,ADD,TORAA,RO 
'NODLE HEN oNOOEY ONOSRE 
'NOJMPI 
&CeNT 

CRCF POLYNOMIAL MASK TO ACC. 

SONR W,MOVE,SOI,HRA 
iNODLE oUN 'HOOEY ONOSRE 
&NQJMPI 
,COOT 

IMME CRCMSK 
ONODLE iIEN oNOOEY ONOSRE 
ONOJMPI 
OCONT 

CLEAR REGISTER USED TO ACCUMULATE CRCF. 

SOR W,MOVE,SQZR,R4 
iNODLE &rEN ,HOOEY ,NOSRE 
&N03MPI 
,caNT 

COPY HEAD BYTE AND TRACK BYTE 1 TO RS. 
SET CRCF LOOP COUNTER. 

SOR W ,MOVE, SORY, Rl II 
iDLE &IEN ,HOOEY &NOSRE 
&NOJMPI 
,LOCT CReMIT 

SOR W,MOVE,SODR,RS 
&NOOLE ,lEN ,NOOEY &NOSRE 
&NOJMPI 
&CONT 

SHIFT RS AND SET QLINK. 

SHFTR W ,SHUPZ, SHRR, RS 
iNODLE ,rEN &NOOEY ,NOSRE 
&NOJMPI 
&CONT 

ACCUMULATE CRCF. 

CRCF R4 
ONODLE 'lEN ONOOEY ONOSRE 
ONOJMPI 
ORPCT CRCFLl 

COPY TRACK BYTE 2 AND SECTOR BYTE TO RS. 
SET CRCF LOOP COUNTER. 

SOR W ,MOVE, SORY, R2 
oDLE ,rEN ONOOEY ONOSRE 
ONOJMPI 
OLDCT CRCNIT 

SOR W ,MOVE, SODR, RS 
iNDOLE ilEN 'HOOEY ,NOSRE 
&NOJMPI 
oCONT 

SHIFT RS AND SET QLINK. 

SHFTR W,SHUPZ,SHRR,RS 
,NODLE &lEN ONOOEY 'NOSRE 
ONOJMPI 
,CONT 

ACCUMULATE CRCF. 

CRCF R4 
ONODLE iIEN ,NOOEY iNOSRE 
&NOJMPI 
&RPCT CRCFL2 
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. , 
; 
; 
SECTLl: 

0029 I 
I 
I 

002A I 
I 
I 

0028 I 
I 
I 

002C 
I 
I 
I 

002D 
I 
I 
I 

002! I 
/ 
I 

002F 
I 
/ 
I 

INITIALIZ E SECTOR PASS LOOP COUNTER. 
ENTER INPUT MODE. 
1'URN ON READ .GATE. 

NOOP 
'NODLE 
&INPT 
'LOCT 

'NOlEN &NOOEY 
&NOJMPI &RDGA 
NSPASS 

BEGIN SECTOR PASS LOOP. 

'NOSRE 

TURN ON ADDRESS MAR! CONTROL • 
RESET BYTE SYNC ACQUISITION CIRCUITRY AND rIPO ARRAY; 

NOOP 
'NODLE ,NOlEN ,NOOEY ,NOSRE 
&ADMC &INPT &NQJMPI &RI:!GA ,RPtP 
.CONT 

PASS WHEN ADDRESS MARK DETECTED. 

NOOP 
'NODLE 'NOlEN 'NOOEY 'NOSRE 
&ADMC &INPT &NOJMPI &RDGA 
&IFNOT SAMD ,CJP $ 

TURN OFF ADDRESS MARK CONTROL. 
PASS WREN INPUT AVAILABLE FROM FIFO ARRAY. 

NOOP 
&NODLE &NOlEN &NOOEY &NOSRE 
&INPT &NOJMPI &RDGA 
&IFNOT RDYI &C,JP 

INPUT RECORDED HEAD NUMBER AND MSB OF RECORDED TRACK 
TO RS AND D-LATCH. 
PASS WHEN INPUT AVAILABLE FROM FIFO ARRAY. 

SOR W,MOVE,SODR,R5 
&DLE &IEN &NOOEY &NOSRE 
&BF03 &BTl6 &INPT &NOJMPI &RDGA 
&IFNOT RDYI &CJP $ 

COMPARE THE CONTENTS OF Rl AND RS. 
IF THEY DISAGREE. EXAMINE THE NEXT SECTOR. 

TORl W ,EXOR, TODRR, Rl 
&NODLE &NOIEN &NOOEY &SRE oCT 
&INPT &NQJMPI &RDGA 
&IF CTl6 &CJP SECTL2 

) 

NUMBER 

INPUT LSB OF RECORDED TRACK NUMBER AND RECORDED SECTOR NUMBER 
TO RS AND D-LATCH. 
PASS WHEN INPUT AVAILABLE FROM FIFO ARRAY. 

NOOP 
&NOOLE &NOIEN &NOOEY &NOSRE 
&PF03 &INPT &NOJMPI &RDGA 
&CaNT 

SOR W,MQVE,SOOR,R5 
&DLE & lEN &NOOEY &NOSRE 
&8F03 &BT16 &INPT &NOJMPI &RDGA 
&IFNOT RDYI &C.lP $ 
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0030 

0031 

0032 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

, , , 
0033 SBC'I'L2. 

/ 

0034 

/ 
/ 

/ 
/ 
/ 

0035 ~A'I'CH1: 
/ 
/ 
/ , 

0036 BRTABL. 
/ 

0037 

/ 
/ 

/ 
/ 
/ 

COMPARE THE CONTEN'I'S OF R2 AND R5, 
IF THEY DISAGREE, EXAMINE THE NEXT SECTOR. 

TORl 
&NODLE 
&PF03 
&IF 

W,EXOR,TODRR,R2 
&NOIEN &NOOBY iSRE 
&IN'P'!' &NOJMPI &RooA 
CT16 ,CJP SECTL2 

oCT 

INPU'I' RECORDBD CRCF BYTES 1 AND 0 TO R5 AND D-LA'I'CH. 

SOR 
iDLE 
58P03 
iCOIIT 

W ,MOVE, BOOR, R5 
UEN iNOOEY ,NOSRE 
&B'I'16 &INP'!' &NOJMPI iRooA 

COMPARE THE '!'WO CRCPS. 
IF 'I'BEY AGREE, PROCEED TO READ OR WRI'I'E AS SPECIFIED BY RO. 
~~~E~~~NU~S~g~~. BAD HEADER, TRUE 10 UNKNOWN, 

'I'ORl W,EXOR,'I'ODRR,R4 
'NODLE &NOlEN ,NOOEY URE iC'I' 
UNP'!' &NOJMPI iRDGA 
UP C'I'16 ,CJP MA'I'CBl 

'I'URN orr READ GA'I'E. 
LEAVE INPU'I' MODB. 
END SBC'I'OR PASS LOOP. 
NO'I'ICE WE HIllVE THREE MICROINS'I'RUCTION CLOCKS LEP'I' BEFORE 
1'1' IS 'I'IME '1'0 SEa IN WRI'I'ING OR RE-SYNC AND BEGIN READING. 

SOR ~,MOVE,SORy,RO 
,NODLE ,NOlEN &NOOEY &NOSRE 
,NOJMPI 
ORPCT SECTLl 

IF SEC'I'OR SEARCH COUN'I' EXHAUS'I'ED, LOAD +1 IN'I'O RO AND RE'I'URN 

BOR2 W,L02NR,O,RO 
SNODLE &I EN 'NOOEY ,NOSRE 
&NOJMPI 
iR'I'N 

SUCCESSFUL MATCH. 

SOR 
,NODLE 
iJMP! 
iCONT 

W ,MOVE, SORY, HO 
,NOlEN iOEY 

SOR W,NEG,SORA,R3 
iNODLE &I EN ,NOOEY 
&NOJMPI 'RPIF 
'JP RDSECl 

SOR W,NEG,SORA,R3 
&NODLE &I EN &NOOEY 
&NOJMPI &AFIP 
,JP "RSECl 

~NOSRE 

,NOSRE 

&NOSRE 
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I 
I 

0038 ROSECl: 
/ 
/ 
/ 

0039 
/ 
/ 
/ 

003A 
/ 
/ 
/ 

0038 
/ 
/ 
/ 

OO3C 
/ 
/ 
/ 

0030 
/ 
/ 
/ 

003E / 
I 
/ 

READ SECTOR 

(R3) TO R4 AND MAR. 
ENTER INPUT MODE AGAIN. 
TURN READ GATE BACK ON. 
II!I"1'IALlZE COUNTER FOR READ DATA SEGMENT LOOP. 
DURING THAT LOOP. AM9520 READ BIGH SPEEO IS PERFORMED ON THE 
FIRST, HALF, OF THB SEGMENT BU,FER. THE SECOND HALF OF THE BurrER 
IS l'RoCESSED BYTHB AM9520 IN THE READ HIGH SPEED COMPLETION LOOP. 

SOR 
ONODLE 
&INPT 
OLDCT 

W, NIG, SOAR, R4 
OlEN oOEY 
,NOJMPI ,MADR 
ROITCT 

(R3) - 1 TO R5. 

.NOSRE 
UDGA 'RPIF 

PASS WHBN INPUT AVA'ILABL£ FROM PIPO ARRAY. 

SOR W,COMP,SOAR,RS 
.NODLE &lEN ,NOOEY .NOSRE 
&INPT ,NOJMPI &ROGA 
&IFNOT ROYI .CJP 

RE~ET THE AM9520 AND THEN PLACE IT IN READ HIGH SPEED MODE. 

SONR W ,MOVE, Sal, NRY 
&NODLE ,Not EN ,OEY &NOSRE 
&:INPT ,NOOKPI &ROGA 
&CONT 

IMME .... 0003 
&:NODLE &NOIEN .OEY 'NOSRE 
&INPT &NOO"'PI &RooA 
&CONT 

SONR W,MOVE,SOI,NRY 
&NOOLE &NOIEN ,OEY &N'OSRE 
&INPT &NQJMPI &RDGA 
&CeNT 

IMME HIOO13 
,NOOLE oNOIEN &DEY 'NOSRE 
&8T20 &INPT .NOOMPI &ROGA 
&CONT 

NOOP 
,HOOLE &:NOIEN "NooEY 'NOSRE 
&INP'J:' &NOJMPI .PF03 .RooA 
&CONT 
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~DSEC2: 
003F / 

0040 

0041 

/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

0042 / 
/ 
/ 

0043 

0044 

/ 
/ 
/ 

/ 
/ 
/ 

004S' / 
/ 
/ 

BEGIN READ DATA SEGMENT LOOP. 
TRANSFER NEXT WORD FROM FIFO ARRAY TO (MAR). 
PASS WHEN FIFO INPUT AGAIN BECOMES AVAILABLE. 

NOOP 
&NODLE &NOlEN 
,BF03 &XNPT 
&IFNOT ROY! 

&NOOEY &NOSRE 
&NQJMPI &MWRT 
&CJP $ 

'RDGA 

INCREMENT (RS) AND TRANSFER THIS TO THE MAR. 

SOR 
'NODLE 
&INPT 
&CONT 

W,INC,SORR,RS 
'lEN &OEY 
,NOJMPI ,MADR 

,NOSRE 
SROOA 

CLOCK LESS SIGNIFICANT BYTE OF «MAR)) INTO THE AM9S20. 
INCREMENT (R4) AND TRANSFER THIS TO THE MAR. 

SOR 
,NODLE 
,ST2L 
'CaNT 

W, INC, SORR, R4 
'lEN ,OEY 
,CP20 ,INPT 

&NOSRE 
&NOJMPI &MADR &MREA 

TRANSFER NEXT WORD FROM FIFO ARRAY TO (MAR). 
PASS WHEN FIFO INPUT AGAIN BECOMES AVAILABLE. 

NOOP 
&HODLE 
SBF03 
&IFNOT 

&NOIEN 
&INPT 
RDYI 

&NOOEY &NOSRE 
&NOJMPI &MWRT 
SCJP $ 

TRANSFER (RS) TO THE MAR AGAIN. 

SOR 
SNODLE 
'INPT 
&CONT 

W ,MOVE, SORR, R5 
,lEN &OEY 
&NQJMPI &MADR 

&NOSRE 
&ROOA 

&RDGA 

&PF03 

THIS TIME, CLOCK THE MORE SIGNIFICANT BYTE OF «MAR)) 
INTO THE AM9S20. 
END READ DATA SEGMENT LOOP. 

SOR 
SNODLE 
SBT2U 
sRPCT 

W,INC,SORR,R4 
&IEN &DEY 
scp20 UNPT 
RDSEC2 

'NOSRE 
&NQJMPI &MADR &MREA &PFOl 

INITIALIZE COUNTER FOR READ HIGH SPEED COMPLETION LOOP. 

NOOP 
SNOOLE sNOIEN ,NOOEY ,NOSRE 
&NOJMPI 
&LOCT RDITCT 
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, 
0046 ROSEC3. 

/ 
/ 
/ 

'0047 / 
/ 
/ 

0048 / 
/ 
/ 

0049 / 
/ 
/ 

004A / 
/ 
/ 

004B / 
/ 
/ 

004C / 
/ 
/ 

0040 
/ 
/ 
/ 

BEGIN READ HIGH SPEED COMPLETION LOOP. 
INCREMENT (RS) AND TRANSFER THIS TO THE MAR. 

SOR W,INC,SORR,R5 
'NOOLE &I EN 'OEY 
,NOJMPI ,MAOR 
,CaNT 

NOOP FOR TIMING PURPOSES 

NOOP 

'NOSRE 

,NOOLE 'NOlEN 'NOOEY 'NOSRE 
'NOJMPI 
'CONT 

CLOCR LESS SIGNIFICANT BYTE OF «MAR) INTO THE 1..M9520. 

NOOP· 
'NOOLE 'NOrEN 'NOOEY 'NOSRE 
,BT2L ,CP20 ,NOJMPI ,MREA 
&CONT 

NOOP FOR TIMING PURPOSES 

NOOP 
,NOOLE ,NOlEN ,NOOEY ,NOSRE 
'NOJMPI 
,CaNT 

NOOP FOR TIMING PURPOSES 

NOOP 
,NOOLE 'NOrEN 'NOOEY 'NOSRE 
'NOJMPI 
,CaNT 

CLOCK MORE SIGNIFICANT BYTE OF «MAR» INTO THE AM9520. 
END READ HIGH SPEED COMPLETION LOOP. 

NOOP 
&NOOLE 
&BT2U 
&RPCT 

&NOIEN 1irNOOEY &NOSRE 
&CP20 &NOJMPI &MREA 
RDSEC3 

\lAS AN ERROR DET.ECTED BY THE AM952d? 

NOOP 
&NODLE &NOIEN &NOOEY &NOSRE 
'NOJMPI 
'IF ER20 'CJP RDSEC4 

NO; LOAD 0 INTO RO AND RETURN. 

SOR W,MOVE,SQZR,RO 
iNODLE &: I EN ,NOOEY ,NOSRE 
&NOJM.PI 
'RTN 

YES; IF THE .ERROR IS A CORRECTABLE ONE, LOCATE AND CORRECT IT. 
THE ERROR IS LOCATED USING THE CORRECT HIGH SPEED. EQUATION, 

L=NK - (MIAI + M2A2 + M3A3 + M4A4) 

WHERE K,Al.,A2,A3,A4 ARE CONSTANTS 
AND Ml,M2,M3,M4 MUST 8£ CALCULATED. 

THE ERROR IS CORRECTED BY PERFORMING AN EXOR 
FUNCTION ON THE BURST ERROR IN MEMORY WITH AN 
ERROR PATTERN(EP) PROVIDED BY THE BEP(9520). 

INITIALIZE CORRECT HIGH SPEED,SET PO-I,&: REP=l 
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004E ROSEC4: SONR W ,MOVE, Sal, NRY 

004F 

0050 

0051 

0052 

0053 

0054 

0055 

0056 

/ &NOOLE &NOIEN &OEY &NOSRE 
I <NOJMPI 
I <CONT 

I 
I 
/ 

/ 
I 
/ 

/ 
I 
I 

/ 
I 
I 

~1: 
I 
/ 
I 

I 
/ 
I 

/ 
/ 
I 

, 
AE: 
/ 
I 
/ 

IMME HtOOlF 
&NOOLE &NOIEN &OEY &NOSRE 
&NOJMPI &BT20 &8F16 
&CONT 

CLEAR R8(M1). 

SOR W,MOVE,SOZR,R8 
&NOOLE &IEN &NOOEY &NOSRE 
&NOJMPI 
&CONT 

PERIOD FACTOR 1 (PFl) TO ACC. 

SONR W,MOVE,SOI,NRA 
&NODLE &IEN &NOOEY &NOSRE 
&NOJMPI 
&CONT 

IMME PFI 
&NOoLE &IEN 
&NQJMPI 
&CONT 

&NOOEY &NOSRE 

TEST FOR ERROR PATTERN PRESENT. 

NOOP 
&NOOLE &NOIEN &NOOEY &NOSHE 
&NOJMPI 
&IF EP20 &CJP M2341 

EP NOT PRESENT, 
DECREMENT ACC. 
TEST FOR ALIGNMENT EXCEPTION{AE). 

BONR W,0,S2NA 
&NOOLE & I EN &NOOEY &SRE 
&NOJMPI &CP20 
&IF AE20 &CJP AE 

AE NOT PRESENT, 
ADD B TO RB. 

BOR2 W,3,A2NR,R8 
&NOOLE &IEN &NOOEY &NOSRE 
&NOJMPI 
&J PLINK 

AE PRESENT; 
INC RB. 

BOR2 W, 0, A2NR, R8 
&NOOLE &IEN &NOOEY &NOSRE 
&NOJMPI 
&CONT 

Disk Controller Application Note 
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TEST FOR PERIOD FACTOR EXCEEDED (UNCORRECTABLE ERROR) • 
; 
LINK: NOOP 

0057 / &NOOLE &NOIEN &NOOEY &NOSRE OCT 
/ &NOJMPI 
/ &IFNOT CT16 &eJP I'll 

PERIOD FACTOR EXCEEDED (UNCORRECTABLE ERROR) ; 
SET RO • 2. 
RETURN. 

0058 iRR' BOR2 W,1,LD2NR,RO 
/ &NODLE &IEN &OEY &NOSRE 
/ &NOJMPI &BT20 &BFI6 
/ &RTN 

EP PRESENT, CALCULATE M2,M3,M4. 

PERIOD FACTOR 2 (PF2) TO R9 (1'12). 
PERIOD FACTOR 3 (PF3) '1'0 RIO (1'13). 

, PERIOD FACTOR 4 (PF4) TO Rll (1'14). 
; 

0059 1'12341, SOR W,MOVE,SOI,R9 
/ &NODLE &IEN &NOOEY &NCSRE 
/ &NOJI'IP1 
/ &CONT 

005A 1I'IME PF2 
/ &NODLE &IEN &NOOEY &NOSRE 
/ &NOJMPI 
/ &CONT 

005B SOR W,MOVE,SOI,RIO 
/ &NODLE &IEN &NOOEY &NOSRE 
/ &NOJMPI 
/ &caNT 

oose IMME PF3 
/ &NOOLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 
/ &CONT 

005D SOR W ,MOVE, Sal, RII 
/ &NOOLE &IEN &NOOEY &NOSRE 
/ &NOJMPI 
/ &CONT 

DOSE IMME PF4 
/ &NODLE &IEN &NOOEY &NOSRE 
/ &NOJMPI 
/ &CONT 

JUMP TABLE ADDRESS (TABI) TO R12. 

005F SOR W,MOVE,SOI,R12 
/ &NOOLE &IEN &NOOEY &NOSRE 
/ &NOJMPI 
/ &caNT 

0060 1I'II'IE TAB 1 
/ &NOOLE &IEN &NOOEY &NQSRE 
/ &NOJMPI 
/ &CONT 

JUMP INDIRECT TO TABI VIA PM2-4. 

0061 ROTI'I W,IS,MDRt,RI2 . / &DLE &tEN &NOOEY &NOSRE 
/ &NO.JMPI &PFPM &SF2U &BTI6 
/ &CONT 

0062 IMME HtOO07 
/ &NODLE &IEN &OEY &NOSRE 
/ &JMPI &PFPM &BF2U &BTI6 
/ &JP $ 
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R9 :: PF2 - R9. 

0063 ~FIX: TORI W,TORIR,SUBR,R9 

/ &NOOLE &IEN &NOOEY &NDSRE 

/ &NOJMPI 
/ &CONT 

0064 IMME PF2 
/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 
/ &-CONT 

RIO = PF3 - RIO. 

0065 TORl W ,TORrR, SUBR, RIO 
/ &-NODLE &IEN &-NOOEY &NDSRE 

/ &NOJMPI 
/ &CaNT 

0066 IMME PF3 
/ &NOOLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 
I ,CONT 

Rll = PF4 - Rl1. 

0067 TOR! W ,TORIR, SUBR, Rll 
/ &NOOLE &IEN &NOGEY &NOSRE 

/ &NOJMPI 
/ &-CONT 

0066 IMME PF4 
/ &NODLE &IEN &NOGEV &NOSRE 

/ &NOJMPI 
/ &CONT 

o TO R7 (LOCATION Ace MSW, LAC) • 

0069 ~lAl: SOR W,MOVE,SQZR,R7 
/ &NOOLE &IEN &NOOEY &NOSRE 

/ &NOJMPI II 
/ &CONT 

Al TO R12(LSW) ,R13(MSW). 

006}\ SOR W,MOVE,SOI,R12 
/ &NODLE &IEN &NOGEY &NOSRE 

/ &NOJMPI 
/ &CONT 

006B IMME AILSW 
/ &NOOLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 
/ &CONT 

006e SOR W,MOVE,SOI,R13 
/ &NODLE &IEN &NOOEV &NOSRE 
/ &NOJMPI 
/ &CONT 

006D IMME AIMSW 
/ &NOOLE &IEN &NOQEY &NOSRE 
/ &NOJMPI 
/ &LDCT 

R8 TO D. 
LAC = MIAI, MULTIPLY MIA!. 

006E SOR W,MOVE,SORY,R8 
/ &OLE &NOlEN &OEY &NOSRE 
/ &NOJMPI 
/ &JS MUL 
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A2 TO R12,R13. 

006P ~2A2: IMME A2LSII 
/ 'NOPLE &I EN &NOOEY 'NOSRI: 
/ 'NOJMPI 
/ ,CONT 

0070 BOR2 W,3,LD2t,'!R,R13 
/ 'NOOLE &I EN ,NOOEY ,NOSRE' 
/ ,NOJMPI 
/ ,LDCT 

R9 TO O. 
LAC .. LAC + M2A2. 

0071 SOR W,MOVE,SORY,R9 
/ 'OLE &NOlEN ,OEY ,NOSRE 
/ 'NOJMPI 
/ 'JS MUL 

A3' (A3 - 4K) TO R12,R13. 
I 

0072 M3A3: IMME A3LSW 
/ ,NOOLE &I EN ,NOOEY ,NOSRE 
/ 'NOJMPI 
/ ,CONT 

0073 BOR2 W,1,LD2NR,R13 
/ ONOoLE &IEN &NOOEY &NOSRE 
/ ONOJMPI 
/ &LDCT 

R10 TO O. 
LAC" LAC + 1'13A3. 

0074 SOR W,MOVE,SORY,RIO 
/ &OLE &NOlEN ,OEY ,NOSRE 
/ 'NOJMPI 
/ 'JS MUL 

A4' (A4 - 4K) TO R12,R13. 

0075 ~4A4. IMKE A4LSW 
/ &NDDLE &I EN ,NOOEY &NOSRE 
/ oNOJMPI 
/ ,CONT 

0076 , BOR2 W,3,LD2NR,R13 
/ &NDOLE &IEN &NODEY 'NOSRE 
/ &NOJMPI 
/ 'LDCT 

Rll TO D. 
LAC = LAC + M4A4. 

0077 SOR W ,MOVE, SORY, Rll 
/ &OLE &NOIEN &DEY ,NOSRE 
/ 'NOJMPI 
/ OJS MUL 

PRESHIFTEo oIVISOR(K) TO R12,R13,D. 
LAC ~ REM(M1Al + M2A2 + M3113 + M4A4) / K. 
LAC = -L + K. 

0078 IMME KL128 
/ &NOOLE olEN ONOOEY oNOSRE 
/ ONOJMPI 
/ &CONT 

0079 SOR W,MOVE,SOI,R13 
/ &DLE .IEN 'DEY oNOSRE 
/ ONOJMPI 
/ &LDCT 

007A INME KM128 
'NOSRE' / 'OLE ,lEN oOEY 

/ ,NOJMPI 
/ 'JS oIV 
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007B ~UBK: 
/ 
/ 
/ 

007C 
/ 
/ 
/ 

0070 
/ 
/ 
/ 

I 
I 

007E XOMEI'!: 

007F 

0080 

0081 

0082 

0083 

0084 

0085 

0086 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 
/ 

L • LAC ~ K - LAC. 

IMME RLSW 
'NODLE ,lEN ,NOOEY 'NOSR! 
,NOJMPI 
,CONT 

TORl W,TORIR,SUBRC,R7 
'NODLE ,UN 'NOOEY 'NOSR! 
oNOJMPI 
'CONT 

IMME KMSW 
,NODLE ,lEN ,NOOEY 'NOSR! 
oNOJMPI 
oCOIIT 

o TO R8. 

SOR W ,MOVE, SOZR, R8 
,NODLE &IEN 'NOOEY ONOSRE 
oNOJMPI 
,CONT 

o TO R9. 

SOR W,MOVE,SOZR,R9 
oNODLE UEN 'NOOEY 'NOSRE 
ONOJMPI 
oCONT 

o TO ACC. 

SOR W,MOVE,SORA,R9 
,NODLE ,lEN &NOOEY liNOSR! 
,NOJMPI 
&CaNT 

ROTATE R6 DilliN BY FOUR TO OBTAIN WORD ADDRESS 
AND STORE IN ACC. 

ROTH W,12,MRAI,R6 
iNODLE "I EN ,NOOEY &NOSRE 
'NOJMPI 
,CONT 

IMME HIOFFF 
&NDOLE "I EN liNOOEY &HOSRR 
'NOJMPI 
'CONT 

MASK UPPER. 12 BITS OF R6 TO OBTAIN FIRST BIT OF 
BURST ERROR AND STORE IN R6. 

TORl W,TORIR,AND,R6 
iNOOLE &IBN liNOOEY &NOSRE 
'NOJMPI 
&CONT 

IMME HIOOOF 
,NODLE >IEN ONOOEY 'NOSRE 
&NOJMPI 
>CONT· 

JUMP INDIRECT TO TAB2 VIA R6. 

TORl W,TORIR,ADD,R6 
&NOOLE ,lEN (rNOOEY &NOSRE 
>NOJMPI 
>CONT 

IMKE TAB2 
&NODLE &IEN &:OEY &NOSRE 
OJMPI 
&rCONT 
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, 
MldlR • A(:C'. R4 - A(:C. , , 
TOIi! 0087 XOR, W,TORAA,SUBS,R4 

I INODLE ' UEII 'NOOlY lNOSRI 
I ,NOOMP! 
I 'CONT 

0088 BONR W,O,S2NA 
&HOSRE I &NODLE &I EN 'OlY 

I '''ADR &NOONP! 
I ,CONT 

R8 • R8 XOR MEM. 

OOU TORl W , TODRR, EXOR, RS 
I 'OLE &I EN 'NOOEY ,NOSRE 
I &NOONPI 'B'1'16 
I oCONT 

R8 TO MEMORY. 

0081. SOR W ,MOVE, SORY, R8 
I ONOOLE oNOIlN &OEY ,NOSRE 
I 'NOOMP! ,MWRT &8P16 
I &CONT 

MAOR • Ace + 1. 

0088 SONR W,INC,SOA,NRY 
I oNOOLE oNOlEN &OEY &NOSRE 
I &NOOMPI oMADR 
I ,CONT 

R9 • R9 XOR MEM. , 
OOBe TORl W' ,TODRR, EXOR, R9 

I &DLE &I EN &NOOEY &NOSRE 

~ ONOOMPI' &8T16 
&CONT 

R9 TO MEMORY. 

OO,BD SOR W ,MOVE, SORY, R9 
I &NOOLE 'NOIEII &OEY &1I0SRE 
I &1I0JMPI OMWRT &8F16 
I &CONT 

" o TO RO (ERROR C~RRECTED FLAG). 
RETURII. 

OOBE SOR W,MOVE,SOZR,RO 
I &NOOLE &IEII &OEY &NOSRE 
/ &NOOMP! &8T20 &BU6 
/ ORTII 
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TABLE 1 IS USED TO CALCULATE 
M2,M3,M4 AND DETECT UNCORRECTABLE ERRORS. 
EACH MICROINSTRUCTION PATH DECREMENTS THE 
APPROPRIATE REGISTER(S) AND CHECKS paR VALUES 
EXCEEDING THE 56-BIT POLYNOMIAL PERIOD 
FACTOR LIMITS. 

ALIGN 
0090 , 
0090 TAB1. BOR2 W,O,S2NR,R9 

/ &NODLE &lEN &1I00EY URE 
/ ,NOOMPI &CP20 ,1'1'1'14 
/ IJP PM234 

0091 BOR2 W,O,S2NR,Rll 
/ &NODLE &IEN 'NOOEY 'SRE 
/ &NQJMPI &CP20 11'1'1'14 
/ oJP '1'1434 

0092 BOR2 W,Q,S2NR,a9 
/ oNooLB &lEN INOOEY ISRB 
/ 'NOOMPI 'CP20 ,prpM 
I OJp TM24 

0093 BOR2 W, Q,S2MR,RII 
/ 'NODLE &IEN 'NOOEY 'SRE 
/ lIIOJMpI &CP20 "FPM 
/ IJP '1'141 

0094 BOR2 W,O,S2NR,RIO 
/ 'NODLE lIEN &NOOEY &SRE 
/ ONOJMPI ,CP20 IPPPM 
/ 'Jp 'I'M23 

0095 BOR2 W,Q,S2NR,RIO 
/ &NODLE &IBN &NOOEY &SRE 
/ &NOJMPI OCP20 "FPM 
/ OJP '1'141 

0096 BOR2 W,O,S2NR,R9 
/ 'NODLE &IEN 'NOOEY ISRE 
/ ,NOOMPI ,CP20 .,PPM 
/ 'JP '1'141 I 

0097 SOR W,MOVE,SOZR,R6 
/ &NODLE ,IEN ONOOEY &SRE 
/ &NOOMPI &PPPM 
/ oJP MFIX 

'1'1434. NOOP 
0098 / &NOOLE 'NOlEN &NOOEY &NOSRE 

/ &NOJMPI oCP20 "FPM 
I oJP PM34 

~M24: NOOP 
0099 / &NODLE ,NOlEN oNOOEY &NOSRE 

/ ONOJMPI OCp20 &PFPM 
/ OJP PM24 , 
'1'1423. NOOP 

009A / &NOOLE &NOIEN 'NOOEY 'NOSRE 
/ &1I0JMPI &CP20 &pPPM 
/ OJP 1'1423 , 
'1'141. 1I00P 

009B / oNODLE 'NOIEN ,NOOEY 'NOSRE 
/ &NO.1MPI ,CP20 &PI' PM 
/ ,CONT 

NOOP 
009C / &NODLE &NOIEN &NOOEY ,NOSRE 

/ &NOOMPI 'CP20 "FPM 
/ 'JP PM1 , 

0090 PM234. BOR2 W,O,S2NR,Rl1 
/ ,NODLE &lEN &NOOEY 'SRE &CT II 
/ &NOJMPI ,CP20 &PFPM 
/ &IF CTlG &CJP ERR 

009E i>M34. BOR2 W,O,S2NR,RIO 
/ ,NODLE &IEN ,NOOEY lSRE OCT N 
/ oNOJMPI &CP20 'PPPM 
/ &IF C'I'16 oCJP ERR 
I 

0091' PM1. ROTM W,lS,MDRI,R12 
/ &DLE &IEN ,NOOEY &NOSRE &CT N 
/ ,NOOMPI &Pi'PM &BT16 &Br2U 
/ &IP CT16 .CJP LINK 

OOM IMME HI0007 
/ iNDOLE &IEN &DEY &HOSRE 
/ &JMPI &PFPM OBT16 oBF2U 
/ &Jp $ 
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00A1 PM24: BOR2 W,O,S2NR,Rll 
I &NOOLE &IEN &NOOEY &$RE oCT N 
I &NOJMPI &CP2O &PFPM 
I &IFN{)T CTl6 &CJP PHI 

NOOP 
00A2 I &NOOLE &NOIEN &NOOEY &NOSRE 

I &NOJMPI 
I &,JP ERR 
; 

00A3 PH23: BOR2 W,Q,S2NR,R9 
I &NODLE &IEN 'NOOEY ,SRE OCT N 
I &NOJMPI ,CP20 'PFPM 
I &IFNOT CT16 &CJP PM1 

NOOP 
00A4 I &NOOLE &NOIEN &NQOEV &NOSRE 

I &NOJMPI 
I oJP ERR 

TABLE 2 JS USED FOR ROTATING MEMORY WORD(S) 
VIA ROTATE AND MERGE INSTRUCTION (S) SO THAT 
BURST ERRORS CAN BE ALIGNED WITH THE ERROR 
PATTERN PROVIDED BY THE BEP(9520). 

001\5 ~AB2: ROTM W,9,MDRI,R8 
I &oLE 'rEN &NOOEY &NOSR& 
I &NOJMPI &BT16 &BF2U &BF2L 
/ ,JP REP1 

00A6 ROTM W,lO,MDRI,R8 
/ &OLE 'IEN 'NOOEY ,NOSRE 
I &NOJHPI 'BT16 ,U2U ,BF2L 
I 'JP REP2 

00A7 ROTM W,11,MDRI,R8 
/ &DLE &IEN &NOOEY &NOSRE 
/ &NOJMPI &BT16 &BF2U &8F2L 
I &JP REP3 

OOAB ROTH W,l2,HDRI,RS 
/ &OLE &IEN &NOOEV 'NOSRE 
/ &NDJMPI 'BT16 ,BF2U &BF2L 
/ &JP REP4 

00A9 ROTH W,13,MDRI,R8 
I &DLE &-IEN &NOOEY &NQSRE 
I &NOJMPI &BT16 &BF2U &BF2L 
I 'JP REPS 

OOM ROTH W,14,MDRI,R8 
I &OLE &IEN &NOOEY &NOSRE 
I ,NOJMPI 'BT16 ,BF2U &BF2L 
/ &JP REP6 

OOAB ROTH W,lS,MDRI,R8 
I &OLE &IEN 'NOOEY &NOSRE 
I &NOJMPI &BT16 ,BF2U &BF2L 
I 'JP REP7 

OOAC ROTH W,O,MDRI,R8 
I &OLE &IEN &NOOEY &NOSRE 
I &NOJMPI ,BT16 ,BF2U &BF2L 
I 'JP REPS 

OOAD ROTH W,1,HDRI,R8 
I &OLE &IEN &NOOEY &NOSRE 
/ &NOJMPI &BT16 ,BF2U &BF2L 
I &J,P REP9 

OOAE ROTH W,2,MORI,R8 
I &OLE &IEN &NOOEY &NOSRE 
I &NOJMPI &BT16 &BF2U &BF2L 
/ &JP REP10 

OOAF ROTM W,3,MDRI,RB 
I &OLE &IEN &NOOEY &NOSRE 
/ &NOJMPI &BT16 &BF2U &8F2L 
I &JP REPll 

OOBO ROTM W,4,MDRI,R8 
I &OLE &IEN &NOOEY &NOSRE 
I &NOJM.PI &BT16 &BF2U &BF2L 
I &JP REP12 

OOB1 ROTM W,S,MDRI,R8 
I &OLE &IEN &NOOEY &NOSRE 
I &NOJMPI ,BT16 &8F2U &BF2L 
I ,JP REP13 
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OOC4 RBP16. IMMB H,FPro 
/ OOLB UBN oNOOBY ONOSRE 
/ ONOJMPI &BT16 &BF2U OBF2L 
/ OJP XOR 
I 

OOC5 RM1: ROTM W;9,MDRI,R9 
/ OOLB &IEN ONOOBY ONOSRE 
/ ONOJMPI &BT16 &BF2U &BF2L 
/ OJP RBP17 
I 

OOC6 RM2: ROTM W,lO,MDRI,R9 
/ OOLE OlEN ONOOEY ONOSRE 
/ ONOJMPI &BT16 &BF2U &Br2L 
/ OJP REP18 
I 

OOC7 RM3: ROTH W,11,MDRI,R9 
/ &OLE OlEN ONOOEY· 'NOSRE 
/ ONOJMPI &BTl6 OBP2U &BP2L 
/ &JP REP19 
I 

OOC8 RM4: ROTH W,12,MDRI,R9 
/ &OLE OlEN &NOOEY &NOSRE 
/ ONOJMPI &ST16 &8F2U &BF2L 
/ OJP REP20 , 

00C9· RM5: ROTM W,13,MDRI,R9 
/ OOLB o IBN ONOOBY ONOSRB 
/ oNOJMPI &BT16 &BF2U &Br2L 
/ OJP REP21 

OOCA :u.6: ROTH W,14,MDRt,R9 
/ &DLE OlEN &NOOEY ONOSRE 
/ &NQJMPI &8T16 &BF2U oBF2L 
/ OJP RBP22 
I 

OOCS RN7: ROTM W,lS,MDRI,R9 
/ 'DLE &IEN oNOOEY &NOSRE 
/ OROJMPI &8T16 OB.F2U &BP2L 
/ 'JP UP23 
I 

OOCC RN8: ROTM W,O,MDRI,R9 
/ OOLE &IEN ONOOBY ONOSRE 
/ ONQJNPI OBT16 'Br2U &BF2L 
/ OJP REP24 

OOCO RM9: ROTM W,1,MDRI,R9 
/ &DLE &IEN ONOOEY 'NOSRE 
/ &NOJMPI OBT16. oBr2U &BF2L 
/ OJP REP25 , 

OOCE RNl0. ROTM W,2,MDRI,R9 
/ 'DLE 5IEN oNOOEY ONOSRE 
/ &NOJMPI &BT16 OBr2U &Br2L 
/ OJP REP26 , 

oocr RMll: RMM W,3,MDRI,R9 
/ oOLB &IEN ONooEY &NOSRE. 
/ ONOJMPI oST16 &BF2U &BP2L 
/ 'JP REP27 , 

0000 REP17: IMME HIFPEO 
/ 'DLE &-IEN &HOOEY ONOSRB 
/ oNOOMPI OBT16 OBF2U OBr2L 
/ OJP XOR , 

0001· REP18: INME HIFFCO 
/ &DLE OlEN ONOOEY &NOSRE 
/ &NOJMPI &8T16 oBP2U oSF2L 
/ oJP XOR , 

0002 REP19: IMME HIPF80 
/ &DLE 5IEN ONOOBY ONOSRE 
/ ONOJMPI oBT16 oSP2U oBF2L 
/ oJP XOR 

0003 ~EP20: IMNS HIFroo 
/ oDLE &IEN oNOOEY ONOSRE 
/ ONOJMPI &BT16 osr2U OBr2L 
/ oJP XOR , 

0004 REP21: IMNE HlrEOO 
/ &DLE ,lEN ONOOEY ONOSRE 
/ ONOJMPI oBT16 &Br2U osr2L 
/ oJP XOR , 

0005 REP22: IMME HUCOO 
/ oOLE &IEN ONOOBY &-NOSRE 
/ &NOJMPI 'BTl6 &BF2U &BF2L 
/ OJP XOR 
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00D6 REP23: IMME Ktr800 
I ,OLE ,IBN ,NOOBY oNOSRB 
I 'NOJMPI &8116 &8P2U UP2L 
I oJP XOR , 

0007 REP24: IMME 8,FOOO 
I ,DLE &I EN 'NOOEY 'NOSRI 
I 'NOJMPI &8'1'16 OBF2U ,BF2L 
I 'JP XOR , 

00D8 REP2S, IMMS KUOOO 
I 'DLE UEN 'NOOBY 'NOSRI 
I ,NOJMPI &8'1'16 'BP2U ,BF2L 
I oJ, XOR 
I 

00D9 REP26: IME B'COOO 
I ,DLE &IEN 'NOOEY ,NOSRE 
I 'NOJM'I &8'1'16 'BPZU &BP2L 
I 'JP XOR , 

OODA RBP27, IME 8'8000 
I 'DLB nBN ,1I00EY ,NOSRB 
I 'NOJMPI &8Tl6 &8rZU 68P2L 
I ,J' XOR 

SUBROUTINE MULTIPLY 

THIS SUBROUTINE MULTIPLIES A DOUBLE PRECISION 
WORD BY A SINGLE PRECISION WORD AND ASSUMES 
A DOUBLE PRECISION ANSWER. THE MULTIPLIER 
IS IN 0, THE MULTIPLICAND IS IN RI2,Rl3, AND 
THE ANSWER APPEARS III R6, R7 (LAC). NOTE, UPON 
RETURNING '1'0 THE MAIN PROGRAM THE SUBROUTINE 
INITIATES AN IMMEDIATE MOVE TO R12. , 

OODB MUL: SHFTR W,SHDR,SHDNZ,R8 
I ,NODLE &I EN ,NOOEY 'SRE 
I ONOJM,I 
/ 'CeNT 

OODC SOR W,MOVE,SORY,R13 
I 'OLE ONOIEN ,OBY ,NOSRE 
I ,NOJMPI 
I 'CONT 

I 
OOD.o bye: SOR W·,MOVE,SORA,R12 

I 'NODLE &I EN ,NOOEY oNOSRE aCT L 
I 'NOJMPI 
I & IPNOT CT16 'CoJP NOTQ 

OODE TORl W,TORAR,AOD,R6 
I oNODLE &IEN ,NOOEY ,SRE 
I 'NOJMPI 
I oCONT 

OODI' TORI W ,TODRR, ADDC, R7 
I ONODLE &IEN ,NOOEY ,NOSRE 
I ONOJMPI 
I &CONT 
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OO.EO NOTO: SIiPTR W ,SHRR,SHQP~,~12 
/ &NODLE &IBN &NOOEY &SRE 
/ &NOJMPI 
/ &CONT 

OOEl SHPTR W,SHRR,SHUPL,R13 
/ &DLE &UN &OBY &NOSRB 
/ 'NOJMPI 
/ &CONT 

00E2 SHFTR W;SHRR,Sa:DNZ,RB. 
/ &NODLE &IEII 'NOOBY 'SRE 
/ &NOJMPI 
/ "RPCT CYC 

00E3 SOR. W ,MOVE, Sal, Rla 
/ 'NODLE ,IBN &NOOBY 'NOSRE 
/ &NOJMPI 
/ &RTN 

SUBROUTINE DIVIDE 
THIS SUBROUTINE DIVIDES A DOUBLE PRECISION 
NUMBER BY·A DOUBLE PRECISION NUMBER LEAVING 
ONLY A REMAINDER. THE DIVISOR IS IN Rl2,Rl3,D 
AND THE DIVIDEND/REMAINDER APPEARS IN R6, R7. 
NOTE, UPON RETURN AN IMMEDIATE SUBTRACT IS 
INITIATED. 

OOE4 hIV= SOR W ,MOVE, SORA,R12 
/ ,NODLE 'IBN &NOOSY &NOSRE 
/ &NOJMPI 
/ &CONT , 

00E5 CYC1: TORl W,TORAR,SUBS,R6 
/ &NODLS· ,UN ,NOOEY ,SRE 
/ 'NOJMPI 
/ .CONT 

00E6 TORl W,TODRR,5UBSC,R7 
/ &NOOLE &IEN &NOOEY &SRE 
/ &NOJMPI 
/ &CONT 

NOOP 
OOE7 / 'NODLE &I EN ,NOOEY 'NOSRE oCT 

/ &NOJMPI 
/ &IFNOT CTl6 &CJP POS 

00E8 TORl W,TORAR,AOO,R6 
/ &NOOLE &lEN &NOOI!:Y &SRE 
/ &NOJMPI 
/ &CONT 

00S9 TORl W,TODRR,ADDC,R7 
/ &NODLE &IEN &NOOEY ,NOSRE 
/ 'NOJMPI 
/ &CONT 
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OOEA POS. 
I 
I 
I 

00E8 
/ 
I 
I 

OOEC 
I 
I 
I 

OOED ~RSEC1: 
I 
I 
I 

, , 
WRSEC2. 

OOEE I 
I 
I 

OOEF 
I 
I 
I 

OOFO 
I 
I 
I 

OOFI ~RSEC3: 

00F2 

OOF) 

I 
I 
I 

I 
I 
I 

/ 
I 
I 

SHFTR W ,SHRR,SHDNZ ,R13 
&DLE &IEN &OEY &SRE 
&NQJMPI 
&CONT 

SHFTR W ,SHA, SHDNL; R12 
&NOOLE & tEN &NOOEY &NOSRE 
&NOJMPI 
&RPCT CYCI 

TORI W ,TCRIR, SUBR,R6 
&NOOLE &IEN &NOOEY &SRE 
&NOJMPI 
&RTN 

WRITE SECTOR 

(R3) TO R4 AND MAR. 
ENTER OUTPUT MODE. (TURNS ON WRITE CLOCK.) 
INITIALIZE COUNTER FOR OUTPUT DATA PREAMBLE LOOP. 

SOR 
&NODLE 
&MACR 
&LDeT 

W,NEG,SOAR,R4 
&IEN . &NOOEY 
&:NQJMPI &OUPT 
5 

&NOSRE 

BEGIN WRITE DATA PREAMBLE LOOP. 
TURN ON WRITE GATE. 
PASS WHEN FIFO ARRAY READY FOR OUTPUT. 

NOOP 
&NOOLE &NOlEN 
,NOJMPI &OUPT 
&IFNOT 'ROYO 

&NOOEY 
&WRGA 
&CJP 

'NOSRE 

OUTPUT H'OOOO TO FIFO ARRAY. 

SONR W,MOVE,SOZ ,NRY 
'NOOLE ,NOIEN 'OEY &NOSRE 
,NOJMPI &OUPT &WRGA 
&CONT 

END WRITE DATA PREAMBLE LOOP. 

SONR W,MOVE,SQZ,NRY 
,NOOLE ,NOlEN &DEY &NOSRE 
&8F16 &8TOJ &NOJMPI &CUPT 
&RPCT WRSEC2 

&PL03 ,WRCA 

OUTPUT LAST DATA PREAMBLE BYTE AND THE HiFE DATA SYNC BYTE. 
INITIALIZE COUNTER FOR WRITE DATA SEGMENT LOOP. 
PASS WHEN FIFO ARRAY AGAIN READY FOR OUTPUT. 

SONR W ,MOVE, 501, NRY 
&DLE &NOIEN &QEY &NOSRE 
&NOJMPI ,CUPT &WRGA 
&LDCT 131 

IMME H,FEOO 
&OLE &NorEN &OEY &NOSRE 
&NQJMPl &OUPT &WRGA 
&rFNOT ROYO &CJP WRSEC3 

SONR W,MDVE,SOD,NRY 
&NODLE &NOlEN &OEY &NOSRE 
&8F16 &BT03 &NOJMPI &OUPT &PL03 &WRGA 
&CONT 
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, 
" 

I , 
00F4 WRSEC4: 

OOFS 

I 
I 
I 

I 
I 
I 

BEC;N WRITE DATA SEGMENT LOOP. 
(R4) TO MAR. 

SOR W,M\?VE,SORY,R4 
'NOOLE 'NOlEN 'OEY 'NOSRE 
'MAOR 'NOJMPI 'OUPT 'WRGA 
,COOT 

INCREMENT (R4). 

SOR W,INC,SORR,R4 
'NOOLE &I EN 'NOOEY 'NOSRE 
'NOJMPI 'OUPT ,WRGA 
'CONT 

«MAR)) TO FIFO ARRAY • 
. , END WRITE DATA SEGMENT LOOP. 

00F6 I 
I 
I 

00F7 
I 
I 
I 

OOFS ~RSEC5: 

oon 

I 
I 
I 

I 
I 
I 

OOFA I 
I 
I 

OOPB I 
I 
I 

aOFe 

.' 

/ 
/ 
/ 

NOOP 
'NOOLE 'NOlEN 'NOOEY 'NOSRE 
'BTO) 'MREA 'NOJMPI ,OUPT 'PLO) &WRGA 
iRPCT WRSEC4 

CLEAR (R4). 
INITIALIZE COUNTER FOR WRlTE,DATA POSTAMBLE LOOP. 

SOR W,MOVE,SOZR,R4 
iNOOLE 'lEN iNOOEY 'NOSRE 
'NOJMPI &OUPT iwaGA 
'LDCT 1 

BEGIN WRITE DATA pOSTAMBLE LOOP. 
OUTPUT HIOOOO TO FIFO ARRAY. 

SOR W,MOVE,'SORY,R4 
'HOOLE &NOIEN 50EY &NOSRE 
&NOJMPI 'OUPT ,waGA 
,&IFNOT ROYO 'CJP 

SOR W,MOVE,SORY,R4 
'NOOLE iNOIEN &OEY 'NOSRE 
'BF16 'BT03 &NOJMPI &OUPT &PL03 ,WRGA 
'CONT 

(NOOP FOR TIMING PURPOSES) 
END WRITE DATA POSTAMBLE LOOP. 

NOOP 
&NOOLE &NOlEN 'NOOEY &NOSRE 
&NOJMPI ,OUPT &WRGA 
,RPCT WRSECS 

TURN OFP WRITE GATE. 

NOOP 
&NOOLE ,NOlEN &NOOEY ,YOSRE 
'NOJMPI iOUPT' 
,CONT 

THEN LEAVE OUTPUT MODE. (TURNS OFF WRITE CLOCK.) 
LOAD 0 INTO RO. 
RETURN. 

saR W,MOVE,SQZR,RO 
&NCDLE '" I EN &NOOEY ,NOSRE 
&NOJMPI 
ORTH 

END 
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0000 1100000111100000 0010011000110000 011010010011XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0001 1111100011100000 XXXXOOI0II101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0002 0000000000000000 XXXXOOI0II101111 111111XXXXXXXXXX XXXXXXXXOXXXXXI0 XXXXXXXXXXXXXXXX 
0003 1111100011100000 XXXXOOIOI1101111 lIII11XXXXXXXXXX.XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0004 0000000000010000 XXXXOOI011000001 l11111XXXXXXXXXX XXXXXXXXOXXXXX10 XXXXXXXXXXXXXXXX 
0005 1101100001000011 XXXXOOlll1101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0006 1101100011000100 XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0007 1101100001000100 XXXX001011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXX10 OXXXXXXXXXXXXXXX 
0008 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXOXXXXXXX10 XXXXXXXXXXXXXXXX 
0009 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXXXOXX10 XXXXXXXXXXXXXXXX 
OOOA 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0008 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXOXXXXXX10 XXXXXXXXXXXXXXXX 
OOOC 1101110101100100 XXXX010010010000 000111XXXXXXXXXX XXXXXXXXXXXOXX10 XXXXXXXXXXXXXXXX 
0000 1111100011100000 XXXX001011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOOE 0000000000010001 XXXX00101100000d 000010XXXXXXXXXX XXXXXXXXOXXXXX10 XXXXXXXXXXXXXXXX 
OOOF· 1101100001000100 XXXXOOI0II101111 111111XXXXXXXXXX XXXXXXXXXXXOXX10 OXXXXXXXXXXXXXXX 
0010 0111000101000000 XXXXOI1011101111 111111XXXXXXXXXX XXXXXXXXXOXXXX10 XXXXXXXXXXXXXXXX 
0011 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0012 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXXXOXXI0 XXXXXXXXXXXXXXXX 
0013 0111000101000000 XXXX011011101111 111111XXXXXXXXXX xxxxxxxXXXXXXXI0 XXXXXXXXXXXXXXXX 
0014 1101110101100100 XXXXOI0010010000 001111XXXXXXXXXX XOOXXXXXXXXXXXI0 XXOXXXXXXXXXXXXX 
0015 1101100100000101 XXXXOI00III01111 111111XXXXXXXXXX XXXXXXXXXXXOXX10 XXXXXXXXXXXXXXXX 
0016 0111000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXOXXXX10 XXXXXXXXXXXXXXXX 
0017 0101100011000101 XXXX010111101111 111111XXXXXXXXXX XOXXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0018 1101100001000100 XXXX001011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 OXXXXXXXXXXXXXXX 
0019 1101100001000101 XXXX001011101111 111111XXXXXXXXXX OXXXXXXXXXXXXX10 XXOXXXXXXXXXXXXX 
001A 1111100011100001 XXXX010011r01111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0018 0000000000110110 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
001C 1000100000000000 XXXX010011101111 111111XXXXXXXXXX xxxxxxxxxxxxxxio XXXXXXXXXXXXXXXX 
0010 1111100011100001 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
001E 1100000000000001 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
001F 1101100100000100 XXXX010011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXX10 xxxxxxxxxxxxxxxx 
0020 1101100001000001 XXXXOI0111000000 010000XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0021 1101100011000101 XXXX010011101111 111111XXXXXXXXXX xxxxxXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0022 1100000011000101 XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0023 1100110001100100 XXXXOI0010010000 100010XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0024 1101100001000010 XXXXOI011I000000 OlOOOOXXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0025 1101io001l000101 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0026 1100000011000101 XXXXOI0011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0027 1100110001100100 XXXXOI0010010000 100110XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0028 0111000101000000 XXXXOII0II000001 OOOOOOXXXXXXXXXX XXXXXXXXXXXXXOI0 XXXXXXXXXOXXXXXX 
0029 0111000101000000 XXXX01I011101111 111111XXXXXXOXXX XXXXXXXXXXXXXOI0 XXXXXXXXXOOXXXXX 
002A 0111000101000000 XXXXOII000II0000 1010101010010XXX XXXXXXXXXXXXX010 XXXXXXXXXOXXXXXX 
0028 0111000101000000 XXXXOI1000110000 101011011011XXXX XXXXXXXXXXXXXOI0 XXXXXXXXXOXXXXXX 
002C 1101100011000101 XXXXOI0100110000 101100011011XXXO XXXXXOXXXXXXXOIO XXXXXXXXXOXXXXXX 
0020 1001000111100001 0010111000110000 110011010010XXXX XXXXXXXXXXXXXOI0 XXXXXXXXXOXXXXXX 
002E 0111000101000000 XXXXOI1011101111 111111XXXXXXXXXX XXXXXXXXXXXXXOI0 XXXXXXOXXOXXXXXX 
002F 1101100011000101 XXXX010100110000 101111011011XXXO XXXXXOXXXXXXXOI0 XXXXXXXXXOXXXXXX 
0030 1001000111100010 0010111000110000 110011010010XXXX XXXXXXXXXXXXXOI0 XXXXXXOXXOXXXXXX 
0031 1101100011000101 XXXXOI0111101111 111111XXXXXXXXXO XXXXXOXXXXXXX010 XXXXXXXXXOXXXXXX 
0032 1001000111100100 0010111000110000 110101010010XXXX XXXXXXXXXXXXXOIO XXXXXXXXXOXXXXXX 
0033 1101100001000000 XXXXOII010010000 101001XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0034 1101100000000000 XXXXOI0010101111 111111011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0035 1101100001000000 XXXXOOI011101111 11l11lXXXXXXXXXX XXXXXXXXXXXXXXOI XXXXXXXXXXXXXXXX 
0036 1101111000000011 XXXXOI0000110000 111000011110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXOXXXXX 
0037 1101111000000011 XXXXOI0000II0011 101101011110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXOXXXXX 
0038 1101111010000100 XXXXOOOOllOOOOOI 000001XXXXXXXXXX XXXXXXXXXXXXXOI0 OXXXXXXXXOOXXXXX 
0039 1101101010000101 XXXX010000110000 111001011011XXXX XXXXXXXXXXXXXOI0 XXXXXXXXXOXXXXXX 
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OOlA '1111100011100000 XXXXOOI011I0U11 111111XXXXXXXXXXXXXXXXXXXXXXX010 XXXXXXXXXOXXXXXX 
0018 0000000000000011 XXXXOOI011101111 111111xXXXXXXXXX XXXXXXXXXXltXX010 XXXXXXXXXO·XXXXXX 
OOlC 1111100011100000 XXXXOOI0IUOll11 11lll1XXXXXXXXXX XXXXXXXXXXXXXOI0 XXXXXXXXXOXltXXXX 
0030 0000000000010011 XXXXOOI011101111 11llllXXXXXXXXXX XXXXXXXKOXXXXOI0 XXXXXXXXXO'XXXXXX 
003E0111000101000000 XXXXOll011101111 11ll11XXXXXXXXXX .XXXXXXXXXXXXX010 XXXXXXOXX.OXXXXXX 
0031' 0111000101000000 XXXX011000110000. 111l1l011011XXXO. XXXXXXXXXXXXXQI0·XXOXXXXXXOXXXXXX 
0040 1101110101100101 XXXXO.0.0011101111, 1l1111XXXXXXXXXX XXXXXXXXXXXXX010 OXXXXXXXXOXXXXXX' 
0041 lio11l0101100l00 XXXX000011101111 llU11XXXXXXXXXX XXXXXXO.XXXXOltOlO OOXXXXOXXOXXXXXX 
0042 .0111000101000000 XXXX011000110001 0000100110ilXXXO XXXXXXXXXXXXXOI0. XXOXXXXXXOXXXXXX 
004.l 1101100101100101 XXXXOOOO~1101111 111111XXXXXXXXXX XX.XXXXXXXXXXXOI0 OXXXXXXXXOXXXXXX 
0044 1101];10101100100 XXXXOO.00I0010000 111111XXXXXXXXXX XXXXXXXOXXXOX.010 OOXXXXOXXOXXXXXX 
0045 0111000101000000 XXXX011011000001 000001XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXX.XXXX 
0046 1101110101100101 XXXXOOOOllI01111 111111XXXXXXXXXXXXXXXXXXXXXXXX10 OXXXXXXXXXXXXXXX 
0047 .01110001010001100 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX . 
0048 0111000101000000 XXXXOUOll101111 l11l11xxxxXXXXXX XXXXXXOXXXXOXX10 XOXXXXXXXXXXXXXX 
0049 0111000101000000 xXXXOa011lliUll: 111111XXXXXXXXXX X.XXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
004A 01lJ000101000000 XXXX011011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0048 OUI000101000000 XXXX0110I0010001 000110XXXXXXXXXX,ltXXXXXXOXXXOXXI0 XOXXXXXXXXXXXXXX 
004C 011100010100.0000 XXXXOllOOOllO.OOl 001110010110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0040 U01100100000000 XXXXOIO>OI01.01111 111111011110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
004E 1111100011100000 XXXX001011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0041' 0.000000000011111 XXXXOOI011101111 111111XXXXXXXXXX OXXXXXXXOXXXXXI0 XXXXXX'XXXXXXXXXX 
0050 1101100100001000 XXXXOI0011101111 l11I11XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0051 1111100011100001 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0052 00000000000101J.0 XXXX010011101111 llllllXXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0053 0111000101000000 XXXX011000110001 011001010100XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0054 1110000110000101 XXXXI10000110001 010110010000XXXX XXXXXXXXXXXOXXI0XXXXXXXXXXXXXXXX 
0055. 1100011111001000 XXXX010000110001 010111011110XXXXXXXXXXXXXXXXXX1Q XXXXXXXXXXXXXXXX 
0056:1100000111001000 XXXX010011101111 11l11lXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0057 0111.000101000000 0111011000110001 01001.1010011XXXX X.xxxXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0058 1100.001110.000000 XXXX000010101111 111111011110XXXX OXXXXXXXOXXXXXI0 XXXXXXXXXXXXXXXX 
0059 1101100011101001 XXXXO 1.001 11011 11 lll1l1XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
005A 0000000000001101 XXXX010011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXX10XXXXXxxxxxxxXXXX 
0058 1101100011101010 XXXXOI001II01111 l11111XXXXXXXXXX xxxxxxxxxxxxxxio XXXXXXXXXXXXXXXX 
005€ 0000000001011001 XXXX010011101111 111111XXXXXXXXXX XXXXXltXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0.05D 1101100011101011XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
005E 0000000000010111 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXltl0 XXXXXXXXXXXXXXXX 
005F 1101100011101100 XXXXOI0011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0060 0000000010010000 XXXXOI00III01111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0061 1011111100101100 XXXXOI011110111i l11111XXXXXXXXXX xxoxXOXXXX!CX.XXI0 XXXXXOXXXXXXXXXX 
0062 0000000000000111 XXXXOOOOOOI10001 100010011110XXXX XXOXXOXXXXXXXXOI XXXXXOXXXXXXXXXX 
0063 1001110000001001 XXXXOI0011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0064 0000000000001101 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0065 1001110000001010 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
006.6 0000000001011001 XXXXOI0011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0061 1001110000001011 XXXXOI0011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0068 0000000000010111 XXXXOI00II101111 l11111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0069 1101100100000111 XXXX0100111011il l11111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
006A 1101100011101100 XXXXOI0011101111 l11111XXXXXXXXXX .XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0068 1110011100100011 XXXXOI0011101111 11l1l1XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
006e 1101100011101101 XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006D 0000000000000110 XXXXOI0011000000 000100XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
006E 1101100001001000 XXXXOOI100010011 011011011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
006F 1011111110101000 XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0070 1100011110001101 XXXX010011000000 000011XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0071 1101100001001001 XXXX.0011000I0011 011011011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0012 1101010100110000 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0073 1100001110001101 XXXXOI0011000000 '000110XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
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0074 1101100001001010 XXXX001100010011 011011011110XXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0075 1010100100101000 XXXX010011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0076 1100011110001101 XXXXOI0011000000 000100XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0077 1101100001001011 XXXX0011000I0011 01l011011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0078 0111000100000000 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0079 1101100011101101 XXXXOOOIII000000 000110XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
007A 0000010001110111 XXXX000100010011 100100011110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
007B 1110111011100010 XXXXOI00III01111 l11111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
.007C 1001110000100111 XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0070 0000000000001000 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
007E 1101100100001000 XXXX010011101111 11lll1XXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
007F 1101100100001001 XXXX010011101111 llllllXXXXXXXXXX xxxxxxxxXXXXXX10 XXXXXXXXXXXXXXXX 
0080 110110000000·1001 XXXX010011101111 111111XXXXXXxxXX xxxXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0081 1011100111000110 XXXXOI0011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00S2 0000111111111111 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00S3 1001110011000110 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00S4 0000000000001111 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00S5 1001110010000110 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00S·6 0000000010100101 XXXX000011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX01 XXXXXXXXXXXXXXXX 
00S7 1000000001000100 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOSS 1110000110000101 XXXX000011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 OXXXXXXXXXXXXXXX 
00S9 1001111100001000 XXXX010111101111 111111XXXXXXXXXX XXXXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOSA 1101100001001000 XXXX001011101111 111111XXXXXXXXXX OXXXXXXXXXXXXX10 XXOXXXXXXXXXXXXX 
OOSB 1111110010000000 XXXX001011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 OXXXXXXXXXXXXXXX 
OOSC 1001111100001001 XXXX010111101111 111111XXXXXXXXXX XXXXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOSO 11011000P1001001 XXXXOOI0III01111 111111XXXXXXXXXX OXXXXXXXXXXXXXI0 XXOXXXXXXXXXXXXX 
OOSE 1101100100000000 XXXX000010101111 111111011110XXXX.OXXXXXXXOXXXXX10 XXXXXXXXXXXXXXXX 
0090 1100000111101001 XXXX110000110010 011101011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
0091 1100000111101011 XXXX110000110010 011000011110XXXX xxxxxxxXXXXOXXIO xxxxxoxxxxxxxxxx 6 
0092 1100000111101001 XXXX110000110010 011001011110XXXX XXXXXXXXXXXOXXI0 XXXXXOXXXXXXXXXX 
0093 1100000111101011 XXXX110000110010 011011011110XXXX XXXXXXXXXXXOXXI0 XXXXXOXXXXXXXXXX 
0094 1100000111.101010 XXXX110000110010 011010011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
0095 1100000111101010 XXXXllOOOOl10010 01l01l011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
0096 1100000111101001 XXXX110000110010 011011011110XXXX xxxxxXXXXXXOXX10 XXXXXOXXXXXXXXXX 
0097 1101100100000110 XXXX110000110001 100011011110XXXX XXXXXXXXXXXXXX10 XXXXXOXXXXXXXXXX 
009S·0111000101000000 XXXX011000110010 011110011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
0099 0111000101000000 XXXX011000110010 100001011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
009A 0111000101000000 XXXX011000110010 100011011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
009B 0111000101000000 XXXXOI1011101111 111111XXXXXXXXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
009C 0111000101000000 XXXX011000110010 011111011110XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
0090 1100000111101011 0111110000110001 011000010010XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
009E 1100000111101010 0111110000110001 011000010010XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX· 
009F 1011111100101100 0111010100110001 01011101001QXXXX XXOXXOXXXXXXXX10 XXXXXOXXXXXXXXXX 
OOAO 0000000000000111 XXXX000000110010 100000011110XXXX XXOXXOXXXXXXXXOI XXXXXOXXXXXXXXXX 
00A1 1100000111101011 0111110000110010 011111010011XXXX XXXXXXXXXXXOXXI0 XXXXXOXXXXXXXXXX 
00A2 0111000101000000 XXXX011000110001 011000011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00A3 1100000111101001 0111110000110010 011111010011XXXX XXXXXXXXXXXOXX10 XXXXXOXXXXXXXXXX 
00A4 0111000101000000 XXXX011000110001 011000011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00A5 1011001100101000 XXXX010100110010 110101011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00A6 1011010100101000 XXXX010100110010 110110011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00A7 1011011100101000 XXXX010100110010 110111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOAS 1011100100101000 XXXX010100110010 111000011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00A9 1011101100101000 XXXX010100110010 111001011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOAA 1011110100101000 XXXX010100110010 111010011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOAB 1011111100101000 XXXX010100110010 111011011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOAC 1010000100101000 XXXX010100110010 111100011110XXXX XOOXXOXXXXXXXX10 XXxXXXXXXXXXXXXX 
OOAO 1010001100101000 XXXX010100110010 111101011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOAE 1010010100101000 XXXXOI0100110010 111110011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
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UOAF 1010011100101000 XXXX010100110010 111111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOBO 1010100100101000 XXXX010100110011 000000011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00B1 1010101100101000 XXXX010100110011 000001011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
DOB2 1010110100101000 XXXX010100110011 000010011110XXXX XODXXOXXXxxxxxro xxxxxxxxxxxxxxxx 
00B3 1010111100101000 XXXX010100110011 000011011110XXXXXOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00B4 1011000100101000 XXXX010100110011 000100011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00B5 0000000000000001 XXXXOI0100110011 .000101011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00B6 0000000000000011 XXXXOIOI00110011 000110011110XXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00B7 0000000000000111 XXXX010100110011 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00B8 0000000000001111 XXXX010100110011 001000011110XXXX XOOXXOXXXXXXXXID XXXXXXXXXXXXXXXX 
00B9 0000000000011111 XXXX010100110011 001001011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOBA 0000000000111111 XXXX010100110011 001010011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOBB 0000000001111111 XXXX010100110011 001011011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOBe 0000000011111111 XXXX010100110011 001100011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOBD 0000000111111111 XXXXOI0100110011 001101011110XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
OOBE 0000001111111111 XXXXOI0100110011 001110011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOBF 0000011111111111 XXXX010100110011 001111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCO 0000111111111111 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCI 0001111111111110 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
00C2 00.l11ll.111111100XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00C.3 0111111111111000 XXXXOI0100110010 000111011110XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
00C4 1111111111110000 XXXXOI0100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOC5 1011001100101001 XXXX010100110011 010000011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
00C6 1011010100101001 XXXX010100110011 010001011110XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
00C7 1011011100101001 XXXX010100110011 010010011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCS 1011100100101001 XXXX010100110011 010011011110XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0'OC9 1011101100101001 XXXX010100110011 010100011110XXXX XOOXXOXXXXXXXX.10 XXXXXXXXXXXXXXXX 
OOCA 1011110100101001 XXXX010100110011 010101011110XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
OOCB 1011111100101001 XXXXOI0100110011 010110011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCC 1010000100101001 :XXXX010100110011 010111011110XXXX· XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCD 1010001100101001 XXXX010100110011 Q11000011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCE 1010010100101001 XXXX010100110011 011001011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOCF 1010011100101001 XXXX010100110011 011010011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0000 1111111111100000 XXXXOI0100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0001 1111111111000000 XXXXOI01001io010 000111011110XXXX XOOXXOXXXXXXXX1D XXXXXXXXXXXXXXXX 
0002 1111111110000000 XXXXOI0100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0003 1111111100000000 xxxx010l00110010 0001110ill10XXXX XOOXXOXXXXXXXXI0 XXXXXXXXXXXXXXXX 
0004 1111111000000000 XXXXOI0100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0005 1111110000000000 XXXXOI0I00II0010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0006 1111100000000000 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0007 1111000000000000 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
0008 1110000000000000 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX.10 XXXXXXXXXXXXXXXX 
0009 1100000000000000 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OODA 1000000000000000 XXXX010100110010 000111011110XXXX XOOXXOXXXXXXXX10 XXXXXXXXXXXXXXXX 
OODB 1100111010001000 XXXXI10011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OODC 1101100001001101 XXXX001111101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
0000 1101100000001100 1000010000110011 100000010011XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OODE 1001100010000110 XXXXI10011101111 111111XXXXXXXXXXXXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OODF 1001111010100111 XXXXOI0011101111 l11111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOEO 1100110000001100 XXXX110011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00E1 1100110001001101 XXXX000111101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00&2 1100110010001000 XXXX110010010011 011101XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
00E3 1101100011101100 XXXX010010101111 111111011110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
00E4 1101100000001100 XXXX010011101111 11111.1XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00&5 1001100001000110 XXXX110011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00&6 1001111001100111 XXXX110011101111 111111XXXXXXXXllX .XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
00E7 0111000101000000 0111010000110011 101010010011XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
00E8 1001100010000110 XXXX110011101111 111111XXXXXXXX~X XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
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00E9 1001111010100111 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOEA 1100110010001101 XXXXI00111101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOEB 1100110011001100 XXXXOI00I0010011 100101XXXXXXXXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
OOEC 1001110000000110 XXXXII0010101111 111111011110XXXX XXXXXXXXXXXXXXI0 XXXXXXXXXXXXXXXX 
OOED 1101111010000100 XXXX010011000000 000101XXXXXXXXXX XXXXXXXXXXXXXX10 OXXOXXXXXXXXXXXX 
OOEE 0111000101000000 XXXX011000110011 101110011101XXXX XXXXXXXXXXXXXX10 XXXOXXXXXXXXOXXX 
OOEF 1111100100000000 XXXXOOI0III01111 111111XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXOXXXXXXXXOXXX 
OOFO 1111100100000000 XXXX001010010011 101110XXXXXXXXXX OXXXOXXXXXXXXX10 XXXOXXXOXXXXOXXX 
00F1 1111100011100000 XXXX001111000010 000011XXXXXXXXXX XXXXXXXXXXXXXX10 XXXOXXXXXXXXOXXX 
00F2 ·1111111000000000 XXXX001100110011 1l0001011101XXXX XXXXXXXXXXXXXX10 XXXOXXXXXXXXOXXX 
OOF3 1111100011000000 XXXX001011101111 111111XXXXXXXXXX OXXXOXXXXXXXXX10 XXXOXXXOXXXXOXXX 
00F4 1101100001000100 XXXX001011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 OXXOXXXXXXXXOXXX 
OOFS 1101110101100100 XXXX010011101111 111111XXXXXXXXXX XXXXXXXXXXXXXX10 XXXOXXXXXXXXOXXX 
00F6 0111000101000000 XXXX011010010011 110100XXXXXXXXXX XXXXOXXXXXXXXX10, XOXOXXXOXXXXOXXX 
00F7 1101100100000100 XXXX010011000000 000001XXXXXXXXXX XXXXXXXXXXXXXX10 XXXOXXXXXXXXOXXX 
OOFS 1101100001000100 XXXX001000110011 111000011101XXXX XXXXXXXXXXXXXXI0 XXXOXXXXXXXXOXXX 
00F9 1101100001000100 XXXXOOI0II101111 111111XXXXXXXXXX OXXXOXXXXXXXXX10.XXXOXXXOXXXXOXXX 
OOFA 0111000101000000 XXXXOI1010010011 111000XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXOXXXXXXXXOXXX 
OOFB 0111000101000000 XXXX011011101111 11l1l1XXXXXXXXXX XXXXXXXXXXXXXXI0 XXXOXXXXXXXXXXXX 
OOFC 1101100100000000 XXXXOI0010101111 111111011110XXXX XXXXXXXXXXXXXX10 XXXXXXXXXXXXXXXX 
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SYMBOLS 

AILSW E723 L 0008 
AIMSW 0006 LD2NA 0006 
A2LSW BFAS LD2NR OOOC 
A2NA 0004 LD2NY 0016 
A2NDY 0014 LDC2NA 0007 
A2NR POOE LDC2NR OOOD 
A3LSW D530 LDC2NY '0017 
A4LSW A928 LINK 0057 
ADD 0004 LOW 0004 
ADDC 0005 M1 0053 
AE 0056 M1A1 0069 
AE20 0008 M234l 0059 
AND 0006 M2A2 006F 
ASCEBC 0000 M3A3 0072 
ATTN 0010 M4A4 0075 
B 0000 MARl OOOC 
BACK 0011 MATCH1 0035 
BCDEBC 0001 MDAl 0007 
BRTABL 0036 MDAR 0008 
BUSY 0012 MDRA OOOA 
C 0005 MDRl 0009 
CDAI 0002 MFIX 0063 
CDRA 0004 MOVE OOOC 
CDRI 0003 MRAI OOOE 
CFCODE OOlA MUL OODB 
COMP OOOD N 0007 
CRAI 0005 NO 0000 
CRCFLI 0022 Nl 0001 
CRCFL2 0026 N2 0002 
CRCMSK COOl N3 0003 
CRCNIT 0010 N4 0004 
CTl6 0009 N5 0005 
CYC OODD N6 0006 
CYCI OOES N7 0007 
DIV 00E4 N8 0008 
EBCASC 0002 N9 0009 
EBCBCD 0003 NA OOOA 
EP20 OOOA NAND 0007 
ER20 OOOB NB OOOB 
ERR 0058 NC POOC 
EXNOR OOOB ND OOOD 
EXOR 0008 NE OOOE 
Fl 0009 NEG OOOF 
F2 OOOA NF OOOF 
F3 OOOB NO 0001 
FAIL OOOC NOR 0009 
INC OOOE NOTQ OOEO 
INDX 0013 NOZ 0000 
KL128 7100 NRA 0001 
KLSW EEE2 NRAS 0005 
KM128 0477 NRS 0004 
KMSW 0008 NRY 0000 
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NSPASS 0040 R9 0009 
OR OOOA ROITCT 0041 
OVR 0003 ROSECI 0038 
PCPREL 0007 ROSEC2 003F 
PFI 0016 ROSEC3 0046 
PF2 0000 ROSEC4 004E 
PF3 0059 ROYI 0000 
PF4 0017 ROYO OOOE 
PMl 009F REP 1 OOBS 
PM2 0015 REPIO OOBE 
PM23 00A3 REPll OOBF 
PM234 0090 REP12 OOCO 
PM24 OOAI REP13 OOCI 
PM3 0016 REP14 00C2 
PM34 009E REP15 00C3 
PM4 0017 REP16 00C4 
pas OOEA REPl7 0000 
PRIA 0008 REP18 0001 
PRIO 0009 REP19 0002 
PRIR OOOB REP2 00B6 
PRIY OOOA REP20 0003 
PR2A 0000 REP2l 0004 
PR2Y 0002 REP22 0005 
PR3A 0004 REP23 0006 
PR30 0006 REP24 0007 
PR3R 0003 REP2S 0008 
PRA 0008 REP26 0009 
PRI OOOB REP27 a aDA 
PRTIA 0007 REP3 00B7 

I PRTA 0004 REP4 00B8 
PRTO 0006 REPS 00B9 
PRZ DaDA REP6 OOBA 
RO 0000 REP7 OOBB 
Rl 0001 REP8 OOBC 
RIO OOOA REP9 OOBO 
Rll .0008 RFl 01>06 
R12 OOOC RF2 0009 
Rl3 0000 RF3 OOOA 
R14 OOOE RL 0005 
RIS OOOF RMl OOCS 
R16 0010 RMIO OOCE 
R17 0011 RMll OOCF 
R18 0012 RM2 00C6 
R19 0013 RM3 00C7 
R2 0002 RM4 00C8 
R20 0014 RM5 00C9 
R2l 0015 RM6 OOCA 
R22 0016 RM7 OOCB 
R23 0017 RM8 OOCC 
R24 0018 RM9 OOCD 
R25 0019 RONCZ 0003 
R26 OOIA RSTNA 0001 
R27 OOIB RSTNO 0011 
R28 OOIC RSTNR OOOE 
R29 0010 RTAA 0010 
R3 0003 RTAR 0000 
R30 OOIE RTAY OOIC 
R3l OOIF RTOA 0019 
R4 0004 RTOR 0001 
R5 0005 RTOY 0018 
R6 0006 RTRA OOOC 
R7 0007 RTRR OOOF 
R8 0008 RTRY OOOE 
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S2NA 0005 SUCC OOOF 
S2NOY 0015 TAB1 0090 
S2NR OOOF TAB2 00A5 
SAMO 0014 . TC OOOA 
SCBIBL OOOF TFI 0012 
SECTIO 0000 TF2 0014 
SECTLl, 0029 TF3 0016 
SECTL2 0033 TL 0010 
SETNA 0002 TLOW 0008 
SETNO 0012 TM1 0098 
SETNR 0000 TM23 009A 
SFI 0006 TM24 0099 
SF2 0009 TM34 0098 
SF3 OOOA TN OOOE 
SHA 0006 TNO 0002 
SHO 0007 TNOZ 0000 
SHON1 0005 TOAI 0002 
SHONC 0007 TOAIR 0002 
SHONL 0006 TOOA 0001 
SHONOV 0008 TOOAR 0001 
SHONZ 0004 1'001 0005 
SHOR 0007 TOOIR 0005 
SHRR 0006 TOORA 0003 
SHUP1 0001 TOORR OOOF 
SHUPL 0002 TOORY 0008 
SHUPZ 0000 TORAA 0000 
SL . 0005 TORAR OOOC 
SOA 0004 TORAY 0008 
SOAR 0004 TORIA 0002 
SOD 0006 TORIR OOOE 
SOOR 0006 TORIY OOOA 
SOl 0007 TOVR 0006 
SOIR 0007 TSTNA 0000 
SONZC 0003 TSTNO 0010 
SORA 0000 TSTNR OOOF 
SORR 0008 TZ 0004 
saRS 0003 TZC OOOC 
SORY 0002 W 0001 
SOSE OOOA WRSEC1 OOEO 
SOSER OOOA WRSEC2 OOEE 
soi 0.008 WRSEC3 00F1 
SOZE 0009 WRSEC4 00F4 
SOZER 0009 WRSEC5 00F8 
SOZR 0008 XOR 0087 
SUBK 007B XORMEM 007E 
SUBR 0000 Z 0002 
SUBRC 0001 ZC 0006 
SUBS 0002 
SUBSC 0003 TOTAL PHASE 2 ERRORS = 0 
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Advantages Disadvantages 

Stroke System High resolution Expensive deflection cirCUitry - tube 

Inexpensive video generation electronics Fast redraw requirement (flicker complexity of image) 

Fast image update DVST (no selective erasure) 

Raster Scan Lower cost than stroke system Complex scan conversion circuits 
Conversion System 

Raster Scan Traditional TV approach ' , Lower resolution than stroke 
Bit-Mapped System Used for years in alphanumerics Lots of memory 

Support graphics with bit maps 

Support complex flicker free display 

Figure 1. , Comparison ()f Display Technologies 

INTRODUCTION 

Bit-mapped raster scan technology is becoming increasingly 
popular due to the decreasing costs of high density random 
access memory and the availability 01 high spped, cost effec
tive VlSI building blocks for implementing complex, flicker free 
images. This article shows how the Am29116 can be used in a 
bit-mapped graphics processor to draw vectors, characters and 
filled polygons at high speed and to support high bandwidth 
display update and motion dynamics interactively. 

There ,are traditionally three basic cathode ray tube, (CAn 
graphics technologies - the stroke system, the raster scan 
conversion system and the raster scan bit-mapped system. 
(Figure 1). In a stroke system, vectors are represented by poirit 
coordinates and point-to-point plotting instructions. These in
structions are used to randomly deflect an electron writing 
beam on the CRT. A line can also be moved or' rotated very 
fast by re-calculating only the end-point coordinates. Very high 
resolution can be achieved; vector systems with .4096 x 4096 
pixel spatial resolution are not uncommon; however, the com
plex deflection circuitry also make them expensive. Since the 
vector image has to be redrawn continuously (at least 30 
times/second), there, is an upper bound on the complexity of 
the image based on, drawing speed of the stroke system to 
produce a flicker free display. The direct view storage tube 
(DVST) retains the image without the fast redraw requirement. 
However, the image cannot be manipulated and selectively 
erased without a complete redraw, thus making the DVST un
suitable for interactive designs. The raster' scan conversion 
systems convert a'vector into X, V coordinates for display by a 
raster scan beam, therefore allowing a standard tube to be 
used. The complexity of the scan con,version circuits limits its 
popularity. The raster scan display technology uses the tradi
tional television'S approach and has been the dominant display 
technology used in most alphanumeric terminals. For graphics 
applications, a bit-mapped approach is used. 

In a bit-mapped system, the image is made up of an X-V ma
trix of picture elements (pixels) which are stored in a display 
memory commonly known as frame buffer. The image is re
freshed one raster line at a time by turning on the appropriate 
pixel at the right time on the display. The widespread accept
ance of bit-mapped graphics has been limited in the past due 
to the density/cost of RAM. Figure 2 depicts the dramatic 
shrinkage of memory component requirement for various 
screen size displays for a black and white display; for color, 
these numbers increase by a factor of 3 to 4. Thus, a 1024 x 
1024 color display requiring thousands of chips in the early 70s 
takes only tens of chips today. An advantage of the raster scan 
bit:mapped display is that the refresh rate of the image is inde-

'pendent of the complexity of the image; whereas in vector 
systems, there is more chance that complex images might 
flicker since they take longer to be refreshed. 

Memory Size 

Screen Size Bits 1K's 4K's 16K's 64K's 

I 
256 x 256 

I 
64K 64 16 ' 4 1 

512 x 512 256K "256 64 16 4 
1024 x 1024 1M 1 256 64 16 

Figure 2, Bit-Mapped Memory Requirements 

INTERACTIVE 

Bit-Mapped Design Approach 

Bit-mapped displays range in applications from business 
graphics and office workstations to CAD/CAM and image pre
cessing. The performance requirements of a graphics system 
are determined by the needed resolution and the degree of real 
time interaction, or in other words, the' amount of update and 
motion dynamics. Update dynamics is the ability to change 
color, shape or propOrtions of the displayed object, while mo

'tion dynamics is the ability to change the perspective between 
the object and the observer, perhaps by rotation, tumble or 
other movement. A bit-mapped graphics system has to handle 
a large memory array , especially when a color display is 
needed; a display with 1024 x 1024 spatial resolution and 16 
colors requires 4 Megabits of storage. The frame buffer is often 
larger, to provide additional storage for multiple fonts, which 
vary in size and style, and display lists, containing host com
mands. A 1024 x 1024 picture, refreshed 30 times/second, re
quires one pixel to be read from the buffer and presented to the 
CRT, through video processing circuits, every 24ns. Interactive 
use means updating the display rapidly, even for some con
ceptually fairly simple operations. For example, an office auto
mation display might contain windows of different text, much 
like papers on a physical desk. These windows can be indi
vidually scrolled, or can overlap and can be dragged across the 
screen. Updating such a display requires the manipulation of 
hundreds of thousands of pixels within one frame time. The 
upper limit is obtained by computing the bandwidth required to 
update ,the whole screen in one frame time. A smooth scrolling 
ofa 1024 x 1024 screen requires a bandwidth of 60 Megabits! 
second because both a read and a write has to be performed 
for every pixel within 1/30 of a second. Therefore, an i~terac
tive bit-mapped graphics system needs very high speed bit 
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HOST I COMPUTER I 
16a BfT PARALLEL OR SERIAL RS232 

MAIN SYSTEM BUS 

I/OINTERI'ACE 
(OMAOR 

PROGRAMMABLE I/O) 

GRAPHICS 
PROCESSOR I----

-
DISPLAY LIST I-- R MEMORV 

COLOR 
r--- LOOK-UP - AS ... 

I--G 
TABLE VIDEO 

I-- B 

DISPLAY -MEMORY 
(FRAME 
BUFl'SI) 

DISPLAY 
MEMORV I---

CONTROLLER 

'---

MPR-840 

Figure 3. Intelligent Bit-Mapped Graphics Ccmtrol Architecture 

level data movement ability. These problems are solved by 
putting the appropriate capabilities in a high performance 
graphics processor, as shown in Figure 3, thereby offloading 
the host computer with Some of the time consuming graphical 
operations. Commands, in the form of higher level program 
primitives, are sent by the host to the graphics processor' 
through a display list memory. They are in turn inierpreted by 
the graphics processor to perform the desired functions. Real 
time interaction also means.that the graphics processor has 
enough intelligence to deCode the course of action (updatel 
motion dynamics) without much intervention of the host. The 
display memory, also called frame buffer, is typically a 3 
dimensional memory where the X, Y coordinates are the reso
lution (e.g., 512 x 512 or 1024 x 1024), and the Z coordinates 
contain intensities or colors (e.g., a 4 (8) plane frame buffer 
allows 16 (256) colors to be simultaneously displayed). Fur
thermore, the frame buffer outputs are usually connected to a 
color look-up table, allowing the choice of colors from the 
palette. For example, a look-up table with 3 channels, each 
with 8-bit oLitputs form a palette with 16.7 million colors. 

The outputs of the color table are then converted to analog 
signals to drive the color video outputs; The display memory 
controler addresses the frame buffer and performs three func
tions - video refresh, video update and dynamic memory re
fresh. Video refresh requires the adjustment of the displayed 
Image format. at various update rates and the shifting out of the 

bit-map contents to the CRT fast enough to provide a flicker 
free display. Video update takes place during retrace blanking 
for writing information into the. bit-map to modify the display. 
Memory refresh takes place at regular intervals to refresh the 
dynamic RAMs used to implement the frame buffer. 

The graphics processor is the heart of the system. Some of 
the required functions and desirable features of a graphic 
processor are: 

1. Direct addressing of the frame buffer memory so that rapid 
update is pOSsible. Display generation and display list man
agement should be performed interactively. 

2. Powerful data movement and bit level manipulation capabil
ity such as drawing vectors, characters and filling polygons. 

3. Real time response to conditional tests such as Horizontal 
sync, since pixels are drawn only during display retrace 
blanking in order to avoid memory contention. 

4. Distributed intelligence to respond to the operator and up
date the display interactively without intervention of the host. 

5. Micr:oprogrammable so that the flexibility of meeting the re
quirements of various macro commands, instruction set 
primitives, and 110 interfaces is possible in firmware. 

6. Built-in diagnostics to insure reliable operations and serv
iceability demanded by most systems. 
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r-------------<:J~ 

RESERVED~ 
cpC>-
iEiiC>-
vcc~' 
GNPC>;i--
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r-------------------+-iADDRESS 

1. 
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0', 

CT 

16·81T 
LATCH 

V-BUS 

1 

L-_.s--OC 
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Figure 4. Am29116 Block Diagram 

A very high periormance, microprogram mabie graphics con
troller can be implemented using a handful of Am2900 Family 
devices, the key member of which is the Am29116 16-bit mi

. croprocessor. 

Am29116 ARCHITECTURE 

The Am29116 is a powerful 16-bit microprocessor capable of 
supporting 100nsec microinstruction cycle time. It contains 
features particularly suitable for the rapid data movement 
and bit level manipulation necessary in bit-mapped graphics 
applications. 

The Am29116 includes an on-chip 32 x 16 RAM with latched 
outputs, a 16-bit accuinulator, a 16-bit priority encoder, a 
status register, a condition-code generator/multiplexer, 16 
three-state output buffers and a 16-bit instruction latch and 
decoder (Figure 4). 

The single'-port RAM has output latches which are transparent 
when the clock input CP is HIGH and latched when CP is 
LOW. Data is written into the RAM while the clock is low if the 
lEN input is LOW and the instruction being executed selects 
the RAM as destination. Data is wrinen into the low-order 8 bits 
of the addressed word for byte instructions. Separate read and 
write RAM addresses may be u.sed by supplying a multiplexer 
on i(1struction inputs 14 -10, using CP as the select signal. 

The accumulator, which is edge-t~red, accepts data on the 
LOW-to-HIGH transition of CP if lEN is LOW and the instruc
tion being executed selects it as the destination. As with RAM 
locations, byte instructions modify only the lower half of the ac
cumulator, while word instructions modify the full register. 

The data input latch (D-Iatch) holds the data input to the ALU 
on the bidirectional Y bus. The latch is transparent when the 
OLE input is HIGH and latched when the OLE input is LOW. 
The sources of the ALU operation are the RAM, the ac
cumulator, the D-iatch and the instruction inputs during 
IMMEDIATE instructions, and the 16-bitbarrel shifter is one of 
the ALU inputs. This permits rotating source data up to 15 pos
itions in both byte and word modes. 

The ALU, which can operate on one, two, or three operands 
depending upon the instruction being executed, contains full 
carry lookahead across all 16-bits. All ALU operations can be 
performed in either word or byte mode. Status outputs Carry 
(C), Negative (N), and Overflow (OVR) are generated at the 
byte level for byte-mode operations and at the word level for 
word mode operations. A fourth flag, Zero (Z), is generated 
outside the ALU and also operates in either byte or word mode. 
The Stored Carry (OC) bit of the status register may be 
selected (along with 0 and 1) as the ALU carry input to support 
multi-precision arithmetic operations. 
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The Priority Encoder produces a binary-weighted code to indi
cate the location of the highest order ONE at its input. The 
input to the Priority Encoder is generated by the ALU which 
performs an AND operation on the operand to be prioritized 
and a mask. The mask determines the bit locations to be elimi
nated from prioritization. In the word mode, if no bit is HIGH, 
the output is a binary zero, if bit 15 is HIGH, the output is a 
binary one, bit 14 produces a binary two, etc. Finally, if only bit 
o is HIGH, a binary 16 is produced. 

The S-bit status register and the condition code generator/ 
multiplexer contain the information and logic necessary to de
velop 12 condition-code test signals. The multiplexer selects 
one test signal and places it on the condition-code test (CT) 
output for use by the microprogram sequencer. The multiplexer 
is addressed in two ways. In the first, which is used to 
maximize throughput, the T-bus is used in input-only mode to 
specify the multiplexer select position directly. In the second, 
the CT output is selected through a test instruction. 

The output enable Y -bus (OEY) input enables the 16 three
state output buffers when it is LOW. When OEY is HIGH, the 
output buffers are put in the high-impedance state (allowing 
data to be applied to the D-Iatch from the controller's 16-bit 
data bus). 

The 16-bit instruction latch is normally transparent to allow de
coding of the 16 instruction inputs, 115-10, into intemal control 
signals for the Am29116, and the execution of the instruction 
within a single clock cycle. The only exceptions to this rule are 
the immediate-operand instructions, which execute in two clock 
cycles rather than one. These are captured in the instruction 
latch during the first clock and executed during the second. It is 
during the second clock that the immediate operand, which re
sides in the 115 -10 field of the next microinstruction, is fetched 
and execution is completed. Immediate instructions are useful 
whenever masks and special arithmetic constants are needed. 
(The Am29116 allows the addition or subtraction of 2N, and the 
use of 2N and its complement as a mask, for any N between 0 
and 15 within a single clock, so that for these 16 common num
bers and 32 common masks, an immediate instruction is not 
required). 

Am29116 Instructions 

The 16-bit instructions of the Am29116 can be grouped into 
eleven types, which correspond in a natural way with the 
Am29116's internal instruction decoding logic: single operand, 
two operand, single bit shift, rotate and merge, bit oriented, ro
tate by n bits, rotate and compare, prioritize, cyclic redundancy 
check, status and no-op. A system 29 AMDASM DEF file is 
available to provide the user with pre-defined mnemonics to 
microcode the Am29116. 

For example, the AMDASM SRC file line 

SOR W,lNC,SORY,Rl 

increments the full 16-bit contents of Am29116 RAM location 1 
by one and places it onto the Y-bus and 

TORI B,SUBR,TORAR,R2 

subtracts the low-order byte of the accumulator from the low
order byte of RAM location 2 while leaving the high-order byte 
of location 2 unchanged. 

Table 1 summarizes the basic operations that Am29116 in
structions can perform within a single cycle. (Two ,cycles are 
used, if one operand is immediate data.) Note that for a typical 
line of this table, there are several Am29116 mnemonic opera
tion codes, depending upon the choice of operand source(s) 
and destination. Many of the operations prove particularly 

Am29116 Architecture 

TABLE 1. SINGLE-CLOCK Am29116 OPERATION 

Add 
Add with Carry 
Add2N 
AND 
Complement 
Accumulate forward CRC 
Accumulate reverse CRC 
Exclusive NOR 
Exclusive OR 
Increment 
Load 2N 
Load 2N Complemented 
Move 
NAND 
Negate (2's complement) 
NOR 
OR 
Prioritize under mask 
Reset bit N 
Reset status bit 
Rotate N bits 
Rotate N bits and compare under mask 
Rotate N bits and merge according to mask 
SetbitN 
Set status bit 

Single bit shift II 
Subtract 
Subtract with Carry 
Subtract2N 
Test bit N 
Test status bit 

useful when implementing an intelligent graphics controller. For 
example, the manipulation of the arbitrary length, arbitrarily
aligned pixel data field is facilitated by the rotate and merge 
instruction. A 16-bit operand is rotated by N bits and combined 
with a second 16-bit operand under mask within a single cycle. 
The instructions which add and subtract 2N, load 2N and its 
complement, allows creation of commonly used masks in a 
simple and efficient manner. Inverse video, image exclusive 
OR'ed with background requires bit level set, reset and test 
instructions. Detecting edge boundary in polygon filling requires 
the prioritize instructions. 

Am29116 BASED BIT -MAPPED SYSTEM ARCHITECTURE 

Figure 5 is a simplified system block diagram of the Am29116 
based bit-mapped graphics processor, and shows all of the re
quired function and desirable features previously discussed. 
The Am29116 provides the capability of drawing graphics 
primitives into the frame buffer at high speed with minimal host 
computer involvement. The processor can draw vectors, 
characters and fill polygons at the rate of one pixel every 
100nsecs, with an average drawing speed of 2 million pixels 
per second. 

The microprogrammed graphics processor contains a control 
section and a data path section. The control section consists of 
a microprogram sequencer (Am2910A) to produce the next 
microprogram address for the registered control memory 
(Am27S35), and ALU status flags, horizontal sync and other 
system test conditions are examined by the sequencer to de
termine the program flow. The macro commands are stored in 
some sort of display list memory and are interpreted by the 
sequencer. These commands are downloaded from the host 
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Figure 5. 

CPU through either programmed I/O or a DMA interface, read
ily implemented using the Am2940 DMA address generator 
and the Am2950 parallel I/O data port. 

The display controller consists of three sections: dynamic 
memory refresh, video update and video refresh. Video update 
occurs during retrace blanking and is accomplished by writing 
pixels into the locations pointed to by the CPU X, Y counters. 
There is also a memory write data register (MWR) for the 
Am29116 so that the Am29116 does not have to wait a full 
memory cycle during write. Video refresh is performed through 
the display X, Y counters with logic for automatic starting ad
dress reload. The frame buffer data is sent to a video shift re
gister, and in conjunction with the color look-up table allows 16 
colors to be displayed simultaneously from a palette of 16.7 
million. There is also a readback path for the frame buffer data 
to be examined by the Am29116. The architecture shown uses 
one Am29116 to control multiple bit planes. There is associated 
with the display memory a write mask register which functions 
with the pattern circuitry in selectively modifying individual 
memory planes. The Am29116 is the heart of the system, pro
viding the intelligent, high performance, high resolution color 
graphics capabilities through its controller oriented architecture 
and instruction set optimized for data movement and bit 
manipulation. ' 

GRAPHICS OPERATIONS 

The architecture of the Am29116 is ideally suited for im
plementing the primitive graphics operations necessary in a 
bit-mapped graphics processor. An example of a graphics pro
cessor instruction set (courtesy of Metheus) is given in Table 2. 
Most operations reference two pOinter registers (P1 and P2) 
residen,t in the graphics processor. For example the command 
MOVp1 X, Y will load P1 with the bit location specified,by X, Y. 
The DRAW instruction will draw a line between P1 and P2.The 

use of these two dedicated registers reduces the number of 
bits necessary to define an instruction; this allows the graphics 
processor to be easily interfaced to any 16-bit microprocessor 
bus, either as an I/O port or via DMA operation. 

DEFINE POINT 

The most primitive graphics operation draws an individual point 
on the display, and when iterated, can ~e used to build more 
complex structures. Graphics structures such as lines, rec
tangles and polygons can be constructed out of individual 
points, and characters can also be drawn by plotting individual 
points using a technique similar to that used by dot matrix dis
plays and printers. Additionally some of the more complicated 
algorithms require individual points to be added or removed. 
For example, line smoothing techniques (anti-aliasing) require 
indivi,dual points to be added adjacent to some lines to 
minimize their jagged appearance. 

The algorithm for drawing a point on the display is a single 
address translation operation. The display processor is given 
the point in the form of an abSOlute coordinate (addresses 
relative to the cursor registers P1 and 1=>2 are possible also, and 
easily implemented by computing an absolute address) on the 
display memory and must map that bit location into the bit
map memory. This logical-to-physical,address mapping is re
quired because 1 K by 1 K logical display memory is actually 
implemented with 16 bits of 64K memory chips. 

6-138 

Figure 6 shows the two memory organizations, and the dif
ferent address formats. The translation operation simply takes 
the two 10-bit addresses and generates a 16-bit word address 
and the 4'bii bit address. . 

As shown in Figure 7, the rotate and merge instruction can be 
ui;led to construct the new 16-bit word in two cycles. The first 
cycle left-justifies t~e 10-bit Y address by rotating it up 6 bit 
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TABLE 2. DISPLAY CONTROLLER INSTRUCTION SET 

Initialization 
INIT - reset and initialize 

Display Pointer Moye 
MOVPl x,y - move pointer 1 to x,y 
MOVP2 x,y - move pointer 2 to x,y 
RMOVPl dX,dy - relative move pointer 1 by dX,dy 
RMOVP2 dX,dy - relative move pointer 2 by dX,dy 
POLYS - begin polygon define 
POL YV x,y - add polygon vertex 

Drawing Commands 
DRAW - vector draw 
CHAR - draw character at PI 
ARCn 

RECT·l 
RECT·2 
FFILL 
CLEAR 

- draw arc or circle using center PI and initial point 
P2; arc 'length or circle circumference is n pixels 

- outline rectangle defined by PI and P2 
- fill rectangle defined by PI and P2 
- FLASH·fill of rectangle defined by PI and P2 
- clear image memory (also clear or set individual 

planes) 
POLYF - polygon fill 
POLYO - outline polygon 
AFILL·l - random area "seed" fill 
RLFILL n - runlength fill from PI 

Drawing Control Commands 
SETD d - set drawing data register 
SETM d - set drawing mask register 

PATTd 
SETC·l d 
SETC·2 d 

- select drawing pattern and mode 
- select character size 
- select character rotation and mirror 

Display Control Commands 
ZOOM d - select horizontal and vertical zoom factors 
PPAN x,y - pan to origin at x,y 
CMAP a,d - load color map address a with data 
BLNKON - tum on blink mode 
BLNKOF - tum off blink mode 

Data Transfer Commands 
WRR d , ., . - block write rectangle defined by PI and P2 
RDR - block read rectangle defined by PI and P2 
PIXBLT w,h,f - block pixel move from PI to P2 of rectangle of 

width w, height h and direction f ' 
READP - read pixel color at PI 
WRITEP c - write pixel at PI in defined color 

Cursor Commands 
CURS - enable cursor display at PI 

Utility Commands 
CRCRD - read CRC data register 
SYNCH - wait for vertical retrace (for animation) 
READC - reads hardware configuration and microcode 

version 

~--------------------------------------------~--------------------~ 

y 

Logical, Display Memory 
-1KPOINTS-

10·BIT 10·BIT 
ADDRESS ADDRESS 

Y X 

Courtesy Metheus 

Physical,Bit-Map Memory 
1S-BITS 

64K 
WORDS 

x' 

l6·BIT 
ADDRESS 

y' 

WORD 

y1 

4·BIT 
ADDRESS 

I x I 
BIT 

MPR·842 

Figure 6. Memory Organization and Address Translation 
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8-BIT 10·BIT 10·BIT I·BIT I·BlT 10·jllT 

MPR·843 

Figure 7. Simplified Am29116 Graphics Processor System Diagram 
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Figure 8. Line Draw Operation 

positions. The upper 6 X address bits are then rotated down, 
and merged onto the 6 vaclint bit positions to lorm the desired 
16-bit quantity. The remaining task of setting a single bit in the 
16-bit word can be easily accomplished by reading the word 
from the display memory and using the set 2N instruction, with 
the 4-bit XI quantity as the index (either thru a jump table, or 
via an N bit register). The modified word is then written back 
resulting in the desired bit being set in the display. Alternate 
implementations could do the mapping in hardware, but would 
be more difficult to change When upgrading memory. As seen 
in Figure 8, a horizontal line can result in 2 main cases: end 
points inside the 16:bit word, and zero or more words separat
ing end points. In the first case the bits between PI and P2 
must be set. This can be accomplished in the Am29116 by first 
setting all the bits above PI and then resetting the bits above 
P2. These operations can be easily implemented in the 
Am29116 by generating a mask word (either in microcode or 
hardware) to allow setting or resetting bf the upper or lower bits 
of a word. The multiple word horizontal line can be handled by 
using 'the set instructions on the lower word, selectively setting 
all whole words (if any) between PI ahd P2, and finally setting 
all bits' below P2. 

Vertical lines are very easy. The lower 4 bits of the address 
specify which bit in the 16·bii word is to be set; this operation is 
then iterated over the range between Yl and Y2. The set 2N 
operation in the Am29116 is ideal. 

A more complicated situation exists when PI and P2 are not 
'orthogonal. In this situation a slope exists between PI and f>2 

(Y/X), and it is necessary to calculate the succession of points 
needed to draw the line. Calculation of the slope requires a 
divide operation, a 10-bit divisor and a 20-bit dividend with a 
10-bit quotient. 

Once the slope is calcl,lIated the line drawing algOrithm uses 
successive add operations to compute dot locations. The X lo
cation is incremented by 1, and the Y location by the slope (the 
Y location count is a 20-bit count to allow for the worst case 
slope of 1/1024). As long as the upper 10 bits of the Y counter 
don't change, the dot at the X location is set. When the upper 
10 bits of the Y counter increment, the word is written into 
memory and the next word fetched. This algorithm terminates 
when P2 is set. 

The Am29116 contains all the resources and instructi'c)ns 
necessary to implement the line drawing algorithm. The slope 
divide can be implemented in the Am29116 as a succession of 
subtract and shift operations; at 4 cycles per bit and 20 bits this 
will take about 80 cycles (at lOOns per cycle, this is only 8 
microseconds). The slope only needs to be computed once per 
line, and can be overlapped with the memory access time, re
sulting in almost no overhead. 

The 20-bit counter can be implemented with 2 of the 32 16·bit 
scratch pad storage registers. The increment with carry' 
instruction is used to cascade to a 20-bit address. More com
plicated draw instructions are possible, and one that is very 
useful is the draw rectangle instruction. It uses Pl and P2 to 
define a rectangle, and implementation is easy when the draw 
hOrizontal and draw vertica,l line instructions are'implemented. 
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MPA-845 

Figure 9. Polygon Fill Operation 

MPA-846 

Figure 10. Polygon Fill Algorithm 

The locations of intermediate points A and B can be computed 
and calls to the appropriate horizontal or vertical line drawing 
routines executed. 

FILL OPERATIONS 

One of the more complicated graphics functions is the FILL 
operation. This operation is used to replace the inside of a 
closed figure with a new value. Figure 9 illustrates how the 
FILL command, FILL POLYGON, would work. FILL POLYGON 
(Pl) would replace the POLYGON enclosing Pl with the seed 
value. This operation is used most often to "highlight" a par
ticular structure of the display_ For example, in a VLSI CAD 
system, a polygon might represent a particular diffusion pattern 
or metalization layer. Different areas need a different pattern or 
color to make it easy for the designer to distinguish one struc
ture from another. 

Nothing more than an interior point needs to be specified for 
the FILL POLYGON command. The algorithm is smart enough 
to figure out all internal points (or conversely all exterior points). 
The advantage of moving this intelligence to the drawing pro
cessor is a reduction in the host overhead. The host contains 
all tlie logical information about the polygon (verticles, line 
segments, etc.) in the figure data base. Computation of all the 
interior (or exterior) points from this information is possible, but 
the drawing processor can implement it much quicker by ac
cessing the raw data and processing it. This is the main reason 
for the migration of intelligence from the process or to 
peripherals. In many cases a small amount of intelligence lo
cated at the data can provide sufficient processing capability to 
dramatically reduce the overhead on the central processor. 
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POLYGON FILL ALGORITHM 

As illustrated in Figure 10 the algorithm consists of scanning 
from the seed point (Pl) to the edge of the display (or alter
nately an enclosing rectangle, bounded by X and Y in Figure 
10). Each time a line is crossed, the inside-flag is toggled, indi
cating a change from inside to outside or vice versa. (This is a 
topological tautOlogy. Everytime a line of a closed figure is 
crossed the point changes from being enclosed to being out
side, or from being outside to being inside). This is terminated 
when a line contains no inside portion. Once the "bottom" is 
detected; a scan from Pl is generated upwards until a "blank" 
line is encountered. These two scans result in a completely 
filled polygon. 

The Am29116 contains two special instructions which make it 
easy to implement the POLYGON FILL operation. The priority 
encode instruction and the N bit set instruction combine to 
implement a set-to-boundary primitive which can be used to 
construct the FILL POLYGON instruction. The set-to-boundary 
instruction takes a starting point and sets all elements to the 
right of the point (or left, depending on the direction specified) 
until a boundary is discovered. The words are fetched in 16-bit 
increments. The priority encode instruction will return a value 
associated with the location of the first non-zero bit in the word. 
If no 1 is discovered the entire word is set and written to the 
display memory. The next word is read and the process is re
peated until a 1 is discovered, at which time the output of the 
priority encoder indicates the address of the bit. The set in
struction can then be used to set all bits up to the addressed 
bit. Once a perimeter point is discovered the inside/outside flag 
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is toggled. Outside the polygon, a:search-to-boundary instruc
tion is used to find the next boundary (it terminates on the dis
play boundary). This instruction is a simple modification to the 
set-to-boundary instruction; the set operation is deleted. 

BIT BLOCK TRANSFER (BITBl T) 

One powerful b~sic operation commonly used in graphics in
volves the manipulation of a rectangular array of bits. Typically, 
the bit block transfer (BITBl T) operation accesses bits from a 

, source rectangle, performs a function on them, and stores the 
result in the destination rectangle, Figure 11 illustrates a possi
ble configuration of the source and destination rectangle, em
bedded in separate bit maps. Successive bit pairs are taken 
from the source and destination bit stream respectively. The 
operation is iterated over all corresponding pixels of width W, 
and repeated again on a Une by line basis to height H. 

The BITBL T operation can be used to implement various func
tions. For example, the frame buffer memory is generally larger 
than the visible screen, and the invisible parts typically contain 
Ubraries of character fonts, menus, and various symbols. The 
particular text and symbols can be displayed by being specified 
as the source rectangle for the BITBLToperation, and moved 
to any part of the screen. Similarly, windows can be scrolled 
smoothly by copying them to the new location and' clearing the 
reclaimed area. 

To implement BITBLT effectively, parallel bits of data need to 
'be accessed from and stored to the frame buffer memory. 
However, the source and destination rectangles can lie any
where within the frame buffer and they are often not located 
conveniently along the arbitrary word boundaries. " it is neces
sary to write 16 non-aligned pixels into the frame buffer mem
ory, the write might have to be split up as two separate writes 
into adjacent words of memory. The inner loop of BITBL T 

~----------w----------~ 

i 
SOURCE 

RECTANGLE 

reads 16 bits from the source and destination rectangles, oper
,ates on them and writes the result back to the destination. 
Neither of these rectangles need to be word-aligned; however, 
by handling the end conditions appropriately, the inner loop can 
be modified such that the destination word is aligned with the 
word boundary; the source can be across two words, as shown 
in Figure 12. A 16-bit object is extracted from two adjacent 
words of the source rectangle and combined with the destina
tion word to form the result. The two source words have' to be 
rotated to allow the extraction of the desired 16 bits; the rota
tion count is the alignment difference between the source and 
destination rectangles. The two rotated words are then masked 
and combined to yield the destination word. The rotate count 
a,nd required mask can be precomputed for each BITBL T 
operation. 

Figure 13 illustrates an often used BITBL T variation - copy 
and the corresponding inner loop implemented by the 
Am29116. The mask is precomputed and stored in RAMO of the 
Am29116, The rotate count, r, is also precomputed. It can be 
stored in an external N-register for instruction modification of 
the rotate instruction, or alternatively, the precomputed rotate 
count can be used as an index to a branch table with 16 sepa
rate instructions for each appropriate rotate count. Here, the 
tradeoff is between cycle time (having an N-count register ex
ternally will add a multiplexer stage delay to the Am29116 in
struction path) and control memory (since each inner loop has 
to be repeated .16 times. in memory with different rotate count). 
While the inner loop takes only three microcycles and two 
Am29116 microinstructions, two memory cycles from the frame 
buffer memory (one read and one write) are performed. The 
Am2925 can be used to stretch the microinstruction cycles 
during these times, or a frame buffer memory with a higher 
bandwidth can be designed to allow the inner loop to proceed 
at maximum speed, 

DESTINATION 
RECTANGLE 

MPR-847 

Figure 11. BITBlT Operation 
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Figure 12. Modified Inner Loop of BITBLT 
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Figure 13. Inner Loop of Copy Operation 
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ADDITIONAL OPERATIONS 

More complex operations can be implemented with the same 
primitives discussed previously. Polygon rotation allows a 
graphics object to be positioned in any orientation. For exam
-pie, in a Computer Aided Design environment for mechanical 
equipment, a metal plate could be defined, then placed with a 
different orientation on the assembled structure. Windowing 
opens a viewport on the display to show a portion of a different 
diagram. This allows many multiple displays to be shown on 
the screen at a time, as in Defender, where a window showing 
a global, strategic view is placed above the more detailed tacti
cal display. Finally zoom (magnification of a section of a dis
play) and pan (moving a window to select a view from a larger 
display) allow the user greater flexibility in large graphics 
environments. 

J 

Up to this point the discussion' has been limited to two dimen
sional graphics objects, The extension to three dimensional 
objects requires additional number crunching capabilities,.and 
a hardware multiplier is necessary. The Am29116 combined 
with the Am29516151716-by-16 multiplier will allow some three' 
dimensional graphics operations to be implemented. Three 
dimensional rotation algorithms are very multiply intensive and 
the 65ns multiply time of the Am295161517 is fast enough to do 
the necessary calculations in real time. Two dimenSional pro
jections of three dimensional objects are also very useful in 
,Computer Aided Machining applications, but are also very mul
tiply intensive and the hardware multiply capability is a neces
sity in an interactive environment. 
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Eight· Bit Am29116 I/O Support 

DISTINCTIVE CHARACTERISTICS 

• Reads both registers on A-port 
• Noninverting outputs 
• Eight-bit bidirectional I/O port 
• Separate clock, clock enable and three-state output 

enable to synchronize d.ata between two bidirectional 
buses 

• 24mA output current sink capability 
• 24-pin slim package 
• Additional accumulator to support certain Am29116 

applications 

RELATED PRODUCTS 

Part No. 

Am29116 

Am2910A 
Am2914 
Am2925 
Am2940/2 
Am2950-3 
Am29800 Family 

Description 

High Performance 16-Bit Bipolar 
Microprocessor 
Microprogram Controller 
Vectored Priority Interrupt Controller 
System Clock Generator and Driver 
DMA Address Generator 
8-Bit BidirectionalI/O Ports 
High Performance Bus Interface 

Figure 1. The Am29118 Block Diagram 

c~ D-----;:ce;:"'.------, 
~.D----C»~_r~ 

VceD--

GNOD---

OEAS 
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CER 
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0 

1 

'-----C] CEs 
L-_____ ~c~ 

Function 

Read R, Disable CPR 

Read S, Disable CPR 

Enable CPR 

Disable CPR 

GENERAL DESCRIPTION 

The Am29118 is an eight-bit wide bidirectional parallel data 
input/output port designed to provide an additional 
accumulator when used with the Am29116 or with any mi
croprocessor with single bidirectional data port. In addition, 
it can be used as a parallel data input/output port, like the 
Am2952. The Am29118 is a metal mask option of the 
Am2952A, and so requires no additional pins to support the 
Am29116 input/output structure. 

CONNECTION DIAGRAM 
Top View. 

B7 24 vee 

B. 23 ,., 
lis 22 As 
B. 21 As 
B3 20 Ao 

B2 19 As 
B, 18 '" Bo 17 A, 

OEaR 16 Ao 
CPR 10 15 O£AS 

CER 11 1. CPs 

GND 12 13 CEs 

Note: Pin 1 is marked for orientation. 

LOGIC SYMBOLS 

15 10 11 

16 Ao B. 

17 A, B, 

18 '" B. 

19 As B3 

20 Ao 
Am2911B 

B. 

21 As B. 

22 As B. 
23 A7 ~ 

13 14 

This document contains information on a product under development at Advanoed Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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FUNCTIONAL DESCRIPTION 

The Am29118 has two eight:bit wide registers (R-Register and 
S-Register) connected back to back for moving data in both 
directions between two buses. The R-Register serves the dual 
purpose of transmitting data from one bus (device's intemal bus) 
to another. (system bus); and serving as an additional ac
cumulator for the Am29116. 

The accumulator function is implemented by allowing the A-port 
to provide read and write data from the R-Register and read 
data from the S-Register; the B-port provides read data for the 
R-Register and write data for the S-Register (similar 'to the 
Am2952). This· additional function in the Am29118 is im
plemented with a two-input multiplexer, as shown in Figure 1. 
Each register has an individual clock (CPR and CPs), a Clock 
Enable, (CER and CEs), and a three-state Output Enable 
(OEAS and OEBR). The clock enable signal for the R-Register 
(CER) and the Output Enable Signal for the S-Register (OEAS) 

are encoded to make the R-Register an accumulator, in addition 
to all the Am2952 functions as shown in Table 1. Because of this 
encoding, transferring data from the S-Register to the R
Register is not permissible. 

TABLE 1. 

OEAS CER Function 

a a Read R, Disable CPR 

a 1 Read S, Disable CPR 

1 a Enable CPR 

1 1 Disable CPR 

Figure 2. System Configuration 
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..-----------
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to + 150"C 

Temperature (Ambient) under Bias -55 to + 125°C 

Supply Voltage to Ground Potential Continuous -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 to +VCC MAX 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, into Outputs 

DC Input Current 

OPERATING RANGE 

Part Number Temperature Vee 

Am29ll8DC TA = Oto +70·C Vee = 5.0V ±5% (MIN = 4.75V. MAX = 5.25V) 

Am29ll8DM Te = -55 to +125·C Vee = 5.0V ±10% (MIN = 4.50V. MAX = 5.50V) 

Am29118 
DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions Min Typ U"~1 Max 

VOH Output HIGH Voltage 
Vee = MIN 

VIN = VIH or Vil 
Ao-7, BO-7 

MIL, 10H = -2mA 
Volts 

COM"L, 10l = -6.5mA 

Vee = MIN MIL. 10l = l6mA 
Volts VOL Output LOW Voltage 

VIN = VIH or Vil 
Ao'7' BO,7 

COM'L, 10l = 24mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

Volts 
voltage for all inputs 

Vil Input LOW Level 
Guaranteed input logical LOW 

Volts 
voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, liN = -18mA Volts 

Ao-7' BO-7 J.LA 
III Input LOW Current Vee = MAX, VIN = 0.5V 

Others J.LA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 
Ao-7, BO-7 

Others 
J.LA 

II Input HIGH Current Vee = MAX, VIN = 5.5V mA 

10 
Output Off'state 

Vee = MAX AO-7, BO-7 
Vo = 2.4V 

J.LA 
Leakage Current Vo = O.4V 

Ise Output Short Circuit Current Vee = MAX mA 
.-----L 

TA = 25·C 

TA = Oto +70·C 

Icc Power Supply Current Vee = MAX 
COM'L 

TA = +70·C mA 

MIL Te = -55 to +125°C 

Te = +125°C 
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SWITCHING CHARACTERISTICS 
The tables below define the Am29118 switching characteristics. Tables A are setup and hold times relative to a clock LOW-to
HIGH transition. Tables Bare propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable times. 
All measurements are made at 1.5V with input levels at 0 or 3V: All values are in ns with RL on Ai and Bi = 2200 and RL on FS 
and FR = 3000. CL = 50pF except output disable times which are specified at CL = 5pF. ' 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA = Oto +70"C, VCC = 4.75 to 5.25V, CL = 50pF) 

A. Setup and Hold Times B. Propagation Delays 

With Input AO-7 BO-7 
Input Respect to ts th CPS J 
AO-7 CPR J CPR 
BO.7 CPS J 
CEs CPS J 
CER CPR J 

C. Pulse-Wldth,Requirements D. Enable/Disable Times 

Min LOW Min HIGH From To Disable Enable 
Input Pulse Width Pulse Width 

OEAS AO-7 
CPS 

PEeR BO-7 
CPR 

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Tc = -55 to + 125°C, VCC = 4.5 to 5.5V, CL = 50pF) 

A. Setup and Hold Times 

With 
Input Respect to ts th 

AO-T CPR J 
BO_7 CPS J 
CEs CPS .r 
CER CPR .r 

C. Pulse-Width Requirements 

Input 

CPS 

CPR 

Notes on Testing 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

Incoming test procedures on this device should be carefully 
planned, taking irito account the high complexity and-power 
levels of the part. The .following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in VCC current as the device switches may 
cause erroneous function failures due to VCC changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much es 400mA in 5-8ns. Inductance in the ground 

B. Propagation Delays 

Input AO-7 BO-7 

CPS J 
CPR J 

D. Enable/Disable Times 

From To Disable Enable 

AO-7 

OEeR BO-7 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has sellied. AMD recommends using 
VIL "" O.4V and VIH ;;. 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and; in most cases, can provide 
Fairchild Sentry programs, under license. 
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APPLICATIONS 

In the Am29116 system, there is only one I/O port available for 
data communication with the ALU. In such a system, the 
Am29118 acts as an additional accumulator (temporary storage) 
to increase performance, and also provides capability of a 
bidirectional 110 port (like the Am2952). 

Figure 2 shows the connections necessary for the Am29118 to 
be used as an accumulator as well as a bidirectional I/O port. 
The A-port is connected to the V-bus (internal bus) of the 
Am29116, and S-port is connected to the system data bus. Four 
microcode bits are used for source and destination control for 
the V-bus and the system data bus. Figure 3 shows the timing 
waveforms to modify an accumulator (R-Register) in two mi
crocycles. During the first cycle, data is read from the 
R-Register, modified in the Am29116 and stored in one of the 
internal registers. A two-address architecture is required if the 
second operand to modify the R-Register is in one of the RAM 
registers, and the result has to be stored in another RAM regis
ter. For stable operation, data from the R-Register is latched in 

Am29118 

the D-Latch halfway through the clock during the first (:ycle. The 
instruction is executed and the result stored into a scratchpad 
register. In the second cycle, data is moved from the internal 
result register to the R-Register of the Am29118. Figure 4 shows 
the timing waveforms to modify an accumulator (R-Register) in 
a single microcycle. In the first half of the cycle the source re
gister is enable on the V-bus into the D-Latch of the Am29116. 
The D-Latch is transparent during the first half of the cycle. In 
the second half of the cycle, data is latched in the D-Latch and 
the bus source is disabled. During the second half of the cycle, 
the output buffer of the Am29116 is enabled to bring the result on 
the V-bus to be loaded into the destination. These two 
techniques provide different advantages and disadvantages to 
modify the external accumulator using the Am29116. The first 
technique (Figure 3) takes two microcycles but allow a shorter 
microcycle time. The second technique (Figure 4) takes only 
one microcycle but needs a longer microcycle time. There is 
also a requirement for the system bus to transfer data as input to 
the Am29116. The S-Register is used in this case to receive 
data from the system bus (like the Am2952). 

Figure 3. Timing Waveforms for Modifying R·Register in Two Microcycle using the Am29116 
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Figure 4. Timing Waveforms for Modifying R·Reglster using the Am29116 
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ORI)ERING INFORMATION 

, Order the part number according to the table below to obtain the desired package; temperature range, and screening level. 

Am29118 Pack8ge Type Operating Range Screening Level 
Order Number (NO!e 1) (Note 2) (Note 3) 

AM29118DC 0-24 C C-l 
AM291180C-B 0-24 C B-2 (Note 4) 
AM291180M 0-24 'M C-3 
AM291180M-B 0-24 M B-3 

AM29118XC Dice C } Visual inspection 

AM29118XM Dice M 
" to MIL-STO-883 

Method 2010B. 

Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is 
number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the, package may be 
used unless otherwise specified. 

2. C = 0 to 7(J'C, Vee = 4.75 to 5.25V, M = -55 to +125"C, Vee = 4.50 
to 5.50V. 

3., See Appendix A for detells of screening. Levels C-l and C-3 conform to 
MIL-STO-883, Class C. Level B-3 conforms to MIL-STO-883, Class B. 

4. 96 hour bum-in. 

METALLIZATION AND PAD LAYOUT 
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The Am29500 Family 
A New High. Performance Architecture 

for Digital Signal/Array Processing 

The-new system designs of the '80s will continue to press the 
performance limits of technology. Parallel processing and 
pipelined architectures will become the standard approach. The 
new architectures are best implemented with a chip set that has 
been designed from the. ground up with high speed array 
processing in mind. . 

The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the system end 
objective of maximum performance and flexibility. These include: 

• Microprogrammable, parallel functions 
• Pipe lined organization used throughout 
• IMOX™ process and ECl internal structures 
• TTL 1/0 for easy interfacing 

The first members of the family are targeted for the efficient 
execution of DSP and array processing algorithms. The most 
common include Infinite Impulse Response (IIR) and Finite Im
pulse Response (FIR) digital filters and Fast Fourier Transform 
(FFT) processors. 

The first major building blocks are designed to support maximum 
performance signal processing applications. 

. Included are: 

• Am29501 Multi-Port Pipelined Processor 

A specialized parallel processor which executes multiple 
simultaneous data operations. Its Register/AlU structure pro
vides the key functional element for a high performance signal 
processing system. Eight-bit slice! 

• Am29540 FFT" Address Sequencer 
This algorithm-specific VlSI chip generates data and coeffi
cient addresses for the Fast Fourier Transform. It supports a 
wide variety of FFT algorithms in either radix-2 or radix-4. 

• Am29516/29517 High Speed 16 x 16-Blt Parallel Multipliers 
Both are 16 x 16-bitParaliel Multipliers. The Am29516 is pin 
and functionally compatible with the MPY-16HJ, but with an 
added multiplexer to output the lSP at the MSP port. The 
Am29517 is the same function, but with clock enables for 
microprogrammed applications. 

• Am29520/29521 Multilevel Pipeline Registers 
Both devices contain four 8-bit registers for dual two-stage 
(FFT butterfly) or single four-stage (general purpose) data 
or address pipelining. Combined load-and-shift (Am29520) 
or separate load-and-shift (Am29521) control options are 
available. 

• Am29526/29527/29528/29529 High-Speed Sine/Cosine 
Function Generators 

The sine and cosine functions are necessary for Fast Fourier 
Transforms (FFT). The Am29526/527 generate the most sig
nificant and least significant byte of the 16-bit sine function 
and the Am29528/529 generate the most significant and least 7 
significant byte of the 16-bit cosine function. The sine and' 
cosine functions are generated to provide a range of (J for a 
half cycle, 0 '" (J '" "" in increments of ",/2048. All four units 
have a 50ns maximum commercial generation time. 

HIGH PERFORMANCE SIGNAL PROCESSOR 

ADDRESS 
CONTROL 

Am29520/21 
MULnLEVEL 

PIPELINE 
REGISTER 

Am29S40 
FFTADDRESS 
GENERATOR 

\lJ 
Am29501 

MULTI-PORT 
PIPEUNED PROCESSOR 

Am:l909l10/11 MICROPROGRAM SEQUENCER 
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Am29500 Family 

A tiigl:1-performance signal processor may be constructed as 
sl:1own in tl:1e diagram. Tl:1e processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices. 
Such a processor is attached as a slave to the main system 
bus to perform the multitude of arithmetic operations which 
prevail in DSP algorithms. 

The multiply accumulator provides single cycle multiply ac
cumulation or subtraction. The Am29510 is a pin- and 
function-compatible alternate source for the TRW 
TDC10l0J. As illustrated with the Am29516/517, the multi
ply accumulator will have a speed improvement over 
existing multiply accumulators. 

U.sing this architecture it is possible to implement a radix-
2FFT butterfly in four instruction cycles. This allows a 1024-
point complex FFT to tie performed in approximately 2ms. 

• Am295XX to be announced. 

More Multipliers 
A prolife(ation of the existing multiplier architectures will 
generate a complete family of multipliers and multiplier 
accumulators. 

Fast multiplication is the key to high-speed digital-signal pro
cessing and high-speed array processing. In addition to the 
Am29516 and Am29517, Advanced Micro Devices is de
veloping an extensive family of multipliers. The first addition to 

- Floating Point Processors (FPP) 

the high-performance multiplier group: . 

• Am29510High-Performance 16 x 16 Bit Multiply 
Accumulator 

A 32-bit FPP capable of performing single-cycle 
double-precision. floating-point addition, subtraction, 
and mu.ltiplication. The FPP performs the arithmetic op
erations in DEC or IEEE format. Available 1984. 

Am29500 ARRAY PROCESSOR 
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Record signal-processing rates 
spring from chip refinements 

Improved buses, reconfigurability, pipelining, and parallelism unite 
in a bipolar family for building array and signal processors 

by Bernard New and Lyle Pittroff, Advanced Micro Devices Inc .. Sunnyvale, Calif, 

D The number-crunching microprocessor requirements 
of the 1980s are ill-served by today's comparatively slow, 
conventional central processing units, Instead, the algo
rithms executed by both general-purpose array proces
sors and the more specialized digital-signal processors 
require highly individual architectures for maximum 
speed and performance, Jumping on the fast track is a 
new group of bipolar devices-the AM29500 family
that combines internal emitter-coupled-Iogic circuit 
design for speed with TTL outputs for compatibility with 
the outside world, 

The family is able to overcome such speed-retarding 
problems as inadequate data-bus memory and band
widths and slow execution times through a redesigned 
bus structure and parallel and pipelined processing, In 
fact, the bus structure is designed so that there are 
enough parallel buses to keep a device's multiplier or its 
arithmetic processing unit, or both, busy during each 
cycle. These features, plus programmable reconftgur
ability, make the 29500 family the fastest group of 
large-scale integrated parts for signal processors to be 
commercially available. In one series of tests, a 29500-
based system had three times the speed achieved by the 
older 2900 family. 

The 29500 series are general-purpose building blocks. 
They include a byte-slice, multiple-port programmable 
signal processor (the 2950 I), a 16-by-16-bit parallel 

INPUT INPUT ,I 1 CENTRAL-SYSJEM 1 OUTPUT 
CONTROLLER, _ CONTROLLER CONTROLLER 

I I j , ,. , , 
INTERFACE' 

SIll*A~-'\i 

multiplier with programmable input/output (the 
29516/17), a multilevel pipeline register for data and 
address pipelining (the 29520121), and a fast-Fourier
transform address sequencer (the 29540). 

To increase processor speed, architectural enhance
ments had to be made, to the older 2900 device designs. 
That family took some steps in the right direction 
because it provides many of the peripheral building 
blocks, like interface devices and direct-memory-access 
chips, needed for real-time signal processing. But the 
2900's arithmetic devices are targeted at general
purpose computing. They do not have the parallel chan
nels that are required for a high-speed array or signal 
processor environment. 

One way of satisfying this need was to upgrade the 
2900 family's bus structure, number organization, and 
resource management. The new bus structure can sup
port addition or subtraction and multiplication on every 
cycle because of extra parallel buses. Number organiza
tion can now handle complex numbers in parallel quick
ly. In addition, flexibility of resource management per
mits the building blocks to be interconnected in enough 
ways to support all algorithms of interest efficiently. 

For dedicated-function and multiple-algorithm pro
cessing (Fig. I), a special-purpose processor like the 
29501 operates under the control of a host computer 
system that swi,tches large blocks of data between its 

main memory and temporary slave 
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1 
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through DMA transfer. Once this 
transfer is complete, the special-pur
pose processor operates under local 
program control. Each algorithm is 
executed by its own software routine, 
which is stored in its own local mem
ory independently of the host com
puter and its high-level language. 
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Although the precise architecture 
of Fig. I varies with the algorithm 
used, all array- and signal-processing 
algorithms have similar needs for 

1. Dual-purpose. In a typical array- or digi
tal-signal-processor architecture, both dedi
cated and multiple algorithm functions can 
be implemented_ A host computer provides 
overall guidance and a large memory_ 
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arithmetic and addressing-short, repetitive calculation 
loops requiring parallelism and pipelining. In addition, in 
digital-signal processing, arithmetic operations using 
complex, numbers may be necessary, whereupon the 
computational load increases to twice as many additions 
or subtractions and four times as many multiplications 
as for real numbers. 

Because calculation loops for arithmetic operations 
are short, the 29500 family surrounds the additions with 
continuous memory accesses-data is fetched, the calcu
lation loop performed, and the results written back into 
memory. Hence there are many times more memory 
accesses ,han there are data points. For FFTS, the num
ber of repetitive memory accesses is multiplied by the 
number of passes through the data. Fortunately, 
although the memory-access sequence is 100ig, it is well 
structured, making it possible as a result to design dedi
cated address sequencers. 

Divide and rule 

The purpose of pipelining is to allow lengthy opera
tions .to be divided into suboperations, so that when 

. one piece of data has completed a suboperation, the 
same hardware can start on the next piece. Tn this way, 
the 29501 allows up to a 500% speed improvement. 

For example, because a typical processor handles a set 
number of algorithms, its architecture can be very spe
cific concerning arithmetic and address generation - no 
longer does the CPU have to mix addressing with arith
metic computations. Also, -separate sections can be 
streamlined to calculate each type in parallel and fast. 

A significant feature of the data path for the 29500 
family is the fact that the device~ handle only data and 
do no address calculations. The data path can, therefore, 
be optimized for arithmetic. 

The 29501 multiport parallel processor also represents 
the current thinking about multiport organization. It has 
a data-bus port, an output port to a multiplier, and an 
input port from a multiplier. The chip can process an 
FFT fast because of its highly parallel internal bus struc
ture. Tn this structure, six registers operate as pipelines 
and are connected to the I/O ports and an arithmetic and 
logic unit by 10 separate byte-wide internal buses. 

A typical cycle on the 29501 consists of data input 
from memory, data output to the multiplier, retrieving a 
previous product from the multiplier, and register-to
register ALU operations and data moves. Because these 
operations can occur during the same cycle, data manip
ulation is limited only by the designer's creativity. This 
flexibility, plus the possibility of parallel processors oper
ating on complex numbers, is what makes high-speed 
operation possible. 

Twice as fast 

The 29500 family uses two high-speed parallel I~
by-16-bit multipliers-the 29516 and 29517. The 29516 
is compatible with TRW'S MPY-16HJ multiplier but is 
more than twice as fast and has an output multiplexer. 
Either the least or the most significant product can be 
selected at this multiplexer output for use in many 
pipelined architecture calculations. 

On the other hand, the 29517 multiplier incorporates 

all the features of the 29516 but has a modified 1/0-
register clocking structure to provide a single-clock input 
with register enables. This approach is preferred to the 
older clock~gating method, which suffers from sk,ews. 

Dedicated addressing 

Address-sequencing complexity for array and signal 
processors can range from integer counting to the com
plicated number patterns of FFTS, To keep addressing 
speeds high, the 29500 series generates addresses in 
parallel to the data path. However, other architectural 
considerations must also be weighed, 

For a specific application, several system implications 
affect the choice of algorithm from the diversity of FFTS 
available. This choice, together with the transform 
length (or lengths) to be implemented, determines the 
address sequence to be generated. Usually, the nested
count nature of these sequences has forced the designer 
to use many medium-scale integrated-circuit packages. 

The 29540 is a single-chip solution to the address
sequencing problem (Fig. 2). Four control inputs allow 
programmed or hardwired control of the actual number 
of data points in the transform. From this and other 
control-input commands, the 29540 can be sequenced 
through the entire transform while providing output 
flags. These flags indicate when each data pass is over 
and when the entire transform is complete. 

For their part, the 29540's control inputs accept the 
most common FFT formats. The designer can opt for 
bit-reversed output order or bit-reversed input order; 
radix-2 or radix-4 address sequences, and decimation-

4-BITTRANSFORM LENGTH 

ADDRESS 

SELECT. -"-1--" ASo-AS, 

OUTPUT _ 
ENABLE.OE 

16'BIT ADDRESS OUTPUT 
IOFFSET INPUT) 

ITERATION 
COMPLETE 

FAST 
FOURIER 
TRANSFORM 
COMPLETE 

ODD/EVEN 
COLUMN 

2. Multiple .equence •. Fast Fourier transforms may have unusual 

address sequences. and with its four control inputs. the address
sequenCing 29540 chip is d.esigned to handle all of them, It provides 
output flags when a calculation is complete, 
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3. Complete. A typical signal-processing· system provides separate, parallel paths for .complex data. But in the 29500 setup, address 
pipelining handles both data and coefficient addressing operations for fast Fourier and other common transforms. 

in-frequency or decimation-in-time sequences. 
The 16-bit output port of the address sequencer is 

controlled by the counter and transform-length-input 
instructions. Any transform from 2 to 65,536 points long 
can be selected, The higher-order bits not required for 
the specified transforms (a 1,024-point transform only 
requires 10-bit addresses) can be preloaded through a 
bidirectional address port to access the next data block. 

Easy address pipelining 

Because the primary objective of this architecture is to 
operate on array- or signal-processor systems in a highly 
parallel manner, addresses must also be pipelined. As a 
result, each address must be tracked, which requires a 
pipeline register-such as the 29520 or 29521. These are 
byte-slice pipelining registers configurable as it dual 
two-level or a single four-level pipeline. In both devices, 
the single four-level configuration operates as a push
only stack. The selection of register is determined by the 
designer's choice of system timing and data movement. 

The architecture of a typical 29500 signal-processing 

system (Fig. 3) can employ separate parallel data paths 
for complex data. Three possible address-generator 
blocks are shown, and together they represent a general
purpose processor. Address sequences for other than 
FFTS might be configured from programmable read-only 
memory or 2901-based designs, Address pipelining is 
shown for both data and coefficient addresses. 

In this design, either bipolar or MOS statio random
access memories store data temporarily, and high-speed 
bipolar PROMS and RAMs or MOS ROMS are used for 
coefficient look-up tables. The local-control store may be 
either a PROM or a writable control-store RAM and can 
be controlled by a 2910 program sequencer. 

A common benchmark for signal processing is the 
execution speed of an FFT. The 29500 processor, operat
ing at a 10-megahertz clock rate, can perform the trans
form in 400 nanoseconds, This speed allows a 1,024-
point complex radix-2 butterfly to be completed in 2.0 
milliseconds. Compared with the best througJiput avail
able in current bit-slice CPU architectures, this figure is 
more than a twentyfold improvement. D 

Reprinted from ELECTRONICS. July 28, 1982 copyright 1982 by McGraw-Hili. Inc .. with all rights reserved. 
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Am29501 
Multi·Port Plpelined Processor r8vte·SI;ce~"J 

Advanced 8ipolar V1SI 
ADVANCED INFORMATION 

DlsnNCTlVE CHARACTERISTICS 

• Expandable Byte-Slice™ Register-ALU 

• Eight instruction AlU 
- Four arithmetic operations 
- Four logic operations 
- Force/Inhibit carry modes 
- Flexible expansion - has carry and PIG 

• Ten intemal date paths 
- Highly parallel architectures 
- Multiple simultaneous data manipulations 

• Pipelining regiSter file has six a-bit registers 
- Multilevel pipelining 
- Multiple register-to-register moves 

• Completely microprogrammable 
- No instruction encoding , 
- All operation combinations available 

• Three I/O ports for maximum system 
interconnect flexibility 

• 54-pin DIP 

• Single 5V supply with TTL I/O 

• IMOX™ process with internal ECl 

RELATED PRODUCTS 

Part No. Description 

Am2902 Carry look-ahead generator 
Am29516/17 16 x 16 bit high speed multipliers 
Am25S558 a x a bit multiplier 

7-6 

GENERAL DESCRIPTION 

The Am29501 is an expandable Byte:Slice™ register-AlU 
designed to bring maximum speed to array processor and 
digital Signal processor systems .. It provides a flexible pro
cessor building block for implementing highly pipelined, 
highly parallel architectures where speed is achieved by a 
combination of optimized integrated circuit technology 
(IMOX™ process and internal ECl circuitry) and customized 
system architecture. I/O port flexibility and multiple concur
rent data moves make it possible to construct processors 
capable of very high throughput. Parallel processors are 
especially efficient for array/vector operations or signal pro
cessing algOrithms requiring complex number arithmetic 
(e.g. FFT, convolution, correlation, etc.). 

The Am29501 's Pipeline Register File provides data storage 
and pipelining flexibility. Any combination of register instruc
tions, AlU instructions, and I/O instructions can be micro
programmed to occur in the same cycle. This allows overlap 
of exterl"!al multiplication, AlU operations, and memory I/O. 

Three I/O ports support a wide variety of parallel, pipelined 
architectures' by providing separate I/O ports for the 
multiplier and the memory data bus. Either of two bidirec
tionall/O ports, 010 and MIO, can interface to the data bus 
or multiplier V-input port and a separate MI port connects to 
the multiplier output port. . 

SIMPLIFIED BLOCK DIAGRAM 

MP~·027 
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CONNECTION DIAGRAMS· 
Top Views 

0-64-3 

MI. 64 
:l 1:1. 

MI. C 2 63 127 
MI. C 3 62 :l128 
Mia C • 8. :l 125 
M'< C , 80 :l124 
MI, C 8 59 :l123 
Mis C 7 58 :l SEIN 
MI7 C 8 57 :l 122 

0100 C • 58 :l I •• 
MIDO C .0 .. :l 120 
DID. C 11 54 :l I •• 
MID. C .2 53 ;; DID. C '3 52 

MID. C •• ,. :l COUT 
DIOa C '5 50 :l CIN 
GND C .6 4. :l Vee 
MIO. C .7 .. :l CLOCK 
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I. 32 33 .., 
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Chlp-Pak is a trademark of Advanced Micro Devices, Inc. 7-7 
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DETAILED Am29501 BLOCK DIAGRAM 

SE",,-:-,-c..,L:=--""""i 

VOCONTAOI. 

MIO _TPUEII 
INPUT/OUTPUT 

PIN DESCRIPTIONS 

DIOO-DI~ 

G,P 

10- 128 

MIOO-MI07 

Carry-in input to the internal S-bit ALU. 

Carry-out output from the internal S-bit ALU. 

Clock input for the Internal pipeline register file. 
Date selected by 17 -118 meeting the setup and 
hold time requirements 01 the respective register 
is clocked into the register on the clock LOW
to-HIGH transition. 

Bidirectional data I/O port. (see Note) 

The carry generate and propagate outputs of 
the internall ALU. These signals are used with 
the Am2902A for carry-lookahead. 

Instruction inputs designed to be driven under 
microprogram control. All Instruction inputs 
control multiplexers, or drivers or the ALU 
directly. There is no instruction encoding. 
See Control Input Function Tables for operating 
modes. 

Data Input port. 
(Multiplier Input - see Note) 

Bidirectional data I/O port. 
(Multiplier 1/0 - see Note) 

7-S 

LSP. 

OVR 

SEOUT 

ZERO 

• MOP 
III 

MULTIPLIER INPUT 

MPL-028 

OVerflow. This pin is logically the Exclusive-OR 
of the carry-in and carry-out of the MSB of the 
ALU. At the most significant end of the word, this 
pin indicates that the result of an arithmetic two's 
complement operation has overflowed into the 
sign-bit. 

The most significant bit of the S-operand. This is 
used in multiple precision arithmetic opera
tions for sign extension of two's complement 
numbers. 

A single bit input which generates an S-bit sign 
extension R-operand for multiple precision 
two's complement arithmetic operations. 

This is an open collector output which goes 
HIGH if the data on the ALU outputs are 
all LOW. 

Note: This is a general purpose data port. The names are derived from 
the typical usage in a 'typical Am29500 system but are not 
restricted to this Intarconnection scheme. 



Am29501 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 
COM'L TA=Oto+70"C Vee=5.0V±5% (MIN=4.75V 
MIL Te=-55to+125°C Vee=5.0V±10% (MIN=4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX = 5.25V) 
MAX = 5.50V) 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Voltage 

Output LOW Voltege 

ICC Power Supply Current Vee = MAX 

MIL Only 

Am29501 

Typ 
Min (Note 2) Max Units 

2.4 Volts 

Volts 

-30 .rnA 

mA II 
Notes: 1. For.conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to + 1500C 

Temperature under Bias - Tc -55 to + 125°C 

Supply Voltage to Ground Potential Continuous -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -O.5Vto +VCC max 

DC Input Voltage -0.5 to +5.5V 

DC Output Current. into Outputs 30mA 

DC Input Current -30 to +5.0mA 
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Am29~1 

Am29501 
SWITCHING CHARACTERISTICS AT ROOM TEMPERATURE 

From Input 

ClK 

From Input 

Parameters Description 

ILZ 
10 --> 0100_7 

11 --> M100_7 

10 --> 0100_7 
1HZ 

11 --> M100-7 

IZl 
10 --> 0100_7 

11 --> M100_7 

10 --> 0100_7 
IZH 

11'" M100_4 

Typical Setup/Hold Times and Propagation Delays 
Vee = S.OV, TA = +2SDC, Cl = SOpF , 

Z Overflow 

Am29S01 Three-State Timing 

Typ Max COM'lMax Mil Max 

Vee=SV Vee =SV Vee = SV±S% Vee = SV±10% 
TA =2SDC TA=2SDC TA = Oto -700C TA = -SSto -12SDC Units 

ns 

ns 

ns 

ns 

7-10 

SEOUl Units 

Units 

ns 

Test 
Conditions 

CL= 5P 
RL = 6670 

CL =50P 
RL = 6670 



Am29501 
Am29501 
SWITCHING CHARACTERISTICS, COMMERCIAL 

Minimum Setup/Hold Times and Maximum Propagation Delays 
Vee = SV ±S%, TA = 0 to + 70·C, CL = SOpF 

To Output Setup, ts/Hold, tH Propagation Delay Times, tpD 

Register Reg via MIO MIOvia 010 
From Input Input ALU Port ALU Port COUl P G Z Overflow SEOUl Units 

ClK 23 35 24 31 31 31 39 34 26 ns 

DIO 10/5 17 ns 

MIO 10/5 20/0 29 29 29 34 29 24 ns 

MI 10/5 20/0 32 30 29 29 34 29 24 ns 

CIN 10/5 25 15 26 19 ns 

SEII~ 20/0 29 27 27 22 32 27 ns 

12_3 (DIO) 21 ns 

14-6 (MIO) 22 ns 

17-18 (REG) 10/5 ns 

1,9-22 (ALU OP) 20/0 32 27 27 ns 

123-28 (AlU SELl 20/0 29 29 22 ns 

Am29501 
SWITCHING CHARACTERISTICS, MILITARY 

I 
From Input G Z Overflow SEOUl Units 

ns 

Note: Please refer to Guidelines for Testing Am2900 Family Devices in section 13 of this data book_ 

Am29S01 Minimum Clock Pulse Widths 

COM'L MIL 

Vee = SV Vee=SV±S% Vee = SV ±10% 
Parameter· Description TA=2S·C TA = Oto -700C TA = -SSto -12S·C Units 

I tpw I Clock Pulse Width I High ns I 
I low ns I 

7-11 



Am29501 

CONTROL INPUT FUNCTION TABLES 

1. Data I/O Port (010) Output Select 

13 12 10 Source 
5. Register Aa Data Source Select 

L L L A2 
112 111 Source 

L H L A3 . L L MSP(MI) 

H L L B2 L H ALU 

H H L B3 H L A2 

X X H Output Olsabled 
H H A3(Hold) 

2. Multiplier I/O Port (MIO) Output Select 

16 15 14 11 Source 6. Register B1 Data Source Select 

L L L L Al 114 113 Source 
L L H L A2 
L H L L A3 
L H H L B1 
H L L L B2 
H L H L B3 

L L MSP(MI) 
L, H 01(010) 
H L A3 
H H B1 (Hold) 

H .H L L ALU 
H H H L 01 

X X X H Output Oisabled 

7. Register B2 Data Source Select 

116 115 Source 
3. Register A1 Data Source Select 

L L LSP(MIO) 

18 17 Source L H ALU 

L L MSP(MI) 
L H 01(010) 

H L B1 
H H !l2(Hold) 

H L 83 
H H A1 (Hold) 

, 8. Register B3 Data Source Select 
4. Register A2 Data Source Select 

118 117 Source 
110 19 Source L L MSP(MI) 

L L LSP(MIO) L H ALU 

L H ALU H L B2 
H L A1 H H 83 (Hold) 

H H A2 (Hold) 

7-12 



Am29501 

CONTROL INPUT FUNCTION TABLES (Cont.) 

9. ALU Operating Instructions 

.122 121 120 119 OP COUT P G 

L L R+S+CIN Normal Operating Mode 
L H 

L L R-S-CIN 
Carry P G Usually Carry Used for 16-8it Expansion 

H L R+CIN and PiG Used with a Am2902A 
H H -R+S-CIN Carry-Lookahead for Larger Expansion 

L L R+S+C'N Inhibit Carry Mode 
L H 

L H R-S-CIN L H H 
H L R+CIN 
H H -R + S - CIN 

L L R+S+CIN Force Carry Mode 
L H 

H L R-S-C'N H P L 
H L R+C'N 
H H -R+S- CIN 

L L RXORS Logic Operations 
·L H 

H H 
RANDS 

(L)· (H)· (H)· 
H L R 
H H RORS 

·COUT, P and G are not applicable to logic operation, Am29501 functions as shown. 

10. ALU R Operand Selection 

125 124 123 Source 11. ALU S Operand Selection 

L L L A1 '28 127 126 Source 
L L H A2 
L H L As 

L H H B1 
H L L B2 
H L H Bs 

L L L A1 
L L H A2 
L H L As 
L H H B1 
H L L 82 

II 
H H L 

Sign Extend Input 
Bussed to All Bits 

H L H Bs 

H H L MSP(MI) 

H H H 
Arithmetic Zero 
(All Inputs LOW) 

H H H LSP(MIO) 

Am29501 I'ProgramrTling Worksheet 

ALU Instruction Register Instruction MIO 010 MIO 010 

Line No 
S Input R Input Operation 83 82 81 As A2 A1 Output Output OE OE 

128 127 126 125 124 123 122 121 120119 118 117 116 115 114 113 112111 110 19 18 17 16 15 14 13 12 11 10 

7-13 



Am29501 

THREE-STATE 
OUTPUT 

INPUT/OUTPUT 
CURI'IENT INTERFACE CONDITION 

R 

J 

~ 
~ 

DRIVEN INPUT 

CI = S.OpF. all inputs 

~L 

J 

NORMAL 

R 

OPEN COLLECTOR 
OUTPUT 

MPL-Q26 

V~---------------'------------------~-1~---+-----------------t------~----------~--------------

Co = 5.OpF. all outputs 

Note: Actual current flow direction shown. MPL·Q29 

7-14 



Am29501 

TEST LOADS FOR DELAY MEASUREMENTS 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 

Vee 

S2 

Notes: 1. CL = SOpF includes scope probe, wiring and stray capacitances without c!evice in test fixture. 
2. 8 1,82,53 are closed during function tests and all AC tests' except output enable tests. 
3. 51 and 83 are closed while 82 is open for tpZH test. 

8 1 and 52 are closed while 53 is open for tpZL test. 
4. CL = S.OpF for oulput disable tests. 

SET UP, HOLD, AND RELEASE TIMES 

m _ 3V 

DATA 
1.SV INPUT 

~t.1:::~~ 
OV 

3V 

nMtNG f 1.5V INPUT 

ov 

Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposile sense. 

2. Cross halched area is don'l care condition. MPL·031 

PROPAGATION DELAY 

SA~~_!,_~A~_E_1 ~ _ 3V 

INPUTTR:::=Jl ~--f------ 5=-: ::" 
OOM ""r FI ~ ~~ 
OPPOSI~ ______ _ 

INPUT TRANSITION - ~ --- :~v 

MPL·032 

7-15 

MPL·030 

PULSE WIDTH 

LOWHlti ,--- 15V ~~ . 

~'PW---1 . 
HIGHL~ -j- ___ ._ 16V 

~~ . 

MPL-073 

ENABLE AND DISABLE TIMES 

Enable Disable 

~ r-------- 3V 

cO~~~~~-f\ I-d-~~~~~~~~~:~v 
:±ZL 

OUTPUT _~45VI k-=±05V 
NORMALLY 1 5V .... , 5V 

LOW 5 OPEN ,p'-. 

3 ~'ZH 'HZ-I---! I t VOL 

OUTPUT~~----=:=VOH 
NORMALLY 15V ~ -15V 

HIGH S20PEN 05V 
---OV 

Notes: 1. Diagram shown for Input Control Enable·LOW and Input Can· 
trol Disable·HIGH. 

2. Sl. S2 and S3 of Load Circuit are closed exospt where shown. 
MPL·074 

Note: 1. Pulse 'Generator for All Pulses: Rate"" 1.0MHz; Zo = SOO; 

Ir "" 2.Sns; tf "" 2.Sns. 

I 



Am29501 

CHIP TOPOGRAPHY 

Am29501 

1.8 64 ----------------, MID ,----------- 2 MI, 
127 63 ---------------, 3 MI. 

12 •• 2 --------------, MI. 
125 61 -------------, M1i 
124 60 -----------, 6 MiS 

123 58 ----------, 7 MI. 

SEIN 58 --liii~!!!!!!~.!!!!!!j-'''liI •• JI~.~i •• ~==8 M'> 
~V 9~ 

121 56 
120 55 

'19 54 
G53 
P 52 

COUT 51 

erN 50 

Vee 49 

CLOCK 48 

OVERFLOW 47 
ZERO 46 

SEOUT 45 

'18 44 

117 43 

10 MIa" 
110101 
12 MI01 

13 0102 
14 MI02 
1501a. 

16 GND 

17 MIa. 
180104 
19 MI04 
20 DI05 
21 MIOS 
22010. 
23 MIOa 
24 0107 

25 MI07 

1
18 

42 ==~~~~~~~~'~'~~'~~~~!!I!!!~~~~== 26 ID ~~ 27~ 
114 40. 28 12 
'13 39 29 13 

'12 38 3014 
~~ ~~ 
110 36 32 16 

~~ ~'> 

ORDERING INFORMATION 

MPl-075 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am29501 Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM29501DC D-64- C C-l 
AM29501DCB D-64- C B-2 (Note 4) 
AM29501 DM D-64- M C-3 
AM29501DMB D-64- M B-3 
AM29501LC D-68- C C-l 
AM29501LM D-68- M C-3 
AM29501 LMB 0-68- M B-3 

Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 
2. C = 0 to + 70'C, Vee = 4.7510 5.25V, M = -5510 +125'C, Vee = 4.50 10 5.50V. 
3. Levels C-l and C-3 conform 10 MIL-STD-883, Class C. Level B-3 conforms 10 

MIL-STD-883, Class B. 
4. 160 hour burn-in. 
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Am29510 
16 x 16 MultiplV Accumulator 

DISTINCTIVE CHARACTERISTICS 

• High speed 16 x 16-bit multiplication and product 
accumulation 

• Performs subtraction and double precision addition 
and multiplication 

• Uses two's complement or unsigned inputs 
• Round control 
• 35-bit product accumulation result 

- 32-bit multiply 

FUNCTIONAL DESCRIPTION 

The Am29510 is a high-speed 16 x 16-bit multiplier! 
accumulator (MAC). It comprises a 16-bit parallel multiplier 
followed by a 35-bit accumulator. Two 16-bit input registers 
are provided for the X and Y operands. A third register is 
used to store two control bits, TC and RND. TC specifies 
that the input are two's complement signed numbers (High) 
or unsigned numbers (low). The RND control, when high, 
causes a bit to be added to the multiplier product with the 
weight of P15. This causes the most significant 16 bits of 
product to be rounded to the value nearest to the full 32-bit 
product. Using the RND control once during an accumula
tion causes the most significant 19 bits of the accumulator 
to be rounded to the value nearest the full 35-bit accumula
tion. The TC!RND register is clocked whenever the X or Y 
input registers are clcicked. The X, Y, TC!RND, and ac
cumulator registers are all positive edge triggered. 

The 32-bit multiplier output is zero-filled or Sign-extended 
as appropriate to provide a 35-bit input to the accumulator. 

- 3-bit extended product 
• Output register preload 
• Three-state output control 
• IMOXT. processing 

- ECl intemal circuitry for speed 
- TTLIIO 

• Single 5V power 

The accumulator has four functions; the product may be 
loaded into the accumulator, the product may be added into 
the accumulator value,the previous accumulator value may 
be subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
extended source. The operation of the accumulator is con
trolled by the signals ACC, SUB, and PREL. For output and 
preloading purposes the accumulator is considered in three 
sections; least significant product (lSP, Po - P1S) controlled 
by OEx. When PREl is low these controls are active low 
enables for the three-state output buffers. When PREl is 
high the output buffers automatically become high im
pedance, and the controls operate as active low toad ena
bles to the three sections of the accumulator to permit 
loading of data applied to the bidirectional P port. The 
P port has 35 bits, the least significant 16 of which share 
pins with the Y input. 

BLOCK DIAGRAM 
TC RND 

CLKX ---r--------i 

eLKy --Mi-----'----i--t--+---' 

IMOX is a trademark of Advanced Micro Devices, Inc. 
7-17 
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Am29510 
ELECTRICAL CHARACTERISTICS 
The following conditionS apply unless otherwise specified: 
COM'L TA = 0 to + 70'C· Vee = S.OV ±S% (MIN = 4.7SV 
MIL Te = -SSto +12S'C Vee = S.OV ±10% (MIl'! = 4.S0V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX=S.2SV) 
MAX = S.SOV) 

Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 

VOH Output HIGH Voltage 'Vee = MIN, Vll= .8V i loH = -O.4mA 2.4 2.7 Volts 
VIN = VIH or Vil VIH = 2.0V 

Vee = MIN, 
V'l= .8V 

VOL Output LOW Voltage V,H =2.0V .3 .5 Volts 
Y,N = V,H or V,l IOl= 4.0mA 

V,H Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 2.0 Volts 

V,L Input LOW Level Guaranteed input logical LOW I MIL .8 
Volts 

voltage for all inputs I COM'L .8 

VI Input Clamp Voltage Vee = MIN, liN = 18mA -1.5 Volts 

III Input LOW Current Vee = MAX, Y,N = 0.4V -0.4 rnA 

'IH Input HIGH Current Vee = MAX, VIN = 2.4V . 75 p.A 

I, Input HIGH Current Vee = MAX, Y,N = S.SV 1 rnA 

IOZH Off State (High Impedance) Vee = MAX Product 
VO=2.4V 25 

Io'A 
IOZl Output Current Vo= O.4V -25 

Ise Output Short Circuit Current Vee = MAX . 
Y VO=OV -3. -85 

rnA 
(Note 3) Product VO=OV -3 -85 

COM'L and MIL TA= 2S'C 

COM'LOnly 
TA = Oto +700C 

Icc Power Supply Current Vee = MAX TA = +7O'C rnA 

MIL Only 
Te= -55 to + 12S'C 

Te= +12S'C 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = S.OV, 2S'C ambient .and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to + 150·C 

Temperature under Bias - T C - 55 to + 125·C 

Supply Voltage to Ground Potential Continuous -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to + VCC max 

DC Input Voltage -0.5 to +5.5V 
------------------------------------------------~------------------------------

DC Output Current, into Outputs 30mA 

DC Input Current -30 to +5.0mA 

RELATED PRODUCTS 

Part No. Description 

Am29526/527 High speed Sine function 
generator 

Am29526/529 High speed Cosinei\lnction 
generator 

Page 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the 
desired package, temperature range, and screening level. 

Order 
Number 

AM29S10DC 
AM29S10DC-B 
AM29SIODM 
AM29S10r:lM-B 

Package Operating Screening 
Type Range Level 

(Note 1) (Note 2) (Note 3) 

D·64 
D·64 
D-64 
D-64 

C 
C 
M 
M 

C-I 
B-1 
C·3 
B·3 

Notes: 1. D = Hermetic DIP. 
2. C = 0 to + 700C, Vee = SV ±S%, M = -SS to + 12S'C, 

Vee = SV ±10%. 
3. Levels C-I and C-3 conform to MIL-STD-883, Class C. 

Levels B-1 and B-3 conform to MIL-STD-883, Class B. 



Am29510 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE· 

TA = 2S0C 
Vee =S.OV 

Parameters Description Typ 

tMA Muttiply Accumulate Time 

ts 
l<j, Vi, RND, TC, ACC, SUB 
Setup Time 

tH 
Xi, Vi, RND, TC, ACC, SUB 
Hold Time 

ts PRE I Setup Time 

tH PREI Hold Time 

tpWH Clock Pulse Width High 

tpWL Clock Pulse Width Low 

tpDP Output Clock to P 

tpDY Output Clock to Y 

tpHZ OEx,OEMto HightoZ 

tpLZ P Disable Time LowtoZ 

tpZH OEx,OEMto ZtoHigh 

tpZL P Disable Time ZtoLow 

tpHZ HightoZ 

tpLZ 
OEL to Y Disable Time 

LowtoZ 

tpZH 
OEL to Y Disable Time 

ZtoHigh 

tpZL ZtoLow 

DEFINITION OF FUNCTIONAL TERMS 
RND 

TC 

PREL 

OEX 

Round 
Adds a bit with a weight of P15 to the multiplier 
product (High) the RND control is loaded on the 
riSing edge of CLKX or CLKy. 

Two's Complement 
The X and Y data inputs are defined as two's 
complement signed data (High) or unsigned 
data (Low). The TC control is loaded on the 
rising edge of CLKX or CLKy. 

(Preload) 
Data is preloaded into the specific output 
register when OEx, OEy and OEL are high 
(High). (See Preload Truth Table.) The con
tents of the register will be loaded on the rising 
edge of CLKp. 

TSX' 
Three-state control for the XTP port. Enabled 
(Low), disabled (High). 

TSM* 
Three·state control for the MSP port. Enabled 
(Low), disabled (High). 

TSL* 
Three-state control for the LSP port. Enabled 
(Low), disabled (High). 

CLKx, CLKy Loads X and Y data respectively and TC, RND 
ACC and SUB on the rising edge. 

CLKp Load data into XTP, MSP and LSP after ACC, 
SUB, PASS and for preload on riSing edge. 

COM'L 

TA = Oto +700C 
Vee = SV±S% 

Min' ~ax 

ACC 

SUB 

MIL 

Te = -SSto +12SoC 
Vee = SV ±10% Test 
Min Max Units Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Multiplier Data Input 
Data I loaded in X-register on the rising edge 
ofCLKx, ' 

Bidirectional Port 
Multiplier data input or Least Significant Pro
duct (LSP) output (OEL = Low) or LSP Regis
ter Preload Input (PREI = High, and OEL = 

High), 

Bidirectional Port 
Product output for the Most Significant Product 
(MSP) and input to preload MSP register. 

Bidirectional Port 
Product output for Extended Product (XTP) and 
inputto preload XTP register. 

Accumulate 
Controls the addition of a multiply product to the 
contents of the XTP, MSP and LSP registers 
(High), or performs a multiply only (Low). 

Subtraction 
Controls the subtraction of the XTP, MSP and 
LSP registers from the multiply product (High 
and ACC = High). Both the ACC and SUB 
controls are loaded on the rising edge of CLKx 
orCLKy. 

"TRW TDC1010J pin description. 
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Am29510 
" 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS TEST WAVEFORMS 

DRIYING OUTPUT, I DRIVEN INPUT 
Test Vx Output Waveform - Meuurament Level 

YaH 

*1.5Y 10H "L All tpos Vee 
VOL 

---~ L j YOH ...L 

IpHZ o.OV \o.SY 

~--- O.OY 

o.sy...L.f 

2.I5V 

--.or-
f- I .... ...... 

tpLZ 2.6V -- -- r "H VOL I 

l'ii~ 
~~ 7·sy 

YaH 

~~ 
tpZH o.OV 

,*' o.OY 

' .• Y~ 
tpZL 2.6V .5Y 

." ." 
VOL 

MPL·DI5 MPL·OI6 

TEST LOADS FOR DELAY MEASUREMENTS 

Normal Load 

.,00 
~TPUT o--t--...,IKI . .A.t--4 
PIN 1'4 ",7 

";F-
~ ~ 1N3062 40pF 

~~ 

LOAD I MPL-017 

SET-UP AND HOLD nME 

Notes: '1. Dillgram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don't care condition. 
MPL·OI3 

7·20 

Three-State Delay Load 

TO sooo 
OUTPUT~ 

P'N ,"_.1 ~ 

-W" 
LOAD. ." 

MPL-018 

PULSE WIDTH 

LOW.H'~ t 'SY PULSE ' . 

. ~TPW-1 
HIGH-Lo~,.HIGH - F ISY PULSE . 

MPL·OI4 



Am29510 

Am29510 
T1MING DIAGRAMS 

~TPWH--l I TACL 

CLK, I I ClKy 

f--T. TH ~ T_ -l 
INPUT 

XI' V, 
RND,DM 

ACC,SUB 
T •. 

elKp I 
~.-

OUTPUT 

TpDY 

P, Y 

ABL·OO2 

Am2951 0 
PRELOAD TIMING DIAGRAM 

f--TPWH~ 

CLK. I I I 
PREI 

I-TpWL----j 

OE, f \ OEM 
Oil 

TS 'W 

OUTPUT 
PINS 

ABL-003 

Am29510 
THREE-STATE 

TIMING DIAGRAM 

VOH 
3 STATE 1.SV 

CONTROL 1\ 
VOL 

~!="E) "PZH 
(ENABLE) 

VOH 
(HIGH LEVEL) J r- VOH - .5V ..., ~ 1.5V 

3-STATE 
(HIGH IMPEDANCE) OUTPUT 

J '-. VOL +.SV -' ~. 1.5V 

VOL 
(lOW LEVEL) 

(o!~':..E) TPZL 
(ENABLE) 

MPL·021 
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Am29510 

Am29510 
INPUT FORMATS 

Fractional Two's Complement Input 

Integer Two's Complement Input 

Unsigned Fractional Input 

Unsigned Integer Input 

Am29510 
OUTPUT FORMATS 

Two's Complement Fractional Output 

8 7 

KTP IISP LIP 

o 

I 34 33 32 I J 31 30 29 28' 27 26 25 24 23 22 21 20 19 18 11 16 I 115 14 13 12 11 10 0 I 4~~ ~~~~"~~~~~" ___ ~_ ~ __ ~ __ ~ ________ _ 

Two's Complement Integer Output 
x1ft MSP LIP 

I: : :: I I ~~ : : : :; : :: : : :: :, : ~: ;: ;~ ;: I ,-12=1:;--;:::~,...,;'.'::_;'.':!-:;"",~-';~:",-.;!:--,: .. ,--,:,,,--.. ,:-_,:,.._ .. 'c-"': .. :-": .. ,--.",--';':...11 ,-,.., 

Unsigned Fractional Output 
LlIP. 

1M ~ ~I I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ro ~ ~ IT ~I ]15 14 13 12 11 10 9 
2-1 22 23 2. 2-5 2-8 2-1 2-8 2-' 2-10 2-11 2-12 2-13 2-" 2-1' 2-18 2-11 2-18. a-I' 

Unsigned Integer Output 
XTP IISP LBP 

I M .~ ~ I I 31 ~ ~ .. ~ ~ ~ ~ 23 ~ 21 ro ,. ,. 17 ,. I 1,5 14 13 12 11 10 • 4 0 I 
~ ~ ~ ~ ~ ~ ~ • ~ ~ ~ ~ ~ ~ ~ _ ~ _ ~ _ ~ _ _ F _ .. .. .. • .. .. .. .. ~ .. 

ABL-004 
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Am29510 

PRELOAD FUNCnON 

Output Register 
PREI OEX OEM OEL XTP MSP LSP 

0 0 0 0 Q Q Q 
0 0 0 1 Q Q Z 
0 0 1 0 Q Z Q 
0 0 1 1 Q Z Z 
0 1 0 0 Z Q Q 
0 1 0 1 Z Q Z 
0 1 1 0 Z Z Q 
0 1 1 1 Z Z Z 
1 0 0 0 Z Z Z 
1 0 0 1 Z Z PL 
1 0 1 0 Z PL Z 
1 0 1 1 Z PL PL 
1 1 0 0 PL Z Z 
1 1 0 1 PL Z PL 

1 1 0 PL PL Z 
1 1 1 PL PL PL 

Z = output buffers at High impedance (disabled). 

Q = output buffers at Low impedance. Contents of output register available 
through output ports. 

PL = output disabled. Preload data supplied to the output pins will be loaded into the 
output register at the rising edge of CLKp. 

CHIP TOPOGRAPHY 

I 
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Am29510 

CONNECTION DIAGRAMS 
Top Views 

Dual In-Line 

lie x7 
X. lie 
"- lie 
X. X'D 
X2 X" 
X, X'2 
Xu X,. 

Yo,Po X,. 

V1. P1 X,. 

Y2' PZ ~ 
V3· P3 RND 

V4.P4 SUB 

Vs,PS ACC 

V.,P6 ClK, 

V7'~ ClK. 
GND Vee 

Va. p• TC 

YelP, DE, 
Y10,P10 PREL 

Y11. P11 DEM 
Y12t P12 ClKp 
Y13. P13 p .. 

, Y14,P14 p •• 
Y15. P15 P32 

P'6 P31 
P17 P30 
P,. P29 
p,. P29 

P20 P27 
P2, P26 
P22 Pas 
P23 P24 

Note: Pin 1 is marked for orientation. 

Leadless Chip Carrier 
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Am29516 • Am29517 
Am29516A • Am29517 A 

16 x 16·Bit Parallel Multipliers 

DISTINCTIVE CHARACTERISTICS 

• High speed 16 x 16 parallel multiplier 
• Two's complement, unsigned or mixed operands 
• Full product multiplexed at output 
• Am29516 pin and functionally compatible with TRW 

MPV-16HJ 
• Am29517 optimized for microprogramming, single 

clock with register enables 
• Am29516AandAm29517Aare % faster than the 

Am29516 and Am29517 respectively 
• The Am29516A and Am29517A meet or exceed all cif the 

specifications for the Am29516 and Am29517 
respectively 

• IMOXT• oxide isolated process 
• ECl multiplier array provides 40ns typical multiply time 
• TTL I/O-single +5V supply 
• 64-pin package 

RELATED PRODUCTS 

Part No. 

Am29501 
Am29526/27 
Am29528/29 

Description 

Multiport pipelined processor 
Sine function generator 
Cosine funCtion generator 

FUNCTIONAL DESCRIPTION 

The Am29516/16A and Am29517/17A are high speed 
parallel 16 x 16·bit multipliers utilizing internal ECl logic to 
generate a 32-bit product. 17-bit input registers are pro
vided for the X and V operands and their associated mode 
controls XM and VM. These mode controls are used 
to specify the operands as two's complement or unsigned 
numbers.' 

At the output of the multiplier array a format adjust control 
(FA) allows the user to select either a full 32-bit product 
or a left shifted 31-bit product suitable for two's complement 
only. 

Two 16·bit output registers are provided to hold the most 
and least significant halves of the product (MSP and LSP) 
as defined by FA. For asynchronous output these registers 
may be made transparent by taking the feed through control 
(FT) high. A round control (RND) allows the rounding of the 
MSP. This control is registered, and is entered whenever 
either input register is clocked. 

The two halves of the product may be routed to a 16-bit 
3-state output port (P) via a multiplexer. In addition the lSP 
is connected to the V-input port through a separate 3-state 
buffer. 

In the Am29516/16A the X, V, MSP and lSP registers have 
independent clocks (CLKX, ClKV, ClKM, ClKl). The out
put multiplexer control (MSPSEl) uses a pin which is a 
supply ground in the TRW MPV 16HJ. When this control is 
lOW the function is that of the MPV16HJ, thus allowing full 
compatibility. 

The Am29517/17A differs in that it has a single clock input 
(ClK) and three register enables (ENX, ENY, ENP) for the 
two input registers and the entire product. This facilitates 

. the use 0,1 the part in microprogrammed systems. In both 
parts data is entered into the registers on the positive edge 
of the clock. 

Am29516/29516A lOGIC DIAGRAMS Am29517/29517A 

MPl-Q11 MPL·012 

IMOX is a trademark of Advanced Micro Devices. 7-25 . 
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Am29516/517 • Am29516A1517A ' 
Am29516/517 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA = 0 to + 70"C Vee = 5.0V ±5% (MIN = 4.75V 
MIL . Te = -55 to +125'C Vee = 5.0V ±IO% (MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX = 5.25V) 
MAX = 5.50V) 

Typ 
Parameters Description Test Conditions (Note I) Min (Note 2) Max Units 

VOH Output HIGH Voltage Vee = MIN VIL = .BV 
IIOH = -O.4mA 2.4 2.7 Volts 

VIN = VIH or VIL VIH = 2.0V 

Vee = MIN 
VIL = .BV 

VOL Output LOW Voltage VIH = 2.0V .3 .5 Volts 
VIN = VIH or Vil IOl =4.0mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts 
voltage for all inputs 

Vil Input LOW Level Guaranteed input logical LOW I MIL .B 
Volts 

voltage for all inputs I COM'L .B 

VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.5 Volts 
-

IlL Input LOW Current Vee = MAX, VIN = O.4V -0.4 rnA 

IIH Input HIGH Current Vee = MAX, VIN = 2.4V 75 /LA 

II Input HIGH Current Vee = MAX, VIN = 5.5V I mA 

IOZH Off State (High Impedance) Vee = MAX, Product Vo = 2.4V 25 
/LA 

IOZl Output Current Vo = O.4V -25 

Ise Output Short Circuit Current Vee = MAX 
Y Vo=OV -3 -30 

rnA 
(Note 3) Product VO=OV -3 -30 

COM'L and MIL TA = 25'C 600 (Note 5) 

COM'LOnly TA = 0 to +70'C BOO 

IcC Power Supply Current Vee = MAX 
TA = +70"C 750 

mA 
(Note 4) Te = -55 to +125'C 900 MIL Only 

TC = +125'C BOO 

Notes: I. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.OV, 2S'C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second., 
4. OEP andOEL LOW with all product (MSP and LSP) bits LOW. 
5. Low power mu~iplier, Am29l516/L517 also available. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to +150'C 

Temperature Under B,_i_as_-_T...:c~ _________________________________ -_5_5_t0_+_1_2_5_'C 

Supply Voltage to Ground Potential Continuous -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +VCC max 
----~~~----~--~~~-----------------------------------------
DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am29516/517 • Am29516A1517A 
Am2951~/517 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 29516-1/517-1 

29516/517 29516/517 29516A/517A 

TA = 0 to +70·C Mil TA = 0 to +70"C 
TA = 25·C Vee = 5V ±5% Te = -55 to +125°C Vee = 5V ±5% 

Vee = 5.0V (Note 1) Vee = 5V ± 10% (Note 1) 
Test 

Parameters Description Typ Min Max Min Max Min Max Units Conditions 

tMuC Unclocked Multiply Time 50 85 95 ns 

tMC Clocked Multiply Time 40 65 75 ns 

ts Xi, Vi, AND Setup Time 10 20 25 ns ._-r---
tH Xi, Vi, AND Hold Time 0 3 3 ns 

tpWH Clock Pulse Width High 10 15 15 ns Load 1 

tpWL Clock Pulse Width Low 10 20 15 ns 

tpDSEL MSPSEL to Product Out 20 30 35 ns 

tpDP Output Clock to P 20 30 35 ns 

tpDY Output Clock to Y 20 30 35 ns 

tpHZ Hightol 12 23 28 ns 
OEP Disable Time 

tpLZ Lowtol 15 23 28 ns 

tpZH - ltoHigh 25 40 45 ns 
OEP Enable Time 

tpZL lto Low 25 40 45 ns 
Load 2 

tpHZ 
OEL Disable Time 

High to l 12 20 22 ns 

iPLZ Lowtol 15 23 28 ns 

tpZH 
OEL Enable Time 

lto High 25 40 45 ns 

tpZL lto Low 25 40 45 ns 

ts 
Clock Enable Setup Time 

5 10 15 ns (Am29517 Only) 

tH 
Clock Enable Hold Time 

0 3 3 ns Load 1 (Am29517 Only) 

Clock Low Hold Time CLKXY 
tHCL Aelative to CLKML 0 0 0 ns 

(see Note 2) (Am29516 Only) 

Notes: 1. Switching Characteristics are measured and guaranteed for TA as specified with 200 Lf/min flowing across the device. 
2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before the output 

registers have been clocked. 

DEFINITION OF TERMS 

XM,YM 
(TCX, TCV)' 

FA (RS) , 

FT 

Multiplicand Data inputs. 

Multiplier Data inputs or least significant 
product (lSP) output. 

LSP product port when MSPSEL is (High). 

MSP product port when MSPSEL is (Low). 

Mode control inputs for each data word; lOW 
for unsigned data and HIGH for two's com
plement data. 

Format adjust control selects either a full 32-
bit product (HIGH) or a left shifted 31-bit pro-
duct with the sign bit replicated in the LSP 
(lOW): This control is normally high, except 
for certain fractional two's complement appli
cations. (See Multiplier output formats table). 

Feedthrough control (HIGH) makes both MSP 
and lSP registers transparent. 

Selects either MSP (lOW) or LSP (HIGH) to 
be available at the product output port. 

'TAW MPY 16HJ pin designation. 

7-27 

RND 

OEP(TRIM)' 

OEL(TRIL)' 

Am29516 ONLY 

ClKX 

CLKY 

CLKM 

CLKL 

Am29517 ONLY 

ClK 

ENX 

ENY 
ENP 

Control for rounding the MSP, Adds a binary 
one to the most significant bit of the LSP for 
two's complement and unsigned numbers. 
Rounding occurs before format adjust. (RND 
= High). 

Three-state enable for product output port. 

Three-state enable for routing LSP through Y 
input/output port. 

Register Clock, X15-0, XM, RND 

Register Clock, Y15·-0, YM, RND 

MSP Register Clock 

lSP Register Clock 

Clock, All Registers 

Register Enable, X 15-0, XM, RND 

Register Enable, Y15-0, YM, RND 

Register Enable MSP, LSP 

I 



Am29516/517 • Am29516A/517A 

SET·UP AND HOLD TIME 

.'. 3V 

DATA 1.5V 
INPUT 

f--Io 1::: .. -l OV 

3V 

TIMING f 1.5Y 
INPUT' 

OV 

MPL·013 

Noles: 1. Diagram shown for HIGH data only. Oulpullransilion may 
be opposite sense. 

2. Cross halched area'is don't care condition. 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DAIVING OUTPUT I DRIVEN INPUT 

>-------~l 
I'L 

j 
-- -- r 

PULSE WIDTH 

LOW'HI~ , t 15V PULSE • 

~Tpw-I 
HIGH'LO~ "F uv 

Test Vx 

All tpos Vee 

O,OV 

2,6V 

tpZH O.OV 

2,6V 

MPL.()1( 

TEST WAVEFORMS 

Output Waveform - Measurement Level 

VOH 

VOL ___ --'* 15V 

VOH ---....... ~ O,5V 

VOL 
O,5V -<-f 

I 

O.OV 

2.6V 

.J..'.7 .... --- VOH 

o.ov 
-g- .5V 

2'6V~', 
, .5V 

VOL 

MPL.Q16 

TEST LOADS. FOR DELAY MEASUREMENTS 

Normal Load Three-State Delay Load 

TO 50011 

81011 

~~TPUT o--_-lIK·AI--+ 
PIN ,1 1-' "'7' 

-'-
(OpF l :::s 2: IN3062 

I :::S2: 
'-----+ 

OUTPUT~ 

PIN .... 1, ' .l -h---I '. 
LOAD 2 -=-

LOAD 1 MPL.Q17 MPL.()18 
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Am29516/517 • Am29516A1517A 

Am29516/29516A 
TIMING DIAGRAM 

I- TPWH ·1 THCL 

CLKX 
ClKY 

TH TpWL 

INPUT 
X/I V,. 

RND 

TUC 

ClKl 

I- TPDY 

OUTPUT 
Y 

ClKM 
ClKl 

iiPsi[ 

CUTPUT 
P 

TUUC I MPl-019 

Am29517/29517A 
TIMING DIAGRAM 

I· TpWH 

ClK I 
ENX 
ENY 

X, 
V, 

RND 

ENP 

DlITPUT 
Y 

iiSPsEi: 

OUTPUT 
P 

MPL-(I2O 
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Am29516/517· Am29516A1517A 

3 STATE 
CONTROL 

3-STATE 
OUTPUT 

eLK 

(HIGH LEVELl 

ILOWLEYELI 

(D~"':..) 
-l 

J 
(~~E) 

r-' 

,-, 

Am29516j29516A 
Am29517j29517A 

3-STATE 
TIMING DIAGRAM 

VOH - .$V 

(HIGH IMPEDANCE) 

VOL +.5V 

TPZH 
(ENABLE) 

Tpz\' 
(ENABLE) 

Am29516j29516A 
Am29517j29517A 

SIMPLIFIED TIMING DIAGRAM 
TVPICAL APPLICATION 

~I· ______ T~ ______ ~ 

I 

I\: 

D---------;Q---~~~.!~~~~--_i 
DATA INPUT DATA OUTPUT 

TO X, Y TO MSP, LSP 
REGISTERS IIEGISTERS 

. ..., if-

.~ t 

-II--THCL(Am28516) 

D~---------Io---,!E~~!~~~!.---l 
DATA INPUT DATA OUTPUT 

TO X, Y TO MSP, LSP 
REGIS'I1iRS REGISTERS 

7-30 

YOH 
I.5Y 

VOL 

VOH 

VOL 

MPL.()21 
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Am29516/517 • Am29516A/517A 

Xy,VM=1 

X,N 

Am29516· Am29517 
INPUT FORMATS 

Fractional Two's Complement Input Format 

LI.;.,5:..-.;.,.;.4_,.;.3_'c:2 __ " __ '°:..-....:..._-=--__ ....:..._:..-__ -=----" ___ 0::-J! 115 14 13 12 11 10 

V,N 

° I 
S9n 2 I 2 2 2 3 2" 2 5 2 6 2 7 2 8 2 9 2 10 2 11 2 12 2 13 2 14 2 15 Sgn 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 2 10 2 11 2 12 2 13 2 14 2 IS 

(20) (20) 

Integer Two's Complement Input Format 

X,N 

Iii 14 13 12 .11 10 8 7 o I 1'5 14 13 12 11 10 

- p ~ ~ ~ ~ • • • • • ~ • • • • 
( 2'51 

Unsigned Fractional Input Format 

1 .... _'5 __ '4 __ ,_3_,_2 __ " __ 'o ____ 8~------------0-'1 1,5 '4 '3 '2 11 '0 

o I 

VIN 

2 1 2 2 23 2" 2 5 2 6 2 7 2 8 2 9 2 10 2 11 2 12 2 13 2 14 2 '15 2 18 2 1 2 2 2 3 2 4 25 2 6 2 7 28 2 9 2 10 2 11 2 12 2 13 2 14 2 15 2 16 

Unsigned Integer Input Format 
~ ~ 

... 1_,5 __ ,4 __ ,_3_,_2 __ " __ ,0 _____ 7 ___________ 0-'1 1,5 '4 '3 '2 11 '0 8 ° I 
~ p ~ ~ ~~ • • • • • • p • ~ • 

FA = 0 

MSP 

Am29516 • Am29517 
OUTPUT FORMATS 

Fractional 2's Complement (Shifted)' Output 

1'5 14 13 12 ~1 10 

MPL-023 

LSP 

01 1313029282726 25 24 23 22 2120191817161 

Sgn 2 1 2 2 2 3 2 4 2 5 2 6 2 1 2 8 2 9 2 10 2" 2 12 2 13 2 14 2 15 
(·201 

Sgn 2 18 2 \7 2 18 2 19 2 20 2 21 2 22 2 23 2 24 2 25 2 26 2 27 2 28 2 29 2 30 

(-20) 

FA = 1 

Fractional 2's Complement Output 
MSP LSP 

13, 30 29 28 27 26 25 24 23 22 2' 20 '9 '8 17 ,61 ... 1_,5 __ ,_4_,_3 __ '2 __ " __ ,0 _________________ 0-'1 

2'52'62 t7 2 III 2'9220 221222 223224 22S 226 227 2 ze 229 230 

FA= 1 

Integer Two's Complement Output 
MSP LSP 

13, 30 29 28 27 26 25 24 23 22 2' 20 '9 '8 '7 '6 I 1c...:15'--_'4 __ ,.;.3_,_2 __ " __ 'o'----'-______________ 0::-J1 

Sgn 23(1 229 228 227 226 225 224 223 222 221 2ZO 2'9 2'8 217 216 

FA.:. 1 

Unsigned Fractional Output 
MSP LSP 

I 31 30 29 28 27' 2Ei 25 24 23 22 21 20 19 18 17 16 I LI_'5 __ ,_4_,_3_,_2 __ "_·_'o_::_--~--__::-_::_--------0-'1 
2 I 22 2-3 2.4 2-5 26 27 2-1) 29 210 2 11 2'2 2'3 214 2-15 216 217 211) 219 220 221 222 223 22. 225 226 227 2211 229 230 231 232 

FA= 1 

Unsigned Integer Output 
MSP LSP 

13' 30 29 28 27 26 25 24 23 22 2' 20 '9 18 '7 161 ... 1_,5 __ ,4 __ ,_3_,_2 __ " __ ,0 _________________ 0-'1 

·'n this format an overflow occurs in the attemped multiplication of the two's complement number 1.000 .. (-1) with itself, yielding a product of 1.000 , .. Of -, MPL-oI!4 

7-31 

I 



Am29516/517 • Am29516A1S1.7A 

X,3 II 
x,. 55 

X16 54 
eLKX 53 

AND 12 .... , 
VM .. 

+VCC 4. 
+VCC 41 
GND 47 
ONO .. 

,iiSPiiL 41 
FT .. 
FA .. 

1m' .. 

CLKM 41 

MPL'069. 

Am29516 

Am29516A 

METALLIZATION AND PAD LAYOUTS 

~ 
~ 
~ 
ClKL 
C\.KY 

., .~ 

X, .. 
X1. 82 
X, II 
X, eo 

X'D 59 
Xl1 58 
X,2 57 

RNO 52 
... $1 
YM 50 

+ycc 48 
+VCC 41 
aND 47 
ONO .. 

MiPiIi: .. 
FT .. 
FA 43 -.. g ., 

DIE SIZE: 250 X 222 Mils 

7·32 

Am29517 

Am29517A 

.. 
X, 
X, 
X, .. em: 
eLK 
00 

MPL·070 



MPL 071 

.. 
x, 
X, 3 
X, 4 

xo 5 
0Er 6 

CLKl 7 
eLK.,. 8 

Po. Yo 9 
p,. V, 10 

P2. '1'2 11 

P3. '1'3 12 

P4. Y4 13 

Ps, 'Is 14 
P6. '1'6 15 

p." '1'1 16 

P8. Va 17 
P" '1'9 18 

P,0. '1',0 19 

Pn. 'I'll 20 
P12. '1',2 21 

P13. '1'13 22 

P14. '1'14 23 

P15. '1'15 24 

Po. P'6 25 
P,. P'7 26 

P2. P'8 27 
P3. P'9 28 
P4. P20 29 

PS, P21 30 
P&. Pzz 31 
P7. P23 32 

54 x, 
63 .. 
62 x, 

" x, 
eo x, 
59 x" 
58 x" 
57 x" 
58 x" 
55 x" 
54 x" 
53 CLKX 

52 RND 

51 Xu 
.. y. 
49 +Vcc 
48 +Vcc 
47 GND 

46 GND 

45 MSPSEL 

44 FT 

43 FA 
42 OEP 
41 elKM .. P31. P15 

39 P30. P14 

38 P29. P13 
37 P28. P12 

36 P27. P11 
35 ~&,P10 
34 P25. P9 
33 Pz4. p. 

CONNECTION DIAGRAMS 
Top Views 

0-64-3 

ORDERING INFORMATION 

x. , 
x, , 
X2 3 

x, 4 

Xo 5 

OEL 6 

elK 7 

p,. v, 10 

P2. '1'2 " 
P3. Va 12 

,P4. '1'4 13 
ps. 'Is 14 

P6. '1'6 15 

P7. '1'7 16 

P8. Va 17 

Pg. '1'9 18 
P,0. '1',0 19 

Pll. '1'11 20 
P,2. '1'12 21 

P'3. '1'13 22 

P,4. '1"4 23 

P'5. '1'15 24 

Po. P'6 25 
p,. P17 26 

P2. P'8 27 

P3- P'9 28 
P4. P20 29 

Ps. P21 30 
P6. P22 31 
P7. P23 32 

· Am29516/517 • Am29516A1517A 

.. " 63 x, 

" " " x, 
60 x, 
59 x" .. x" 
57 x" .. x" 
55 x" 
54 x" 
53 ENX 
52 RND 

51 x. .. y • 
4. +Vcc 
48 +Vcc 
47 GND 
U GND 
45 MSPSEl 
44 FT 

43 FA 
42 5EP 
41 Irnl' 
40 P31. P'5 
39 P30. P'4 
38 P29. P'3 
37 P28. P12 

38 P27. P'1 
3S P26. P,o 
34 P25. P9 
33 P24. P8 

MPL-072 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am29516 Am29517 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM295160C AM295170C 0-64 C C-l 
AM29516AOC AM29517AOC 0-64 C C-l 
AM295160CB AM295170CB 0-64 C B-2 (Note 4) 
AM29516AOCB AM29517AOCB 0-64 C B-2 (Note 4) 
AM295160M AM295170M 0-64 M C-3 
AM29516AOM AM29517AOM 0-64 M C-3 
AM295160MB AM295170MB· 0-64 M B-3 
AM29516AOMB AM29517AOMB 0-64 M B-S 
AM29516LC AM29517LC L-68 C C-l 
AM29516ALC AM29517ALC L-68 C C-l 
AM29516LM AM29517LM L-68 M C-S 
AM29516ALM AM29517ALM L-6B M C-S 
AM29516LMB AM29517LMB L-68 M B-S 
AM29516ALMB AM29517ALMB L-68 M B-S 

Notes: 1. 0 = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 
2. C = 0 to + 70"C, Vee = 4.75 to 5.25V, M = -55 to + 125°C, Vee = 4.50 to s.SOV. 
S. Levels C-l and C-S conform to MIL-STO-BBS, Class C. Level B-S conforms to MIL-STD-BSS, Class B. 
4. 160 hour bum-in. 

7-33 
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Am29516/17 Application Note 
32 x 32 Multiplier 

The Am29516117 is 16 x 16-bit High-Speed Multiplier. Many 
applications, however, require larger word widths, thus larger 
multipliers. A 32 x 32-bitrtlultiplier can be cons,tructed using 
16x 16-bit multipliers. 

To multiply two 32-bit data words, each data word is divided 
into two 16-bit portions. The two lEi-bit halves represent the 
most significant and least significant halves. cif the full 32-bit 
data words. ' 

Let 
x = 32-bit data word 

y = 32-bi! data word 

x= 216A+ 20B 
y= 216C + 200 

The product of the two 32-bit words is Ii cross product of x and y: 

x • y = (216A + 20B) • (216C + ~O) 

= 232(AC) + 21B(AD) + 216(BO) + 20(BO) 

Performing this algorithm using 16 x 16-bit multipliers is as sim
ple as multiplying each of the partial products separately and 
then adding them. 

A primary characteristic of many applications is speed. Figure 1 
shows the architecture for a single cycle 32 x 32-bit multiplier 
using four Am29516/17s and an array of adders and carry
lookahead generators. This system performs a full 32 x 32-bit 
two's complement or unsigned multiply in a single clock cycle. 
Simpler architectures can be used to perform the same al
gorithm but would require multiple clock cycles. 

Figure 1. 

ABL-034 
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Am29520 • Am29521 
Multilevel Pipeline Registers 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• Four S-bit high speed registers 
• Dual two-level or single' four-level push-only stack 

The Am29520 and Am29521 each contain four S-bit positive 
edge-triggered registers. These may be operated as a dual 
2-level pipeline or as a single 4-level pipeline. A single'S-bit 
input is provided and all four registers are available at the 
S-bit, 3-state output. 

operation 
• All registers available at multiplexed output 
• Hold, transfer and load instructions 
• Provides temporary address or data storage 
• 24-pin 0.3" package 

CONNECTION DIAGRAMS 
Am29520/21 

D-24-Slim 

(INSTRUCTtON) 10 Vee 

(INSTRUCTION) 11 So(MUXSEL) 

Do 51 (MUXSEL) 

D, '0 
D, " 
Do " .. " 
Ds V. 

Do Vs 

o, " 
CU< " 
GND OE 

Chlp-Pak™ 
L-28-1 

'" " " 
'u Vee So s, 

" .. " 
" 
'. '. .. 

'. 
'. 

0, Q.KGND OE "1 ", NI: 

Note: Pin 1 is marked for orientation 

RELATED PRODUCTS 

Part No. 

Am29540 
Am29116 
Am2925 , 
Am29517 
Am29510 
Am610B 

Am9128-70 
Am21L47-55 

Description 

F FT Address Sequencer 
16-bit Bipolar Microprocessor 
System Clock Generator and Driver 
16 x 16-bit High Speed Multiplier 
16 x 16-bit Multiply Accumulator 
8-bit Microprocessor Compatible 
AID Converter 
2K x 8 Static RAM 
4K x 1 Static RAM 

Ch;p-Pak is a trademark of Advanced Micro Devices, Inc. 

MPL-003 

MPL-061 

The Am29520 and Am29521, differ only in the way data is 
I()aded into and between the registers in dual 2-level opera
tion. This difference is illustrated in Figure 1 .In the Am29520 
when data is entered into the first level (1=2 or 1=1) the 
existing data in the first level is moved to the second level. In' 
the Am29521 these instructions simply cause the data ill the 
first level to be overwritten. Transfer of data to the second 
level is achieved using the 4-level shift instruction (I=O). This 
transfer also causes the first level to change. In either part 
1=3 is a NO-OP. 

INSTRUCTION 
10,11 

2 

Am29520 

Am29521 

LOGIC DIAGRAM 

MUX 2 
SEL 

50.5, 

"Multilevel Pipeline Register 

DUAL 2·LEVEL 

~ ~ G ~ .2 [§] G .2 

1",2 1=1 

clJ ~ G G 
0 [§] 0 [§] 

1=2 1::1 

Figure 1. 

MPL-OOl 

SINGLE 4-LEVEL 

~ A2 .2 

1=0 

~ A2 82 

1=0 

1=3 NO--OP 

MPL-002 
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Am29520/521 
Am29520/521 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA = 0 to + 7f1'C Vee = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 
MIL' Te = -:55 to +125°C Vee '= 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description 

Output H.IGH VoHage 

Output LOW VoHage 

VIH Input HIGH Level 

ISC 

lee 
Power Supply Current 
(Note 4) 

Test Conditions (Note 1) 

Vee = MIN 
VIN = VIH or VIL 

Vee = MIN 
VIN = VIH or VIL 

Vee = MAX 

Typ 
Min (Note 2) Max Units 

-30 rnA 

mA 

NOtes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. TypicallimHs are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. NOt more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs LOW. . 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature Under Bias - TC 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

DEFINITION OF TERMS 
Do-D7 Register input pori 

elK Clock input enter data into registers on 
lOW-to-HIGH transitions 

Instruction inputs. See Figure 1 and 
Instruction Control Tables. 

7-36 

OE 
yo-y:, 

-65 to +150·C 

-55 to +125·C 

-0.5 to +7.0V 

-0.5V to + Vee max 

-0.5 to +5.5V 

30mA 

-30mA to +5.0mA 

Multiplexer select inputs select either register 
A1, A2, B1 or B2 data to be available at 
the output pori 

Output enable for 3-state output pori 

Register output pori 



Am29520/29521 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Am29520/521 

TA = 0 to 70·C 
Vee = 5V :1:5% 

Te = -55 to +125·C 
Vee = 5V :1:10% 

Clock Pulse 

Width LOW 
10 10 

10 

10 ns 

Note: Please refer to Guidelines for Testing Am2900 Family Devices ·in Section 13 of this data book. 

SET·UP AND HOLD TIME 

- - 3V 

DATA 
1.5V INPUT 

~ "1::: to--1 
ov 

3V 

TIMING f 1.5V INPUT 

ov 

Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don't care condition. MPL-0G4 

TEST LOADS FOR DELAY MEASUREMENTS 

TO 
OUTPUT 0-_.-_--1(11--+ 
PIN 

·CL = 50pF for all tpD, tZH and tZL 
CL = 5pF for 1HZ and tLZ MPL·OO8 

7·37 

PULSE WIDTH 

LOW.HI~ . ~15V PULSE • 

~TPW---1 
HIGH-LO~ F 1.5V 

CIN$TRUC11ON)'o 1 
(INSTRUCTION)', 2 

0, • 

" · .. · 
Do , .. · .. · 

CHIP TOPOGRAPHY 

Am29520/21 

,---- n \lvtMUXIlEL) 
125,(tIUXHL) . " 
m " 
" .. 
" .. 
" " 
" '. 

15 " 

D,ll1 , .. v., 

" or 

DIE SIZE: 0.117" X 0.131" 

MPL·OO5 

MPL·O~2 
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INPUT/OUTPUT CURRENT INTERFACE CONDInONS Ti!'ST WAVEFORMS 

DRIVING OUTPUT I DRIVEN INPUT 
Test OUtput Waveform - Meallliremeilt Level 

I YOH 

*1.6V 

81 Closed 

I ; 
AlllpDS 10M IK. 

--~~ L 
I j 

VOL 82 Closed 

I VOH ..L. 81 Closed 

I If>Hz \. O.SV 

~--- ~i.5Y 82 Closed 

I 
o.5y ...L.f 

.. 1.5V 81 Closed 
I ~- r- 1"4 ..... 

IpLZ -- -- r I .... VOL. I ~Closed 

I I~~ 
::s~ ~VOH 81 Open 

I IpZH i.5V 

t: ~ I 
::s~ O.OV . 82 Closed 

VCC~ 81 Closed 
I IpZL i.5V 

":" I ":" VOL 82 Open 

MPL·OO6 MPL-007 

Am29520/21 
TIMING DIAGRAM 

p-~ CLOCK Ii (CLK) 

-Is-1-"'- I IpWL---I 

INST , , 
(11)01,1 

t---Is "'-
DATA W' , 

(D0-D7) I\. 

MUXSEL W' (So.s,) J~ 

I-Ipo-

OUTPUT ,.5Y 
YO·Y7 J 

f----....... L 

MPL-006 

Am29520/21 
THREE-STATE TIMING , 

, 

3-STATE IL 
3Y 

CONTROL ...., -' t 1.5V 
(II!) 

OV 

(~Ej ...... 
(ENABLE) 

VOH 
VOH ~ r VOH -.5V ~ 

L. '.5V 
3-STATE 
OUTPUT 

(YO·Y7) 
(HIGH IMPEDANCE) 

.,., <-. VOL +.5V ..; 

\" 1.5V 

...... VOL 
VOL 

7o.~LEi (~LE) 

MPL-Il10 
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Am29516/517· Am29516A1517A 

DATA OUTPUT SELECT 

Sl So OUTPUT 

H H Al 

H L A2 

L H Bl 

L L B2 

Am29520 INSTRUCTIONS 

Register Contents After Clock In 

Inst Mnemonic 11 10 Aln A2n BIn B2n 

0 SHFT L L 0 A1n_l A2n_l Bl n_l 

1 LOB L H A1n-l A2n-l 0 Bln-l 

2 LOA H L 0 A1n_l Bln-l B2n-l 

3 HLO H H A1n_l A2n-l Bl n-l B2n-l 

Am29521 INSTRUCTIONS 

Register Contents After Clock tn 

Inst Mnemonic 11 10 Aln A2n BIn B2n 
I 

0 SHFT L L 0 A1n_l A2n-l Bl n-l 

1 LOB L H Aln-l A2n-l 0 B2n-l 

2 LOA H L 0 A2n-l Bl n_l B2n-l 

3 HlO H H A1n_l A2n-l Bl n-l B2n_l 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am29520 Am29521 Package Type Operating Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 

AM29520DC AM29521DC 0-24-SLIM C' C-l 
AM295200CB AM29521DCB 0-24-SLIM C B-2 (Note 4) 
AM295200M AM29521OM 0-24-SLIM M C-3 
AM295200MB AM295210MB 0-24-SLIM M B-3 
AM29520LC AM29521LC L-28 C C-l 
AM29520LM AM29521LM L-28 M C-3 
AM29520LMB AM29521LMB L-28 M B-3 

Notes: 1. 0 = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 
2, C = 0 to + 70"C, Vee = 4.75 to 5.25V, M = -55 to + 125"C, Vee = 4.50 to 5,50V. 
3. Levels C-l and C-3 conform to MIL-STO-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
4., 160 hour bum-in. 

739 -
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APPLICATIONS 
The IMOXTM Am29520 and Am29521 multilevel pipeline regis
ters are specifically designed as a temporary address storing 
register for array processing and digital signal processing appli
cations using the Am29500 Family. 

In AP/DSP applications a single data address may be used a 
multiple number of times. The multilevel pipeline register allows 
saving addresses within its registers for use at a later time. 

Below are a number of applications where the use of a multi
level pipeline register can be implemented. 

CLOCK CONTROLLER, BYTE·WIDE DELAY 
LINE/SHIFT REGISTER 

The Am29520/21 can be utilized as a byte-wide shaft register 
(Figure 1a) capable of delaying a bytE! of data from one to four 
clock cycles. The number of delay cycles is controlled by the So, 

S 1 control inputs and can be changed by the user without inter
rupting the data flow. 

Figure 1b shows the contents of a1lAm29520/21 registers during 
each clock cycle. With the instruction input set at I = 0, the 
operation performed is that of a byte-wide shift register. The 
contents of any register can be accessed by appropriately set
ting SO, S,. In this example, 0, input data is presented after the 
clock 0 rising edge. At the clock 1 rising edge, the 0, data is 
loaded into A,. At the clock 2 rising edge, the 02 data is loaded 
in A1 and the 0, data is pushed into A2. This action continues 
as long as clocks are provided (this is a static part; therefore, 
interrupting the clock does not cause data to be lost). Data 
pushed out of B2 is lost. The user determines the delay by 
setting the output MUX to one of thE! four registers via So, S, 
controls. In this example, register B, was selected (So, S, = 
10). The data at the Am29520/21 output is delayed by three 
clock cycles. 

Am29500 PROCI:SSOR 

DATA 

INPUT 

r---, 
L..!!.....J 

: 
r-"--, 
L..!L..J 
r-l_-, 
L.!!.....J 
r-'-...., 
L..!L..J 

OUTPUT 

HH' Computer 

Interface 

Dahl RAM 

CoefftcMint 
PROM 

Mlcro ....... mm.d 
C.lltroIUnlt 

Figure 1a. Block Diagram 

CLKI---CY''
~--d 

} DELAY 
SELECT 

DELAYED DATA 

7-40 

Im.,lnary Da.a 

DELAY 
INPUT 

MPL·063 

MPL·064 
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Figure 1b. Timing Diagram 

Am29520/21 CLOCK 

INPUT DATA 

REGISTER A, 

REGISTERA. 

REGISTERSI 

REGISTERS. 

MPL·065 

Figure 2. Am29520/21 Expansion in Width and Dapth Since the output is capable of three-state, a no-delay operation 
occurs if the input is tied to the output and OE = 1. 

8 

INPUT 
10 

I, 

Am2952O/21 

OE 

So 

OUTPUT 
8, 

I 
INPUT 

10 

I, 

Am28520/21 

Oil 
So 

OUTPUT 
5, 

8 

I 

16-BIT 
INPUT 

.¢.~ 

10 

I, 

Oil 
80 

8, 

10 I 
~I' 

.l~ 

-
S. So 81 

(DELAY SELeCT) 

IS-BIT 
OUTPUT 

Oil 
So 

5, 

8 

INPUT 

Am29520/21 

OUTPUT 

t 
INPUT 

Am29520/21 

OUTPUT 

8 

MPL·066 
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The Am29520/21 is easily expandable to accommodate data 
widths of 16, 24, 32, etc. bits and delays of 8, 12, 16, etc. clock 
cycles as shown in Figure 2. 

If greater delays are required by cascading devices are not ac
ceptable, then consider controlling the clock input to the 
Am29520/21. An example of this is shown in Figure la. In this 
case, an Am2925 clock generator provides the clock inputs to 
the Am29520/21 (see Am2925 Data Sheet). The Am2925 digital 
control inputs (Ll, L2, L3) allows the user to program the clock 
outputs to vary from FO/3 to FO/l0 in eight steps (Fo = input 
fundamental clock frequency input to the Am2925). The 
Am2925 provides four duty cycle outputs (Cl, C2, C3, C4) for 
each of the eight multiples of the fundamental period. Table 1 is 
a matrix showing all combinations of the Am2925 Ll, L2, L3 and 
the Am29520/21 So, SI controls. Twenty-four meaningful com
binations are available providing from 1 to 40 clock delays. 

TABLE 1. CLOCK DELAY SELECT MATRix 

Am2925 Select Input 

Am29520/21 
SO,Sl lnput 

1,1 (AI) 
0,1 (A21 
1,0(B1) 
0,0(B2) 

L, 
L2 
L3 

FO F3 F4 Fs F6 F7 Fa FgFl0 
x 0 1 1 1 1 000 
x 0 0 0 1 1 1 1 0 
X 0 0 1 1 001 1 

3 4 5 6 7 8 9 10 
2 6 8 10 12 14 16 18 20 
3. 9 12 15 18 21 24 27 30 
4 12 16 20 24-28 32 36 40 

I 
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ANALOG/DIGITAL BUFFER 

In the example shown in Figure 7 the Am29520/21 acts as a 
4-byte buffer bE!tween an AID converter and a controller (or 
microprocessor). Four digitized samples are sequentially stored 
in the Am29520/21 ·from the AID converter. This isac
complished by'applying a READ control input to the clock input 
of the Am29520/21 as well as to the READ input of the·A/D. 
Since I = O. the data output from the AID will be stored in the 
Am29520/21 as shown in Figure 8. 

While the fifth sample is being acquired by the AID. the control
ler will read all registers of the Am29520/21 by manipulating So. 
SI. Note that the three-state output (controlled by OE) can be 
tied .directly to a microprocessor bus and that the registers of the 
Am29520/21 can be easily memory mapped. 

ReAD INPUT 

Am29520/21 INPUT 

Am29520/21 OUTPUT 

ANALOG 
INPUT 

Figure 3. AID Buffer 

Am6108 IN Am29520/21 OUT I---IH-+ 

iiEAii 
iiEAii 1--------- CONTROL 

INPUT 

Figure 4. AID Buffer Timing 

m 
-1 

00 

5, 

The AID will acquire four more ssmples before the Am29520121 registers need to be read. 

MPL-067 

SAMPLE 4 SAMPLE 5 

SAMPLE 3 SAMPLE 4 

SAMPLE 2 SAMPLE 3 

SAMPLE 1 SAMPLE 2 

10 I 01 11 ~ 

5, 53 5, r-
MPL-06S 

Note that the Am29520121 can be simultaneously written and read. A two byte ping-pong memory is realizable by switching between I modes 1 and 2. 
While the AID is writing registers 6, and 62. the microprocessor can be reading registers Al and A2. 

Also. note that the Am29520/21 is easily cascadable in width (as previously described) for applications involving 12-bil and 16-bit AID converters. 
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Am29526 • Am29527 
Am29528 • Am29529 

High Speed Sine, Cosine Generators 

DISTINCTIVE CHARACTERISTICS 

• Provides values for sine/cosine functions in ,./2048 
increments 

• Outputs are 16-bit two's complement fractions 
• Fast generation time of 50ns max Com'l 
• S/LS compatible 
• Three-state outputs 
• IMOXT• processing 

RELATED PRODUCTS 

Part No. Description 

Am29516/17 
Am29510 
Am29540 
Am29B25 

16 x 16-Bit High Speed Multipliers 
16 x 16-Bit Mu~iply Accumulator 
FFT Address Sequencer 
High Performance B-Bit Register 

CONNECTION DIAGRAMS - Top Views 

DIP 

A, Vee 

" A, 

" A, 

A, A" 

A, 0; 

A, " 
A, " 
A. F, 

F. F, 

F, F, 

F, F. 

GND F, 

Chip.PakT• 

:t • ~ ~ :? ~ :t 

A, A, 

A, A" 

A, NC 

A, 0; 

A, " 
A, " 
Ne NC 

F. F, 

F, F, 

of:' u c of:' ~ ~ of:' z z 
~ 

ABL·006 

ABL·007 

IMOX and Chip-Pak are trademarks of Advanced Micro Devices, Inc. 
7-43 

FUNCTIONAL DESCRIPTION 

The Am29526/27 and Am29528/29 provide high speed 
generation of sine and cosine functions over the range 
o .. Ii < ,. in increments of ,./2048. Ii is determined by an 
ll-bit input word. Each device provides an 8-bit output and 
two are used to give the full 16-bit value. The Am29526 
and Am29527 generate the MS and LS bytes respectively 
for the sine function. Similarly, the Am2g528 and Am29529 
generate the cosine functions. 

The outputs are fractional two's complement numbers with 
the radix point located immediately to the right of the sign 
bit (in between the bits weighted _2°' and 2-'). As this 
format 'does not allow for the representation of +1 the 
functions generated are -sin8 and -cos8. In this way the 
output values are restricted to the range -1 .. f(8) < + 1 
which is representable. The outputs are three-state with 
one active Low enable and two active High enable. 

While providing general purpose sine and cosine function 
capability, the Am29526/27/28/29 satisfy the requirements 
of the Am29540 FFT Address Sequencer. . 

E, 

E. 

Eo 

BLOCK DIAGRAM 

SINE/COSINE 
FUNCTION GENERATOR 

Fo-Fr 

ABL·OOB 

I 



Arn29~26/27/28/29 
Am29526/27/28/29 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 
COM'L TA=Oto+7(l"C VCC=5.0V;;5% (M1N=4.75V 
MIL Tc = -55 to +'25°C VCC =. 5.0V ±10% (MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters 08scription Test CondItions 

VOH Output HIGH Voltage Vee =' MIN, IOH = -2.0mA 
VIN =, VIH or VIL 

VOL Output LOW Voltage Vee = MIN, IOL = 16mA 
VIN = VIH .or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

VIL Input LOW Level Guarantetid input logical LOW 
voltage for all inputs 

III Input LOW Current Vee = MAX, VIN = 0.45V 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 5.5V 

Vee = MAX, Vour = O.OV 
Isc Output Short Circuit Current 

(Note 2) 

lee Power Supply Current All inputs = GND, Vee = MAX 

VI Input Clamp Voltage Vee = MIN, liN ~ -18mA 

Vee = MAX 
leEl< Output Leakage Current 

Ves = 2.4V 

CIN Input Capacitance VIN = 2.0V @I = lMHz (Note 3) 

Cour Output Capacitance Vour = 2.0V @I = lMHz (Note 3) 

-Notes. 1. Typical limits are at Vee - 5.0V and TA = +2SOe. 

MAX = 5.25V) 
MAX = 5.50V) 

I MIL 

ICOM'L 

I Vo= Vee 

I Vo = O.4V 

Typ 
Min (Note 1) Max UnIts 

2.4 Volts 

0.50 Volts 

2.0 Volts 

0.8 Volts 

-0.010 -0.250 rnA 

25 p.A 

1.0 rnA 

,..15 -40 -90 
rnA 

-20 -40 -90 

115 185 rnA 

-1.2 Volts 

40 

-40 
p.A 

4.0 

8.0 
pF 

2. Not more than one output should be shorted at a time. Duration 01 the short circuit should not be more than one seoond. 
3. These parameters are not 100% tested, but are periodically sampled. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs 

DC Input Voltage 

DC Input Current 

DEFINITION OF FUNCTIONAL TERMS 
Data Input Values 
Input, 0, corresponding to 0 = 0 (000) to 20471r1 
2048 (3FF). Al0 is MSB. 

Output Enables 
When El is Low and E2 and E3 are High, the 

F7- FO 

7-44 

-65 to +lSOOC 

-55 to + 125°C 

-0.5 to +7.0V 

- 0.5V to + Vee max 

- 0.5 to + 5.5V 

-30 to +5mA 

outputsFO - F7 are enabled. Otherwise the out
puts are in the high impedance state or off. 

Data Output Values 
The outputs corresponding to -siM or -cosO. 
F7 is MSB. 



Arn29526/27/28/29 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tpLH Sin/Cos Generation Time 

tpHL AitoFi 

tpHZ E" E2. E3 HightoZ 

tpLZ Disable Time LowtoZ 

tPZH E,. E2. E3 ZtoHigh 

tpZL Enable Time ZtoLow 

COM'L 

TA = +25·C TA = 0 to +70·C 
Vee = 5V Vee = 5V ±5% 

Typ Max 

30 50 

30 50 

10 25 

10 25 

10 25 

10 25 

Notes: 1. tpLH and tpHL are tested with switch S, closed and CL = 30pF. 

Arn29526/27/28/29 

MIL 

Te = -55 to +125·C 
Vee = 5V ±10% 

Test 
Max Units Conditions 

65 ns 

65 ns 

30 ns RL= 600n 

30 ns CL = 30pF 

30 ns 
(Notes 1 and 2) 

30 ns 

2. For three-state outputs. the disables time is tested with CL = 30pF to the 1.5V level; S, is open for Z to High test and closed for Z to Low test. 
The enable time is tested with CL = 5pF. High to Z tests are made to an output voltage to VOH -0.5V with S, open; Low toZ tests are made 
to the VOL -0.5V level with S, closed. 

SWITCHING WAVEFORMS 

AO-A,03 3.OV 

'.5V 

ov 

E2. E, I 
~'m~. 1t~ I 

1.5V 

E, OV 

~IAA--1 

XXX* 
VOH 

Fo-F7 »C = ::::: ««< 1.5V 

VOL 

Note: Level on output while chip is disabled is determined externally. ABL·009 

ACTESTLOAD 

VCC~=Ti s, R, 
3000 

OUTPUT 

cLI -: ~ 

ABL·Ol0 
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Am29526/27/28/29-

TABLE 1. -COS(8) TABLE 

Actual 
Decimal Hexadecimal Angle Decimal Value Hex Value Am29526 Am29527 

Input Input In Radians of -Cos(8) of -COS(8) MSDevice LS DeVice 

0 0 0 -1.000000 1000 :10 00 
512 200 ,,/4 -0.707107 A57E AS 7E 

.1024 400 ,,/2 0.000000 0000 00 00 
1536 600 3?T/4 +0.707107 5A82 SA 82 
2047 7FF 2047,,/2048 +0.999999 7FFF 7F FF 

TABLE 2. -SIN(8) TABLE 

Actual 
Decimal Hexadecimal .Angle Decimal Value Hex Value Am29528 Am29529 

Input' Input in Radians of-Sin(8) of-Sin(8) MSDevice LS Device 

0 000 0 0 0000 00 00 
512 200 ,,/4 -0.707107 AS7E AS 7E 

1024 400 ,,/2 -1.00000 8000 80 00 
1536 600 3,,/4 -0.707107 A57E AS 7E 
2047 7FF 2047,,/2048 -0.001534 FFCE FF CE 

Figure 1. The Minus Sine Function 

INPUT 

OUTPUT 
000 400 7FF HEXADECIMAL 

2"8 COMPLEMENT ,DECIMAL 0 1024 2047 DECIMAL 
0._ 0.0 

bJJ '_0000000 ~I.o 
_____ 1 

OUTPUT = -SINE INPUT x ~ 
ABL-Oll 

Figure 2. The Minus Cosine Function 

OUTPUT 

2'5 COMPLEMENT DECIMAL 

0.111111111111111 +0._ ------7 
0.00000000_ 0.0 tj:- 2047 DECIMAL 

000 400 7FF HEXADECIMAL 

INPUT ,_ 
-1.0 

OUTPUT = -COSINE INPUT x • ABL-OI2 

I 7-46 
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ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Nuntber 
AM29526PC 
AM29527PC 
AM29528PC 
AM29529PC 
AM29526PC-B 
AM29527PC-B 
AM29528PC-B 
AM29529PC-B 
AM29526DC 
AM29527DC 
AM29528DC 
AM29529DC 
AM29526DC-B 
AM29527DC-B 
AM29528DC-B 
AM29529DC-B 
AM29526DM 
AM29527DM 
AM29528DM 
AM29529DM 
AM29526DM-B 
AM29527DM-B 
AM29528DM-B 
AM29529DM-B 
AM29526LC 
AM29527LC 
AM29528LC 
AM29529LC 
AM29526LM 
AM29527LM 
AM29528LM 
AM29529LM 
AM29526LM-B 
AM29527LM-B 
AM29528LM-B 
AM29529LM-B 

Package Type Operating Range Screening Level 
(Note 1) (Note S) (Note 2) 

P-24_1AA C C-l 
P-24-1AA C C-l 
P-24-1AA C C-l 
P-24-1AA C C-l 
P-24-1AA C B-1 
P-24-1AA C B-1 
P-24-1AA C B-1 
P-24-1AA C B-1 
D-24-1AA C C-l 
D-24-1AA C C-l 
D-24-1AA C C-l 
D-24-1AA C C-l 
D-24-1AA C B-1 
D-24-1AA C B-1 
D-24-1AA C B-1 
D-24-1AA C B-1 
D-24-1AA M C-3 
D-24-1AA M C-S 
D-24-1AA M C-S 
D-24-1AA M C-S 
D-24-1AA M B-S 
D-24-1AA M B-S 
D-24-1AA M B-S 
D-24-1AA M B-S 

L-S2-2 C C-l 
L-S2-2 C C-l 
L-S2-2 C C-l 
L-32-2 C C-l 
L-S2-2 M C-S 
L-32-2 M C-S 
L-32-2 M C-S 
L-S2-2 M C-3 
L-S2-2 M B-S 
L-32-2 M B-S 
L-S2-2 M B-3 
L-32-2 M B-3 

Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak. Number following letter Is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. Levels C-l and C-3 conform to MIL-STO-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
S. C = 0 to + 70'C, Vee = 4.75 to 5.25V. M = -55 to + 125'C, Vee = 4.50 to 5.50V. 
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Am29540 
Programmable FFT Address Sequencer 

ADVANCED DATA 

DISTINCTIVE CHARACTERISTICS 

• Generates data and coefficient addresses 
• Programmable transform length 2 to 65,536 points 
• Radix-2 or Radix-4 
• Decimation in frequency (DIF) or decimation in time (DIT) 

FFT algorithms supported 
• In-place or non-in-place transformation 
• 40-pin DIP package 
• 5 volt single supply 

RELATED PRODUCTS 

Am29520/521 - Multilevel pipeline register 
, Am29825 - High performance 8-bit register 

CONNECTION DIAGRAM 

Top View 

ASo AS, 

Ao AS, 
A, AS, .. ODD/mJii CKlIRJa) 
A, TSEl .. Tmili .. TLo .. TL, 

A, TL, 

GND TL, .. Vee 

At 10 

A,. I, 

Au ep 

A" m 
A" STAB 
A,. DJT/DiF 

A" PSO 
5E RADIX4!i 

FFTCOMP ITCOMP 
MPL-046 

FUNCTIONAL DESCRIPTION 

The Am29540 Fast Fourier Transform Address Sequencer 
generates ali the data (RAM) and coefficient (ROM) 
addresses necessary to perform the repetitive butterfly 
operations of the FFT_ Decimation in time and decimation 
in frequency algorithms are supported (control DIT/DIF) 
in radix-2 or radix-4' (RADIX 4/2). A radix-2 real valued 
input (RVI) transform is also supported. For radix-2 operation 
the transform length is programmable in powers of 2 from 2 
to 65,536 pOints. In radix-4 the range is 4 to 65,536 in 
powers of 4. 

Address sequences can be selected to be compatible with 
data which mayor may not have been pre-scrambled ("bit
reversed"). If the data has been pre-scrambled the control 
PSD must be LOW to select the correct sequence. If the data 
is not pre-scrambled (PSD HIGH) and an in-place transform 
is performed, the' output data will necessarily be in bit
reversed order. If this is not desirable, alternate addresses 
are available for a non-in-place, non-bit-reversing algorithm_ 

The butterfly counter op,erates on the positive clock edge and 
responds to four instructions. COUNT causes the counter to 
incrementto the next butterfly. RESET causes the counter to 
initialize for the specified transform length. RESET/LOAD 
causes the counter to initialize an(j a data address offset to 
be loaded into the part via the bi-directional 3-state AD
DRESS port. This offset is effectively OR-ed onto the higher 
significance bits of the address which are unused for the 
selected transform length. A HOLD instruction is also pro
vided. Three status lines are provided. ODD/EVEN (KZJ 
KNZ) controls the alternation of read and write memories for 
non-in-place transforms and determines the butterfly struc
ture in the RVI transform. The flag has the function KZJKNZ 
when RVI.data addresses are selected (AS = 12 to 15). 
Iteration complete (IT COMP) flags the bottom of a "column" 
of butterflies and is used in conjunction with block floating 
point schemes. FFT COMP identifies the last butterfly of the 
transform. 

LOGIC DIAGRAM 

Tsa:::::::::::::~r:> TSTRB 

COUNTER 
INSTRUCTION ---r-------, 

'0. 11 

TRANSFORM 
LENG'" 
TLo-TL3 

cP --------1 1----+--- FFTCOMP. 

RAD,J(412 
>So 

DIT/OfF 

L_--r-___ --,-__ j---t--ODDIEVEN{/(Z/K""NZ> 

o.-----------~ 

AO•15 
ADDRESS OUTPUT 

(OfFSET INPUT) 

FFT Address Sequencer 
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Am29540 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply UnJess Otherwise Specified: 
COM'L TA = Oto +7O"C Vee = 5.0V ±5% (MIN = 4.75V 
MIL Te = -55 to + 125°C Vee = 5.0V ±10% (MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX=5.25V) 
MAX=5.50V) 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Voltage Vee = MIN IOH = -2.6mA, COM'L 

VIN = VIH or VIL IOH = -lmA, MIL 

VOL Output LOW Voltage Vee = MIN IOL= 12mA 
VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
VIL Input LOW Level 

voltage for all inputs COM'L 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

IlL Input LOW Current Vee = MAX, VIN = 0.4V 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 5.5V (See Note 5) 

IOZH Off State (High Impedance) 
Vee = MAX 

Vo=3V 

IOZL Output Current VO=0.5V 

Ise Output Short Circuit Current 
Vee = MAX (Note 3) 

COM'L and MIL TA=25°C 

COM'LOnly TA = Oto +7O"C 

ICC 
Power Supply Current 

Vee = MAX TA = +70"C 
(Note 4) 

MIL Only 
Te = -55 to +125°C 

Te= +125°C 

. Arn29526/27/28/29 

Typ 
Min (Note 2) Max Units 

2.4 Volts 

0.5 Volts 

2.0 Volts 

0.8 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 ,.A 

100 ,.A 

,.A 

-30 -85 mA 

mA 

Notes: 1. For donditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration ot the short circuit test should not exceed one second. 
4. OE LOW and all inputs LOW. . 
5. It is limited to 5.5V because Ao to A15 inputs also connect to output transistors. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to +150"C 

Temperature Under Bias - Tc -55 to +125°C 

Supply Voltage to Ground Potential Continuous -0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +VCC max 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am29540 
Am29540 COM'L MIL 
SWITCHING CHARACTERISTICS 

TA = 0 t0700C Tc = -55 to +125°C OVER OPERATING RANGE* 
vee = 5V::I:5% Vee = 5V::I: 10% 

Teat 
Parameters Oescriptlon Min Max Min Max Units Conditions 

1 IpO CP to Ao-15 (AS = 0) 

1 Ipo CP to Ao-15 (AS = 1) 

1 Ipo CP to Ao-15 (AS = 2) 

1 Ipo CP to Ao-15 (AS = 3) 

1 Ipo CP 10 Ao-15 (AS = 4) 

1 Ipo CP 10 Ao-15 (AS = 5) 

1 IpO CP 10 Ao-15 (AS = 6) 

1 Ipo CP 10 Ao-15 (AS = 7) 

1 IpO CP to Ao-15 (AS = 8) 

1 Ipo CP 10 Ao-15 (AS = 9) 

1 IpO CP 10 AO-i5 (AS = 10) 

1 IpO CP 10 Ao-15 (AS = 11) 

1 IpO CP 10 Ao-15 (AS = 12) 

1 IpO CP to AO-15 (AS = 13) 

1 lPO CP to Ao-15 (AS = 14) 

1 IpO CP 10 Ao-15 (AS = 15) 

2 IpO Address Select 10 AO-15 

3 IpHZ OE to Ao:15 Disable Time 

4 tPLZ OE 10 Ao-15 Disable Time 

5 IpZH OE to Ao-15 Enable Time 

6 'pZl OE 10 Ao-15 Enable Time 

7 IpO CPlo IT COMP 
Cl = 50pF 

8 Ipo CP to FFT COMP See Tesl 

9 tpo CP to ODD/EVEN/ (KZlKNZ) 
Circuits 

10 IpO Address Select 10 ODD/EVEN/ (KZ/KNZ) 

11 IS Offsel Address Input Ao.-15 to CP Selup Time 

12 IH Offset Address Input Ao-15 10 CP Hold Time 

13 Is Counter Instruction to ·CP Setup Time 

14 IH Counter Instruction to CP Hold Time 

15 ts Transform Length Select to CP Setup Time 

16 IH Transform Length Select 10 CP Hold Time 

17 ts Transform Length Select to TSTRB t Setup Time 

18 tH Transform Length Select 10 TSTRB t Hold Time 

19 ts TSEL (HIGH to LOW) 10 TSTRB t Setup Time 

20 tH TSEL to TSTRB t Hold Time 

21 ts RADIX 4/2 to CP Setup Time 

22 IH RADIX 4/2 to CP Hold Time 

23 IS RADIX 4/2, PSD, DIT/DIF to STRB t Setup Time 

24 IH RADIX 4/2, PSD, DIT/DIF to STRB t Hold Time 

25 Is SEL (HIGH to LOW) to STRB t 
26 IH SEL Hold Time to STRB t 
27 Is STRB or TSTRB to CP Setup Time 

28 'pWSl Minimum Strobe Pulse Width LOW 

29 IPWH CP Pulse Width HIGH 

30 lfowl CP Pulse Width LOW 
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Am29540 SWITCHING CHARACTERISTICS 

TA = +25°C vee = 5.0V Test 
Parameters Description Min Typ Max Units Conditions 

1 lpO CP 10 Ao-15 (AS = 0) 

1 Ipo CP 10 Ao-IS (AS = 1) 

1 IpO CP 10 Ao-15 (AS = 2) 

1 IpO CP 10 Ao-15 (AS = 3) 

1 Ipo· CP 10 AO-15 (AS = 4) 

1 !Po CP 10 Ao-15 (AS = 5) 

1 Ipo CP 10 Ao-15 (AS = 6) 

1 Ipo CP 10 Ao-15 (AS = 7) 

1 !Po CP 10 Ao-15 (AS = 8) 

1 Ipo CP 10 Ao-15 (AS = 9) 

1 Ipo CP 10 Ao-15 (AS = 10) 

1 Ipo CP 10 AO-IS (AS = 11) 

1 !Po CP 10 AO-IS (AS = 12) 

1 Ipo CP 10 Ao-15 (AS = 13) 

1 !Po CP 10 Ao-15 (AS = 14) 

1 IpO CP 10 Ao-15 (AS = 15) 

2 IpO Address Select 10 AO-15 

3 IpHZ OE 10 Ao-15 Disable Time 

4 IpLZ OE 10 Ao-15 Disable Time 

5 IpZH OE 10 AO-15 Enable Time 

6 IpZL OE 10 AO-15 Enable Time 

7 Ipo CPlo ITCOMP CL = 50pF 
8 Ipo CP to FFT COMP See Tesl 

Circulls 
9 Ipo CP 10 ODD/EVEN/ (KZ/KNZ) II 

10 Ipo Address Select 10 ODD/EVEN/ (KZ/KNZ) 

11 IS Offsel Address Input Ao-15 to CP Setup Time 

12 Iti Offset Address Inpul Ao-15 10 CP Hold TIme 

13 ts Counter Inslruclion 10 CP Setup Time 

14 Iti Counter Inslruclion 10 CP Hold Time 

15 IS Transform Lenglh Selecl 10 CP Selup Time 

16 Iti Transform Length Select 10 CP Hold Time 

17 Is Transform Lenglh Select 10 TSTRB t Setup Time 

18 Iti Transform Lenglh Select 10 TSTRB t Hold Time 

19 IS TSEL (HIGH to LOW) 10 TSTRB t Setup Time 

20 IH TSEL to TSTRB t Hold Time 

21 ts RADIX 4/2 10 CP Setup TIme 

22 tH RADIX 4/2 10 CP Hold Time 

23 ts RADIX 4/2, PSD, DIT/DIF 10 STRB t Setup Time 

24 tH RADIX 4/2, PSD, DIT/DIF 10 STRB t Hold TIme 

25 Is SEL (HIGH to LOW) 10 STRB t 
26 IH SEL Hold Time to STRB t 
27 ts STRB or TSTRB to CP Setup Time 

28 tpwSL Minimum Strobe Pulse Widih LOW 

29 tPWH CP Pulse Width HIGH 

30 tpWL CP Pulse Width LOW 
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TRANSFORM 
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LATCH TIMING DIAGRAM 

~ ~ 

I-----@ @----+--@J@ 

LATCH ------, ,----------~----------------_t------------~ 
INPUT 
DATA ______ .I ,, ______ __ 

ill ---------'" 
OR 

~ __________ J ~----------~----------_4-----

s-r.m ------------------------, 
OR 

TsTRi 

tpwSL 

Am29540 

MPL-035 I 
1--------'---------1 

V 
'PHZ 

(DISABLE) 

~ 
(HIGH LEVEL) -' 

"0-1. 

-, 

(LOW LEVEL) kV-
'PLl 

(DISABLE) 

t 

~. 

Am29540 
3-STATE 

TIMING DIAGRAM 

YOH - .SV 

(HIGH IMPEDANCE) 

VOL + .5V 
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(E~~LE) ~ 
5 

8 , 
PZL 

(ENABLE) 

-, <-. 

- ['"". 

VOH 
1.5V 

VOL 

VOH 

1.5V 

1.5V 

VOL 
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Am;!9540 

SET·UP AND HOLD TIME PULSE WIDTH 

- WIlli 
3V 

DATA 1.5V INPUT 

1--"1:::"'~ 
ov 

3V 

TIMING f 1.5V INPUT 

ov 

Notes: 1. Diagram shown for HIGH data only. Output transition may 
be oppOsije sense. .. 

2. Cross hatched area is don't care 'COndition. MPL-037 MPL-038 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS TEST WAVEFORMS 

DRMNOOUTPUT DRIVEN INPUT 
Test Vx output Wavefcirm - Meaau-..t Levef 

VOlt 

*,.5V AIiIpOS 5.0V 
VOL 

VOlt ..L 

tpHZ O.OV 
\. O.5V 

O.OV 

o.5v ..l...f 
3V 

tpLZ 5.0V 
VOL I 

~VOIt 
tpZH O.OV 1.5V ' 

O.DV 

tpZL 5.0V 3V~ 
VOL 

MPL-039 
. 

TEST LOADS FOR DELAY MEASUREMENTS 

A. THREE~STATE OUTPUTS B. NORMAL OUTPUTS 

Vec 

s, 

VOUT ()o-()"'""';:>-...... - ..... ...,KI---+ 
s, 

VOUT ~:>-_-""''''''KI---+ 

R, = 
5.0 - VBE - VOL R2 = 2.4V 

IOH 
R, = 

5.0 - VBE - VOL 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S" S2, S3 are closed during function tests and all AC tests except output enable tests. 
3. S, and S3 are closed while S2 is open for tPZH test. 

S, and S2 are closed while S3 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 
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Am29540 DEFINITION OF FUNCTIONAL TERMS 

CP 

Radix 4;2 

DlT/DIF 

Transform length control determines the 
number of pOints to be transformed. (See 
Figure 1) 

Transform length latch enables. These active 
LOW inputs are ANDed to control the latch. 
The latch is transparent when both TSEL and 
TSTRB are LOW. 

Counter Instruction inputs determine one of 
four available butterfly counter instructions 
Hold, Reset, Reset/Load and Count. (See 
Figure 2) 

Butterfly counter clock (positive edge active). 

The Radix control determines whether ad
dresses will be generated for Radix-4 (HIGH) 
for Radix-2 (LOW) transforms. 

The Pre-Scrambled Data, PSD, input is used 
to select an appropriate transform for input 
data which has previously been digit re
versed. PSD must be LOW for pre
scrambled input data. For in-place trans
forms with normally ordered input data, PSD 
should be HIGH. Refer to individual trans
form flow charts (p. to ) for other cases. 

Control input for selection of the Decimation 
In Frequency algorithm (LOW) or Decimation 
In Time algorithm (HIGH). 

TL3 TL2 TL1 TLo 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

ASo, AS1, 
AS2, AI>3 

OE 

Ao-15 
Address Output 
(offset Input) 

ODD/EVEN, 
(KZJKNZ) . 

FFT COMP 

ITCOMP 

Am29540 

Transform type (Radix 4/2, PSD, DIFif) latch 
enables. These active LOW inputs are 
ANDed to control the latch. The latch is 
transparent when both SEL and STRB are 
LOW. 

Address Select control determines address 
selection. (See Figure 3) 

Three-state output enable. The 3-state out
put is controlled solely by OE. The output 
does not automatically become high imped
ance during the Reset/Load instruction. 

Bidirectional 16-bit port to output selected 
addresses or to input an address offset. 

For address select 0 to 11 the ODD/EVEN 
output controls the alternation of separate 
read and write memories for non-in-place 
transforms. For Address select 12 to 15 KZ/ 
KNZ = (HIGH) indicates that the rotational 
constant to be used in the RVI transform is 
WO and that an alternative butterfly must be 
implemented. 

FFT Comp!ete = HIGH identifies the last 
butterfly (or end) of. the transform. (See 
Figure 4) 

Iteration Complete = HIGH flags the bottom 
of a "column" of butterflies. (See Figure 4.) 

Transform Length 

Radix-2 Radlx-4 RVI 

2 4 4 
4 4 8 
8 16 16 

16 16 32 
32 64 64 
64 64 128 

128 256 256 
256 256 512 
512 1024 1024 

1024 1024 2048 
2048 4096 4096 
4096 4096 8192 
8192 16384 16384 

16384 16384 32768 
32768 65536 65536 
65536 65536 Not Used 

Figure 1. Transform Length Control 
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11 10 Counter Function 

L' L Hold, No-Op 

L H Reset, Reset counter to start of transform 
with unused address outputs set to O. 

'H L Reset/Load, Reset counter to start of transform 
with unused address outputs set to the current 
value of the address bus, 

H H Count, ,increment butterfly counter. 

Figure 2. Counter InstructiOn Control 

AS = AS3 AS2 AS1 ASo Description Usage 

0 L L L L Data Address 1 Radix 2/4 
1 L L L H Data Address 2 Radix 2/4 
2 L 'L H L Dala Address 3 Radix 4 
3 L L H H Data Address 4 Radix 4 

4 L H L L M. Data Address 1 Radix 2/4 
5 L H L H All. Data Address 2 Radix 2/4 
6 L H H L All. Dala Address 3 Radix 4 
7 L H H H All. Data Address 4 Radix 4 

8 H L L L Consl Address 1 Radix 2/4, Shading 
9 H L L H Consl Address 2 Radix 4 

10 H L H L Const Address 3 Radix 4 
11 H L H H Const Address 1 Shading 

12 H H L L RVI Data Address 1 RVI 
13 H H L H RVI Dala Address 2 RVI 
14 H H H L RVI Dala Address 3 RVI 
15 H H H H RVI Data Address 4 RVI 

Figure 3. Address Select Control 
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DATA ADDRESS 

000 

001 

010 

011 

100 

101 

110 

111 

R!;!SE1, RESET/LOAO 

START FIRST PASS SECOND PASS 

a) Sequence of Operations for Typical FFT 

AS = 0/4-

AS = 1IS' 

'Note: AS = 4 and AS = 5 are altemate addresses used 
in non-in-place transformations. 

b) Single RADIX-2 Butterfly 

Figure 4. 
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DATA ADDRESS 

000 

100 

010 

110 

001 

101 

011 

111 
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Am29540 

CLOCK 

COUNTER 
INSTRUCTION 

ADDRESS 
SELECT 

CLOCK 

COUNTER 
INSTRUCTION 

ADDRESS 
SELECT 

___ J 

_____ J 

TYPICAL 4-CYCLE RADIX-2 
ADDRESS GENERATION 

TYPICAL HIGH PERFORMANCE RADIX-2 
ADDRESS GENERATION 
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METALLIZATION AND PAD LAYOUT 

Am29540 

AS. 

As 
A, 

A2 

A3 

A., 

A. 

As 
A7 

GND 

A. 

As 
A,. 

A" 

A'2 

A13 

A,. 
A,s 

OE 
FFTCOMP 

CONNECTION DIAGRAM 

Top View 

36 

3S 

3. 
33 

32 

3' 
Am29540 

11 3D 

29 

13 2. ,. 27 

lS 26 

16 25 

17 2. 

23 

19 22 

20 21 

Am29540 

AS, 

AS2 

AS3 

aDO/EVEN (KZlKNZ) 

TSEL 

'fS'fRjj 

TL. 

TL, 

TL2 

TL3 

Vee 
ID 

I, 

CP 

·SEL 

STRB 

OIT/DIF 

PSD 

RADIX'/~ 

ITCOMP 

MPL-046 R 
I-----~-------I------III 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am29540 Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM295400C 0-40-1 C C-l 
AM295400C6 0-40-1 C 6-2 (Note 4) 
AM295400M 0-40-1 M C-3 
AM295400M6 0-40-1 M 6-3 
AM29540LC L-44 C C-l 
AM29540LM L-44 M C-3 
AM29540LM6 L-44 M 6-3 

Notes: 1_ 0 = Hermetic DIP, L = Chip-Pak. Number following leller is number of leads. 
2. C = 010 +70'C, Vee = 4.75105.25V, M = -5510 +125'C, Vee = 4.50t05.50V. 
3. Levels C-l and C-3 conform 10 MIL-STO-883, Class C. Level 6-3 conforms 10 

MIL-STD-883, Class 6. 
4. 160 hour burn-in. 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 
.DIF 

• Normally ordered input data 
(Bit-reversed output data order) 

• In-place 

• Complex valued input data 

TYPICAL BUTTERFLY 

A A' 

B B' 

FORWARD TRANSFORM INVERSE TRANSFORM 

A' = A + B A' = A + B 

B' = (A - B)Wk B' = (A - B)W-k 

IN" 4) 

"...-____ +;;;:;;;;;:-____ ...u:::. 12 

10 

~--~--;.-:;;:=---=:u::: 14 

o -

10 

11 13 

12 

13 11 

14 

15 15 

DIT/DiF PSD RADIX 4/2 Address of 

L H L AS= 

MPL-047 
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TRANSFORM CHARACTERISnCS TYPICAL BUTTERFLY 

• 16-Point (N = 16) 

• RADIX-2 

• DIF 

• Normally ordered output data 
(Bit-reversed input data order) 

• In-place 

• Complex valued input data 

A 

8 

FORWARD TRANSFORM 

(N = 21 

12 

--------~--------~~ 
10 

A' = A + B 

B' = (A - B)Wk 

14 

--------~------~----------~ 

13 

11 

15 

DIT/DIF RADIX 4/2 Address of 

L L AS = 

7-61 

A' 

8' 

INVERSE TRANSFORM 

A'=A+B 

B' = (A - B)W-k 

11 

12 

13 

14 

15 

B 

MPL·048 



TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 
.DIF 

• Normally ordered input and output data 
(Non-bit-reversing) 

• Non-in-place 

• Complex valued input data 

10 

11 

12 

13 

14 

15 

DIT/DIF I· RAD~4/2 PSD 

L H 

7-62 

TYPICAL BUTTERFLY 

A A' 

S S' 

FORWARD TRANSFORM INVERSE TRANSFORM 

A' = A + 8 A' = A + 8 

8' = (A - 8)wk 8' = (A - 8)W-k 

Address of . 

AS= 
MPL-049 



TRANSFORM CHARACTERISTICS 
\ 

• 16-Point (N = 16) 

• RADIX-2 
.DIT 

• Normally ordered input data 
(Bit-reversed output data order) 

• In-place 

• Complex valued input data 

IN", 8) 

DIT/DiF PSD RADIX4!i 

H H L 

IN", 41 

7-63 
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TYPICAL BUTTERFLY 

A 

B 

FORWARD TRANSFORM 

A' = A + Bwk 

B' = A - BWk 

(N '" 21 

Address Of 

AS = 

A' 

B' 

INVERSE TRANSFORM 

A' = A + BW-k 

B' = A - BW-k 

12 

10 

" 

13 

16 

MPL-050 
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TRANSFORM CHARACTERISTICS 

e 16-Point (N = 16) 

eRADIX-2 

eDIT 

e Normally ordered input and output data 
( Non-bit-reversing) 

e Non-in-place 

e Complex valued input data 

DIT/DiF 

H 

7-64 

TYPICAL BUTTERFLY 

A A' 

B 8' 

FORWARD TRANSFORM INVERSE TRANSFORM 

A' = A + BWk 

B' = A - BWk 

Address of 

AS = 

W= e-j1T 

A' = A + BW-k 

B' = A - BW-k 

MPL-051 



TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-4 

• DIF 

• Normally ordered input data 
(Digit-reversed output data order) 

• In-place 

• Complex valued input data 

10 

11 

12 

13 

14 

15 

Address of 

AS = 

IN = 4) 

Drr/DIF PSD 

L H 

7-65 

Am29540 

TYPICAL BUTTERFLY 

A 

B 

C 

D 

FORWARD TRANSFORM 

A'=A+B+C+D 
B' = (A - jB - C + jD)Wk 

C' = (A - B + C - D)W2k 

D' = (A + jB - C - jD)W3k 

RADIX 4/2 

H 

A' 

B' 

C' 

D' 

INVERSE TRANSFORM 

A'=A+B+C+D 
B' = (A + jB - C - jD)W-k 

C' = (A - B + C - D)W-2k 

D' = (A - jB - C + jD)W-3k 

MPL-052 

I 



Am29540 

TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RAOIX-4 

• OIl: 
• Normally ordered Input and output data 

(Non-digit reversing) 

• Non-in-place 

• Complex valued input data 

10 

11 

12 

13 

14 

15 

DIT/DIF 

L 

7-66 

TYPICAL BUTTERFLY 

FORWARD TRANSFORM 

A'=A+B+C+O 

B' = (A - jB - C + jD)Wk 

C' = (A - B + C -O)W2k 

0' = (A + jB - C - jO)W3k 

A' 

B' 

C' 

D' 

INVERSE TRANSFORM 

A'=A+B+C+O 

B' = (A + jS - C - jO)W-k 

C' = (A - B + C - O)W-2k', 

0' = (A - jS - C + jO)W-3k 

MPL·053 



TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RAOIX-4 

.OIT 

• Normally ordered input data 
(Oigit-reversed output data order) 

• In-place 

• Complex valued input data 

10 

11 

12 

13 

14 

15 

FORWARD TRANSFORM 

A' = A + BWk + CW2k + OW3k 

B' = A - jBWk - CW2k + jOW3k 

C' = A - BWk + CW2k - ow3k 

0' = A + jBWk - CW2k - jOw3k 

Address of 

AS = 

DIT/DIF 

H 

7-67 

TYPICAL BUTTERFLY 

A A' 

B B' 

C C' 

D D' 

INVERSE TRANSFORM 

A' = A + BW'-k + CW-2k + OW-3k 

B' = A + jBW-k - CW-2k - jOW-3k 

C' = A - BW-k + CW-2k - OW-3k 

0' = A - jBW-k - CW-2k + jOW-3k 

Am29540 

I 
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Am29540 

TRANSFORM CHAFiACTERISTICS' 

• 16-Point (N = 16) 

• RADIX-4 

.DIT 

• Normally ordered output data 
(Digit-reversed input data order) 

• In,place 

• Complex valued input data 

FORWARD TRANSFORM 

A' = A + BWk + CW2k + DW3k 

B' = A - jBWk - CW2k + jDW3k 

C' = A - Bwk + CW2k - DW3k 

0' = A + jBWk - CW2k - jDW3k 

DIT/DIF 

H 

Address of 

AS = 

PSD 

7-68 

TYPICAL BUTTERFLY 

A A' 

B B' 

C C' 

D D' 

INVE~SE TRANSFORM 

A' = A + BW-k + CW-2k + DW-3k 

B' = A + jBW-k - CW-2k - jDW-3k 

C' = A - BW-k + CW-2k - DW-3k 

0' = A - jBW-k - CW-2k + jDW-3k 

RADIX 4/2 

H 

10 

11 

12 

13 

14 

15 

MPL-055 



TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-4 

• OIT 
• Normally ordered input and output data 

(Non-digit reversing) 

• Non-in-place 

• Complex valued input data 

FORWARD TRANSFORM 

A' = A + BWk + CW2k + DWlk 

B' = A - JBW< - CW2k + jDW3k 

C' = A - BWk + CW2k - DW3k 

0' = A + jBWk - CW2k - jDW3k 

DIT/DIF 

H 

Address of 

AS = 

7-69 

TYPICAL BUTTERFLY 

A A' 

B B' 

C C' 

D D' 

INVERSE TRANSFORM 

A' = A + BW-k + CW-2k + DW-3k 

B' = A + jBW-k - CW-2k - jDW-3k 

C' = A - BW-k + CW-2k - DW-3k 

0' = A - jBW-k - CW-2k + jDW-3k 

Am29540 

MPL-056 



Am29540 

TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-4 

• DIF 
• Normally ordered output data 

(Digit-reversed input data order) 

• In-place 

• Complex valued input data 

Address of 

AS = 

DIT/DIF' 

L 

TYPICAL BUTTERFLY 

FORWARD TRANSFORM 

A' = A + B + C + D 

B' = (A - jB - C + jD)Wk 

C' = (A - B + C - D)w2k 

D' = (A + jB - C - jD)W3k 

IN = 41 

PSD RADIX 4/2 

L H 

7-70 

A' 

B' 

C' 

D' 

INVERSE TRANSFORM 

A'=A+B+C+D 

B' = (A + iB - C - iD)W-k 

C' = (A - B + C - O)W-2k 

0' = (A - iB - C + jO)W-3k 

MI'L-057 



TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIT 

• Normally ordered input data 
(Unique output data order) 

• In-place 

• Real Valued Input (RVI) data 

• Forward transform 

10 

11 

12 

13 

14 

16 

Address of 

AS = 

A 

C 

o 

Am29540 

TYPICAL BUTTERFLIES 

KZ/KNZ = HIGH 
(k = 0) 

A' A 

.' . 
C' C 

0' 0 

KZ/KNZ = LOW 
(k40 0) 

A' 

.' 
C' 

0' 

A' = Re[A+ jB + (C+ jD)W~l 
B' = 1m [A + jB + (C + jD)W~l 
C' = Re[A+ jB - (C + jD)W~l 
D' = 1m [-A -jB + (C - jD)W~] 

A' = Re [A + jC + (B + jD)W~] 
B' = 1m [A + jC + (B + jD)w,!j] 

C' = Re [A + jC - (B + jD)w,!j] 

D' = 1m [-A - jC + (B + jD)w,!j] 

4(Ae) 

4 (1m) 

2(Ae) 

2 (1m) 

6 (Ro) 

6 pm) 

1 (Re) 

1 (1m) 

7 (Re) 

7 (1m) 

3(Ae) 

3 (1m) 

5(Re) 

5(lm) 

RADIX 4/2 

L 

MPL-058 

7-71 
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Am29540 

TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

.DIF 

• Normally ordered output data 
(Unique input data order) 

• In-place 

• Real valued output data 

• Inverse transform 

(Ae) 4 

(1m) 4 

(Aa) 2 

(1m) 2 

(Aa)S 

(1m) 6 

(Ra)1 

(1m) 1 

(Ra)7 

(1m) 7 

(Ae) 3 

(1m) 3 

(Ae) " 

(1m) 5 

Address of 

AS = 

1111 '" 41 

DIT/DIF ' I 
L 

A 

B 

C 

D 

TYPICAL BUTTERFLIES 

KZ/KNZ = HIGH 
(k = 0) 

A' A 

B' B 

C' C 

D' D 

KZlKNZ = LOW 
(koF 0) 

A' 

B' 

C' 

D' 

A' = Re [A + jB + C - jD] 

B' = 1m [A + jB + C - jD] 

C' = Re[(A+ jB - C + jD)W~] 

0' = Im[(A+jB - C + jD)W~] 

A' = Re [A + jB + C - jD] 

B' = Re [(A + jB - C + jD)W~] 
C' = 1m [A + jB + C - jD] 

0' = Im[(A+jB - C + jD)~] 

1111 '" 8) 

10 

11 

12 

13 

14 

15 

PSD RADIX 4/2 

L L 

MPL-059 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RAOIX-2 
.OIT 

• Normally ordered output data 
(Bit-reversed input data order) 

• In-place 

• Complex valued input data 

12 

10 

14 

13 

11 

15 

DIT/DIF PSD 
H L 

RADIX 4/2 

L 

7-73 

Am29540 

TYPICAL BUTTERFLY 

A 

B 

FORWARD TRANSFORM 

A' = A + Bwk 

B' = A - Bwk 

Address of 

AS = 

A' 

B' 

INVERSE TRANSFORM 

A' = A + BW-k 

B' = A - BW-k 

10 

11 

12 

13 

14 

15 

MPL-06O 
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High Performance Bus 
Interface Family 
Standardizes Around 
Slim 24-Pin Package 

The Octal Explosion 

David A. Laws and Peter Alfke 
Advanced Micro Devices, Inc. 
Sunnyvale, CA 

Most IC designers tend to focus their attention on ever 
more complex VLSI solutions to improve the package 
count, cost and reliability of microprocessor based 
systems. In many cases, however, greater impact could be 
achieved with much less effort by designing a more 
efficient bus interface. The last major innovation in this 
area was the advent of the popular 20-pin octal interface, 
which occurred not so coincidentally with the boom in 
8-bit microprocessor sales. 

The 20-pin package was ideal for 8 .• bit interface elements 
as it allowed for eight input lines, eight output lines, two 
control inputs, power supply and ground. Octal 
configurations of registers, latches and transceivers, 
appeared in Schottky, low-power Schottky and CMOS 
technologies from every major integrated circuit supplier, 
and as technology improved, a proliferation of polarity, 
pin rotation, high current drive and low power options 
became available to meet every conceivable 8-bit need. 

However, as the designers' world became more complex, 
it became apparent that modular sizes larger than 8 bits 
were needed. For example, systems that use a parity check 
scheme need 9 bits for each byte, and if a clock line is 
added, a 10-bit part is needed. The 10-bit part also fits II 
nicely with the20-bit addressing schemes used with many : 
16-bit microprocessors. 

A 9- or 10-bit function previously required the one octal 
and one 4-bit part, which left the designerwith.two 
packages and potential problems. Clearly, the answer was 
a new approach. 

8·1 



The M-Pin Solution Two factors contributed to the 24-pin solution, First was 
the development of a mor~ compact 24-plnpackage. 
Until recently the only package available for this pin count 
was a 600-mil wide DIP. Now a slimline, 24-pin 300-mil 
wide package, called Thin-DIP by AMD, is entering 
production at a number of package manufacturers. 
Second, advanced Schottky technologies made it possible 
to pack increased functional complexity onto chips small 
-enough to fit into the narrow cavities of these new 
packages. AMD calls its version of this process IMOX™, an 
acronym which-means ion-implanted and oxide-isolated. 

The fabrication and packaging problems overcome, AMD 
proceeded to define a complete family of functions from 
the ground up. While the previous 20-pin octal interface 
devices had been a great improvement over their 
predecessors, the piecemeal approach to their 
conception had led to a bewildering array ofinconsistent 
configurations. So before starting design on anyone 
device, AMDapplications engineers looked at all the 
. essential interface functions required by a system. The 
result is the new Am29800 series. 

The Am29800 family includes registers, latches, buffers and 
transceivers; most functions are supplied in 8- or 9- and 
10-bit wide configurations. De facto standards have 
determined that most systems are noninverting internally, 
while most bus configurations are inverting. To meet all 
these needs, both inverting and noninverting versions of 
the Am29800 devices are available to the designer. 

Now that two-layer metal interconnect is an established 
manufacturing process, it is possible to give careful 
consideration to the physical location of input and output 
pins. Allinputs on the new Am29800 family have been 
placed on one side of the package with corresponding 
outputs on the other, so data can flow in a direct physical 
path from the microprocessor CPU through the interface 
unit and onto the bus. This permits a much cleaner board 
layout. In addition, power supply, ground and control 
function pins are always in the same position. 

AMD also decided to standardize pinouts between logic 
functions. For example, all10-bit elements, i.e., latches, 
registers or transceivers, have the same input and output 
pin assignment, as do all 9- and 8-bit devices. 

8-2 



Electrical Performance 

Registers 

For many years, TTl devices, such as the 'S240 series, 
employed PNP inputs to achieve very low input current 
characteristics. Unfortunately, while the DC Input current Is 
indeed low, the dynamic performance of the device Is 
severely downgraded because of the large capacitance 
associated with the PNPs. The Am29800 devices were 
designed with low capacitance loading at the inputs 
and outputs. 

Most IC data sheets specify AC performance at 15pF test 
conditions only. While this is adequate for general 
purpose logic applications, a realistic bus structure will 
typically see much higher loading, and all Am29800 series 
devices are designed to provide optimum performance 
under more realistic system conditions. Specified sink 
currents of 48mA ove,r the commercial temperature 

. operating range (0 to 70"C) and 32mA over the military 
temperature range (-55 to +125"C) ensure adequate 
capacitance drive and fan-out for bus systems. And since 
drivers must charge load capacitance in both falling and 
rising directions, source current is also fully characterized 
at both 2.0 and !lAY. 

Critical AC specifications such as propagation delays and 
disable times for the three-state outputs are specified for 
300pF load conditions both at 25"C and over the full 
operating temperature range and power supply 
tolerance; specific delays depend on the function being 
considered. Typical values for a D-type register at 50pF are 
6 to 7ns, comparable to those achieved with AS or FAST 8 
devices under the same conditions and an improvement 
dver higher power Schottky products. At 350pF, loading 
delays increase to the 12 to 14ns range. Simple buffers and 
Inverters exhibit typical values of 4ns~ . 

The Am29821-26 Bus Interface Registers are specifically 
designed to provide extra width for wide address or data 
paths and buses carrying parity. 

The Am29821Is a 10-bit wide version of the popular 
'374 8-bit reglst~r.lt has ten inputs, ten outputs, common 
buffered clock enable and three status Output Enable 
lines. The inverting version, Am29822, is comparable with 
the '534 8-blt device. 

The 9-blt registers, Am29823 and Am29824, give up one 
bit to gain two additional control lines which are used for 
Clock Enable (EN), and Clear (ClR). This combines '273, 
'374 and '377 functions in one single package. The extra 
pins available on the 8-bit parts, Am29825 and Am29826, 
provide gate output ernlble capability, which eliminates· 
the need for extemal gate packages when used in DMA or 

Multlbus® control applications. The Am29825 can also be 
used to implement high source/sink drive on the data port 

8-3 



Metastable Operation, 

Other Functions 

for .the AmZ8000™ or 8086 16-'bit (PUs. The registers can 
be controlled from WR and CS, can be cleared and can be 
disabled forDMA operations. The two 24-pin parts 
replace four of the earlier octal devices plus one gate 
package and system performance is improved up to three 
or four times because of the reduced number of gate 
delays and sh9rter wiring traces. 

The Am29800 Family registers provide an additional 
bonus; they recover extremely fast from a metastable 
condition. 

The metastable condition occurs hi all flip-flops any time 
the active clock edge interrogates the input at exactly the 
same time the input changes state. When this happens the 
cross coupled latch at the output can reach a balancedi 

symmetrical condition which it will hold for some 
microseconds or even milliseconds before returning to its 
proper state. Previously, the designer of asynchronous 
system had only one remedy for the metastable problem. 
Two or even three synchronizer flip-flops could be 
cascaded. This reduced probability of a metastable output 
but increased throughput delay. 

The Am29800 registers, while not totally immune to this 
problem are "metastable hardened" by means of a unique 
circuit design that reduces both the probability and the 
delay of any metastable condition under test. Artificially 
induced, a metastable condition failed to produce any 
output oscillations and increased the clock-to-input delay 

. by a mere. 6ns. This is an improvement of many orders of 
magnitude over previously available designs. 

Other functions in the Am29800 family include latches, 
buffers and transceivers, comparators and special parity 
transceivers. 

The Am29841 through Am29846 latches follow the 
pattern as the registers. The 10-bit device is similar in 
function to the popular '5373 octal latch; control lines 
available are latch enable (LE) and three-state output 
enable (OE). The noniriverting device is analogous to the 
'533 element. The 9-bit latches add preset (PRE) and clear 
(CLR) and the 8-bit options have added gated output 
enable controls. 

Buffers and inverters, Am29827 and Am29828, are 10-bit 
wide high performance versions of the '240 and '244 
devices, while the transceivers emulate the '245 and 
83048 octal elements. For improved operation In a noisy 
bus enVironment, all data inputs have 200mV minimum 
input hysteresis. 

IMOX is a trademark of Advanced Micro Devices, Inc. 

Multibus is a registered trademark of Intel Corporation. 
Z8000 Is a trademark of Zilog, Inc. 
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The Metastable Problem 

When Does This 
Cause A Problem? 

One problem faced by designers is the interfacing of 
asynchronous digital signals. Although most difficulties 
can be overcome somewhat easily, there isalso a 
more fundamental problem that defies a perfect 
solution. The following is a general overview of the 
metastable problem. 

Latches and flip-flops are normally considered bistable 
devices, since they have two unconditionally stable 
operating points, either HIGH or LOW. There is, however, 
a third operating pOint when the cross-coupled 
arrangement is exactly balanced. This operating point is 
stable only if there is no noise in the system and the system 
is perfectly balanced. The condition is called metastable 
(meta = Greek for "between"). A metastable condition 
will last only long enough for the circuit to fall into one of 
the two stable operating points. This time can be many 
microseconds, even milliseconds, for devices as fast as a 
74574 flip-flop. In other words, if a flip-flop has reached 
the balanced, metastable condition, it may remain in this 
state for an undetermined time, perhaps 1000 times 
longer than its normal response speed. 

In almost every digital system certain asynchronous 
events (key-strokes, incoming data, interrupts), must be 
synchronized to the computer clock. The textbook 
solution is a fast, clocked flip-flop, like the 74574, in which 
the asynchronous signal is applied to the D input and 
clocked with the system clock. This results in a perfectly 
synchronized output (usually). 

Let's analyze the timing more carefully: the data sheet 
specified a setup time requirement (for this device, 
ts = 3ns). This means that any signal that arrives at least 
3ns before the clock edge will achieve the intended 
result, i.e., an H will set, an L will reset the flip-flop. Great 
for synchronous systems. But what happens when the 
asynchronous input violates this setup time requirement 
and changes less than 3ns before the clock edge? Well, 
most of the time nothing. The actual moment where 
the flip-flop samples the D input is somewhere in the 
guaranteed range, i.e., somewhere less than 3ns before 
the clock. 50 the flip-flop makes the decision. It either 
senses the change on the asynchronous input and 
therefore changes its Q output, or it ignores the change 
and doesn't change the Q output. 50 the only thing lost is 
one clock cycle. Unfortunately that's not always true. 

8-5 
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It is Now Necessary to 
Look Beyond . 
th, Data Sheet 

If the D input changes exactly at the same moment that 
the flip-flop makes Its decision, it mlgtlt transfer exactly 
the amount of energy to kick the output latch into the 
metastable balanced condition, from which it will r,e;cover 
after an unpredictable delClY (measured in nanoseconds, 
microseconds or even milliseconds). 

In otherwords: any latch, flip-flop or register has a 
"moment of truth" somewhere inside the guaranteed 
range of setup time where it actually makes up its mind, 
and if the input changes at that very moment, the output 
is no longer synchronous. This "moment of truth" is a 
very short window. For TTL flip-flops It is ofthe order 
of10ps, for MOS devices it is more like SOps to 100ps. 
For purposes of this discussion. this timing window' 
will be called "t,"> 

How often does this happen? 

Here are two extreme examples. In each case there 
is a need to synchronize asynchronous inputs that 
have no phase or frequency relationship with the 
computer clock. 

• Date signal derived from a disk, roughly 6MHz with 
enough frequency modulation and jitter to make it 
totally asynchronous to the 10MHz computer clock. 
How Often will the TTL synchronizer go metastable? 

The answer is, every time the Data Signal falls into the 
"window." The probability of hitting the window is 
t divided by the clock period, or even simpler: clock 
frequency times t. 

M = Metastable Rate 

fO = Device Frequency 

fc = Clock Frequency 

= fo· fc· t 
= 6MHz ·10MHz ·10ps 

= 600Hz 

The synchronizer goes metastable 600 times 
per second. 

• Keyboard entry: one keystroke per second 
synchronized with a 100KHz clock. 

M = Metastable Rate = 1Hz ·105Hz ·10ps = 10-6Hz 

The synchronizer goes metastable with a statistical 
probability of once per 106 sec, i.e., once every six 
weeks (assuming S eight-hour days/week). 

8-6 



In Conclusion: 

"Going metastable" here means that the synchronizer 
output is within a mid-level or oscillation range for an 
unpredictable time. Most occurrences will last less than 
SOns, but may occasionally last much longer - perhaps 
many microseconds. This.certainly can upset the 
timing chain. 

A metastable latch or flip-flop has an unpredictable delay 
and will therefore change its output at a time that differs 
from the value obtained from the worst case timing 
analysis. In a slow system this usually doesn't matter, but 
in a fast system it can lead to a "crash." 

The AMD Am29821 -26 registers have been 
"metastable-hardened" by means of a new circuit design 
approach. They show no oscillations and only a minimal 
increase in output delay when hit right in the window. 

Metastable operation is an inherent, so far incurable 
disease of all asynchronous interfaces. Once understood, 
the problem can be handled by reducing its probability to 
an acceptable level. AMD's Am29821-26 registers vastly 
minimize this problem. 

8-7 
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29. Design Guidelines The 29800 Family offers short delay and setup times, high 
drive capability (fan-out), and low input capacitance -
attractive features for modem high performance TTL 
systems. 

As In any high speed bus interface ('S240 series, FAST or 
Advanced $chottky), high edge rates and high drive 
capability mean that a certain amount of care must be 
exercised in the design of both signal paths and the 
grounding· system. Since every data path is really a 
transmission line, the relationships between loading, 
termination, noise margins and ringing must be given more 
than cursory consideration. 

Similarly, the grounding network may require either 
.heavier busing or a grid approach depending on the 
number of drivers in a given area'. 48mA per bit, plus the 
AC impact of charging bus lines can cause large ground 
currents. Distributed supply decoupling is required to 
provide local charging current for bus drive. 

Here are some general suggestions to minimize the 
potential for system induced grounding and noise 
problems. These suggestions, in conjunction with the 
designer's own practical experience handling similar 
problems with high performance S, AS or FAST logIC 
families, will result in an optimum Am29800 design. 

• Minimize Crosstalk 
Provide Tight Ground 

- Use topside links to create a ground "grid" 
- In multi-layer boards use a ground plane 
- In flat cables make every other wire a ground 
- Minimize spacing between signal lines and ground 
- Maximize spacing between signal lines 

For. backplane or wire-wrap systems use a twisted pair 
for sensitive functions - clock, asynchronous set! clear 
lines. 

Use of 4 layer boards·is recommended. 

• Increase Decoupling 
Distribute System Capacitance 

Provide one bypass cap close to each buffer 
package 
Provide one bypass cap for every twQ logic 
packages 

Use High Frequency Capacitors 
- Take care in the selection of decoupling capacitor 

materials. Good choices include high frequency 
tantalum and ceramic types. 
Do not use low frequency capacitors or aluminum 
ele'ctrolytics 

• Be Sure All Lines Are Terminated 
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Am29806/Am29809 
6·8it Chip Select Decoder 
9·8it Equal.to Comparator 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed, expandable, 9-bit "equal-to" comparator 
(Am29809) 

• High-speed comparator with chip select decoder 
(Am29806) 

• Multibus™ compatible, open-collector acknowledge 
output 

• Internal pull-up resistors on all B inputs 
• Acknowledge timing control input 
• 24-pin, 0.3" space-saving package 
• Fully TTL-compatible inputs and outputs 
• IMOXT. high-performance IMplanted OXide 

isolated process 

Multibus is a trademark of Intel Corporation. 
IMOX is a trademark of Advanced Micro Devices, Inc. 

FUNCTIONAL DESCRIPTION 

Am29809 9-Blt Comparator 

The Am29809 is a 9-bit "equal-to" comparator. Its com
binatorial, active LOW output, EOUT' responds to the combi
nation of a LOW input on the enable input G and a match 
between input words A and B. 

Am29806 Chip Select Decoder 

The Am29806 combines a 6-bit "equal-to" comparator with 
a 2- to 4-line decoder to select one-of-four active LOW chip 
select outputs. The selected output becomes active in re
sponse to the select inputs 80, 8, and is enabled by an active 
LOW input on the enable input G and a match between 
comparator inputs A and B. The active. LOW output, Any 
Enable (ANYE), responds to a valid comparison of A and 
B and is intended for use as an output enable control for 
data path buffers associated with the selected peripheral 
or board. 

Both devices have open collector, active LOW acknowledge 
outputs with a conditional timing input C that may be driven 
by a timing circuit or wait state generator. The acknowledge 
output responds to a valid comparison, G = LOW and 
C = LOW. 

Both devices have internal pull-up resistors on th'e com
parator B-inputs for easy connection to 8PST switches to 
ground selected input lines. The comparator function is 
described by: 

EOUT = (Ao • Bo) (A, • B,) (A2 • B2) ... (Ai • Bi) G 

BLOCK DIAGRAM 

Am29806 (6-Blt) Am29809 (9-Bit) 

i 1i 

I 

A COMPARATOR B A--?g- COMPARATOR B 
6 6 9 

- I ..... AiiVE -m 
"::J I ~ ACK~ 

C ..... - .... "iT 
~ E3 C ~ 

5,-
DECODER is 

E, - EOUT 
80- Eo 

ABL-034 ABL-035 

This document contains Information on a product under development at Advanced Micro DeVices, Inc. The information IS Intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am~/~ , 
ELECTRICAL CHARACT,RISTICS, " 
The F9110wing Conditions Apply Unless Otherwise Specifi~: 

COM'L TA = 0 to +70°C VCC = 5.0V ±10% MIN = 4.50V MAX =<5.5 
MIL Tc = -55 to +125°C VCC = 5.0V ±10"l. MIN = 4.50V MAX ::: 5.5 

DC CHARACTERISTICS OVER OPERATING 'RANGE 

Parameters Description Test Conditions (Note 1) 

VOH output HIGH Voltage Vee = MiN, MIL IOH = -2.0mA 

(Note 3) VIN = VIH or VIL COM'L IOH = -6.5mA 

VOL Output LOW Voltage Vee = MIN, ACK IOL = 32mA 

VIN = VIH or VIL All Others IOL = 24mA 

VIH Input HIGH Level 
Guaranteed Input Logical HIGH 
Voltage for All Inputs 

Guaranteed Input Logical LOW 
VIL Input LOW Level Voltage for All Inputs 

VI Input Clamp Voltage Vee = MIN,IIN = -lBmA 

Aj 

IlL Input LOW Current Vee = MAX, VIN = 0,4V I3j 

All Others 

Aj 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V BI (Note 5), 

All Others 

Ai 

II Input HIGH Current Vee = MAX, VIN = 5.5\1 Bi 

All Others 

Output Short Circuit 
Ise Current (Note 3, 4) Vee = MAX 

o to 7fY'C 

+7fY'C 
Am29806 

-55 to + 125°C 

IcC Power Supply Current Vee = MAX 
+ 125°C 

(Note 6) Oto7fY'C 

+7fY'C 
Am29809 

-55 to +125°C 

+ 125°C 

Typ 
Min (NOte 2) Max Units 

2.5 
Volts 

2.7 

0.5 Volts' 

2.0 Volts 

, 
O.B Volts 

-1.5 Volts 

-0.4 

-O.B mA 

-O.B 

20 

-150 p.A 

40 

0.1 

0.2 mA 

0.2 
, 

-60 -150 mA 

54 

mA 

63 

Notes: 1. For 'conditions shown as MIN or MAX, use the applicable value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
3. Except open-collector acknowledge output. 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Due to intemal pull-up resistor; 271<0 nominal. 
6. 29806: Worst-case is with ali inputs LOW. 

29809: Worst-case Is with A = G = C = HIGH; B = LOW. 

MAXIMUM RATINGS (Above which the 'useful life may be impaired) 

Storage Temperature -65 to +150°C 

Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to Ground Potential Conditions -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +VCCMu 

DC Input Voltage (Note 7) -0.5 to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Currerit -30 to +S.OmA 

Note: 7. Bi input voltage must not exceed Vee. 

8-10 



Am29806 
SWITCHING CHARACTERISTICS 
(TA = +25°C, vcc = 5.0V) 

Parameters Description 

tpLH 
A; or Bj to E; and ANYE 

tpHL 

tpLH 
G to E; and AWE 

tPHL 

tPLH (Note 1) 
CtoACK 

tpHL 

tpLH (Note 1) 
GtoACK 

tPHL 

tPLH 
Sj to E; (Two-level Delay) 

tpHL 

tPLH 
S; to E; (Three-level Delay) 

tPHL 

Am29806 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tpLH 
f-'-'::":"'---I Aj or Bj to E; and ANYE 
tpHL 

f-t:.:PLH::":"' __ -I G to E; and ANYE 
tpHL 

CtoACK 

·GtoACK 

f--tc....;PLH=.:-_---:--I Sj to E; (Two-level Delay) 
tPHL 

f--tc....;PLH=.:-__ -I Sj to E; (Three-Level Delay) 
tpHL 

Test Conditions (See Figure 2) Min 

CL= 50pF 
RL= 11<0 

CL= 50pF 
RL = 3750 

CL = 50pF 
RL= 11<0 

Test Conditions 
(See Figure 2) 

COM'L 

TA = Oto +700C 
Vee = 5_0V ±10% 

Min Max 

Note: 1. This propagation time is dependent on the Rc time constant of the external load applied. 

8-11 

Am29806/809 

Typ Max 

MIL 

TA = -55 to + 125°C 
Vee = 5.0V ±10% 

Min Max 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

II 



Am29806/809 
Am29809 
SWITCHING CHARACTERISTICS 
(TA = +25°C, vee = 5.0V) 

Parameters Description 

tpLH 
A; or B; to E.OUT 

tpHL 

tpLH 
GtoEOUT 

tpHL 

tpLH (Note 1) 
CtoACK 

tpHL 

tpLH (Note 1) 
GtoACK 

tpHL 

Am29809 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tpLH 
A; or Bi to EoUT 

tpHL 

IpLH 
GtoEoUT 

tpHL 

tpLH (Note 1) 
CtoACK 

tpHL 

tpLH (Note 1) 
GtoACK 

tpHL 

Test Conditions (See Figure 2) Min 

CL = 50pF 
RL = 1K!l 

CL= 50pF 
RL = 375U 

COM'L 

TA = Oto +700C 

Test Conditions Vee = S.OV ±10% 

(See Figure 2) Min Max 

CL = SOpF 
RL=lK!l 

CL = SOpF 
RL = 37SU 

N<;>te: 1. This propagation time is dependent on the Rc time constant of the external load applied. 
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Typ Max Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MIL 

TA = -55 to + 125°C 
Vee = S.OV ±10% 

Min Max Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Am29806/809 

DEFINITION OF FUNCTIONAL TERMS 

ANYE 
(Am2980s) 

ABL·036 

ABL·038 

Comparator data inputs. Each Ai is compared 
with each Bi on a bit basis. The comparator 
output is valid when all Ai bits match all Bi bits. 

Active LOW open collector acknowledge out
put. This output acknowledges memory or I/O 
transfers when A and B match and C and G 
are LOW. 

Active LOW output. Any Enable (ANYE) is 
LOW when G = LOW and there is a match 
between A and B. 

Active LOW input. This input is used to control 
when ACK is active. It will normally be con
nected to GND when no wait states or timing 
delays need to be inserted. It may be con
nected to a wait state generator or timer. 

EOUT 
(Am29809) 

Am29806 Only 

S1. So 

CONNECTION DIAGRAMS 

Am29806 

G Vee 

Ao BO 

A, B, 

A, B2 

A. B. 

Ao B. 

As Bs 

So EO 
s, E, 

c EO 
ACK E3 
GND ANVE 

Note: Pin' is marked for orientation. 

LOGIC SYMBOL 

Am29806 

Active LOW output. The comparator output is 
active for G = LOW and a match between A 
and B. 

Active LOW input. The comparator's input en
able determines if the comparator's output is 
valid. G is normally used as an expansion input 
(connected to Am29809 Eour). 

Decoder select inputs. These inputs are de
coded to produce a 1-of-4 selection of the 
Ei outputs. 

Active LOW outputs. 1-of-4 outputs is active 
as selected by 5, and So. 

Am29809 

G Vee 

Ao 110 

A, B, 

Aa Ba 

A, a; 

Ao B. 

As Bs 

Ao Be 
A7 Br 

"" Be 
ACK C 

GND EOUT 

ABL·037 

Am29809 

Ao~A,~Ao""""~"""" IIo~Baa;~BoBeBrBo 

G 

s, 

ABL·039 
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Am29806/809 

DECODER FUNCTION TABLE ACKNOWLEDGE FUNCTION TABLE 

ABL-042 

ANYE So S1 Eo E1 E2 ~ ANYE OR EOUT C 

H X X H H H H H X 

L L L H H H X H 

L L H H L H H 
H L H H L H 

L L 

H H H H H 'L 

COMPARATOR FUNCTION TABLE 

G A B EOUT or ANYE 

H X X H 

L 
A=B L 

A#-B H 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

SCHOTTKY 
DRIVEN INPUT 

J 11Lt-
R
'-KI-+

R
_
2
-, 

ABL-040 

C, = 5.0pF, all inputs 
R,' = 27K nominal 
R2 = ,OK nominal 

. 'Used only on Bj inputs. 

Normal Output 

1---~------~---o~~~T 

CL r 50pF RL 
'KO 

NORMAL 

500 NOM 

[ 

Figure 1 • 

LOAD TEST CIRCUIT 

OPEN COLLECTOR 
OUTPUT 

Open-Collector Output 

+7V 

RL 3750 

r 50pF RL 3750 

. 

Note: CL includes scope probe, wiring and stray capacitanCes without device in test fixture. 

Figure 2. 
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TEST 
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Am29818 
SSRTM DiagnosticsjWCS Pipeline Register 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed noninverting 8-bit parallel register for any 
data path or pipelining application 

• High-speed 8-bit "shadow register" with serial shift 
mode for Serial Shadow Register (SSR) Diagnostics 
- Controllability: serial scan in new machine state 
- Observability: serial scan out diagnostics 

routine results 
• WCS (Writable Control Store) pipeline register 

- Load WCS from serial register 
- Read WCS via serial scan 

• IMOXT• high performance IMplanted OXide 
isolated process 

• 24-pin, 0.3" space saving package 
• Alternate sourced as SN54/745818 

CONNECTION DIAGRAM 

0E'i vee 

DCLl( MODE 

Do Vo 

0, V, 

D. V. 

0, V, 

D. V. 

0_ v_ 

O. V. 

0 7 V7 

SOl SOO 

GNO PCLK 

Leadless Chip Carrier 
L-28-1 

ABL·013 

IMOX and SSR ate trademarks of Advanced Micro Devices, Inc. 

GENERAL DESCRIPTION 

The Arri29818 is a high-speed, general.-purpose pipeline 
register with an on-board shadow register for performing 
Serial Shadow Register (SSR) Diagnostics and/or Writable 
Control Store loading. 

The D-to-Y path provides an 8-bit parallel data path 
pipeline register for normal system operation. The shadow 
register can load parallel data to or from the pipeline regis
ter and can output data through the D input port (as in WCS 
loading). 

The 8-bit shadow register has multiplexer inputs that select 
parallel inputs from the V-port or adjacent biis in the 
shadow register to operate as a right-shift-only shift regis
ter. This register can then participate in a serial loop 
throughout the system where normal data, address, status 
and control registers are replaced with Am29818 Diagnostic 
Pipeline Registers. The loop can be used to scan in a com
plete test routine starting point (data, address, etc.). Then 
after a specified number of machine cycles scan out the 
results to be inspected for the expected results. WCS load
ing can be accomplished using the samEl technique. An 
instruction word can be serially shifted into the shadow 
register and written into the WCS RAM by enabling the 
Doutput. 

BLOCK DIAGRAM 

ABL·014 

This document contains information on a product under development at Advanced Micro Devices; Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am29818 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 

CQM'L TA = Oto +70'C Vee'" 5.0V :i:1O% (MIN = 4.50\1, MAX = 5.50V) 
MIL Te = -55 to + 125'C Vec = 5.0V ±10% {MIN = 4.50V, MAX'" 5.50V) 

- OC CHARACTERISTICS OVER OPERATING RANGE 
Typ 

Parameters Description Test Conditions (Nole 1) Min (Nole 2) Max Units 

Voii Output HIGH Voltage Vee = MIN, YO-Y7: IOH = -3mA 
2.4 Volis 

VIN = VIH or Vii. 0o-D7, 500: 10H = -lmA 

VOL Output LOW Voltage Vee = MIN, YO-Y7: 10L = 16mA 
0.5 Volts 

VIN = VIH or VIL 00- D7, 500: 10L = 4mA 

VIIi Input HIGH Level Guaranteed Input Logiclii HIGH Vo~age for all Inputs 2.0 Vo~ 

VIL Input LOW Level Guaranteed Input Logical LOW Vo~age for all Inputs 0.8 Vo~ 

_VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.2 Volts 

PCLK -2.0 

DCLK -0.6 
IlL Input LOW Current Vee = MAX, VIN = 0.5V rnA 

MOOE, SOl, OEY -0.4 

YO-Y7,OO- 0 7 -0.45 

OCLK, OEY, MOOE, 501 50 
IIH Input HIGH Current Vee = MAX, VIN = 2.4V 

PCLK, YO-'(7, 00-07 100 
p.A 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 mA 

Off-State lHigh-lmpedance) Vo= 0.5V -450 
10 Output Current 

Vee = MAX 
Vo = 2.4V 100 

",A 

Output Short Circuit Current 
Vee = MAX 

YO-Y7 -30 -100 
Isc mA 

(Note 3) °o-D7,SOO -15 -50 

010 +70"C 120 155 

Power Supply Current +7O"C 140 
lee Vee = MAX mA 

(Note 4) -55 to +125'C 120 165 

+ 125'C 130 

Notes: 1. For conditions shown as MIN or- MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = S.OV, 25'C ambient and maximum loading. 
3. Not more than one outpul should be shorted at a time. Ouration of the short circuillest should nol exceed one second. 
4. All three-state outputs are in the HIGH impedance state. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65 to +150'C 

Temperature (Ambient) under Bias -55 to + 125'C 

Supply Voltage to Ground Potential Continuous -0.5 to + 7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 to +VCC max 

DC Input Voltage -0.5 to +5.5V 

DC,Output Current, into Outputs 25mA 

DC Input Current -30 to +5.0mA 
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Am29818 
A 29818 m 
SWITCHING CHARACTERISTICS COM'L MIL 

OVER OPERATING RANGE" TA = 0 to +70"C Te = -ss to +12S0C 
vee = SV ± 100.4 Vee = SV ±10·/. 

Parameters Description Test Conditions Min Max Min Max Units 

PCLK-+ Yx 13 18 ns 

tpo 
MODE-+ SDO 16 18 ns 

SDI-+ SDO 16 18 ns 

DCLK-+-SDO 25 30 ns 

Dx-> PCLK 8 10 ns 

MODE-+ PCLK 15 15 ns 

Yx-> DCLK 5 5 ns 

ts MODE-+ DCLK 10 12 ns 

SDI-> DCLK 10 12 ns 

DCLK-> PCLK 15 15 ns 

DCLK-+ DCLK 40 45 ns 

Dx-> PCLK See Test 0 0 ns 

MODE- PCLK 
Output Load 

0 0 ns Conditions 
tH Yx-+ DCLK 5 5 ns 

MODE-+ DCLK 0 0 ns 

SDI-+ DCLK 0 0 ns 

'OEY -+ Yx 15 20 ns 
tlZ 

DCLK_ Ox 45 45 ns 

OEY- Yx 25 30 ns 
tHZ 

DCLK- Ox 80 90 ns 

OEY-+ Yx 15 20 ns 
tZl 

DCLK-+ Dx 25 35 ns 
I--

OEY- Yx t5 20 ns 
tZH 

DCLK- Ox 25 30 ns 

PCLi< (HIGH and LOW) 15 15 ns 
tpw 

DCLK (HIGH and LOW) 25 25 ns 

'AC performance over the operating range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am29818 
Am29818 
SWITCHING CHARACTERISTICS 

Parameters Description 

PCLK- Yx 

IpO 
MODE-Soo 

SDI-Soo 

DCLK-Soo 

Dx- PCLK 

MODE-PCLK 

Y.- DCLK 

IS MODE-DCLK 

SDI- DCLK 

DCLK- PCLK 

DCLK_ DCLK 

0._ PCLK 

MODE- PCLK 

IH Yx- DCLK 

MODE- DCLK 

SDI- DCLK 

OEY-Y. 
ILZ 

DCLK- D. 

OEY-Yx 
1HZ 

DCLK- Ox 

OEY-Y. 
IZl 

DCLK- Ox 

OEY-Yx 
IZH 

DCLK- D. 

PCLK (HIGH and LOW) 
Ipw 

DCLK (HIGH and LOW) 

Test Conditions 

See Tesl 
OutpUI Load 
Conditions 

ORDERING INFORMATION 

TA = +2S"C 
vee = 5~OV 

Min Typ Max Units 

10 12 ns 

10 14 ns 

10 14 ns 

17 22 ns 

8 ns' 

12 ns 

5 ns 

10 OS 

10 ns 

12 ns 

35 ns 

0 ns 

0 ns 

5 ns 

0 ns 

0 ns 

12 ns 

35 . ns 

22 ns 

80 ns 

15 ns 

25 ns 

15 ns 

20 ns 

15 ns 

25 ns 

Order the pert number according to the table below to obtain the desired package, lemperature range and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM29818DC D-24-SLIM C C-l 
AM29818DC-B D-24-SLIM C B-2 (Note 4) 
AM29818DM 0-24-SLIM M C-3 
AM29818DM-B D-24-SLIM ,M B-3 
AM29818LC L-28-1 C C-l 
AM29818LC-B L-28-1 C B-2 (Note 4) 
AM29818LM \..-28-1 M C-3 
AM29818LM-B L-28-1 M B-3 

AM29818XC OIoe C } Visual inspection 

AM29818XM Dioe M to MIL-STD-883. 
Method 2010B. 

Notes: 1. 0 = Hermetic DIP, L = Chip-Pak, Number following letter is number of leads. 
2. C = 0 to + 1f1'C, Vee = 4.5 to 5.5V, M = -55 to + 125·C, Vee = 4.50 to 5.50V. 
3. Levels C-l and C-3 conform to MlL-STD-883, Class C. Level B-3 conforms to MIL-STO-883, Class B. 
4. 160 hour burn-in. 
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Am29818 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am29818 

SDOOUTPUT 

Vee 

R=2K 

"':::DE~~ O---....... -i<I-..... 

ABL-OI5 

THREE-STATE OUTPUTS 

TEST 
POINT Vcc 

_-._+-~~I--1~~SI. "2 9 FROM OUTPUT o---W.--J 
UNDER TEST 

CL INCLUDES 

PROBE AND JIG I 
CAPACITANCE 

I YO-Y7 

I 00- 0 7 

R1 

1K 

5K 

ALL DIODES 
1N9t60R 
lN3064 

R2 

280 

2K 

ABL-OI6 

Note 1. CL = 50pF includes scope probe, wiring and:stray capaci1ances without device in test fixture. 

SEt UP, HOLD, AND RELEASE TIMES 

OATA_ -:~V 
INPUT J:llS!S!Sf! 1fJSEl!ll.. 

...... ~LLJI-ts-l th--l OV 

c 3V 

TIMING ------f 1.5V INPUT 

--------'------ OV 

ABL-OI7 

Notes: 1_ Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don't care condition. 

PROPAGATION DELAY 

r-----\~----3V 

SAME PHASE _1 ~-15V 
INPUT TRANSITION ~ ~ . 

t~LH~ tPHL5 ov 

~ f I }=::: 
tPLH? tPH

LF 
3V 

OPPOSITE PHASE ~ . ___ I.SV 
INPUT TRANSITION ----"1\ . OV 

ABL-OI9 

PULSE WIDTH 

LOW HIGH LOW _1 ~_ 15V 
PULSE -~-- i'L----

~tPW-1 
HIGH LOW HIGH ~ v---- 15V 

PULSE -r\.: ;7r-

ENABLE AND DISABLE TIMES 

OUTPUT 
NORMALLY LOW 

Enable Disable 

ABL-018 

ABL-Q20 

Notes: 1. Diagram shown for Input Control Enable-LOW and Input Con
trol Disable-HIGH. 

2. 5, and 52 of Load Circuit are closed except where shown. 

Note: 1. Pulse Generator for All Pulses: Rate'" 1.0MHz; Zo = 500; t, '" 2.5ns; tf '" 2.5ns. 
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Am29818 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

- ..... -....,.--VCC --;--- Vee 

IIH ~H 

I ALL OTHER I INPUTS 

ABL-021 ABL-022 

----.------~~------VCC -----t-- Vee 

ABL-023 ABL-024 
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BLOCK OIAGRAM 

SDI 

DCl.K 

MODE 

PCLK 

ABL·Q25 

Am29818 

DEFINITION OF FUNCTIONAL TERMS 

07-00 Parallel data input to the pipeline register or. parallel 
data output from the shadOw register (see Function 
Table for control modes). 

OCLK 

MOOE 

OEY 

PCLK 

SOl 

DiagnosticSJWCS clock for loading shadow register 
(serial or parallel modes - see Function Table). 

Control input for pipeline register multiplexer and 
shadow register control (see Function Table). 

Active LOW output enable for Y -port. 

Pipeline register clock input loads D-port or shadow 
register contents on LOW-to-HIGH transition. 

Serial Data Input to shadow register. 
(See Function Table.) 

500 Serial Data OUtput from shadow register. 

Y7- Yo Data Outputs from the pipeline register and parallel 
inputs to the shadow register. 

SHAOOW REGISTER 
Yo Y, Y, ' Y, 

SOl SDO 

DCLK 

S, S, ABL·Q26 

r-----------------------------------------------------------------------~ 

Am29818 FUNCTION TABLE DESCRIPTION 

Data transfers into the shadow register occur on the LOW-to
HIGH transition of DCLK. MODE and SOl determines what data 
source will be loaded. The pipeline register -is loaded on the 
LOW-to-HIGH transition of PCLK. MODE selects whether the 

data source is the data input or the shadow register output. 
Because of the independence of the clock inputS data can be 
shifted in the -shadow register via DCLK and loaded into the 
pipeline register from the data input via PCLK simultaneously. 
As long as no set-up or hold times are violateQ, this simultane
ous operation is legal. 

Inputs 

501 MOOE OCLK 

X L t 

X L X 

L H • I 

X H X 

H H i 

FUNCTION TABLE OEFINITIONS 

INPUTS 

H = HIGH 
L LOW 
X Don't Care 
i = LOW-to-HIGH transjtion 

PCLK 500 

X S7 

t S7 

X L 

t SOl 

X H 

Outputs 

Shadow Pipeline 
Register Register Operation 

S;+-Si-l NA Serial Shift; 07-Do Disabled So+-SOI 

NA Pj+-Oj Normal Load Pipeline Register 

Sj+-Y; NA Load Shadow Register from Y; D7 - DO Disabled 

NA Pj+-Sj Load Pipeline Register from ShadOW Register 

Hold NA Hold Shadow Register; D7 - Do Enabled 

OUTPUTS 

57 - So = Shadow Register outputs 
P7- Po = Pipeline Registeroutputs 
D7-Do = Data I/O port 

8-21 

Y7-YO .v I/O port 
NA Not applicable; output is not a funC1ion of the 

specified input combinations. 
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AN INTRODUCTION TO SERIAL SHADOW REGISTER (SSR) DI~GNOSTICS 

DlfoGNOSnCS 

A diagnostics capBbility provides the necessary functionality as 
well as "a systematic method for detecting and .pin-poiriting 
hardware related failures in a system. This capability must be 
able to both-observe intermediate test pOints and control inter
mediate, signals - address. data, control and status - to exer
cise aU portions of the, system under test. These two capabilities. 
observability and controllability I provide the ability to establish a 
desired setol input conditions and state register values, sample 
the necessary outputs. arid determine whether the system is 
functioning corre~ly. 

TESnNG COMBINATtONAL 
AND SEQUENTIAL NETWORKS 

The problem of testing a combinational logic netWork is well 
understood (Figure 1). Sets of input Signals (test vectors) are 
applied to the network and the network outputs are compared to 
the set of computed outputs (result vectors). In some cases sets 
of test' 'lectors and result vectors can be generated in a 
computer-aided environment. minimizing engineering effort. 
Additionally. fault coverage analysis can be automated to pro
vide a measure of how efficient a set of test vectors is at pin
pointing hardware failures .. For example. a popular measure ,of 
fault coverage computes the percentage of stuck-at-ones 
(nodes with outputs always HIGH) and stuck-at-zeros (nodes 
with outputs always LOW) a given set of test vectors will 
discover. 

A sequential network (Figure 2) is much mqre diffic~1t to test 
systematically. The outputs of a sequential network depend not 
only on the present inputS b,ut also on thl! intemal state of the 
network; Initializing, the internal state regis!flr to the value 
necessary to test a given set of inputs is difficult at.best, and not 
easily automated. Additionally, observing the Internal state of a 
sequential network can be very difficult and time cbnsuming if 
the state information is not directly available. For example, pon
sider the problem of determining the value of an internal 16-bit 
counter if only a carry-out signal is available. The counter must 
be clocked until it reaches the carry-out state and the starting 
value'computed. Up to 65,535 clock cycles may be necessary! 
An easier metHod must exist. Seriai Shadow Register diagnos~ 
tics provides this method. 

SERIAL SHADOW REGISTER DIAGNOSTICS 

Serial Shadow Register diagnostics provides Sufficient observa
bility and controllability to turn any sequential network into a 
combinational network. This is accomplished by providing the 
meansto both initialize (control) and sample (observe) the state 
elements of a sequential network. Figure 3 shows the method by 
which serial shadow register diagnostics accomplishes these 
two functions. 

Serial Shadow Regislerdiagnostics utilizes an extra multiplexer 
on the input of each state register and a duplicate or shadow of 
each state f1iplflop in an additional register. The shadow regist,er' 
can be loaded serially via the serial data input (thus the name 

Figure 1. 

INPUTS 

INPUTS ----I COMBINATORIAL 
LOGIC 

Figure 2. 

\---- OUTPUTS 

r------~----------------~ 

I i 
I COMBINATORIAL ~ I 
I INTERNAL LOGIC I 
I ,STATE f- REGISTER I 

1- ~~ i 
I I 
I ' I 
L ______________ ~~~~~OG~~~~J 
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Figure 3. 

INPUTS r-------------~--------------------------O~PUTS 

COMBINATORIAL 
LOGIC 

REGISTER 

STATE 
O~PUTS 

MUX INTERNAL 
STATES 

PCLK 
soO 

MODE ---...... ---' 

501 

ABL-029 

Figure 4. 

INP~S---'" 

INPUTSr 

COMBINATORIAL 
LOGIC 

1---------- OUTPUTS 

REGISTER 

STATE 
OUTPUTS 

L ______ _ 

-, 
I 

--l 

Serial Shadow Register diagnostics) for controllability. Once the 
desired state informatiOn is loaded into the serial register it can 
be transferred into the internal state register by selecting the 
multiplexer and clocking the state register with PLCK. This al
lows any internal state to be set to a desired state in a simple, 
Quick, and systematic manner. 

Internal state information can be sampled by loading the serial 
register from the state register outputs. This state information 
can then be shifted out via the serial data output to provide 
observability. Notice that the serial data inputs and outputs can 

8-23 

PCLK 

ABL-030 

be cascaded to make long chains of state information available 
on a minimum number of connections. 

In effect, Serial Shadow Register diagnostics breaks the normal 
feedback path of the sequential network and establishes a logi
cal path with which inputs can be defined and outputs sampled 
(Figure 4). This means that those techniques which have been 
developed to test combinational networks can be applied to any 
sequential network in which Serial Shadow Register diagnostics 
is utilized. 

I 
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A TYPICAL COMPUTER ARCHITECTURE WITH 
SSR DIAGNOSTICS 

When normal pipeline registers are replaced by SSR diagnos
tics pipeline registers system debug and diagnostics are easily 
implemented. State information which was inaccessible is now 
both observable and controllable. Figure 5 shows a typical com
puter system using the Am2~18. 

Serial paths have been added to all the important state registers 
(macro instruction, data, status, address, and micro instruction 
registers). This extra path will make it easier to diagnose system 
failures by breaking the feed-back paths and tuming sequential 
state machines Into combinatorial logic blocks. For example, the 

status outputs 01 the ALl) may be checked by loading the micro 
instruction register with the necessary micro instruction. The 
desired ALl) function is then executed and the status outputs 
captured in the status register. The status bits can then be se
rially shifted out and checked for validity. 

A single diagnostic loop was shown in Figure 5 for simplicity, but 
several loops can be employed in more cOmplicated systems to 
reduce scan time. Additionally, the Am29818's can be used to 
sample intermediate test pOints not associated with normal state 
information. These additional test pOints can further ease diag
nostics, testability and debug. 

Figure 5. Typical System Configuration 

DIAGNOSTICS 
ANDWCS 

CONTROLLER INSTRUCTION 
MAPPING 

PROM 

CONTROL STORE 
RAN OR PROM 

SYSTEM CONTROLS 

IIEGISTER 
FILES 

SSR DIAGNOSTlCS/WCS PIPEUNE REGISTERS 
REPLACE NORMAL REGISTERS WITH DIAGNOSTICS LOOP 
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USE OF THE Am29818 PIPELINE REGISTER IN 
WRITABLE CONTROL STORE (WCS) DESIGNS 

The Am29818 SSR diagnostics/WCS Pipeline Register was de
signed specifically to support writable control store designs. In 
the past, designers of WCS based systems needed to use an 
excessive amount of support circuitry to implement a WCS. As 
shown in Figure 7 additional input and output buffers are neces
sary to provide paths from the parallel input data bus to the 
memory, and from the instruction register to the output data bus. 
The input port is necessary to write data to the control store, 
initializing the micromemory. The output port provides the ac
cess to the instruction register, indirectly allowing the RAM to be 
read. Additionally, access to the instruction register is useful 
during system debugging and system diagnostics. 

The Am29818 supports all of the above operations (and more) 
without any support cirCUitry. Figure 6 shows a typical WCS 

Am.29818 

design with the Am29818. Access to memory is now possible 
over the serial diagnostics port. The instruction register contents 
may be read by serially shifting the information out on the diag
nostics port. Additionally, the instruction register may be written 
from the serial port via the shadow register. This simplifies sys-
tem debug and diagnostics operations considerably. . 

CONCLUSION 

Serial Shadow Register diagnostics provides the observability 
and controllability necessary to take any sequential network and 
turn it into a combinational network. This provides a method for 
pin-pointing digital system hardware failures in a systematic and 
well understood fashion. 

Figure 6. Am29818 Based WCS Application. 
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FIgure 7. wes Application without Am29818s. 
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Am29821/822· Am29823/824· 
Am29825/826 

High Performance Bus .nterface Registers 

DISTINCTIVE CHARACTERISTICS 

• High-speed parallel registers with positive 
edge-triggered Ootype flip-flops 
- Noninverting CP-Y tpD = 7.5ns typ 
- Inverting CP-Y tpD = 7.5ns typ 

• Buffered common Clock Enable (EN) 
• Buffered common asynchronous Clear input (elR) 
• Three-state outputs glitch free during power-up and 

down 
• Outputs have Schottky clamp to ground 
• 48mA Commercial IOL' 32mA Mil IOL 
• Low input/output capacitance 

- 6pF inputs (typical) 
- 8pF outputs (typical) 

• Metastable "Hardened" Registers 
• IOH specified at 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• IMOX'· high performance !.Mplanted OXide isolated 

process 

FUNCTIONAL DESCRIPTION 

The Am29820 Series bus interface registers are designed to 
eliminate the extra packages required to buffer existing reg
isters and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29821 and Am29822 
are buffered, 10-bit wide versions of the popular '374/'534 
functions. The Am29823 and Am29824 are 9-bit wide buf
fered registers with Clock Enable (EN) and Clear (ClR) -
ideal for parity bus interfacing in high performance micro
programmed systems. The Am29825 and Am29826 are 
8-bit buffered registers with all the '823/4 controls plus multi
ple enables (OE1, OE2, OE3) to allow multiuser control olthe 
interface, e.g., CS, riMA, and RO/WR. They are ideal for use 
as an output port requiring high IOLlioH. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

Device 

111-Blt 90Bit 8·Bit 

I Noninverting Am29821 Am29823 Am29825 

I Inverting Am29822 Am29824 Am29828 

LOGIC DIAGRAM 

Yo Y, Y, Y, Y, 

LBI-OOI 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA = 0 to +7O"C Vee = 5.0V ±10% MIN = 4.50V MAX = 5.50V 

MAX = 5.50V MIL Te = -55 to +125'C Vee = 5.0V ±10% MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN IOH= -15mA 
VOH Output HIGH Voltage 

VIN = VIH or Vil IOH = -24mA 

Vee = MIN MIL, IOl = 32mA 
VOL Output LOW Voltage 

VIN = VIH orVll COM'L, IOl = 48mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

VIL Input LOW level 
Guaranteed input logical LOW 
voltage for all inputs 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

Data, CLR 
IlL Input LOW Current Vee = MAX, VIN = O.4V 

OE,EN,CP 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 5.5V 

Output OIl-state (High Impedance) Vee = MAX 
Vo= O.4V 

IOZ Output Current Vo= 2.4V 

Isb 
Output Short Circuit Current 

Vee = MAX (Note 3) 

Oto +70'C 

Outputs Enabled +7O"C 

Vee = MAX (OE= LOW) -55to+125'C 

lee Supply Current (Note 4) Outputs Open +125'C 
EN=LOW 

Oto +70"C 

Outputs Disabled +70"C 

(OE= HIGH) -55 to +125'C 

+ 125'C 

A~29821/22/23/24/25/26 

Typ 
Min (Note 2) Max Units 

2.4 3.3 
Volts 

2.0 3.1 

0.31 0.5 
Volts 

0.38 0.5 

2.0 Volts 

0.8 Volts 

-0.7 -1.2 Volts 

-0.3 -1.0 mA 

-1.2 -2.0 mA 

50 p.A 

1.0 mA 

-50 

51r 
/LA 

-75 -160 -250 mA 

86 125 rnA 

65 105 mA 

86 125 mA 

65 105 mA 

97 140 mA 

83 120 mA 

97 140 mA 

83 120 mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee = 5.0V, TA = 25'C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
4. Clock input, CP, is HIGH after clocking in data to produce outputs = LOW. 

MAXIMUM RATINGS (Above which the usef~llife may be impaired) 

Storage Temperature -65 to +150'C 

Temperature (Ambient) Under Bias -55 to +125'C 

Supply Voltage to Ground Potential Continuous -0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 to +VCC max 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 100mA 

DC Input Current -30 to +5.0mA 
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Arn29821/22/23/24/25/26 
SWITCHING CHARACTERISTICS 
(TA = +25°C, vcc = 5.0V) 

Parameters Description 

Propagation Delay Clock to Vi 
(OE = LOW) 

n •• , ...... "'"", .... ,. Time OE .! to Vi 

Note: 4. See test circuit and waveforms. 

LOAD TEST CIRCUIT 

TEST 
POINT Vee 

_~-1~iG~~~rS" 'RL 9 FROM OUTPUT ~ 
UNDER TEST , 1800 

ENABLE AND DISABLE nMES 

Enable Disable 

LBI-005 

, LBI-006 

Notes: 1. Diagram shown for Input Control Enable-LOW and Input Con
trol Disable-HIGH. 

2. 81 and 82 of Load Circuit are closed except where shown. 

Test Conditions 
(Note 4) Min. Typ Max 

CL = SOpF 

SET UP, HOLD, AND RELEASE TIMES 

DATA ~ ____ ._~ ~.~~ 
lNPUT...!::/:J::l:JY ~ 

/--t'--I. t~ ov 
C 3V 

TIMING -----f 1.5V INPUT _ 

-----' ov 

Units 

LBI-Q07 

Notes: 1. Diagram shown for HIGH date only. Output transition may 
be opposite sense. 

2. Cross hatched area is don't care condition, 

PROPAGATION DELAY 

'v 
SAME PHASE ==f" ~ , 6V 

,NPUTTRANS'T'ON . ~ ::5 OV 

tpLH tpHL . 
__ VOH 

OUTPUT ----f-----t 1.GV 

::::::J _~ J VOL 
tpLHr tPHL---r:: 3V 

OPPOSITE PHASE ==t. -f--
INPUT TRANSITION -- -- ~:v 

LBI-IlOII 

PULSE WIDTH 

LOW'H'GH·LOW -:::::.1- \.== '5V PULSE -- -- . 

~tPW-1 
HIGH-LOW·HIGH '~ F 15V 

~~ . 

Note: Pulse Generator for All Pulses: Rate .,;. 10MHz; Zo = 500; tr .,; 2.Sns; tf .,; 2.Sns. LBI-009 
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Arn29821/22/23/24/25/26 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

Description 

Propagation Delay Clock to Vi 
(DE = LOW) 

Output Disable Time OE r to Vi 

Note: 4. See test circuit and waveforms. 

Test Conditions 
(Note 4) 

CL = 50pF 

CL = 300pF 

CL = 300pF 

CL = 50pF 

CL = 50pF 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

INPUTS OUTPUTS 
Vcc---~-----------~-----+--~---

151<0 'ldl I 
I 
I 

OE, I ~ cr-----+--K~-.... --
EN 

8-31 
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DEFI.NITIONOF FUNCTIONAL TERMS EN Clock Enable. When the clock enable is LOW, data on the 

01 The 0 flip-flop data inputs. 
01 input is transferred to the Oi output on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the 01 

CLR For both inverting and noninverting registers, when the outputs do not change state, regardless of the data or clock 
clear input is LOW and OE is LOW, theOi outputs are input transitions. (Note 5.) 
LOW. Whiln the clear input Is HIGH, data can be entered· 

OE Output Control. When the OE input is HIGH, the Vi 
into the register. 

outputs are in .the high impedance st;ite. When the OE 
CP Clock Pulse for the Register; enters data into the register input is LOW, the TRUE register data is present at the Vi 

on the LOW-ta-HIGH transition. outputs. 

VI, YI The register three-state outputs. 

FUNCTION TABLE FUNCTION TABLE 
Arn29821/29823/29825 Arn29822/29824/29826 

Inputs Internal Outputs Inputs Intarnal Outputs 

Function OE CLR EN Di CP Qi VI Function OE CLR EN .01 CP Qi VI 

Hi-Z 
H X L L i L Z 

Hi-Z 
H X L L t H Z 

H X L H i H Z H X L H i L Z 

Clear 
H L X X X L Z 

Clear 
H L X X X L Z 

L L X X X L L L L X X X L L 

H H H X X NC Z 
Hold 

H H H X X NC Z 
Hold 

L H H X X NC NC L H H X X NC NC 

H H L L i L Z H H L L t H Z 
H H L H t H Z 

Load 
H H L H i L Z 

Load 
L H L L i L L L H L L t H H 
L H L H t H H L H t: H i L l: 

H '" HIGH NC '" No Change H '" HIGH NC '" No Change 
L '" .LOW t '" LOW-to-HIGHTransition L '" LOW t '" LOW-to-HIGH Transition 
X '" Don't Care Z '" . High Impedance X '" Don't Care Z '" High Impedance 

I 

Note 5: The Am29823 thru Am29826 registers achieve short throughput delay and setup time and reduced power consumption by means of a clock gating 
and latching circuit. This circuit is sensitive to very short «3ns) HIGH-to-LOW-to-HIGHgoing spikes on EN while CP is HIGH. The designer should 
be aware of this and avoid the use o/decoders or other. potentially glitching devices in the EN logic. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2982_DC D-24-SLIM C C-l 
AM2982_DCB D-24-SLIM C' B-2 (Note 4) 
AM2982_DM D-24-SLIM M C-3 
AM29B2_DMB D-24-SLIM M B-3 
AM2982_LC L-28-1 C C-l 
AM2982_LCB L-28-1 C B-2 (Note 4) 
AM2982_LM L-28-1 M C-3 
AM2982_LMB L-28-1 M B-3 

AM2982_XC Dice C 
} Visual.·inspection 

AM2982_XM Dice M 
to MIL-STD-883 

, Method 20108. 

Notes: 1. 0 '" Hermetic DIP, L '" Chip-Pak. Number following letter is number of leads. 
2, C", 0 to +70"C, Vee'" 4.5 to 5.5V, M '" -55 to +125"C, Vee = 4.50 to 5.50V. 
3. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 
4. 160 hour burn-in. 
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METALLIZATION AND PAD LAYOUTS 

10-Blt Registers 
Am29821 Am29822 

0E1 24 Vee 0E1 24 Vee 

D. 2 23 Yo D. 2 23 Yo 

0, 3 22 V, 
D, 3 22 Y, 

D, 4 21 V, 
D, 4 21 Y2 

D, • 20 V, D, 5 20 V, 

D •• ,. Y4 D •• 19 Y4 

D, 7 18 Vs D. 7 18 V5 

D •• 17 Y. Do • 17 Va 

0, • 18 Y7 
0, • 16 "i7 

DB 10 15 v. 
08 10 15 Ya 

0011 14 Y9 D, 11 14 Vg 

GND 12 13 CP GND 12 13 CP 

LBI-011 DIE SIZE 0.084" X 0.064" LBI-012 

9-BIt Registers 

Am29823 Am29824 

0E1 24 Vee Oft 24 Vee 

Do 2 23 Yo Do 2 23 VO 

D, , 22 V, D, 3 22 Yt 

D, • 21 V2 D, 4 21 V2 

D, • 20 V3 D, • 20 Y3 

D •• 19 Y4 D •• 19 Y4 

I Ds 7 18 V5 D. 7 18 VS 

D, • 17 v. D, • 17 Va 

D, 9 16 Y7 D, • 16 Y7 

DB 10 15 V, 00 10 15 Va 

eLR 11 14 EN eLR 11 14 EN 
GND 12 13 CP GND 12 13 CP 

LBI-013 DIE SIZE 0.084" X 0.064" LBI-014 

8-Blt Registers 

Am29825 Am29826 

De, 1 24 Vee OE, 1 24 Vee 

0E2 2 23 OEa DE2 2 23 DEa 

Do , 22 Yo Do ' 22 Yo 

D, • 21 Y, D, 4 21 Y, 

D, s 20 Y2 D, 5 20 Vt 

D, • 19 V3 D, • 19 Va 

D, 7 18 Y4 D, 7 18 Y4 

D, • 17 V5 D •• 17 VS 

D. 9 1~ Va D, 9 16 Va 

07 10 15 Y7 07 10 15 Y7 

CUt 11 14 EN ClR 11 14 EN 

GND 12 13 CP GND 12 13 CP 

LBI-015 DIE SIZE 0.064" X 0.064" LBI-016 
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Am29827/Am29828 
High Performance Buffers 

ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed buffers and inverters 
- Noninverting tpD = 4.5ns typ 
- Inverting tpD = 4.0ns typ 

• 200mV minimum input hysteresis on input data ports 
• Three-stateoulJiuts glitch:free during power-up 

and-down 
• Outputs have Schottky clamp to ground 
• 48mAcommerciailOL, 32mA military IOl 
• High capacitance load capability 
• Low capacitance inputs and outputs 
• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• Fully TTL compatible inputs and outputs 
• IMOXT• high performance IMplanted OXide 

isolated process 

O£, 

Do 

0, 

0. 

Am29827/Am29828 
10-BIT BUS DRIVERS 

Vee 

Vo 

V, 

v, 

Ila v, 

~;;rr-' D. V, 

Os V, OE, 

Do V. O£, 

0, V7 
Am'9827 (NONINVERTING) 

Do Va 

Do Vg 

GND OE, 

ABI-126 

IMOX is B trademark of Advanced Micro Devices, Inc. 

FUNCTIONAL DESCRIPTION 

The Am29827 and Am29828 10-bit bus buffers provide 
high performance bus interface buffering for wide datal 
address paths or buses carrying parity. The 10-bit buffers 
have NOR-ed output en~bles for maximum control flexi
bility. All buffer data input!; have 200mV minimum. input 
hysteresil;l to provide improved noise rejection. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

Do 

0, 

0, 

0, 

D. 

0, 

D. 

07 

Da 

0. 

DE, 

0E2 
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10-BIT BUFFERS 

Vo 

v, 

V, 

v, 

V. 

v, 

V. 

V7 

Va 

V. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Output for High Output State 

DC Input Voltage 

DC Output CUfl"ent, Into Outputs 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
COM'L TA = 0 to + 700C, VCC = 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 
MIL TC = -55 to + 125°C, VCC = 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 

Parameter Description Test Conditions 

Vee = MIN IOH = -15mA 
VOH output HIGH Voltage 

VIN = VIH or Vil IOH = -24mA 

Vee = MIN MIL, IOl = 32mA 
VOL output LOW Voltage 

VIN = VIH or Vil COM'L, IOL = 48mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH voltage 
for all inputs 

Vil Input LOW Level 
GualJlnteed input logical LOW voltage 
for all inputs 

VI Input Clamp Voltage Vee = MIN,IIN = -lSmA 

VHYST Input Hysteresis Vee = MIN 

III Input LOW Current Vee = MAX, VIN = 0.4V 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 5.5V 

IOZH 
Output Off-state 

Vee = MAX, Vo = 2.4V Output Current (HI-Z) 

IOZl 
Output Off-state 

Vee = MAX, Vo = 0.4V Output Current (HI-Z) 

Isc Output Short Circuit Current Vee = MAX 

Vee = MAX Outputs Enabled 
lee Supply Current 

Outputs Open Outputs Disabled 

ORDERING INFORMATION 

Am29827/828 

-65 to + 150°C 

-55 to + 125°C 

-0.5 to + 7.0V 

-1.5 to Vcc max 

-0.5 to +5.5V 

100mA 

-30 to +5.0mA 

Min Typ Max Units 

2.4 
V 

2.0 

0.5 
V 

0.5 

2.0 V 

0.8 V 

-1.2 V 

200 mV 

-1.0 mA 

50 p.A 

1.0 mA 

50 p.A 

-50 p.A 

-75 -250 rnA 

145 
rnA 

155 

Order the part number according to the table below to obtain the desired package, temperature· range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Nota 3) 

AM2982_DC D-24-SLIM C C-l 
AM2982_DCB D-24-SLIM C 8-2 (Note 4) 
AM2982_DM D-24-SLIM M C-3 
AM2982_DMB D-24-SLIM M 8-3 
AM2982_LC L-28-1 C 0-1 
AM2982_LC8 L-28-1 C 8-2 (Note 4) 
AM2982_LM L-28-1 M C-3 
AM2982_LMB L-28-1 M B-3 

AM2982_XC Dice C } Visual inspection 

AM2982_XM Dice M 
to MIL-STD-BB3 
Method 2010B. 

Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 
2. C = 0 to +7O"C, Vee = 4.75 to 5.25V, M = -55 to +125°C, Vee = 4.50 to 5.5OV. 
3. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 
4. 160 hour burn-in. 
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Am29827/828 
Am29827/Am29828 SWITCHING CHARACTERISTICS (TA = +25°C, vcc = 5.0V) 

Parameter Description Test Conditions Min Typ Max Units 

tpLH 4.5 5.5 ns 

tpHL Data (Di) to Output (Vi) 
CL = SOpF 

4.5 5.5 ns 

tpLH 
Am29827 (Noninverting) 

11 ns 

tpHL 
CL = 300pF 

11 ns 

tpLH 4.0 5 ns 

tpHL Data (01) to Output (Vj) 4.0 5 ns 

tpLH 
Am29828 (Inverting) 

10 ns 

tpHL 10 ns 

tZH 6.5 ns 

tZL 9.5 ns 

tZH ns 

tZL ns 

tHZ ns 

tLz 
CL = 5pF 

ns 

tHZ 11.2 ns 

tLZ 
CL = 50pF 

4.2 ns 

Am29827/ Am29828 SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE COM'L MIL 

TA = 0 to +7O"C Te = -55 to +125°C 
Vee = 5.0V ± 10% Vee = 5.0V ± 10% 

Parameters Description Test Conditions Min Max Max Units 

tpLH 12 ns 

Data (OJ) to Output (Vj) 
CL = 50pF 

12 tpHL ns 

tpLH 
Am29827 (Noninverting) 

17 ns 

tpHL 
CL = 300pF 

17 ns 

tpLH 11 ns 

t.PHL Data (OJ) to Output (Vj) 11 ns 

tpLH 
Am29828 (Inverting) 

14 16 ns 

IpHL 14 16 ns 

IZH 15 17 ns 

IZL 15 17 ns 

IZH 18.5 20.5 ns· 

IZL 18.5 20.5 ns 

1HZ 10 12 ns 
CL = 5pF 

ILZ 
Output Disable Time OE 10 Vj 

10 12 ns 

1HZ 13.5 20 ns 
CL = 50pF 

13.5 20 ILZ ns 
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DEFINITION OF FUNCTIONAL TERMS 

OEI When both are LOW the outputs are enabled. When 
either one or both are HIGH the outputs are HI-Z. 

01 10-bit data input. 

YI 10-bit data output. 

Am29827/828 

FUNCTION TABLES 

Am29827 (Noninverting) 

Inputs Outputs 

OE 01 Function 

L H H Transparent 

L L L Transparent 

H x Z HI-Z 

J 

Am29828 (Inverting) 

Inputs Outputs 

OE 01 YI Function 

L H L Transparent 

L L H Transparenl 

H X Z HI-Z 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 

PROPAGATION DELAY 

SAME PHASE f. ------\ --- :.:v 

"~'AA~'·"='7 5=~'" 
.~.~~? I' ~: 

OPPOSITE PHASE ~ 1 3V 

INPUT TRANSITION- I\. "'---- :~v 

ABI·128 

ENABLE AND DISABLE TIMES 

Enable Disable 

~ 
r----3V 

CONTAOL_ ~ _____ 1.5V 
!NPUT 

~------~J --------ov 
~tZL tLz-1---_LL __ -4.5V 

OUTPUT k=O'E5V 
NORMALLY 1.5V -1.5V 

lOW S OPEN ~f-. 
2 :----T VOL 

I--t:tZH tHZ-~ 
OUTPUT~~~VOH 

NORMAllY 1.5V . "'-t- -1.5V 
HIGH 51 OPEN O.SV 

---OV 

Noles: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 

2. 8, and 82 of Load Circuil are closed excepl where shown. 

ABI·129 

LOAD TEST CIRCUIT 

FROM OUTPUT 

UNDER TEST 1 
CllNCLUDES 

PROBE AND JIG I CAPACITANCE 

Note: Pulse Generator for All Pulses: Rale .. 10MHz; Zo = 5On; I, .. 2.5ns; tf .. 2.5ns. 
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Am29833/34 • Am29853/54 
Parity Bus Transceivers 

PRELIMINARY 

DISTINCTIVE CHARACTERISTICS 

• High-speed bidirectional bus transceiver for processor 
organized devices 

• Error flag with open-collector output 
• Generates odd parity for all-zero protection 
• Buffered direction three-state control 
• Separate Transmit and Receive enable controls 
• Output short-circuit protected to VCC limits 
• 200mV minimum input hysteresis on input data ports 
• High-capacitance drive capability 

48mA commercial JOL 
32mA military IOL 

• 24-pin 0.3" slim DIP package 
• 100% product assurance screening to MIL-STD-883 

requirements 

CONNECTION DIAGRAMS - Top Views 

Lead/ess Chip Carrier 
L-28-1 

ABI·l05 

8-BIT TO 9-BIT PARITY TRANSCEIVERS 

OER Vee OE" Vee 

"0 To "0 To 

", T, ", T, 

", T, ", T, 

", T, ", T, 

... T. " . T. 

". T, ", T, 

... T. ... T. 

"7 T7 "7 T7 

ER" PARITV ERR PARITY 

ClR iiE'f CUi 0E'f 

GND elK GND EN 

ABI·l06 ABI·l07 

FUNCTIONAL DESCRIPTION 

The Am29833/34/53/54 are high-performance bus trans
ceivers designed for two-way communications. They each 
contain an 8-bit data path from the A (port) to the B (port), a 
9-bit data path from the B (port) to the A (port), and a 9-bit . 
parity checker/generator. Two options are available. The' 
Am29833/34 register option, and the Am29853/54 latch op
tion,. With the register option, the error flag can be clocked 
'and stored in a register and read at the open-collector ERR 
output. The clear (CLR) input is used to clear the error flag 
register. With the latch option, the error can be either 
passed, stored, sampled or cleared at the error flag output 
by using the EN and ~ controls. 

The output enables OET and OER are us~d to force the 
port outputs to the high-impedance state so that the device 
can drive bus lines directly. In addition, the OER and DET 
can be used to force a parity error by enabling both lines 
simultaneously. This transmission of inverted parity gives 
the designer more system diagnostic capability. The 
Am29833 and Am29853 are noninverting, while the 
Am29834' and Arn29854 present inverting data at the out
puts. The devices are specified at 48mA output sink current 
over the commercial range and 32mA over, the military 
range. 

8-38 

ORDERING INFORMATION 

Order the part number according to the table below to 
obtain the desired package, temperature range, 

and screening level. 

PaCkage Operating Screening 
Order Type Range Level 

Number (Note 1) (Note 2) (Note 3) 

AM2983.1S_DC D-24-SLIM C C-l 
AM2983.1S.DCB D-24-SLIM C B-2 (Note 4) 
AM2983.1S.DM D-24-SLIM M C-3 
AM2983.1S_DMB D-24-SLIM M B-3 
AM2983.1S_LC L-28-1 C C-l 
AM2983..1S_LCB L-28-1 C B-2 (Note 4) 
AM2983.1S_LM L-28-1 M C-3 
AM2983./S.LMB L-28-1 M B-3 

AM2983.1S_XC Dice C } 
Visual inspection 

AM2983.1S.XM Dice M to MIL-STD-883 
Method 201 OB. 

Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following 
letter is number of leads. 

2. C = Oto +70'C, Vee = 4.7S to S.2SV', M = -S5to 
+125'C, Vee = 4.50 to 5.50V. 

3. Levels C-l and C-3 conform to MIL-STD-883, Class C. 
Level B-3 conforms to MIL-STD-883, Class B. 

4. 160 hour bum-in. 

TABLE OF CONTENTS 
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Am29833/34 • Am29853/54 

0,; 1S:1~--:;'-"t'-----4 

on 0 ...... ---<0----+..; 

Am29833 
FUNCTION BLOCK DIAGRAM 
(Device Shown Nonlnverting) 

+---------......;4:-:51 Obi 

PARtlV 
TREE 

'-------oc(l----<:J eLK 

L----~o----4r~~O~ 

°Am29833 shown; for Am29834, buffer replaced with inverter. 

#=~.~.~.~.~.~.~.~.~ 

0" 1S:1~-,~-------i 

Am29853 
FUNCTION BLOCK DIAGRAM 
(Device Shown Nonlnverting) 

+-----~---~f-IC Obi 

°Am29853 shown; for Am29854, buffer replaced with inverter. 

#=~.~.~.~~~.~.~.~.~ 

°Note that the inverting device converts the positive logic "A" bus levels to negative logic levels on the "8" bus. 
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Am29833/34 • Am29853/54 
MAXIMUM RATINGS 

Supply Voltage 

Common Mode Range 

logic Inputs 

Storage Temperature Range 

OPERATING RANGE 
Part No; Temperature 

Am2983x/5XOM Te = -55 to + 125'C 

Vee 
5.0±10% 

5.0±10% 

ELECTRICAL CHARACTERISTICS 
COM'l TA = 0 to + 70'C vee = 5.0V ±10% (Min = 4.5V Max = 5.5V) 
Mil TC = -55 to +125'C VCC = 5.0V ±10% (Min = 4.5V Max = 5.5V) 

Parameters Description" 

VOH Output HIGH Vottage (Except ERR) 

VOL Output LOW Voltage 

" VIH Input HIGH Voltage 

Vil Input LOW Voltage 

III Input LOW Current 

IIH Input HIGH Current 

Ise Output Short Circuit Current 

II Input Leakage Current 

Vie Input Clamp Voltage 

IOlH Output Leakage Current 

lOll (High Impedance) 

lee Power Supply Current 

VHYST Hysteresis for Inputs 0ai, Obi 

DEFINITION OF FUNCTIONAL TERMS 
Am29833/34 

OER RECEIVE enable input. 

8-bit RECEIVE data input. 

Test Conditions Min Typ 

Vee = Min 
IOH = -15mA 2.4 

IOH = -24mA 2.0 

ERR IOl = 48mA 

Vep = Min All Other IOl = 32mA MIL 

OutputS IOl = 48mA COM'L 

2.0 

Vee = Max Data 

VIN = 0.4V Control 

Vee = Max 
Control VIN = 2.7V 

Data VIN = 2.4V 

-75 

Vee = Max, VIN = 5.5V 

Vee = Min, liN = -18mA 

Vee = Max 
Va = 2.4V 

Vo = 0.4V 

Vee = Max (All Outputs Are Passive) 

200 

DEFINITION OF FUNCTIONAL TERMS 
Am29853/54 
OER RECEIVE enable input. 

Ai 8-bit RECEIVE data input. 

7.0V 

Oto vcc 
5.5V 

-65 to +l50'C 

Max Units 

V 

0.5 

0.5 V 

0.5 

V 

0.8 V 

-1.0 
rnA 

-2.0 

50 

50 
p.A 

-250 rnA 

1.0 rnA 

-1.2 V 

50 p.A 

-1.0 rnA 

rnA 

mV 

Output from fault registers. Registers detection 
of odd paritY fault on using clock edge (ClK). A 
registered ERR output remains lOW until 
Cleared. 

ERR Output from fault latches. Latches detection of 
odd parity fault on active enable EN. A latched 
ERR output remains lOW until cleared. 

ClR Clears the fault latch output. 
ClR Clears the fault register output. TI 8-bit TRANSMIT data output. 
Ti 8-bit TRANSMIT data input. PARITY l-bit PARITY output. 
PARITY l-bit PARITY output. 0E'f TRANSMIT enable input. 

TRANSMIT enable input. Enable latch input for fault flag. 
ClK External clock pulse input for fault register flag. 
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Am29833/34/53/54 
SWITCHING CHARACTERISTICS 
COM'L TA = Oto +70'CVcC = 5.0V ±10% 

Parameters Description 

Propagation Delay Dai to Obi, Obi to Dai 

Propagation Delay Dai to Dbp 

Output Enable Time OER, OEl to Dai, Obi 

Output Disable Time OER, OEl to Os;. Obi 

Propagation Delay OER to Dbp 

Note: For Am29853/54 replace ClK with 

Test Conditions 

Cl = 50pF 

Cl= 300pF 

Cl = 50pF 

Cl= 300pF 

Cl = 50pF 

Cl = 50pF Test CkI #1 

Cl = 300pFTestCkI#1 

TEST LOAD CIRCUITS 
CIRCUIT NO.1 

O-.-..--KIH"-'-..J T Vee FROM OUTPUT ~ ~ 
UNDER TEST I ""I 

CLINCLUDES 
PROBE AND JIG I 
CAPACITANCE 

~~ 
1~ ~~ 

~~ 

S, R2 
1800 

Ael·l10 

Am29833/34 • Am29853/54 

Min Typ 

CIRCUIT NO.2 

CLINCLUDES 
PROBE AND JIG I 
CAPACITANCE 

Max 

R2 
5100 

Units 

ABI·111 

Note: Test Circuit No.1 is used with Propagation delay on the Data Lines, OER and OET lests. Test Circuit No.2 is used with all parameters Involving 
ClK, ClR, EN and ERR. . 
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Am29833/34 • Am29853/54 

, ERROR FLAG OUTPUT TRUTH TABLE 

Am29833/Am29834 (REGISTER OPTION)' Am29853/Am29854 (lATCH OPTION) 

Inputs 

ClR elK 

H t 
H t 
H t 
L 

Internal Output's 
to Device Pre-Stete Output 

Point up" ERRn-1 ERR 

H 

L 

H 
L 

H 
L 
L 

H 

Function 

Sample' 
(l's Capture) 

Clear 

Inputs 

EN ClR 

L L 
L L 

L H 
L H 
L H 

H L 

Internal Output's 
to Device Pre-State Output 

Point up" ERRn_1 ERR 

L 
H 

L 

H 
L 
H 

L 
H 

L 
L 
H 

H 

Function 

Pass 

Sample' 
, (l's Capture) 

Clear 

Store' 
'Enable is used as strobe for, the latch In sampled operation. 

H 
H 

H 
H 

L 
H 

L 
H 

OET OER elR 

L H 
L H 
L H 
L H 

H 
H 
H 
H 

H 

L 
L 
L 
L 

L 
L 
L 
L 

H 

L 
L 
L 
L 

H 
H 
H 
H 

L 

OET OER elR 

L H 
L H 
L H 
L H 

H 
H 
H 
H 

H 

L 
L 
L 
L 

L 
L 
L 
L 

H 

L 
L 
L 
L 

H = High 
L = Low 

H 
H 
H 
H 

L 

ClK 

elK 

Inputs 

0ai (I of H's) 

H(Odd) 
H(Even) 
'L(Odd) 
L(Even) 

NA 
NA 
NA 
NA 

H(Odd) 
H (Even) 
L(Odd) 
L(Even) 

Inputs 

Oal (I of H's) 

H(Odd) 
H(Even) 
L(Odd) 
L(Even) 

NA 
NA 
NA 
NA 

H(Odd) 
H(Even) 
L(Odd) 
L(Even) 

t = Low to high transition of clock 

FUNCTION TABLES 
Am29833 NONINVERTING OPTION 

DtJi Incl Obp (I of H's) 

NA 
NA 
NA 
NA 

H(Qdd) 
H (Even) 

, L(Odd) 
L(Even) 

NA 
NA 
NA 
NA 

Oal 

NA 
NA 
NA 
NA 

H 
H 
L 
L, 

Z 

NA 
NA 
NA 
NA 

Am29834 INVERTING OPTION· 

Dbi Incl Dbp (I of l's) 

NA 
NA 
NA 
NA 

H(Odd) 
H(Even) 
L(Odd) 
L(Even) 

NA 
NA 
NA 
NA 

Z = High impedance 
NA = Not applicable 

Oat 

NA 
NA 
NA 
NA 

L 
L 
H 
H 

Z 

NA 
NA 
NA 
NA 

= Don't care or irrelevant 

Outputs 

H L 
H H 
L L 
L H 

NA NA 
NA NA 
NA NA 
NA NA 

NA 

Z 

H 
H 
L 
L 

NA 

z 

H 
L 
H 
L 

Outputs 

L H 
L L 
H H 
H L 

NA 
NA 
NA 
NA 

Z 

L 
L 
H 
H 

NA 
NA 
NA 
NA 

Z 

L 
H 
L 
H 

ERR 

NA 
NA 
NA 
NA 

H 
L 
H 
L 

H 

Function 

Transmit data from A Port 
to B Port with parity, 
~eceiving path is disabled 

Receive data from B Port 
to A Port with parity 
test resulting in flag, 
transmitting path is disabled 

Clear the state of error 
flag register 

Both transmitting and 
receiving paths are disabled 

NA Forced-error checking 
NA 
NA 
NA 

ERR 

NA 
NA 
NA 
NA 

H 
L 
H 
L 

H 

Function 

Transmit data from A Port 
to B Port with parity, 
receiving path is disabled· 

Receive data from B Port 
to A Port with parity 
test resuKing in flag, 
transmitting path is disabled, 

Clear the state of error 
flag register 

Both transmitting and 
receiving paths are disabled 

NA Forced-error checking 
NA 
NA 
NA '. 

Odd = Odd number of logic one's 
Even = Even number of logic one's 

= 0,1,2,3,4,5,6,7 

'Note that for the negative logic levels on the B Port, an "H" represents a logic "0" while an "L" represents a logic "1," 
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H 
L 
Z 

OET 

L 
L 
L 
L 

H 
H 
H 
H 

H 
H 
H 
H 

H 

-

H 

L 
L 
L 
L 

OET 

L 
L 
L 
L 

H 
H 
H 
H 

H 
H 
H 
H 

H 

-

H 

L 
L 
L 
L 

OER 

H 
H 
H 
H 

L 
L 
L 
L 

L 
L 
L 
L 

L 

-

H 

L 
L 
L 
L 

OER 

H 
H 
H 
H 

L 
L 
L 
L 

L 
L 
L 
L 

L 

-

H 

L 
L 
L 
L 

= High 
= Low 

CLR 

-
-
-
-

L 
L 
L 
L 

H 
H 
H 
H 

H 

L 

-

-
-
-
-

CLR 

-
-
-
-

L 
L 
L 
L 

H 
H 
H 
H 

H 

L 

-

-
-
-
-

= High impedance 

Inputs 

EN Dal (l of H's) 

- H(Odd) 
- H (Even) 
- L(Odd) 
- L(Even) 

L NA 
L NA 
L NA 
L NA 

L NA 
L NA 
L NA 
L NA 

H NA 

H -

- -

- H(Odd) 
- H (Even) 
- L(Odd) 
- L(Even) 

Inputs 

EN Dal (l of H's) 

- H(Odd) 
- H (Even) 
- L(Odd) 
- L(Even) 

L NA 
L NA 
L NA 
L NA 

L NA 
L NA 
L NA 
L NA 

H NA 

H -

- -

- H(Odd) 
- H (Even) 
- L(Odd) 
- L(Even) 

FUNCTION TABLES (Cont.) 

Am29853 NON INVERTING OPTION 

Outputs 

Dbllncl Dbp (l of H's) Dal Obi Dbp 
NA NA H L 
NA NA H H 
NA NA L L 
NA NA L· H 

H(Odd) H NA NA 
H (Even) H NA NA 
L(Odd) L NA NA 
L(Even) L NA NA 

H(Odd) H NA NA 
H (Even) H NA NA 
L(Odd) L NA NA 
L(Even) L NA NA 

- - NA NA 

- - NA NA 

- Z Z Z 

NA NA H H 
NA NA H L 
NA NA L H 
NA NA L L 

Am29854 INVERTING OPTION· 

Outputs 

Obi Incl Dbp (l of L's) Oal Dbl Dbp 

NA NA L H 
NA NA L L 
NA NA H H 
NA NA H L 

H(Odd) L NA NA 
H (Even) L NA NA 
L(Odd) H NA NA 
L(Even) H NA NA 

H(Odd) L NA NA 
H (Even) L NA NA 
L(Odd) H NA NA 
L(Even) H NA NA 

- - NA NA 

- - NA NA 

- Z Z Z 

NA NA L L 
NA NA L H 
NA NA H L 
NA NA H H 

NA = Not applicable 
ERRn-1 = Pre-state of ERR 

= Don't care or irrelevant 

Am29833/34 • Am29853/54 

ERR Function 

NA Transmit data from A Port 
NA to B Port with parity, 
NA receiving path is Glisabled 
NA 

H Receive data from B Port 
L 10 A Port with parity 
H test resulting in flag, 
L transmitting path is disabled 

H Receive data from B Port 
L to A Port, pass the 
H error test resulting to 
L error flag, transmitting 

path is disabled 

ERRn_1 Store the slate of error 
flag register 

H Clear the slate of error 
flag register 

- Both transmitting and 
receiving paths ;ire disabled 

NA Forced-error checking 
NA 
NA 
NA 

ERR Function 

NA Transmit data from A Port 
NA to B Port with parity, 
NA receiving path is disabled 
NA 

H Receive data from B Port 
L to A Port with parity 
H test resuRing in flag, 
L transmitting path is 

disabled 

H Receive data from B Port 
L to A Port, pass the 
H error test resulting to 
L error flag, transmitting 

path is disabled 

ERRn_1 Store the state of error 
flag register 

H Clear the state of error 
flag register 

- Both transmitting and 
receiving paths are disabled 

NA Forced-error checking 
NA 
NA 
NA 

Odd = Odd number of logic one's. 
Even = Even number of logic one's 

= 0,1,2,3,4,5,6,7 

• Note that for the negative logic levels on the B port, an "H" represents a logic "0" while an "L" represents a logic "1." 
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Ani29833/34 ,; Am29853/54 

Am29833/53 SWITCHING WAVEFORMS (NONINVERTING OPTION) 

6Ei' 

. mrr-------------------------- ov 4.5V 
CUi 

6!Ii------------------------------- 4.5V 6!Ii ov 

(EVEN) 
3V 3V 

1.5V 0.,. I.5V 

ov ov 

0". 

lPLH lPLH 

AB.-112 a) Dal to ~b Dbp b) DbltoDal AB,·113 

3V 3V 

6Ei' 1.5V 6!Ii 1.5V 

o.,.,o.,p D .. 
DU'Tl'UT OUTPUT 

NORMALLY NORMALLY 
LOW LOW 

IlL 'lL 

Obl.DbP D •• 
OUTPUT OUTPUT 

NORMALLY NORMALLY 
HIGH HIGH 

'lH 'HZ 

AB.·114 c) OETto Obi. Dbp d) 0Eii to Dal AB.·jI5 

I5Ei' -------------------------- OV 1m ------------------ ov 

\. 3V 

6!Ii ~~-----------~,4_-~~~~~~= ~V 
Db9 I;5V 

'PHL 

AB'-116 "l; of H's of Dai = ODD .l; Of H'$ ofDai = EVEN AB'-I11 

"Calculation must be done from last arriving signal. 

e) OERtoDbp 
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Am29833/34 • Am29853/54 

Am29834/54 SWITCHING WAVEFORMS (INVERTING OPTION) 

OET ov OET 
CUi 

O'ER 4.SV OER 

(EVEN) 
3V 

Dai '.5V Dbl 

OV 

Dbi.DtJp· Dol 

tpHL 'PI.H 

A81-118 a) Dal to Obi> Dbp 

3V 

0E'f 1.SV OER 

0..,0;". Dol 
OUTPUT OUTPUT 

NORMALLY NORMALLY 
lOW lOW 

1Ito1,IItoP D.I 
OUTPUT OUTPUT 

NORMALLY NORMALLY 
HIGH HIGH 

tZH 

ABI-'20 C) OET to Obi. Dbp 

0E'f OY OET 

OER\ I ::v 0Efi\ 
• I fF" Dbp J\ F··5Y IItop 

'PHl~ ~ tPlH~ 
ABI-122 .:£ of H's of OBi = ODD 

'Calculation must be done from last arriving signal. 

e) i5Eii to Dbp 

8-45 

'PHL 'pLH 

b) Obi to Dai 

'lZ 

'Zl 

tZH 

d) OERtoDal 

/-

IPHl 

.:£ of H's of Oal = EVEN 

'.5V 

OV 

3V 

'.5V 

OY 

ABI-119 

3V 

• .5V 

ABI-121 

ov 

3V 

'.5V 

OV 

1.5V 

ABI-123 
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Am29833/34 • Am29853/54 

SWITCHING WAVEFORMS (REGISTER OPTION, Am29833/34) 

O~ ------------------------------------------------------------~------ 4.5V 

OV 

(EVEN) (EVEN) 

L 
3V 

ov 

3V 

ClK 

ov 

3V 

OV 

\------
a) ClK, ClR to ERR ABI-124 

SWITCHING WAVEFORMS (LATCH OPTION, Am29853/54) 

OET--------------------------------------------------------------------- 4.SV 

OER--------------------------------------------------------------------- OV 

3V 

1.SV 

OV 

1.SV 

3V 

1.5V 

ov 
t. 

I.SV 

PASS STORE CLEAR . SAMPLE 

ABI·125 

'Calculation must be done from last arrtving signal. 
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Am29841/842 • Am29843/844 • 
Am29845/846 

High Performance Bus Interface Latches 

DISTINCTIVE CHARACTERISTICS 

• High-speed parallel latches 
- Noninverting transparent tpD = 5.25ns typ 
- Inverting transparent tpD = 6.Ons typ 

• Buffered common latch enable, clear and preset input 
• Three-state outputs glitch-free during power-up and down 
• Outputs have Schottky clamp to ground 
• 48mA Commercial IOL, 32mA MILIOL 
• low input/output capacitance 

- 6pF inputs (typical) 
- 8pF outputs (typical) 

• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• Fully TTL compatible inputs and outputs 
• IMOXTM high performance !,Mplanted OXide isolated 

process 

FUNCTIONAL DESCRIPTION 

The Am29840 Series bus interface latches are designed to 
eliminate the extra packages required to buffer existing 
latches and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29B41 and Am29B42 
are buffered, 10-bit wide versions of the popular '373 func
tion. The Am29843 and Am29844 are 9-bit wide buffered 
latches with Preset (PRE) and Clear (ClR) - ideal for parity 
bus interfacing in high performance systems. The Am29845 
and Am29846 are 8-bit buffered latches with all the '843/4 
controls plus multiple enables (OE1, OE2, OE3) to allow 
multiuser control of the interface, e.g., CS, DMA, and 
RD/WR. They are ideal for use as an output port requiring 
high IOUIOH. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 

Device 

10-Bit 9-Bit 8-Bit 

I Noninverting Am29B41 Am29843 Am29845 

I Inverting Am29842 Am29B44 Am29846 

LOGIC DIAGRAM 
Am29843 

D, D, D, D, D, D, D, 

LE 

Yo Y, Y, Y, Y. Y, v, Y, Y, 

ABI-010 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
·Am29841/42/43/44/45/46 

Storage Temperature 

. Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to Ground Potential Continuous -0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 to ·+VCC max 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, Into Outputs 100mA 

pC Input Current -30 to +5.0mA 

ELECTRICAL CHARACTERISTICS The following Conditions Apply UnleSs Otherwise Specified: 
COM'L TA = 0 to +70"C Vee = 5.0V ±10"10 MIN = 4.50V MAX = 5.50V 
MIL Te = -55 to +125°C Vee = 5.0V ±10% MIN = 4.50V MAX = 5.50V 

pC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions1 Min Typ2 Max Units 

VOH Output HIGH Voltage Vee = MIN IOH = -15rnA 2.4 3.3 
Volts 

VIN = VIH or VIL IOH = -24rnA 2.0 3.1 

VOL Output LOW Voltage Vee = MIN MIL, IOL = 32mA 0.5 
Volts 

VIN = VIH or VIL 
COM'L, IOL = 48mA 0.5 

VIH Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 2.0 Volts 

VIL Input LOW Level Guaranteed input logical LOW voltage for all Inputs 0.8 Volts 

VI Input Clamp Voltage Vee = MIN, liN = -18mA -1.2 Volts 

IlL Input LOW Current Vee = MAX, VIN = O.4V -1.0 rnA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 50 /LA 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 rnA 

loz 
Output Off-state (High Impedance) 

Vee = MAX 
Vo = O.4V -50 

~ Output Current 
Vo = 2.4V 50 

Isc Output Short Circuit Current3 Vee = MAX -75 -250 mA 

o to +70"C 60 120 rnA I 
Outputs Enabled +7O"C 60 120 mA 

(OE = LOW) -55 to +125°C 60 120 mA 

Icc Supply Current Vee = MAX + 125"C 60 120 mA 
Outputs Open Oto +7O"C 70 120 rnA 

Outputs Disabled +70"C 70 100 mA 
(OE = HIGH) 

-55 to +125°C 70 120 mA 

+ 125°C 70 100 mA 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee = 5.0V, TA = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should nol exceed one second. 
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Am29841/42/43/44/45/46 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parametera Description 

Data (OJ) to Output VI (LE = HIGH) 

Output Enable Time OE 1. to VI 

Output Disable lime OE S to Vi 

Note: 4. See tast circuit and waveforms. 

Test Conditions I----"-''---,.---~I--..;;..;;.-......_----I 
(Note 4) Units 

CL =50pF 

. CL=300pF 

CL = 300pF 

CL= 50pF 
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SWITCHING CHARACTERISTICS (TA = +25°C, Vec = 5.0V) 
Test Conditions 

Parameters Description (Note 4) 

tpLH 
(Am29841, 3, 5) 

Data (Di) to Output Vi (LE = HIGH) 

CL= 50pF 

CL=300pF 

CL = 50pF 

CL= 50pF 

An129841/42143/44/45/46 

Min Typ Max Units 

3.5 5.7 8 ns 

Ct..=50pF I 
}---'--=-----f-------'-------t---f----t-----r--t------l : 

CL = 300pF 

Output Enable Time DE 1.. to Vi 

Output Disable Time DE S to Vi 

Notes: 4. See test circuit and waveforms. 
5. Not tested. 
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Am29841/42/43/44/4!$/46· 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

V~~ ______ ~ __ ~IN~P~~ ____ +-___ ~~~~~ ____ _ 

7.s1d! 

INPUT ()-------+---KI---~ 

LOAD TEST CIRCUIT 

CL INCLUDES 

PROBEANDJIG I CAPACITANCE 

TEST 
POINT 

ENABLE ANP DISABLE TIMES 

Enable Disable 

ABI-014 

r-----1! ~- 30V 
CONTROL =f ~ . 
~~:- -+_:~:'5~VU" ~'~~.':' 

LOW S:! OPEN . . VOL 

I-~'ZH 'HZ -1T' . 
OUTPUT~~~ VOH 

NORMALLY S OPEN 1.5V ''-t- -1.5V 
HIGH 1 __ -OV . O.5V 

ABI·015 

Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 

2. 81 and 82 of Load Circuit are closed except where shown. 

350 

+-....... p-~ OUTPUT 

-IOL 

ABI-019 

SET UP, HOLD, AND RELEASE TIMES 

1~~0~ • _ :.~V 
~'sj:--'h~ :~ 

LATCH ------~------1.5V 
ENABLE l\ 

'----------~ ov 
ABI-016 

Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don't care condition. 

PROPAGATION DELAY 

, 3V 

SAME PHASE _Jl _____ ~_ 15V 
INPUT TRANSITION ---.I! ~ . 

tPLH~ 'PHL:5 __ ::H 

OUTPUT -j- ~F ~~~ 
tPLHt=-! 'PHL-r-='- 3V 

OPPOSITE PHASE ~ 
INPUT TRANSITION ----"1\ :_-_-_-_-_-:_-_-~__'_~~~~_= ~:V 
ABI-017 

PULSE WIDTH 

LOW HIGH-LOW _-"- ~_ 
PULSE ----.I!-- "'------ 1.5V 

, ~'PW---1 
HIGH-LOW HIGH ~ r-= 15V 

PULSE -~ . . 

ABI-Q18 

Note: Pulse Generator for All Pulses: Rate"" 10MHz; Zo = 500; tf "" 2.5ns; tf "" 2.5ns. 
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An129841/42143/44/45/46 

DEFINITION OF FUNCTION TERMS DEFINITION OF FUNCTION TERMS 

A~29841/43/45 (Nonlnverting) Am29842/44/46 (Inverting) 

CLR When CLR is LOW, the outputs are LOW if OE is LOW. CLR When CLR is LOW, the outputs are LOW if OE is LOW. 
When CLR is HIGH, data can be entered into the latch. When CLR is HIGH, data can be entered into the latch. 

01 The latch data inputs. 01 The latch inverting data inputs. 

LE The latch enable input. The latches are transparent when LE The latch enable input. The latches are transparent when 
LE is HIGH. Input data is latched on the HIGH-to-LOW LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. transition. 

VI The 3-state latch outputs. Vi The 3-state latch outputs. 

OE The output enable control. When OE is LOW, the outputs OE The output enable control. When OE is LOW, the outputs 
are enabled. When DE is HIGH, the outputs Vi are in the are enabled. When DE is HIGH, the outputs Vi are in the 
high·impedance (off) state. high-impedance (off) state. 

PRE Preset line. When PRE is LOW, the outputs are HIGH if OE PRE Preset line. When PRE is LOW, the outputs are HIGH if DE 
is LOW .. Preset overrides CLR. is LOW. Preset overrides CLR. 

FUNCTION TABLE FUNCTION TABLE 

Inputs Internal Outputs Inputs Internal Outputs 

CLR PRE OE LE 01 QI VI Function CLR PRE OE LE 01 Qi VI Function 

H H H X X X Z Hi-Z H H H X X X Z Hi-Z 

H H H H L L Z Hi-Z H H H H H L Z HI-Z 

H H H H H H Z Hi-Z H H H H L H Z Hi-Z 

H H H L X NC Z 
Latched 

H H H L X NC Z 
Latched 

(Hi-Z) (Hi-Z) 

H H L H L L L Transparent H H L H H L L Transparent 

H H L H H H H Transparent H H L H L H H Transparent 

H H L L X NC NC , Latched H H L L X NC NC Latched 

H L L X X H H Preset H L L X X H H Preset 

L H L X X L L Clear L H L X X L L Clear 

L L L X X H H Preset L L L X X H H Preset I 
L H H L X L Z 

Latched 
L H H L X L Z 

Latched 
(Hi-Z) (Hi-Z) 

H L H L X H Z 
Latched 

H L H L X H Z 
Latched 

(Hi-Z) (Hi-Z) 

ORDERING INFOFJMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2984.DC D-24-SLIM C C-l 
AM2984.DCB D-24-SLIM C B-2 (Note 4) 
AM2984_DM D-24-SLIM M C-3 
AM2984.DMB D-24-SLIM M B-3 
AM2984_LC L-28-1 C C-l 
AM2984.LCB L-28-1 C B-2 (Note 4) 
AM2984.LM L-28-1 M C-3 
AM2984_LMB L-28-1 M B-3 

AM2984_XC Dice C } 
Visual inspection 
to MIL-STO-883 

AM2984.XM Dice M Method 20106. 

Notes: 1. 0 = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 
2. C = 0 to + 70"C, Vee = 4.5 to 5.5V, M = -55 to + 125"C, Vee = 4.50 to 5.50V. 
3. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 
4. 160 hour bum-in. 
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Arn29841/42/43/44/45/46 

METALLIZATION AND PAD LAYOUTS 

to-Bit La~ches 
Am2984t Am29842 

OEI 24 Vee DE1 24. Vee 
DO 2 23 YO DO 2 23 YO 

0 , 3 22Y, 0, 3 22Y, 

D. 4 21 Y2 D. 4 21Y2 

Da 5 20 V3 03 5 20V. 

0, 6 19 Y4 04 6 19\'4 

0, 7 18 Ys Os if lBYs 
O. 8 17 ,!,e O. 8 17Ye 
07 9 16 Y7 Dr 9 16 V, 

0.10 15 Va 0.10 15 Va 
09 11 14 Yg 09 '1 '4Yg 

GN012 13 lE GND12 13lE 

ABI·099 DIE SIZE 0.084" X 0.064" ABI·100 

9-Blt Latches 

Am29843 Am29844 

OE 1 24 Vee OEI 24 Vee 
DO 2 23 Yo DO 2 23 Yo 

0, 3 22 Y1 D, 3 22Y1 

O2 4 21 Y2 0.4 21Y2 

D. 5 20 Y. D. 5 20Y3 

D4 6 19 Y4 0 4 6 19Y4 

Ds "7 18 Ys Os 7 ,ays 
D. 8 17 Va D. 8 17Vs 
Dr 9 16 V7 Dr 9 16'17 

Da 10 15 Va D8 10 15Y8 

CUi 11 14 PRE CUi 11 14 PRE 
GND 12 ISLE GND12 13 lE 

ABI·l01 DIE SIZE 0.084" X 0.064" ABH02 

8-Bit Latches 

Am29845 Am29846 

DE, 24 Vee OE, 24 Vee 

OE, 230E. oe. 230E. 

DO 3 22 Yo Do 3 22 Yo 

0 , 4 21 Y1 0, 4 21Y1 

D. 5 20 V2 0, 5 2OY2 

D. 6 19 Va D. 6 19V3 

04 1 18 Y. D. 7 'BY4 
05 8 17 Ys 0, 8 17Vs 
06 "9 16 V6 O. 9 lSVe: 

Dr 10 15 Y7 °7 10 15Y7 

CLR11 14 PRE CLR11 14 PiiE 
GND12 13 LE GN012 13 lE 

ABI-103 DIE SIZE 0.084" X 0.064" ABI·l04 
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Am29861 
Am29863 

• Am29862 
• Am29864 

High Performance Bus Transceivers 
. ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 

• High-speed symmetrical bidirectional transceivers 
- Noninverting tpD = 4.5ns typ 
- Inverting tPD = 4.0ns typ 

• 200mV minimum input hysteresis on input data ports 
• Three-state outputs glitch-free during power-up 

and-down 
• Outputs have Schottky clamp to ground 
• 48mA commercial I Ol, 32mA military IOl 
• low input/output capacitance 

- 6pF inputs (typical) 
- BpF outputs (typical) 

• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 
• Fully TTL compatible inputs and outputs 
• IMOXT• high performance IMplanted OXide 

isolated process 

0EIi 

Ro 

R, 

R. 

R3 

R, 

RS 

R. 

R7 

R. 

R9 

GND 

Am29861/ Am29862 
10-BIT TRANSCEIVERS 

Vee 

To 

T, 

T. OET 

T3 

T, 
R 

TS 

T. 

T7 0EIi 

T. 

T9 Am29861 (NON INVERTING) 

0eT 

FUNCTIONAL DESCRIPTION 

The Am29B60 Series bus transceivers provide high per
formance bus. interface buffering for wide data/address 
paths or buses carrying parity. The Am298,63/64 9-bit 
transceivers have NOR-ed output enables for maximum 
control flexibility. All transceiver data inputs have 200mV 
minimum input hysteresis to provide improved noise 
rejection. 

All of the Am29BOO high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading .in the high 
impedance state. 

OER1 

RO 

R, 

R. 

R3 

R, 

Rs 

OER2 

Am29863/Am29864 
9-BIT TRANSCEIVERS 

Vee 

To 

T, 

T. 

T3 

T, 

Ts 

T. 

T7 

T. 

OET. 

OET, Am29863 (NONINVERTING) 

T 

ABI-092 ABI-093 

IMbX is a trademark of Advanced Micro Devices, Inc. 
This document contains iniormation on a prQduct under development at Advancild Micro Devices, Inc. The information is intended to help ,you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposild product without notice. 
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Am29.861/62j63/64 

"0 

., 

•• 

•• 

Am29"1/ Aml/9862 
10-BIT TRANSCEIVERS 

T • 

OET -----1~--' '-----<0<.---- 0Eii 

-ABI-Il94 

., 

•• 

• • 

•• 

Am29863/Am29864 
9-BIT TRANSCEIVERS 

ABI-095 



Am29861/62j63/64 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Output for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
COM'L TA = 0 to + 70°C, VCC ~ 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 
MIL· TC = -55 to +125°C, Vce = 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 

Parameter Description Test Conditions 

Vee = MIN IOH = -15mA 
VOH Output HIGH Voltage 

VIN = VIH or Vil IOH = -24mA 

Vee = MIN MIL, IOl = 32mA 
VOL Output LOW Voltage 

VIN = VIH or Vil COM'L, IOl = 48mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH voltage 
for all inputs 

Vil Input LOW Level Guaranteed input logical LOW voltage 
for all inputs 

VI Input Clamp Voltage Vee = MIN, liN = -18mA 

VHYST Input Hysteresis Vee = MIN 

III Input LOW Current Vee = MAX, VIN = 0.4V 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 

II Input HIGH Current Vee = MAX, VIN = 5.5V 

IOlH 
Output Off-state 

Vee = MAX, Vo = 2.4V Output Current (HI-Z) 

lOll 
Output Off-state 

Vee = MAX, Vo = 0.4V 
Output Current (HI-Z) 

Ise Output Short Circuit Current Vee = MAX 

Vee = MAX Outputs Enabled 
Icc Supply Current 

Outputs Open Outputs Disabled 

ORDERING INFORMATION 

-65 to + 150°C 

-55 to +125°C 

-0.5to +7.0V 

-1.5to VCC max 

-0.5 to +5.5V 

100mA 

-30 to +5.0mA 

Min Typ Max Units 

2.4 
V 

2.0 

0.5 
V 

0.5 

2.0 V 

0.8 V 

-1.2 V 

200 mV 

-1.0 mA 

100 /LA 

1.0 mA 

100 /LA 

-1.0 mA 

-75 -250 mA 

145 
mA 

155 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM2982_DC D-24-SLIM C C-l 
AM2982_DCB D-24-SLIM C B-2 (Note 4) 
AM2982_DM D-24-SLIM M C-3 
AM2982_DMB D-24-SLIM M B-3 
AM2982_LC L-28-1 C C-l 
AM29B2_LCB L-28-1 C B-2 (Note 4) 
AM2982_LM L-28-1 M C-3 
AM2982_LMB L-28-1 M B-3 

AM2982_XC Dice C } Visual inspection 

AM2982_XM Dice M 
to MIL-STD-883 
Method 2010B. 

Notes: 1. D = Hermetic DIP, L = Chip-Pak"'. Number following letter is number of leads. 
2. C = 0 to +7OCC, Vee = 4.50 to 5.50V, M = -55 to +125°C, Vee = 4.50 to 5.50V. 
3. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 
4. 160 hour burn-in. 
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Am29861/62/63/64 
Am29861/Am29862/ Am29863/ Arri29864 
SWITCHING CHARACTERISTICS (TA = +25°C, vcc = 5.0V) 

Description 

Propagation Delay from RI to T; or lj to RI 
Am29861/Am298s3- (Noninverting) 

Propagation Delay from Ri to 11 or 11 to RI 
Am29862/Am29864 (Inverting) 

Am29861/Am29862/ Am29863/Am29864 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Description 

Propagation Delay from 
RI to T; or T; to Ri 
Am29861/Am29863 (Noninverting) 

Test Conditions 

Test Conditions 

CL = 300pF 
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Am29861/62/63/64 

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLES 
Am29861/Am29862 Am29861/Am29863 (Noninverting) 

OER When LOW is in conjunction with OET HIGH indicates the Inputs Outputs 
RECEIVE mode. 

OET When LOW in conjunction with OER HIGH indicates the 
OET OER Ri T( RI Ti Function 

TRANSMIT mode. L H L N/A N/A L Transmitting 

RI to-bit RECEIVE input/output. L H H N/A N/A H Transmitting 

TI 10-bit TRANSMIT input/output. H L N/A L L N/A Receiving 

Am29863/Am29864 
H L N/A H H N/A Receiving 

OERI 
H H X X Z Z HI-Z 

When both are LOW in conjunction with OETi both HIGH 
indicates the RECEIVE mode. 

OETI When both are LOW in conjunction with OERi both HIGH 
Am29862/ Am29864 (Inverting) 

indicates the TRANSMIT mode. Inputs Outputs 

RI 9-bit RECEIVE input/output. OET OER RI 1j Ri TI Function 

1j 9-bit TRANSMIT input/outpUl. L H L N/A N/A H Transmitting 

L H H N/A N/A L Transmitting 

H L N/A L H' N/A Receiving 

H L N/A H L N/A Receiving 

H H X X Z Z HI-Z 

H= HIGH X = Don't Care 
L=LOW N/A = Not Applicable 
Z = High Impedance 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 

PROPAGATION DELAY ENABLE AND DISABLE TIMES 

Enable Disable 

SA~ t::v eONTROL~ 1:=1 
3V 

1.SV INPUT TRANSITION-

tPLH~ 
INPUT 

OV 5= OV tPHL 
=tZL tLZ-r---

-j J=:: -:\ -4.5V OUTPUT O.SV 
OUTPUT NORMALLY 1.5V ~. -1.5V 

LOW ~OPEN ,f-' VOL 

~LH? ~HL !----ttZH tHZ-i---1 I I 

F 3V ~~VOH OP1'OSI~ OUTPUT 
NORMALLY 1.SV -1.5V INPUT TRANSITION- , ---.-1.5V 

HIGH 51 OPEN O.SV OV ---OV 

II 

ABI·096 
Notes: 1. Diagram shown for Input Control Enable-LOW and Input 

Control Disable-HIGH. 
2. 5, and 52 of Load Circuit are closed except where shown. 

ABI·097 

LOAD TEST CIRCUIT 

TEST Vee POIN~ 

S1~ 
FROM OUTPUT IA 

RL 

UND'RT'ST 1 1'14 ""2:. 1son 
CL INCLUDES R ;~ ALL DIOD'S 

IRoe, AND JIG I 1.~kn ...;:,... ~~;:40R CAPACITANCE 

:S~~ 
ABI-098 

Note: Pulse Generator for All Pulses: Rate'" 10MHz; Zo = 500; t, '" 2.5ns; tf '" 2.5ns. 
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Am25S HIGH PERFORMANCE SCHOTTKY LOGIC 
Am25LS LOW-POWER SCHOTTKY LOGIC 

8 x 8 PARALLEL MULTIPLIERS 



Am25S05 
Am25S07 
Am25S08 
Am25S09 
Am25S10 

Am25S18 
Am25S557 
Am25S558 

Am25LS07 
Am25LS08 
Am25LS09 
Am25LS14A 

Am25LS15 
Am25LS22 
Am25LS23 
Am25LS2513 
Am25LS2516 

Am25LS2517 

Am25LS2518 
Am25LS2519 
Am25LS2520 
Am25LS2521 
Am25LS2535 
Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am25LS2548 
Am25LS2568 
Am25LS2569 

Am25S and Am25LS 
Logic Family Index 

4-Bit by 2-Bit Two's Complement Multiplier ................................... 9-1 
Hex Parallel D-Register with Register Enable ................................. 9-9 
Quad Parallel D-Register with Register Enable ....................... ,......... 9-9 
Quad 2-lnput, High-Speed Register .......................................... 9-17 
4-Bit Shifter With 3-State Outputs :........................................... 9-21 
Ain25S10 4-Bit Shifter .................................................... 9-25 
Quad D-Register with Standard and 3-State Outputs ........................... 9-54 
8 x 8 Parallel MuHiplier, with Latch ............................................ 9-69 
8 x 8 Parallel Multiplier ..................................................... 9-69 
Am25S557, Am25S558 Multipliers in Expanded Arrays ...................... 9-75 
6-Bit Register, Commoh Enable ............................................. 9-6 
4-Bit Register, Common Enable ............................................. 9-6 
4-Bit Register, Multiplexer Inputs ............................................ 9-13 
8-Bit Serial/Parallel Two's Complement Multiplier .............................. 9-35 
A High-Speed Serial/Parallel Multiplier the Am25LS14A ..................... 9-41 
4-Bit Serial/Parallel Adder Subtractor ........................................ 9-50 
8-Bit Serial/Parallel Register; Sign Extend .................................... 9-59 
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Am25S05 
Four·Bit bV Two·Bit Two's Complement Multiplier 

Distinctive Characteristics 
• Provides 2's complement multiplication at high speed 

without correction. 
• Can be used in a combinatorial array or in a time 

sequenced mode. 
• Multiplies two 12-bit signed numbers in typically 

115.ns. 

FUNCTIONAL DESCRIPTION 
The Am25S05 is a high-speed digital multiplier that can multiply numbers represented 
in the· 2's complement notation and produce a 2's complement product without 
correction. The device consists of a 4x2 multiplier that can be connected to form 
iterative arrays able to multiply numbers either directly, or in a time sequenced 
arrangement. The device assumes that the most significant digit in a word carries a 
negative weight, and can therefore be used in arrays where the multiplicand and 
multiplier have different word lengths. The multiplier uses the quaternary algorithm 
and performs the function S '" X Y + K where K is the input field used to add partial 
products generated in the array. At the beginning of the array the K inputs are avail· 
able to add a signed constant to the least significant part of the product. Multiplication 
of an m bit number by an n bit number in an array results in a product having m+n 
bits so that all possible combinations of product are accounted for. If a conventional 
2'5 complement product is required the most significant bit can be ignored, and 
overflow conditions can be detected by comparing the last two product digits. 

A number of conne.ction schemes are possible. Figure 1 shows the connection scheme 
that results in the fastest multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed look-ahead carry adders. 

Provision is made in the design for multiplication in the active high ·(positive logic) 
or active low (negative logic) representations simply by reinterpreting the active level 
of the input operands, the prodpct, and a polarity control P. 

• Multiplies in active HIGH (positive logic) or active 
LOW (negative logic) representations. 

• Reduced input loading as compared to Am2505. 
• 100% reliability assurance testing in compliance with 

M I L-STD-883. . 

LOGIC SYMBOLS 
ACTIVE HIGH 

765431 19181716 

23· 
Am25S05 

" " 
Am25S05 

" 4,2 4,2 

" I, 
2's COMPLEMENT " 2'sCOMPLEMENT 

CO MULTIPLIER Cn+4 " 
, CO MULTIPLIER 

20 p 

6 9 1011 
GNp::::; Pin 12 

S 9 10 11 

RELATED PRODUCTS 

Part No. 

Am25LS14A 
Am25LS557/8 
Am29516/7 

Description 

8-Bit Serial/Parallel Multiplier 
8-Bit by 8-Bit Multiplier 
16-Bit by 16-Bit Multiplier 

Cn+4 

LOGIC DIAGRAM 

Am25S05 ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP O"C to +75°C AM25S05PC 
Hermetic DIP O°C to +75°C AM25S06DC 

Dice O°C to +75'C AM25S05XC 
Hermetic DIP _55°C to +125°C AM25S050M 

Hermetic Flat Pak _55°C to +125'C AM25S05FM 
Dice .,-55° C to +125° C. AM25S05XM 

DIP package is 24 pin 0.6" wide. 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orienta'tior .. 

I 



Am25S05 
MAXIMt,JM RATINGS (Above which,the useful life may be impaired) 

Storage Temperature '-65°C to +150°C 

Temperature (Ambient) Under Bias _55°C to +125°C 

SllPply Voltage to Ground Potentia1.(Pin 24 tO'Pin 12) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 

DC Input Voltage -0.5V to +5.5V 

Output Current, _In_t_o_O_u_te,.p,u __ ts ____________________________________ 30_mA 
DC Input Current -30 mA to +5 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am25S05XC, DC, PC 
Am25S05XM. OM 
Am25S05FM 

Parameters 

VOH 

VOL 

VIH 

VIL 

IlL (Note 21 

IIH (Note 21 

ISC 

ICC 

TA = O°C to +75°C 
TA = _55°C to +125°C 
TC = _55°e to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

I nput LOW Level 

Unit Load 
Input LOW Current 

Unit Load 
InPutHIGH Current 

Input HIGH Current 

Output Short Circuit Current 

Power 5upply Current 

VCC = 4:75 v to 5.25 V 
VCC = 4.50 V to 5.50 V 
VCC = 4.50 V to 5.50 V 

Test Conditions 

VCC = MIN., IOH = -1.0mA I XM 
VIN = VIH or VIL I XC 

VCC = MIN., IOL = 20mA 
VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guara.nteed input logical ~OW 
voltage for all inputs 

VCC = MAX., VIN = 0.5V 

VCC = MAX., VIN = 2.7V 

VCC = MAX., VIN = 5.5V 

Vec = MAX .. VOUT = O,QV 

VCC = MAX .. V, =.OV 

Note 1. Typical Limits are at vee::: 5.0V. 25°C Ambient and maximum loading. 

Min. Typ. (Note 11 

2.5 3.3 

2.7 3.3 

0.3 

--

2.0 

-40 
---,-

120 

Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor. (See loading rules) 

Switching Characteristics (VCC;5V, TA; 25°C, CL; 15pF,.RL ; 280n ) 

Parameters From (Input) To (Output) Test Conditions Min. Typ. 

tPLH c n Cn+4 
4 8 

tpHL 4 9 

iPLH Cn SO,I,2,3 6 12 
tpHL ,5 10 

tpLH Cn 54,5 7 15 
tpHL 6 13 

tPLH Any k Cn+4 3 6.5 
tPHL 5 10 

tpLH Any k 50.1,2,3 
6 13.5 

tpHL 4 9.5 

tpLH Any k 54.5 ,3 15.5 
tpHL 

5ee Test Table 
3 12.5 

tpLH Any x Cn+4 8 17 
tpHL 9 18 

tPLH Any x 50,1,2.3 
10' 21 

tPHL 10 21 

tPLH Any x 54,5 6 23.5 
tpHL 0 21.5 

tpLH Anyy Cn+4 11 23 
tPHL 10 20 

tPLH Any y 50,1,2.3 
11 23 

tpHL 11 23 

tPLH Any y S4,5 12 25 
tpHL 12 25 
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Max. 

0,5 

I---' 

0.8 

-2.0 

50 

1.0 

-100 
1---' 

175 

Max. 

12 
14 

18 
15 

22 
20 

12 
15 

20 
14 

23 
19 

26 
27 

32 
32 

35 
32 

34 
30 

34 
34 

37 
37 

Units 

Volts 

Volts 

Volts 

Volts 

mA 

IJ.A 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Am2SS0S 

SWITCHING TIME TEST TABLE 

Input 

c n 

kO 
kl 
k2 
k3 
k3 

X_I 
xo 
xl 
x2 
x3 
x3 
x4 

V-I 
VO 
VI 

DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

Outputs 

Cn+4, 50123, 545 

c n+4, 50123,545 
Cn+4, 5123, 545 
Cn+4, 523, 545 

53 
$45 

Cn+4, 50123, 545 
Cn+4, 50123, 545 
Cn+4, 5123, $45 
Cn+4, 5123. $45 

$3 
545 
545 

Cn+4, $0123, 545 
Cn+4, $0123, $45 
Cn+4, $0123, $45 

H HIGH, applying to a HIGH logic level or when used with VCC 
to indicate high Vcc value. 
I Input. 
L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 
o Output. 

FUNCTIONAL T~RMS 

Cn The carry input to the high·speed adder. 
Cn+4 The carry output from the high·speed adder. 
ki The constant field used for accumulating partial products. 
i = 0, 1,2, 3. At the beginning of the array the K field can be used 
to add a 2'5 complement number to the least significant half of 
the double length product. 
P The polarity c'ontrol input. This input must be at a low-logic 
level for numbers in the active high logic representation, and held 
high for numbers in the active low logic representation. 

Inputs at OV (remaining inputs at 4.5V) 

P, Y-l, Yl, All X 

P, Y-l, Yl, All X 
P, Y-l. y,', All X 
P,Y_l,Yl,AIIX 
p. Y-l, Yl, All X 
P, Y_l, Yl,AII X, Cn 

P, Yl,AII k 
P, Y-l, Yl,AII k 
P, Y-l. Yl, All k 
P,Y_l,Yl,Allk 
P, Y-l. Yi,AII k 
P, Y-l, Yl, All k, Cn 
P, Yl, All k, Cn 

P, Xl, X2, X3, X4, All k 
P, Xl, X2, Xa, X4, All k 
XO, Xl, X2, X3, X4, All k 

__ II 
of the array X_I must be held at logic '0', and at the last column 
of the array x4 is connected to x3. 
Vi The multiplier inputs. i = -1,0, 1. 

At the first row of the array y-l must be held at logic '0'. 

OPERATIONAL TERMS: 

IlL Forward input load current. 
IOH Output HIGH current, forced out of output in VOH test. 
IOL Output lOW curr~nt, forced into the output in VOL test. 
ICC The current drawn by the device from VCC power supply 
with input and output terminals open. 
IIH Reverse input load current. 
Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 
VIH Minimum logic HIGH input voltage. 
VIL Maximum logic lOW input voltage. 
VIN Input voltage applied in IlL, liH tests. 
VOH Minim,um logic HIGH output voltage with output HIGH 
current IOH flowing out of output. 
VOL Maximum logic LOW output voltage with output lOW Si The product outputs. i = 0, 1, 2, 3, 4, 5. 

Xi The multiplicand inputs. i=-1,O,1,2,3,4. At the first column current IOL flowing into output. 
9-3 



Am25S05 

MSI INTERFACING RULES 

Interfacing 
Digital Family 

Equivalent 
,Input Unit Load 
HIGH LOW 

Advanced Micro Devices 54/7400 Serie~ 1.25 1.25 

Advanced Micro Devices 9300/2500 Series 1.25 1.25 

~SC Series 9300 1.25 1.25 

TI Series 54/7400 1.25 1.25 

Signetics Series 8200 2.5 2.5 

National Series OM 75/85 1.25 1.25 

DTL Series 930 15 1.25 

OPI;RATION TABLE 
Y Multiplier Oper~tion 

Y-1 Yo 

0 0 
1 0 
0 1 
1 1 

0 0 

1 0 
0 1 
1 1 

USER NOTES 

Y1 
X Multiplicand 

0 K+O 
0 K+ X 
0 K+X 
0 K + 2X 

1 K - 2X 

1 K-X 

1 K-X 
1 K-O 

Active Low Inputs and Outputs 
T = Low, '0' = High, P = High 

Active High Inputs and Outputs 
'1' = High, ;0' = Low, P = Low 

1. Arithmetic in the multiplier is performed in the 2's com
plement notation, which requires a carry in at the first 
stage. This is accomplished by connecting the Yi 
multiplier bit to the appropriate carry input terminal 
i = 1,3,5 ... 

2 The multiplier can perform multiplication in either the 
active high (positive logic) or active low (negative logicl 
representations by reinterpreting the active logic level 
and by grounding or leaving the polarity control pin J5 
open circuit respectively. 

,3. Multiplication can be performed in number representa
tions other than 2's complement by either correcting 
the 2's complement product or adding ina' correction at 
the beginning of the multiplication at the K inputs. 2's 
complement numbers are representedas:,X2= x "xs2n7'1. 

Number 
representation 

2's complement 
l's complement 
Unsigned 

(magnitude) 

Correction 

None 
Add Xs Y2 + YsX2 '+ xsYs at k inputs 

Extend multiplier and multip,licand 
one bit at the least significant end. 
Form xoYo + Yox + xoY, with con
ditional adder .and add to array shifted 
two places up at k inputs. Force 
ks, Y., x. = 0, 

9-4 

Am25S05 LOADING RULES IN UNIT LOADS 
Input 

Unit Load, Fanout 
Input Input Output Output 

Input/Output Pin No.'s HIGH LOW HIGH LOW 

x4 1 0.2 0.2 - -
Cn 2 0.2 0.2 - -
x3 3 0.2 0.2 - -
x2 4 0.4 0.4 - -
x1 5 0.4 0.4 - -
xo 6 0.4 0.4 - -
x_1 7 0.2 0.2 - -
So 8 - - 20 10 

51 9 - - 20 10 

52 10 - - 20 10 

53 11 - - 20 10 

GND 12 - - - -
Cn+4 13 - - 20 10 

54 14 - - 20 10 

55 15 - - 20 10 

k3 16 2 2 - -
k2 17 2 2 - -
k1 18 2 2 - -
kO 19 2 2 - -
P 20 1 1 - -
Y1 21 0.6 0.6 - -
yo 22 0.6 0.6 - -
Y-1 23 0.6 0.6 - -
Vcc 24 - - - -

A Schottky TTL Unit Load is defined as 50llA at 2.7V at the HIGH 
Logic Level and -2.0 mA at 0.5 Vat the LOW Logic Level. 

Sign magnitude Xs = 0, Y. = 0 None 
Xs = 1, y. = 0 Form [(XY)2 + 2n- 1 yl 
Xs = 0, Ys = 1 Form [(XY)2 + 2n- 1 xl 
Xs = 1, Ys = 1 Add 2n- 1 (x +y)- 22n- 2 

4. For the highest speed array with the multipliers arrariged 
in a parallelogram structure carries between certain'mul
tipliers are exchanged with the y carry-ins needed for 
2's complement subtract. The delays in the array are 
then equalized as best possible as shown in Figure 1. 

5. For higher speed multiplication the array can be split 
into several parts t/:lat can be added together with liigh
speed adders. 

6. Rounding off to a single length product can be achieved 
by adding a "1' to the array at the most significant 
positive k input of the array, ignoring the most signifi
cant, product digit, and using the remainder of the most 
significant part of the product. 

7., Truncation of a product without round off enables some 
of the multipliers in the array to be removed. 



CONNECTION SCHEMES 

PARALLELOGRAM 
CARRIES STAY 
INSAME ROW 

2 
PARALLELOGRAM 
CARRIES FROM 
LOWER ORDER 
MULTIPLIERS SKIP 
TO ALTERNATE ROWS 
WHERE POSSIBLE 

3 
SPUT INTO 
TWO PARTS WHICH 
ARE ADDED WITH 
HIGH·SPEED ,..u-l..L....,l.J.....LJ_, CARRY LOOKAHEAD ADfI"''' 

.-uL...._~.l..L_..J.yu...u..--, HIGH.SPEeD SCHOTTKY 

..,.,r-r, ..... TT"TI,.....,rrrr---' CARRY LOOKAHEAD ADOER 

Am25S05 

TYPICAL MULTIPLICATION TIMES 

Array Total 
Size Multiplication 
Bits Time (nsl 

4x4 35 
8x8 75 

12x12 115 
12x12 82 
16x16 155 
16x16 111 
16x16 98 
20x20 195 
20x20 130 
24x24 235 
24x24 149 
24x24 125 
28x28 275 
28x28 168 
32x32 315 
32x32 187 
32x32 152 

~ Am25S05 

Fig. 2 

Package Count 

Am25S05 Am54sn4S181 

2 
8 

18 
18 
32 
32 
32 
50 
50 
72 
72 
72 
98 
98 

128 
128 
128 

y - (Y-1 Yo Y1) 2A 
X=(x_1 XOX1 X2X3)2B 

5 

7 
16 . 
9 

11 
24 

13 

15 
32 

METALLIZATION AND PAD LAYOUT 

'4 

c" n , , 

'3 '0 

" " " 
" 

20 , 
" '0 

'0 " " , " " " " 
So 

s, " S5 

S, " " S4 

so " " e,,·4 
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Am25LS07 • Am25 LS08 
Hex/Quad Parallel D Registers with IIegister Enable 

DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit parallel registers 
• Common Clock and Common Enable 
• Positive edge triggered D flip flops 
• Am25LS d_ c. parameters including: 

VOL = 0.45V jlt IOL = 8mA 
Fan-out over military range = 22 
440j.lA source current 

FUNCTIONAL DESCRIPTION 

The Am25LS07 is a 6-bit Low Power Schottky register with 
a buffered· cornmon register enable_ The Am25LS08 is a 
4-bit register with a buffered common register enable. The 
devices are similar to the Am54LSI74LS174 and Am54LS{ 
74LS175 but feature the common register enable rather 
than common clear. 

• Second sourced by TI as 54 LS174LS378 and 379 Both registers will find application in digital systems where 
information is associated. with a logic gating signal. When 
the enable is LOW, data on the 0 inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re
gardless of the clock or data inpUt transitions. 

RELATED PRODUCTS. 

Part No. 

Am2918 
Am2919 

Description 

Quad D Register 
Quad D Register 

DO 0, 

LOGIC DIAGRAMS 

Am25LS07 

e'--~~-----4~-r------~--+-------~--t-------~~r-------~-f------~ 

Am25LS08 

DO 0, 0, 
ep __ ~~~ ____ ~~~ ______ ~ __ ~ ______ ~ __ +-______ ~ 

00 aD a, a, il2 a, a, a3 

CONNECTiON DIAGRAMS 
Top Views 

05 

as 

Am25LS07 Am25LS08 
ORDERING INFORMATION 

Package Temperature Order 
Vee as 0, D. Q, 03 °3 e. Vee a3 03 03 0, il, a, e. Type Range Number 

Molded DIP Oto +70"C AM25LS07/08PC 
Hermetic DIP Oto +70"C AM25LS07/08DC 

Dice 010 +70"C AM25LS07/08XC 
Hermetic DIP -55 to + 125"C AM25LS07/08DM 

Hermetic Flat Pack -5510 + 125"C AM25LS07/08FM 
Dice -5510 + 125"C AM25LS07/08XM 

E 00 DO 0, a, 0, Q2 GND E aD Co DO 0, Q, a, GND 

Note: Pin 1 is marked for orientation. 
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Am25LS07 • Am25LS08 
Am25LS07 • Am2.5LS08 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = o°c to +70°C vcc = 5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL TA = -55°C to +125°C VCC = 5.0V ± 10% (MIN. = 4.S0V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

VCC = MIN., IOH = -440"A COM'L 
VOH Output HIGH Voltage 

VIN = VIH or VIL MIL 

Vce='MIN. IOL =4mA 
VOL Output LOW Voltege 

VIN = VIH or VIL IOL =8mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW eOM'L 
VIL Input LOW Level 

voltage for all inputs I MIL 

VI Input Clamp Voltage Vee = MIN., liN = -18mA 

IlL Input LOW Current Vce = MAX., VIN = 0.4V 
Clock, E 
Others 

IIH Input HIGH Current Vec = MAX., VIN = 2.7V 
Clock, E 
Others 

II Input HIGH Current VCC = MAX., VIN = 7.0V 

ISC Output Short Circuit Current 
Vec =MAX. (Note 3) 

ICC Power Supply Current VCC = MAX. (Note 4) 
LS07 

I LS08 

Min. 

2.7 

2.5 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

16 

11 

Max. Units 

Volts 

0.4 

0.45 
Volts 

Volts 

0.8 
Volts 

0.7 

-1.5 Volts 

-0.36 mA 
-0.24 

20 
"A 14 

0.1 mA 

-85 mA 

22 
mA 

18 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at vee"" 5.0V, 2SoC ambient and maximum loading. . 
3, Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature _65°C to- +150°C 

Temperature (Amb~en.t!Under.~i~s _55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0,5V to +7.0V 

DC Voltage Appli~d to Outputs for HIGH Output State -0.5 V to +Vcc max . . _--------------------------------==---
DC Input Voltage -0.5V to +7.0V 
--'-----'---_._ .. _--_. 
DC Output Current, I nto Outputs 30 rnA 

DC Input Current -30mA to +5.0mA 

SWITCHING CHARACTERISTICS 
(T A = +25°C, VCC = 5.0V) -

Parameters Description Min. Typ. Max. Units Test Conditions 

tPLH Clock to Output 13 20 ns 

tpHL Clock to Output 13 20 ns 

tpw Clock Pulse Width 17 ns 

ts Data 20 ns CL = 15pF 

ts Enable 30 ns RL = 2.0k!l. 

th Data 5.0 ns 

th Enable 5.0 ns 

f max (Note 1) Maximum Clock Frequency 40 65 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t r• tf. 
pulse width or duty cycle. 

9-7 
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Am25LS07 • Am25LS08' 
SWITCHING CHARACTERISTICS 

Am25LS COM'L Am25LS MIL 
OVER OPERATING RANGE* 

T A = O°C to + 70°C TA = -55°C to +125°C 
Vee = 5.OV ±5% Vee =5.0V ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH Clock to OU!put 30 35 ns 

tpHL Clock to Output 30 35 ns 

tpw ClOck Pulse Width 26 30 ns 

ts / Data 30 35 ns CL = 50pF 
ts Enable 43 50 ns RL = 2.0kO 

th Data 11 12 ns 

th Enable 11 12 ns 

f max (Note 1) Maximum Clock Frequency 30 25 MHz 

* AC performance over the operating temperature range is guaranteed by testir,g defined in Group A, Subgroup E:l. 

DEFINITION OF FUNCTIONAL TERMS 
Di The 0 flip·flop.data inputs. 

E Enable. When the enable is LOW, data on the 0i inputs is 
transferred to the 0i outputs on the LOW-to-H IGH clock 
transition. When the enable is HIGH, the 0i outputs do not 
change regardless of the data or clock input transitions. 

ep Clock Pulse for the register. Enters data on the LOW-to
HIGH transition. 

aj The TR UE regjster outputs. 

Cij The complement regjster outputs 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

vcc--------------~~--~----------~~---

Note: Actual current flow direction shown. 
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FUNCTION TABLE 

Inputs Outputs 

E OJ CP OJ OJ 
H X X NC NC 

L X H NC NC 

L X L NC NC 

L L t L H 

L H t H L 

H = HIGH NC = No Change 
L = LOW X = Don't Care 
t = LOW-to-HIGH Transition 
0i on Am25LS08 Only 

LOGIC SYMBOLS 

CP 

CP 

Am25 LS07 

6 11 13 14 

Am25LS07 
6-BIT REGISTEfI 

'2 5 7 10 12 15 

Am25LS08 

" 

Am25LSOB 
4-BIT REGISTER 

3 '2 11101415 

VCC = Pin 16 

GND = Pin 8 



Am25S07 • Am25S08 
Hex/Quad Parallel D Registers with Register Enable 

Distinctive Characteristics • Positive edge triggered D flip-flops 
• '4-bit and 6-bit high-speed parallel registers 
• Common clock and common enable 

FUNCTIONAL DESCRIPTION 

The Am25S07 is a 6-bit, high-speed Schottky register with 
a buffered common register enable_ The Am25S08 is a 4-bit 
register with a buffered common register enable. The de
vices are similiarto the Am54S/74S174 and Am54S/74S175 
but feature the common register enable rather than 
common clear. 

LOGIC SYMBOLS 

Am25S07 
1 3 4 6 11 1:1 14 

Arn25S07 
6-BIT RFG1STER 

CP 

Am25S08 

A1n25S08 
HIITAEGISTEA 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re
gardless of the clock or data input transitions. 

2 5 7 101215 3 2 6 7 11 101415 

DO 

MPR-343 
Vee = Pin 16 
GND = Pin 8 

RELATED PRODUCTS 

Part No. 

Am25LS071OB 
Am2918 
Am2919 
Am29821-26 

LOGIC DIAGRAMS 

Am25S07 

Description 

Low Power Versions 
Quad D Regis1er 
Quad Register 
8,9, 10-Bit Register 

CP--i)~----~---r------~--~------~--+-------~--r-------~~------~ 

aD 

00 

ORDERING INFORMATION 

Package Temperature 

DO 

aD 

Order 

<12 

Am25S08 
0, 

OJ a, 

a3 

0, 03 

02 a, 03 a3 

CONNECTION DIAGRAMS 
Top Views 

Type Range Number Am25S07 Am25S08 

Molded DiP Oto +70'C AM25S07/08PC Vee 05 Os 0, a, 03 a3 CP Vee 03 53 03 0, a, 
Hermetic DIP Oto +70'C AM25S07/08DC 

Dice Oto +70'C AM25S07/08XC 
Hermetic DIP -55 to + 125'C AM25S071OBDM 

Hermetic Flat Pack -55 to + 125'C AM25S07/08FM 
Dice -55 to + 125'C AM25S071OBXM 

aD DO 0 , a, 0, a, GND aD 00 0 , 

MPR-347 
Note: Pin' 1 is marked for orientation. 
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MPR·344 

MPR-345 

MPR-346 

0, CP 

°1 GND 

MPR-346 



Am25S07' Am25S08 
MAXIMUM RATINGS (Above which the useful life may beimpairedf 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage'Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC I nput Current 

_65°C to +150°C 

_55°C to +125°C 

-0.5V to +7V 

-0.5V to +VCC max. 

-0.5 V to +5.5 V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERrSTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

T A = aGe to +70oc Am25S07xe. Am25soaxe 
Am25S07XM, Am25soaXM T A = _55°6 to +126°C 

Vee = 5.0V ±5% (eoM'L) 
vee = 5,OV ±10% (MIL) 

Parameters Description Test Conditions (Not. 1) 

Output HIGH Voltage 
VCC =MIN.,IOH = -1 mA I XC 

VOH I XM VIN = VIH or VIL 

VOL Output LOW Voltage 
VCC - MIN., IOL - 20mA 

VIN = V,H or VIL 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
VIL Input LOW Level 

voltage for all inputs 

VI Input Clamp Voltage VCC - MIN., liN = -1BmA 

IlL Unit Load 
VCC = MAX., VIN = 0.5V 

(Note 3) Input LOW Current 

IIH Unit Load VCC = 'MAX., VIN = 2.7V 
(Note 3) Input HIGH Current 

-~ 

II Input HIGH Current VCC = MAX., VIN = 5.5V 
--

ISC Output Short CirCuit Current (Note 4) ~cC-MAX. ----- - ~--

I S07 
ICC Power Supply Current ,.(Not. 5) VCC=MAX. 

I SOB 

MIN.=4.75V MAX.=5,26V 
MIN. = 4,5V MAX. = 5.5V 

Min Typ (Not. 2) Max Units 

2.7 3.4 
Volts 

2.5 3.4 

0.5 Volts 

2.0 Volts 
--

O.B Volts 

-1.2 Volts 

-2 mA 

50 p,A 
t---~ ~-----

1.0 mA 

--40 -100 mA 

90 144 
mA 

60 96 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ample"t and maximum loading.' . 
3. Actual input currents"" Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the $hort circuit test should not exceed one second. 
5. Outputs open; ena!Jle grourded; data inputs.at'4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 

Switching Characteristics (TA = +25°C), 

Parameters Description Test Conditions Min Typ Max Units 

tpLH Clock to Output 4 8 12 ns 

tpHL Clock to Output 4 11.5 17 ns 

tpw Clock Puis. Width 7 ns 

Is Data VCC=5.0V, CL = 15pF, RL = 2BOn 5.5 ns 

Is Enable 9 ns 

-th Data 3 ns 

th Enable 3 ns 
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Am25S07 lOADING RULES 
.lIn STTl Unit loads) 

Fan-out 

Input/Output 

E 

00 

DO 

01 ----_ ... _-
01 

02 

02 

Pin No:s 

2 

3 

4 

5 

6 

7 

Input Output Output 
Unit Load HIGH LOW 

20 10 

-------_._---
20 10 

20 10 
--------~~ ~ ~ ~----~-----------

GNO B 

CP 9 

03 10 20 10 

03 11 

04 12 20 10 

04 13 

05 14 
--- -.--.~~ 

05 15 20 10 
- VCC--------1-6---------~----------

. ~ Schottky TTL Unit Load is defined as 50"A measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

DEFINITION OF FUNCTioNAL TERMS 
OJ The D flip·flop data inputs. 

E Enable. When the enable is LOW, data on the Di inputs is 
transferred to the 0i outputs on the LOW·to-HIGH clock 
transition. When the enable is HIGH, the 0i outputs do not 
change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW·to· 
HIGH transition. 

0i The TRUE register outputs. 

0i The com plement register outputs 

FUNCTION TABLE 

Inputs Outputs 

E Di CP °i OJ 
H X X NC NC 
L X H NC NC 
L X L NC NC 
L L t L H 
L H H L 

H = HIGH NC = No Change 
L = LOW X = Don't Care 
t = LOW·to·HIGH Transition 
0i on Ain25S0B Only 
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Am25S07 • Am25SOS 

Am25S08 lOADING RULES 
(In STTl Unit loads) 

Input 
Input/Output Pin No:s Unit Load 

Fan-out 
Output Output 
HIGH LOW 

E 

2 20 10 

3 20 10 

DO 4 

01 5 ----.. -~~----------------

01 

01 

6 

7 

20 

20 

10 

10 
-~-~-----------~~---~--~.~-----~~- --~~.~-~~--~----

GNO 

CP 

____ ~2 

02 

02 

03 

03 

03 

VCC 

B 

9 

10 20 10 

11 20 10 
.-------~-

12 

13 

14 20 10 

15 20 10 

16 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Vee ______ O_R'_V_'NG .. O_U_TP_U_T ........ 1 ___ b_RI_V~ENr'N_P_UT 
I 

50n NOM UNIT L.OAD j 2.8knNOM 

o-~\:l 
"H 

Note: Actual current flow direction shown. 

I 



Amassot·Am25SOS 

APPLICATIONS 

DO' Do r-----
0, a'r---
02 Q2 f--.~ \ Am25S07 

DATA BUS 03 031---
DO a.f--
0, a'f--

CP E 

WORD 1 

,---Jl 

DO Dor---
0, a'f--
0, a, r---Am25507 WORD2 

-A Yo P--- 03 a3f--
DO a.r---0, a'f--

CP E 

-B Y, 

I ~I Arn54S174S139 

Y, 

DO Dof----

-----<: G Y3 
0, a'f--
°2 Am25S07 Q2 r---
03 OJf--

ENABLE 

WORD 3 

DO a.r---
0, 0'1---

CP E 

~I 

DO aof--
0, a'f--
0, a, -Am25S07 WORD4 03 03-
DO 0.-
0, 0,-

CP E 

CLOCK I J 
Selective Register Loading of Data on Synchronous Clock. 

Metallization and Pad Layout 

Am25S07' Am25S08 

E 1 16 vcc 
E 1 16 Vee 

00 2 15 05 

1. 05 
00 2 15 03 

DO 3 

01 4 13 D. 1lO 3 1.03 
DO • 13 03 

01 5 12 04 

02 6 11 03 01 12 02 
Oi 11 112 

02 7 10 0 3 01 7 10 02 

GNO 8 9 cp GNO 8 9 cp 

O,IE SIZE: 0.070" X 0.083" 01 E SIZE: 0.067" X 0,073" 
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Am25LS09 
Quad Two·lnput, High·Speed Register 

DISTINCTIVE CHARACTERISTICS 

• 4-bit register accepts data from one-of-two 4-bit input fields 
• Edge triggered clock action 
• Second sourced by T.!. as 54L5/74LS399 
• .Am25L5 d.c. parameters including: 

- VOL ~ 0.45V at IOL ~ SmA 
- Fan-out over military range ~ 22 
- 440~A source current 

FUNCTIONAL DESCRIPTION. 

The Am25L509 is a dual port four-bit register using ad
vanced Low Power Schottky technology to reduce the 
effect of transistor storage time. The register consists of 
four D flip-flops with a buffered common clock, and a two
input multiplexer at the input of each flip-flop_ A common 
select line, 5, controls the four multiplexers. Data on the 
four inputs selected by the 5 line is stored in the four flip-
flops at the clock LOW-to-HIGH transition. When the 5 in
put is LOW, the DiA input data will be stored in the register. 
When the 5 input is HIGH, the DIS input data will be 

LOGIC SYMBOL stored in the register. 

Vee = Pin 16 
GND=Pln8 

5 11 12 14 13 

Am25LS09 

CP 

10 15 

CP -i><>-~--<>I 

CONNECTION DIAGRAM 
Top View 

S Co DOA DOB D1B D'A Q, GND 

Note: Pin 1 Is marked for orientation. 

RELATED PRODUCTS 

Part No. Description 

High Speed Register 
614-Bit Registers 

Am2SS09 
Am2SS07108 
Am2SLS.0710B 6I4-6it Low Power Registers 

LOGIC DIAGRAM 

0, 0, 03 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 010 +70'C AM25LS09PC 
Hermetic DIP Oro +70'C AM25LS09DC 

Chip-Pak Oto+7O'C 
Dice Oto +70'C AM25LS09XC 

Hermetic DIP -5510 + 125'C AM25LS09DM 
Hermetic Flat Pack -5510 + 125'C AM25LS09FM 

Chip-Pak -55 to +12S'C 
Dice -55 to + 125'C AM25LS09XM 
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:~:~~~~AL CHARACTERISTICS 
The Foliowing Conditions Apply Unless Otherwise Specified: 

COM'!; 
MIL 

TA = ooc to +70oC 

T A = -55°C to +125°C 
VCC = 5.0V ± 5% 
VCC = 5.0V ± 10% 

(MIN. = 4.75V MAX: = 5.25V) 
(MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Noto 1) 

VCC = MIN., 10H = -440"A COM'L 
VOH Output HIGH Voltage 

VIN = VIH or VIL MIL 

VOL Output LOW Voltage 
VCC -MIN. 10L =4mA 

VIN = VIH or VIL 10L -8mA 

VIH Input HIGH Leval 
Guaranteed input.logical HIGH 
voltage for all inputs 

GuaranteOd input logical LOW I MI L 
VIL. Input LOW Level I COM'L voltage for all inputs, 

VI Input Clamp Voltage VCC = MIN., liN = -18mA 

IlL I nput LOW Currant VCC = MAX., VIN = 0.4V 
Clock, S 
Others 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 
'Clock, S 
Others 

II Input HIGH Current VCC = MAX .. VIN = 7.0V 

ISC 
Output Short Circuit Current 

VCC = MAX. (Note 3) 

ICC Power Supply Current VCC = MAX. (Note 4) 

Min. 

2.7 

2.5 

2.0 

-15 

Typ. 
(Noto 2) 

3,4 

3.4 

\ 

11 

Max. Units 

Volts 

0,4 

0.45 
Volts 

Volts 

0.7 

0.8 
Volts 

-1.5 Volts 

-0.36 mA 
-0.24 

20 
14 "A 

0.1 mA 

-85 mA 

18 mA 

Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output shoul~ be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

SWITCHING CHARACTERISTICS 
(T A = +25° C, V CC = 5.0V) 

Parameters Description 

tpLH Clock to Q HIGH 

tpHL Clock to Q LOW 

tpw Clock Pulse Width 

t5 Data Set-up Time 

t5 Select Input Set-up Time 

th Data Hold Time 

th Select Input Hold Time 

f max (Note 11 Maximu~ Clock Frequency 

Min. 

17 

20 

30 

5 

0 

40 

Typ. 

13 

13 

65 

Max. 

20 

20 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

_65°C to +150°C 

_55°C to +125°C 

-0.5 V to +7.0 V 

___ ::'l.5 V to +VCC max. 

-0.5 V to +7.0 V 

30mA 

-30 mA to +5.0 mA 

Test Conditions 

CL=15pF, 
RL = 2.0k!1 

Note 1. Per industry convention, f max is the worst case value 6f the maximurp device operating frequency with no constraints on t r• tf, 
pulse width or duty cvcle. 
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Am25LS09 
SWITCHING CHARACTERISTICS Am25LS COM'L Am25LS MIL 
OVER OPERATING RANGE* 

TA = O°Cto +70°C TA = -55°C to +125°C 
Vee = 5.0V ±5% Vee = 5.OV ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH Clock to a HIGH .30 36 ns 

tpHL Clock to a LOW 30 35 ns 

tpw Clock Pulse Width 26 30 ns 

ts Data Set·up Time 30 35 ns CL = 50pF 
ts Select Input Set·up Time 43 50 ns RL = 2.0kn 

th Data Hold Time 11 12 ns 

th Select Input Hold Time 4 5 ns 

fmaxlNote 1) Maximum Clock Frequency 30 25 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 

DOA,D1A,D2A,D3A The "A" word into the two·input 
multiplexer of the 0 flip·flops. 

DOB, 01 B, D2B, D3B The ~'B" word into the two-input 
multiplexer of the D flip-flops. 

00, 01, 02, 03 The outputs of the four Ootype flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 
the 0 inputs of the flip-flops. When the select is HIGH the B 
word is applied to the 0 inputs of the flip-flops. 

SELECT CLOCK 
S CP 

L I 

L I 

H I 

H I 

H = HIGH Voltage Level 
X = Don't Care 

DATA 

DiA 

L 

H 

X 

X 

CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. I = LDW-to-HIGH Transition 

Am25LS. Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

vcr--------------~----_7----------~----

Note: Actual current flow direction shown. 
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INPUTS OUTPUT 

DiB °i 

X L 

X H 

L L 

·H H 

L = LOW Voltage Level 
i = O,1,2,or3 

I 



Am25LS09 

CLOCK 
LOAD/RECIRCULATE 

STATIC TEST/OPERATE 

APPLICATIONS 

.; ::::::;--] 
Am0026 

~~ a,~ 0" 
L...-- 018 ~ Q,2 ~ " '" 

_008 Am2B02 
256x4DYNAMIC 

°3A ~ ==r= SHIFT ~EGISTER 
02A ~ a, 

0" 
DOA O(J 

! I '--T-t-

~ 11 

~ 
a, "', I 018 02 

008 ~ 
,-- :: 1 0, 
~ 

IFf 
Am25LS09 used in 258 x 4 memory system with loadlrecirculate control, and 1 x 4 static test capability for the system. MOS interface is one 
load at each end. This circuit is especially useful in digital filtering' where special algorithms require a static single step operation for testing 
purposes. 

WORDA 

I I I II I 
DDA 01A D2A DJA DOB 018 028 0lB 

5' S 

Am25LS09 
cpt " ao a, a, a, 

~~ 
WORD 1 

I I I II I 
DOA DIA 02A 03,11., 068 DIB D2B 038 

52 S 

Am25lS09 
CP2 " ao a, a, a, 

~~ 
WOAD2 

II III I 
DOA OlA D2A 03A Doe DIB D2B 038 

53 S 

Am25LS09 
CP3 " Co a, a, a, 

l l l J 
WORp3 

Am25LS09 used to store a word from either data bU5 A or data bus 8. 

0, 
GNO 

Metallization and Pad Layout 

13 D3B 

IW-tt--'2 O2• 

°2 
'------, CP 

DIE SIZE 0.075" X 0.~61" 
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Am25S09 
Quad Two·lnput, High~Speed Register 

Distinctive Characteristics 
• Four-bit register accepts data from one of two 4-bit 

input fields_ 
• Electrically tested and optically inspected dice for 

the assemblers of hybrid products_ 
• Edge triggered clock action 
• High-speed Schottky technology_ 

FUNCTIONAL DESCRIPTION 

The Am25S09 is a dual port high-speed, four-bit regi"ster 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four 
inputs selected by the S line is stored in the four flip-flops 
at the clock LOW-to-HIGH transition. When the S input is 
LOW, the DiA input data will be stored in the register. 
When the"S input is HIGH, the Di8 input data will be 
stored in the register. 

RELATED PRODUCTS 

Part No. 

Am25LS09 
Am25S07/0B 
Am25LS07/00 

Description 

Low Power Version 
6/4-8it Register 
6/4-8it Low Power Register 

LOGIC DIAGRAM 

CP --D>o-~----l 

"0 0, 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP Oto +70'C AM25S09PC 
Hermetic DIP Oto+7O"C AM25S09DC 

Chip-Pak Oto+7O"C 
Dice Oto+7O"C AM25S09XC 

Hermetic DIP -55 to + 125'C AM25S09DM 
Hermetic Flat Pack -55 to +125'C AM25S09FM 

Chip-Pak -55 to + 125'C 
Dice -55 to + 125'C AM25S09XM 
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CP 

LOGIC SYMBOL 

5 11 12 14 13 

Am25S09 

10 15 

Vee = Pin 16 

GND "" Pin 8 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation 

MPR-349 

03. 

03 MPR-350 

MPR-351 

II 



Am25S09 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 

_65°C to +150°C 

_55°C to +125°6 

-0.5 V to +7 V 

-0.5 V to +Vcc max. 

-0.5 V to +5.5 V 

30mA 

-30 rnA to +5.0 rnA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S09Xe 

Am25S09XM 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 
(Noto 3) 

IIH 
(Not. 3) 

II 

ISC 

ICC 

TA "" o~c to +70Q C 

T A = _55°C to +125Q C 

Description 

Output HIGH Voltage 

Output LOW Voltage, 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Unit Load 
Input LOW Current 

Unit Load 
Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 4) 

Power Supply Curront 

Vee ~ 5.0V ± 5% (eOM'L) 

Vee ~ 6.0V ± 10% (MIL) 

MIN. ~ 4.75V 

MIN. ~ 4.5V 

Test Conditions (Not. 1) 

VCC ~ MIN" IOH = -1.0mA I COM'L 

VIN = VIH or V'IL L MIL 

VCC = MIN., IOL 20.0mA 

VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

VCC = MIN., liN = -18mA 

VCC = MAX .. VIN = O.SV 

VCC = MAX .. VIN = 2.7V 

Vce - MAX., VIN = S.SV 

VCC = MAX. 

VCC = MAX. (Note 5) 

MAX. ~ 5.25V 

MAX. ~ 5.5V 

Min Typ (Not. 2) 

2.7 3,4 

2.S 3.4 

0.3 

2.0 

-40 

75 

Max 

O.S 

0.8 

-1.2 

-2.0 

SO 

1.0 

-100 

120 

Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typlcallirt:'its are at Vee"" 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Lqad Current)( Input Load Factor (See Loading Rules). 
4. Not mor"s than one output should be shorted at 8 time. Duration of the short circuit test should not exceed one second. 
5, Measured with Select and Clock Inputs at 4.6V; all data inputs at OV; all outputs open. . 

Switching Characteristics (T A = +25°C) 

Parameters Des~ription Test Conditions Min. Typ. Max. 

tpLH Clock to Q HIGH 8 12 

tpHL Clock to Q LOW 11.5 17 

tpw Clock Pulse Width 7 

t, 
, Oat. Set-up Time 'VCC ~ 5.0V, ci. = 15pF, RL = 21;10n 5.5 

ts Select Input Set-up Time 10 

'" 
Data Hold Time 3' 

th, Select Input Hold Time 3 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

IlA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Am2SS09 

FUNCTION TABLE LOADtNG RULES (In Unit Loads) 

SEL.ECT CLOCK DATA INPUTS OUTPUT 
Fan-out 

Input Output Output 
S CP DiA DiB °i Input/Output Pin No:s Unit Load HIGH LOW 

L t L X L S 1 1 - -

L t H X H 00 2 - 20 10 

t DOA 3 1 - -
H X L L 

DOB 4 1 - -
H t X H H 

D1B 5 1 - -

H = HIGH Voltage Level L = LOW Voltage Level D1A 6 1 - -
X = Don't Care i = 0, 1, 2, or 3 01 7 - 20 10 
t = LOW-to-HIGH Transition 

GND 8 - - -
CP 9 1 - -
02 10 - 20 10 

D2A 11 1 - -
D2B 12 1 - -

D3B 13 1 - -

D3A 14 1 - -
03 15 - 20 10 

VCC 16 - - -

A Schottky TTL Unit Load is defined as 50ltA measured at 2.7 V 
HI·GH and -2.0 mA measured at 0.5 V LOW. 

DEFINITION OF FUNCTIONAL TERMS SCHOTTKY INPUT/OUTPUT 

DOA,D1A,D2A,D3A The "A" word into the two-input 
CURRENT INTERFACE CONDITIONS 

multiplexer of the 0 flip-flops. 

DOB, 01 B, D2B. D3B The "B" word into the two-input DRIVING OUTPUT I DRIVEN INPUT 
vce 

multiplexer of the 0 flip-flops. I 
UNIT LOAD 

00,01. 0 2,03 The outputs of the four Ootype flip-flops of 
500 NOM ~ 

2.8kn NOM 

the register. ----;K 
1 ~t j 

S Select. When the select is LOW. the A word is applied to o-~'\-J the 0 inputs of the flip-flops. When the select is HIGH the B ·v word is applied to the 0 inputs of the flip-flops. 

U "'I IIH 
CP Clock Pulse. Clock pulse for the register. Enters data on 

~~ the LOW-to-HIGH transition of the clock line. 

-=- -=-

Note: Actual current flow direction shown 
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4m25S09 

CLOCK 
LOADJRECIRCULATE 

STATIC TEST/OPERATE 

APPLICATIONS 

.;~ 

Am0026 

Lso;-
o,~ D" 

L-...-°18 ~~ " " 
,---Doa i Am2802 

2'56x40VNAMtC 
0,. ~ SHIFT REGISTER 

D'A'O'~ 
D,. 
DOA Do 

II -T-+-

0;- I 

~ 
0, 

D" 
D'B <q 

D" ~ 
r---- 03A j 

- DlA ,°1 

irD,. rtsDo 

Am25S00 used in 258 x 4 memory system with loed/recirculate control, and 1 x 4 static test capability for the system. MOS interface is one 
load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing 
purposes. ,-

WORD A WORDS ---- ----

I I I I I I 
OOA O'A 02A DU Doe 018 028 D16 

S1 S 

Am25S00 
CPI " °D 0, °2 0, 

~~ 
WORD 1 

I I II I I 
!loA O'A CU, 03A D(l8 o,s 02B alB 

S2 s 
Am25S09 

CP2 " Do 0, 0, 0, 

~~ 
WOR02 

I I III I 
00A 01A 02A 03A Doe DIB 028 038 

.3 S 

Am25S09 
CP3 " 0, 0, 0, 0, 

I I I I 
WORD 3 

Am25S00·used to store a word from either data bus Aor data bus B. 

Metallization and Pad Layout 

16 Vee 

00 15 a3 

DOA 3 14 D3A 
DOB 4 13 D3B 

DIB 12 D2B 
DIA 11 D2A 

a, 10 a2 

GND CP 

DIE SIZE: 0.067" X 0.073" 
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Am25S10 
Four· Bit Shifter with Three·State Outputs 

Distinctive Characteristics 
• Shifts 4-bits of data to 0, 1, 2 or 3 places under con

trol oftwo select lines . 
• Three-state outputs for bus organized systems. 

FUNCTIONAL DESCRIPTION 

The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word O. 1, 2 or 3 places. 
The number of places to be shifted is determined by a two
bit select field So and 51. An active-LOW enable controls 
the three-state outputs. This feature allows. expansion of 
shifting over a larger number of places with one delay. 

By suitable interconnection, the Am25S10 can be used t.o 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the 
sign bit is repeated during a shift down; or end around, 
where the data word forms a continuous loop. 

• 6.5 ns typical data propagation delay 
• Alternate source is 545/745350 

RELATED PRODUCTS 

Part No. 

Am2901 
Am2903 
Am29501 

Description 

BijSliceALU 
Superslice 
Multiport Pipeline Processor 

LOGIC DIAGRAM 

Vo V, V2 V3 

ORDERING.INFORMATION CONNECTION DIAGRAMS - Top Views 

MPR·353 

Package Temperature Order 0-16, P-16 Leadless Chip carrier 
Type Renge Number L-20-1 

'-a Vee 
¥ 1 ~ ~ Molded DIP Oto+70"C AM25S10PC -

Hermetic DIP Oto+70"C AM25S10DC '-, y. 

Chip-Pal< Oto+70"C AM25S10LC ,-, '-, 
Dice Oto +70"C AM25S10XC .. liE 

Hermetic DIP -55 to + 125'C AM25S10DM Y, 
Hermetic Flat-Pak -'-55 to + 125'C AM25S10FM 

Chip-Pal< -5510 + 125'C AM25S10LM 
,. 

" 
Dice -55 to + 125'C AM25S10XM .. So 

GND 5, , 
I " ¥ 

MPR·354 Note: Pin 1 is marked for orientation. 
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Am25S10 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +1 50°C 

Temperature (Ambient) Under Bias -55°C to +12SoC 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 V to +7 V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +VCC ma~. 
DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC I n put Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S10xe 

Am25S10XM 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 
(Note 31 

IIH 
(Not. 31 

10 

II 

ISC 

ICC 

TA = aOe to +70o C 
TA = _55°C to +12SoC 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

I nput LOW 'Level 
,-

Input Clamp Voltage 

Unit Load 
Input LOW Current 

Unit Load 
Input HIGH Current 

Off State (High Impedanca) 
Output Current 

Input HIGH Current 

Output Short Circuit c.urrent 
(Note 4) 

Power Supply Current 

Vee = 5.0V ±5% (eOM'LI MIN. = 4.75V 

Vee = 5.0V ± 10% (MILl MIN. = 4.5V 

Test Conditions (N ote 11 

Vcc = MIN .• I XM IOH = -2mA 

VIN = VIH or VIL I XC IOH - -B.5mA 
VCC - MIN., 10L =20mA 

VIN = VIH or VIL 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

VCC = MIN., liN = -18mA 

Vce = MAX., VIN = 0.5V 

VCC = MAX., VIN = 2.7V 

IVO=2.4V 
VCC = MAX. I Vo =0.5V 

VCC = MAX., VIN = 5.5V 

VCC = MAX., VOUT = O.OV 

VCC - MAX., All outputs open, 
All inputs = GND 

MAX. = 5.25V 

MAX. = 5.5V 

Min. Typ.(Note 21 

2.4 3.4 

2.4 3.2 

2.0 

-40 

60 

Max. 

0.5 

0.8 

-1.2 

-2.0 

50 

50 

-50 

1.0 

-100 

85 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°c ambien1 and maximum loading. 
3. Actual input currents == Unit Load Current x Input Load Factor (See Loading Aules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Switching Characteristics (T A = +2So C) 

Parameters Description Test Conditions Min. Typ. Max. 

tPLH 5 7.5 
Data Input to Output 

, tpHL 8 12 

tPLH 11 17 
Select to Output VCC = 5.0V, CL = 15pF, RL = 280n 

tpHL 13 20 

tZH 19.5 
Output Control 0 E to Output 

tZL 21 

tHZ 
Output Control OE to Output 

5 8 
VCC = 5V, CL = 5pF, RL = 280n 

tLZ 10 15 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

/LA 

/LA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 



DEFINITION OF FUNCTIONAL TERMS 

Ii The seven data inputs of the shifter. 

OE Enable. When the enable is HIGH, the four outputs are in 
the high impedance state. When the enable is LOW, the selected 
Ii inputs are present at the outputs. 

SO, S1 Select inputs. Controls the number of places the inputs 
are shifted. 

Vi The four outputs of the shifter. 

LOADING RULES (In Unit Loads) 

Input/Output Pin No.'s 

1-3 1 

1.2 2 

1.1 3 

Input 
Unit Load 
(Note 1 ) 

1.5. 

1.5 

Fan-out 
Output Output 

HIGH LOW 
XM XC 

---c--.--------,-.-.----------.. ---------,----
10 4 1.5 

---------_._----_.-----_ .. _----
11 5 1.5 

---------------
1.5 

--::cGC":N-=O--·--·-S·-·---·::.,---·--=:--_--·----

S1 9 1 
--------- .... - .. _-------_._-•.... __ ... _-_. __ .. _ .. 

So 10 1 ---=----_._------_._-... _--------
V3 11 40 130 10 

--.~-. 

V2 12 40 130 10 

OE 13 
------------- .... _ ... 

V1 14 40 130 10 

Vo 15 40 130 10 ---_ .. __ .. _-----_ .. _--_ .... ---_._----
Vee 16 

A Schottky TTL Unit Load is defined as 50ILA measured at 2.7 V 
HIGH and -2.0mA measured at 0.5V LOW. 

Note: 1. The fan-in on '-2, '-1, '0, 11 and 12 will not exceed 1.5 
Unit Loads when measured at VIL "" 0.5 V. As V1L is decreased to 
o V. the input current IlL MAX. increases to -4, -6, -8, -6 and 
-4 rnA respectively due to the decrease in current sharing with the 
internal select buffer outputs. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

VCC ____________ D_R_'V_'N_G~O-UT-P-UT-~I-----D-R-'V~EN~'-NP-UT-

I 
I 50n NOM UNIT LOAD 

28knNOM 

----1:.-.....--C LV t i j 
:o-~~ 

J "r i ''"12~ 
I 

Note: Actual current flow direction shown. 
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PERFORMANCE CURVES 
SWITCHING CHARACTERISTICS 

Data to Output 
(Typical! 

9r-~-r-T-'--r-~-r~ 

1--1-- tp~l i--'" 
B~~~~~~~~ 

4~~~~~ __ ~~~~ 
-75 -50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE _ °c 

Select to Output 
(Typical! 

14.0 ..... -r-,-,--r--r--r-, 
~ '\ ! 
I 13.51--+--'l1~,t-+--,1--+-+--j 

~w I"--- tPHL V 
" 13.01---I-++-=t"""'i"""~=i---l 
z 

~ 12.5 I\, 
:.i! I \ 
~ 12.0 !'\. 
go 1"-
I 11.51--+-+-f'....-t-t-+-+-l 

I"---~V 
".O~-'-~~~--~-'-~~ 

-75 -50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE _ °c 

LOGIC EQUATIONS 

VO: 50 51 10 + So 51 '-1 + SO 51 '-2 + So 51 '-3 

V1: 505111+505110 +5051 '-1 +50 51 '-2 

V2= ~5112+505111 +50 51 10 +5051 '-1 

V3: 505113+505112 +'S'OS1 11 +50 51 10 

Note: For additional information, see page 5-54 

TRUTH TABLE 

OE S1 So 

Am25S10 

H X X 

L L L 

L L H 

J. H L 

'L H H 

x X XXXXXZZZZ 

03 02 01 DO X X X 03 02 01 DO 

X 02 01 DO 0_1 X X 02 01 DO 0_1 

X X 01 DO 0_1 0_2 X 01 DO 0-1 0-2 

X X X DO 0_1 0_2 0-3 DO 0_1 0-2 0-3 

H: HIGH X: Don't eare 
L : LOW Z : High Impedance State 
Dn at input In may be either HIGH or LOW and output Ym will 
follow the selacted On input level. 

II 



Am25S10 

APPLICATIONS 
01 23 891011 12 13 14 15 

.NO 

~-+++--1--+--+--+--~~-+--+--+--~~H---+-~--~~~ 
"--~r_--t_~~_+--_r--~~--_+--~--+_--r_--~r_--t_~~-t---+--~ 

Oe----~--t_~~_+--_r----~--_+--~--+_--r_----~--t_~~_+--_r----~ 

12 14 16 

"~ 
L NOSHIFT 

.H SHIFT 1 PLACE 
H L SHIFT:I PLACES 
H H SHIFT 3 P,LACES 

16-Blt Shift· Up 0,1,2, or 3 Places 

4567 

I..J L2 .I~, 'a 
" " " 

1-3 '-2 '"I '0 
" " " ---'- ~ -~ 

-- " Am25S'Q .-- " Am25Sio 

-< 0' Va V, V, V, Yo V, V, V, r< 0' Va r 0' r LO_'~VO'-"';VT-' __ .,v,,-_v,,",--, 
~-+++--1--+--+--+--~~-+--+-~--~~H---+-~--~-r~ 
"--~r_--t_~~_+--_r--~~--_+--~--+_--r_--~r_--t_~~_+--_r--~ 

,,----~ __ t_~~_+--_r----_r--_+--~--+_--~---J 
~----~--t_~~_+~_r----~--_+--~--+_--~--------t_~~_+--_r----~ 

S2 S,So 
L 1. 1. NQSHIFT 
L L H SHIFT END AROUND 1 
L H L SHIFT END AROUND 2 
L H H SHIFT END AROUNO 3 
i-I L 1. SHIFT ENO AROUND" 
H L H SHIFT END AROUND 6 
H H L SHIFT END AROUND 8 
H H H SHIFT ENO AROUND 1 

8-Bit End Around Shift 0,1,2,3,4,5,6,7 Places 

5, So SCAt.E 
1. L+8 1/8 
L H +4 1/4 
Ii L +2 1/2 
H H NO CHANGE 1 

1211109 8765 

" Am25S10 " Am25S10 

~~-+----_r--+---r--+---+_r----~--r_-+---r--~ 
,,---4----~--_+--~--+_~--~----+_--t_~ __ _+----~ 

12 

13-Blt 2's Coniplement Scaler 

" 

43:1 , 

Am25S10 

" 

LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

Vee..; Pin 16 
GNO = Pin 8 

10 

13 

1234567 

15 14 12 11 MPR-352 
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'-3 1 --------, 

,..,-------'-- ,. Vee 
r---:----- 15 Yo 

'-2 2 
'-1 3 

" 
" " . 
" , 

ON • . , 
DIE SIZE 0.067" X 0.056" 

.. v, 

" !lI! 

12 VI 

1, Y, 

10 sO 
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Am25S10 
Four-Bit Shifter 

8V John R. Mick 

INTRODUCTION 

The Am25S10 is a high-speed MSI combinatorial logic block 
built using advanced Schottky technology. The device has the 
ability to shift four bits of data 0, 1, 2 or 3 places. The 
Am251)10 has two select lines that are decoded internally to 
determine the number of places the data is shifted. The de
vice has seven data inputs '-3, '-2, '-1, 10, 11, 12, and 13 
and 4 three-state data outputs Vo, V1, V2, and V3 as shown 
in the logic symbol diagram of Figure 1. The three-state out
puts allow several devices to be bus organized for shifts of 
more than three places with a single I,evel device propagation 
delay time. The three-state outputs are controlled by a single 
buffered active-LOW output control OE. When the output 
control is LOW, the data outputs will follow the selected data 
inputs. When the output control is HIGH, the data outputs 
offer a high-impedance to the data bus. 

FUNCTIONAL DESCRIPTION 

The logic equations describing the output shifting capability 
of the Am25S10 when the output control is LOW are: 

Vo = Sci S, Jo + SO S1 
Y1 = So S, 11 + So 51 

Y2 = So S, 12 + So S, 
Y3 =So S1 13 + So S1 

'-1 

10 

11 

12 

+ SO S1 1-2 

+ SO S1 1-1 

+ SO S1 10 

+ SO S1 11 

+ So S1 '-3 
+ So S1 1-2 

+ So S1 1-1 

+ So S1 10 

, 
one-bit shifts of the input data word. The logic diagram of 
Figure 2 shows the internal connection of each multiplexer 
with respect to the seven data inputs. Because of this internal 
connection scheme, several devices can be cOnnected to per
form shifts of 0, 1, 2, or 3 places on words of any length. 

10 

13 

1 2 3 4 5 6 7 

15 14 12 11 

Vee = Pin 16 
GND = Pin 8 

erationally equivalent to a four·input multiplexer with the 
From these equations it is seen that each output is op- Note: Pin 1 Is marked for orientation I 
rin_p_u_ts_co_n_n_e_c_ted_S_U_C_h_t_h_at_t_h_e_s_e_le_ct_c_o_d_e_g_e_n_e_ra_te_s_s_u_c_ce_s_si_v_e _____ F_i9_U_r_e_l_._L_O_9_iC_S_y_m_bo_l_a_n_d_Co_n_n_e_ct_i_o_n_D_i_ag_r_a_m_._. • 

1-3 '-2 '-1 

Figure 2. Logic Diagram of the Am25S10. 
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Am25S10 

The operation of the Am2SS10 -is pictorially depicted .in 
Figure 3_ Here, the four shift positions of the data outputs 
with respect to the data inputs are shown via the dashed lines 
for the four possible select codes. Figure 4 shows a similiar 
operation only the notation now represents a seven-bit input 
word Ao through AS. The output code for each of the select 
field combinations applied to the So and S, inputs is shown 
in the accompanying Function Table. In addition, the four 
outputs YO through Y 3 can be forced to the high-impedance 
state by applying a HIGH to the "output control" input. This 
allows additional shifters to be cascaded on the same output 
lines, or the shifter array to be connected to a common data bus. 

So"L 10 SO~H 

8,- H S, ~ H 

Figure 3. The Four Shift Positions of the Am25S10_ 

So 10 So 

S1 9 51 
Am25SlO 

FUNCTION TABLE 

S, So YO Y, Y2 Y3 

0 0 A3 A4 AS A6 
0 1 A2 A3 A4 AS 
1 0 Al A2 A3 A4 
1 1 AO Al A2 A3 

Positive Logic 

Figure 4. The Am25S10 4-Bit Shifter Operation. 

INPUT LOADING 

the logic diagram of Figure 2 shows the input connection 
scheme for the seven data inputs of the Am25S10. Table I 
shows the number of multiplexer inputs connected to each 
data input as well' as the expected an, actual Unit Load 
weighting on each input. 

TABLE I 

Number of Expected Actual 
Pin Data Multiplexer Inputs Unit Unit 
# Input' Connected Loads Loads 

1 1-3 1 1 1 

2 '-2 2 2 1.5 

3 1-1 3 3 1.5 

4 10 4 4 1.S 

5 11 3 3 l.S 

6 12 2 2 1.S 

7 13 1 1 1 

Since the number of gate inputs for '-2, '-,. 10 ., I, and 12 
data inputs is 2, 3, 4, 3, and 2 respectively, this could be ex
pected to be the unit load fan-in for these data inputs. How
ever, IlL current sharing occurs internally with the select 
buffer outputs to reduce the external fan-in. Since a Schottky 
TTL unit load is defined as -2.0mA measured at O.5V LOW, 
the maximum IlL when measured at VIL = O.SV is -3mA 01 

1.5 STTL unit loads. As the measure voltage VIL on these dat, 
inputs is decreased to OV, the lJ1easured input current on '-2, 
'-" 10. I,. and 12 can increase to an IlL maximum of -4. -6. 
-8. -6 and -4 mA respectively because of the decrease in 

, current sharing with the internal select buffer outputs. 

A plot of the typical input voltage versus input current for the 
data inputs is shown in Figure 5. This Figure shows the in
creased input current flow (negative current) as the input 
voltage is decreased. It also shows, the effect of the input 
clamp diode as forward bias in applied. 
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1 -2 

ffi -4 

'" -6 

'" a -8 

~ -10 

z -12 
T 
~ -14 

-16 

-I. 

I-l~ 
r~ 
K:::!A 
'\ 
'_1 & " 

'3&"3 T 
I- ~I nr ,- -3mA 

@(),5V i--:::v -

~'O 

- t.O -0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

. V1L-INPUTVOLTAGE-VOLTS 

Figure 5. Typical Input Current Characteristics. 



LOGIC EOUIVALENTS OF THE Am25S10 

The Am25S10 exhibits several symmetrical properties that 
may be of advantage in some designs. These symmetrical 
properties involve the labeling of the inputs and outputs and 
the polarity of the select inputs. By relabeling the inputs in 
reverse order, labeling the outputs in reverse order, and con· 
sidering the select inputs in positive logic (active·HIGH) or 
negative logic (active· LOW), eight logic equivalents for the de· 
vice are possible. Figure 6 shows the operation of the device 
for the four combinations of input and output definitions for 

SELECT PINS 

9 '0 , 
5, So '-3 

0 0 x 
0 , x , 0 x , , 0_3 

5, So '-3 

0 0 x 
D , x , 0 X , , 0_3 

s, So '3 

0 0 x 
0 , x , 0 X , , 03 

s, So '3 

0 0 x 
0 , x , 0 X , , D3 

2 

Am25S10 

the positive logic notation while Figure 7 shows the operation 
of the device for the four combinations for the negative logic 
notation. The logic symbol for each set of definitions for the 
input pins and output pins is shown adjacent to the truth table. 

This relabeling of pins can provide the designer with some 
flexibility in printed circuit board layout. Likewise, the select 
code can be either positive logic or negative logic and the in· 
put data will be passed non· inverted. In some cases, the reo 
definition allows the designer to visualize shifting up versus 
shifting down for the same select code. 

DATA INPUT PINS OAT A OUTPUT PINS 

3 4 5 6 7 11 12 14 15 

1'_2 ,-, '0 
" 

'2 '3 Y3 Y2 Y, Yo 

x X DO 0, 02 03 03 02 0, DO 
X D_, DO D, 02 X 02 0, °D 0_, 

0_2 0_, DO 0, x X 0, °D 0_, 0_2 
0_2 0_, DO X X X DO 0_, 0_2 0_3 

'-2 ,-, '0 
" 

'2 ' '3 Yo Y, Y2 Y3 

x x DO D, 0; 03 03 02 0, DO 
X 0_, DO 0, 02 X 02 0, °D 0_, 

0_2 0_, DO 0, X x 0, DO 0_, 0_2 
0_2 0_, DO X X X DO D~, 0_2 0_3 

'2 
" 

'0 ,-, '-2 '-3 Yo Y, Y2 Y3 

x X DO 0_, 0_2 0_3 0_3 0_2 0_, DO 
X 0, DO 0_, D_2 X D_2 0_, oD 0, 

D2 0, DO 0_, x X 0_, DO D, 02 
02 0, DO X X X DO D, 02 03 

'2 
" 

'0 ,-, '-2 '-3 Y3 Y2 Y, Yo 

x X DO D_, 0_2 D_3 0_3 0_2 D_, DO 
X D, DO 0_, 0_2 X 0_2 0_, DO 0, 

D2 0, DO D_, x X 0_, DO 0, D2 

D2 D, DO X X X DO 0, D2 D3 
. . 

POSitive LogiC (H I G H "" 1, LOW = 0) for the select Inputs . 

Figure 6 .. Four Possible Input and Output Combinations for the Positive Logic Definition. 

SELECT PINS DATA INPUT PINS DATA OUTPUT PINS 

9 '0 , 2 3 4 5 6 7 11 12 ,. 15 

5, So '-3 '-2 ,-, '0 
" 

'2 '3 Y3 Y2 Y, Yo 

0 0 0_3 0_2 D_' DO X X X DO 0_1 D_2 D_3 
0 , x 0_2 D_, DO 0, X X D, DO 0_, 0_2 , 0 x X' 0_, DO 0, 02 X 02 0, DO 0_, , , x x X Do D, 02 D3 D3 D2 0, Do 

5, So '-3 '-2 ,-, '0 
" 

'2 '3 Yo Y, Y2 Y3 

0 0 0_3 0_2 D_, DO X X X DO D_1 0_2 D_3 
0 , X D_2 0_, DO 0, X X 0, DO 0_, D_2 , 0 x X 0_, DO D, D, X 02 0, DO 0_, , , x x X DO 0, 02 D3 D3 D2 0, DO 

5, So '3 '2 
" 

'0 ,-, '-2 1·¥3 Yo Y, Y2 Y3 

0 0 03 02 D, DO X X X DO D, 02 D3 
0 , x D2 0, Do 0_, X X 0_, DO 0, 02 , 0 x X 0, DO 0_, D_2 X 0_2 0_, DO D, , , x x X DO D , ° 2 D_3 ° 3 ° 2 ° , DO 

5, So '3 '2 
" 

'0 ,-, '-2 '-3 Y3 Y2 Yi Yo 

0 0 03 D2 0, DO X X X DO 0, 02 03 
0 , X 02 0, DO 0_, X X 0_, DO D, 02 , 0 x X 0, DO 0_, D_2 X D_2 0_, DO 0, , , x x X DO D_, 0_2 D_3 0_3 0_2 D_, DO 

Negative Logic (LOW"" 1, HIGH"" 0) for the select Inputs. 

Figure 7. Four Possible Input and Output Combinations for the Negative Logic Definition. 
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Am25S10 

Am25S10 APPLICATIONS 

The four-bit shifter is an ideal MSI element for high-speed 
shifting and scaling in, digital systems_ By suitable iriter
connection of the inputs arid outputs, shifts of any number 
of places up or down can' be made with a propagation delay 
of only one device_ Shifting can be logical, with zeroes pulled 
in at either or both ends of the shifting field; arithmetic, 
where the sign bit is repeated during a shift down; or end 
around, where the data word forms a continuoUs loop. The 
three-state outputs can be used to increase the number of 
places shifted and also facilitate rapid data bus 'access in bus 
organized systems.' 

The Connection Diagram and Function Table of Figure S show 
a Hi-bit word shifted up 0, 1,2 or 3 places. In this example, 
the most significant bits (A13, A14, A1S) are discarded and 
logic zeroes are shifted in at the I,east significant end; 

Figure 9 shows a Connection Diagram and Function Table for 
a 12-bit word shifted down 0, 1, 2 or 3 places. In this example, 
zeroes are shifted into the most significant bits and the least 
significant bits are discarded. Notice that one of the alternate 
definitions and pin assignments has been used to define the 
Am25S10. 

A complete end-around barrel shift of 0, 1, 2, 3, 4, 5, S or 7 
places is shown in Figure 10. In this configuration, the three
state capability of the outputs is used to connect one of two 
Am2!,iSl0'~ to the data output under the control of the S2 and 

Ll,b • • • 7 I, I, , • • • 7 -4:-
---1!!... So 

1-3 '-2 '-1 '0 '1 '2 '3 ;---lL So 
1-3 '-2 '-1 10 '1 '2 13 

So ., 
Oe 

..!.. ., 

,!C OE 
vo 

15 

Am25S,O 

v, v, ,. 12 

FUNCTION TABLE 

S1 So YO Y1 Y2 

0 0 AO Al A2 
0 1 0 Ao Al 
1 0 0 0 AO 
1 1 0 0 0 

Positive Logic 

...lL ., 
Am25S10 

'fo OE 
v, vo v, v, v, 

11 15 ,. 12 11 

Y3 V4 V5 Vs V7 

A3 A4 A5 As A7 

A2 A3 ~ A5 AS 

Al A2 A3 A4 A5 

AO Al A2 A3 A4 

S2 select inputs. This technique can be IIX.Pandedfor longer 
word lengths by using one-of-four or one-of-eight decoders to 
control the active-LOW "output control" input: . 

A 13:bit two's complement scaler is shown in Figure 11. For 
this connection, the sign ,bit is pulled in at the most significant 
,end and the least significant bits are truncated. Thus, the 13-
bit two's complement binary output number is scaled to 1, 
1/2, 1/4, or l/S of its input value. 

A two-level 16-bit barrel shifter and its associated Function 
Table are shown in Figure 12. Only eipht Am25S10's are re
qu ired to perform th is function. For clarity, the intermed iate 
level of inputs and outputs have been labeled Bi. The sixteen
bit output word can be bus connected and controlled via 
the OE input. 

Figure 13 demonstrates a unique way to convert a fixed point 
positive number to a floating-point mantisa and exponent. The 
priority encoder is used to determine the ~ost significant bit 
position of the input word with a binary "1". The priority 
encoder output is a binary weighted code representing the 
number of places the input word is to be shifted up. This code 
controls the Am25S10 shifting array and shifts the input 
word such that the Y7-bit of the mantisa is always a binary 
one (except for A = 0). The exponent isofthe form 2-n where 
n is the value of the binary weighted code from the priority 
,encoder. Thus, the output of this functional block is of the 
form Y2-n. 

I, I, , • 5 • 7 1, l, , • • • 7 

,--l9- So 
1-3 '-2 '-1 10 '1 '2 '3 

-.!!!.. So 
1..3 '-2 '-1 10 '1 '2 '3 

..!.. ., 
Am25S10 

-L ., 
Am26S10 

,!C OE 'k OE 
vo v, v, v, vo v, V2 v, 

15 " '2 11 15 ,. 12 11 

Vs Vg V10 V11 Y12 V13 V14 V15 

AS Ag A10 A11 A12 A13 A14 A15 

A7 AS Ag Al0 A11 A12 A13 A14 

AS A7 AS Ag A10 All A12 A13 

A5 AS 'A7 AS Ag Al0 A11 A12 

Figure 8_ 16-Bit Shift-Up 0, 1,2 or 3 Places_ 
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Am25S10 

, I, , I, J, , I, , • 5 6 7 , 4 5 6 7 , • 5 6 7 

-~SOI3 " " 
10 1_11_2'_3 ----2.'!.- .. " " " 

10 '_11_21_3 
~ So I~ " " 

'0 '-1 1-2 '-3 

~Sl Am25S10 
-2- 5, 

Am25510 
-2- 'I Am25S10 

~ DE re DE ~ DE 
V, V, V, Vo V, V, V, Vo V, V, V, Vo 

15 I. 12 11 15 I. 12 11 15 
" 

12 11 

" 

FUNCTION TABLE 

S, So Vo V, V2 V3 V4 V5 Vs V7 VB Vg v,o V" 

a a Aa Al A2 A3 A4 A5 A6 A7 AS Ag AlO All 
a I At A2 A3 A4 A5 A6 A7 AS Ag Ata Att a 
1 a A2 A3 A4 A5 A6 A7 AS Ag Ala All a a 

~ 

1 1 A3 A4 A5 A6 A7 AS Ag Ala A11 a a a 

!;,ositive Logie (Alternate Definitions) 

Figure 9. '2·Bit Shift· Down a, I, 2 or 3 Places. 

1 

" " ; I" 
~: ~'''''' '0', " " IlFrt: ~."". '0'",·, IrFrt: ~".,.,.o"., " I~: :,""" '0""" I 

' A",2~51" I '''.25>;10 ' ",",25510 '''''''15510 

13 (IE 13 Of lJ Of 13 Of-

:~~'ro ~'r' ~'f' 1"~~~'O~"J"]"~~l'Ol"~'~' ='[' ~~~YO V, V2 V3 

:; "':"" "" "" ,"""" 1""" " 
S7 I 

FUNCTION TABLE 
S2 Sl So Vo Vl V2 V3 V4 V5 V6 V7 

a a a Aa At A2 A3 A4 A5 A6 A7 
a a t A7 Aa At A2 A3 A4 A5 A6 
a 1 a A6 A7 Aa Al A2 A3 A4 A5 
a 1 1 A5 A6 A7 Aa Al A2 A3 A4 
1 a a A4 A5 A6 A7 Aa Al A2 A3 
t a t A3 A4 A5 A6 A7 Aa At A2 
1 1 a A2 A3 A4 A5 A6 A7 Aa Al 
1 1 1 Al A2 A3 A4 A5 A6 A7 Aa 

Positive Logic 

Figure 10. Eight·Bit End Around'Shift 0, 1,2,3,4,5, S or 7 Places. 
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Am25S10 

, , 3 • • 1. 
--2L ScI 1-3 L2 '-1 '0 1,12 

'0 

" 
0' 

~S, 

'~ 0' 

FUNCTION TABLE 

SCALE S1 So 

l/S 0 0 

1/4 0 1 

1/2 1 0 

1 1 1 

Positive L.ogic 

Am25S10 

YO Y, Y, 

15 14 " 

YO Y1 

A3 A4 

A2 A3 

Al A2 

AO Al 

7 

'3 ,---!2- '0 

,..!- " 
'!,: 

Y3 
0' 

11 

Y2 Y3 

A5 A6 

A4 A5 

A3 A4 

A2 A3 

, , 3 • ,I . 7 , 2 3 • • • 7 

1-3 '-2 tl '0 1,12 '3 ,----!!!- So 1--3 '-2 '-1 10 1, '2 '3 

Am25510 .-LSI Am25S10 

'~ 0' 
Y; YO Y, Y, Y3 YO Y, Y3 

" 14 " 11 15 14 " 11 

Y4 Y5 Ya Y7 Ya Yg Yl0 

A7 AS Ag A10 All S S 

A6 A7 AS Ag A10 A11 S 

A5 A6 A7 AS Ag A10 A11 

A4 A5 A6 A7 AS Ag A10 

Figure 11. 13-Bit 2's Complement Scaler. 

I 

I, 1, 1131. I, I, Ia \.1, , I. 7 -!- • 7 J,. , I, I, • , • 7 , 

Y1l S 

S S 

S S 

S S 

All S 

, • , 6 7 

-rTt so 
1.3 1-2 '-1 to 11 12 13 

So ...!L So 1.3 1-2 L1 10 '1 '2 13 ~-...!2... So '-3 '-2 '-1 10 11 12 13 
So.!2... '0 

'.3 '-2 L1 10 11 12 13 

-= 9 S, 

S2 J1c 0' 
Yo 

15 

Am25S10 
S1-!.. 5, 

Y, ,. 

EI 

Y, Y3 
52.Ec 

" 11 

Am9318 
PRIORITY ENCODER 

0' 

Am25S10 

"0 Y, Y, 

115 \14 I" 

S,....!- 5, 
Am25S10 

s,~ 0' 
Y3 Yo Y, Y, 

11 15 14 " 

FUNCTION TABLE 

EXPONENT 

S2 S1 So YO Yl 

0 0 0 AO Al 
0 0 1 0 AO 
0 1 0 0 0 

0 1 1 0 0 

1 0 0 0 0 
l' 0 1 0 0 

1 1 0 0 0 

1 1 1 0 0 

Positive logic 

S,...!- 5, 

" ..!.!c 0' 
Y3 Yo 

11 
115 

MANTISSA 

Y2 Y3 Y4 

A2 A3 A4 

Al A2 A3 

AO Al A2 
0 AO Al 
0 0 AO 
0 0 0 

0 0 0 

0 0 0 

Figure 13. Binary Scaling to Give Mantissa and Exponent. 
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Y, Y, Y3 

14 " 11 

Y5 Ya Y7 

A5 A6 A7 

A4 A5 A6 

A3 A4 A5 

A2 A3 A4 

Al A2 A3 

AO Al A2 
0 AO Al 
0 0 AO 



, ,I, 45 5 7 

~ 
50 1·3 '-2 '-, 10 ., 12 13 

~SI 

.. 
" 

" 
" tiE 

[<DE Vo 
":" 16 

I 

" 
0' Vo 

Vo 

FUNCTION TABLE 

S3 S2 S1 So 

0 0 0 0 
0 0 0 1 
0 ·0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 

1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Positive Logic 

Am25510 

V, V, V, 

I" I" " 
I I I 

Am25S10 

V, V, V, 

V, V, V" 

YO Y1 

AO Al 
A15 AO 
A14 A15 
A13 A14 
A12 A13 
A11 A12 
AlO A" 
Ag A10 
AS Ag 
A7 AS 
A6 A7 
A5 A6 
A4 A5 
A3 A4 
A2 A3 
Al A2 

Am2SS10 

,1,1, , 5 5 7 ,1,1, , 55 7 j1 [,1 ' , 5 7 

~ .. 1_31.21.,10 It 12 13 
~ .. 1·3 '-2 '-, 10 I, 12 13 

~ .. -3 '-2 L, 10 I, 12 13 

~Sl Am25S10 
;---L 5, 

Am2SS10 
--..L 5, 

Am25StO 

[<OE [< [<DE 0' Vo V, V, V, Vo V, V, V, V, V, V, 

-=- I" 114 " I" -=- I" I" I" I" 
-=- r 

I" I" I" I I I I I I I I 

" Am25S10 " Am25S1D 

0' Vo V, V, V, 

" 

V, V, V, V" 

Y2 Y3 Y4 Y5 Ys Y7 YS Yg Y10 Y11 Y12 Y13 Y14 Y15 

A2 A3 A4 A5 A6 A7 AS Ag AlO All A12 A13 A14 A15 
Al A2 A3 A4 A5 A6 A7 AS Ag AlO All A12 A13 A14 
AO Al A2 A3 A4 A5 A6 A7 AS Ag AlO All A12 A13 

A15 AO Al A2 A3 A4 A5 A6 A7 AS Ag AlO All A12 
A14 A15 AO Al A2 A3 A4 A5 A6 A7 AS Ag AlO All 

A13 A14 A15 AO Al A2 A3 A4 A5 A6 A7 AS Ag AlO 
A12 A13 A14 A15 AO Al A2 A3 A4 A5 A6 A7 AS Ag 

All A12 A13 A14 A15 AO Al A2 A3 A4 A5 A6 A7 AS 
AlO A" A12 A13 A14 A1S AO Al A2 A3 A4 A5 A6 A7 

Ag AlO All A12 A13 A14 A1S AO Al A2 A3 A4 AS A6 

AS Ag AlO All A12 A13 A14 A1S AO Al A2 A3 A4 A5 

A7 AS Ag AlO All A12 A13 A14 A1S AO Al A2 A3 A4 

A6 A7 AS Ag AlO All A12 A13 A14 A15 AO Al A2 A3 

AS A6 A7 AS Ag AlO All A12 A13 A14 A1S AO Al A2 

A4 A5 A6 A7. AS Ag Al0 All A12 A13 A14 A15 AO Al 
A3 A4 AS A6 A7 AS Ag AlO All A12 A13 A14 A15 AO 

Figure 12. Full la.:Bit Barrel Shifter. 

9·31 



Am25S10 

FIXED MULTIPLIERS 

Digital systems requiring multiplication by a constant interger 
or constant fraction can make effective use of the Am25S10 
if the constant must be varied over several values. By using 
four-bit shifters and high-speed adders, very high-speed "can· 
stant coefficient" or fixed multipliers can be built. The tech
nique is shown diagrammatically in Figure 14. Here, the input 
word C is wired to the adder A .inputs such that a shift of 
t C is "built-in". Th~ Am25S10 shifter is wired to the Bin
puts of the -adder such that its four select states represent pre
scaling oftC, -t c, f C, and f, C of the ~ in~ut word. If the 
OE input IS used to Jisable the outputs (high Impedance), the 
adder B inputs will assume the logical one state (HIGH). By 
adding a "one" at the adder carry input least significant end, 
the contribution of the B inputs to the sum output is zero and 
the.adder A input will be passed to the output. Thus, the OE 
input can be used to generate a zero C value from the shifter. 

Figure 15 shows the actual connection diagram for a 12-bit 
two's complement fixed multiplier using the scheme of Figure 
14. The Y output weighting is the same as shown in the 

I 
I 
I 
I 

CINPUT I 

Function Table of Figure 14. The OE input is tied directly to 
the adder .least significant Cn input to complete the shifter 
"zero" output function. 

Figure 16 shows two shifter arrays used in conjunction with 
one adder. For the shifter A and shifter B select codes shown, • 
twenty multiplication constants are realized with seventeen 
constants being unique. Other combinations could be used to 
realize different outputs~ . Th~ combinations possible can be 
extended greatly by using multiple adders and multiple shift· 
ing arrays. For the example of Figure 16, the zero shifter out
put (l1'igh·impedance state) is used with only one shifter since 
only one Cn input is available. 

This technique for fixed constant multipliers can be applied 
to two's complement, one's complemeni:, sign-magnitude, or 
magnitude only arithmetic. In so doing, the sign must be 
handled appropriately and the adder output word size and 
number range must be considered. For the one's complement 
case, the all ones representation for zero must be handled 
separately. 

SIGN 

~ IT • : OUTPUT Y 

W1REOSHIFTOF 5 I 
ONE PLACE,. 1/2 I 

Am54Sn4S283 r-t 
~ 

: B 

'-:-
Co 

-;-. , Am2SS10 Y : 

e:-
SHIFTS OF 

~ 1/4,1/8,1/16,1/32 

51, 5~ I OE 

FUNCTION TABLE 

40BIT SHIFTER A INPUT 
OUTPUT 

BINPUT OF 
OE S1 So #SHIFTS OF ADDER ADDER Y' 

0 0 0 Two -kC i- C 2.C 
4 

0 0 1 Three t c .!.C 2.C 
2 8 

0 1 0 Four ftC i- C .2.C 
16 

0 1 1 Five i2c i- C !.IC 
32 

1 X X Hi-Z OC i-c i- C 

Positive Logic 

Figure 14. Parallel "cOnstant Coefficient" Multiplier .Block Diagram and Function Table. 
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C, 
C, 
Co 

'0 
S, 

i5E 

J 
>-- '3 

Cn+4 
'3 

>-- '3 

- " " C'O- A, Am54S/ 

~13 Y3 " " 745283 

~J2 Cg_ A, " 
~Il Y, '4 '0 

4 
'0 Am25S10 Ca- AD '0 

5 '-, Y, " 
C, 

6 
'-' , 
'-3 YO 

11 

'0 " OE 

I I '( a3 
C,+4 

'3 -
C,_ A3 

" " C6~ A, 
Am54S/ 

~'3 Y3 15 

" 745283 , 
'2 C5- A, " 

3 

" 
Y,. '4 '0 

4 
'0 Am25S10 C4- AD So 

5 '-, Y, 12 C, 

6 '-2 , 
'-3 YO' 

11 

'0 S, OE 

I I ~ ~ '3 
Cn+4 

'3 

C3- A3 

., S, 
C,_ A, 

Am54S/ 
~ '3 Y3 

15 ., 745283 , 
" 

C,_ A, S, , 
" 

Y, '4 '0 
4 '0 Am25S10 CO- AD '0_ 
5 '-, Y, r-!!- C, 

6 '-, 
...2...... '-3 YO f2l-

So 5, OE 

I I 

Figure 15. 12·Bit 2's Complement "Constant Coefficient" Multiplier. 
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Am25S10 

C INPUT OUTPUT W 

SELECTS 

SHIFTER A = e,!f, @' ~ 

SHIFTER B = @,~, f6' g, 0 

FIXED MULTIPLIER OUTPUT W 

~ e e e e 0 4" -.- f6 32 
SHIFTER A 

e 2.e 
4 t e lie He e 

.c. .1.e -fe !6e He -t e 2 4 

e -t e 1- e fr,e -A e -'-e .. 4 

e .1.e i e toe -A e -k e 8" 8 

Figure 16. Two Shifter Arrays and One Adder Array in a Fixed Multiplier Connection~ 

CONCLUSION 

.The Am25S10 four·bit shifter is a new unique combinatorial' 
logic .element offering the system designer new shifting and 
scaling capability not previously available in a single package. 

The three·state output design of the Am25S10 provides in· 
creased flexibility in its use .and the advanced Schottky con· 
struction offers minimum propagation delay. The device can be 
used to shift any number of bits any number of places; up, 
down or end·around. 
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Am25LS14A 
8·8it Serial/Parallel Two~s Complement Multiplier 

DISTINCTIVE CHARACTERISTICS 

• Two's complement multiplication without correction 
• Magnitude only multiplication 
• Cascadable for any number of bits 
• 8-bit parallel multiplicand data input 
• 50MHz minimum clock frequency 

FUNCTIONAL DESCRIPTION 

The Am25LS14A is an 8-bit by l-bit sequential logic ele
ment that performs digital multiplication of two numbers 
represented in two's complement form to produce a two's 
complement product without corr!lction. The device accepts 
an 8-bit multiplicand (X input) and stores this data in eight 

, internal latches. The X latches are controlled via the clear 
input. When the clear input is LOW, all intemal flip-flops are 
cleared and the X latches are opened to accept new multi
plicand data. When the clear input is HIGH, the latches are 
closed and are insensitive to X input changes. 

The multiplier word data is passed by the V input in a serial 
bit stream - least significant bit first. The product is clocked 
out the S output least significant bit first. 

• Second sourced by T.!. as the SN54LSI74LS384 
• IMOXTM process with ECL internal 

The multiplication of- an m-bit multiplicand by an n-bit mUl
tiplier results in an m + n bit product. The Am25LS14A must 
be clocked for m + n clock cycles to produce this two's 
complement product. Likewise, the n-bit multiplier (V-input) 
sign bit data must be extended for the remaining m-bits to 
complete the multiplication cycle. 

The device also contains a K input so that devices can be 
cascaded for longer length X words. The sum (S) output of 
one device is connected to the K input of the succeeding 
device when cascading. Likewise, a mode input (M) is used 
to indicate which device contains the most significant bit. 
The mode input is wired HIGH or LOW depending on the 
position of the 8-bit slice in the total X word length. 

LOGIC DIAGRAM 

15 

,. 

CP 

I 
I 
I 

11 X7 

L ______ _ 

---I 
I 
I 
I 

--......---.1 

CONNECTION DIAGRAM - Top View 

CIR Vee 

x, 
x, x, 
X, x, 
x. X, 

x, 
ep 

eND 

Note: Pin 1 is marked for orientation. 

IMOX is a trademark of Advanced Micro Devices, Inc. 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP Oto+70"C AM25LS14APC 
Hermetic DIP 010 +70"C AM25LS14ADC 
Dice Oto+70"C AM25LS14AXC 
Hermetic DIP -55to+125°C AM25LS14ADM 
Hermetic Flat Pak -55 to + 125°C AM25LS14AFM 
Dice -55to+125°C AM25LS14AXM 
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Am25LS14A 
ELECTRICAL CHARACTERISTICS OVER OPE.RATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am25LS14AXC TA = oOe to +70o C . V~c'- 5 .. IIV ±5% (COM'LI, MIN.=4.75V MAX. = 5.25V 
Am25LS14AXM TA = _55°C to +125°C' '.VCC·'5.0V ±10% (MILl ' 'MIN. = 4.5V MAX. = 5.5V 

Typ. 
Parameters Description Test Conditions (N ate 1 1 Min (Note 21 Max Units 

Vcc = MIN., IOH = -1.0mA MIL 2.5 3.4 
VOH Output HIGH Voltage Volt. 

VIN = vlH or VIL COM'L 2.7 3:4 

Vcc =MIN. IOL =8.0mA 0.4 
VOL Output LOW Voltage . Volt. 

VIN=VIHorVIL IOL =12mA 0.45 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts 
voltage for all inputs 

VIL, Input LOW Level 
Guaranteed, input logical LOW 

0.8 Volts voltage for aU inputs 

VI Input Clamp Voltage Vec = MIN., liN = -18mA -1.2 Volts 

X,M -0.48 

K,CLR -1.2 
mA IlL Input LOW Current· VCC = MAX., VIN = 0.4V 

CP -1.6' 

y -3.2 

X,M 20 

K,CLR 30 
I'A IIH Input HIGH Current VCC = MAX.; VIN = 2.7V 

CP 40 

y 80 

II Input HIGH Current VCC = MAX., VIN = 5.5V 1.0 ' mA 

Is.e 
Output Short Circuit Current VCC = MAX. -15 -85 mA 
(Note 3) 

Ice Power Supply Current VCC = MAX. 45 i 65 mA 

Notes: 1. For conditions shown as MIN. or MAX" use the appropriate value specified under Electrical Characteristics for the applicable device type. 
=?:. Typical limits are at Vee = 5.0V, 2SoC ambient and maximum loading. ' 
3. Duration of the short circuit t8St should not exceed· one second. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +l50°C 
Temperature (Anlbient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to.Pin 8) Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 
DC Input Voltage -0.5V to +5.5V 
Output Current, I nto Outputs 30mA 
DC I nput Current -30 rnA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA=+25°e, Vec=5~OV) 

Parameters Description 

tPLH 

tpHL 
Clock to Output 

tPHL Clear to Output 

ts 
Y to Clock 

th 

to K to Clock 
th 

ts 
Xi to Clear 

th 

Clock (HIGH) 
tpw 

Clock (LOW) 

tpw Clear Pulse Width 

ts Clear Recovery Time (Inactive State) 

f max (Note 1) lIiIaxl'mum'Clock Frequency 

Min. 

15 

0 

15 

0 

13 

0 

10 

10 

10 

5 

50 

Am2SLS14A 

Typ. Max. Units Test Conditions 

8 14 
ns 

10 18 

9 17 ns 

ns 

ns 
CL=15pF 
RL = 2.0kll 

ns 

ns 

ns 

ns 

60 MHz 

Note 1. Per industry convention, f max is· the worst case value of the maximum device operating frequency with no constraints on t r, tf. 
pulse width or duty Cycle. 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LSMIL OVER OPERATING RANGE* 

TA=O°Cto+70oC TA = -65°e to +125°e 
Vee = 5.0V ± 5% Vee = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 
Clock to Output 

18 20 
ns 

tpHL 22 25 

tpHL Clear to Output 22 25 ns 

ts 
Y to Clock 

22 25 
ns 

th 0 0 

to K to Clock 
20 22 

ns 
th 0 0 

CL = 50pF 
to 20 22 

><:i to Clear ns RL = 2.0kll 
th 0 0 

Clock (HIGH) 10 10 
tpw Clock (LOW) 

ns 
10 10 

tpw Clear Pulse Width 10 10 ns 

ts 
Clear Recovery Time 

5 5 ns 
(Inactive State) 

f max (Note 1 J Maximum Clock Frequency 50 50 MHz 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A. S'ubgroup 9. 
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Am25LS14A 

DEFINITION OF FUNCTIONAL TERMS 
Xc. x,. X2. X3. X4. XS. Xs. X7 The eight data inputs for 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

the multiplicand (X) data. DRIVINQOl1TPUT DRIVEN INPUT 

Y The serial input for the multiplier (Y) data-least signifi.· Vee -------.---+----..--..... --1>--..-

cant bitfirst. 
S The serial output for the product of X. Y -least signifi· 
cant bit first. 
CP Clock. The buffered common clock input for the serial/ 
parallel multiplier. All functions occur on the LOW·to·HIGH 
transition of the clock. 

CLR Clear. The buffered common clear for all flip·flops 
within the device. When the clear is LOW all flip·flops are 
cleared. Also the buffered X·input latch enable. When the 
clear' input is LOW. the X latches will accept new X·input 
data. 
K. The sum expansion input to the serial/parallel multiplier. 
Allows for cascading devices. 
M The mode control input for the most significant bit of 
the multiplier. It is used in conjunction with cascading to 
determine the most significant bit. 

,.1U1 

Note: Actual current flow direction shown. 

FUNCTION TABLE 

15 ,. 
9 

INPUTS 

cs 
L 

H 

H 

H 

H 

H 

H = HIGH 
L = LOW 

H 

- OP 

INTERNAL OUTPUT 

- L 

L .L AR 

L H AR 

H L AR 

H H AR 

t == LOW·to-HIGH transition 
CS = Connected to'S output of higher order device 
OP == X i latches open for new data (j = 0, 7) 
AR = Output as required. 

M 

C1' 

LOGIC SYMBOL 

11 12 13 '4 2 3 4 5 

!,m25LS14A 

Vee = Pin 16 
GND= PinS 

FUNCTION 

Most Significant Multiplier Device 

Devices Cascaded in Multiplier String 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

Device Enabled 

Shift Sum Register 

Add Multiplicand to Sum Register and Shift 

Subtract Multiplicand frolT! Sum Register and Shift 

~hift Sum Register 

METALLIZATION AND PAD LAYOUT 
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CUi 1 

X3 2 

X2 3 

X, 4 

x" 5 

S 6. 

Cp 

GND 

16 

15 

14 

13 

12 

11 

10 

9 

DIE SIZE 0.084" X 0.095" 

Vec 
V 

X. 

Xs 

X. 

X7 

K 

M 



Am25LS14A 

APPLICATIONS 

See also Digital Signal Processing Applications Section for more information. 

24·61T MULTIPLICAND 

ArrrrrrTr A15 A14 A13 A12 All AlO Ag AS 

I rrrl'llII y I I I I I I I I 
I I 1 I I I I I I I I I 1 IJ 
y x, Xe Xs X4 X3 X2 Xl Xo Y X7 Xe Xs X4 X3 X2 Xl xo Y X7 Xe Xs X4 X3 X2 Xl Xo 

l M H- M H- M 

l K S K S K 
Am25LS14A ,Am25LS14A Am25LS14A 

,------c ,------c 

IF 
ClA ClA CLA 

r- CP - CP CP 

S 

CLEAR PA1~ CLOCK 

SERIAL 
OUTPUT 

Basic 24-Bit Serial/Parallel Connection MPR·817 

SERIAL/PARALLEL 

CLOCK ENABLE 
6 

L.-- DA 
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SIGN EXTEND SE 8 BIT SHIFT REGISTER 

CLOCK C' 
OUTPUT CONTROL DE 

DY7DYeDYsDY 4DY3DY2DY, OYo 

" 
II 
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MULTIPLIER INPUT 
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·0 

CLOCK C' 
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'S 

8-Bit by 8-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product MPR-818 
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Am25LS14A 

LOW CURRENT SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

3.0 

~ 
2.8 

0 
2.6 

> 2.' I 

~ 
2.2 

; 2.0 

1.8 
w 

~ 
1.6 

I.' 
0 
> 1.2 

~ 1.0 
z 0.8 ;:; 

~ 
0.6 

0.' 
0 

0.2 

0.0 

ORIVING DEVICE DRIVEN DEVICE 

MINIMUM L.OGIC 
"HIGH" OUTPUT 

VOLTAGE 

I 
I 

VOLTAGE 

V1H2 DRIVEN 
- - - - - - SCHOTTKY 

VOL, VIL2 DEVICE 

Note: Aefer to Electrical Characteristics for meas~re currents. 

DEFINITION OF STANDARD TERMS 
H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

I Input. 

o Output. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

IlL LOW-level input current with a specified LOW-level 
voltage applied. 

IIH HIGH-level input current with a specified HIGH-level 
voltage applied. 

IOL LOW-level output current. 

IOH HIGH-level output cur~ent. 
Isc Output short-circuit source current. 

Icc The supply current drawn by the device from the Vcc 
power supply. 

VIL Logic LOW input voltage. 

VIH Logic HIGH input voltage. 

VOL LOW-level output voltage with IOL applied. 

VOH HIGH-level output voltage with IOH applied. 
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A High-Speed Serial/Parallel Multiplier 
The Am25LS14A* 

BV John Mick, John Springer and Clive Ghesf 

INTRODUCTION 

The Am25LS14A is a complete 8-bit Serial/Parallel Multiplier 
fabricated as a single 16-pin LSI chip. The device accepts a 
parallel two's complement or unsigned multiplicand and mul
tiplies it by any arbitrary length serial two's complement or 
unsigned multiplier. The resulting product is a correct and 
complete serial two's complement or unsigned product. The 
complete product of an 8 x 8 multiplication can be performed 
in 16 clock cycles. Any number of Am25LS14A devices can be 
cascaded with no additional logic, so that the parallel multipli
cand can be easily expanded to any number of bits. Mixed 
signed (two's complement) and unsigned multiplication is 
possible, generating a product in signed two's-complement 
form. 

MULTIPLIER CHARACTERISTICS 

The requirements for a good general purpose Ie multiplier for 
use in a wide range of commercial applications are as follows: 

• It should be inexpensive 
• It should be fast 
• It should be easy to use 
• It should be adaptable to any word length 
• It should handle signed numbers in two's complement nota

tion without correction. 

The first two of these requirements tend to be incompatible 
and in the past have required two types of circuits: one which 
was designed to be as fast as possible and another wh ich 
compromised speed for cost. The last two requirements limit 
the method u,sed to perform the multiplication to an algorithm 
which works in two's complement notation and is the same 
for all bits, so that the "sign bit" is treated identically with the 
other bits. 

c. 

I 
I 
I 
I 
I 
I 
I 
I 
I ____ J 

15 

10 

CP 

11 12 13 14 2 3 4 5 

Am25LS14A 

Vee = PIN 16 

GND = PIN 8 

Figure 2. Logic Symbol for the Am25LS14A 06-Pin Device) 

The Am25LS14A offers an optimum solution to these 
requirements. It operates by taking the whole multiplicand in 
parallel and utilizing a single bit at a time of the multiplier word 
to form partial products in an ioternal register. The output is a 
serial bit stream representing the product of the parallel 
multiplicand word and the serial multiplier word. 

THE LOGIC FUNCTION 

A simpl ified logic diagram of the Am25 LS14A Serial/Parallel 
multiplier is shown in Figure 1 and the 16-pin logic symbol for 
the device is shown in Figure 2. The multiplier consists of four 
basic parts; a storage register used to hold the mu ltiplicand 
word during the mUltiplication, the adder/subtractor logic 
containing both a partial product register and a carry/borrow II 
register, a flip-flop and exclusive-NOR gate operating on the Ii 
serial multiplier string presented at the Y input to provide a 

Figure 1. Functional Logic Diagram for the Am25LS14A 
"The Am25LS14A is manufactured under U.S, Patent No. 3,878,985 issued April 22, 1975. 
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control signal to ,the adder/subtractor logic, and a logic mode 
circuit to alter the multiplicand from two's complement to 
unsigned notation as controlled by the M input. The adder/' 
subtractor logic and product and carry/borrow register is 
iterative; that is, it consists of eight identical cells with a 
small change in the eighth cell to efficiently incorporate the 
multiplicand word sign logic. For a detailed description of the 
logic design of the Serial/Parallel multiplier, refer to the 
application note "Mechanization ·of the Serial/Parallel Multi
plier" by JohnR. Mick. 

Prior to a multiplication, the internal multiplier sum and carry 
registers are reset by applying a LOW to the cle,ar input. The 
8-bit, multiplicand data is applied to the ~ inputs and is 
latched into the multiplicand register as th,e clear input goes 
HIGH. This internal multiplicand storage is useful because the 
multiplicand need not be held constant during the multiplica
tion allowing these inputs to be bus organized. The Serial/ 

. Parallel multiplier is' now ready to receive the first least 
significant multiplier bit. The least significant bit of the multi
plier word is presented at the Y serial input and when the 
clock changes from LOW to HIGH, the multiplier produces the 
first least significant product bit at the serial data output, S. In 
each succeeding clock period, the next more significant mul
tiplier bit is presented at the Y input and the next more 
significant product bit is present at the S output. After a clock 
periods, the multiplier serial input string has been exhausted 
but the most significant half of the product is still in the 
internal registers of the Am25LS14A Serial/Parallel multiplier 
and must be clocked out. If the multiplier is an unsigned word, 
then during the extraction of the most significant half of the 
product, the multiplier Y input must be held at logic zero. If, 
however, the multiplier is a two's·complement signed word, 
then the most significant bit (sign bit) of the multiplier word 
must be repeated at the Y input until the, complete product 
has been obtained. The multiplicand can be either an unsigned 
number or a two's-complement number depending upon the 
logic polarity of the mode input, M. This mode input should 
be held at a LOW logic level (ground) if the multiplicand is in 
two's-complement n.otation and the X7 input is a two's 
complement sign bit, and it should be held at a HIGH logic 
level (pulled up through a register to Veel if the a-bit multi
plicand is unsigned (magnitude only number). 

-----1M 

CLA 

CP 

Am25LS14A 

M 

CLR 

CP 

The K input is used for expansion purp6ses. To increase the 
length of the multiplicand word by using multiple devices, the 
S output of a higher order device is connected to the K input 
of the next lower order devices. The clear lines are connected 
together and the clock lines are connected together. All the 
mode inputs except the one on the most significant device are 
held at a HIGH logic level. Whether the multiplicand is signed 
or unsigned is determined only by the M input of the' most 
significant device. A 24-bit by n·bit multiplier is shown in 
Figure 3. The K input is held LOW at the most significant 
device indicating a two's complement multiplicand. The multi· 
plier input can be any length, with n + 24 clock periods 
required for the multiplication. The resulting product is n + 24 
bits long. 

If the multiplicand is not an even multiple of a bits, then for 
an unsigned multiplicand the remaining most significant mul
tiplicand inputs are held LOW at logic zero, while for a 
two's-complement multiplicand, the remaining multiplicand 
inputs must be connected to the multiplicand sign bit so that 
the sign is extended and can be interpreted correctly. Figure 4 
shows a 12 x n' Serial/Parallel multiplier connection for a 
two's-complement Signed multiplicand. The resulting product 
is n + 12 bits long and only n + 12 clock periods are required 
to generate the correct product. 

The Function Table for the Am25LS14A multiplier operation is 
given in Figure 5. As shown, the K input is the sum expansion 
input and allows for the cascading of devices. The mode input, 
M, is used in conjuction with cascading to determine the most 
significant bit of the multiplicand and controls the multipli
cand sign definition. 

TIMING 

Although the Serial/Parallel multiplier requires only m + n 
clock periods to produce a full length product, (where m is the 
multiplicand word length and n is the multiplier word length) 
a practical system may use two additional clock periods. The 
first additional clock period is used to reset the multiplier at 
the beginning of a multiplication by using the clear input. This 
is shown in the timing diagram of Figure 6. This clears the 
partial product register, the carry/borrow register and the 

24·61T MULTIPLICAND 

M 

Arn25LS14A Am25l514A 

ClEAA-~-+-------------+~r----+---------J 

CLOCK ---+--------------<l~--------------' 
PRODUCT 
SERIAL 
OUTPUT 

Figure 3. Three Am25LS14A's Cascaded to Make a '·Bit by 24·Bit Serial-Parallel Multiplier 
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Am25LS14A M Am25LS14A OUTPUT 

CLEAR - ....... -+-~------------' 

CLOCK --...... ----------------' 

Figure 4. A 12-Bit by N-Bit Two's Complement Multiplier Using Two Am25LS14A's. 

INPUTS INTERNAL OUTPUT 

CLR CP K M X; V 

CS H 

- OP -

H 

H 

H 

H 

H H 

V_l 

AR 

H AR 

AR 

H AR 

FUNCTION 

Most Significant Multiplier Device 

Devices Cascaded in Multiplier String 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

Device Enabled 

Shift Sum Register 

Add Multiplicand to Sum Register and Shift 

Subtract Multiplicand from Sum Register and Shift 

~hift Sum Register 

H := HIGH 
L == LOW 
t = LOW-to-HIGH transition 
CS == Connected to S outPUt 

of higher order device 
QP = Xi latches open for new 

data (i=O, 7) 
AR == Output as required per 

Booth's algorithm 

Figure 5. Function Table Showing the Operation of the Am25LS14A 

control flip flop, and loads the new multiplicand into the X 
holding latch. At this same time, the multiplier word can be 
loaded into a Parallel-to-Serial converter (such as the 
Am25LS22) ready for presenting to the Serial/Parallel multi· 
plier Y input. During the first time period after the clear 

signal, the least significant bit of the multiplier is presented to 
the Y input of the Am25LS14A and in the next clock period 
the first bit of the product, So, is available at the 5 output of I 
the device. For the next n-l clock periods, the multiplier bits • 
are presented one at a time to the multiplier Y input and the 

TO T, T, T, T, T, T, T, Ta T, T,O T11 T12 T" T" T" T" T17 TO T, T, 

TIME 

PARAllEL )IT ii X D<X XX D<X DO< XX D<X XX DO< XX DO< XX XX DO< XX ~ XXI! KX DO( MULTIPLICAND 
WORD 

-
CLEAR 

f-- I---

rL rL L rL L n-L n-L n-rL L n-IL L rL L Il n-rL it -CLOCK. 

-
DATA ON 

X Yo Y, Y, Y, Y, Y5 Y, Y5 Y5 Y5 Y5 Y5 Y5 Y5 Y5 Y5 X X Yo Y, Y INPUT 

·DATA ON L L 50 5, 5, 5, S, 55 
5,1 5, 

Sa 5, '10 '11 S" 
S"i 

514 S" L L 50 
S OUTPUT 

, 

Figure 6. Timing Diagram Showing 18 Clock Cycle Operation of 8 x 8 Multiplication 
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product bits are available one at a time from the S output. For 
the remaining m clock periods, the Serial/Parallel multiplier 
requires that either the most significant bit of the multiplier 
word, Y, be repeated (two's complement operation) or a string 
of zeroes be applied (if the multiplier is to be treated as an 
unsigned number) to the Y input. 

It is possible to perform an m + n multiplication using only 
one additional clock cycle. This requires that the clear pulse is 
presented at the same time as Yo, the least significant Y 
multiplier bit. Since the minimum clear pulse width is 20ns 
and the chiar recovery time is 18ns, the time'duration must be 
at least 38ns minimum for this clock period. A timing diagram 
for this mode of operation is shown in Figure 7. 

Many applications, especially when using two's complement 
operands, do not required a full n + m bit product but only an 
m + n-l bit product. For example, if fractional operands in 

TIME 

PARALLEL 
MU\. TIPLICAND 

WOAD 

CLEAR 

DATA ON 
Y INPUT 

DATA ON 
S OUTPUT 

the number range of -1 to 1-2-(n-lI and -1 to 1-2-(m-1Iare 
assumed, only the case of -1 times -1 requires m + n bits to 
represent the product. All other combinations can be repre
sented correctly in two's complement notation by m + n -1 
bits. That is, when dealing with fractions, only one bit to the 
left'of the binary point carrying a weight of -1 is required ex
cept for the one special case. This can be used to remove one ad
ditional clock cycle from the multipl ication process as shown in 
Figure 8. The s,ame reasoning applies to integer representations 
where the largest negative numbers are _2(m-1J and _2(n-11. 
Only m + n bits are required to handle the' case of (_2(m-11) 
(_2(n-11). All other productS require only m + n-l bits for a 
correct two's, complement product. Let's take an example. If 
m = 4 and n = 3, then seven bits are required to represent (-8)· 
(-4) = (+32) in two's complement. All other products for a 
3-bit and 4-bit multiplicand and multiplier can be represented 
correctly in two's complement form with a 6-bit representa
tion. 

Figure 7. Timing Diagram Showing 17 Clock Cycle Operation of 8 x 8 Multiplication 

TIME 

PARAllEL 
MULTIPLICAND 

WOAD 

CLEAR 

DATA ON 
Y INPUT 

DATA ON 
5 OUTPUT 

T,. TO T, T, TJ T, T, T, T, T, T, T,O T" T" T1J T,. T,. TO 

Y, Yo Y, 'Y, YJ Y, Y, Y, Y, v, v, v, v, v, v, v, Vo 

'14 '0 " " 'J " 5, " " " " '10 '" '" '1J ',. 

Figure 8. Timing Diagram Showing 16 Clock Cycle Operation for an 8 x 8 Multiplication 
(Assumes a 15-8it Product Representation) 
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ROUNDING AND TRUNCATION 

Truncation is performed in the Am25LS14A by ignoring the 
appropriate number of least significant bits (LSB's). Unfor
tunately, no clock cycles can be saved when truncating 
because the product is being developed LSB first_ Therefore. 
the truncated bits are the first bits out of the Am25LS14A 
multiplier_ The subsystem must be clocked the total number 
of times (m + n) to develop the two's complement product. 
This does have the advantage of saving register bits to hold the 
product from the device_ 

To date, the recommended method of rounding is to use one
fourth of an Am25LS15 to perform rounding. This technique 
involves adding a one at the bit prior to the LSB of the final 
product using one input of the Am25LS15_ The product from 
the multiplier is connected to the other input. This does re
quire one extra clock cycle to implement rounding. This 
technique works for any combination of multiplicand bits, 
multiplier bits and desired product bits_ 

APPLICATIONS 

Eight-Bit by Eight-Bit Multiplier 

A circuit which generates a 16-bit product from an a-bit by 
a-bit multiplication is depicted in Figure 9. This sub-system 
consists of one Am25LS14A serial/parallel multiplier and two 
Am25LS22 a-bit registers. This configuration accepts an a-bit 
multiplicand and an a-bit multiplier from an a-bit data bus. It 
will return a 16-bit product' (a-bit upper byte and a'bit lower 
byte) using the same a-bit bus. 

The Am25LS22 is an a-bit register designed for performing 
various functions with the Am25LS14A. It can be used to hold 
the multiplier word initially, perform the sign-extend function 
and then hold part of the product. It has separate serial 
input/output capability as well as shared parallel input/outputs. 

The Am25LS14A 

The timing sequence for controlling this circuit is shown in 
Figure 10. Twenty-two clock cycles are used in this example 
to fully load, multiply and unload the multiplier subsystem. 
Thus, such an arrangement can be used with any of the popular 
a-bit MOS microprocessors such as the aoao, 6aOO, 2650, Fa 
and others. This allows the multiplication to be performed 
outside of the MOS microprocessor with about two to three 
orders of magnitude improvement in speed. 

Referring to the timing sequence of Figure 10, the multiplier 
word is loaded into the Am25LS22 register at time Tl and 
the multiplicand word is loaded in the Am25 LSl4A latches 
during time T1. The multiplicand and multiplier words must 
be loaded in this order since there is no hold function on the' 
Am25LS14A multiplier. 

During time T2 through T10, the least significant product bits 
are generated and clocked into holding register B. Meanwhile 
the multiplier sign bit is being extended in Register A. The 
sign extend is performed .only for the eight clock cycles T2 
through Tg. During time Tll through T18, the most significant 
a-bits of the product are developed in the Am25lS14A multi
plier. Ta is used to load the product sign bit from the mUl
tiplier into the Am25LS22 B register. During the time Tl 
through Ta, the least significant half of the product is trans
ferred from register B to register A_ The remaining two clock 
cycles, T19 and T20 are used to unload the product upper and 
lower byte back onto the a-bit data bus_ 

The control Signals required for this multiplier are shown in 
Figures 9 and 10. Notice that the clear input to the Am25LSl4A 
and the Serial/Parallel (S/P) input to the Am25LS22 can be 
connected together with the appropriate don't cares elim
inated. Other control signals to the Am25LS22 include the 
register enable (RE), sign extend (SE), and the three-state 
control (OE). These signals can.be generated using a counter 
and combinatorial logic gates or a counter and small PROM. 

PA~~~ltEL~--I--------__ ~ ____ --l __ --l _________ ~ 
CLOCK --t-L----.:..,..----+------1-..:....--1-----~ I 

ENABLE r-----:f::-----::-;~,_--..., r---""""".L:-, ----:::~,_--..., 
~ -~ 

H- Os 

L- IV!UX 

H-CLEAR 

StGNEXTEND - SE 

r--- DO 

~CP 

"A" 
Am25LS22 

8·BITSHIFTREGISTER 

H-De 

L- MUX. 

H- CLEAR 

H-SE 

'-----lDo 

"8" 
Arn26LS22 

6-BITSHIFT REGISTER 

cg~;~g~ - 1-0 DE A L-__ DTY':....,Dy..:.,_DrY5:...D,'::..' _Dy,.::,_Dry,:...D,'.:.' ~D'ro_--, 
t-;--r-t-1-t-t-1r----------~+-1--t-+--1-t-+---+-., 
t-i--r-t-1-1-+------------L-+-4-_}-+--l~t_--_}--.6 
t-t--r-t-t-1~-----------~~t_+1--+-4---+-·5 

t-l-_-tr_--jl:...-:..1--_-_-_-:..-_-_-_-_-_-_-_-_-_-_-_-_-:..-:..-_-_-:..-:..-_-_-_-:..-_-_L._--:.+~-_t---+j---_It------------_It.-= 84 ~~~~~0~:UT 
r 83 BUS 

t-1-1-------------------L-+-+--__1--., 
t-t-----------------~~t_--_+--., 

r-------------------L----J---.D 
,-,l-l..-,J-.....I.......J........l...-J'--l.-, 

CLOCK -+-~ __ -l CP )(7 "'6 )(5 )(4 X3 )(2 Xl Xo 

L-___ -IY 
L-K 

L-M 

CLEAR----.q 

Am25LS14A 
SERIAL/PARALLEL 

MULTiPLIER 

I 

Figure 9. An a-Bit by a-Bit Multiplier with a Full 16-Bit Product Store. 
The Inputs and Outputs are Bus Organized on an a-Bit Bus 
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Am25LS14A Am25LS22's 

TIME I/O BUS Y CLR S SIP RE SE OE 
A B 

FUNCTION 

TO Multiplier X X X L L X H H Load Multiplier (VI 

Tl Multiplicand X L X X H X H H Load Multiplicand (XI 

T2 X Vo H L H L L H H 

T3 X VI H So H L L H H 

T4 X Y2 H 51 H L L H H 

T5 X V3 H 52 H L L H H Present Yi to multiplier. Read SI into Register B. 

TS X Y4 H 53 H L L H H Extend Y sign. 

T7 X V5 H S4 H L L H H 

TS X V6 H 55 H L L H H 

T9 X V5 H S6 H L L H H 

TlO X· Vs H 57 H L H H H 

T11 ·X Vs H 5S H L H H H 

T12 X Vs H S9 H L H H H 

T13 X Vs H S10 H L H H H Continue Multiplication using Ys in register. Load 

T14 X Vs H SII H L H H H least significant part of product into Register A 

T15 X Vs H S12 H L H H H and most significant in Register B. 

T16 X Vs H S13 H L H H H 

T17 X Vs H S14 H L H H H 

TIS X. X H S15 H L H H H Load MSB into Register. 

Product 

T19 Lower .X X X X H X L H Unload product Lower byte onto bus. 
Byte 

Product 

T20 Upper X X X X H X H L Unload product Upper byte onto bus. 
Syte 

H HIGH L LQW x = Don't Care 

Figure 10. Timing Sequence for an 8 x 8 Multiplier with Full 16·Bit Product Register 

Am25LS22 
REGISTER 

OY j 

Pc 
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COMPLEX ARITHMETIC MULTIPLIER 

The Am25LS14A serial/parallel multiplier, the Am25LS15 
adder/subtractor, and the Am25LS22 eight-bit register can be 
used to perform rapid multiplication in complex arithmetic 
processors. I n complex arithmetic notation, each variable is 
assumed to have a real part and an imaginary part. Thus, 
complex variables Ac and Be may be represented as: 

Ac =AA + jAI 

Be = BA + JBI 

The product of Ac and Be is, of course, complex product Pc 
where: 

Pc = PA + iPl = Ac Be 
Pc = (AA + JAI) (BA + JBI) 

Pc = (AABA - AlB" + j(AA BI + AlBA) 

From this discussion, the real and, imaginary values of the 
product Pc are readily identified. These are: 

PA = AA BA - AI BI 
PI = AABI +AIBA 

The circuitry required to implement this ,complex multiplier 
is shown in Figure 11. In this example, the real.and imaginary 
values of the Ac variable are loaded into the two Am25LS22 
registers. The real and imaginary values of the Be variable are 

;-y 
Y 

MULTIPL1ER 
(S-BlrS) 

'-- y 

1/ I I I I I I 
X; 

Am25LS14A , 

Xc (8-BITSI 

J I j II I J I 
x; 

Am25LS14A , 

The Am25LS14A 

loaded into the latches of the Am25LSI4A. This loading of the 
data could be performed simultaneously using all four inputs 
AA, AI, BA and BI or it could be performed sequentially 
using a pair of inputs or a single input at a time. 

Once the incoming Ac and Be data have been loaded, the 
devices are clocked such that the four intermediate products 
are formed as shown in Figure 11. Then, two of the four 
adder/subtractors in the Am25LS15 are used to complete 
the generation of real product term .~ and the imaginary 
product term PI' 

These product terms PA and PI can be loaded into four addi· 
tional Am25LS22 registers to hold the double length product 
terms PA and PI (assume least significant bit truncation). 
After the complex multiplication has been completed, the 
PA and PI variables can be returned to the processor, memory 
or other destination by using the parallel bus outputs of the 
Am25LS22. 

OTHER APPLICATIONS 

Other examples of applications using the Am25LS14A as well 
as the Am25LS15 and Am25LS22 are shown in Figures 12 
through 15. Each of these applications is i'ntended to give the 
design engineer a new approach to solving numerical problems 
involving digital multiplication. 

Xa IS-BITS) 

I I I I I I I I 
X; 

Y Am25LS14A 

Xo (8-BIT5) 

I I I I 11 I J 
x; 

y Am25lS14A 

,-

,-' PRODUCT 
40-BITS 

PRODUCT = Y XA XB ~c Xo 

Four Am25LS14A's can be used'to implement the product of five variables Y, XA, XB , Xc 
and XD • If each input variable is eight bits, a 40-bit product results and the multiplier array 
must be clocked 40 times. This requires the B·bit ,Y variable to be sign extended for 32 
additional clock cycles. 

Figure 12. Multiple Operand Multiplications· 
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Am25LS22 

FUNCTION 

1 P=X·Y+Y =y IX + 1) 

2 P=X·y-y =y IX-1) 

3 P=X·Y+Y+1 =YIX+1)+1 

4 P=Y-X·Y =Y I1-X) 

FLIP 
FLOP 

Am25LS14A 

NOTES 

'LS15 in add mode 

'LS15 in subtract mode 

Am25LS15 

S 

ADO/SUBTRACT 

'lS15 is subtract mode for 
clear and add mode for multiply 

'LS15 A & B inputs reversed 

One Am25LS14A, Am25LS15 and Am25LS22 can be used to perform several arithmetic 
functions. F·our such functions are shown ~bove.· All use a product equal to the multiplicand 
times the multiplier in combination with a function of the multiplier. Additional combina
tions are possible, especially if more flip-flops are used to change the relative weight of the 
multiplier or product function. 

CLA 
CP 

MULTIPLIER INPUT 

MULTIPLICAND INPUT 

Am25LS14A 

Figure 13. 

~~~~--~-+------------------------------~ 
CLOCK ----..... -------------------------' 

CLA 
CP 

MULTIPLICANO INPUT 

Am25LS14A OUTPUT 

A 12·bit by 8-bit unsigned multiplication is performed by tying the four most significant 
multiplicand bits LOW to logic zero. The Am25LS22 is loaded with the 8-bit unsigned 
multiplier. As the multiplier· is shifted. a "zero·fill" is accomplished using the DA input on 
the Am25LS·22. Note the MSB M·input is HIGH on the most significant lAm25LS14A. 

Figure 14. 
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,AI 
SERIA 
INPUT 

L- OA 

~s 
SIGN 

ExrEN 

LOAD 
MULTIPLICAN 

CLOC 

O~ se 

0 

K 

OY, OY, OY, OY, OY, 

AM25LS22 

DE RE SIP 

-1 r ! 

I 
I 

I 
OY, OY, OY, X7 X6 X5 X4 X3 X2 Xl Xo 

0, Y Am25LS14A S I---

CP f~ CLR CP 

h-
.... 

One Am25LS14A and Am25LS22 can be used to perform the function A2 on an input vari
able A. The 8-bit value for A is loaded into the Am25LS22 register in serial form using the 
DA input. Once loaded, the A value can be transferred to the Am25LS14A multiplicand 
latches via the DYj outputs. Then the product of A·A is formed resulting in A2 at the 
Am25LS14A output. -

Figure 15. 
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Am25LS15 
Quad Serial Adder /Subtractor 

DISTINCTIVE CHARACTERISTICS 

• Four independent adder/subtractors 
• Use with two's complemllnt arithmetic 
• Magnitude only addition/subtraction 
• Second sourced by T.l.as Am54LS/74LS385 

11 

LOGIC SYMBOL 
543 678 151413 161718 

CLOCK 

CLEAR 

Am25LSI5 
QUAD ADDER/SUBTRACTOR 

12 19 

Vee"" Pin 20 

GND"'" Pin 10 MPR·332 

FUNCTIONAL DESCRIPTION 

The Am25LS15 is a serial two's complement adder/subtractor 
designed for use in association with the Am25LS14 serial/ 
pa'rallel two's complement multiplier. Th is device can also be 
used for magnitude only or one's complement addition or 
subtraction. 

Four independent adder/subtractors are provided with com· 
mon clock and clear inputs. The add function is A plus Band 
the subtract function is A minus B. The clear function sets the 
internal carry function to logic zero in the add mode and to 
logic one in subtract mode. This least significant carry is self 
propagating in the subtract mode as long as zeroes are appl ied 
to the A and B inputs at the LSB's. All internal flip-flops 
change state on the LOW-to-HIGH clock transition. 

The Am25LS15 is particularly useful for recursive or non
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 

LOGIC DIAGRAM 
(One of Four Similar Functions) 

CLOg~ ---1:)0-------------------+-------------- ~g6~,J;~G:TRACTORS 

S, 
ADD! --[::>0--4 

SUBTRACT 

~--------olcP 

SET 

CARRY 

CP 

CLR 

C, 

0, 

F, SUM 

SUM 

CLR 

) 
T0301HER 

CL~~= --1.:)0---<>---1:)0----------------------------<>--- ADDER/SUBTRACTORS 
MPR·330 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
MPR-331 
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ORDERING INFORMATION 

Package Temperature 
Type Range 

Molded DIP 010 +7O"C 
Hermelic DIP Olo+7O"C 

Dice 010 +70'C 
Hermelic DIP -5510 + 125'C 

Hermelic Flal-Pak -5510 + 125'C 
Dice -5510 + 125'C 

Order 
Number 

AM25LS15PC 
AM25LS15DC 
AM25LS15XC 
AM25LS15DM 
AM25LS15FM 
AM25LS15XM 



Am25LS15 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'l 

Mil 

T A = ooc to +70°C 

T A = -·55°C to +125°C 
VCC = 5.OV ± 5% 

VCC = 5,OV ± 10% 

(MIN. = 4.75V MAX. = 5.25V) 

(MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not. 1) 

Vcc = MIN., IOH = -440/LA Mil 
VOH Output HIGH Voltage 

VIN = VIH or Vll COM'l 

VCC= MIN. IOl =4.0mA 
VOL Output lOW Voltage 

VIN = VIH or Vll IOl = 8.0mA 

VIH Input HIGH level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW Mil 
Vll Input lOW level voltage for all inputs I COM'l 

r--' VCC = MIN., liN - -18mA VI Input Clamp Voltage 

III Input lOW Current VCC = MAX., VIN =OAV 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 

II Input HIGH Current Vce - MAX., VIN - 7.0V 

ISC 
Output Short Circuit Current 

VCC= MAX. 
(Note 3), 

ICC Power Supply Current VCC= MAX. 
INote 4) 

Min, 

2.5 

2.7 

2.0 

-15 

Typ. 
(Not. 2) 

48 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.36 

20 

0.1 

-85 

75 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical Ifmits are at Vee"" 5.0V. 25° C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs HIGH, measured after a LOW-to-HIGH clock transition. 

MAXIMUM RATI NGS (Above which the useful life may be impaired) 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

/LA 

mA 

mA 

mA 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C II 
suPPiY-voit-~g;t;-G~~~nd Potentia"CI--=C""o-n-tC"in-u-o-u-s-------------------------------::O--=.5::cV:-:-t-o-+:-:7"".:::O.,-:V • 

DC Voltage Applied to Outputs for_H_I_G_H_O_u_tP_u_t_S_t_at_e ___ . _________ . __________ -_O_.5_V::-:to::-:--+_V.::c;c=m=a~ 
~.Input Voltage -O.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 

SWITCHING CHARACTERISTICS 
(TA = +25°C, Vee = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 

tPlH 14 22 
ns ! Clock to Output 

14 22 --"--~ ~. 
tpHl I Clear to Output 20 30 ns~ -
ts 10 

! I A,8,S 
I 

ns 
th 0 

Cl = 15pF 
ts Clear Recovery 25 ns j 

th Clear Hold Time o. ns ! 
Rl = 2.0kn 

I HIGH 
---'17 I 

I tpw Clock 

I 

ns ! I lOW 17 -l--
~ 

Clear lOW 20 

I 
~ -.~ -- / 

fmax{Note 1} Maximum Clock Frequency 30 40 MHz I 
Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on the t r• tf, 

pulse width or duty cycle. 
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Am25LS15 
SWITCHING CHARACTERISTICS 

Am25LS COM'L Am25LS MIL 
OVER OPERATINGRANGE* 

TA = O°Cto +70·C TA = -55°Cto +125°C 
vee = 5.0V ±5% Vee = 5.0V ±10% I 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH 
Clo~k to Output 

33 38 
tpHL 

ns 
33 38 

tpHL Clea r t6 Output 43 50 ns 

ts 
A,B,S 

17 20 
ns 

th 4 5 CL = 50pF 

ts Clea r Reoovery 37 42 ns RL = 2.0kO 

th Clear Hold Time 4 5 ns 

tpw Clock I HIGH 26 30 
ns 

I LOW 26 30 

tpw Clear LOW 30 35 ns 

fmax(Note '1 Maximum Clock Frequency 23 20 MHz 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

A"A2,A3,~ The "A" input into each adder/subtractor CP Clock The clock input for the device. All internal . flip-flops change state on the LOW-to-HIGH 
B" B2, B3, B4 The "B" input into each adder/subtractor 

transition. 
S" S2, S3, S4 The add subtract 'control for each adder/ CLR Clear When the clear input is LOW, the four 

subtractor. When S is LOW, the· F function independent adder/subtractors are asynchro-
is A+B. When S is HIGH, the F function nously reset. The sum flip-flop is always set 
is A-B. to logic "0". The carry flip-flop is set to 

F" F2, F3, F4 The four independent serial outputs of the logic "0" in the add mode and logic "1" in 
adder /subtractor. the subtract mode. 

FUNCTION TABLE Am25LS. Am54LSn4LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

Internal CURRENT INTERFACE CONDITIONS 

External Inputs Point Output 
CP CLR S A B C C, F Function 
X L L X X L L L 

Clear 
X L H X X H H L DRIVING OUTPUT I DRIVEN INPUT 

L H X X X NC NC NC Vee 
I 

H H X X X NC NC NC I 
t H L L L L L L 

[i] t H L L L H L H 
t H L L H L L H 
t H L L H H H L ----

Add V 
t H L H L L L H I ~ t H L H L H H L I' rA 
t H L H H L H L Y I J~ 

t H H H H H 

4! "'"' r I :::S~ L H I "H ,~ ~ t H H L L L L H I 
:::S~ t H H L L H H L I 

t H H L H L L L I 
t H H L H H L H 

':' I ':' Subtract 
t H H H L L H L 
t H H H L H H H 
t H H H H L L H 
t H H H H H H L 

C ~ Data In the Carry Flip-Flop Before the Clock Transition 
C1 ~ Data In the CarrV Flip-Flop After the Clock 
X = Don't Care 
NC = No Change 
H = HIGH 
l ~ LOW 
t = LOW-to-HiGH Transition Note: Actual current flow direction shown. 
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APPLICATIONS 

The normal butterfly network associated with the Cooley· 
Tukey Fast Fourier Transform (FFT) algorithm is shown 
below. Here we assume A, B, C, D and Ware all complex 
numbers such that: 

A= AR+jAI 

B = BR+jBI 

W=WR+jWI 

The outputs C and D are also complex numbers and are 
evaluated as: 

C = CR+jCI=(AR +BRWR -BIW!l+j(AI+BRWI+BIWR) 

D = CR+jDI=(AR-BRWR+BIWd+j(AI-BRWI-BIWR) 

Am25LS15 

The four multiplications can be implemented using four 
Am25LS14 serial·parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions are implemented using the Am25LS15 quad serial 
adder/subtractors. This diagram depicts only the basic data 
flow; binary weighting of the numbers, rounding, truncation, 
etc. must be handled as required by the individual design 
parameters. 

FAST FOURIER TRANSFORM (FFT) BUTTERFL V 

An FFT butterfly connection for complex arithmetic inputs and outputs. 

Functional Diagram Metallization and Pad Layout 
for FFT Butterfly Connection ep '0 Vee 

F, ,. F, 

5, 
,. 

5, ., 17 ., 
w " '6 " " 15 " 

., 14 ., 
5, " 5, 

F, 12 F, 
GNO '0 11 eLR 

DIE SIZE 0.095" X 0.095" 
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Am25S18 
Quad D Register with Standard and Three-State Outputs 

pistinctive Characteristics 

• Advanced Schottky technology 
• Four D-type flip-flops 
.. Four standard totem-pole outputs 
;" 

FUNCTIONAL DESCRIPTION 

The Am25S1 8 consists of four D-type flip-flops with a buffered 
common clock. Information meeting the set-up and hold 
requirements on the D inputs is transferred to the Q outputs 
on the LOW-to-H I GH transition of the ciock. 

The same data as on the Q outputs is enabled at the three
state Y outputs when the "output control" (OE) input is LOW. 
When. the OE input is HIGH, the Y outputs are in the high· 
impedance state. 

The Am25S18 is a 4-bit, high speed SchottkY register intended 
for use in real·time signal processing systems where the 
standard outputs are used in a recursive algorithm and the 
three state outputs provide access to a data bus to dump the 
results after a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25S18.is also useful in certain display appli
cations where the standard outputs can be decoded to drive 
LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 

Package 
Type 

ORDERING INFORMATION 

Temperature 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat-Pak 
Dice 

Range 

Oto+7O"C 
Oto+70"C 
Oto+70"C 

-55 to + 125'C 
-55to + 125"C 
-55to + 125'C 

CONNECTION DIAGRAM 
Top View 

Order 
Number 

AM25S1BPC 
AM25S1BDC 
AM25S1BXC 
AM25S1BDM 
AM25S1BFM 
AM25S1BXM 

Note: Pin 1 is marked for orientation. 

• Four three-state outputs 
• 75 MHz clock frequency 

LOGIC DIAGRAM 

°0-----1 Qf--------"O 

,-----Q1 STANDARD 

9-54 

,--____ 02 OUTPUTS 

,----Q3 

°1---+--1 

'--++-.0.0- Yo 

°2---+---1 
'----+-+-Oo-Y 1 

'----+-+-00- Y2 
°3---+---1 

CLOCK CP -1><:>-4-o1op 

RELATED PRODUCTS 

Part No. 

Am25S07 
Am25S0B 
Am25S09 
Am25S374 
Am29B21-26 

Description 

Register 
Register 
Register 
Register 
Register 

LOGIC SYMBOL 

12 1S 

OP 

Am25S18 

DE 
00 a, 02 Q3 Yo Y, Y2 Y3 

2 5) 11 14 3 6" 10 13 

'Vee = Pin 16 

GND = Pin 8 

THREE-sTATE 
OUTPUTS 



Am25S18 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -O.5V to +7V 
DC Voltage Applied to Outputs fo-r-cH=IG:CHC:-:O=--u-t-p-u-t -=St-a-te----------------------------=O-=.5::-V-=-to-+VO-:-ee-m-a-x. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am25S18XC 

Am255,8XM 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 
(Note 3) 

IIH 
(Note 3) 

II 

10 

Ise 

ICC 

T A = OoC to +70"C 

TA = -55"C to +12S"C 

Description 

Output HIGH Voltage 

Output LOW Voltage INote 6) 

Input HIGH Level 

I nput LOW Level 

Input Clamp Voltage 

I nput LOW Current 

Input HIGH Current 

Input HIGH Current 

Y Output Off-State 
Lea kage Current 

Output Short Circuit Current 
(Note 4) 

Power Supply Current 

Vee'= 5.0V j- 5% (COM'Ll 
VCC = 5.0V ~ 10% (MIU 

MIN. "" 4.75V 
MIN . .:: 4.5V 

Test Conditions (Note 1) 

MAX. = 5.25V 
MAX." 5.5V 

Min 

2.5 LMIL 
Q 

10H = -'mA I eOM'L Vee =MIN., 2.7 

VIN = VIH or VIL I XM, 10H = -2mA 2.4 

Y I XC, IOH = ---6.5mA 2.4 

Vee = MIN., 10L = 20mA 

VIN f' VIH or VIL 

Guaranteed tnput logical HIGH 
2.0 voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee = MIN., liN = -18mA 

Vee = MAX., VIN = 0.5V 

Vee = MAX., VIN = 2.7V 

Vee = MAX., VIN = 5_5V 

I Vo = 2.4V 
Vee= MAX. 

I Vo = O.4V 

Vee =MAX. -40 

Vee = MAX. (Note 5) 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.2 

80 

Max 

0.5 

0.8 

-1.2 

-2.0 

50 

1.0 

50 

-50 

-100 

130 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

IJ.A 

mA 

IJ.A 

mA 

mA 

Notes: 1. For conditions shown as MI N. or MAX •• use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec "" 5.0V, T A:::: 2SoC ambient and maximum loading. . 
3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 
4. Not more than one output should be shorted at a time. DUration of the short circuit test shoud not exc.eed one second. 
5. ICC is measured with all inputs at 4.5V and all outputs open. 
6. Measured on Q outputs with Y outputs open. Measor,ed on Y OUtputs with Q outputs open. 
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Am25S18 
Switching Characteristics (TA = +2so e, vee = s.ov, RL = 280n) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 6.0 9.0 
Clock to Q Output n, 

tPHL 8.5 13 

Clock Pulse Width ~ 
7.0 

tpw ns 
LOW 9.0 

I, Data CL=15pF 5.0 ns 

Ih Data 3.0 ns 

IPLH Clock to Y Output 6.0 9.0 

tPHL (OE LOW) ns 
8.5 13 

IZH 12.5 19 

IZL 
CL = 15pF 

12 18 
Output Control to Output ns 

1HZ 
CL = 5.0pF 

4.0 6.0 

ILZ 7.0 10.5 

f max Maximum Clock Fr~quency CL = 15pF 75 100 MHz 

Metallization and Pad Layout 

GNO 

DIE SIZE 0.071" X 0.079" 
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OE 

H-

H 
H 
H 
L 
L 
L 
L 

L = LOW 
H = HIGH 

.. _--
INPUTS 

CLOCK 
CP 

L 
H 
t 
t 
t 
t 
-
-

X '" Don't care 

TRUTH TABLE 

D 

X 
X 
L 
H 
L 
H 
-
-

OUTPUTS 
NOTES 

a v 

NC Z -
NC Z -
L Z -
H Z -
L L -
H H -
L L 1 
H H 1 

NC::: No change 

t = LOW to HIGH transition 
Z = High impedance 

Note: 1. When BE is LOW, the,Y output will be in the same logic 
state as the a output. 

DEFINITION OF FUNCTIONAL TERMS 
Di The four data inputs to the register. 

0i The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 

Yi The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non
inverted. A HIGH on the "output control" input forces the 
Yi outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yi outputs. 

Am25S18 

LOADING RULES (In Unit Loads) 

Input/Output 

DO 

ao 

Vo 

D1 

a1 

Pin No:s 

2 

3 

4 

5 

Input 
Unit Load 

Fan-out 
Output Output 
HIGH LOW 

20 10' 

40/130 10' 
-~----------

._-_._-----_.-
20 10' 

V1 6 40/130 10' 
--&--_._--------------------

GND 8 
-----

CP 9 

10 

11 

D2 12 

V3 13 

a3 14 

D3 15 

Vce 16 

----
40/130 

20 

40/130 

10' 

10' 

10' 
-----------

20 10' 
-_._------

A Schottky TTL Unit Load is defined as 50.uA measured at 2.7V 
HIGH and -2,OmA measured at O.SV LOW. 

'Fan-out on each OJ and Yi output pair should not exceed 15 unit 
loads (30mA) for i = 0, " 2, 3. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual cutrent flow direction shown. 
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Am25S18 

APPLICATIONS, 

INPUTJ~E3iE~E~Wl DATAl:=:: 

INTERROGATE 

DO 00 
0, a, 

" " D3 03 

'0 

" 
" OE VJ 

THE Am25S18 USED AS DISPLAY REGISTER WITH BUS INTERROGATE CAPABILITY. 

CLOCK 

LENGTH (A 
CONTROL 

B 

ENABLE 

I I I 
DO CP 00 00 CP 00 Do CP 0 0 DO CP 00 0, a, 0, a, 0, a, 0, a, 
0, 

m 
a, 0, 

m 
a, 0, a, 0, 

m 
a, 

0, 

~ 
a, 0, ~ a, 0, iii a, 0, 

~ 
a, 

Yof---- • Yo - ~ Yo~ Yo I--
< Y, r---- . Y,- . Y, r--- • Y,i---

Y,I-- Y,- Y,r-- Y,I--
DE Y, DE Y, DE Y, DE Y, 

-~ Y r 1 -8 ~~1 
~ , 

--C G ~ V3 

-

THE Am25S18 AS A VARIABLE LENGTH 11, 2,3 or 4 WORD) SHIFT REGISTER . 
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Am25LS22 
8·8it Serial/Parallel Register with Sign Extend 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs with multiplexed input 
• Multiplexed serial data input 
• Sign extend function 
• Second sourced by T_'- as Am54 LS/74 LS322 

RELATED PRODUCTS 

Part No_ Description 

Am25LS23 8-Bit Shift/Storage Register 

REGISTER RE ENABLE 

SERIAL! 
SIP PARALLEL 

SIGN 
EXTEND 

FUNCTIONAL DESCRIPTION 

The Am25LS22 is an eight~bit serial/parallel register built using ad
vanced Low-Power Schottky processing. The device features '8n eight
bit parallel multiplexed input/output port to provide improved bit 
density in a 20-pin package. Data may also be loaded into the device in 
a serial manner from either input 0 A or OS- A serial output, QO. is 
also provided. 

The Arn25LS22 is specifically designed for operation with the 
Am25LS14 serial/parallel two's complement multiplier and provides 
the sign extend function required for this device. 

When the Register Enable (RE) input is HIGH, the register will retain 
its current contents. Synchronous parallel loading is accomplished by 
applying a LOW to R E and applying a LOW to the Serial/Paraliel (S/P) 
input. This places the three~state outputs in the high~impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DYi) to be clocked into the register. When the SIP input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the 07 flip-flop. This occurs whenever SE is LOW when the 
SHIFT mode is selected. When SE is high, the serial two~input multi
plexer is enabled. Thus, either DA or DS can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transition of 
the clock. A clear input (CLR) is used to asynchronously reset all flip~ 
flops when a LOW is applied. 

LOGIC DIAGRAM 

00 

THREE 
STATE~--------~=L]P-r~~---r--~---r--~-·--r-r~---r-r~---r-r-r---r-+-r--, 

CONTROL 
(jE 

OY, 

CONNECTION DIAGRAM 
Top View 

Vcc S SE DB DY6 DY4 DY2 DYO 00 CP 

RE SIP DA DY7 DYs DY3 DYl O'E ClR GND 

Note: Pin 1 is marked for orientation. 

16 

OY6 

MPR-334 
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14 

OY, OY, 

13 

OYo 
MPR-333 

Package 
Type 

ORDERING INFORMATION 

Temperature Order 
Number 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat-Pak 
Dice 

Range 

Oto+7O"C 
Oto+7O"C 
Oto +70"C 

-55to+125'C 
- 55 to + 125'C 
-55 to + 125'C 

AM25LS22PC 
AM25LS22DC 
AM25LS22XC 
AM25LS22DM 
AM25LS22FM 
AM25LS22XM 



Am25LS22 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
eOM'L T A = oDe to +70De Vee =.5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL T A = -55De to +125De Vee = 5.0V ± 10% (MIN. = 4,50V MAX. = 5.50V)· 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Not. 1 I 

MIL 

Vee = MIN. 
00, IOH = -440/lA 

eOM'L 
VOH Output HIGH Voltage 

VIN = VIH or VIL DYi,lOH = -1.0mA MIL 

DYi, IOH = -2.6mA eOM'L 

Vee = MIN. ,IOL =4.0mA 
VOL Output LOW Voltage 

. VIN = VIH or VIL IOL = S.OmA 

VIH Input HIGH Level' 
Guaranteed input logical HIGH 
voltage for all inputs 

Gua~anteed input logical LOW MIL 
VIL Input LOW Level 

voltage for all inputs eOM'L 

VI Input Clamp Voltage Vee = MIN., liN = -18mA 

SE 

IlL Input LOW Current Vee = MAX., VIN = 0.4V S 

Others 

SE 

IIH Input HIGH Current Vee =·MAX., VIN = 2.7V 
S 

(Except DVil 
Others 

-
VIN=7.0V OE.S/P. RE, ep, eLR 

Vee = MAX., SE 
II Input HIGH Current 

(Except DYil VIN = 5.5V S 

Others 

Off State (High Impedance I Vo = 2.4V 
10Z Output Current (DYil Vee = MAX. 

Vo=O.4V 

Ise 
Output Short Circuit Current 

Vee= MAX. 
(Note 31 

ICC Power Supply Current Vee = MAX. 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

40 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-1.08 

-0.72 

-0.36 

60 

40 

20 

0,1 

0.3 

0.2 

0.1 

40 

-100 

-85 

65 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

rnA 

/lA 

mA 

/lA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX .• use the appropriate value specified under-Electrical Characteristics for the appUcable device type, 
2. Typicallimits,are at Vee=< 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should .be shorted at a time. Duration of the short circuit test should not exceed one second, 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias. 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vce Illax. 

DC Input Voltage (OE, SIP, RE, CP, CLR) -0.5V to +7.0V 
DC Input Voltage (Others) -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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Am25LS22 
SWITCHING CHARACTERISTICS (T A; +25°e, Vee; 5.0V) 

Parameters Description Min. Typ. Max. Units Test Conditions 

tPLH 16.5 24 
Clock to DYi ns 

tpHL 18 26 

tpHL Clear to DYi 23 30 ns 

tPLH 16.5 24 RL = 2.0k.!1, Clock to 00 ns 
tpHL 18 26 CL = 15pF 

tPHL Clear to 00 23 30 ns 

tZH 13 21 

tZL OE to DYi 
18 26 

ns 
tHZ 13 21 RL - 2.0k.!1. 

tLZ 18 26 CL = 5pF 

tZH 18 26 RL = 2.0k.!1, 

tZL I 23 32 CL=15pF 
SER/PAR to DYi 

26 
ns 

tHZ 18 RL - 2.0k.!1, 

tLZ 23 32 CL = 5pF 

ts RE to Clock 20 

ts SE to Clock 10 

ts i S to Clock 15' 
ns 

ts DA and DB to Clock 15 

ts I DYi (Load) to Clock I 15 i 
ts Clear Recovery to Clock I 8,0 I RL = 2.0k.!1, 

ts SIP to Clock 15 CL = 15pF 

I 
ns 

th Any Input 0 

th I Clear Hold I 0 i ns 
, I HIGH 8,0 i 

,tpw i Clock 
I 

ns 
LOW 8,0 

tpw Clear 20 ns 

fmaxlNote 1)1 Maximum Clock Frequency 35 50 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on tr • tf. 
pulse width or duty cycle. 

L 
t 
X 

Mode Clear 
Register Serial/ 
Enable Parallel 

L H X 

Clear 
L L H 
L L L 
L X X 

Parallel Load H L L 

Shift Right 
H L H 
H L H 

Sign Extend H L H 

Hold H H X 

LOW 
Clock LOW·to-H IGH Transition 
Don't Care 

FUNCTION TABLE 

INPUTS 

Sign Mux 
OE' Clock DY7 DYe Extend Select 

X X L X L L 
X X L X L L 
X X L X Z Z 
X X H X Z Z 

X X X t 07 Os 

.H L L t DA Y7n 
H H L i DB Y7n 

L X L t Y7n Y7n 

X X L i NC NC 

HIGH 
No Change 

H 
NC 
Z High·lmpedance Output State 

OUTPUTS 

DYs DY4 DY3 DY2 DYI DYo 

L L L L L L 
L L L L L L 
Z Z Z Z Z Z 
Z Z Z Z Z Z 

05 04 03 02 0, Do 

YSn Y5n Y4n, Y3n Y2n Y,n 
YSn Y5n Y4n Y3n Y2n Y'n 

Ysn Y5n Y4n Y3n Y2n Y,n 

NC NC NC NC NC NC 

00 

L 
L 
L 
L 

Do 

Y,n 

Y'n 

Y,n 

NC 

·When the 0 E input is H IG H. all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not 
affected. 

D7, D6 .•. DO = the level of the steady .. tate input at the respective DY n terminal is loaded into the flip-flop while the flip-flop outputs (except 
00) are isolated from the DY n terminel. 

DA. De "" the lavel of the steadv~state inputs to the serial multiplexer input. 

Y7n, Y6n ... YOn = the level of the respective an flip·flop prior to the last Clock LOW·to-HIGH trensition. 
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Am25LS22 
SWITCHING CHARACTERISTICS Am25LS COM'L Am25LS MIL 
OVER OPERATING RANGE* 

TA= O°C to +70°C TA, = -55°C to +125°C 
vee = 5.0V ±5% Vee = 5.0V ±10% 

Parameters Description Min. Max. Min. Max. Units ·Test Conditions 

tpLH 
Clock to DYj 

35 41 
ns 

tpHL 38 44 

tpHL Clear to DYj 43 50 ns 

tpLH 
Clock to 00 

35 41 CL = 50pF ns 
tpHL 38 44 RL = 2.0k!} 

tpHL Clear to 0 0 43 50 ns 

tZH 32 36 

tZL' 
OE to DYj 

38 44 
ns 

tHZ 28 31 CL = 5.0pF 

tLZ 34 39 RL = 2.0kO 

tZH 38 44 CL = 50pF 

tZL 
SERIPAR to DYj 

46 53 RL .0 2.0k!} 
ns 

tHZ 34 39 CL = 5.0pF 
tLZ 42 48 RL = 2.0kO 

ts RE to Clock 30 35 

ts SE to Clock 17 20 

ts S to Clock 24 27 
ns 

ts DA and DB to Clock 24 27 

ts DYj (Load) to Clock 24 27 

ts Clear Recovery to Clock 15 17 CL = 50pF 
ts SIP to Clock 24 27 RL = 2.0k!} 

ns 
th Any Input 4 5 

th Clear Hold 4 5 ns 

I HIGH 15 17 
tpw Clock ns 

J LOW 15 17 

tpw Clear 30 35 ns 

'maxlNote1) 'Maximum Clock Frequency 26 23 MHz 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 
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Am25LS22 

DEFINITION OF FUNCTIONAL TERMS 

DYi 

00 

SIP 

The multiplexed parallel input/output port to the 
device. Data may be parallel loaded into the 
register or data can be read in parallel from the 
register on these pins. These outputs can be forced 
to the high-impedance state, i = 0 through 7. 

The continuous output from the 00 flip-flop of 
the register. This output is used for serial shifting. 

Register Enable. When RE is LOW, the register 
functions are enabled. When RE is HIGH, the 
register functions (parallel load, shift right and sign 
extend) are inhibited. 

Serial/Parallel. When SIP is LOW, the register can 
be synchronously parallel loaded. Th is input forces 
the register output buffers to the high-impedance 
state independent of the OE input. When SIP is 
HIGH, the register contents are shifted right on 
the clock LOW-to-HIGH transition. 

Sign Extend. When the SE input is LOW, the 
contents of the 07 flip-flop will be repeated in 
the 07 flip-flop as the register is shifted right. 
When SE is HIGH, the two-input multiplexer 
(DA and DB) is enabled to enter data during the 
serial shift right. The 07 flip-flop (DY7) is nor
mally considered the MSB of the register for 
arithmetic definitions. 

DA, Os The serial inputs to the device. 

S Multiplexer Select. When S is LOW, the DA serial 
input is selected. When S is HIGH, the DB serial 
input is selected. 

CLR 

CP 

Clear. The asynchronous clear to the register. 
When the clear is LOW, the outputs of the flip
flops are set LOW independent of all other inputs. 
When ·the clear is HIGH, the register will perform 
the selected function. 

Clock. The clock pulse for the register. Register 
operations occur on the LOW-to-H IGH transition 
of the clock pulse. 

Output Control. When the OE input is HIGH, the 
eight DVi outputs are in the high-impedance state. 
When OE is LOW, data in the eight flip-floRS will 
be present at the register parallel outputs unless 
SIP is LOW. 

INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DYi Only Other Pins 

vcc------------~--------------~---------+--------------~~---4----------~~---

Note: Actual current flow direction shown. 
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Am25LS22 

APPLICATION 

eON~AOL{ . 

INPUTS 

I I l H 

6 6 6 
SE SIP RE SE SIP AE 

l- S l- S 

- DA 0 0 DA 

elA Am25lS22 elR Am25LS22 

ep r-- ep 

-'-0 DE DE r-
DY7 DYe .DVs DV4 OY3 DV2 DY, OYo r< DY7 DYa DYs DY4 OY3 DY2 DV, DYe 

CLEAR 

CLOCK 

DE 

SYSTEM 
OPERATION 

Load lower byte and 
extend lower byte sign 
to upper byte 

Load upper byte and 
extend upper byte sign 
wh ile shifting value to 
lovver byte position 

Read 16-bit word to Bus 

MS. 

SE 

H 

L 

X 

H 

X 

UPPER BYTe 

Am25 LS22 
UPPER' BYTE 

SIP, RE OE 

H L X 

H L H 

L L X 

H L H 

X X L 

V7 Va Y5 V4 V3 Y2 Vl' Yo 

lSB MSB LSB 

LOWER BYTE 

16-BIT DATA BUS 

Am25LS22 
FUNCTION LOWER BYTE 

SE SIP RE OE Description 

X L L X Load from Bus 

7 clock cycles to 
X X H H extend sign 

X X X X Load from Bus 

8 clock cycles to extend 

H H L H 
upper byte sign and shift 
upper byte into lower byte 
position 

X X X L Unload 

Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two's complement 8-bit bytes 
for arithmetic operations in a 16-bit machine_ If the upper byte value is to be used, it is shifted to the lower bit posi
tions and its sign is extended. If the lower byte value is to be used, it is held in place while the sign is extended down

ward from the MSB position of the upper byte. 

Metallization and Pad Layout 

liE 20 Vee 

SIP , I. S 

,. s;; 

DA 3 17 0. 
DY, • 16 OY. 

DY, , 15' DY.i 

D~3 • I. DY, 

DV , , 13 DVD 

DE B 12 00 

elR • 11 ep 

10 GND 

DIE SIZE 0.096" X 0.112" 
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Am25LS23 
8·8it Shift/Storage Register with Synchronous Clear 

DISTINCTIVE CHARACTERISTICS 

• Synchronous clear 
• Three-state outputs 
• Common input/output pins 
• Cascadable shifting 
• Second sourced by T.I. as 54 LS/74LS323 

RELATED PRODUCTS 

Part No. 

Am25LS22 

SR 
SHIFT 

Description 

a-Bit Serial/Parallel Register 

s~~~~I . ..c"'-==j="-t, 
INPUT 

CLEAR 9 
CLA 

FUNCTIONAL DESCRIPTION 

The Am25LS23 is an 8-bit universal shift/storage register with 
3-state outputs. The function is similar to the Am25LS299 
with the exception of a synchronous clear function. Parallel 
load inputs and register outputs are multiplexed to allow the 
use of a 2o-pin package. Separate continuous outputs are also 
provided for flip-flops 00 and 07. 

Four modes of operation are possible - Hold (store), Shift
left, Shift-right arid·.Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pin package. 

LOGIC DIAGRAM 

SL 
SHIFT 
LEFT 
SERIAL 
INPUT 

1'---+--'+-'''-' Q, 

OUTPUT ( Gl-'2'----::l[:r-.>-+--f-I--+--+-l-+--+-yf---jfd-+-+ ___ +-_~__j-__j-.J 
CONTROLS (323' 

DYO 

CONNECTION DIAGRAM 
Top View 

13 
DY, 

Note: Pin 1 is marked for orientation. 

,. 
DY, 

9·65 

Package 
Type 

Molded DIP 
Hermetic DIP 

. Dice 
Hermetic DIP 

4 

DY. 

,. 
DY, 

ORDERING INFORMATION 

Temperature 
Range 

Oto+70"C 
Oto +70"C 
Oto +70'C 

-55to+125'C 
Hermetic Flat-Pak -55to+125'C 

Dice -55to + 125'C 

Order 
Number 

AM25LS23PC 
AM25LS23DC 
AM25LS23XC 
AM25LS23DM 
AM25LS23FM 
AM25LS23XM 



Am25LS23 
ELECTRICAL CHARACTERISTICS The following cOnditions apply unless otherwise specified: 

. COM'L TA = o°c to +70°C VCC"= 5.0V ± 5% IMIN. = 4.75V MAX. = 5:25V) 

MIL· TA=-55"Cto+125°C VCC=5.0V±10% IMIN.=4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) Min 

IOH = --440l'A I MIL 2.5 
VCC= MIN. Go,a7 

VOH Output HIGH Voltage VIN = VIH or 
. ICOM'L 2.7 

VOL 
MIL, IOH = -1.0mA 2.4 

DYO-DY7 
COM'L, IOH = -2.6mA 2.4 

VCC= MIN. IOL -4.0mA 
VOL Output LOW Voltage 

VIN = VIH or VIL IOL =8.0mA 

VIH Input HI G H Level 
Guaranteed input logical HIGH 

2.0 voltage for all inputs 

V'IL Guaranteed input logical LOW MIL 
Input LOW Level 

voltage for all inputs COM'L 

VI Input Clamp Voltage VCC = MIN., liN = -18mA 

IlL Input LOW Current VCC = MAX., VIN = 0.4V 
SO, Sl 

All others 

VCC = MAX., VIN = 2.7V SO, Sl 
IIH Input HIGH Current 

IExcept DYi) All others 

SO, Sl 
VCC= MAX., VIN = 7V 

~1, ~2, CLR, CP II Input HIGH Current. 
IExcept DYi) 

VIN = 5.5V Others 

10Z 
Off·State IHigh Impedance) VCC= MAX. 

Vo = 0.4V 

Output Current Vo = 2.4V 

ISC Output Short Circuit Current 
INote 3) 

VCC = MAX. -15 

ICC Power Supply Current VCC - MAX. INote 4) 

Typ. 
(Note 2) 

0.25 

0.35 

38 

Max 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.8 

-0.4 

40 

20 

0.2 

0.1 

0.1 

-100 

40 

-85 

60 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

rnA 

I'A 

rnA 

I'A 

rnA 

rnA 
. . 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type . 
2. Typical limits are at Vee';" 5.0V, 2SoC ambient and maximum loading. 
3. Not more than one output should be sho~ted at a time. 
4. ICC - measured with clock inp~t HIGH and output controls HIGH. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) U~der Bias 

Supply Voltage to Groul'\d Potential Continuous 

. _55°C to +125°C 

-0,5V to +7,OV 

DC Voltage Applied to Outputs for HIGH OutPllt State -0.5V to +Vcc max, 

DC Input Voltage (SO, Sl, Gl, G2, CLR, CP) -0.5V to +7.0V 
DC Input Voltage (Others)' -----------------------------,0::-.::-5:-V,--t-o-+C':5:-:.5::-:-:V 

---------------------------_ .. _._--
30mA DC Output Current, Into Outputs 

DC I nput Current ----3=-0=-m----:-A-t-o-+5.0mA 

SWITCHING CHARACTERISTICS (TA = +25°C, VCC = 5.0V) 
Parameters Description Min, Typ, Max, Units Test Conditions 

tPLH Clock to QO or Q7 18 26 
ns 

tpHL 23 28 

tpLH 
Clock to DYi 

18 26 

tpHL 21 
ns 

28 

ts Sl, So Set-up Prior to Clock 12 ns CL = 15pF 

ts DYi or SR, SL Set-up Prior to Clock 12 ns RL =2.0kn 

tpw Pulse Width (Clock) 15 ns 

ts Clear to Clock 15 ns 

tZH Sl, SO, Gl, G2 to DYi 18 30 

tZL 20 30 
ns 

tLZ 
Sl, SO, (;1, <32, to DYi 22 33 CL = 5.0pF 

tHZ 16 23 
ns 

RL = 2.0kn 

fmax Maximum Clock Frequency INote 1) 35 50 MHz 

, Note 1. Per Industry conventIon. fmax IS the worst case value of th~ maximum de.vice operating frequency with no constraints on tr.tt. 
pulse width or duty cycle. 

9-66 



Am25LS23 
SWITCHING CHARACTERISTICS 

Am25LS COM'L Am25LS MIL 
OVER OPERATING RANGE* 

TA = O°Cto +70°C TA = -55'Cto +125°C 

Vee = 5.OV ±5% Vee = 5.0V ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH 
Clock to Qo or Q 7 

38 44 
ns 

tpHL 40 47 
----- f--

tpLH 38 44 
Clock to DYj ns 

tpHL 40 47 
--- ._ ... 

S1, So Set-up Prior to Clock ts 20 23 ns CL = 50pF 
--:-------~ r--..:--- -

ts DYj or SR. SL Set-up Prior to Clock 20 23 ns RL = 2.0kO 
------~- f--~--

tow Pulse Width (Clock) 24 27 ns 
---'---------- --- f---

t. Clear to Clock 24 27 ns 
--~--- --

tZH 
S1. So, G1• G2 to DYj 

43 50 
ns 

tZL 43 50 

tLZ 
S1, So. 131, O2 to DYj 

43 50 CL - 5.0pF 
--;:--- ns 

tHZ 30 35 RL = 2.0kO 

fmax Maximum Clock Frequency (Note') 26 23 MHz 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

SR Shift right data input to 07 50,51 Mode selection control lines used to control 

SL Shift left data input to 00 
input (output during load) conditions 

(31.(32 Active LOW input to control three-state output 

Clear Active LOW synchronous input forcing the 00 
in active LOW AND configuration 

through 07 register to see LOW conditions. 00,07 The only two direct outputs; used to cascade 

visable only if outputs are enabled shift operations 

DYO--DY7 Input/Output line dependent on mode and out-
Clock A LOW-to-H IGH transition will result in the put control. Input only with mode select 

register changing state to next state as described LOAD. Output in all other modes but subject 
by mode and input data condition to output select (<31. (32). 

TRUTH TABLE 

I INPUTS OUTPUTS INPUTS/OUTPUTS 
FUNCTION 

SR SL CLEAR CLOCK So S, G1 G2 00 07 OYo OY1 OY2 OY3 OY4 OY5 OY6 OY7 

Clear X X L t (Note 11 L L L L L L L L L L L L 

X X X X X X H L NC NC Z Z Z Z Z Z Z Z 
Output 
Control 

X X X X X X L H NC NC Z Z Z Z Z Z Z Z 

X X X X X X H H NC NC Z Z Z Z Z Z Z Z 

Hold X X H X L L L L NC NC NC NC NC NC NC NC NC NC 

M Load (Note 21 X X H t H H L L A H A B C 0 E F G H 

0 Shift Rjght L X H t H L L L L DY6 L DYO DYl DY2 DY3 DY4 DY5 DYS 

0 Shift Right H X H t H L L L H DY6 H DYO DYl DY2 OY3 DY4 DY5 DYS 

E Shift Left X L H t L H L L DYl L DYl DY2 DY3 DY4 DY5 DYS DY7 L 

Shift Left X H H t L H L L DYl H DYl DY2 DY3' DY4 DY5 DY6 DY7 H 

L ~ LOW Z = High Impedance t = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs. 
H ~ HIGH X "" Don't Care NC "" No Change 2. In this mode DYi are inputs. 
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Am25LS23 

INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DYiOnly Other Pins 
DRIVING OUTPUT DRIVEN INPUT \ 

vee---------------.-----------------.----------~------------------~----~------------~-----

SHIFT 
RIGHT 

DO 

SERIAL 
OUTPUT 

lEFT 

CLEAR 

CLOCK 

OUTPUT 
CONTROL 

MODEl 
CONTROL 

11 

18 

I I I I I 
OYo DY t DY, OY3 DY4 

SR 

:----0 CLEAR 

r-- '0 
Am25LS23 

_ '1 

Q O 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L...--+_~I 

Note:/ Actual current flow direction shown. 

APPLICATION 

INPUT/OUTPUT DATA 

I I I I I 
DYS OYa DY, OYo DYl 

SLr-- SR 

eLK r---- ,----0 CLEAR 

Glp- r--'o 

G, P- c- 51 
0, 00. 

I 
I 

I 
DY, 

I 

I 

[iJ 
I 
I I! ''" 
I 

I I I 
OVa DY 4 OYs OYa 

Am25lS23 

I 
DY, 

'L-

eLK -
Gl o-

G,o-
0, 

I 

16·Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 

LOGIC SYMBOL 

Am25LS23 
8·BIT SHIFT REGISTER 

Vee = Pin 20 

GND = Pin 10 

a, 17 

'0 
Gl 

G, 

DY. 

DY4 

DY, 

DYo 

00 

eLR 

GND 

9·68 

Metallization and Pad Layout 

'0 Vee 
19 '1 

18 'L 

17 a, 

IS DY, 

I' DY, 

14 DY3 

13 DY I 

12 ep 
11 'R 

10 

DIE SIZE: 0.096" X 0.112" 

SHIFT 
LEFt 
INPUT 

SERIAL 
OUTPUT 
RIGHT 



Am25S557 • Am25S558 
Eigllt.8it bV Eigllt.8it Combinatorial Multiplier 

DISTINCTIVE CHARACTERISTICS 

• Multiplies two 8-bit numbers - 16-bit output 
• Combinatorial - no clocks required 
• Full 8 x 8 multiply in 45ns typo 
• Cascades to 16 x 16 in lIOns typo 
• Expandable to multiples of 8 bits 
• MSB and MSB outputs for easy expansion 
• Unsigned, two's complement or mixed operands 
• Implements common rounding algorithms with additional 

logic 
• Three-state outputs 
• Transparent 16-bit latch in Am25S557 
• Industry standard pin-outs 

RELATED PRODUCTS 

Part No. Description 

16 by 16-Bit Multiplier 
4 by 2-Bit Multiplier 

Am29516/7 
Am25S05 
Am25LS14A 
Am25LS2516 

8-Bit Serial/Parallel Multiplier 
8 by 8-Bit Serial/Parallel Multiplier 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-44-1 

II it .:: " " 3: 3 " " " .. .. .. .. ., .. 
Y, .. ... 

'" 
s" 

~ """~I!.J:E 1 :E II 

" x. 
x, So 
x, s, 
x, S, 
X. s, 
x, s, 
X. s, 
x, Ss 

(R)Rs S, 
Vee Ss 

(G)Ru GND 

v, S, 
Y, S" 
v, s" 
v, s" 
v, S" 
v, s" 
v, s" 
v, i,s 
v. 0. 

Pin asSignments shown are for Am25S558. G and R shown in paren
theses are pin assignments for Am25S557. 

BU-036 
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FUNCTIONAL DESCRIPTION 

The Am25S557 and Am25S558 are high-speed, combina
torial, 8 x 8-bit mu~ipliers. Both use an array of full adders to 
form and add partial products in a single unclocked operation, 
resulting in a 16-bit parallel output product. 

Mode control inputs XM and YM allow the multiplier to accept 
either unsfgned or two's complement numbers from either re
spective input to provide an unsigned or signed output. The 
mode control lines are held LOW for unsigned input words 
and HIGH for two's complement. 

The Am25S557 and Am25S558 are easily expandable to 
longer work lengths. Both SIS and SIS are available to allow 
expansion in either signed or unsigned modes without exter
nal inverters. In the 16-bit by 16-bit configuration (32-bit 
output) the typical multiply time is 11 Ons. 

Both configurations offer three-state output flexibility and the 
Am25S557 adds a 16-bit transparent latch between the mUl
tiplier array and the three-state output buffers (including SIS)' 

Rounding provisions for 8-bit truncated output configurations 
are particularly optimized for maximum flexibility. The 
Am25S557 internally develops proper rounding for either 
signed or unsigned nurribers by combining rounding input R 
with XM, YM, XM and YM as follows: 

Ru = XM • YM • R = Unsigned Rounding input to 27 adder. 

Rs = (XM + YM) R = Signed Rounding input to 26 adder. 

Since the Am25S558 'does not require the use of pin 9 for the 
latch enable input, (G), Rs and Ru are brought out separately: 

Y, 

I 
I 
I 

> I 
I 
I 
I 

Y, 

LOGIC DIAGRAM 

808FT X INPUT 

Xo ------ X7 

'. 
Y. 

Rs(R) 

LATCH 
ENABLE 

r-- --, ) 
G' ----f TA~~~~::NT J---- Am25S557 ONLY L ____ oJ 

OE 
OUTPUT 
ENABLE 

16-81T PRODUCT 

'Pin 11 Is G for Am255557 and Ru for Am25S558. 
BLI-oa7 

II 



Am25S557 • Am25S558 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'l SA = O'C to +70'C Vee = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 
Mil Te = -55'Cto +125'C Vee =5.0V.±10% (MIN. = 4.50V . MAX. = S.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH VoHage 
Vee = MIN. VIL = O.BV 

IIOH = -2.0mA 
VIN = VIH or VIL V IH = 2.0V 

Vee = MIN: 
VIL = O.BV 

VOL Output lOW VoHage 
VIN = VIH or VIL 

VIH = 2.0V 
10L = B.OmA 

VIH Input HIGH level 
Guaranteed input logical HIGH 
voHage for all inputs 

Guaranteed input logical lOW I Mil 
VIL Input lOW Level 

voltage for all inputs I COM'L 

VI Input Clamp Voltage Vee = MIN., liN = -1BmA 

IlL Input lOW Current Vee = MAX., VIN = O.SV 

IIH Input HIGH Current Vee = MAX., VIN = 2.4V 

II Input.HIGH Current Vee = MAX., VIN = 5.5V 

Off-State (High-Impedance) Vo = 0.5V 
10 Output Current Vee = MAX. 

Vo = 2.4V 

Isc 
Output Short Circuit Current 

Vee = MAX. (Note 3) 

lee Power Supply Current (Note 4) Vee = MAX. 

Typ. 
Min. (Note 2) Max. Units . 

2.4 3.0 VoHs 

0.3 0.5 VoHs 

2.0 Volts 

0.8 
VoHs 

O.B 

-1.5 Volts 

-1.0 rnA 

100 f.'A 

1 rnA 

-100 

+100 
f.'A 

-20 -90 rnA 

280 rnA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
3. Not more than one oUfput should be shorted at a time. Duration of the short circuit iestshould not exceed one second. 
4. Test with pin 21 at4.5V, all other input pins at GND, all outputs open Am25S557 conditions the same except initialize with G (pin 11) at 4.5V, then GND. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Am25S557 Am25S COM'L Am25S MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE" TA = 0 to 70'C TA = -55 to +125°C 

Vee = 5V ±5% Vee = 5V ±10% 

Parameters Description Min Typ Max Min Typ Max 

tpo Xi, Yi 10 So to S7 45 60 55 70 

Ipo Xi, Yi 10 Sa 10 S15 or ~5 50 80 80 90 

Is Xi, Yi to G Set-up Time 65 75 

Ih XI, Yi 10 G Hold Time -5 -5 

tpo GtoSj 30 45 30 50 

Ipw Lalch Enable Pulse Width 25 15 30 15 

IpHZ OE 10 So to S15 15 30 15 40 

tpHZ OE to S15 25 40 25 50 

IpLZ OElo Si 15 30 15 40 

tpZH OElo SI 20 35 20 40 

tpZL OE to Sj 20 35 20 40 

'AC performance over the operaling temperature range is guaranteed by testing defined in Group A, subgroup 9. 

9-70 

- 65°C to + 150°C 

-0.5V to +7.0V 

-0.5V to +Vce max. 

-0.5V to +5.5V 

30mA 

-30mA to +5.0mA 

Units Test Conditions 

ns 

ns 

ns 

ns 

ns 
CL = 30pF 

ns RL = 560n 

ns 
(See test figures) 

ns 

ns 

ns 

ns . 



Am25S557· Am25S558 
Am258557 • Am25S558 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE" 

Am25S COM'L Am25S MIL 

TA = 0 to 700C TA = -55 to +125'C 
Vee = 5V ±5% Vee = 5V ±10% 

Parameters Description Min Typ Max Min Typ Max Units Test Conditions 

tpo X;, Y; to So to S7 35 55 35 65 ns 

tpo X;, Y; to S8 to S15 or S15 55 75 55 85 ns 

!PHZ OE to So to S15 15 30 15 40 ns 
CL = 30pF 

tpHZ OE to S15 25 40 25 50 ns RL = 560n 

tpLZ OE to S; 15 30 15 40 ns (See test figures) 

tpZH OE to S; 20 35 20 40 ns 

tpZL OE to S; 20 35 20 40 ns 

'AC performance over the operating temperature range is guaranteed by testing defined in Group A, subgroup 9. 

DATA 
INPUT 

SET-UP AND HOLD TIMES 

•. a::v 

~t'--I th--1 ov 

f'- 3V 

T~~~~~ _______ _ _______ 1.5V 

______________ J _________ OV 

eLl·057 

PULSE WIDTH 

LOWH'ti ~ 15V ~~ . 

~tpw_1 

H'GHL~ F'5V ~~ . 

eLl·058 

~----------------------------------------4 

Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don't care condition. 

Am25S557 • Am25S558 
INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

BU-038 

9-71 

Test 

All tpos 

tpHZ 

tpLZ 

tpZH 

tpZL 

LOAD TEST CIRCUIT 

TEST 
POINT 

Vx 

IN916 OR IN3064 

560n 

11200 

eLl-059 

CL Includes probe and jig capacitance. 

TEST WAVEFORMS 

Vx Output Waveform - Measurement Level 

VOH 

~1.5V 5.0V 
VOL 

VOH ...I... 

O.OV 
\.o.sv 

o.ov 

o.sv...l...f 
2.BV 

5.0V 
VOL I 

~VOH 
O.OV 1.5V 

O.DV 

2.8V~ 
5.0V 1.5V 

VOL 

I 



Am25S557' Am25S558 

[)EFINITION OF TERMS 

XO-X7 Multiplicand 8-bit data inputs 

YO-Y7 Multiplier 8-bit data inputs 

XM , YM Mode control inputs for each data word; LOW for 
unsigned data and HIGH for two's complement data 

SO-S15- Product 16-bit output 

815 Inverted MSB for expansion 

Rs, Ru Rounding inputs for signed and unsigned data, re
spectively (Am25S558 only) 

G Transparent Lateh Enable. (Am25S557 only) 

OE Three-state enable for SOcS15 outputs 

R Rounding input for signed or unsigned data (com
bined internally with XM, YM in Am25S557 only) 

MODE CONTROL INPUTS 

Mode 

Operating Input Data Control Inputs 

Mode' XO-X7 VO-V7 X M VM 

UNSIGNED UNSIGNED UNSIGNED L L 

UNSIGNED 2'sCOMP L H 
MIXED 

2's COMP UNSIGNED H L 

SIGNED 2's COMP 2'sCOMP H H 

X M 

L 

L 

H 

H 

X 

Inputs 

Ru 

L 

L 

H 

H 

ROUNDING INPUTS 

Am25S557 

Inputs Adds 

VM R 27 26 

L H YES NO 

H H NO YES 

L H NO YES 

H H NO YES 

X L NO NO 

Am25S558 

Adds Normally Used With 

Rs 27 26 XM I YM 

L NO NO X I x 
H NO YES XM + YM = H 

L YES ,NO L I L 

H YES YES * I * 
* Most rounding applications require a HIGH level for Ru or Rs, but 

not both. 

• 
Metallization and Pad Layouts 

Am25S557 

Xo 1 ---- ---.----, 

X, 2 
X2 3---------, 

X, 4 ------., 

X4 5 

Vee 10 

V4 16 
Vs 11 ______ .-.J 

YM 20 -----------~ 

,-------------40 XM 
r---------~--- 39 So 

,~-------- 38 8j 

,--------- 37 S, 

34 85 

33 86 

32 ., 

31 " 

30 GND 

29 89 

28 SlC 

26 8'2 

'---~-- 25 813 

'-------- 24 814 

'---------- 23 815 

'-----------u ~5 '-----_._----,. ~ 

DIE SIZE 0.171" X 0.165" 
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Am25S558 

Xo 1 ------------, r-----.. ---------.. --·----- 40 XM 

X, 2 ---------, r-;::::::===-==_~==:= 39 So X2 3 -----, I 38 51 
X, 4 --.----, r----·--------·--- 37 82 

r-----,±-OH'"'"'l,·d..""=-J,-.'''-±-.~.,,± ._. ____ -+ __ 36 " 

X, 5 

x, • 
Xs ·7 

X, • 

"5 9 

Vee 10 

Ru 11 

Yo 12 

\', 13 

V2 14 

Va 15 

"4 16 
Ys 17--~-' 

"a 18-----' 
"7 19 ______ .-.J 

VM 20------~ 

32 S, 

31 Se 

30 GNO 

29 89 

28 8'0 

L ___ . ______ 25 813 
L ____________ 24 8

14 
L _______ . ______ .. 23 8'5 

'----------.. -------22~5 
~-----------.. ·---21 ~ 

DIE SIZE 0.171" X 0.165" 



APPLICATION 

V INPUT X INPUT 

Xs -----x" ROUND 

II~ 

I II I 
L... ___ ;: C;~ Am25L$2517 Co G;" Am25L$2517 Co C",Am25LS2517 Co Cj" Am25LS:l517 Co C",Arn25LS2517 ell 

I 

Figure 2. High-Speed 16 x 16 2's Complement Multiplication. 
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Am25S557· Am25S558 

I 
C", Am25L$2517 Co 

Y, 

YM~VCC 

II 



Am25S557' Am25$558 

ADDRalS 
BUS 

1/0 MAPPED INTERFACE 
WITH MOS MICROPROCESSOR 

ACK _______ ---' 

Package 
Type 

Hermetic DIP 

Leadless 

ORDERING INFORMATION 

Temperature 
Range 

Oto+70"C 

-55 to + 125"C 

Oto+7O"C 

-55to + 125"C 
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Am255557 
Order 

Number 

AM25S557DC 

AM25S557DM 

AM25S557LC 

AM25S557LM 

Am255558 
Order 

Number 

AM25S558DC 

AM25S558DM 

AM25S558LC 

AM25S5&8LM 

BLI-060 



Am25S557 • Am25S558 
Multipliers in Expanded Arrays 

Bv Bernie New and David Anderson 

GENERAL DESCRIPTION 

The Am25S557 and Am25S558 are high-speed, combinatorial, 
8 x 8-bit multipliers. Both use an array of gated full adders to form 
and add simultaneously the partial products necessary to gener
ate a parallel product. 

Both devices have two Mode Control inputs Xm and Y m. These 
controls allow multiplying any of the four combinations of un
signed or two's complement numbers. 

The availability of 815 (inverted MSB) and the capability of 
operating with either signed or unsigned inputs means the 
Am25S557 and Am25S558 can be easily expanded to larger 
array sizes which can similarly multiply signed or unsigned 
numbers. 

In addition to the three-state output flexibility of both devices the 
Am25S557 adds a transparent latch between the multiplier array 
and the output buffers. 

Both multipliers incorporate rounding provisions; both use a 
standard 40-pin package; and both are available in commercial or 
military version. 

INTRODUCTION 

There are various methods of implementing large number multi
plication by using the Am25S557 and Am25S558 multipliers. In 
high-speed applications a parallel array of multipliers will gener
ate an output product in the shortest time. However, this 
approach also requires a large parts count. A partial parallel 
expansion sacrifices some speed for a reduced parts count, while 
a single multiplier performing repetitive multiplications requires 
the smaller number of parts but is slow when multiplying large 
numbers. 

The Am25S557 includes a transparent product output latch use
ful in pipelined applications (Figure 1). In such an application, the 
result of a current multiply may be held for use by other parts of 
the system while the next multiply is already in progress. 

This application note explains how to implement both parallel and 
partial parallel expansion to form large multiplier arrays using the 
Am25S557 or Am25S558 as the basic building block. A brief 
discussion on multiplier arithmetic is first presented to clarify 
operation of the part. For a complete functional description see 
the Am25S557/558 data sheet. 

. ARITHMETIC 

Mode control inputs Xm and Y m (Figure 1) allow the multiplier to 
accept either unsigned or two's complement numbers at either X 
or Y input. These controls are necessary to tell the part how to 
interpret the input data since the multiplier can't tell from the 
number alone. If either input is in two's complement form, the 
result will necessarily be two's complement. Only if both 
operands are unsigned will the product be unsigned. 

For example, the binary number 11111111 may be interpreted as 
255 or -1 depending on the number convention used - unsigned 
or two's complement. Similarly, 11111110 is 254 or -2. The mode 
controls tell the multiplier which cine is appropriate. 

9-75 

If these inputs are used, the following four interpretations are 
possible: 

255 x 254 = +64770,1111110100000010 (unsigned) 
(-1) x 254 = -254, 1111111100000010 (2's complement) 
255 x (-2) = -510, 1111111000000010 (2's complement) 
(-1) x (-2) = +2, 0000000000000010 (2's complement) 

All four of these different answers are correct. 

Two round controls (Rs and Ru) are provided on the Am25S558. 
Rs indicates signed number rounding and Ru indicates unsigned 
number rounding. In signed number rounding a bit is added with 
the same weight as S6. This allows S14-7 to be used as the 
rounded 8-bit output (Figure 2). In unsigned multiplication, Ru 
adds a bit with the weight of S7.S15_8 may then be used as the 
8-bit unsigned output (Figure 3). The Am25S557 internally de
velops the appropriate rounding control Rs or Ru by combining 
rounding input R with Xm and Ym as follows: 

Ru = XmoYmoR 
Rs = (Xm + Ym) 0 R 

This frees a pin for use as the latch enable (G). 

8-81T X INPUT 

Xo ------ X7 

• xo 
MULTIPl.IER 

ARRAY 

MODE 
CONTROL 

ROUND 
DECODE 

RsIR) 

R, 

LATCH 
ENABLE 

,. ) 
r-- --, 

G' ~ TR~~~~~~NT I--- Am25S557 ONLY L ____ .I 

Of 
OUTPUT 
ENABLE 

16·81T PRODUCT 

'Pin 11 is G for Am25S557 and Ru for Am25S558. 

Figure 1. Logic Diagram 

I 
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R.ADDSI BIT 
SIGN LSB INTO THIS POSITION 

! ! ! 
1,511,113112111 1,0 I 9 I 8 I 7 ! 8 I 5 1 • I 3 I 2 1, I 0 ! 

DISCARD' :~~Ng:. . DISCARD. 

Note: In all cases except (-1)' (-1), bit 15 = 14. 

Therefore, bit 15 may be discarded. 

Figure 2. Rounding 16-Blt Signed Number 
for 6-Blt Signed Output Data 

PARALLEL EXPANSION 

The Am25S558 is specifically designed for ease of expansion. To 
multiply 8n bits by 8m bits requires n • m multiplications. These 
may either be performed successively in a single multiplier or 
n • m multipliers may be used in parallel. A combination of the two 
approaches, partial parallel expansion, is also possible. A 24 x 
24-bit unsigned product using parallel multipliers can be fabri
cated as follows: 

1. Split each of the 24-bit inputs into 8-bit groups. X would split 
into XA, XB, XC where 

XAo-7 = X16-23 
XBo-7 = X8-15 
XCO_7 = XO-7 

The relationship between X and the groups is 

X = 216 XA + 28 XB + XC 

2. Treating Y in the same way 
Y = 216 YA + 28 YB + YC 

3. The required multiplication is 
XY = (216 XA + 28 XB + XC). (216 YA + 28 YB + YC) 

= 232 XA • YA + 224 XA • YB + 216 XA • YC 
+ 224 XB· YA + 216 XB. YB + 28 XB ·YC 
+ 216 XC, YA + 28 XC. YB + XC, YC 

This requires nine multiplies. 

4. Shift the partial products to weight them with the appropriate 
power of 2 and sum them. 

Slower, low-cost systems can be implemented with a single mUl
tiplier but the fastest approach uses nine multipliers in a parallel 
array (Figure 4). 

Asigned 24 by 24-bit multiplier is configured basically the same 
way, but consideration must be given to which of the 8-bit groups 
are signed or unsigned. In the 24-bit word, the sign is weighted 
negatively and the other bits are weighted positively. In lhe 8-bit 
groups only XA and YA have negatively weighted most significant 
bits (MSBs); the other groups are all positive (unsigned). It 
follows, therefore, the XA and YA are signed two's complement 
numbers and XB, XC, YB and YC are positive unsigned numbers. 

When generating the partial products, the mode controls must be 
connected appropriately. If either or both of the groups multiplied 
to form a partial product are a Signed number, then the partial 
product is also a signed number and must be sign extended in any 
addition.' 
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Ru ADOS 1 BIT 
MSB LSB INTO THIS POSmoN 

! . ! ! 
1,51,.1,31,2111 1,0 I • I 8 I 7 I· 8·1 5 I • I 3 I 2 1, I 0 1 

ROUNDED 
8-BIT DATA 

DISCARD 

Figure 3; Rounding 16-Bit UnSigned Number 
for 8-Blt Unsigned Output bata 

Partial Parallel Expansion 

Another way to perform multiplications of numbers with more than 
8 bits is to use partial parallel expansion. Here the multiplier array 
is expanded for only one operand. The following example con
structs a 32 x 32-bit multiplier using a four-step sequence of 8 x 32· 
multiplies. An 8 by 32-bit multiply is performed using four 
Am25S558s (Figure 5). 

X is split into XA, XB, XC, XD where 

XA = X24-31 
XB = X16-23 
XC = X8-15 
XO = Xo-7 

The relationship between them is 

X = 224XA + 216XB + 28XC + XD 

Y is treated the same way 

Y = 224YA + 216YB + 28yC + YO 

In this example the multiplier array can only accept 8 bits on the Y 
inputs. Therefore, the partial Y operands are applied to the multi- , 
plier array sequentially. The multiplication performed at each step 
is as follows: 

Sequence 

Stl YO' (224XA + 216XB + 28XC + XO) 
St2 28YC. (224XA + 216XB + 28XC + XO) 
St3 216YB. (224XA + 216XB + 28XC + XO) 
St4 224YA' (224XA.+ 216XB + 28XC + XO) 

The partial products from each step are next shifted to weight 
them with the appropriate power of 2. They are thEm summed to 
form the final 64-bit product (Figure 6). 

Multiplexing 

For extremely fast 8 x 8 multiplication, two or more Am25S558s , 
may be multiplexed as shown in Figure 7. Input latches hold both 
the X and Y input data for each multiplier until a combinatorial 
product output is generated. The product from each multiplier is 
multiplexed onto the output bus, using the three-state enable 
control, OE, on the multiplier. 
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24·811 X INPUT 

XA XB xc 

• • • 
I I I 

IS) IU) IU) 

c ------ IU) ------• IU) IU) 

IS) IU) IU) 

B 
IU) ------ ------• IU) IU) 

IS) IU) IU) 

y~ ------ ----- IS) 
IS) IS) 

16 16 16 16 16 16 16 16 16 

XA. VA XA· VB XA' YC XB· VA XB,VB XB. vc xc· VA XC, YB XC· YC 

PARTIAL PRODUCT ADDITION IIU) xc· YC I 

L IU) XB' YC J 
1 1U) xc· VB J 

IS) XA' YC 

IU) XB,VB 

IS) XC, YA 

liS) XA,VB 
I 

liS) XB· VA I 
liS) XA'VA I I I 

BITS BITS BITS BITS BITS BITS 
47·40 39·32 31-24 23-16 15-8 '-0 

f48 
5 = SIGNED 
U -::: UNSIGNED 

48-811 TWO'S COMPLEMENT OUTPUT 

Figure 4. Two's Complement 24·Bit by 24·Bit Multiplier Array 

32·811 X INPUT 

XA XB xc xc 

{. {. f· J. 
Am25S558 Am25S558 Am255558 Am25S558 • 

I I I I 
40-811 PARTIAL PRODUCT 

The Y 8-bit partial operands YA, YB, Ye, YD are loaded and multiplied by the entire 32-bit operand X in four steps to obtain a full 
64-bit product. 

Figure 5. 32 x 32·Bit Multiplier Array Partial Parallel Expansion 
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51 

52 

53 

54 

BITS: 64 56 48 40 32 24 16 

5 = SIGNED 
U := UNSIGNED 

Figure 6. 32 x 32-Bit Serial/Parallel Expansion 

'-___________ ..... _--"6::,<-_~_ PRODUCT OUT 

Note: G ~ latch enable input 

Figure 7. High-Speed Multiplexed a x a-Bit Multiplication 
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REAL MEMORY IMAGINAay MEMORY 

Am25$558 

16 

Figure 8. Block Diagram of a High-Performance Signal Processing System 

Application 

In many signal processing algorithms such as fast Fourier trans
forms (FFTs), finite impulse response (FIR) and infinite impulse 
response (IIR) digital filters, there is a need to perform fast repeti
tive multiplication. For off-line or low bandwidth applications, 
these computations could be performed in a ileneral-purpose 
computer or even microcomputer. However, in any high
performance system, a dedicated, or at least an optimized pro
cessor must be constructed. Only microprogrammed, bipolar 
bit-slice devices provide the speed and flexibility necessary for 
such a processor. 
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Figure 8 is a block diagram of a typical high-performance system. 
The diagram shows how two pairs of Am2903s can be used in 
conjunction with a single Am25S558 Multiplier. The real or imagi
nary data may be entered into the multiplier, multiplied by a real or 
imaginary constant from the PROM and returned to the real or 
imaginary ALU as appropriate. The link between the DB ports 
also allows for a simple transfer of data which represents a 
multiplication by v=T. 



Am25LS2513 
Three·StatePrioritvEncoder 

DISTINCTIVE CHARACTER ISTICS 

, Encodes eight lines to three-line binary 
• Expandable 
• Cascadable 
• Three State inverted output version of Am54LS/74LS/ 

25LS148 
• Gated three-state ·output 
• Advanced Low-Power Schottky processing 

RELATED PRODUCTS 

Part No_ 

Am2913 
Am2914 

Description 

Priority Interrupt Expander 
Vectored Priority Interrupt Controller 

FUNCTIONAL DESCRIPTION 

The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to 'provide a binary
weighted code of the priority order of the 3 tri-state active 
HIGH outputs AD. Al. A2. Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (EI) combined 
witb the enable output (EO) permits cascading without addi
tional circuitry. Enable input (Ei) HIGH will force all outputs 
LOW subject to the tri-state control. The enable output is 
LOW when all inputs To through T7 are HIGH and the enable 
input is LOW. 

LOGIC DIAGRAM 

r. 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
. L-20-1 

I"" .! Id' 0 ,; 

Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 

18 15 16 17 1 2 3 4 

19 

12 

13 

11 

14 



Am25LS2513 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L T A"" o°c to +70°C Vee: 5.0V ±5% MIN. = 4.75V MAX. = 5.25V 

MAX. = 5.50V MIL TA = -5SoC to +125°C Vee = 5.0V ±10% MIN. = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Not. 1) 

I MIL,IOH=-1.0mA 
A' 

Vee = MIN. I I eOM'L, 10H = -2.SmA 
VOH Output HIGH Voltage 

VIN = VIH or VIL _ IMIL 
EO. 10H = -4401'A [ eOM'L 

Vee=MIN. 
10L =4.0mA 

VOL Output LOW Voltage 
VIN = VIH or VIL 10L =8.0mA 

IQL = 12mA(An Outputs) 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL Lnput LOW Level voltage for all inputs [eOM'L 

VI Input Clamp Voltage Vee = MIN .• liN = -18mA 

Vee = MAX. EI,Gl,G2.G3,G4.G5. 10 
IlL Input LOW Current 

VIN = 0.4V All others 

Vee = MAX. EI,Gl,G2,G3,G4.G5.TO 
IIH Input HIGH Current 

VIN = 2.7V All others 

Vee = MAX. EI,G1.G2,G3.G4,G5. 10 
II Input HIGH Current 

VIN ~ 7.0V All others 

Off·State (High·lmpedance) Vee=MAX. 
Vo = O.4V 

10 
Output Current Vo - 2.4V 

Ise 
Output Short Circuit Current Vee =MAX. 
(Note 3) 

ICC 
Power Supply Current Vee = MAX. 
(Note 4) 

Min. 

2,4 

2.4 

2.5 

2.7 

2.0 

-15 

Typ. 
(Not. 2) 

3,4 

3.2 

3.4 

3.4 

15 

Am25L,S13 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 
mA 

-0.8 

20 

40 
I'A 

0.1 
mA 

0.2 

-20 

20 
I'A 

-85 'mA 

24 mA 

Notes: 1. For conditions shown as MI N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee"" 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs and outputs open. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous -O.SV to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.SV to +Vee max. 
DC Input Voltage -O.SV to +7.0V 

DC Output Current, I nto Outputs 30mA 

DC I npu~ Current -30mA to +S.OmA 
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Am25LS13 
SWITCHING CHARACTERISTICS 
ITA = +25°e, Vee = 5.0V) 
P.rameters Description 

tPLH Ii to An On.phase) 
tpHL 

IpLH Ii to An (Out·phase) 
IpHL 

IpLH 
TjtoE"O 

IpHL 

IpLH Ei to EO 
tpHL 

IPLH Ei to An 
tpHL 

IZH 
G1 or G2 to An 

IZl 

IZH 
G3, G4. G5 to An 

IZL 

1HZ 
G10rG2toAn 

ILZ 

1HZ 
G3. G4. G5 to An 

IlZ 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

IplH Ii to An (I n.phase) 
tpHL 

,IPlH T; to An (Out·phase) 
tpHL 

IpLH ij to EO 
IpHL 

tPLH Ei to EO 
IpHl 

IPLH Ei to An 
IPHL 

IZH 
G1 or G2 to An 

tZL 

IZH 
G3. G4. G5 to An 

IZL 

1HZ 
G10rG2toAn 

IlZ 

1HZ 
G3. (34. (35 to An 

IlZ 

Min. Typ. Max. Units 

17 25 
ns 

17 25 

11 17 

12 18 
ns 

7.0 11 

24 36 
ns 

11 17 

23 34 
ns 

12 18 

14 21 
ns 

23 40 
20 37 

ns 

20 30 

18 27 
ns 

17 27 
ns 

19 28 

16 24 
ns 

18 27 

Am25LS eOM'L Am25LSMIL 

TA '" oOe to +7fle TA = -5soe to i"12Soe 
Vee·= 5.0V ±S% Vee = 5.0V ±10% 

Min. Max. Min. Max. 

31 37 

30 34 

22 27 

22 25 

15 18 

48 60 

19 21 

'46 57 

22 25 

27 32 

42 49 

43 49 
36· 43 

35 43 

34 40 
34 40 

30 35 

31 35 

"'AC performance over the operating temperature range is guaranteed by testing defined iii Group A, Subgroup 9. 

NOle: i = 0 to 7 
n = 0 to 2 
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Test Conditions 

CL = 15pF 
RL = 2.0k:ll 

CL = 5.0pF 
Rl = 2.0k!1 

Units Test Conditions 

ns 

ns 

ns 

ns CL = 50pF 
RL = 2.0k!1 

ns 

ns 

ns 

ns 
CL = 5.0pF 
Rl = 2.0k!1 

ns 



DEFINITIONS OF FUNCTIONAL TERMS Metallization and Pad Layout 

AO, A1, A2 
EI 

G1, G2 
G3,G4,G5 
TO-7 

E' 
H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Three-state, active high encoder outputs 
Enable input provided to allow cascaded oper
ation 
Enable output provided to enable the next lower 
order priority chip 
Active high three-state output controls 
Active low three-state output controls 
Active low encoder it)puts 

TRUTH TABLE 

Inputs Outputs 

'. I, 12 '3 " " '. '7 Ao A, A2 EO 

X X X X X X X X L L L H 

H H H H H H H H L L L L 

X X X X X X X L H H H H 

X X X X X X L H L H H H 

X X X X X L H H H L H H 

X X X X L ·H H H L L H H 

X X X L H H H H H H L H 

X X L H H H H H L H L H 

X L H H H H H H H L L H 

L H H H H H H H L L L H· 

H = HI GH Voltage Level 
L = LOW Voltage' Level 
X = Don't Care 

For Gl = H, G2 = H, G3 = L, G4 = L, G5 = L 

Gl G2 G3 G' Gs Ao A, A2 

H H L L L Enabled 

L X X X X Z Z Z 

X L X X X Z Z Z 

x X H X X Z Z Z 

x X X H X· Z Z Z 
x x x X H Z Z Z 

16 

Z = HIGH Impedance DI E SIZE 0.082 X 0.085 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

EO DRIVING OUTPUT Ai DRIVING OUTPUT DRIVEN INPUT 

VCC------------------~----_7------------------~------~------------._----

Note: Actual current flow direction shown. 
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2. Vee ,. EO 

'8 I. 

17 13 

'6 '2 

15 I, 

14 Gs 

'3 G2 

'2 G, 

11 G3 ,. GND 



Am25LS13 

APPLICATION 

IAI..... IV' .. 

lA2---" tV2 

..... 

lA3_.... lY3 ... 

lA4 t-.... lY4 

..... 

~f:~:-----;~~I~;:~:!:3E:~1 
~" "0 Vee v~ VECTO' 

:: Am2SLS2513 bJ- r--;::::: ~~ OUTPUT 

12 G, r- Vo 

" G2 

.------< " G
3 F1 G, rei EO Os -=-

Vl--------i-t-+- REOUEST 

Am25LS240A 

2AI... 2VI .. 

2A2.... 2Y2 .. 

2A~ 2Y3 ... 
~~~:; :~ 
PS---c '5 AO 

:~~ :~ Am25LS2S13 I yVcc 

:~~:~ g;~ 
Pa--< '0 ~! rei EO °5 

Y~------------------------------------t-'A_~c>o-'_Y';---------~ 
10 v:- 2G 

64 Input Priority Encoder Connected for Parallel Enable 
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ORDERING INFORMATION 

Am25LS2513 
Package Temperature Order 

Type Range Number 

Molded DIP Oto+7O"C AM25LS2513PC 
Hermetic DIP OIO+7O"C AM25LS2513DC 

Chip-Pal< 010 +70"C AM25LS2513LC 
Dice 010 +7O"C AM25LS2513XC 

Hermetic DIP - 55 10 + 125'C AM25LS2513DM 
Hermetic Flat-Pak -5510 + 125'C AM25LS2513FM 

Chip-Pak -5510 +125'C AM25LS2513LM 
Dice -55 to + 125'C AM25LS2513XM 

PRIORITY ENCODED RST INTERRUPT 
INSTRUCTION FOR THE Am9080A 

DBO 

DB, 

DB2 

Am9080A DATA H- Am8228 
DB3 

DB. 

OBS 

DB. 

DB, 

+5.0V -----~p_, r I I T 
G, G2 EI G4 GS 

To AD 

I, A, 

T2 A2 

ACTIVE 
LOW 

INTERRUPTS 

-----;113 
Am25LS251J 

-----;T. 
-----;T. 
------iT. 
-----;T, 

EO GJ 

TO 9080A INT --~t~ '.-.. _K--~I 
+5.0V --...... -'."' .• "'K----t-I--'-.....J 

INTA FROM 8228 ___ --'=_.....J 

9-85 
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+S.OV 

DATA 
BUS 
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Am25LS2516 
Eight.Bit bV Eight. Bit Serial/Parallel Multiplier with Accumulator 

DISTINCTIVE CHARACTERISTICS 

• Two's complement, two-bit lookahead carry-save arithmetic 
• Microprogrammable - four-bit instruction code for load, 

multiply .. and read operations 
• Cascadable, two devices perform full 16-bit multiplication 

without additional hardware 
• Eight-bit byte parallel, bidirectional, bussed I/O 
'. On-chip registers and 'double length accumulator 

• Overflow indicator 
• Three-state shared bus input/output lines 
• High-speed architecture provides clock rates of 20il7tHz (Typ) 

RELATED PRODUCTS 

Part No. Description" 

Am25S05 
Am25LS14A 
Am25S557/8 
Am29516/7 

LOGIC SYMBOL 

36 BU50 '0 33 

37 BUS2 '2 31 

BUS3 

38 B:US4 BE 28 

BUSS MS8 15 

39 BUS6 LS8 " 
40 BUS7 Y, 17 

X, Yo 16 

10 Vee X_, 22 
Am25LS2516 

12 GNO GNO 30 ,. eLK ovn 34 

'9 SUM IN ODD SUM OUT ODD 21 

" SUM IN EVEN $UMQUT EVEN 20 

Ace UH IN 000 Ace UH OUT ODD 

Ace UH IN EVEN Ace UH OUT EVEN 3S 

Ace LH IN 000 Ace ADD OUT 000 

Ace LH IN EVEN Ace ADD OUT EVEN " 
13 YR IN eVEN YROUT ODD 

14 VR IN ODD YRQUT EVEN 29 

CONNECTION DIAGRAM 

suss 
BUS 3 

,BUS1 

Ace UH OUT 000 

ACe UH IN 000 

Ace UH IN EVEN 

ACe LH IN 000 

Ace LH IN EVEN 

VR OUT ODD 

Vee 
Xi 

ONO 

VR IN eVEN 

VR IN ODD 

MS. 

Yo 
Y, 

SUM IN EVEN 

SUM OUT EVEN 

8US6 

BUS4 

BUS 2 

BUS 0 

Ace UH OUT EVEN 

OVFL 

'0 

'2 
ONO 
VR OUT EVEN 

"" '3 
!~CC ADD OUT ODD 

Ace ADD OUT EVEN 

LBB x_, 
SUM OUT ODD 

Page 

MPR·336 

MPR-337 

FUNCTIONAL DESCRIPTION 

The Am25LS2516 is an eight-bit by eight-bit multiplier and 
accumulator employing serial/parallel. two's complement, 
carry-save arithmetic to deliver a 16-bit product in eight clock 
cycles. The tilevice is fully cascadable for use in high-speed, 
real-time, digital signal processing applications. 

The device includes an eight-bit X Register prior to the X latch 
providing X hold for chain or overlapping calculations. The X 
and Y registers are loaded by clocking prior to the beginning 
of a multiply cycle, the data supplied by the bidirectional bus 
or the accumulator register. The double length, 16-bit output 
is multiplexed onto the eight-bit bus; either the upper or lower 
halves of the result can be read at anyone time. ' 

The accumulator and the Y register are both organized as dual
rank shift registers, allowing them to shift two bits at a time. 
The serial inputs and outputs of the Y register, the low and' 
high order halves of the accumulator and the two-bit serial' 
accumulator adder output, both serially and in parallel. are all 
available at external pins to provide cascadability. 

LOGIC DIAGRAM 

ACC UH I 
INPUT 

110 BUS 

I 4 .... _0_~~_~T_D_E ...... tI: ) CONTROL 

CP<>1>----

) ACC ADD 
OUTPUT 

LSB 

I Ace lH 
INPU'; 

MPR·336 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = O'C to +70'C Vee = 5.0V ±5% MIN. = 4.75V MAX. = 5.25V 
MIL TA = -55'C to +125'C Vee = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
(Bus Inputs/Outputs) 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Vottage Vee = MIN. 
10H = -1.0mA 

VIN = VIH or VIL 

VOL Output LOW Vonage Vee = MIN. 
10L = 4.0mA 

VIN = VIH or VIL 

VIH Inpl!t HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL Input LOW Level 

vonage for all inputs I COM'L 

VI Input Clamp Vonage Vee = MIN., liN = -18mA 

IlL Input LOW Current Vee = MAX., VIN = O.4V 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = 5.5V 

Ise 
Output Short Circuit Current 

Vee = MAX. (Note 3) 

Off-State (HIGH Impedance) I Vo = 2.4V 
loz Output Current Vee = MAX. 

I Vo = OAV 

Non-Bus Inputs/Outputs 

Vee = MIN. I MIL 
VOH Output HIGH Voltage 

VIN = VIH or VIL 
IOH = -440p.A I COM'L 

Vee = MIN. YR OUT, IOL = 15mA 
VOL Output LOW Voltage 

VIN = VIH or VIL Others IOL = 4.0mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
vonage for all inputs 

Yo, Y, 

VIL Input LOW Level 
Guaranteed input logical 

Others, MIL LOW voltage for all inputs 
Others, COM'L 

VI Input Clamp Voltage Vee = MIN., liN = -18mA 

IlL Input LOW Current Vee = MAX., VIN = 0.4V 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = 5.5V 

Ise 
Output Short Circuit Current 

Vee = MAX. (Note 3) 

lee 
Power Supply Current 

Vee = MAX. (Note 4) 

Min. 

2.4 

2.0 

-30 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

See Table 1 

See Table 1 

See Table 1 

285 

Max. 

0.4 

0.7 

0.8 

-1.5 

-0.8 

60 

0.2 

-100 

60 

-800 

0.5 

0.4 

0.8 

0.7 

0.8 

-1.5 

-85 

390 

Am25LS2516 

Units 

Volts 

Volts 

Volts . 

vons 

Volts 

mA 

p.A. 

mA 

mA 

p.A 

Volts 

Volts 

Volts 

Volts 

vons 

mA 

p.A 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25'C ambient and maximum loading. 
3 .. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Pins 28 and 31 HIGH, all other inputs at·GND. Test after one full clock cycle of LOW-HIGH-LOW. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -6S'C to +IS0°C 

Temperature (Case) Under Bias -: SsoC to + 125°C 

Supply Voltage to Ground Potential Continuous -O.SV to +6.3V 

DC Voltage Applied to Outputs for High Output State -O.SV to + Vee max. 

DC Input Voltage (Pins 5, 6, 7, 8, 18, 19,26) -O.SV to +S.SV 

DC.lnput Voltage (Other pins) -O.SV to + 7.0V . 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +S.OmA 
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Am25LS2516 

TABLE I. 

, Terminals IlL 1m 

yiN -.3mA 20ILA 

10.11.13,OE -.45mA 20!LA 

Bus 0-7 -.6mA 90ILA 

CP -.SmA BOlLA 

12. X-1 -.9mA 40ILA 

SUM IN -l.4mA BO!,A 

LSB -1.6mA BOlLA 

ACC IN all -2mA SOILA 

MSB -3mA 150ILA 

Vo. V1 -7.5mA 200ILA 

SWITCHING CHARACTERISTICS 
(TA= +25°C. Vee = 5.0V) 

Parameters Description 

tpLH 
V R Register OUT 

tpHL 

tpLH 
SUM OUT 

IpHL 

tpLH 

tpHl 
ACC ADDER OUT 

tPl.H 
ACC UH OUT 

tpHL 

tplH 

tpHl 
ACC Bus 

IplH 
OVFL· 

tpHl 

tplH 
X7 

·tPHL 

tZH 

IZl 
OE to Bus 

tHZ 

ILZ 

Is X Register (Bus) 

ts V Regisler (Bus) 

Is X-1 

Is SUM IN 

ts V Regisler (Serial) 

Is ACC LH or UH IN 

Is Multiplier V 0 and V 1 

ts InstrUction 

th SUM IN. X-1, Multiplier Vo and V1 

th 10-3 Hold Time 

th Hold Time on All Other Inpuls' 

Imax (Note 1) Maximum Clock Frequency 

II 

.1mA 

.1mA 

.3mA 

.4mA 

.1mA 

.SmA 

.4mA 

lmA 

1.5mA 

2mA 

Min. 

--

20 

15 

35 

37 

20 

8 

33 

25 

0 

10 

5 

17 

ORDERING INFORMATION 

Package Temperatura Order 
Type Range Number 

Hermetic DIP 
O'Cto +70'C AM25LS2S16DC 

-5S'C to +125'C AM25LS2516DM (Note 1) 

Note 1. Military temperature range product in development. 

Typ. Max. Units Test Conditions 

12 18 
ns 

15 23 
--

13 20 
ns 

15 23 

27 41 
ns 

27 41 
--

11 17 
ns 

13 20 Cl = 15pF --
23 34 RL = 2.0kU 

ns 
17 26 
--f---

12 1B 
ns 

15 23 

13 20 
ns 

17 26 

12 18 
ns 

9 14 1-'--._-
24 36 Cl = 5.0pF 

ns 
Rl = 2.0kll 12 18 

-
ns 

ns 

ns 

ns 

ns 

ns 
Cl = 15pF 
Rl = 2.0kU 

ns 

ns 

ns 

ns 

ns 

MHz 

Note 1. Per industry convention, 'max is the worst case value 01 the maximum device operating frequency wilh no constraints on I r• tf, pulse width or 
duty cycle. 
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CD 
0, 
CD 

FUNCTION 

CP 

'3 

'2 

" 
'0 

BUS 

X7 

Y OUT EVEN 

Y QUTODD 

SUM O.UT EVEN 

SUM QUTODO 

ACC ADD OUT EVEN 

ACC ADD OUT ODD 

Ace UH dUT EVEN 

Ace UH OUT ODD 

OVFL 

I 
I 

CP 

LOAD X 

lOADY 

STROBE X 

TCl 

SHIFT ~ec 

CLEARACC 

MUX 

DEN 

OVFLEN 

CSAV Ace 

A14 

A'5 

A6 

A5 

Ao 

A, 

TIMING DIAGRAMS 

HOLD SHIFT I SHIFT HOLD 

NOP I lOX 1 ~~: I MPY I MPY ! MPY I· MPY I MPY ! LOX! MPY I LOV 1 MPY I MPY I MPY j MPY I MPY I MPY ! MPY I MPY ! NOP I RUH 1 RlH ! Nap I 
I 0 I' i 2 I 3 I 4 I 5 I 6 I 7 I B i 9 I '0 [11 I '2 I '3 [ 14 i 15 ! 16 117 I '8 ! ,. 120 I 2' I 22 I 

L-.J L_J 

------------------------------------------------------------~ ____ __1r__ 

~ ~ 
~L__ __ __ 

I z I x, I Y, ! z I z I z I z I z I X2 I z I Y2 I z ! z I z I z I z I z I z ! z I z I AU I Al 1 z 1 

1 x07·1 X07 1 X07 1 X17 1 X17 1 X17 1 x17·1 X17 1 X17 X17 1 X17 I X27 I X27 i X27 I X27 I X27 I X27 I X27 1 X27 1 X27 I X27 1 X27 1 X27 I 
I Y07 I Y07 ! Y07 ! YlO I Y'2 ! Y'4 I Y'6 I Y17 I Y'7 Y17 I Y17 I Y20 ! Y22 I Y24 i Y26 I Y27 i Y27 I Y27 I Y27 I Y27 I Y27 I Y27 r Y27 I 
i Y07 i Y07 I Y07 I Yll I Y13 I Y,5 ! Y17 I Y17 1 Y17 Y17 I Y'7 1 Y2' i Y23 I Y2S I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 1 Y27 1 Y27 I 

~%;~:rf;?wg$#,.&'~ PlO I P12 I P'4 I P'6 I P'8 P;,o I Pm I P114 I P20 I P22 i P24 I P26 I P28 I P210 I P212 ! P2'4 1:1~4@'~ 
[;;;/;::~;;;2W~) Pll i P13 I P15 i P17 I P,. Pll1! P113 ! P115 ! P2' I P23 I P25 I P27 i P2. I P211 I P213 I P215 !:8'ff~#~-0J 

v~,$W,$:@'£',;:%'~ AlO i A'2 I A14 I A'6 I A18 All0 I A112 I A114 ! A20 I A22 I A24 I A26 i A28 I A210 I A212 I A2'4 ~~~ 
1~&~~~&;;,%;;:1 All I A'3 I A'5 I A17 i A19 A111 I A1131 All5 i A21 I A23 I A25 I A27 I A2. I A211 i A213 I A2'5 ~~~ 

AoB I A08 I AOB I AOB i 0 i 0 I 0 I 0 I AlO A12 I A14 I A16 I AlB I All0 I A112 I A114 I A20 I A22 I A24 I A26 ! A2B jA2B I A28 I 
Ao. I Ao. I Aoo I AOO i 0 I 0 I 0 I 0 I All A'3 1 A'5 ! A17 1 Al. I A111 I A113 I A115 I A21 1 A23 I A25 1 A27 1 A2. 1 A2. I A2. I 

FO 1 FO [ FO i FO I 0 I 0 I 0 I 0 I 0 I 0 I 0 ! Fl I Fl I Fl I Fl I F, I Fl i Fl I F, I F2 I F2 ! F2 I 

===~r-o~ r-I~=========================== U U-
--~------.L_J ~r-----------------------------------~--

L--J ______ -r------------------------------------,~ 

~~$;:;::r~@a , 
I Aol. I A014 I Ao14 I A01. I 0 

I AO'5 I AO'5 I A015 I AO'5 I 0 

IAo6IA061A06I A061° 

I Ao7 I A07 I A07 I Ao7 1 0 

lAoO IAoo I ADO IAoo io 

I AO' I AO' I A01 I AOl I 0 

KEY: 

~ Data invalid 

L--,---, ,----, 
! C'2 I C'41 C'6 i C'B I Cll0 I C1121 C114 I 1 I C22 I C24 I C26 I C28 I C210 I C212 I C214 ~~~ 
I A'0 I A12 I A'4 I A16 I A,B I All0 I A112 I A114 I A20 I A22 I A24 I A26 I A28 I A210 I A212 I A214 I A214 I A214 I 
I All ! A'3 I A15 i A17 I A,. I A111 I A1131 A115 I A2' I A23 I A25 I A27 I A2. I A211 I A2'3 I A215 I A215 I A215 I 
I 0 I 0 I 0 I 0 I AlO I A'2 I A14 I A'6 I A'8 i All0 I A112 I A114 I A20 I A22 I A24 I A26 I A26 I A26 I 

I 0 I 0 I 0 I 0 I All I A'3 I A'5 I A17 I A'9 I A111 I A113 I A115 I A21 I A23 I A25 I A17 I A27 I A27 I 
10 I 0 I 0 I 0 I 0 I 0 I 0 I AlO I A12 I A14 ! A'6 ! A'8 I A110 I Am I A114 I A20 I A20 I A20 I 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I A11 I A'3 I A'5 I A17 1 A'9 I All1 I A113 I A115 I A21 I A21 1 A21 I 

Note.: Variables shown are general. 
For this example: 

p,=x,y, A,=P, F,=O 

P2 = X2Y2 A2 = P, + P2 

~ 
3 
~ 
r 

~ 
L-____________________________________________________________________________________________________________________________________ ~.I~ .. 



Am25LS2516 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE· 

Parameters Description 

IpLH 
VR Regisler OUT 

IpHL 

IpLH 

IpHL 
SUM OUT 

IpLH 
ACC ADDER OUT 

IpHL 

IpLH 
ACCUHOUT 

IpttL 

IpLH 

IpHL 
ACCBus 

IpLH 

IpHL 
OVFL 

IpLH 
X7 

IpHL 

IZH J 

IZL 

1HZ 
OEto Bus 

ILZ 

Is X Register (Bus) 

Is V Register (Bus) 

. Is X-1 

Is SUM IN 

Is V Regisler (Serial) 

Is ACC LH or UH IN 

Is Mulliplier Vo and V 1 

Is Instruction 

IH SUM IN, X_l' Muttiplier and Vl 

IH 1()-3 Hold Time 

IH All Other Inputs 

'max (Note 1) Maximum Clock Frequency 

Am25LS COM'L Ani25LS MIL 

T A = O"C to + 70"C TA = -5SOC to + 1250C 
Vee = 5.0V ±5% Vee = 5.0V ±10% 

Min. Max. Min. Mall. Units 

24 26 

33 37 
ns 

27 27 

34 34 
,ns 

50 52 

57 60 
ns 

23 23 

30 30 
ns 

42 45 

36 39 
ns 

26 26 

33 33 
ns 

30 33 
ns 

39 42 

30 33 ns 

21 23 ns 

45 55 ns 

21 30 ns 

20 22 ns 

15 17 ns 

45 51 ns 

52 62 ns 

20 20 ns 

10 14 ns 

44 51 ns 

27 30 ns 

0 0 ns 

10 10 ns 

5 5 ns 

15.5 10 MHz 

*AC performance over the operallng temperature range is guaranteed by lesting defined in Group A, Subgroup 9. 

The following table provides a guide to the improvement in performance which may be 
obtained by control of the Vee power supply. 

Vee = 5.0V Vee = 5.0V ±5% Vee = 5.0V ±10% 

TA = 25°C 17MHz 16MHz 15MHz 

TA = O"Cto +70°C 16MHz 15.5MHz -

Te = -55°C 10 +125°C 12MHz - 10MHz, 
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TastConciltlons 

•. 

CL = 50pF 
RL = 2.0kO 

CL = 50pF 
RL = 2.0kO 

CL = 5.0pF 
RL = 2.0kO 

CL = 50pF 
RL = 2.0kO 



Am25LS2516 

8 
LSB 8US • fNSTR UCTION 

8 
'0 r- r- '0 I-BUS 0 BUSO Msa BUS 

...... BUSt " r- r- BUS 1 " I-...... BUS 2 " r- ~ BUS2 ',I-
>- BUSJ '3 r- r- BUS3 '3 r-
>- BUS4 ~ r- r- BUS4 ~r---

>- BUSS MSB r- BUSS IVIsa ~ 

>- Buse LSB r- r- BUS6 LSB r---
- BUS7 V, r-f-- '-- BUS7 V, r--

X, X_, X, Vo r-
Vee 

MSP 
Vo r-r- - Vee 

LSP 
><-, Vee 

r-- GNO GNO GNO GNO 
OVERF LOW - eLK OVFL eLK OVFL 

1-- SUM IN 000 SUM our ODD SUM IN ODD SUM our ODD 

1-- SUM IN EVEN SUM OUT EVEN SUM IN EVEN SUM OUT EVEN 

Ace UH IN 000 Ace UH OUT ODD Ace UH IN 000 Ace UH OUT 000 

Ace UH IN EVEN Ace UH OUT EVEN Ace UH IN EVEN ACe UH OUT EVEN 

Ace LH IN ODD Ace ADD OUT 000 Ace LH IN 000 Ace ADD OUT ODD 

Ace UH IN EVEN Ace ADD OUT EVEN Ace UH IN EVEN Ace ADD OUT EVEN 

VOUTODD V IN 000 V OU10DO r-
v OUT EVEN Y IN EVEN V OUT EVEN r---

CLOCK 

Figure 5b. Two Devices Cascaded in 16-Bit by 16-Bit Multiplier Application with 32-Bit Accumulated Product. 

a) WIRE X LOAD BITS 0--"12 NORMAL 
WIRE 13, 14, 15 TO BIT 12 (SIGN EXTEND) 

bl WIRE Y LOAD SAME AS X 
LOOPING OF MULTIPLY 
USING eXTERNAL CONTROL 

FINAL RESULTS LEFT HAND OR 
MOST SIGNIFICANT JUSTifiED 

i.e. FOR 12 x 12. 223 APPEARS 
AT THE MOST SIGNIFICANT 
BIT POSITION OF MOST SIGNIFICANT 
BYTE. 

PROGRAM MICRO STEPS AS IN FIGURE 3 

ALLOWING 12 "0" CODES AND 1 "C" CODE. 

Figure 6. 16 Bit Two's Complement Multiply without Accumulate Modified 
to 12 x 12 (Using Two Am25LS2516 Devices Interconnected). 
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Am25LS2516 

PROGRAM MICRO STEPS 

# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

IDLE 

INST IN HEX 

E 
4 
D 
D 
D 
F 
D 
D 
D 
7 
D 
D 
D 
D 
D 
D 
D 
D 
C 
C IDLE 
C 

I 

LOOPING OF MUL TIPL V 
USES EXTERNAL CONTROL 

Figure 4. 8-BIt Two's CQmplement Multiply with Accumulate, Intermediate Load and Chain Calculations. 

,~ r.
----~IL-. _~6\-!-=' I 

I 
--~ 

--- ....... FLOW PATH DURING MULTIPLV 

Figure 5a. Interconnection of Two Am25LS2516 (8 x 8 Multiplier) Devices to Execute a 16 x 16 Multiply. 
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Am25LS2516 

FUNCTION TABLE 

CLR· LOAD LOAD XFER CLR SHFT 
Mnemonic 13 12 II 10 Function M X Y' X A* A MUX OE Rem.'~s 

YLHC 

YUHC 

YLHA 

YUHA 

LYCA 

LYCA 

LYHA 

LYSA 

RLHA 

RUHA 

XLHA 

XUHA 

HLDA 

MULT 

LXHA 

LXSA 

*Active LOW 

o 0 0 0 LHA-+Y, XFER X, CLR A 
CLR M, READ OVFL 

o 0 0 I UHA-+ Y, XFER X, CLR A 
CLR M, READ OVFL 

00 1 0 LHA-+Y,XFERX 
CLR M, READ OVFL 

o 0 1 UHA-+ Y, XFER X 
1 CLR M, READ OVFL 

o 1 0 0 LOAD Y, XFER X, 
CLR A, CLR M 

o 1 0 1 

o 1 1 0 

o 1 1 1 

1 0 0 0 

CLRA 
LOAD Y, XFER X, CLR M 

LOAD Y, XFER X, 
HOLD A, CLR M 

LOAD Y, XFER X, SHIFT A 
CLR M, MULTIPLY 

READ LHA 
READOVFL 

1 0 0 1 READ UHA 
READOVFL 

1010 LHA-+X 
READ OVFL 

UHA-+X 
1 0 1 1 READOVFL 

1 1 0 0 ~e~~E~'AFTER MULT 

1 1 0 1 MULTIPLY 
SHIFT A 

1110 LOAD X, 
HOLDA 

1 1 1 1 LOAD X. SHIFT A 
MULTIPLY 

o o 

o o 

o 

o 

o o 

o o 

o 

o 

o o o o 

o o o o 

o o o 

o o o 

o o o o 

o o o o 

o o o 

o o o 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

Other Outputs 

DRIVING OUTPUT I DRIVEN INPUT 

o o 

o 

o o 

o 

o o o 

o 

o o o 

o 

o o 

o I 1 

o o 1 

o 1 1 

o o o 

1 0 

o o 0 

I 0 

Bus Outputs 

DRIVING OUTPUT 

Same Func. 
asOl0l 
Same Func. 
asOl00 

OVFLEN in 
Next State 

Must P,e'd 
Any Output 

Vee --------..--7-I -----t-- Vee----------------1---------~----

v [ J v 
[ 

I 
I J~ 

Note: Actual current flow direction shown 
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Am25LS2516 

DEFINITION OF FUNCTIONAL TERMS 

Bus G-Bus 7 

X7 

Accum Upper 
Half out, even 

Accum Upper 
Half out, odd 

- Bi-directiomil a-bit data bus. 

- Intercpnnection link 10 more significant 
byte if cascading (output). 

- Interconnecting link between devices to 
least significant byte if cascading (input) 
link X7 to X1 to cascade - must be ground 
if not used. 

- Accumulator output upper byte, even bit. 

- Accumulator output upper byte, odd bit. 

, Accum Upper - Accumulator input, upper byte, even bit. 
Half input even 

Accum Upper - Accumulator input, upper byte, odd bit. 
Half input odd 

Accum Lower - Accumulator input, lower byte, even bit. 
Half input even 

Accum Lower - Accumulator input, lower byte, odd bit. 
Half Input Odd 

YR out even - "Y" register output, even (link to "YO"). 

YR out odd - "Y" register output, odd (link to "YI "). 

YR in even - "Y" register input, even (link for cascading) 
ground when not used. 

YR in odd - "Y" register input, odd (link for cascading) 
ground when not used. 

Y1 - Multiplier odd input (link to Y register odd). 

Yo - Multiplier even input (link to Y register even). 

Sum in even - Multiplier input even for cascading. link to 
more significant byte, for standalone, 
ground. 

Sum in odd - Multiplier input odd for cascading link to 
more significant byte, for standalone, 
ground. 

Sum out even - Multiplier output even (link to sum in even . 
for cascading) can be used directly. 

Sum out odd - Multiplier output odd (link to sum output 
odd for cascading) cali be .used directly. 

Acc Add out, - Adder output even, for LSB (Hi) output 
even equal sum of Accum and multiplier, for 

LSB (low) output equal sum of accumula
tor and zero. 

Acc Add out, - Same as above except odd bit instead of 
odd even. 

LSB 

OVFL 

MSB 

CP 
OE 

9-94 

- Control for summing adder - See Accumu
lator Add outputs for definition. 

- 4-bit instruction field - provide cycle for 
cycle control of device function. 

- Stored overflow indicator used only on 
least significant byte. Requires proper exe
cution of instruction to operate. 

- Control for "Y" reg. and multiplier to indi
cate Most Significant Byte - Activates sign 
extension and negative waiting for 2's com
pliment - Low for lesser significant bytes 
and High for Most Significant Byte only. 

- Clock Pulse. 

- 3 state enable for Bus O-Bus 7 outputs. 



The Am25LS2516 LSI 
Mu Iti pi ier/ Accumu lator 

. BvRovlevv 

The Am25LS2516 is an a-bit Multiplier/Accumulator designed for 
medium performance, minimum power, real time signal proces
sing applications such as digital filtering, Fast Fourier Trans
forms, and statistical correlation. Using two's complement carry
save arithmetic, this 40-pin LSI device delivers a 16-bit product in 
eight clock cycles. This will permit two devices to be cascaded to 
achieve a 16-bit by 16-bit multiplication in 940ns when used over 
the full military operating range. 

A functional block diagram of the Am25LS2516 is shown in Figure 
1. The key elements are an a-bit x input register followed by an 
a-bit x latch, an a-bit v register, four 2-bit multipliers, a 2-bit 
adder, two a-bit accumulators (high order and low order), a byte 
selecting multiplexer and instruction decode logic. These com
ponents, equivalent to approximately 625 gate elements, are 
integrated onto a single chip fabricated using Advanced Micro 
Devices' high-performance, Low-Power Schottky technology. 
The on-chip accumulator is provided to minimize component 
count and power dissipation in a high density system. It also 
allows completion of a multiply and accumulate operation in the 
same time normally required for a multiply only. Other LSI multi
pliers currently available require the accumulator function to be 
provided externally. 

J/OBUS 

Figure 1. a-Bit by a-Bit Multiplier Block Diagram with 
External Connections Required to Accumulate 
A 16-Bit Product. 
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MULTIPLIER OPERATION 

The Am25LS2516 is configured around an eight-line common 
input/output bidirectional bus. X and V input and accumulator 
output data are routed via these bus lines. A two-rank register/ 
latch combination is used for the X input to allow chaining of 
successive multiplies without losing a clock pulse; i.e., multiply 
and load vs. multiply. The latch holds the "X" data for the multi
plier, allowing rhe X register to be loaded during any remaining 
multiply cycles. The "V" Register can be parallel loaded, by 
command, from the a-bit, on-chip bus from either the incoming a 
bits, or the Accumulator High or Accumulator Low Register (sepa
rate commands). The "V" Register provides the 2-bit-at-a-time 
shift and the sign extend which allows the four 2-bit cells to 
operate in a serial by parallel mode. The multiplier produces a 
2-bit product for each clock, LS8's first. Its output is accepted by 
the 2-bit adder as well as presented to external pins for expan
sion. A control gating array is provided to test for overflow during . 
the last add cycle of the operation; i.e., cycle a for a-bit multiply 
and cycle 16 for 16-bit multiply. The timing and control of this 
specific cycle is accomplished by the microcode chosen. The 
"HLDA" and "L VSA". instructions are provided for this purpose. 
The first cycle of a HOLD A following a multiply will cause the 
results of the overflow test to be stored. Two a-bit accumulators 
are provided which must be externally connected in either an 
a-bit, 16-bit, or greater configuration. 

These accumulators as well as the V Register, are both organized 
as dual-rank shift registers, which allow them to shift two bits at a 
time. The serial inputs and outputs of the V Register and the low II 
and high order halves of the accumulator are all brought out to 
external pins for cascading the device. • 

The accumulator output is available both serially and in parallel. 
The accumulator results are available one bit later than the multi-
ply cycle and the accumulator stops shifting during read cycles. If 
the device is used to compute X • V products without accumula-
tion, a minimum of two overhead cycles must accompany each 
multiply - one for reading the upper (lower) half of the ac
cumulator and one for clearing of the accumulator during the 
loading of the X or V Registers. An output multiplexer selects the 
high or low order accu"1ulator contents for presentation to the bus 
in parallel a bits at a time. 

The heart of this device is an a-bit multiplier (Figure 2) made up of 
four 2-bit cells. Each cell has three inputs (2 bits wide), two dual 
carry-save full adders, with four flip-flops for temporary storage 
(two for carry-save and two for partial product). The multiplier is 
actually subdivided into two separate adders with appropriate 
carry-save. The first adder forms a partial sum representing 0, 1 X, 
2X, or 3X by using combinations of X and 2X. The control of this 
combination of Vo and V" respectively, to form VoXn +V,Xn + 1. 
This sum (nX) is the input for the seoond adder. The second adder 
combines the first adder (nX) sum witp the stored partial product 
shifted two places plus cany to form a new partial product. 

POMSB + nXo + C = POLSB 
P'MSB + nX, + C = P'LSB 



Am25LS2516 

The two partial product bitS of the least significant cell are made 
available to the SUMmer and the SUM out terminals. The LS6 
input controls the SUM out providing a pass through or add 
dependent on polarity. 

PROGRAMMING THE MULTIPLIER 

The Am25LS2516 is an externally programmed device controlled 
by four instruction lines. This programmability provides a key to its 
flexibility. Sixteen microinstructions (see Table 1) are provided, 
which can' be grouped into three major functions: Data Move, 
Read, and Multiply. 

Instruction 0-3: The first instructions ("0", "1", "2", "3") load 
the "Y" Register from the Accumulator (high or low) and load 
the "X" Register wh.ile either clearing or not clearing, respec
tively, the Accumulator. 

The next four instructions ("4", "5", "6", "7") load the "Y" Reg
ister from external "bus" and Holds on the accumulators and 
multiplier. 

Instruction "7" is unique and is used to execute a chain multiply. It 
provides the last multiply operation while loading ihe "Y" Regis
ter, transferring the "X", and clearing the multiplier. 

Instrucitons "8" and "9" provide the read-out (upper and lower 
halves) of the Accumulator. 

Instructions "A" and "6" internally transfer the respective halites 
olthe Accumulator to the "X" Register - another method of chain 
calculating. 

Instruction "c" is used as an idling instruction after multiplication 
in order to hold the product in the accumulator until a read instruc
tion can be performed. NOTE: The operations of the instruction 
are in some cases stored by clocking the instructions into an 
insiruction register, accounting for a clocked delay in operations. 
Specifically, the shifting of the Accumulator is an internally stored 
command and as such is started and stopped one clock cycle 
late, allowing the Accumulator to complete its data shifting during 
the first HOLD A cycle following a multiply and starting it one clock 
cycle after the' multiplying cycle is started. 

""'2 

FROM X L.ATCH 

xn+1 

Instruction "0" is a single iteration of the. multiply and must be 
used for eachbit in the multiplier minus one. The last bit of the 
multiplier will be handled by a HOLD A ("C·i) or a load Y and 
multiply (7). 

Instruction "E" provides a load "X" Register and Hold. 

Instruction "F" provides an intermediate instruction which can be 
executed during a multiply. It allows the "X" Register to load 
without disturbing the "X" Latch. while continuing the iteration of 
the multiply. 

Instructions "c" and "7" also provide' sampling and storage of the 
overflow condition. 

INSTRUcnON 
13~1,IO 

TABLE I 

MNEMONIC IN HEX FUNcnON 

YLHC 0 
LHA--+Y, XFEA x, ClR A 
CLR M. REAo OVFL 

YUHC , UHA .... y. XFER X, ClA A 
ClR M, READ OVFL ---

YLHA 2 LHA-+Y. XFER X 
CLR M, READ OVFL --
UHA-+Y, XFER X 

VUHA 3 CLR M. READ OVFl. 

LVCA • LOAD V, XFER X, CLA A 
CLR M 

lVCA 5 CLR A 

~~:~ ~: ~::: ~: ~~ 
LYHA 6 

~~~~ Y, XFER x. sHiFfA 
lVSA 7 CLR M. MUl nPl Y 

READLHA RLHA 8 READ OVFL c-----r------ READ UHA RUHA 9 READ OVFL 

XLHA A LHA.-.X 
READOVFL --
UHA-+Y XUHA B 
REAOOVFl 

HLDA C HOLDA 

MULTIPLY 
MULT 0 

SHIFT A 

LXHA E LOAD X, HOLD A 

LOAD X, SHIFT A LXSA F 
MULTIPLY 

*Continue multiplying instructions. 

x, 

REMARKS 

SBmefuncti~ 
,,' 
Same function 

j-'" --

r-enables overflow 
store in next state --

j-------

Enable overfloW"-
store --

---_. ----

--

Msa{Po >-__ --1 _____ +-_--:-__ -' PO}NEXT L.se P, '----, _________________ P, 

Figure 2. Am25LS2516 Multiplier Cell. 
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APPLICATION OF THE MULTIPLIER 

The flow diagram for an a-bit two's complement multiply is shown 
in Figure 3. together with the required program micro-steps. 
Figure 4 extends this to include accumulate. intermediate load of 
X and chain calculations. Figures 5a and b show the external 
connection of two Am25LS2516 devices to execute a 16-bit by 
16-bit multiplication. A 32-bit product is completed in 16 clock 
cycles. This same technique may be extended in a similar fashion 
to longer word lengths. The flowchart of Figure 6 demonstrates a 
16-bit two's complement multiply without accumulate. modified to 
a 12-bit by 12-bit function. 

Am25LS2516 

The Am25LS2516 Multiplier/Accumulator is the most complex 
LSI product manufactured to date with Low-Power Schottky 
technology. It will be extremely useful in high-density applications 
where minimum package count is a primary consideration. The 
device itself performs an 8 x a or 16 x 16 multiplication in approxi
mately twice the time of parallel multipliers currently available. but 
using only one quarter the power in the multiplier portion of the 
function. In a fully configured system using both techniques. the . 
Am25LS2516 performance begins to approach that of the parallel 
multiplier plus supporting devices. 

LOOPING OF MULTIPLY 
USING EXTERNAL CONTROL 

II 
PROGRAM MICRO STEPS 

# INST IN HEX 

1 E 
2 4 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 

10 0 
11 C 

IDLE 

Figure 3. 8-Bit Two's Complement Multiply without Accumulate or Chain. 
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Am25LS381 • Am54LS/74LS381 
Am25LS2517 

Arithmetic Logic Unit/Function Generatpl! 
Low-Power Schottkv 'ntegrated Circuits 

DISTINCTIVE CHARACTERiSTICS 

• Three arithmetic functions 

• Three logic functions 

• Preset and clear functions 

• Carry output (Cn+4) and overflow (OVR) outputs on 
Am25LS2517 

• Generate and propagate outputs for fuUlookahead carry 
on Am25LS381 

• 8mA sink current over the military temperature range on 
Am25LS 

• 50mV improved VOL on Am25LS compared to 
Am54LS/74LS 

• 440!-,A source current at HIGH output 

RELATED PRODUCTS 

Part No. 

Arn2901 
Arn2903 
Am29203 
Am29501 

Description 

Bit Slice 
Bit Slice 
Super Slice 
Multiport Pipeline Processor 

LOGIC DIAGRAM 

FUNCTIONAL DESCRIPTION 

The Am25LS381 and Am54LS/74LS381 are arithmetic logic 
units (ALU)/function generators that perform three arithmetic 
operations and three logic operations on two 4-bit words_ The 
device can also output forced 0000 (clear) or 1111 (preset). 
These eight operations are selected using three function select 
inputs SO, Sl and S2 as shown in the function table. Full 
carry look ahead 'is used over the four-bit field within the 
device. When devices are cascaded, multi-level full carry look
ahead is implemented using a '182 carry look ahead generator 
and the G and P outputs on the Am25LS381 or Am54LS/ 
74LS381. The device is packaged in a space-saving (O.3-inch 
row spacing) 20-pin package. If the Cn+4 carry output func
tion is required, the Am25LS2517 should be used. 

The Am25LS381 is a high-performance version of the 
Am54LS/74LS381. Improvements include faster a. c. specifi
cations, higher noise margin and twice the fan.out over the, 
military temperature range. 

The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic op,erations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
operations are selected using three function select inputs SO, 
Sl and S2 as shown in the function table. Full carry look
ahead is used over the four-bit field within the device. When' 
devices are cascaded, the carry output (Cn+4) is connected to 
the carry input (Cn) of the next device. The Am25LS2517 
c~n also detect two's complement overflow. The overflow 
output (OVR) is defined logically as Cn+3 Ell Cn+4' 

CONNECTION DIAGRAMS 
Top Views 

Am25LS2517 Am25LS381 
Am54LS/74LS381 

Leadless Chip Carrier 
A, 19 L-20-1 

.. " 
s, " 
" " ., c, 

'. en .. ' 

Note: Pin 1 is marked for orientation, 
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Am25LS381·Am25LS2517 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L T A"" OoC to +70°C Vee = 5.0V '5% MIN. = 4.75V MAX. = 5.25 V 
MIL TA "" -55.o Cto+12SoC Vee"" 5.0V ±10% MIN. == 4.50V MAX. == 5,50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions INot. 1) 

Vee = MIN., IOH = -440J.lA I MIL 
VOH Output HIGH Voltage 

VIN = VIH or VIL I eOM'L 

Vee = MIN. 
IOL =4.0mA 

VOL Output LOW Voltage VIN = VIH or VIL IOL =8.0mA 

G,IOL = 16mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL Input LOW Level voltage for all inputs I eOM'L 

VI J nput Clamp Voltage Vce = MIN.,IIN = -18mA 

Any S 

Any A or 8 
IlL I nput LOW Current Vee = MAX., VIN = 0.4 V 

'LS381, Cn 

'LS2517, en 

AnyS 

Any A or B 
IIH Input HIGH Current Vec = MAX., VIN = 2.7V 

'LS381, en 

'LS2517, c n 

Any S 

II Input HIGH Current Vee = MAX., VIN = 7.0V 
Any A or B 

'LS381, en 

Vee = MAX., VIN = 5.5V 'LS2517, en 
--- f-.---.------.---- -

ISC 
Output Short Circuit Current Vee = MAX. 
INote 3) 

Am25LS381 
MIL 

Power Supply Current Vee=MAX. Am25LS2517 
ICC (Note 4) Am25LS381 

eOM'L 
Am25LS2517 

Am25LS/54LSj74LS381 • Am25LS2517 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

25 

27 

Max, Units 

Volts 

0.4 

0.45 Volts 

0.55 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 

-1.44 
mA 

-1.08 

-1.44 

20 

80 
J.lA 

60 

80 

0.1 

0.4 
mA 

0.3 

0.4 

-85 mA 

40 

43 
mA 

43 

47 

Notes: 1. For conditions shown as MI N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee""" 5.0V, 25°e ambient and maxim~m loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: LS381: So = S 1 == 52 == GND, all other inputs open. 

L52517: So == en == open, all other inputs = GND. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage (Except Am25LS2517, Cn input = 5.5V) -0.5V to +7.0V 

DC Output Current, I nto Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 
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An'l25LS/54LS/14LS381. Am25LS2517 
Am54LS/74LS381 
ELECTRICAL. CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
eOM'L TA-OOetO+700e vee-5.OV±5% MIN.=4.75V MAX.=5.25V 

MIL TA = _55°e JO +125°C Vee = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Paramaten Description Test Conditions (Note 1) 

VOH Output HIGH Voltage 
VCC = MIN., IOH - -4001'A 

VIN = VIH or VIL 

IOL -4mA 

MIL 

COM'L 

VOL Output LOW Voltage 
VCC·= MIN. 74LS only, IOL = 8mA 

VIN = VIH or VIL P,IOL = B.OmA 

G,IOL = 16mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
VIL Input LOW Level 

voltage for all inputs COM'L 

VI I nput Clamp Voltage VCC = MIN., liN = -18mA 

Any S 
IlL Input LOW Current INote 5) VCC = MAX., VIN = 0.4 V 

Others 

Any S 
IIH Input HIGH Current INote 5) VCC = MAX., VIN = 2.7V 

Others 

Any S 
II Input HIGH Current (Note 5) VCC = MAX., VIN = 7.0V 

Others 

ISC Output Short Circuit Current 
(Note 3) 

VCC = MAX. 

ICC Power Supply Current VCC = MAX. 
(Note 4) 

Min, 

2.5 

2.7 

2.0 

-15 

, 

Typ. 
(Note 2) 

3.4 

3.4 

25 

Max, Units 

Volt. 

0.4 

0.5 

0.5 
Volt. 

0.65 

Volt. 

0.7 
Volt. 

0.8 

-1.5 Volts 

-0.4 
mA 

-1.6 

20 
.I'A 

80 

0.1 

0.4· 
mA 

-100 mA 

43 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Tvpicallimits ere at Vee"" 5.0V, 2SoC ambient and maximum loading. 
3. Not"m9re than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: LS381: SO::: 51 ,.; 52 = GND, all other inputs open. 

LS2517: So = en = open, all other inputs = GND. 
·5. Limits chosen by AMD based on SN54S/74S381, T.I. LS data unavailable. 

DEFINITION OF FUNCTIONAL TERMS 

Ao, A,. A2. A3 
110,8,.82. 83 
50. 5,.52. 53 

The A data inputs. 
The B data inputs. 

FUNCTION TABLE 

The control inputs used to determine the 
.arithmetic or logic function performed. Selection Arithmetic/Logic 

FO' F" F2. F3 
Co 
Co+4 
G 

OVR 

The dat,a outputs of the ALU. 
The carry-in input of the ALU. 
The carry-look-ahead output of the four-bit 
input field. 
The carry-generate output for use in multi
level look-ahead schemes. 
The carry-propagate output for use in multi
level look-ahead schemes. 
Overflow. This pin is )ogically the Exclusive
OR of the carry-in and carry-out of the MSB 
of the ALU. At the most significant end of 
the ,word, this pin indicates that the result 
of an arithmetic two's complement operation 
has overflowed into the sign-bit. 

52 5, So Operation 

L L L Clear 

.L L H B Minus A 

L H L A Minus B 

L H H A Plus B 

H L L A$B 

H L H A+B 

H H L AB 

H H H Preset 

H = High Level, L = LoW Level 

See Truth Table for full description. 
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SWITCHING CHARACTERISTICS 
Am25LS/54LS/14LS381 • Am25LS2517 

(TA = +25°C, VCC = 5.0V) Am25LS 

Parameters Description Test Conditions Min Typ Max 

IpLH 14 21 
Cn to Fj 

IpHL 16 24 

tpLH 16 24 
Aj or B; 10 Fj 

IpHL 23 35 

tpLH 20 30 
Sj 10 FI 

IpHL 25 37 

IpLH 
Aj or Bj to G (,LS381 Only) 

20 30 

IPHL 15 23 

IpLH 
Aj or Bj to P (,LS381 Only) 

17 26 

IpHL 15 23 

IpLH 
Sj to GorP (,LS381 Only) ~= 15pF 32 48 

AL = 2.0k.!l IpHL 23 35 

IpLH 23 34 
Aj or Bj to OVA (,LS2517 Only) 

tPHL 24 36 

IpLH 21 32 
Aj or Bj 10 Cn+4 (,LS2517 Only) 

IpHL 24 36 

IpLH 27 41 
SilO OVA or Cn+4 (,LS2517 Only) 

IpHL 37 55 

IpLH 14 21 
Cn. to Cn+4 (,LS2517 Only) 

IpHL 15 22 

IpLH 15 22 
Cn to OVA (,LS2517 Only) 

IpHL 15 22 

A 25LSONLY m 
SWITCHING CHARACTERISTICS Am25LS COM'L 

OVER OPERATING RANGE* TA = 0 to +700C 
Vee = 5.0V ±5% 

Parameters Description Test Conditions Min Max 

IpLH 27 
CnlO Fj 

IpHL 35 

tpLH 32 
AI orBj toFj 

IpHL 44 

tpLH 38 
S; to Fj 

IpHL 48 

tPLH 
Aj or Bj 10 G (,LS381 Only) 

37 

IpHL 31 

tpLH 
Aj or Bj 10 P ('L~1 Only) 

34 

IpHL 34 

tPLH 
Sj to G or P (,LS381 Only) CL= SOpF 57 

AL = 2.0k.!l IpHL 47 

tpLH 41 
A; or Bj to OVA (,LS2517 Only) 

tPHL 47 

IpLH 38 
Aj or B; toCn+4 (,LS2517 Only) 

tpHL 46 

tPLH 52 

tpHL 
Sj 10 OVA or Cn+4 (,LS2517 Only) 

66 

tpLH 28 
Cn to Cn+4 (,LS2517 Only) 

IpHL 28 

IpLH 30 
Cn to OVA (,LS2517 Only) 

IpHL 28 

'AC performance over the operatjng lemperature range js guaranteed by testing defined in Group A, Subgroup 9. 
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Min Typ Max Units 

26 

30 
ns 

30 
ns 

40 

35 

40 
ns 

35 

30 
ns 

34 

30 
ns 

55 
ns 

42 

-
ns 

-
-

ns 
-

-
ns -

-
ns -

-
ns 

-

Am25LS MIL 

TA = -55 to +125°C 
vee = 5.0V ±10% 

Min Max Units 

30 
ns 

42 

36 
r 

ns 
50 

42 
ns 

55 

40 
ns 

36 

39 
ns 

42 

63 
ns 

55 

45 
ns 

55 

40 
ns 

52 

60 

75 

32 
ns· 

30 

35 
ns 

30 



Am25LS/54LS/14LS381· Am25LS2517 

Path 
In Out So Sl S2 
Cn Any F 1 0 0 

Cn Fi 1 0 0 

Ai G 1 1 0 

Bi G 1 1 0 

Ai p X X 1 

Bi p 1 1 0 

Ai Fi 0 1 0 

Ai Fi 0 1 0 

Bi Fi 0 1 0 

Bi Fi 0 1 0 

Ai Fi+l 0 1 <) 
Bi Fi+l 1 0 0 

50 Fi - 0 0 

So G - 1 0 

50 p .0- 1 0 

51 Fi 0 - 0 

5, G 1 - 0 
5, p 1 - 0 

52 Fi 0 , -
52 G 1 , -
52 p 1 , -

x = Don't care 

Ain25LS/54LS!74LS381 
TEST TABLE 

Same Bit -Other Data Bits 
en 4.5V GND 4.5V GND 
- - - All A's& B's -
- Bi Ai All A·s & B's -
X Bi - AIIB's AliA's 

X Ai - AIIB's All A's 

X Bi - All A's & B's -
X - Ai All B's AliA's 

0 - Bi - A's & B's 

1 - Bi - A's& B's 

0 - Ai - A's& 8's 

1 - Ai - A's & B's 

1 Bi - A's & B's -

1 Ai - Ns & B's -
1 Bi Ai All B's All A's 

X - - A's & B's -
X - - All B's All A's , Ai Bi AliA's All B's 

X - - A's & B's -
X - - AliA's All B's 

1 Ai Bi AliA's All B's 

X - - A's & B's -
X - - All A's All B's 

TRUTH TABLE 

INPUTS OUTPUTS 

Output 
Wave.form 
out-at-phase 

in-phase 

out--of-phase 

out-of-p,hase 

out-of ... phase 

out-af-phase 

out-of-phase 

in-phase 

out-ot.-phase 

in-phase 

out-of-phase 

out--of-phase 

in-phase 

out...af-phase 

out-af-phase 

in-phase 

out-at-phase 

out-at-phase 

out-at-phase 

in-phase 

in-phase 

FUNCTION So S, 

x XXOOOO 0 
I 0 0 0 1 1 1 ~ -1-"--0-

B MINUS A 1 0 o~ ~ ! ~ ! ~ ~ ~ I ~ 
f__----------I--------- -l---l --~ ~ ----~---~-+ ~ c-L 

001000011 

0J~ ~ ~ ~ ~ ~ ~ ~ ~ A MINUS B 
1000000'0 
1 0 1 1 a 0 0 1 1 
1 1 0 1 1 1 1 0 0 

f---------t----------- t+ -+-~-- % -+-+-+ ~;--~ 
A PLUS B 

o 0 1 1 1 1 1 1 0 
o 1 0 1 1 1 1 1 0 
o 1 1 0 , 1 1 0 0 
100100011 
'01000010 
110000010 

f__--------f__--------- ~-- ---~-~.~--- -~--~--.~--~-- ~- ~-
x 0 1 1 1 1 1 1 1 
X 1 0 1 1 1 1 1 0 

A G B 

f__---------f__--------+---C~,'----f--"'~.---~- -~---~-+_+ --~- ~ 
x 0 1 1 1 1 1 1 1 
X , 0 1 1 1 1 1 1 

A+B 

X 1 1 1 1 1 1 1 0 
X 00000000 
X 01000011 
X 10000000 

AB 

X 1 1 1 1 1 1 1 0 
f-----------------~----------~·~X~+-~o~--7o-L-i 1 1 1 1 1 

X 0 1 1 1 1 1 1 1 
X 1 0 1 1 1 1 1 1 

PRESET 

X 1 1 1 1 1 1 1 0 
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Path 
In Out So S, S2 en 
Cn Any F 1 0 0 -
Cn Fi 1 0 0 -

Ai Fi 0 1 0 0 

Ai Fi 0 1 0 1 

Ai OVRF 0 1 1 1 

Ai Cn+4 0 1 1 1 

Bi Fi 0 1 0 0 

Bi Fi 0 1 0 1 

Bi OVRF 0 1 1 0 

Bi Cn+4 0 1 1 0 

Ai Fi+l 0 1 0 1 

Bi Fi+l 1 0 0 1 

So Fi - 0 0 1 

50 OVRF - 1 1 0 

50 Cn+4 - 1 1 0 

51 Fi 0 - 0 1 

51 OVRF 0 - 1 X 

51 Cn+4 0 - 1 X 

52 Fi 0 1 - 1 

S2 OVRF 0 1 - 0 

S2 Cn+4 0 1 - 0 

Am25LS2517 
TEST TABLE 

Am25LS/54LSf74LS381 • Am25LS2517 

Same Bit Other Data Bits Output 
4.5V GND 4.5V GND Waveform 

- - A's & B's None Qut..af·phase 

Bi Ai A's & B's None in-phase 

- Bi None A's& B's out-ot-phase 

- Bi None A's & B's in..phase 

Bi - A's & B'. None in-phase 

Bi - A's & B's None in-phase 

- Ai None A's & B's out..af-phase 

- Ai - A's&B's in-phase 

Ai - A's & B's None out-of-phase 

Ai - A's& B'. None out-of·phase 

Bi - A's & B's None out-of-phase 

Ai - A's & B'. None out-of-phase 

Bi Ai All B's All A's in-phase 

- - None A's & B's out-of-phase 

- - None A's& B's out-of-phas~ 
Ai Bi All A's All B'. in-phase 

- - None A'. & B's in-phase 

- - None A's&B's in-phase 

Ai Bi All A's All B'. in-phase 

- - None A's & B's out-ot-phase 

- - None A's & B's in-phase 

x = Don't care 

TRUTH TABLE 

FUNCTION 
o x x 0 0 0 0 1 1 

CLEAR OOO'XX000011 
1------------ r------t--;orl--io-'iO+--i,---i,---;,:---~,;-i--ooi"o, 

o 0 , 0 1 1 1 0 i 1 
o , 0 0 0 0 0 0 0 

BMINUSA o 1 1 1 1 t 1 0 0 
, 0 0 0 0 0 0 0 1 
, 0 1 1 1 1 1 0 , 

1 1 0 1 0 0 0 0 0 
1 1 1 0 0 0 0 0 1 

1--------- o 0 0 1 1 1 1 0 0 
o 0 1 0 0 0 0 0 0 
o 1 0 0 1 1 1 0 1 

A MINUS B o 1 1 1 1 1 1 0 0 
1 0 0 0 0 0 0 0 1 
1 0 , 1 0 0 0 0 0 

~ ~ ~ ~ ~ ~ ril ~ ~ ----------.- --_ .. -.. -.-.--- ~- ~ ~ ~ -~~T~T~-

o t 0 1 1 1 1 0 0 
A PLUS B 1 1 0 0 1 1 0 1 1 t 0 1 

1 0 0 1 0 0 0 I 0 0 

~ ~~~~~~~ ~ 
r----·-- .,,---- --.-----.----- -t- -t---t- ~-----f-t--t+_tt_+-

o 1 0 1 1 1 1 0 0 
o 1 1 0 0 0 0 1 1 
1 0 0 0 0 0 0 0 0 .". 
1 0 1 1 1 1 1 0 0 
1 1 0 1 1 1 , 1 1 
1 1 1 0 0 0 0 1 1 

. - -0-· -0----0 0--0 ---0 -----0 -, --~ 
o 0 1 1 1 1 1 0 0 
o 1 0 1 1 1 1 0 0 
o 1 1 1 1 1 1 0 0 
1 0 0 0 0 0 0 0 0 
1 0 1 1 1 1 1 0 0 
1 1 0 1 1 1 1 0 0 
1 t 1 1 1 1 1 1 1 r---·-----_· ---------.. --._---.-------" ~Il':"""~ --0-0·---0----0 , 1 

o 0 1 0 0 0 0 0 0 
o 1 0 0 0 0 0 1 1 
o 1 1 1 1 1 1 0 0 
1 0 0 0 0 0 0 1 1 •• 
1 0 1 0 0 0 0 0 0 
1 1 0 0 0 0 0 1 1 

-----------_. --------_ .. ~- ~ ~ ~ ~ ~ ~ ~ ~ 
o 0 1 1 1 1 1 0 0 
o 1 0 1 1 1 1 0 0 
o 1 1 1 1 1 1 0 0 
1 0 0 1 1 1 1 0 0 

PRESET 

1 0 1 1 1 1 1 0 0 
1 1 0 1 1 1 1 0 0 
1 1 1 1 1 1 1 1 1 
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Am25LS/54LS/74LS381 • Am25LS2517 

APPLICATIONS 

AO A, A2 A3 60 6,82 83 

CARRY IN 

Am25LS2517 

'0 " " '3 

So 
S, 
S, 

'0 " " " F7 BYTE 
OVERFLOW 

TYPICAL SPEED CALCULATIONS 

Output 
Path F Cn+4.0VR 

Ai or Bi to Cn+4 24 ns 24 ns 

Cn to Cn+4 15 ns 15 ns 

Cn to Cn+4 15 ns 15 ns 

Cn to Fi 16 ns 

Cn to Cn+4, OVR 15 ns 

16-Bit Speed 70 ns 69 ns 

The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection. 

TYPICAL SPEED CALCULATIONS 

Output 

Path F Cn+4.0VR 

Ai or Bj to G or P 20 ns* 20 ns* 

Oi or'-Pi to Ci+j 8 ns 8 ns 
(Am 2902) 

Cn to F 16ns 

Cn to Cn+4, OVR 15 ns 

16-8il Speed 44 ns 43 ns 

• Note that Sj to G or P may be longer path. 

The Am25LS2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection .. 
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Am25LS/54LS/14LS381 • Am25LS2517 

GUARANTEED LOADING RULES OVER OPERATING RANGE 
(In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20jJ.A measured at 2.7V HIGH and -O.36mA measured at O.4V LOW. 

Am25LS 

Output 
HIGH 

Pin No:s Input/Output Input Load -440/lA 

1 Al 4.0 

2 Bl 4.0 

3 AO 4.0 

4 BO 4.0 

5 So 1.0 

6 Sl 1.0 

7 S2 1.0 

8 FO -
9 Fl -

10 GND -
11 F2 -
12 F3 -
13 G or OVR' -
14 P or Cn+4 -

15 Cn 3.0·* 

16 83 4.0 

17 A3 4.0 -----_. 
18 82 4.0 

19 A2 4.0 

20 Vee -

·OVA Drive Is 22 Unit Loads . 
• ·4.0 for Am25LS2517. 

Am25LS- Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

-
-
-
-
-

-

-
22 

22 

-

22 

22 

22 

22 

-

-

-
-
-
-

VCC--------.---~-----~--

Note: Actual current flow direction shown. 

USER NOTES 
1. Throughout this data sheet, the active HIGH input and out

put terminology has been used. 
2. Arithmetic operations are performed on a word basis. 
3. Logic operations are performed on a bit basis. 

Am54LS/74LS 

Output Output Output 
LOW HIGH LOW 

MIL COM'L Input Load -400/lA MIL COM'L 

- - 4.4 - - -

- - 4.4 - - -
- - 4.4 - - -

- -- 4.4 - - -

- - 1.1 - - -
- - 1.1 - - -
- - 1.1 - - -
22 22 - 20 11 22 

22 22 - 20 11 22 

- - - - - -
22 22 - 20 11 22 

22 22 - 20 11 22 

44 44 - 20 44 44 

22 22 - 20 11 22 

- - 4.4 - - -
- - 4.4 - - -
- - 4.4 - - -

- - 4.4 - - -
- - 4.4 - - -
- - - - - -

Metallization and Pad Layout 

., '0 VCC ., ,. 
" 

AO 
,. 

" 11 A, 
'0 
So 16 " 

15 Co 
S, 

'4 1 

" 

'0 13 IT 

" '2 '3 
GND '0 " " 

DIE SIZE 0.091" X 0.108" 

'4. Arithmetk in l's complement notation requires an end 
around carry. 

5. Subtraction in 2's complement notation requires a carry in 
(Cn = HIGH) for the active HI,GH case. 
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Understanding the Am25LS2517 
and the Am25LS381 ' 

BV John R. Miele 

INTRODUCTION 

The heart of most digital arighmetic processors is the arithme
tic logic unit (ALU). The ALU can be thought of as a digital 
subsystem that performs various arithmetic and logic oper
ations on two digital input variables_ The Am25LS2517 and 
the, Am25LS381 are Schottky TTL arithmetic logic units/ 
function generators that perform eight arithmetic/logic opera
tions on two four-bit input variables. In most ALU's, speed is 
generally a key ingredient. Therefore, as much parallelism in 
the operation of the arithmetic logic unit as possible is desired. 

The Am25LS381 ALU is designed to operate with a '182 carry 
lookahead generator to perform multi-level full carry lookahead 
over any number of bits. Therefore, the Am25LS381 has both 
the carry generate and carry propagate outputs required by the 

, .'182 carry lookahead generator. The Am25LS2517, on the 
other hand, does not have the carry generate and carry propa
gate functions, but rather has the carry output (Cn+4) and a 
two's complement overflow detection signal (OVR) available 
at the output. The net result is that a very high-speed 16-bit 
arithmetic logic unit/function generator can be designed and 
assembled using three Am25LS381's, one Am25LS2517, and 
one Am2902 (the Am2902 is a high-speed version of the '182 
carry lookahead generator). 

UNDERSTANDING THE FULL ADDER 

The resuhs of an arithmetic operation in any position in a 
word depends not only on the two-input operand bits at that 
position, but also on all the lesser significant operand bits of 
the two input variables. The final result for any bit, therefore, 
is not available until the carries of all the previous bits have 
rippled through the logic array starting from the least signifi
cant bit and propagating through to the most significant bit. A 
full adder is a device that accepts two individual operand bits 
at the same binary weight, and also accepts a carry input bit 
from the next lesser significant weigh,t full 'adder. The full 
adder then produces the sum bit for this bit position and also 
produces a carry bit to be used in the next more significant 
weight full adder carry input. The truth table for a, full adder is 

tiN 

shown in Figure 1. From this truth table, the equations for the 
full adder: 

S=AEDBEDC 
Co = AB + BC + AC, 
where A and B are the input operands to the full adder and 
C is the carry input into the adder_ 

The sum output, 5, represents the sum of the A and B operand 
inputs and the carry input. The carry output, Co, represents 
the. carry out of this cell and can be used in the next more sig
nificant cell of the adder. Full adder cells can be cascaded as 
depicted in Figure 2 to form a four-bit ripple carry parallel 
adder. . 

Inputs Outputs 
A B C S Co 
0 0 0 0 0 
0 0 1 . 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

Figure 1. Full Adder Truth Table. 

Note that once we ha,ve cascaded devices as shown in Figure 2, 
we may wish to discuss the equations for the i-th bit of the 
adder. In so doing, we might describe the equations of the full 
adder as follows: 

5i = Ai ED Bj ED Ci 
Ci+l= AiBi + BiCi + AiCi 
where the Ai and Bi are the input operands at the i-th 'bit, 
and the Ci is the carry input to the i-th bit. (Note that the 
equations for this adder are iterative in nature and each 
depends on the result of the previous lesser significant bits 
of the adder array.) 

Figure 2. Cascaded Full Adder Cells Connected as a Four-Bit Ripple-Carry Full Adder. 
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The connection scheme shown in Figure 2 requires a ripple 
propagation time through each full adder cell. If a 16·bit adder 
is to be assembled, the carry will have to propagate through all 
16 full adder cells. What is desired is some technique for antici· 
pating the carry such that we will not have to wait for a ripple 
carry to progagate through the entire network. By using some 
additional logic, such an adder array can be constructed. This 
type of adder is usually called a carry lookahead adder. 

A FOUR-BIT CARRY LOOKAHEAD ADDER 

Looking back to the equations developed for i-th bit of an 
adder, let us now rewrite the carry equation in a slightly dif
ferent form. When we factor the Ci in this equation, the new 
equation becomes: 

Ci+l ; AiBi + Ci (Ai + Bi) 
From the above equation, let us now define two additional 
equations. These are: 

Gi;AiBi 
Pi; Ai + Bi 

With these two new auxiliary equations, we can now rewrite 
the carry equation for the i-th bit as follows: 

Ci+l ; Gi + PiCi 
Note that we have now developed two terms: the Pi term is 
known as carry propagate and the Gi term is known as carry 
generate. An anticipated carry can be generated at any stage of 
the adder by implementing the above equations and using the 
auxiliary functions Pi and Gi as required. 

It is interesting to note that the sum equation can also be 
written in terms of these two auxiliary equations, Pi and Gi. 
For this case, the equation is: 

Si; (Ai + Bi) (AiBi) (Jl Ci 
The auxiliary function Gi is called carry generate, because if it 
is true, then a carry is immediately pr'oduced for the next adder 
stage. The function Pi is called- carry propagate because it 
implies there will be a carry into the next stage of the adder if 
there is a carry into this stage of the adder. That is, Gi causes a 
carry signal at the i-th stage of the adder to be generated and 
presented to the next stage of the adder while Pi causes an 
existing carry at the input to the i-th stage of the adder to 
propagate to the next stage of the adder. . 

Let us now write all of the sum and carry equations required 
for a full four-bit lookahead carry adder. 

So ; AO (Jl BO (Jl Co 
SI ; Al (Jl Bl (Jl [GO + PoCol 
S2; A2 (Jl B2 (Jl [Gl + PIGO + P1PoCol 
S3; A3 (Jl B2 (Jl [G2 + P2Gl + P2P1GO + P2P1POCol 
Ci+4; G3 + P3G2 + P3P2Gl + P3P2P1GO + P3P2Pl POCO 

An important point to note is that all of the sum equations and 
the final carry output equation, Ci+4, can be written in terms 
of the Ai, Bi, and Co inputs to the four-bit adder. The confi
guration as described above is shown in Figure 3. This figure is 
divided into two parts - the upper blocks show the auxiliary 
function generator circuitry required to implement the Pi and 
Gi equations while the lower block implements the logic re
quired to generate the sum output at each bit position. 

A serious drawback to the lookahead carry adder is that as the 
word length is increased, the carry functions become more and 
more complex, eventually becoming impractical due to the 
large number of interconnections and heavy loading of the Gi 
and Pi functions. The auxiliary function concept can be ex
tended, however, by dividing the word length into fairly small 
increments and defining blocks of auxiliary functions G and P. 

Understanding the Am25LS2517 and the Am25LS381 

)o----C;« 

.3-........... ' 

'2-~ ...... , 

Figure 3. Full Four-Bit Carry-Lookahead Adder. 
It is possible for a given block, to define a function G as the 
carry out generated with the block; and P can be defined as 
the carry propagate over the block. If the block size is set at 
four bits, then the functions for G and P for this block can be 
defined as follows: 

G; G3 + P3G2 + P3P2Gl + P3P2P1GO 
p; P3P2P1PO 

It is important to note that neither of these terms involves a 
carry-in (CO) to the block, so no matter how many blocks are 
tied in an adder, all the blocks have stable G and P functions 
available in a minimum number of gate delays. 

The G and P functions can be gated to produce a carry-in to 
each four-bit block, as a function of the lesser significant 
blocks. The carry-in to a block in is therefore: 

Cn ; Gn-l + Pn-l Gn-2 + Pn-l Pn-2Gn-3 + ... 

+ Pn-1 Pn-2Pn-3·· . P2P1POCO 

Finally, the carry-in to each of the bits in a four-bit block must 
include a term fo'r the actual least significant carry-in; note, 
therefore, that the equations for the four-bit full adder pre
sented above include a term for carry-in at each bit position. 
Figure 4 shows the logic diagram for the Am25LS381 arith
metic logic unit/function generator while Figure 5 shows the 
logic diagram for the Am25LS2517 arithmetic logic unitt 
function generator. Note the generate and propagate outputs 
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Understanding the Am25LS2517 and the Am25LS381 

Figure 4. Logic Diagram of The Am25 L1I381. 

on the Am25LS381, and the' carry output and overflow output 
on the Am25LS2517. Figure 6 gives the function table for both 
the Am25LS2517 and Am25LS381. Figure 7 shows the tech· 
nique for cascading three Am25LS381's, one Am25LS2517, 
and one Am2902.in a full 16-bit high-speed carry lookahead 
connection. Figure 8 shows a connection scheme using only 
four Am25LS2517's in a 16-bit arithmetic logic unit con
nection where the carries are rippled between the devices. 
Each Am25LS2517 does use internal carry lookahead over the 
four-bit block_ 

Insummary; the ripple carry method can be used in conjunction 
with the lookahead technique in several ways. 
1. Lookahead carryover sections of the adder and ripple 

carry between thes.e sections of the adder can be used. This 
method is often the most efficient in terms of hardware for 

. , 
An',',' '1"1' j' j' AjAj At AI' 'j '1"1' 'I' 

CARRY IN en AO A, A2 A3 80 8,82 83 AO AI A2A3 BoB,B28J 
r-- c, fFr '0 Am25LS3" fFr t,o " 

Am25LS381 

" . 

'0 If '''0 " ~, " • 
, F2 Fa G • 

" " io i, ,; i, U, i,,~ 

~--+ ~o '0 Cn+x 0', " 

-

Figure 5. Logic Diagram ofthe Am25LS2517. 

Selection Arithmetic/Logic 

S2 Sl So Operation 

L L L Clear 

L L H B Minus'A 

L H L A Minus B 

L H H A Plus B 

H L L AeB 

H L H A+B 

H H L AB 

H H H Preset 

'H = High Level, L = Low Level 

Figure 6. Function Table for the Am25LS2517 
and Am25LS381 . 

rnil 'j'i'l"I" ATj A,3'ti's Bli~tBr iTS 
Ao A, "2 A3 80B182 83 AoA\A2 Aa 80 8 ,82 83 ~T c, . - C, 

Cn+4 fFr ~ Am"~" ~~ 
Am25LS2511 

r 2FO F, F2 F3 G • '0 " " Fa OVR 
~RFLOW 

tJ.l.J. i, i, '~o ,~, 
Cn +y ", ., 

Cn+z 

Am2902 

Figure 7. Full Lookahead Carry 16-Bit Adder. 
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Understanding the Am25LS2517 and the Am25LS381 

'0 
s, 
s, 

Figure 8. Connection of 16·Bit ALU Using Ripple Carry. 

a given speed requirement. It does not require the use of a 
lookahead carry generator such as the Am2902. 

2. Lookahead carry across 16·bit blocks with a ripple carry 
between 16·bit blocks can be used. This technique is 
usually called tw04evel carry lookahead addition. This tech· 
nique results in very high-speed arithmetic function gener· 
ation and makes a reasonable tradeoff between the speed 
and hardware for word lengths greater than 16 bits. 

3. Full lookahead carry across all levels and all block sizes can 
be used. This is the highest speed arithmetic logic unit con· 
nection scheme. For word sizes up to 64 bits, it is referred 
to as three-level lookahead carry addition. Such a 64·bit 
ALU requires the use of five Am2902 carry lookahead gen
erator units in addition to the 15 Am25LS381 devices and 
one Am25LS2517 as shown in Figure 9. 

OVERFLOW 

When two's complement numbers are added or subtracted, the 
result must lie with in the range of the numbers that can be 
handled by the operand word length. Numbers are normally 
represented either as fractions with a binary point between the 
sign bit. and the rest of the word, or as integers where the binary 

point is after the least significant bit. The actual choice for the 
location of the binary point is really up to the design engineer, 
as the hardware configuration required for either technique is 
identical. It is also possible to use number notations that in
clude both integer and fractional representations in the same 
numbering scheme. Overflow is defined as the situation where 
the result of an arithmetic operation lies outside of the num
ber range that can be represented by the number of bits in the 
word. For example, if two eight-bit numbers are added and the 
result does not lie within the number range 'that can be re
presented by an eight-bit word, we say that an overflow has 
occured. Th is can happen at either the positive end of the 
number range or at the negative end of the number range. The 
logic function that indicates that the result of an operation is 
outside of the representable number range is: 

OVR = Cs Ell Cs+l 
where Cs is the carry-in to the sign bit and Cs+l is the 
carry-out of the sign bit. 

Thus, for a four-bit ALU with the sign bit in the most signifi
cant bit pOSition, the overflow can be defined as the Cn+4 
term exclusive 0 R'ed with the Cn+3 term. 

_------------------A-m-25-I.S3II-'-·,-----------_______ .....:.:Am25LS2517 
C'N 

ToC36 TD~ ToC44 

Go Po 

'---------+-ICn Am2902 

Cse ~CAR~Y'OUT 
G p li:,d-OVERFL.OW 

ToCS2 Toess ToCeo 

Figure 9. 64-Bit ALU with Full Carry Lookahead Using 5 Am2902's, 15 Am25,LS381's and 1 Am25LS2517. 
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Understanding the Am25LS2517 and the Am25LS381 

SPEED OR DELAY 

Usually, the most important parameter in the design of any 
arithmetic logic unit is speed. How fast can two numbers be 
added? Is ripple carry sufficient or should carry lookahead 
over the entire adder array be used? In order to answer these 
questions, the design engineer must first evaluate the speed of 
the ALU required in his system. Then he can evaluate the var· 
ious alternatives based on the number of bits in the word 
being used in the design. 

The calculation of the speed (add or subtract time) of a 16·bit 
adder is straightforward and will be discussed in detail. It 
should be mentioned that the speed of the adder while in the 
logic mode is simply the propagation delay from the Ai or 
Bi inputs to the Fi outputs (35ns maximum at 25°C and 5V 
for the Am25LS2517). 

LOOKAHEAD CARRY 

The typical method for building 16·bit ALU's is to employ a 
carry lookahead generator such as the Am2902. Such a 16·bit 
design would incorporate three Am25LS381's, one Am25LS 
2517, and one Am2902. For the 16·bit full carry lookahead 
adder in the add or subtract mode as shown in Figure 7, the 
maximum propagation delay for data·in to data-out is cal· 
culated as follows: 

DATA PATH DELAY 
16·BIT LOOKAHEAD ADDER/SUBTRACTOR 

(+5V and 25°C Maximum Delays) 

Path 
Output 

Fi Cn+4 OVR 

Ai or Bj to GorP 27 27 27 
Gi or Pi to Ci+i (Am2902) 10 10 10 
Cn to Fi 23 - -
Cn to Cn+4 or OVR - 22 22 

TOTAL 
16-bit delay 60 59 59 

Units 

ns 
ns 
ns 
ns 

os 

The data path for this computation begins at the least signifi· 
cant 4·bit device, propagates through the Am2902, and then 
ends at the most significant 4·bit device. Actually, the delay 
to the outputs of the most significant device (MSD), then 
second MSD, or third MSD is identical. 

Thus, the above speed is identical if a 12·bit ALU is fabricated. 
This results because the same types of combinatorial propaga· 
tion delays are involved. 

We should also investigate the delay of this adder with regard 
to the. select inputs as shown in Figure 7. Again, we may cal· 
culate the 16·bit full carry lookahead add/subtract delay as 
follows: 

16·BIT LOOKAHEAD ADDER DELAY 
FOR SELECT INPUTS 

(+5V and 25°C Maximum Delays) 

Path 
Output 

• Fi Cn+4 OVR 

SitoGorP 48 48 48 
Gi or Pi to Ci+j (Am2902) 10 10 10 
en to Fj 23 - -
Cn to Cn+4 or OVR - 22 22 

TOTAL 
16·bit delay 81 80 80 

Units 

ns 
ns 
ns 
ns 

ns 

Let us exalT)ine the speed of a 64·bit arithmetic logic unit 
fabricated as shown in Figure 9. The worst case path for this 
design is as follows: 

DATA PATH DELAY 
64-BIT LOOKAHEAD ADDER/SUBTRACTOR 

(+5Vand 25°C Maximum Delays) 

Path 
Output 

Fi Cn+4 OVR 

Ai or Bj to ~ or P 27 27 27 
Gi or Pi to Gi or Pi (Am2902) 14 14 14 
Gi Of Pi to Ci+j (Am2902) 10 10 10 
Cn to Ci+j (Am2902) 14 14 14 

en to ~i 23 - -
Cn to Cn+4 or OVR - 22 22 

TOTAL 
16-bit delay 88 87 87 

Units 

ns 
ns 
ns 
ns 
ns 
ns 

ns 

The above example demonstrates the speed improvement 
when using carry lookahead over the entire array. When this 
64-bit example is compared with the previous 16-bit example, 
it will be found that the only difference is the addition of two 
Am2902 delays. 

RIPPLE CARRY 

The slowest speed ALU design employs the ripple carry tech
nique. When four-bit devices such as the Am25LS2517 are 
employed in such an ALU, the speed is usually computed 
using the combinatorial delay terms in the following manner. 
1. Select the longest combinatorial delay in the least signifi

cant device from any input to the carry output, Cn+4. This 
is usually from the A or B inputs·to the carry output. 

2. Add the carry input to carry output propagation delay as 
many times as required to represent each of the interme
diate four-bit ALU's. 

3. Finally, take the propagation delay from the carry input to 
the ALU adder outputs. 

When the above rules are followed, the total worst case propa
gation delay over the entire ALU bit width is derived. 

If we consider the ripple carry adder/subtractor configuration 
as shown in Figure 8, the propagation delay for the data input 
to data output path is computed as follows: 

DATA PATH DELAY 
16-BIT RIPPLE CARRY ADDER/SUBTRACTOR 

. (+5V and +25°C Maximum Delays) 

Path 
Output 

Units 
Fi Cn+4 OVR 

Aj or Bj to Cn+4 36 36 36 ns 

Cn to Cn+4 22 22 22 ns 

Cn to Cn+4 22 22 22 ns 

en t<? Fj 23 - - ns 

Cn to Cn+4 or OVR - 22 22 ns 

TOTAL 
16-bit delay 103 102 102 ns 

In this connection, the maximum delay begins at the least sig
nificant device and propagates through the most significant 
device via the ripple carry path. . 

The select to output delay is computed in it similar manner 
using Si to Cn+4 as the first term and is found to be: 

Sj to Fj = 122ns;Sj toCn+4= 12ns;Sj to OVR = 121ns 
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The ripple carry computational examples show the speed 
of a 16-bit ALU function/generator built using four Am25LS 
2517's. 

COMPARING THE '2517/'381 WITH THE '181 

To compare the performance of the Am25LS2517 and 
LS381 , we should evaluate the various '181 ALU's connected 
in a 16-bit configuration with the Am2902 carry lookahead 
generator used in all configurations as shown in Figure 7. The 
comparison for the Ai or 8i to Fi add/subtract time is as 
follows: 

COMPARISON OF 16-BIT ADDER/SUBTRACTOR 
DATA DELAY USING 4 ALU's AND 1 Am2902 

Maximum 
Add/Subtract 

ALU Device 
Delay 

+5V and 25°C 

Am74S181 37ns 

Am74181 64ns 

Am74LS1!!1 69ns 

Am25LS181 55ns 

Am25LS381 / Am25LS2517 SOns 

*Note: Of this power, 94mA is the Am2902 

CARRY 
IN 

Maximum 
Power* 

VCC=+5.25V 

914mA 

694mA 

242mA 

242mA" 

266mA 

Understanding the Am25LS2517 and the Am25LS381 

Even more important' is the comparison of "System Speed" 
normally associated with the ALU function. If we assume the 
system configuration as shown in Figure 10, then a reasonable 
comparison of speed for Ai or Bi to OVERFLOW can be made 
as follows: 

SPEED AND POWER 
FOR ALU SYSTEMS OF FIGURE 10 

All 
All All All Gold 'LS381 

Path US" 25LS 74LS Doped 'LS2517 Units 

A;orB;loG 15 26 33 25 27 ns orP 
G or Pto Ci+j 10 10 10 10 10 ns (Am2902) 
Cn 10 OVR - - - - 22 ns 
Cn 10 F3 12 19 26 19 - ns 
Cout 10 OVR 21 - 60 60 - ns 

TOTAL ,58 55 129 114 59 ns 

POWER 996 253 746 266 rnA 

*no 25LS 

a) The '181 Connection 

CARRY 
IN 

A A 

b) The '381/'2517 Connection 

Figure 10. The Normal ALU System. 

SUMMARY 

The Am25LS381 and Am25LS2517 offer superior perfor
mance utilizing the space saving 20-pin package. The data add/ 
subtract time compares very favorably with the 74181 and 
745181 with a considerable reduction (1/3 to 1/4) in dissi-

pated power. the Am25LS381 and Am25LS2517 combina
tion provide the OVR function not currently available or 
easily to implement on any '181 configuration. The 20-pin 
package configuration offers at least a 2:1 saving in PC board 
area compared to the '181 24-pin package approach. 
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Am25LS2518 
Quad D Register with Standard and Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Low-power SChottky version of the popular Am2918 and 
Am25S18 

• Four standard totem-pole outputs 
• Four three-state outputs 
• Four D-type flip-flops 
• Second sourced by T_ I. as the SN54/74 LS388 

RELATED PRODUCTS 

Part No_ 

Am25S18 
Am2918 
Am29LS18 
Am29LS2519 

00----1 

0,-,.--+-1 

0, ------1--1 

03 ------1--1 

Description 

Quad,D'Register 
Quad DRegister 
Quad D Low Power Register 
Quad D Low Power Register 

LOGIC DIAGRAM 

~---------------Qo 

,----------°1 STANDARD 

~----Q2 OUTPUTS 

,.-------Q3 

'-----+-+---r::~- Yo 

THREE·STATE 
OUTPUTS 

CLOCK CP -n-o-+-01 '~--------+-r.>~Y3 

ORDERING INFORMATION 

Package Temperature Order 
'Type Range Number 

Molded DIP Oto +70·C AM25LS2518PC 
Hermetic DIP Oto +70·C AM25LS2518DC 

Chip-Pak Oto +70·C AM25LS2518LC 
Dice Oto+70"C AM25LS2518XC 

Hermetic DIP -55 to +125·C AM25LS2518DM 
Hermetic Flat Pak -55 to +125·C AM25LS2518FM 

Chip-Pak -55 to + 125·C AM25LS2518LM 
Dice -55to +125·C AM25LS2518XM 

FUNCTIONAL DESCRIPTION 
" 

The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set·up and 
hold requirements on the 0 inputs is transferred to the Q 

outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three
state Y outputs when the "output control" (OE) input is 
,LOW. When the OE input is HIGH, the Y outputs are in the 
high-i mpedance state. 

The Am25LS2518 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems wilere the standard 
outputs are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations, 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 

LOGIC SYMBOL 

12 15 

CP 

DE 

2 5 11 14 3 6 10 13 

VCC'" Pin 16 

GND"'Pin8 

CONNEC'TION DIAGRAMS 
Top Views 

016, P16 Leadless Chip Carrier 
L·20·1 

<f <f Ji ,g 

Vee 

D, '. 
a, D, 

Y, a, 
D, 

" c, 

" 
CP 

I~ ". 

Note: Pin 1 is marked for orientation. 

a, 

'. 
D, 

a, 
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ELECTR ICAl CHARACTER ISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L T A'"' ooc to +70o C Vee = 5.0V ±5% MIN. = 4.75V MAX. = 5.25V 
MIL TA Z _55Q C to +125°C Vee~5.0V±'O% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not. 1) 

I MIL 

Vee = MIN. Q, IOH = -660"A I eOM'L 

VOH Output HIGH Voltage 
VIN = VIH or VIL y I MIL,IOH = -1.0mA 

!eOM'L.IOH = -2.6mA 

Vee = MIN. 
IOL = 4.0mA 

VOL Output LOW Voltage VIN = VIH or VIL IOL=8.0mA 

IOL = 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW ! MIL 
VIL Input LOW Level voltage for all i.nputs I eOM'L 

VI Inpwt Clamp Voltage VCC = MIN .. IIN = -18mA 

IlL I nput LOW Current Vee = MAX., VIN =.0.4 V 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current VCC = MAX., VIN = 7.0V 

IOZ 
Off·State (High-Impedance) Vee =MAX. I Va =0.4V 
Output Current I VO=2.4V 

Ise 
Output Short Circuit Current Vee = MAX. 
(Note 3) 

ICC 
Power Supply Current 

Vce = MAX. (Note 4) 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

17 

Am25LS2518 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 "A 

0.1 mA 

-20 

20 
"A 

-85 mA 

28 mA 

Notes: 1. For conditions shown as M IN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device tYpe. 
2. Typical limits ere at Vee"'" 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. ICC is measured with all inputs at 4.5V and all outputs open. 

Am25lS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -O.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -O.5V to +Vee max. 
DC Input Voltage -0.5 V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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,,",251-52518 
SWITCHING CHARACTERISTICS 
ITA = +25°e, Vee = 5.0V) 

Parameters Description 

tPLH 
Clock to 0i 

tpHL 

tpLH 
Clock to Yi (OE" LOW) 

tpHL 

Clock Pulse Widt~ I tpw I 
ts Data 

th Data 

tZH 
DEtoYi 

tZL 

tHZ 
DE to Vi 

tLZ 

LOW 

HIGH 

l max Maximum Clock Frequency (Note 1 ) 

Min. 

18 

15 

15 

5.0 

35 

Typ. Max. Units Test Conditions 

18 27 

18 27 
ns 

18 27 

18 27 
ns 

CL = 15pF 
ns 

RL = 2.0kn 

ns 

ns . 
7.0 11 

ns 
8 12 

14 21 CL = 5.0pF 

18 
ns 

RL = 2.0k!l' 12 

50 MHz 

Note 1. Per industry convention, f max is 'the worst case value of the maximum device operating frequency with no constraints on tr• tf, 
pulse width or duty cycle. 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LSMIL OVER OPERATING RANGE* 

TA=0°Cto+70°C TA = _55°e to +125°C 
Vee = 5.0V ±5% VCC = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max: Units Test Conditions 

tPLH 
Clock to 0i 

38 45 

45 
ns 

tPHL 38 

tpLH 
Clock to Yi (OE LOW) 

35 40 

35 40 
ns 

tPHL 

I LOW 20 20 CL = 50pF 
tpw Clock Pulse Width 

I 
ns RL = 2.0~n HIGH 20 20 

ts Data 15 15 ns 

th Data 5.0 5.0 ns 

tZH 
OEtoYi 

15 17 
ns 

tZL 16 17 

tHZ 
OE to Yi 

27 30 CL = 5.0pF 

24 30 
ns 

RL = 2.0krl .tLZ 

f max Maximum Clock Frequency (Note 1) 30 25 MHz 

* AC performance over the operating temperature range is guaranteed bV testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Di The four data inputs to the register. 

0i The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 
Yi The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non
inverted. A HIGH on the "output control" input forces the 
Yi outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-H IGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Vi outputs. 

DE 
H 
H 
H 
H 
L 
L. 
L 
L 

INPUTS 

CLOCK 
CP 

L 
H 
t 
t 
t 
t 
-
-

Am25LS2518 

TRUTH TABLE 

OUTPUTS 
NOTES 

D Q y 

X NC Z -
X NC Z -
L L Z -
H H Z -
L L L -
H H H -
- L L 1 
- H H 1 

NC = No change L= LOW 
H = HIGH 

X = Don't care 
t"" LOW to HIGH transition 
Z = High impedance 

Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the Q output. 

Metallization and Pad Lavout 

DO , -------, 

Vo 3 

D, • 
Q, 5 

V, 6 

GND S-----..J 
ep 

DI E SIZE 0.083·· X 0.099"' 

Am25LS 

'6 Vee 

,. D3 

,. a, 

13 V3 

'2 D2 

11 Oz 

V2 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Y DRIVING OUTPUT Q DRIVING OUTPUT DRIVEN INPUT 
vee--------.--r--------~~-T_-----~~---

Note: Actual current flow direction'shown. 
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Am25LS2518 

APPLICATIONS 

INPUT( 
DATA 

0, "" 0, 0, 0, °0 0, 0, 

0, 0, 0, 0, 0, 0, 0, °0 
0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 

" " '0 '0 

" " " " 
" " " " 

" " " " " " " 
'0 

" 
" INTERROGATE " 

OATA J jD. ATA 
~I ~ 

CLOCK 

LENGTH (A 
CONTROL 

B 

ENABLE 

DO 

0, 

0, 

03 

-
_A ~ Yo 

~ Y, - B ~ Y2 

---c G ~ Va 

-

The Am25LS2518 used as display register with bus interrogate capability. 

I I I 
C, Do DO C, Do DO CP Do DO C, Do 

0, '" 0, 0, 0, 0, 0, 
0, 0, ~ 0, 0, ~ 0, 0, ~ 0, 

g °3 03 ~ °3 03 ~ °3 03 ~ °3 

~ 
Yo - t!: Yor------ t!: Yor------ ~ 

Yo -
Y,- E v,1--- E v,1--- v,-< < < < v,_ v,r-- v,r-- v,_ 

OE V3 DE V3 OE v3 r- OE V3 

'( .. r I 

1 } 
DATA 
BUS 

The Am25LS2518 as a variable length (1,2,3 or 4 word)shift register. 
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Am25LS2519 
Quad Register with Two 'ndependentl,.Controlled Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Two sets of fully buffered three-state outputs 
• Four O-type flip-flops 
• Polarity control on W outputs 
• Buffered common clock enable 
• Buffered common asynchronous clear 
• Separate buffered common output enable for each set of 

outputs 

RELATED PRODUCTS 

Part No. Description 

Am25S18, Am2918 Quad D Register 
Am25LS2518 Quad D Register 

LOGIC DIAGRAM 

Do 

D, 

17 '. 18 

E 
ENABLE 

CP 
CLOCK 

CLR . POL 
CLEAR POLARITY 

OE-Y OE-W 
OUTPUT ENABLE 

FUNCTIONAL DESCRIPTION 

The Am25LS2519 consists of four O-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements of the 0 inputs is trans
ferred to the flip-flop outputs on the LOW-to-H.IG H transition 
of the clock. Data on the a outputs of the flip-flops is enabled 
at the three-state outputs when the output control (OE) input 
is LOW. When the appropriate OEinput is HIGH, the outputs 
are in the high impedance state. Two independent sets of 
outputs - Wand Y - are provided such that the register can 
simultaneously and independently drive two buses. One set of 
outputs contains a polarity control such that the outputs can 
either be inverting or non-inverting. 

The device also features an active LOW asynchronous clear. 
When the clear input is LOW, the Q output of the internal 
flip-flops are forced LOW independent of the other inputs. 
The Am25LS2519 is packaged in a space saving (O.3-inch row 
spacing) 20-pin package. 
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ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 010 +70"C AM25LS2519PC 
Hermetic DIP Oto+7O"C AM25LS2519DC 

Chip-Pak 010 +70"C AM25LS2519LC 
Dice Oto+7O"C AM25LS2519XC 

Hermetic DIP -55to + 125'C .AM25LS2519DM 
Hermetic Flat-Pak -55to+125'C AM25LS2519FM 

Chip-Pak .,.5510 + 125'C AM25LS2519LM 
Dice -55to + 125'C AM25LS2519XM 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 

L-20-1 

0, 

WD 

VD 

0, 

W, 

v, 

OE·W 

OE-Y 

ep 

GND 

Vee 
,:> ; 8 

CLR 

POL D, 

W, 

0, 
v, 

w, 
v, CHi 

D, oc.v 

w, 
v, .;' 

Note: Pin 1 is marked for orientation. 

,ll I~ 

.. ,go 

POL 

., 
w, 

v, 

I 



Am25LS2519 

Am25 LS2519 
ELECTRICAL CHARACTERISTICS 
The Follovying Conditions,Apply Unless Otherwise Specified: 

COM'L TA=O'Cto+70'C VCC=5.0V±5% MIN.=4.75V MAX.=5.25V 
MIL TA=-5S0CtO+12SoC VCC=5.0V±10% MIN;=4.50V -MAX.=S.Sov 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Voltage 
VCC= MIN. 'M(l,IOH = -1.0mA 

VIN = VIH or Vil COM'l,lOH = -2.6mA 

VCC=MIN. 
10l -4.0mA 

VOL Output lOW Voltage VIN = VIH or Vil 10l =B.OmA 

10l = 12mA 

VIH InputHIGH level Guaranteed input logical HIGH 
voltage for all inputs 

i Guaranteed input logical LOW I Mil 
Vil I nput LOW Level voltage for all inputs I COM'L 

VI Input Clamp Voltage VCC = MIN.,IIN = -18mA 

IlL I nput lOW Current VCC = MAX., VIN = 0.4V 

IIH Input HIGH Currant \ 
VCC = MAX., VIN"' 2.7V 

II Input HIGH Current VCC = MAX., VIN = 7.0V 

Off·State (High·lmpedance) VCC= MAX. 
Vo = O.4V 

102 Output Current Vo =2AV 

ISC 
Output Short Circuit Current VCC= MAX. 
(Note 3) 

Power SupplV Current I Mil 
ICC VCC = MAX. 

(Note 4) I COM'l 

Min, 

2.4 

2.4 

2.0 

-15 

Typ, 
(Note 2) 

3A 

3.4 

24 

24 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

O.B 

-1.5 Volts 

-0.36 mA 

20 I'A 

0.1 mA 

-20 

20 
I'A 

~5 mA 

36 
mA 

39 

Notes: 1. For conditions shown as MIN. or MAX .• use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V. 2SoC ambient and maximum loading. 
3. Not. more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous -C.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

DC Input Voltage -O.5Vto+7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(T A = +25°e. Vee = 5.0V) 

Parameters Description 

tpHL 
Clock to Vi 

tpHL 

tpLH Clock to W, 

tpHL (Either PolarlM 

tpHL Clear to VI 

tpLH 
Clear to Wi 

tpHL 

tpLH 
Polarity to WI 

tpHL 

tpw Clear 

tpw ClockPulseWidth I LOW 

I HIGH 

to Data 

t., Data 

to Data Enable 

th Data Enable 

to Set-up Time. Clear 
Recovery (inactive) to Clock 

tzH Output Enable to W or V 
tzL 

tta Output Enable to W or V 
tu 
fmax Maximum Clock Frequency (Note 1) 

Am25LS2519 

Min. Typ. Max. Units Test Conditions 
22 33 

20 30 
ns 

24 36 
24 36 

ns 

29 43 ns 

25 37 

30 45 
ns 

23 34 

25 37 
nS" 

CL = 15pF 

18 ns RL = 2.0kO 

15 

18 
ns 

15 ns 

5 ns 

20 ns 

0 ns 

20 15 ns 

II 17 

13 20 
ns 

13 20 CL - 5.0pF 
II 17 

ns 
RL = 2.0kO 

35 45 MHz 
CL - 15pF 
RL = 2.0kO 

Note 1. Per industry convention. f max is the worst case value of the maximum device operating frequency with no constraints on t r• tf., 
pulse width or duty cycle. 

Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS T A = O°C to +70oe TA = -55°C to +125°C 
OVER OPERATING RANGE* Vee = 5.0V ::t5% vee = 5.0V ::t10% 
Parametara Description Min. Max. Min. Max. 

tpLH 39 42 
Clock to Vi 

tpHL 39 45 

tpLH Clock to WI 41 43 

tpHL (Either Polarity) 44 48 

tpHL Clear to VI 52 58 

tpLH 
Clear to Wi 

42 43 
51 53 tpHL 

tpLH 
Polarity to Wi 

41 45 
42 44 tpHL 

tpw Clear 20 20 

Clock I LOW 20 20 
tpw I HIGH 20 20 

to Data 15 15 

t., Data 10 10 

to Data Enable 25 25 

th "ata Enable 0 0 

t,; 
Set-up Time. Clear 

23 24 
Recovery (inactive) to Clock 

tzH 
Output Enable to WI or Vi 

24 27 

tzL 29 35 

tttz Output Enable to Wi or Vi 
33 45 

tu 22 26 

'max Maximum Clock Frequency (Note 1) 30 25 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A. Subgroup 9. 
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Units Test Conditions 

ns 

ns 

ns 

ns 

ns 
CL = 50pF 

ns RL = 2.0kO 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

CL - 5.0pF 
ns 

RL = 2.0kO 

MHz 
CL - 50pF 
RL = 2.0kO 



Am25LS2519 

FUNCTION TABLE 

FUNCTION 
INPUTS INTERNAL OUTPUTS 

CP Dj E CUi POL OE-W OE·Y Q Wj Yj 

X X X X X H L NC Z Enabled 

Output Three-State Control 
X X X X X L H NC Enabled Z 
X X X X X H H NC z z 
X X X X X L L NC Enabled Enabled 

Wi Polarity 
X X X X L L L NC Non-Inverting. Non-Inverting 
X X X X H L L NC Inverting Non-Inverting 

Asvnchronous Clear 
X X X L L L L L L L 
X X X L H L L L H L 

t X H H X X X NC NC NC 
t L L H L L L L L L 

Clock Enabled t L L H H L L L H L 
t H L H L L L H H H 
t H L H H L L H L H 

L= LOW X = ,Don't Care 
H = HIGH NC = No Change 
2.= High Impedance t = LOW to HIGH Transition 

DEFINITION OF FUNCTIONAL TERMS Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

Di Any of the four D flip-flop data. lines, CURRENT INTERFACE CONDITIONS 

E Clock Enable. When LOW, the data is entered 
into the register. on the next clock LOW-to-

\ HIGH transition. When HIGH, the data in,the 
register remains unchanged, regardless of the 
data in. 

CP Clock Pulse. Data is entered into the repister on -
the LOW-to-HIGH transition. DRIVING OUTPUT I DRIVEN INPUT 

OE-W,OE-Y Output Enable. Wilen OE is LOW, the register 
Vee 

[IJ 
is enable to the output. When HIGH, the out-
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 

Yi Any of the four non-inverting three-state out- ----
a.. put lines. 

rA 
Wi Any of the four three-state outputs with polarity 

oJ~ 
control. 

POL Polarity Control. The Wi outputs will be non-

~ 
....... r "H ~ * inverting when POL is LOW, and when it is ;;e 

f HIGH; the outputs are inverting. 

m Asynchronous Clear. When CLR is LOW, the 
internal Q flip-flops are reset to LOW. 

'=' '=' 

, 

Note: Actual c!Jrrent flow direction shown. 
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CONTROL 
INPUTS 

- 03 W3 

- 0, W, 

_0, w, 

--,-- DO Wo 

-ep Am25lS2519 

---<: E 

---<: eL Y3 

---<: OE-W Y, 

---<: OE·Y Y, 

r pOL 

YO 

APPLICATION 

Vee 

::S~ , ::S~ ::s ~ , , 

OTHER DISPLAY 
INPUTS 

330n 

::s ~ 
A HP5082·4850 

LEOS 

Convenient Register Content Monitor or Test Point 

Metallization and Pad Layout 

'0 Vee 

'9 eLR 

DO , 
'8 POL 

Wo , 17 E 

'6 0 3 

Yo 3 

15 W3 
0, • 
W, 5 ,. Y3 

Y, 6 '3 0, 

12 W, 

OE·W 7 

OE-Y 8 11 Y, 

ep 9 

GNO '0 

OlE SIZE 0.083" X 0.099" 
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Am25 LS2520 
Oct.,D-TVp. Flip-Flop with CI •• r, Clock En.bl • • nd Thr •• -St.t. Control 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• Buffered common clock enable input 
• ' Buffered common asynchronous clear input 

The Am25LS2520 is an a·bit register built using advanced 
Low·Power Schottky technology. The register consists of 
eight O·type flip-flops with a buffered common clock, a 
buffered common clock enable, a buffered asynchronous clear 
input, and three-state outputs. 

• Three-state outputs 
• a·bit, high-speed parallel register with positive edge·triggered, 

D-type flip-flaps 
• Am25LS Family offers improved sink current, source 

current and noise margin 
When the clear input is LOW, the internal flip·flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

RELATED PRODUCTS 

Part No. 

Am25S18 
Am2920 
An12954/5 

CLOCK 
ENABLE 

C. 

CLOCK 

m 
CLEAR 

liE, 
OUTPUT 
ENABLE 

CL" 
Y, .. 
0, 

Y, 

Y, 

Do 

Do 

Y, 

Description 

Quad 0 Register 
Octal D· Type Flip·FIop 
Octal 0 Regisiers 

F-24 

"0 V, 

'cc 

CE .. 
Dr 

Do 
Y, 

Y, 

Do 

Do 

Y. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop a output. 

The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW·to·HIGH transition of the clock 
input. 

This device is packaged in a space·saving (O.4·inch row spacing) 
22'pin package and in a 24'pin flatpack. 

CONNEcnON DIAGRAMS - Top Views 

D-22,P-22 Leadleas ChIp Carrier 
L-28-1 

&II "co 
Y, I' 

.. 111 

0, 

" 
Y, 

Do 

Do 
v, 

co 
OND 

Y, 

Do 

Do 
Y, 
Y, 

Do 

Do 

v. 

w or ," II! ~ •• 

'. 

," & 

Note: Pin 1 Is marked for orientation 'Reserved - do not use. 

LOGIC DIAGRAM 

V2 

" .. .. 
" 

" 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L T A == oDe to +70°C Vee ~ 5.0V ±5% MIN. = 4.75V MAX. = 5.2511 

MIL TA""-55°Cto+12SoC Vee = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not. 1) 

Vee=MIN. MI L, 10H ,= -1.0mA 
VOH Output HIGH Voltage 

VIN = VIH or VIL eOM'L, 10H = -2.6mA 

Vee=MIN. 10L =4.0mA 

VOL Output LOW Voltage 
VIN = VIH or VIL 

10L =8.0mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL I nput LOW Level voltage for all inputs 1 eOM'L 

VI Input Clamp Voltage Vee = MIN.,IIN = -18mA 

IlL Input LOW Current Vee = MAX., VIN = 0.4 V 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 

II Input HIGH Current Vee = MAX., VIN = 7.0V 

Off-State (High-Impedance) Vee = MAX. 
Vo=O.4V 

10 Output Current Va =2.4V 

Ise 
Output Short Circuit Current Vee =MAX. 
(Note 3) 

ICC 
Power Supply Current 

Vee=MAX. (Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note2) 

3.4 

3.4 

24 

Am25LS2520 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 rnA 

20 JlA 

0.1 rnA 

-20 

20 
JlA 

-85 mA 

37 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the IIPpropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee"" 5.0V, 2SoC ambient and maximum loading. 
3. Not more than one output should be,shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open~ E = GN 0, Oi inputs = CLR =.O'E = 4.5V. Apply momentary ground, then 4.5V to clock input. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 
DC Input Voltage -O.5Vto+7.0V 
DC Output Current, I nto Outputs 30mA 
DC Input Current -30mA to +5,OmA 
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Am25LS2520 
SWITCHING CHARACTERISTICS 
(TA = +25°e, vee = 5.0V) 

Parameters Description 

tPLH Clock to Vi (Of LoOW) 
tpHL 

tpHL Clear to V 

t. Data (Di) 

th Data (Di) 

Enable rEI I Active 
ts 

I Inactive 

th Enable (E) 

to Clear Recovery (In·Active) to Clock 

I HIGH 
tpw Clock 

I LOW 

tpw Clear 

IZH 
OftoVi 

IZi:. 

1HZ 
OEtoYj 

tLZ 
fmax Maximum 'Clock Frequency (Note 1) 

Min. 

10 

10 

15 

20 

0 

11 

20 

'25 

20 

Typ. Max. Units Test Conditions 

18 27 

24 36 
ns 

·22 35 " ns 

3 ns 

3 ns 

10 
ns 

CL = 15pF 12 

0 ns 
RL = 2.0kn 

7 ns 

14 

13 
ns 

.13 ns 

9 13 

14 21 
ns 

20 30 CL = 6.0pF 
24 36 

ns 
RL = 2.0kn 

40 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on tr• tf, pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS Am25LS COM'L Am25LSMIL 
OVER OPERATING RANGE* 

TA = o°c to +70°C TA = _55°C to +125°C 
VCC = 5.0V ± 5% VCC = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

IPLH 
Clock to Vi WE LOW) 

33 39 

4\i 54 
ns 

IPHL 

tpHL Clear to V. 43 51 ns 

Is Data (Oi) 12 15 ns 

'Ih O~ta (Oi) 12 15 ns 

Enable fi'D. I Active 17 20 
Is J 

ns 
Inactive 20 23 CL = 50pF 

Ih Enable ('E) 0 0 ns RL = 2.0kn 

to Clear Recovery (I n·Active) to Clock 13' 15 ns 

I HIGH 25 30 
Ipw Clock 

I LOW 35 
ns 

30 

Ipw Clear ~2 25 ns 

tZH 
OEtoVi 

19 25 

39 
ns 

tZL 30 

tHZ 
OE to Yi 

35 40 CL - 5.0pF 

39 
ns RL = 2.0kn tLZ 42 

fmax Maximum Clock Frequency (Note 1) 25 20 MHz 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

OJ The 0 flip-flop data inputs. 

CLR When the clear input is LOW, the Qi outputs are 
LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 
register. 

CP Clock Pulse for the Register; enters data into the 
register on the LOW·to·HIGH transition. 

Vee 

The register three-state outputs. 

Clock Enable, When the clock enable is LOW, 
'data on the 0i input is transferred to the Qi 
output on the LOW-to-HIGH clock transition. 
When the clock enable is HIGH, the Qi outputs 
do not change state, regardless of the data or.clock 
input transitions. 

Output Control. When the OE input is HIGH, 
the Yi outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the Yi outputs. 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

I 
I 

[i] 
I 
I 
I 
I 
I 
I 
I 

-::- I -::-

Note: Actual current flow direction shown. 
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Function 

Hi-Z 

Clear 

Hold 

Load 

H = HIGH 
L = LOW 

OE 

H 

H 

L 

H 

L 

H 

H 

L 

L 

X = Don't Care 

21 

10 

20 

=, 
Vo 2 

DO 3 

0, 4 
v, 5 

V2 6 

02 7 

03 B 

V3 9 

CP 10 

GND 11 

Am25LS2520 

FUNCTION TABLE 
Inputs Internal Outputs 

CLR E °i CP Qi Yi 

x X' x X X Z 

L X X X L Z 

L X X X L L 

H H X X NC Z 

H H X X NC NC 

H L L t L Z 

H L H t H .Z 

H L L t L L 

H L H t H H 

NC :::: No Change 
t = LOW-to-HIGH Transition 
Z"" High Impedance 

LOGIC SYMBOL 

7 8 13 14 17 18 

9 12 15 16 19 

Vee = Pin 22 
GND "" Pin 11 

Metallization and Pad Layout 

DIE SIZE 0.080" x 0.111" 

22 Vee 

21 E 

20 m; 

19 Y7 

tS 07 

17 06 
16 Va 

15 Ys 
14 05 

13 04 

12 Y4 

I 



Am25LS2520 

INSTRUCTION REGISTER { 

MAPPING ~ROM { 

MICROPROCESSO.R { 
SEQUENCER 

Package 
Type 

ORDERING INFORMATION 

Temperature 
Range 

Order 
Number 

Molded DIP 
Hermetic DIP 

Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat Pack 

Chip-Pak 
Dice 

Oto'+70'C 
Oto+7O'C 
Oto +70'C 
010 +70'C 

-55 to + 125'C 
-55 to +125'C 
-55 to + 125'C 
-55 to +125'C 

APPLICATIONS 
16-BIT DATA BUS 

AM25LS2520PC 
AM25LS2520DC 
AM25LS2520LC 
AM25LS2520XC 
AM25LS2520DM 
AM25LS2520FM 
AM25LS2520LM 
AM25LS2520XM 

MICROPROGRAM { 
MEMORY 

~~~----.------r-----'------~-----.-----'r-~ 

PIPELINE I REGISTER 

A typical Computer Control Unit for a microprogrammed machine. 

The Am25LS2520 is a useful device in interfacing with the Am9080A system buses. 
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Am25LS2521 
Eigllt.8it Eqyaf.to Comparator 

DISTINCTIVE CHARACTERISTICS 

• 8·bit byte oriented equal comparator 
• Cascadable using E IN 
• High-speed, Low·Power Schottky technology 
• tpd A. B to ~OUT in 9ns 

• Standard 20·pin package 

RELATED PRODUCTS 

Part No. 

Am29806 
Am29809 

Description 

Chip Select Decoder 
9·Bit Comparator 

, FUNCTIONAL DESCRIPTION 

The Am25LS2521 is an 8·bit "equal to" comparator capable 
of comparing two 8·bit words for "equal to" with provision 
for expansion or external enabling. The matching of the two 
B·bit inputs plus a logic LOW on the EIN produces an active 
LOW on the output EOUT. ' 

The logic expression for the device can be expressed as: 
EOUT = (AO ® BO) (A10 Bl) (A2 (82) (A3 0 83) (A4 (84) 
(A50 B5) (A70 B7) E,N. It is obvious that the expression is 
valid where AO - A 7 and 80 - 87 are expressed as either 
assertions or negations. This is also true for pair of terms i.e. 
AO can be compared with 80 at the same time Al is compared 
with Bl. It is only essential that the polarity of the paired 
terms be maintained. 

LOGIC DIAGRAM 

::~ ~ 
::~ ~ 
::~ ~ 
::~ ~ 
~~ ~ 
::~' ~ 
::~ ~ 
::~ ~ 

EIN 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-20-1 

E'N Vee rf ~ 
z ~ J ,,,. 

Ao EOUT .. ., 
" A, A, ., ., .. .. 

A2 As 

., Os ", 
A3 AS .. 
·3 .. 

GNO .. .r ~ ;{ .z ;{ 

Note: Pin 1 is marked for orientation. 

.., 

., 

.. 
Ao .. 
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EOUT 

,LQGIC SYMBOL 

1817161514131211 98 76 5432 

E'N 

EOUT 

'9 

Vee = Pin 20' 

GND = Pin 10 



Am25LS2521 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=O'Cto~7(i'c VCC=5.0V±5% MIN.=4.75V MAX.=5,25V 
MIL TA=-65'Cto+12S'C VCC=5.0V±10% MIN.=4.60V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

VCC=MIN. 
)OH = -4401'A VOH Output HIGH Voltage 

VIN = VIH or VIL 

VCC=MIN. 
IOL -4.0mA 

VOL Output LOW Voltage VIN = VIH or VIL IOL =8.0mA 

IOL = 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed .input logical LOW 
VIL I nput LOW Level voltage for all inputs 

VI Input Clamp Voltage VCC = MIN"IIN ,,-18mA 

IlL Input LOW Current VCC = MAX., VIN = 0.4 V 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 

II Input HIGH-Current Vce = MAX., VIN = 7.0V 

ISC 
Output Short Circuit Current VeC=MAX. 
(Note 3) 

lee 
Power Supply Current Vce= MAX. 
(Note 4) 

MIL 

COM'L 

MIL 

COM'L 

Ai,Si 

E 

Ai,Si 

E 

Aj,Bj 

E 

Min. 

2.5 

2.7 

2.0 

-15 

Typ, 
(Note 2) 

27 

Max. Units 

Volts 

0.4 

0.45 Volts 

O.E 

Volts 

0.7' 
Volts 

0.8 

-1.5 Volts 

-0.36 
mA 

-0.72 

20 
p.A 

40 

0.1 
mA 

0.2 

-85 mA 

40 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee'= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. ~ = GND, all other inputs and outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous -O.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

DC Input Voltage -D.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA = +25°e, vee = 5.0V) 

Parameters Description 

tpLH 
Ai or Bi to Equal 

tpHL 

tpLH E to Equal 
tpHL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE * 

Parameters Description 

tpLH Aj or Bj to 

tpHL Equal Output 

tpLH E to Equal Output 
tpHL 

Min. Typ. 

9 
9 

5 
6 

Am25LS COM'L 

TA = O°C to +70°C 
Vee = 5.0V ±5% 
Min. Max. 

20 

19 

10.5 

12.5 

Am25LS2521 

Max. Units Test Conditions 

15 
15 

ns 
CL = 1SpF 

7 RL = 2.0kO 
B 

ns 

Am25LS MIL 

TA = -55°C to +125°C 
vee = 5.0V ±10% 
Min. Max. Units Test Conditions 

22 

21 
ns 

CL = 50pF 

12 RL = 2.0kO 

15 
ns 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

Ao-A7 
80- 87 
fiN 

four 

EON 

Ao 

Bo 

A, 

B, 

A2 

B, 

A. 

B. 

A input to comparator 
8 input to comparator 
Enable active LOW 
EQOA[ output active LOW 

METALLIZATION AND PAD LAYOUT 

20 

19 
18 

3 17 

• IS 

5 15 

S 1. 

7 13 

8 12 

9 'I 
10 

DIE SIZE 0.068" X 0.058" 

Vcc 
EOUT 

B7 

A7 

B. 

As 

B. 

A. 

B. 

A. 
GND 
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Am25LS 
LOW·POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

vcc--------------~~--~----------~-----

Note: Actual current flow direction shown. 



Am25LS2521 

AO 

A, 

A2 

Aa 

'" As 
As 

~ A7 

m 
'" c c « 
'" § 
g 

~ As 
!1 As ~ 

A,. 

Al1 

A'2 

A,a 

A,. 

A1S 

APPLICATION 

As .. 
A, B, 

A2 B2 

Aa sa 

'" .. 
AS BS 

As .. 
A7 B7 

ADDRESS SELECT 
'ENABLE TERM 

As 
A, B, 

A2 B2 

Aa Ba 

'" B. 

AS BS 

As Os 
A7 

EIN 
·7 

-= 

MAX. ENABLE (HIGH-to-LOW) DELAY 
OVER 16-BITS 

(Commercial Range) 

tpHL 
Ai~rBi 19ns 
to EOUT 

tpHL - J:'N to 12.5ns 
EOUT 

Total 31.5ns 

WRITE ENABLE, 
READ ENABLE 

OR BOTH 

MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP Oto+70"C AM25LS2521PC 
Hermetic DIP Oto+70"C AM25LS2521DC 

Dice Oto +70'C AM25LS2521XC 
Chip-Pak Oto +70"C AM25LS2521LC 

Hermetic DIP -55 to + 125'C AM25LS2521DM 
Hermetic Flat-Pak - 55 to + 125'C AM25LS2521FM 

Dice -55 to +125'C AM25LS2521XM 
Chip-Pak -55 to +125'C AM25LS2521LM 
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Am25LS2535 
Eight Input Multiplexer with Control Register 

DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 
• On-chip Multiplexer Select and Polarity Control Register 
• Output polarity control for inverting or non-inverting 

output 
• Common register enable 
• Asynchronous register clear 
• Three-state output for expansion 
• Am25LS features improved noise margin, higher drive, and 

faster operation 

FUNCTIONAL DESCRIPTION 

The Am25LS2535 is an eight-input MUltiplexer with Control 
Register. The device features high speed from clock to output 
and is intended for use in high speed computer control units 
or structured state machine designs. 

The Am25LS2535 contains an internal register which holds 
the A, Band C multiplexer select lines as well as the POL 
(polarity) control bit. When the Register Enable input (RE) is 
LOW, new data is entered into the register on the LOW-to
HIGH, transition of the clock. When RE is HIGH, the register 
retains its current data. An asynchronous clear input (CLR) is 
used to reset the register to a logic LOW level. 

The A, Band C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the se· 
lected multiplexer input to be passed to the output. When ME 
is HIGH, the output is determined only by the Polarity Control 
bit. 

The Am25LS2535 also features a three·state Output Enable 
control (OE) for expansion. When OE is LOW, the output is 
enabled. When OE is HIGH, the output is in the high imped· 
ance state. 

LOGIC DIAGRAM 

RELATED PRODUCTS 

Part No. 

Am2922 
Am2923 

Description 

8 Input Multiplexer 
8 Input Multiplexer 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-20-1 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

v" II I~ .. ~ .r Molded DIP Oto +70"C AM25LS2535PC 
0, Hermetic DIP Oto +70"C AM25LS2535DC 
0, ., 
0, 

Chip-Pak Oto +70"C AM25LS2535LC 
Dice Oto+7O"C AM25LS2535XC 

"' 
., 

Hermetic DIP -55 to + 125°C AM25LS2535DM 

"' Hermetic Flat Pack -55to + 125°C AM25LS2535FM 

0, Chip-Pak -55to +125°C AM25LS2535LM 
Dice -55 to + 125°C AM25LS2535XM 0, fiJi D, 

0, 
0, or .. .. 

Note: Pin 1 is marked for orientation. 
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,Am25LS2535 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = aOc to +70oC VCC'-5.0V±5% MIN.-4.75V MAX.-5:~5V 

MIL TA = _55°C to +125°C VCC = 5.0V '10% MIN. = 4.50V MAX. - 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

VCC =MIN. Mll,lOH - -2.0mA 
VOH Output HIGH Voltage 

VIN = VIH or Vil COM'l, IOH - -6.5mA 

VCC=MIN. 
IOl =4.0mA' 

VOL Output lOW Voltage . 
VIN = VIH or Vil IOl -8.0mA 

IOl - 20mA 

VIH Input HIGH level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical lOW I Mil 
VIL I nput lOW level voltage for all inputs I COM'l 

VI Input Clamp Voltage VCC - MIN.,IIN - -18mA 

VCC= MAX., ME,OE, FiE 
III I nput lOW Current 

VIN =0.4V , ON, A, B, C, POL, CP, ClR 

Vce = MAX .. ME,CE, RE 
IIH Input HIGH Current 

VIN =2.7V °N,A,B,C,POl,CP,ClR 

VCC= MAX., ME,OE,~ 
II Input HIGH Current 

VIN =5.5V ON,A,B,C,POl,CP,ClR. 

IOZ 
Off-State ,(High-Impedancel Vee = MAX. 

VO=0.4V 

Output Current Vo = 2.4V 

Ise 
Output Short Circuit Current Vee =MAX. 
(Note 31 

ICC 
Power Supply Current Vec = MAX. 
(Note 41 

Min. 

2.4 

2.4 

2.0 

-40 

TyP. 
(Note 2) 

3.4 

3.2 

97 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

' 0.7 
Volts 

0.8 

-1.5 Volts 

-0.72 
mA 

-2.0 

40 

50 
IlA 

0.1 
mA 

1.0 

-50 

50 
IlA 

-100 mA 

148 mA 

Notes:, 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Char_8cterlstics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 26°C ambient and maximum loading. 
3 .. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. °1-°7. A. S, C, POL, Me, CLR at GND. All other inputs and outputs open. 

Measured after a momentary ground then 4.5 V applied to clock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -O.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 

DC Input Voltage -O.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA = +25°C, vcc'= 5.0V) 

Parameters Description 

tpLH 

tpHL 
Clock to V POL - LOW 

tpLH 
Cl,ock to V POL - HIGH 

tpHL 

tpLH 
On toV 

tpHL 

tpLH 
tpHL 

CLR to Y 

tpLH ME to Y 
tpHL 

tZL 

tZH OEtoY 
tLZ 

tHZ 
A, B, C, POL 

ts 
RE 

ts C[JI Recovery 

Clock 
tpw Clear (LOW) 

th A,B,C,POL,RE 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tpLH 
Clock to y, POL·L 

tpHL 

tpLH 
Clock to Y, POL·H 

tpHL 

tpLH 
ON to Y 

tpHL 

tpLH 
CLR to Y 

tpHL 

tpLH MEtoY 
tpHL 

tZL OEtoY 
tZH 

tLZ OEtoY 
tHZ 

A, B, C POL 
ts 

RE 

ts CLR Recovery 

Clock 
tpw 

elear(LOW) 

tH A,B,C,POL,RE 

Min. Typ. Max. Units 

21 32 
19 29 

ns 

16 24 

19 29 
ns 

10 16 

13 19 
ns 

22 33 
22 33 

n8 

12 18 

12 18 
n8 

8 14 

8 14 
ns 

\ 10 17 

10 17 
n8 

10 

15 
n8 

5 n8 

10 

10 
n8 

0 ns 

Am25LS COM'L Am25LS MIL 

TA = O°C to +70·C TA = -55°C to +125°C 

Vee = 5.0V ±5% Vee = S.OV ±10% 

Min. Max. Min. Max. 

40 47 

34 38 

29 33 

35 41 

19 21 

22 24 

39 45 

39 45 

22 26 
19 20 

19 24 
22 29 

24 30 

24 30 

11 12 
18 20 

6 7 

11 12 

,11 12 

3 3 

* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2535 

Test Conditions 

CL = 15pF 

RL = 2.01<0 

CL - 5.0pF 

RL = 2.01<0 

CL = 15pF 

RL = 2.01<0 

Units Test Conditions 

ns 

ns 

ns 
CL = 50pF 

RL = 2.0kO 
ns 

ns I 
ns 

CL = 5.0pF ns 
RL = 2.01<0 

ns 

ns CL = 50pF 

ns 
RL = 2.0kO 

ns 



Am25LS2535 

FUNCTION TABLE 

INPUTS INTERNAL 
MODE 

INPUTS OUTPUT 

C B A POL RE ClR CP QC QB ciA QpOl ME OE Y 

Clear X X X X X L X L L ,L L H L H 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
L L 00 

X H Z 

Reg. Djsable X X X X H H X NC NC NC NC L L Dj/Dj 
(Note 1) 

Select L L L L/H L H t L L L L/H L L DO/DO 
(Multiplex) L L H L L H 01/Dl 

L H L L H L 02/D2 
L H H L H H 53/D3 

H L L H L L 04/D4 

H L H H 'L H 155/D5 

H H L H H L 56/D6 
H. H H H H H 5 7/D7 

Multiplexer X X X X X H X X X X L H L H 

Disable X X X H H L L 

Tri·state 
Output X X X X X H Z 
Disable 

NC "" No Change 

X "" Don't Care 

Note 1: The output will follow the selected input, OJ, or Its complement depending on the state of the POL flip-flop_ 

. DEFINITION OF FUNCTIONAL TERMS 
A,B,C Multiplexer Select Lines. One of eight multiplexer CLR Clear. A lOW asynchronously resets the Multiplexer 

data inputs is selected by the A, Band C register Select and Polarity Control Register. 
outputs. 

0,-08 Data Inputs to the S-input multiplexer. 
POL Polarity Control Sit. A HIGH register output causes 

a true (non-inverted) output and a !-OW causes the CP Clock Pulse. When RE is lOW, the Multiplexer 
c output to be inverted. Select and Polarity Control Register changes state 

w: Multiplexer Enable. When lOW, it enabled the on the LOW-to-HIGH transition of CPo 
S-input multiplexer. When' HIGH, the Y output is 

OE Output Enable. When LOW, the output is enabled. 
determined by only the Polarity Control bit. 

RE Register Enable. When LOW, the Multiplexer Select 
When HIGH, the output is in the high impedance 

and Polarity Control Register is enabled for loading. 
state. 

When HIGH, the register holds.its current data. Y The ch ip output. 

lOGIC SYMBOL 
, 19 1B 17 14 13 12 11 

I I I II III 
2~ ME 

DO 01 02 03 04 D5 De D7 CLR 
~. 

4- A RE p--3 
6- B cp r-- 7 

5- C 

9- POL 
Y 

OE p-- 16 

,t 
Vee"" Pin 20 
GNO=Pin 10 
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Am25LS , 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN OUTPUT 

vre-----------------.----~------------~-----

Note: Actual current flow direction shown. 

ep 

cu; 

POL 

GND 10 

.., 11 

Metallization and Pad Layout 

De ,. ---H __ _ 

Os ,. D. ,. _______ ...J 

Y ,.-----------~ 

DIE SIZE 0.080" X 0.099" 

APPLICATION 

INSTRUCTIDN I . INPUTS 
FROM PIPELINE 

REGISTER 

----

- "0 - D, - Do 

~ 
:> 
0 

Arn29811 

TEST 

t 
I 
Y 

ME 

So ., 
pUP 

I'l! MICROPROGRAM 
.Am2911 MEMORY Y; A; ,. 

OUTPUTS 

II 
l- I 

Do 

Am25LS176 

Am25LS2535 

A 

• iiE 

ME 

"0 

20 Vee ,. D, 

18 Do 
11 Do ,. DE 

D, 

~ Ai 
PIPELINE REGISTER 

TEST 
INPUTS 

'0 

11 ,. ,. 
,. ,. ,. 

- D. - D. ~ 
P - Os e 

- 0. B - .., 
OE 

A 

f 

I 
- DE UNCONDITIONAL 

"0 ME - 0, - D. 

I ---'--- 03 Ai - D. P - D. e - D. B - .., A 
Y 

I 

A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 
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Am25LS2536 
Eight. Bit Decoder with Control Storage 

DISTINCTIVE CHARACTERISTICS 

• 8-bit decoder/demultiplexer with control storage 
• 3-state outputs, 
• Common clock enable 
• Common clear ' 
• Polarity control , 
• Advanced low PClwerSchottky Process 

RELATED PRODUCTS 

Part No. 

Am25LS2537 
Am25LS2538 
Am25LS2539 
Am25LS2548 
Am2921 
Am2924 

Description 

1 01 10 Decoder 
1018 Decoder 
Dual 1 01 4 Decoder 
Chip Select Address Decoder 
1 01 8 Decoder 
3 to 8 Line Decoder/Demultiplexer 

FUNCTIONAL DESCRIPTION 

The Am25lS2536 is an eight-bit decoder with control stor
age. It provides a conventional 8-bit decoder function with 
'two enable inputs which may also be used for data input. 
This can be used to implement a demultiplexer function. In 
addition, the exclusive "OR" gate allows for polarity control 
of the selected output. The 3-state outputs are enabled by a 
lOW on the (OE) output enable. 

The three control bits representing the output selection and 
the single bit polarity control are stored in "D" type flip-flops. 
These flip-flops have both Clear, Clock, and Clock Enable 
functions provided. The G1 and G2 input provide either polar
ity for input control or data. 

LOGIC DIAGRAM 

CP 

8·Bit Decoder/Demultiplexer with Control Storage 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L·20·1 

It! ~ t5 ~ I'; 

0. 

" 
'. 
'. 
'. 

~ .. " .. '" 
Note: Pin 1 is marKed lor orientation. 
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Package 
Type 

ORDERING INFORMATION 

Temperature Order 
Number 

Molded DIP 
. Hermetic DIP' 

Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat-Pak 

Chip-Pak 
Dice 

, Range 

Oto +7O'C 
Oto +7O'C 
010 +70'C 
Oto +70'C 

-55to + 125'C 
-55 to + 125'C 
-55to+125'C 
-5510 + 125'C 

AM25LS2536PC 
AM25LS2536DC 
AM25LS2536LC 
AM25LS2536XC 
AM25LS2536DM 
AM25LS2536FM 
AM25LS2536LM 
AM25LS2536XM 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
CQM'L T A:::: aOe to +70o C Vee"'" S.Ov !5% MIN. "" 4.75 V MAX. "" 5,25 V 

MIL TA=-5S0Cto+ 12SoC VCc=5.DV.t.l0% MIN.""4.SQV MAX.,-=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not. 1) Min. 

Typ. 
(Not.2) 

Am25LS2536 

Max. Units 

! Vcc = MIN. IOH = --2.6mA, COM'l 2.4 3.2 
VOH Output HIGH Voltage - Volts 

f----f----------- -----t! _V __ IN_·_=_V_I_H_0_r_V_I_l_+-_IO=H_=_-~~~~."::I_L ____ + __ 2_.4_+ ___ 3_.4 __ -+ _____ f-__ ----I 

VCC = MIN. IOl = 24mA, COM'L 0.4 0.5 

VOL Output lOW Voltage Volts VIN = VIH or Vil 
0.4 0.35 IOl = 12mA, Mil 

~----~------------------+_--------.. ----L----------------r------+_----_+------+_----~ 
VIH Inpllt HIGH level Guaranteed input logical HIGH 

voltage for an inputs 2.0 Volts 

Vil Input lOW level 
Guaranteed in~ut IOgj~al LOW -IMIL--- 0.7 
voltage for all tnputs_~-M-'-l--1-----I-----+--0-.-8----1 Volts 

--------- ------------ ---------- - -t-------t__---t__---t__----j 

VI Input Clamp Voltage Vcc = MIN .. liN = --18mA -1.5 Volts 

III Input LOW Current Vcc = MAX .. VIN = 0.4V -0.4 rnA 

~----+------------------+--- ---------------_ .. ---- ------ -------f------+-------1 
IlH Input HIGH Current VCC = MAX., VIN = 2.7V 20 !LA 

f----+--------------------- ------------------------- ------ ----+------j-----f----I 

II Input HIGH CUrrent VCC = MAX., VIN = 7.0V 0.1 rnA 

-- --------:..20 

20 
~-----------+----~ 

10 
Off-State (High-Impedance) 
Output Current 

-~~ = MA;----r Vo = OA"-- _ 
f-----+------------+------- ____ ~0."_=_2 __ .4 __ V _______ t__---

-15 rnA -85 ISC 
Output Short Circuit Current 
(Note 3) 

Vce =MAX. 

r-----r------------------+-----------------------------j------+----------------1------1 
Vce = MAX. 37 rnA 56 ICC 

Power Supply Current 
(Note 4) 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate vaiue specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 2SoC ambient and ma;.:imum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test Conditions: A = B = C = G1 = G2 = DE = CE = GND; ClK = ClR = POL = 4.5V. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 
DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 
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_55°C to +125°C 

-O.5V to +7.0V 

-p.5V to +VCC ma)(. 

-Q,5V to +7,OV 

30mA 

-30m A to +5.0mA 

I 



Am25LS2536 ' 
SWITCHING CHARACTERISTICS 
(TA = +25°C, Vee = 5.0V) 

Parameters Description 

tpLH 
Gl 10 Yo - Y7 

tpLH 

tpLH 
G2 10 Yo - Y7 

IpHL 

IpLH 
CPtoYo - Y7 

IPHl 

tpLH 
IpHL 

CLRIOYo - Y7 

Is Clock Enable 10 CP 
It, 

Is A, e, C, POL 10 CP 
It, 

1HZ OE 10 Yo - Y7 
ILZ 

IZH OEIOYo - Y7 
IZL 

Is ' Set-up Time, Clear Recovery to CP 

Pulse Width I Clock 
Ipw 

Clear 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE· 

Parameters Description 

IplH 
G1 10 Yo - Y7 

IpHL 

IplH 
G2 IOYo -Y7 

IpHL 

IplH 
CPtoYO -Y7 

IpHL 

IplH 
CLRIOYo - Y7 

IpHL 

Is 
Clock Enable 10 CP 

Ih 

Is A, e, C, POL to CP 
Ih. 

1HZ 
OE to Yo - Y7 

ILZ 

IZH 
OEIOYo- Y7 

IZl 

Is Set-up Time, Clear Recovery to CP 

Pulse Width 
I Clock 

Ipw 
I Clear 

Min. Typ. Max. Units 

17 215 
ns 

23 34 

20 30 
ns 

26 39 

24 36 
.ns 

30 45 

24 36 
31 46 

ns 

25 ns 
0 

15 
0 

ns 

9 14 
11 17 

ns 

15 '22 
ns' 

16 24 

20 ns 

15 
ns 

15 

Am2SLS COM'L Am2SLS MIL 

T A = O"C to + 70"C TA = -SsoC to +12SoC 

VCC = S.OV ±S% Vee = S.OV ±10% 

Min. Max. Min. Max. 

29 31 

39 42 

34 37 

44 46 

40 42 

51 55 

47 54 

58 66 

27 30 

0 0 

17 20 

0 0 

17 18 

27 34 

25 27 

28 30 

23 25 

17 20 

15 15 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Test Condltlona 

, 

CL = 45pF 
RL = 6670· 

CL = 5pF 
RL = 6670 

CL = 45pF 
RL = 6670 

Units Test Conditions 

ns 

ns 

ns 
Cl = 45pF 
Rl = 6671} 

ns 

ns 

ns 

CL = 5.0pF ns 
RL = 6670 

ns 

ns 
CL = 5.0pF 
RL = 6670 

ns 



Am25LS2536 

FUNCTION TABLE 

Internal 
Inputs Registers Th ree·State Outputs 

-----
Mode C B A POL CE ClR G* OE CP QC QB QA QpOl YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 

X X X X X L 
Clear 

L L X L L L L H H H H H H H H 

X X X X X L H L X L L L L L H H H H H H H --_._-- --
Hold X X X X H H NC L t NC NC NC NC NC NC NC NC NC NC NC NC 

------ C-Select L L L H L H H L t L L L H H L L L L L L 

L L H H L H H L t L L H H L H L L L l. L L 

L H L H L H H L 1 L H L H L L H L L L L L 

L H H H L H H L j L H H H L L L H L L L L 

H L L H L H H L 1 H L L H L L L L H L L L 
I 

H L H H L H H L t H L H H L L L L L H L L 

H H L H L H H L t H H L H L L L L L L H L 

H H H H L H H L t H H H H L L L L l. L L H 

I L L L L L H H L t L L L L L H Ii H H H H H 

I 
L L H L L H H L t L L H L H L H H H H H H 

L H L L L H H L t L H L L H H L H H H H H 

L H H L L H H L t L H H L H H H L H H H H 

H L L L L H H L t H L L L H H H H L H H H 

H L H L L H H L t H L H L H H H H H L H H 

H H L L L H H L t H H L L H H H H H H L H 

H H H L L H H L t H H H L H H H H H H H L G1 G2 G 
X X X H L H L L t X X X H L L L L L L l. L 

L L L 

L H H 

H L L 

H H L 

b;~XX X L L H L L t X X X L H H H H H H H H 

Output 
X X X X X H X NC NC NC NC Z Z Z Z Z Z Z Z DjSa~~~~_~ _._----_._--

NC =: No Change X =;: Don't Care Z = High·lmpedance t = Low"to·High Transition 

DEFINITION OF TERMS 

cIR" CLEAR --. When the CLEAR input is LOW, the control 
register outputs (OA, Os, Oc, Opod are set LOW 
regardless of any other inputs. 

CP CLOCK - Enters data into the control register on the 
LOW-to-HIGH transition. 

CEo CLOCK ENABLE - Allows data to enter the control 
register when EE is LOW. When CE is HIGH, the OJ 
outputs do not change state, regardless of data or 
clock input transitions. 

A,B,C Inputs to the control register which are entered on 
the LOW-to-HIGH clock transition if CE is LOW. 

POL Input to the control register bit used for determin
ing the polarity of the selected output. 

A~tive LOW part of the expression G = G1G2 [or G = 

(G 1) G2l where G is either data input forthe selected 
Y n or is used as an input enable. 

Active HIGH part of the expression G = G1G2. 

The three-state outputs. When active (OE = LOW), 
one of eight outputs is selected by the code stored in 
the control register, with the polarity of all eight 
determined by the bit stored in the POL flip-flop of 
the control register. The selected output can further 
be controlled by G according to the expression 
Y SELECTED = G Ell 0POL' 

OUTPUT ENABLE. When OE is HIGH the Y n outputs 
are in the high impedance state; when OE is LOW 
the Y n's are in their active state as determined by the 
other control logic. The OE input affects the Y n out
put buffers only and has no effect on the control 
register or any other logic. 
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ern 
CP 

A 

POL 

Of 

Yo 

METALLIZATION AND PAD LAYOUT 

r------ 20 Vee 

,----- 19 G1 

18 G2 

17 Y, 

16 Y, 

15 Y5 

14 Y4 

13 Y3 

L ________ ._ 12 Y2 

GND 10 ---------' '------.-- 11 V, 

DIE SIZE 0.084" X 0.09['" 

LOGIC SYMBOL 

0' Yo 

Y, 

Y, 12 

Y3 13 

V, -14 

Y5 15 

CP Y6 

Y, 

A B C POL 

4 5 6 7 

Vcc = 20 
GND = 10 

EI 



Am25LS2537 
One-of-Ten Decoder with Three-State Outputs and Polarit, Control 

DISTINCTIVE CHARACTERISTICS 

• Three·state outputs 
• Separate output polarity control 
• Inverting and non·inverting enable inputs 
• Does not respond to codes above nine 
• A.C. parameters specified over operating temperature and 

power supply ranges 

RELATED PRODUCTS 

Part No. 

Am25LS2536 
Am25LS2538 
Am25LS2539 
Am25LS2548 
Am2921 
Am2924 

J.~ ~ ~IJ. 

~ 

~~ ~ J. 

~ I ~ 
~ 

~ J. 

Description 

8-Bit Decoder 
1 018 Decoder 
Dual 1 01 4 Decoder 
Chip Select Address Decoder 
1 018 Decoder 
3 to 8 Une Decoder/Demultiplexer 

LOGIC DIAGRAM 

.- -"" 
r ?U 'L 

. - """ J"" 
FlU 'L rt .- ..... .r FlUL rt 

.r FlU ..... 
~ L 

r RU-"" r-r L 
y pD L r-r .- ..... .r ~U L [1 

. - ..... .r ~U L [1 

.r ~L> ..... 
[1 L 

...... .r ~U 'L ~ 

~ I \ ~ J.~ J.;to. 

TI E2 POL 

" 

" 

" 

" 

" 

'9 
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FUNCTIONAL DESCRIPTION 

The Am25LS2537 is a demultiplexer/one·of·ten decoder that 
accepts four active high BCD inputs and selects one·of·ten 
mutually exclusive outputs. The device features three·state 
outputs as well as a buffered common polarity control such 
that the outputs are mutually exclusive active·low or mutually 
exclusive active·high. The logic design .of the Am25 LS2537 
enslires that all outputs are unselected when the binary codes 
greater than nine are applied to the inputs. The inputs A, B, 
C, and D of the Am25 LS2537 correspond to the respective 
binary weight of I, 2, 4, and B. 

The outPl,lt enable (OE) input controls the three·state outputs. 
When the OE input is HIGH, the outputs are in the high im· 
pedance state. When the OE input is LOW, the outputs are 
enabled. The polarity (POL) input is used to drive the Yout· 
puts to either the active·HIGH state or the active· LOW state. 
When the POL input is LOW, the outputs are active·HIGH. 
When the POL input is HIGH, the Y outputs are active· LOW. 
The device features one active·HIGH and'one active· LOW 
enable input which can be used for gating the decoder or can 
be used with incoming data for demultiplexing applications. 

The Am25LS2537 is packaged in. a space saving (0.3-inch row 
spacing) 20·pin package. The device also features Am25LS 
family faster switching specifications, higher noise margin, 
and twice the fan·out over' the military temperature range 
when compared with Am54LSI74LS devices . 

Package 
Type 

ORDERING INFORMATION 

Temperature Order 
Number 

Molded DIP 
Hermetic DIP 

Chip· Pal< 
Dice 

Hermetic DIP 
Hermetic Flat·Pak 

Chip·Pak. 
Dice 

Range 

010 +70"C 
Oto+7O"C 
010 +70"C 
Oto+7O"C 

-55 to + 125°C 
-5510 + 125'C 
-5510 + 125°C 
-55 to + 125°C 

AM25LS2537PC 
AM25LS2537OC 
AM25LS2537LC 
AM25LS2537XC 
AM25LS2537DM 
AM25LS2537FM 
AM25LS2537LM 
AM25LS2537XM 

CONNECTION DIAGRAMS - Top Views 

Vee 

" 
" 

E1 

•• 
" 
" 
" 

POL .. 
.Y. 

Leadless Chip carrier 
L-20-1 . 

" ". " " 
Note: Pin 1 is marked for orientation. 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L "" T A"" DoC to +70oC Vee"" 5.0V ±5% MIN. "" 4.75V MAX. '" S.25V 

MIL "" T A"" -5Soc to .+.1 2SoC Vee"" 5.0V ±10% MIN. "" 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters .Descri ption Test Conditions (Note 1) 

Vcc = MIN. MIL,IOH = -1.0mA 
VOH Output HIGH Voltage 

V,N = V,H or V,L COM'L, IOH = -2.6mA 

VCC= MIN. 
IOL =4.0mA 

Output LOW Voltage 
VOL (Note 51 V,N = V,wor V,L IOL =8.0mA 

IOL = 12mA 

V,H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
V,L I nput LOW Level voltage for all inputs I COM'L 

V, I nput Clamp Voltage VCC = MIN" liN = -18mA 

I,L I nput LOW Current VCC = MAX., V,N =O.4V 

I'H Input HIGH Current VCC = MAX., V,N = 2.7V 

" 
I nput HIGH Current VCC = MAX., V,N = 7.0V 

Off-State (High-Impedance) VCC = MAX. 
Vo =0.4V 

IOZ Output Current Vo =2.4V 

'SC 
Output Short Circuit Current VCC = MAX. 
(Note 3) 

ICC 
Power Supply Current VCC = MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

25 

Am25LS2537 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 /lA 

0.1 mA 

-20 

20 
/lA 

-85 mA 

40 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under ElectricaLCharacteristics for the applicable device type. 
2. Typical limits ~re at Vee = 5.0V, 2SoC ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: A=> B == C = D =: E1 = GND; E2 == POL = O"E = 4.5V. 
5. VOL is specified with total device IOL "" 60mA'(max.). 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous -{).5V to +7.0V 

OC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 

DC Input Voltage -{).5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC I nput Current -30 mA to +5.0 mA 
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Am25LS2537 
SWITCHING CHARACTERISTICS 
(T A = +25°e, Vee = 5.0V) 

Parameters Description 

tPLH 
A, S, C, D to Yi 

tpHL 

tPLH 
E1 ,oYi 

tpHL 

tPLH 
EitoYi 

tpHL 

tPlH 
pal to Yi 

tPHl 

tZH 

tZl 
OE Control to Vi 

'HZ OE Control to Yi 
tlZ 

SWITCHING' CHARACTERISTICS, 
OVER OPERATING RANGE* 

Parameters Description 

tpLH 
A, S, C, D to Yi 

tpHL 

tplH 
E1 to Yi 

tPHl 
tplH 

E2to Yi 
tpHl 

tPlH 
pal to Yi 

tpHl 

tZH OE Co nlrol to Y i 
'Zl -
'HZ 

DE Control to Yj 
tlZ 

Min. Typ. Max. Units 

22 33 

17 25 
ns 

19 28 

21 31 
ns 

21 31 

23 34 
ns 

18 27 

21 31 
ns 

22 33 
ns 

14 21 

19 28 
ns 

23 34 

Am25LS COM'L Am25LSMIL 

T A = O°C to +70°C TA = _55°C to +125°C 
VCC = 5.0V ± 5% VCC = 5.0V ± 10% 

Min. Max. Min. Max. 

__ 41 48 
-'---

32 39 --
34 40 
38 45 

-
38 45 

42 49 

32 37 

42 52 

44 55 -- 23 25 

33 37 

38 42 

.. AC per:formance over the operating temperature range is guarantee'd by testing defined in' Group A, Subgroup 9. 
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Test Conditions 

CL=15pF 

RL = 2.0k!l 

I 

I 

1 Cl = 5.0pF 
RL = 2.0kr! 

Units Test Conditi'ons 

ns 

ns 

CL = 50pF 
ns 

Rl = 2.0kH 

ns 

ns' 

Cl = 5.0pF 
ns 

RL = 2.0kH 



FUNCTION TABLE 

FUNCTION 

3-State 

Disable 

Active~HIGH Output 

Active-LOW Output 

H = HIGH 
L" LOW 

OE E1 

H. X 

L H 
L H 
L 'X 
L X 

L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 

L L 
L l 
L l 
L L 
l L 
l l 
L l 
L L 
L l 
L L 
L L 
L L 
l L 
L L 
l L 
L L 

x "'" Don't Care 
Z = High Impedance 

INPUTS 

E2 POL 0 

X X X 

X L X 
X H X 
L L X 
L H X 

H L L 
H L L 
H L L 
H L L 
H l L 
H L L 
H L L 
H L L 
H L H 
H L H 
H L H 
H L H 
H L H 
H L H 
H L H 
H L H 

H H L 
H H l 
H H L 
H H L 
H H l 
H H L 
H H L 
H H L 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 

DEFINITION OF FUNCTIONAL TERMS 

A, B, C, 0 To select inputs to the decoder. 

C 

X 

X 
X 
X 
X 

L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 

L 
l 
L 
l 
H 
H 
H 
H 
L 
L 
l 
L 
H 
H 
H 
H 

E1 The active-lOW enable input. A HIGH on the El 
input inhibits the decoder function regardless of 
any other inputs. 

E2 The active·HIGH enable input. A lOW on the E2 
input forces all the decoder functions to the 
inactive state regardless of any other inputs. 

B 

X 

X 
X 
X 
X 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 

L 

L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
l 
L 
H 
H 
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A YO 

X Z 

X L 
X H 
X L 
X H 

L H 
H L 
L L 
H L 
L L 
H L 
L L 
H L 
L L 
H L 
L L 
H L 
L L 
H L 
L L 
H L 

L L 
H H 
l H 
H H 
L H 
H H 
L H 
H H 
L H 
H H 
l H 
H H 
l H 
H H 
l H 
H H 

POL 

Yi 

Am25LS2537 

OUTPUTS 

Y1 Y2 Y3 Y4 Ys Ys Y7 Ya Yg 

Z Z Z Z Z Z Z Z Z 

L L L L L L .L L L 
H H H H H H H H H 
L L L L L L L L L 
H H H H H H H H H 

L L L L L L L L L 
H L L L L L L L L 
L H L L L L L L L 
L L H L L l L L L 
L L L H L L L L L 
L L L L H L L L L 
L L L L L H L L L 
L L L L L L H L L 
L L L L L L L H L 
L L L L L L L L H 
L L L L L L L L L 
L L L L L L L L L 
L L L L L L L L L 
L L L L L L L L L 
L L L L L L L L L 
L L L L l l L l l 

H H H H H H H H H 
L H H H H H H H H 
H l H H H H H H H 
H H L H H H H H H 
H H H L H H H H H 
H H H H L H H H H 
H H H H H l H H H 
H H H H 'H H L H H 
H H H H H H H L H 
H H H H H H H H L 
H H H H H H H H H 
H H H H H H H H H 
H H H H H H H H H 
H H H H H H H H H 
H H H H H H H H H 
H H H H H H H H H 

The polarity control for the output function. 
When the polarity control is HIGH, the outputs 
are active-lOW. When the pal input is lOW, 
the outputs are active·HIGH. 
Output Enable. An active-lOW three-state control 
used to enable the outputs. A HIGH level input 
forces the output to the high impedance (off) 
state. 
Decoder outputs. The ten outputs of the decoder. 

II 



Am25LS25~7 

APPLICATIONS 

A 

~--+------------

A 

E2 

POL- AIll25lS2537 POL Am25LS2537 DE 

DE 

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 

POLARITY 

One-of-Twenty Decoder with Active-High Dr Active-Low Output Polarity. 

Could be used for I/O Decoding in an Am9080A syst~m. 

Y, ---"-1:) 

THUMB·WHEEL Va 

SWITCH Y7 --7 

--- A 

~ 
Y, -----·0 

~ 
Y5 -----5 

E2 i'l Y4 -----4 
E 

Y3 -r-. " 
~ ------ 3 

Y, ----·-2 
POL Y, --, 

DE 
Yo ·-0 

POl.ARITY 
CONTROL 

BCD to Decimal (One-of-Ten) Decoder. 

'---------------------9----:-144,..,--~-------------·-----· 



Am25 LS2538 
One-of-Eight Decoder 

with Three-State Outputs and PolaritJl Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 
• Buf/Ned common output polarity control 
• Inverting and non·inverting enable inputs 
• A. C. parameters specified over operating temperature and 

power supply ranges 

RELATED PRODUCTS 

Part No. 

Am25LS2536 
Am25LS2537 
Am25LS2539 
Am25LS2548 
Am2921 
Am2924 

Description 

8·Bit Decoder 
1 of 10 Decoder 
Dual 1 of 4 Decoder 
Chip Select Address Decoder 
1 of 8 Decoder 
3 to 8 Line Decoder/Demultiplexer 

FUNCTIONAL DESCRIPTION 

The Am25LS2538 'is a three·line to eight-line decoder/ 
demultiplexer fabricated using advanced low-Power Schottky 
technology. The decoder has three buffered select inputs
A, B, and C-that are decoded to one-of-eight Y outputs. Two 
active-HIGH and two active-LOW enables can be used far 
gating the decoder or can be used with incoming data for 
demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (DE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs' 
are active-LOW. 

The device is packaged in a space saving (O.3-inch row 
spacing) 20-pin package. It also features Am25LS family 
improved switching specifications, higher noise margin, and 
twice the fan-out over the military temperature range when 
compared with Am54lSI74LS devices . 

. _-----
LOGIC DIAGRAM 

_One-of-Eight'Oecoder 

v. 

1'3 
ENABLE E, 

OUTPUT I DE, ~~--""+-+-1-""+-+-1!-+-+-+-I-+-+
CON-TROL 0e2 ~ 

CONNECTION DIAGRAMS - Top Views 
Leadless Chip Carrier 

L·20·1 

Note: Pin 1 is marked for orientation. 
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Package 
Type 

ORDERING INFORMATION 

Temperature Order 
Number 

Molded DIP 
Hermelic DIP 

Chip·Pak 
Dice 

Hermetic DIP 
Hermelic Flal Pack 

Chip-Pak 
Dice 

Range 

010 +70"C 
010 +70"C 
010 +70'C 
Olo+7O"C 

-5510 + 125'C 
-5510 + 125'C 
-55 to + 125'C 
-55 to + 125'C 

AM25LS2538PC 
AM25LS2538DC 
AM25LS253BLC 
AM25LS253BXC 
AM25LS253BDM 
AM25LS253BFM 
AM25LS253BLM 
AM25LS2538XM 

I 



Am25LS2538 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=QoCto+70oC VCC=5.0V±S% MIN.=4.75V MAX.=5.25V 

MIL TA~-55°Cto+1250C VCC=5.0V±10% MIN.=.4.5QV MAX.=S.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not. 1) 

VCC=MIN. 10H = -1.0mA (MiL) 
VQH Output HIGH Voltage 

VIN = VIH or VIL 10H = -2.6mA (COM'L) 

10L =4.0mA 

VO.L 
Output LOW Voltage VCC =MIN. 

10L =8.0mA 
(Note 5) VIN = VIH or VIL 

10L = 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL I nput LOW Level voltage for all inputs I COM'L 

VI Input Clamp Voltage VCC = MIN., liN = -18mA 

IlL Input LOW Current VCC = MAX., VIN = 0.4 V 

IIH Input HIGH Current VCC = MAX •. , VIN = 2.7V 

II Input HIGH Current VCC = MAX., VIN = 7.0V 

Off·State(High.lmpedanca) Vo = 0.4 V 
10Z VCC = MAX. 

Output Current VO-2.4V 

ISC 
Output Short Circuit Current VCC = MAX. 
(Note 3) 

ICC 
Power Supply Current VCC = MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Not. 2) 

3.4 

3.4 

21 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-'1.5 Volts 

-0.36 mA 

20 /.loA 

0.1 mA 

-20 

20 
/.loA 

-85 mA 

34 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device tYpe. 

2. Typical limits are at 'Vee == 5.0 V, 25° C ambient and maximum loading. 
3. Not more th!3" one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4, Test conditions: A == B '" C "" El := E2 = GND : E3 == E4 = POL'" DE, = 0E2 = 4.5V. 
5. VOL Is specified with total device IOL "" 60mA (max.), 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 
DC Output Current, I nto Outputs 
DC Input Current 

9·146 

_65°C to +150°C 
-55°C to +125°C 

-0.5V to +7.0V 

. -:0.5" to +VCC max. 
-O.5V to +7.0V 

30mA 

-30mA to +5.0mA 



SWITCHING CHARACTERISTICS 
(T A = +25°e, Vee = 5.0V) 

Parameters Description 

tpLH 
A. B. C1:0 Yi 

tpHL 

tpLH e" E2 to Yi 
tpHL 

tPLH 
E3. E4 to Yi 

tpHL 

tpLH 
POL to Yi 

tpHL 

tZH 
OE1.0E2toYi 

tZL 

tHZ 
OE1, OE2 to Yi 

tLZ 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
A. B. C to Yi 

tPHL 

tPLH Ei. EitoYi 
tPHL 

tPLH 
E3. E4 to Yi 

tpHL 

tPLH 
POL to Yi 

tPHL 

tZH 
OE1.0E2toYi 

tZL 

tHZ 
OEI. OE2 to Yi 

tLZ 

Min. Typ. 

20 

15 

19 

20 

21 

23 

16 

20 

17 

14 

17 

20 

Am25LS COM'L 

TA = O°C to +70°C 
VCC = 5.0V ± 5% 

Min. Max. 

36 

29 

34 

38 

38 

43 

29 

39 

38 

23 

29 

33 

Am25LS2538 

Max. Units Test Conditions 

30 
ns 

22 

28 
ns 

30 
-

31 CL~15pF 
ns 

RL~2.0kU 34 

24 --
30 

ns 

25 

21 
ns 

25 CL ~ 5.0pF 
ns 

RL ~ 2.0kU 30 

Am25LS MIL 
--

T A = _55°C to +125°C 
VCC = 5.0V ± 10% 

Min. Max. Units Test Conditions 
--

42 
ns 

37 

39 
ns 

45 

45 CL ~ 50pF 
ns 

RL = 2.0kU 52 

34 
ns 

49 

45 
ns 

25 

33 CL = 5.0pF 
ns 

RL ~ 2.0kU 36 

"'AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

vcc----------------~----~------------_+-----

Note: Actual.current flow direction shown. 
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Metallization and Pad Layout 

r-------- 19 Y3 

Yo ------- 18 Y4 

DE, 17 c 

OE2 16 '1 

15 '2 
14 '3 

Y5 '--------- 13 E4 

Y6 9 ______ ---.1 '----------- 12 POL 

GND 10 -------------' '---------------- 11 Y7 

OlE SIZE 0.081" X 0.096" 



Am25LS2538 

DEFINITION OF FUNCTIONAL TERMS 

A,B,C,D 

POL 

The three select inputs to the decoder/de· 
.multiplexer. 

The active LOW enable inputs. A HIGH on 
either the E:1 or E2 input forces all decoded 
functions to be disabled. 

The active HIGH enable inputs. A LOW on 
either E3 or E4 inputs forces all the decoded 
functions to be inhibited. 

Polarity Control. A LOW on the polarity con· 

FUNCTION TABLE 

FUNCTION 

High Impedance 

Disable 

Active·HIGH Output 

Active·LOW Output 

H = HIGH L= LOW 

H 
X 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

X 
H 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

X 
X 

H 
H 
X 
X 
X 
X 
X 
X 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

x "" Don't Care 

X 
X 

X 
X 
H 
H 
X 
X 
X 
X 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

INPUTS 

X 
X 

X 
X 
X 
X 
L 
L 
X 
X 

H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 

X 
X 

X 
X 
X 
X 
X 
X 
L 
L 

H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 

X 
X 

L 
H 
L 
H 
L 
H 
L 
H 

L 
L 
L 
L 
L 
L 
L 
L 

H 
H 
H 
H 
H 
H 
H 
H 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

L 
L 
L 
L 
H 
H 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 

Z"" High Impedance 
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B 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

L 
L 
H 
H 
L 
L 
H 
H 

L 
L 
H 
H 
L 
L 
H 
H 

x 
X 

X 
X 
X 
X 
X 
X 
X 
X 

L 
H 
L 
H 
L 
H 
L 
H 

L 
H 
L 
H 
L 
H 
L 
L 

trol input forces the output to the active·HIGH 
state while a HIGH on the polarity control 
input forces the Y outputs to the active· LOW 
state. 

Output Enable. When both the OE1 and OE2 
inputs are LOW, the Y outputs are enabled. If 
either OEl or· OE2 input is HIGH, the Y out· 
puts are in the high impedance state. 

The eight outputs for the decoder/demultiplexer. 

z 
z 
L 
H 
L 
H 
L 
I-! 
L 
H 

H 
L 
L 
L 
L 
L 
L 
L 

L 
H 
H 
H 
H 
H 
H 
H 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

L 
H 
L 
L 
L 
L 
L 
L 

H 
L 
H 
H 
H 
H 
H 
H 

OUTPUTS 

z z z 
z z z 
L L L 
H H H 
L L L 
H H. H 
L L L 
H H H 
L L L 
H H H 

L L L 
L L L 
H L L 
L HL 
L L H 
L L L 
L L L 
L L L 

H H H 
H H H 
L H H 
H ~" H 
H H L 
H H H 
H H H 
H H H 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

L 
L 
L 
L 
L 
H 
L 
L 

H 
H 
H 
H 
H 
L 
H 
H 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

L 
L 
L 
L 
L 
L 
H 
L 

H 
H 
H 
H 
H 
H 
L 
H 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

L 
L 
L 
L 
L 
L 
L 
H 

H 
H 
H 
H 
H 
H 
H 
L 



Am25LS2538 

APPLICATIONS 

A B C D , 

r T 
r I r 

I 1 I J 
A B C " " 

H I A 

B C " E, A B C " " I A 

B C E3 E4 

" " H 

" 
H 

" " " " " Vi V, -=- Vi -=- Vi -=-

f f8 {8 ,f, 0-7 8-15 16-23 

One-of-thirty two decoder without additional decoding devices. 
Can be used for I/O decoding in an Am9080A system. 

FROM 
MICROPROG RAM MEMORY -----P,L A 8 C 0 

--

ENABLES { 

I 
A B C " A B C E, 

'-- E3 E4 r-- H I..- E3 E'h 
----c E, Am25lS2538 -------{l E, Am25LS2538 

r- pal 

OE~ r- pal 

OEil Yo Y, Y, Y3 Y4 Y5 Y6 Y7 Yo Y, Y, Y, Y4 Y5 Y6 Y7. 

OUTPUT 
CONTROL 

0 , , 3 4 5 6 7 B 9 '0 11 12 13 14 '5 

16 BIT DATA BUS 

~ Am2901 
DATA 

MICROPROCESSOR 

V INPUT 
ARRAY 

Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit 
select function to perform bit manipulation in a microprocessor system. 

Examples: 

0 C B A POL 0 1 2 3 4 5 6 7 8 9101112131415 Function 

0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 Bit Select 

\ 1 1 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 1 0 0 0 Bit Select 

0 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 Bit Mask 

1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 Bit Mask 
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Am25LS2539 
Dual One-of-Four Decoder with Three-State Outputs and Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Two independent decoders/demultiplexers 
• Three-state outputs 
• Buffered common polarity control 
• A. C. parameters specified over operating temperature and 

power supply ranges 

RELATED PRODUCTS 

Part No. 

Am25LS2536 
Am25LS2537 
Am25LS2536 
Am25LS2548 
Am2921 
Am2924 

28 2A 

2E 

Description 

a-Bit Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
GNp Select Address Decoder 
1 of a Decoder 
3 to a Line Decoder/Demultiplexer 

LOGIC DIAGRAM 

2POL -·D>o---' 

2Yo 

FUNCTIONAL DESCRIPTION 

The Am25LS2539G ~ dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced- Low-Power Schottky 
technology. Each decoder has two buffered select inputs- . 
A and B which are decoded to one-of-four Y outputs. An 
enable input (E"j is used for gating or can be used as a data 
input for demultiplexing"applications. When the enable input 
goes HIGH, all four decoder functions are inhibited. 

An output enable (OE) input is used to control the three
state outputs of the device. When the OE input is LOW, the 
outputs are enabled. When the OE input is HIGH, the outputs 
are in the high impedance (off) state. The device also has 
separate buffered polarity (POL) inputs to force the outputs 
to either an active-HIGH state or an -active-LOW state. When 
the POL input is LOW, the outputs are active-HIGH and when 
the POL input is HIGH, the outputs are active-LOW. The 
device is packaged in a space saving (0.3 inch row spacing) • 
20-pin package. The device features Am25LS family improved 
switching specification, higher noise margin, and twice the 
fan-out over the military temperature range when compared 
with Am54LS174LS devices. 

15 

14 
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13 

12 11 

LOGIC SYMBOLS 

Vee = Pin 20 
GND = Pin 10 

17 18 

19 

CONNECTION DIAGRAMS - Top Views 

DIP Leadless Chip Carrier 
L-20-1 

Note: Pin l' is marked for orientation. 



, 

ELECTRICAL CHARACTERISTICS 
,The Following Conditions Apply Unless Otherwise Specified: 

COM'L T A = aOe tp +70o C Vee ~ 5.0V ±5% MIN. ~ 4.75V MAX. ~ 5.25V 
MIL - TA = -5S0Cto +12SoC Vee ~ 5.0V ±10% MIN. ~ 4.50V MAX. ~ 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (No,. 1) 

VCC~ MIN. MIL.IOH ~ -1.0mA 
VOH Output HIGH Voltage 

VIN = VIH or VIL COM'L,IOH = -2.6mA 

VCC=MIN. 
IOL ~4.0mA 

VOL 
Output LOW Voltage 

VIN ~ VIH or VIL IOL -S.OmA 
! (Not. 51 . IOL ~ 12mA 

VIH Input HIGH' Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL I nput LOW Level voltage for all inputs I COM'L 

VI Input Clamp Voltage VCC = MIN .• liN ~ -lamA 

IlL I nput LOW Current VCC = MAX., VIN ~ 0.4 V 

IIH Input HIGH Current VCC ~ MAX .• VIN ~ 2.7V 

II Input HIGH Current < VCC = MAX., VIN = 7.0V 

IOZ 
Off-5tate (High·1 mpedancel 

VCC~MAX. 
VO~0.4V 

Output Current Vo ~ 2.4V 

ISC 
Output Short Circuit Current VCC ~ MAX. 
(Note 3) 

ICC 
Power Supply Current Vee = MAX. 
(Note 41 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

22 

Am25LS2539 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

O.S 

-1.5 Volts 

-0.36 mA 

20 p.A 

0.1 mA 

-20 
p.A 

20 

-85 mA 

37 mA 

Notes: 1. ,For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable Ctevice type. 
2. Tvpicallimits are 81: Vee = 5.0V. 2SoC ambient and maximum loading . 

. 3. Not more than one output should be shorted at a ·time. Duration of the short circuit test should not exceed one second. 
4. Test·conditlons: A = B = E = ONO; POL = OE = 4.5V. 
5. V·OL is specified with total device tOL = 60mA (max.). 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous -o.5V to +7.0V 

DC Voltage Applied to Outputs for High Ou._t'-pu_t_S-'-t_a_te _________ _ -0.5V to +Vcc max. 
DC Input Voltage -0.5 V to +7.0V 

DC Output Current, I nto Outputs' 30mA 

DC Input Current -30 mA to +5.0 mA 
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Am25LS2539 
SWITCHING CHARACTERISTICS 
(TA = +25°C, vcc = 5.0V) 

Parameters Description Min. Typ. Max. Units .. ---22"--r-----:i3--'-
tpLH 

A,S tOYj ns 
tpHL 17 25 

tpLH 
EtoYj 

19 28 

21 31 
ns 

tpHL 

tpLH 
POL to Yj 

16 24 
ns 

tpHL 19 28 _. 
tZH 

OEtoYj 
15 23 

15 22 
ns 

tZL 

tHZ 
OEtoYj 

19 28 
ns 

tLZ 23 34 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* Am25LS COM'L Am25LSMIL 

T A = O°C to +70°C TA = _55°C to +125°.C 
VCC = 5.0V ± 5% VCC = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max. 

tpLH 41 48 
A,B.toYj --

tpHL 34 42 --- --
PLH Eto Yj 

34 40 ----_. __ ._---
tpHL 38 45 . __ .. 

29 tpLH 
POL to Vi. 

34 

tpHl 39 49 .----~---- --
tZH 

QEtoYj 
38 45 

'------ 25'--
tZl 24 

tHZ 
OEtoYj 

33 37 
r--

36 
---'-

37 tLZ 

*AC performance over the operating temperature range is guaranteed bv testing, defined in Group A, SubgrOIJp 9. 

Test Conditions 
--

CL = 15pF 
RL = 2.0kn 

0 . 
CL = 5.0pF 
RL = 2.0kn 

Units Test Conditions 

ns 

ns 
CL.= 50pF 
Rl = 2.0kn 

ns 

ns 

ns 
Cl = 5.0pF 
RL =-2.0kll 

,--------'-----------------------------------...:....., 
Am25LS • Am54LS/74LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

vcc--~-----.-~-~---------~----

Note: Ac;tuai current flow direction shown. 
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Am25LS2539 

I DEFIN;~~O-N-O-F-F-U-N-C-T-IO-N-A-l-T-E-R-M-S------'-"-------F--U-N-C-T-I-O-N-T-A-~-L-E-'-----

A, B Select the two select inputs to the decoder/ 1-----~-""l-·-··-J;;"put~ ---r-"'Outputs --
demultiplexer. 

E Enable The enable input to the decoder. A HI GH 
input forces the decoding functions to be 
inhibited regardless of the A and B'inputs, 

FunctIon I OE E POL B A YO y,r'-Y2'rva 

POL Polarity Input. The polarity input forces the 
outputs either an active·HIGH state or an 
active·!-OW state. A LOW on the polarity 
input forces the output active-HIGH. A 
HIGH on the polarity input forces the 
outputs active· LOW. 
Output Enable. A LOW on the OE input 
enables the outputs. A HIGH on the DE 
inputs forces the outputs to the high im· 
pedance (off) state. 

High Impedance H X. X 

L H L 
Disable 

~------, 
L H H r---

I L L L 

Active~High L L L 
Output L L L 

L L L 

L L H 

Active~Lo\N L L H 
Output L L H 

L L H 

H"" HIGH ,x = Dr;ln't Care Yo, Y,. Y2' Y3 The four decoder/demultiplexer outputs. 
L = LOW Z = High Impedance 

'Y, 
,Y, 

'Yo 

2POL 

WE 

lA 

18 

lY3 
1Y, 

1 , 
'3 

Metallization and Pad Layout 

20 Vee 
19 'Y3 
18 '8 

17 'A 

16 2E 

151E 

fOE 

13 1 POL 

'------ 12 1Yo 
GND 10 ____ --' L.. ______ " lV, 

DIE SIZE 0,081" X 0.096" 
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X X Z Z Z Z 

X 
X I L 

L L L 

X X .H H H H 
-- r'L L 

L I H 
L L 

L H L H L L' 

H L I L L H L 

H H L L L H 

L L L H H 

ill L H H L H 

H L H H L 

H H H H H 

I 



Am25LS2539 

ORDERING INFORMATION 

Package Temperatura Order 
Type Range Number 

Molded DIP 010+70"C AM25LS2539PC 
Hermetic DIP 010 +70"C AM25LS2539DC 

Chip-Pak OIo+7O"C AM25LS2539LC 
Dice 010+70"C AM25LS2539XC 

Hermetic DIP -5510 + 125'C AM25LS2539DM 
Hermetic Flal-Pak -5510 + 125'C AM25LS2539FM 

Chip-Pak -5510 +125'C AM25LS2539LM 
Dice -5510 +125'C AM25LS2539XM 

APPLIC. ' TIONS 

CLOCK CP Arn25LSl63 

lA 18 

1/2 Am25LS2539 1 POL 1/2 Am25LS2539 2POL 

o T "3 

CLOCK 

o~ L 0, I 
I I 

T L 

3,'--____ --1 

3~ I 
FOUR PHASE CLOCK GENERATOR 
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Am25LS2548 
Chip Select Address Decoder with Acknowledge 

DISTINCTIVE CHARACTERISTICS 

• One-of-Eight Decoder provides eight chip select outputs 
• Acknowledge output responds to enables and read or write 

command 
• Open-collector Acknowledge output for wired-OR application 
• Inverting and non-inverting enable inputs for upper address 

decoding 

RELATED PRODUCTS 

Part No. 

Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am2~21 
Am2924 

Description 

8-Bit Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
1 of 8 Decoder 
3 to 8 Line Decoder/Demultiplexer 

FUNCTIONAL DESCRIPTION 

The Am25LS2548 Address Decoder combines a three-line to 
eight-line decoder with four qualifying enable inputs (two active 
HIGH and two active LOW) and the acknowledge output re
quired for "ready" or "wait state" control of all popular MOS 
microprocessors. 

The acknowledge output, ACK, is active LOW and responds to 
the combination of all enables active and a read (RD) or write 
(WR) input command. 

The eight chip select outputs are individually active LOW in 
response to the combination of all enables active and the corre
sponding 3-bit input code at inputs A, B, and C. 

The Am25LS2548 is intended for chip select decoding in small, 
medium or large systems where multiple chip selects must be 
generated and address space 'must be allocated conservatively. 

LOGIC DIAGRAM 

ENABLE I:: ----="1 
INPUTS 

E3 

E4 

ACK v7 V, 

CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-20-1 

V2 Vce 
~ Jl 

V, Y3 
,,:- ,,,, ",. 

ACt< V, 

WR c Wii v, 

iili E, Rij 

A E. I, 

B E3 

" V. E, Y, E, 

V6 Yo 

GNO Y7 ,,,, 
~ ,,;- ".,. ~ 

Note: Pin 1 is marked for orientation. 
BLI·046 
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V5 v, V3 V, 

LOGIC SYMBOL 

v, 

ACK 

Vo 
'BLI.(I45 

BLI·047 



Am25LS2548 
ELECTRICAL CHARACTERISTICS 
The Follo ..... ing Conditions Apply Unless Otherwise Specifi~d: 
COM'l TA = O'C to + 70'C Vee = 5;OV ±5% '. (MIN: =4.75V MAX. = 5.25V) 
Mil TA = -55'C to +125'C Vee = 5.0V ±10% (MIN. = 4.50V MAX. = .5.SOV) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VOH Output HIGH Vottage Vee = MIN. 
'OH = -440,.A 

VIN = VIH or VIL 

Vee = MIN. 10L = 4.0mA 
VOL Output lOW Vottage 

VIN = VIH or VIL 10L - 8.0mA 

VIH Input HIGH level 
Guaranteed Input logical HIGH 
voltage for all inputs 

Guaranteed input logical lOW I Mil 
VIL Input lOW level 

voltage for ·all inputs I COM'l 

VI Input Clamp Vottage Vee = MIN., liN = -18r.nA 

'lL Input lOW Current Vee = MAX., VIN = 0.4V 

IIH Input HIGH Current Vee = MAX .. VIN = 2.7V 

'I Input HIGH Current Vee = MAX., VIN = 7.0V 

Ise 
Output ShOrt Circuit Current 

Vee = MAX. (Note 3) 

lee POwer Supply Current (Note 4) Vee = MAX. 

Min. 

2.4' 

2.0 

-15 

Typ. 
'(Note2) 

3.4 

15 

Max. Units 

Votts 

0.4 
Votts 

0.45 

Votts 

0.7 
Votts 

0.8 

-1.5 Volts 

-0.36 mA 

20 ,.A 

0.1 mA 

-85 mA 

20 mA 
.. 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electncal Characteristics for the applicable deVice type. 
2. Typical limits are at Vee = S.OV, 2S'C ambient and maximum loading . 

. 3. Not more than one output shOuld be shorted at a time. Duration of the short circuit test should not exceed 'one second. 
4. TEST CONDITIONS: A = B = C = El = E2 = GND: RD = WR = E3 = E4 = 4.5V. 

MAXIMUM RATINGS (Above ..... hich the useful life may be impaired) 

Storage Temperature -65'C to +150'C 

Temperature (Ambient) Under Bias -55'C to +125'C 

Supply Voltage to Ground Potential Continuous -O.5Vto +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +Vee max. 

DC Input Voltage -O.5V to +7.0V 

DC Output Current Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA = +25°C. Vee = 5.0V) 

Parameters Description 

tpLH 
A. B or C to Vi (Three Level Delay) 

tpHL 

tpLH 
A. B. or C to Yi (Two Level Delay) 

tpHL 

tpLH E1• E2 to Yi 
tpHL 

tpLH 
E3. E4 to Yi 

tpHL 

tpLH 
WR. RDto ACK 

tpHL 

tpLH E1• E2 to ACK 
tpHL 

tpLH 
E3. E4 10 ACK 

tpHL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tpLH 

tpHL 
A. B or C to Yi (Three Level Delay) 

tpLH 

tpHL 
. A. B or C to Yi (Two Level Delay) 

tpLH 
E1.E2 toYi 

tpHL 

tpLH 
E3. E4 to Yi 

tpHL 

tpLH 
WR. RDto ACK 

tpHL 

tpLH E1.E2to ACK 
tpHL 

tpLH 
E3• E4 to ACK 

tpHL 

Min. Typ. 

14 

19 

13 

15 

13 

16 

15 

19 

25 

16 

29 

25 

29 

25 

Am25LS COM'L 

TA = O°C to +70°C 
VCC = 5.0V ±5% 

Min. Max. 

27 

34 

23 

28 

23 

29 

27 

34 

45 

31 

45 

39 

45 

39 
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Am25LS2548 

Max. Units Test Conditions 

20 ns 

27 ns 

18 ns 

21 ns 

18 ns 

23 ns 

21 ns CL = 15pF 
27 ns RL = 2.0kO 

35 ns 

22 ns 

40 ns 

35 ns 

40 ns 

35 ns 

Am25LS MIL 

TA = _55°C to +125°C 
VCC = 5.0V ±10% 

Min. Max. Units Test Conditions 

30 ns 

36 ns 

! 25 ns 

31 ns 

25 ns 

31 ns 

28 ns CL = 50pF 

36 ns RL = 2.0kO 

45 ns 
I 

35 ns 

45 ns 

40 ns 

45 ns 

40 ns 



Am25LS2548 

DEFINITION OF FUNCTIONAL TERMS 

Three-line to eight-line chip select decoder inputs. 

The active LOW enable inputs. A HIGH on'either the 
E, or E2 input forces all decoded functions to be dis
abled, and forces ACK HIGH. 

The active HIGH enable inputs, A LOW on either E, or 
E4 inputs forces all the decoded functions to, be inhib
ited, and forces ACK HIGH. 

WR, RD The write input, WR, and read input, RD, are active 
LOW inputs used as conditions for an active LOW 
output at the acknowledge, ACK, output. 

ACK The acknowledge output, ACK, is an active LOWout
put used to signal the microprocessor that specific 
devices, have been selected. ACK goes LOW only 
when E, and E2 are LOW, E3 and E4 are HIGH and 
WR or RD is LOW, 

Vi The eight active LOW chip select outputs, 

METALLIZATION AND PAD LAYOUT 

Y2 20 Vee 
Y1 19 Y3 

ACK 18 '(4 

Wii 
AD 

A 

B 

Vs 
Va 

GND 10-------' 

17 C 

16 ., 
15 £:·2 

1. E] 

13 E4 
'-------- 12 Vo 

'------11 V, 

DIE SIZE: 0.081" X 0_096" 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

vcc-------~--_+-----~--_+--~---------

Note: Actual current flow direction shown. 

--1 

81..1-048 

~----------------------------------------------------------------------
ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP Oto+7O"C AM25LS2548PC 
Hermetic DIP 010 +70"C AM25LS2548DC 

Chip-Pak OIo+7O"C AM25LS2548LC 
Dice Oto+70"C AM25LS2548XC 

Hermetic DIP -5510 + 125'C AM25LS2548DM 
Hermetic Flat-Pak -55to + 125'C AM25LS2548FM 

Chip-Pak -55to+125'C AM25LS2548LM 
Dice -5510 + 125'C AM25LS2548XM 
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TO Am9080A OR 
MULTIBUS'" 

C 

L 

L 

L 

L 

H 

H 

H 

H 

x 
x 
x 
x 

B 

L 

L 

H 

H 

L 

L 

H 

H 

x 
x 
x 
x 

Am25LS2548 

APPLICATION DIAGRAM 

~AO~ __________ ~ ____________________ ~ __________ -;~ 

A, 
~-------------------------------4~------------~A, A, 

Am9555 

~
DO 

DATA BUS : 
D, 

As 

ADDRESS AS 

A, 

P~"T <=> - A Vo 10--------' 
- • v,IO--------, 

'---++--------1 ~ 
'----+-+---------1 A, 

AmasS5 

'--------OIE2 Y4~· g~~pER 
L----------IE, V, P- SELECT ~ DO PO.RT ~ 

-~, ::~lTO 
!:!..- E4 Y6 ~ INPUTS ~ : ~ 

DATA u:~> ~rL~_~~ ___ A_~K ..... ' ~ D, 

{ 

=---"00 ~I I--+---+-~---<l/"D ~RT <=> 
CONTROL IIOW LW_" __ C",S __ ...J 

~~~K~ __________________ -, Y 

L L L 

H L L 

L L L 

H L L 

L L L 

-H L L 

L L L 

H L L 

x H x 
x x H 

x x x 

x x x 

H x 
x H 

x x 
x x 
L L 

L L 

FUNCTION TABLES 

CHIP SELECT OUTPUTS Vi 

Yo 
H H L H 

H H H L 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

x x H H 

x x H H 

L x H H 

x L H H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

ACKNOWLEDGE OUTPUT ACK 

RD WR 

x x x x 
x x x x 
L x x x 
x L x x 
H H L x 
H H x L 
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Vs 
H H H H 

H H H H 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

ACK 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 
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Am25LS2548 

TO Am9080A Oft 
MULnBUs™ 

" "" 
A, 

A, 

A3 

A, 

A, 

... 
A, 

ADDRESS A, 

" A" 
A,i 

A't2 

A" 

A" 

A" 

• 
'-- B 

L.- C 

L..- E, 

E, 

CONTROL { 

EM 
BUS E, 

- .. 
0 

rr:~ , 
iiOii 
"OW 

ill 

SVST 

DAT:{'~ 

APPLICATION DIAGRAM 

- -"--""-- '0 
I 

1--_ OSR 

i I CTS 

i SYSTEM Am9.'551 

i ¢3 f---1l!-!! 
i ~O 

I 0, 
~ i 

i ~ 

~ ; 
RD 

WR 
CS 

", I 
I 

YO 

Y, 
AO 

~ .. ~ l it 
V31c>- TO t----£!l! 

§ Am9551 

V 4 10- g~rpER SYSTEM 

~ <=5 ~ 
y 5 10- SELECT ~O « Va Ie>- INPUTS 

Y,~ " r-.-- TxD 

ACK ~ ~ 
RD 

WR 
~ 

CS 

J 
BLI"050, 
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Am25LS2568 • Am25LS2569 
Four·Bit Up/Down Counters with Three·State Outputs 

r-.-----,-, ......... -- ... -,--.. -.---------.,-------'-------------..,----, 
• DISTINCTIVE CHARACTERISTICS 

• 4-bit synchronous counter, synchronously programmable 
• Both synchrunous and asynchronous clear inputs 
• Three-state counter outputs interface directly. with bus 

organ ized systems . 
• Internal look .. ahead carry logic and two count enable lines 

for high speed cascaded operation 
• Ripple carry output for cascading 
• Clock carry output for convenient modulo configuration 
• Fully buffered outputs 
• Second sourced as the 54 LS/7 4 LS568 and LS569 
• Advanced Iml';-power Schottky technology 

----------------------; 
LOGIC DIAGRAMS 

Am25LS2568 (BCD) 

CE~ -:;Iy-------j 
CP+-4>O

ufo 1_. __ 

MPR-339 

Am25LS2569 (BINARY) 

SC"LR
LOAD +----1-..... ..L ...... ..J 

MPR-340 

VA 

VB 

Vc 

Vo 

ROO 

ceo 
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FUNCTIONAL DESCRIPTION 

The Am25LS2568 and Am25LS2569 are programmable upj 
down BCD arrd Binary counters respectively with three· 
state outputs for bus organized systems. All functions except 
output enable (OE) and asynchranous cl.ear (ACLR) occur on 
the positive edge of the clock input (CP). 

With the LOAD input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C,'D) on the next clock edge. 
Counting is enabled only when CEP and CET are LOW and 
LOAD is HIGH. The up-down input (UiO) controls the direc
tion of count, HIGH counts up and LOW counts down. In
ternal look-ahead carry logic and an active LOW ripple carry 
output (RCO) allows for high·speed counting and cascading. 
During up-count, the RCO is LOW at binary 9 for the 
LS2568 (binary 15 for the LS2569) and upon down-count, 
it is LOW at binary O. Normal cascaded operations requires 
only the RCO to be connected to the succeeding block at CET. 
When counting, the clocked carry output (CCO) provides a 
HIGH·LOW·HIGH pulse for a duration equal to the LOW time 
of the clock pulse and only when Reo is LOW. Two active 
LOW reset lines are available, synchronous clear (SCLR) and 
a master reset asynchronous clear (ACLR). The output control 
(OE) input forces the counter output into the high impedance 
state when HIGH and when LOW, the counter outputs are 
enabled. 

ufo 

ep 

W 

AClR 

seTA 

GND 

12 
11 
2 

LOGIC SYMBOL 

UID 
CEP 

CET 
LOAD 
CP ceo 

16 15 14 13 

Vee = Pin 20 

GND = Pin 10 

CONNECTION DIAGRAMS - Top Views 

MPR-341 

DIP Leadless Chip Carrier 
L-20-1 

Vee I~ Jl ~ 
fiCO 

ceo 
ceo 

OE 

VA 
OE 

VB Y, 

Vc CeP Y, 

Vo ACL'A 'e 

CET 

lOAD 
la \~ Ie ~ 

Note: Pin 1 is marked for orientation, MPR·342 



Am25LS2568 • Am25LS2569 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Uri less Otherwise Specified: 
COM'L TA""'O°Cto+70°C vcc=S.OV±5% MIN.=4.75V MAX.=5.25V 

MIL TA=_55°~tO+1256C' VCC=5.0V±10% 'MIN".=4.50V MAX: = S".50V ' 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

VCC= MIN. vi 
Mil, 10H = -1.0mA 

,VIN =VIH 
COM'l, 10H = -2.6mA 

VOH Output HIGH Voltage I MIL orVll RCO, 
10H = -4401'A I CCO COM'l 

VCC= MIN. 10l =4.0mA 

VOL Output lOW Voltage 
VIN = VIH or Vil 

10l =8.0mA 

VIH Input HIGH level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW l MIL 
Vil Input lOW level 

voltage for all inputs I COM'L 

VI Input Clamp Voltage VCC = MIN.,IIN = -18mA 

AClR, OE, ulD, load 

III Input lOW Current 
VCC = MAX., 

VIN =0.4V 
A, B, C, D, CP, CEP 

CET,SClR 

IIH Input HIGH Current VCC = MAX.,VIN = 2.7V 

II Input HIGH Current VCC = MAX., VIN = 7.0V 

10Z 
Off·State (High·lmpedancel VCC=MAX. 

Vo = 0.4 V 
Output Cur~ent Vo = 2.4V 

ISC 
Output Short Circuit Current VCC =MAX. 
(Note 31 

ICC 
.Power Sup,ply Current VCC = MAX. 
(Note 41 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.2 

3.4 

3.4 

28 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.3 

-0.4 mA 

-0.65 

20 I'A 

0.1 mA 

-20 

20 
I'A 

-85 mA 

43 mA 

Notes: 1. For conditions shown as MI N; or MAX., use the appropriate vatue specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee =:: 5.0V, 2SoC ambient and ma~imum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. OE = HIGH, a'lI other inputs = GND, all outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltageto Ground Potential Continuous -O.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -O.5V to +VCC max. 
DC Input Voltage -O.5V to +7.0V 
DC Output Current, I nto Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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Am25LS2568 • Am25LS2569 
SWITCHING CHARACTERISTICS 
(TA; +25°e, vee ~5.0V) 

Parameters Description Min. Typ. Max. Units Test Conditions 

tPLH '2 '8 
--tPHL .-.- Clock to Any Q; Load = LOW '4 2' ns 

~- ..... ----.. ---.-----------+----,-I--.,-::---+-.-:-=--t------j 
_~...!::!:!..-- Clock to Any Q; Load = HIGH f-----t---""'-.2 -_-I~_-":,,8'-_-1 

tpH L '4 2_' __ t-_____ -I 

._._tp_L_H __ CET· to RCO 1-____ +-___ '_' _.-+ __ -,'6 __ -1 

f--:'.tP..:.H:.::Lc........--I .. __ . _____ . _______ +-___ -+_----'6=:-_+-_-,'::-=0,--_+-_____ . _ 
_ ~t,!:i.___ U/D to RCO '5 23 

ns 

ns 

ns 
tpHL '3 20 

-··-tp-L-H--- f-----_-_-_---------1-----+--:::2-=-4--1'----':3=5--+-------1 
~.--- Clock to RCO ns 

tPHL 18 26 

__ tP_LH__ Clock to CCO '0 '5 ns . ____ . ___________ +-____ +-__ '0 _+ __ '_5 __ +-___ _ 
'0 '5 

tpHL _._--_.-
tPLH 

-CET ,J" -CEP to CCO ns 
tpHL '7 25 1--:.:...:.:."'--+._. __ .. _. __ . _______ +-__ -+_-:-:-:-_+-----,--=--_+-__ --1 

~LH___ ACLR to Any Q N.A. N.A. 

'-~~f:iL.___ __________ .__r-___,~~:-=--+----=-,_-+---17--+---2-6--+---------i 
A,B,C,D 22 

ns 

.SCLR 20 

ts Set-up Load 30 
ns 

U/D 30 

CET,CEP 25 j-.-----.-+--------'----'-----+---'--t-----+-----t------j 
ts SCLR Recovery (inactive) to Clock 30 

1-----+----
ns 

th Data Hold ° ns 

f max Maximum Clock Frequency (Note 1) 25 40 MHz 

j-.tpw --- ~ock Pu._I_se_W_i_d_t._h _______ -+_~2=5 __ t_----t_-~~--+---n-s----j 

f_ .. !.Z.fi__ DE to Any Q; Enable " 

r ::~~-- :: f---7-'.---- DE to Any Q; Disable 
~u M 

ns 

ns 

CL = '5pF 
RL = 2.0kn 

CL - 5.0pf 
RL = 2.0kn 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constn.:lints on t r, tf, 
pulse width or duty cycle. 

Am25LS2568/2569 
FUNCTION TABLE. 

INPUTS 

ASYNC SYNC 
MODE LOAD CEP CET UfD CLEAR CLEAR OE(l) 

l' = CLOCK LOW-to-HIGH transition On+1 = Next higher count In binary sequence 
X = Don't Care On-1 = Next lower count in binary sequence 
Dn = Do thru D3 input level prior to clock transition N.C. = No change 

Notes: 1. Register performs all correct logic for any state of OE, but OE = ° to view outputs. 
2. Follows CLOCK if CET = CEP = 0, otherwise remains HIGH, 
3. 1001 for LS68. 
4. LOW for one full CLOCK cycle when maximum count is reached, otherwise remains HIGH. 
5. Follows CLOCK when RC = 0. 
6. LOW for one full CLOCK cycle when minimum count is reached, otherwise remains HIGH. 
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OUTPUTS 

CLOCK 
CARRY , 
V(2) 

I 



Am25LS2568 • Am25LS2569 
SWITCHING CHARACTERISTICS Am25LS COM'L Am25LSMIL 
OVER OPERATING RANGE* 

,TA = OOC to +70°C TA = -55°Cto+125°C 
VCC = 5.0V ±5% VCC = 5.0V.±10% 

Parameters Description Min. Max. Min, Max. Units 

tPLH 
Clock to Any Q; Load = LOW 

22 ~ ns 
tPHL 29 35 

tPLH 
Clock'to Any Q; Load = HIGH 22 24 ns 

tPHL 29 35 

tPLH 
CET to RCa 18 19 ns 

tpHL 17 21 

tpLH UfOta RCa 26 28 ns 
tPHL 26 30 
tpLH 

Clock to RCa 39 40 ns 
tpHL 34 39 

tpLH 
Clock to CCO 17 18 ns 

tpHL 22 27 

tpLH 
CET or CEP to CCO 

16 17 ns 
tPHL 36 45 

tPLH ACLR to Any Q 
N.A. N.A. 

ns 
tPHL 37 45 

A.B,C,D 29 35 

SCLR 25 30 

ts Set·up Load 38 45 ns 

UfO 38 45 
CET,CEP 33 40 

ts SCLR Recovery (inactive) to Clock 39 50 ns 

th Data Hold 0 5 ns 

f max Maximum Clock Frequency (Note 1) 20 18 MHz 

tpw Clock Pulse Width '31 37 ns 

tZH OE to Any Q; Enable 16 20 ns 
tZL 26 34 

tHZ 
DE to Any Q; Disable 

20 22 
ns 

tLZ 30 36 

*AC performance o\ler the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N.A. not applicable. 

METALLIZATION AND PAD LAYOUTS 

Am25LS2568 Am25LS2569 

20 Vee 

19 ~ 
Uti) 18 ceo uti) 

17 OE 

CP 18 VA CP 

A 
15 YB A' 

B B 
14 Yc C C 

D D 

CEll 13 Yo CEii 7 

ACLR 12 m ACUi 

,SCLR 11 Li5Ai5 SCUi 
GNO 10 GND 10 

DIE SIZE 0.087" X 0.103" DIE SIZE 0.087" X 0.103" 
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Test Conditions 

CL = SOpF 
RL = 2.0kn 

CL = 5.0pF 
RL = 2.0kn 

20 Vee 
19 ReO 
18 ceo 

17 OE 

16 VA 

15 YB 

14 Ye 

13 Yo 

12 m 

11 Li5Ai5 



Am25LS2568 • Am25LS2569 

DEFINITION OF FUNCTIONAL TERMS 

A.B.C.D 

CEP 

CP 

U/O 

The four programmable data inputs. 

Count Enable Parallel. Can be used to 
enable and inhibit counting in high speed 
cascaded operation. CEP must be LOW to 
cou.nt. 

Count Enable Trickle. Enables the ripple 
carry output for cascaded operation. Must 
be LOW to count. 

Clock Pulse. All synchronous functions 
occur on the LOW-to-H IGH transition of 
the clock. 

Enables parallel load of counter outputs 
from data inputs on the next clock edge. 
Must be HIGH to count. 

Up/Down Count Control. HIGH counts up 
and LOW counts down. 

ACLR Asynchronous Clear. Master reset of 
counters to zero when ACLR is LOW. 
independent of the clock. 

SCLR Synchronous clear of counters to zero on 
the next clock edge when SCLR is LOW. 

OE A HIGH on the output control sets the 
four counter outputs in the high imped
ance. and a LOW. enables the output. 

Y A. YB. YC. YD The four counter outputs. 

RCO Ripple Carry Output. Output will be LOW 
on the maximum count on up-count. Upon 
down-count, RCO is LOW at 0000. 

CCO Clock Carry Output. While counting and 
RCO is LOW. CCO will follow the clock 
HIGH-LOW-HIGH transition. 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

RCO, ceo 
DRIVING OUTPUT 

y; 
DRIVING OUTPUT DRIVEN INPUT 

vcc----------------~-----L----------------~-----L------------~---I I 
I I 

[I [i] 
I I 
I I r I ~--"'--+--k [' i 

I -=- I 

Note: Actual current flow direct10n shown. 
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Am26S HIGH PERFORMANCE SCHOTTKY BUS INTERFACE 
Am26LS DATA COMMUNICATIONS INTERFACE .11 
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Am26S02 
Schottky Dua. Refriggerab'e, Resettab'e Monosfab'e Mulfivibrafor 

Distinctive Characteristics 
• Advanced Schottky technology with PNP inputs 
• Retriggerable 0% to 100% duty cycle 
• 28ns to 00 output pulse width range 
• 100kU maximum timing resistor value 

• Am26S02XM typical pulse width change of only 
1.0% over -55°e to +125°e with Rx = 100kU. 

• Am26S02Xe typical pulse width change of only 0.4% 
over oOe to +70°C with Rx = 100kU 

FUNCTIONAL DESCRIPTION 
The Am26S02 is a dual DC level sensitive, retriggerable, 
resettable monostable multivibrator built using advanced 
Schottky technology. The output pulse duration and ac
curacy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 

Provision is made on each multivibrator circuit for triggering 
the PNP inputs on either the rising or falling edge of an 
input signal by including an inverting and non-inverting 
trigger input. These PNP inputs are DC coupled making 
triggering independent of the input rise or fall time_ Each 
time the monostable' trigger input is activated from the OR 

trigger gate, full pulse length triggering occurs independent 
of the present state of the monostable_ 

The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the 
clear input forces the a output LOW regardless of the 
To or 11 inputs. 

The An\26S02XM has a typical .pulse width change of only 
1.0% over the full military _55°C to +125°C temperature 
range and the Am26S02XC has a typical pulse width change 
of only 0.4% over the commercial O°C to +70°C tempera
ture range with a R x = 100kn. 

SCHEMATIC DIAGRAM 
(One Monostable Multivibrator Shown} 

I------,-------!P.I 
ORDERING INFORMATION LOGIC SYMBOLS IIiI 

Package Temperature Order 
Type Range Number 

Molded DIP O°C to t 70°C AM26S02PC 
'3 

Hermetic D tP O°C to + 70°C AM26S02DC GND = Pin 8 

Dice O°C to + 70°C AM26S02XC 
Hermetic DIP -55°C to +125°C AM26S02DM CONNECTION D,IAGRAM 

Hermetic Flat Pak -55°C to +125°C AM26S02FM Vee ex RX/eX CO 
" TO Q ii 

Dice -55°C to +125°C AM26S02XM 

~ote: 

Pin 1 is marked 
GND for orientation. 
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Am26S02 
MAXIMUM RATINGS (Above which the useful life may be impaired)-

Storage Temperature 

Temperature (Ambient) Uncfer Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs' 

DC Input Current 

-65°C to +150"C 

-55°C to +125°C 

-0.5 Vto +7 V 

-0.5 V to +Vcc max. 

-0.5 V to +5.5 V 

30mA 

-30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am26S02XC 
Am26S02XM 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 
(Note 3) 

IIH 
(Note 3) 

II 

ISC 

ICC 

T jS,.1= COC to +70°C 
'TA = _55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

-~ 

I nput LOW Level 

I nput Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 4) 

Power Supply Current 

Vee ~ 5.0 V ± 5% (eoM'L) MIN. ~ 4.75 V 
Vee ~ 5.0 V ±10% (MIL) MIN. ~ 4.5 V 

Test Conditions INot. 1) 

VCC = MIN, IOH = -2mA 

VIN = VIH or VIL 

VS;C - MIN., IOL = 20mA 

VIN = VIH or VIL 

Guaranteed input logical HIGH voltage 
for all inputs 

I-- Guaranteed input logical LOW volwge 
for all inputs 

-----
VCC = MIN., liN = -18mA 

VCC = MAX., VIN = 0.5V 

VCC = MAX., VIN = 2.7V 

VCC = MAX., VIN = 5.5V 

VCC = MAX., VOUT =·1.0V 
----

TA = 25'C Only 

MAX. = 5.25 V 
MAX. = 5.5 V 

Min. Typ.(Not. 2) 

2.5 2.8 

0.38 

2.0 

-0.8 

-0.15 

0.1 

----- I---~------

-8 -15 

VCC = 5.0V, IIX - 0.33mA (Notes 5-& sf ----t---- 48 

Max. Units 

. Volts 

0.5 Volts 

Volts 

0.8 volts 

-1.2 Volts 

-0.4 rnA 

20 p.A 

1.0 mA 

-35 mA 

69 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0 V. 25°C ambient and maximum loading. 
3. Actual input currents = Unit' Load x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short c;rcuit test should not exceed one second. 
5. ICC is measured with pin 5 and 11 grounded and IIX applied to pins 2 and 14. 
6. IIX is the current into the AxCx node-to simulate Ax' 

Switching Characteristics (T A = +25°C) 

Parameters Description Test Conditions Min, Typ, Max. Units 

IpLH 10toO 13 i20 ns 

IpHL 10toO 15 23 ns 

11 toO 
------12 20 ns IPLH 

IpHL 11 to 0 12 20 ns 

IpLH Clear, to Q 21 ns 

IPHL Clear to 0 
VCC = 5_0 V, RL = 280fl, CL = 15 pF, 

9 13 ns 

I 10 HIGH or 11 LOW 
RX = 5kfl, Cx = 0 pF 

20 10 ns 

Ipw Pulse Width I 10 LOW o( 11 HIGH 16 7 ns 

J Clear LOW 24 16 ns 

I, Clear Recovery (inactive) to Trigger -10 -22 ns 

IpwO 
Minimum Pulse Width Q Output 

VCC = 5.0 V, RX = 5.0 kfl, Cx - 0 pF 
27 33 39 ns 

(Min.) RL = 1.0 kfl 

IpwO Pulse Width 0 Output 
VCC = 5.0 V, RL = 280 fI, CL = 15 pF 

'3.23 3.42 3.61 
RX = 10 kfl, Cx = 1000 pF (CK05 Type) 

p.s 

O'C to 70'C 5 100 
RX Timing"Resistor kfl 

-55'C to +125'C 5 50 
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Am26S02 

DEFINITION OF FUNCTIONAL TERMS: LOADING RULES (In Unit Loads) 

Co Asynchronous direct CLEAR. A LOW on the clear in· 
put resets the monostable regardless of the other inputs. 

Fan-out' 
Input Output Output 

10 Active·LOW input. With 11 LOW, a HIGH·to·LOW Input/Output Pin No.'s Unit Load HIGH LOW 

transition will trigger the monostable. Cx Mono 1 

I, Active-HIGH input. With 10 HIGH, a LOW-to·HIGH 
transition will trigger the monostable. 

Q The TRUE monostable output. 

RX/CX 2 

CD 3 0.4 

11 4 0.4 

10 5 0.4 

Q The Complement monostable output. Q 6 40 10 

Q 7 40 10 

GND 8 

FUNCTION TABLE Q Mono2 9 40 10 

INPUTS OUTPUTS 

CD I, 10 Q Q 

Q 10 40 10 

10 11 0.4 

11 12 0.4 

L X X L H CD 13 0.4 
H H X L H RX/Cx 14 
H L + .n. 1.I Cx 15 
H X L L H 

H t H .n. 1.I 
VCC 16 

H HIGH 
A SchottkY TTL Unit Loa.d is defined as 50llA measured at 2.7V 
HIGH and -2.0mA measured at 0.5V LOW. 

L LOW 
t LOW-to-HIGH Transition 
+ HIGH-to-LOW Transition 

.I1.. = LOW-HIGH-LOW Pulse 
--u- = HIGH-LOW-HIGH Pulse 

X = Don't Care 

Typical Normalized 
Output Pulse Width 

Versus Case Temperature 
:I: 1.03 
I- Vee = 5.DV 

" ~ 1.02 

~ 
ii' 

1 

ex = 1000pF 

'\ 
l'\ 

~ 1.0 

t;; 
r-.... ~~ "x = ~OOka 

o 1.00 

~ 
~ 0.99 

~ 
o 
Z 0.98 

-60 

~~ -L.I-
"'-

" l ;Oka 
1 x I I 

...... ~ 

-20 0 20 60 80 100 
TC - CASE TEMPERATURE _ aC 

Normalized Output Pulse Width 
Versus Operating Duty Cycle 

1.02 r-~~-'-'-'-'-'-""""" 
TA = 25°C 
Vee = 5.0V 

1.01 RX:: lOkU 
ex = 1000pF 

1.00 H-t-++-H....,.."'!-=t-~--1 

0.991-1-+--+--+-+-+-+-+-+--1 

0.98 L-l-l--'--'--'--'--'--'--'--' 
o 10 20 30 40 50 60 70 80 90 100 

OPERATING DUTY CYCLE - % 

:I: 1.04 

b 1.03 

~ 1.02 
~ 
~ 1.0 1 

~ 1.00 

5 0.99 

o 0,98 

7 ~ 0.9 
:::; 

0.96 " " a:: 0.9 5 

Typical Normalized 
Output Pulse Width 

Versus Supply Voltage 

TA =2S"C 

RX = lDr.:Sl I-' 
ex = l000pF ./ 

V 
/ 

/ 

/ 
/ 

~ 0.94 
4.0 4.5 5.0 5.5 

Vee - SUPPLY VOLTAGE - VOLTS 

Output Pulse Width Versus Metallization and Pad Layout 
External Timing Capacitance 

10k 

J: 
I-

" §: 1k 
w 
~ 
~ 

TA -25"C I 
Vee - 5.DV 

t-tti,RX "" 5QkU 
/ RX = lOdkfl. i 

\. 

I-' / 
ii' 
I-
::> 
~ 100 
::> 
0 , 
:~ 

r ". Ri, 20ka 

f- "'". .\1 II¥= AX - lOkfl; 

i- "x 5.0kn II II 10 

co 3 13 CO 

" 
4 12 

" 

iQ 5 11 iQ 

Q 6 '0 Q 

1.0 10 100 lk 

ex - EXTERNAL TIMING CAPACITANCE - pF Q 7------' '-----9 5 
GNO 

DIE SIZE 0.062" X 0.071" 
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Am26S02 
OPERATION RULES 

TIMING 
1." Timing components Cx and Rx values. 

Operating Temperature Range 

o°C to 70°C _55°C to +125°C 

Ri< MIN. 5kn '5kn 

Rx MAX. 100kn 50kn 

Cx any value any value 

2. Remote adjustment of timing. 

Vee 

~X~~,~RV'r-____ ~~ 
6 RX/eX TERMINAL 

ex 
TERMINAL 

Rl+ R2=Rx 
Rl;;' Rx MIN. 

R2 < Rx MAX. -Rl ~ 

, 

In the above arrangement, Rl and Cx should be as close as pos
sible to the device pins to minimize stray capacitance and ex
ternal noise pickup. The variable resistor R2 can be located 
remotely from the device if reasonable care is used. 

3. Pulse width change measurements. 

The pulse width tpwQ is specified and measured with compo
nents of better than 0.1 % accuracy. If measurements are made 
with reduced component tolerances, the expected accuracy 
should be adjusted accordingly. Note that pulse width tempera
ture stability improves as Rx increases. 

4. Timing for Cx .;;; 1000 pF. 

When using capacitor of less than or equal to 1000 pF in value, 
the output pulse width should be determined from the output 
pulse width versus external timing capacitance graph. 

5. Timing for Cx > 1000 pF. 

For capacitors of greater than 1000 pF in value, the outpu( 
pulse width, tpwd, is determined by 

where 

( 0.11) tpwQ = 0.30Cx Rx 1 + Rx 

Rx is in kilohms 
ex is in picofarads 
tpwQ is in nanoseconds 

~""---""-Vce 

Rl .;;; 0.6 x Rx MAX. 

lex1 
TOCX 

TERMINAL 

RX 
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6. Protection of electrolytic timing capacitors. 

If the electrolytic capacitor to be used as Cx cannot withstand 
1.0 volt'reverse bias, one of the two circuit techniques shown 
below should be used to protect the electrolytic Gapacitor 
from the reverse voltage. The accuracy of the pulse width may 
be dependent on the diode (transistor) characteristics: 

,The output pulse width, tpwQ for the diode circuit modifies 
the previous timing equation as follows: 

( 0.13) tpwQ = 0.26 Cx Rx 1 + R; 

The output pulse width for the transistor circuit is 

( 0.16) tpwQ = 0.21 Cx Rx 1 + R; 

Notice that the transistor circuit allows values of timing re
sistor R2 larger than the Rx MIN. < Rx < Rx MAX. to obtain 
longer output pulse widths for a given Cx' 

TRIGGER AND RETRIGGER 

1. Triggeri ng. 

The minimum pulse width signal into input TO or input '1 to 
cause the device to trigger is 20ns. Refer to the truth table 
for the appropriate input conditions. 

2. Retriggering. 

The retriggered pulse width, tpwrQ, is the time during which 
the output is active after the dev.ice is retriggered during a 
timing cycle. It differs from the initial pulse width tpwQ 
timing equation as follows. 

where tpLH is the propagation delay time from the To or '1 
input to the output. Note that tpLH is typically 14ns and 
therefore becomes relatively' unimportant as tpwQ increases. 

3. Rapid retriggering. 

A minimum retriggering time does exist. That is, the device 
cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is approximately. 

CLEAR 

tretrig MIN. = 0.2 ex 
C is in picofarads 
t is in nanoseconds 

'PLHII---,,..(1--1 OUTPUT WITH 

. JJ. L::::L 
OUTPUTWITHOUT,.....- ~ , 
RETRIGGER 

tretrig. MIN. I f IpwrO 

INITIAL RETRIGGER 
TRIGGER PULSE 

PULSE 

A LOW on the clear inputs. termfnates the timing cycle. 
A new trigger cycle cannot be initiated while the dear is 
LOW. With the clear HIGH, the device is under the com
mand of the '1 and To inputs. 



Am26S10 • Am26S11 
Quad Sus Transceivers 

Distinctive Characteristics 
• Bus compatible with Am2905, Arn2906, Am2907 

• Input to bus is inverting on Am26S10 
• Input to bus is non-inverting on Am26S11 
• Quad high-speed open collector bus transceivers 
• Driver outputs can sink 1 OOmA at O.BV maximum 

FUNCTIONAL DESCRIPTION 

The Am26S10 and Am26S11 are quad Bus Transceivers 
consisting of four high-speed bus drivers with open-collector 
outputs capable of sinking 100mA at O.S volts and four 
high-speed bus receivers_ Each driver output is connected 
internally to the high-speed bus receiver in addition to being 
connected to the package pin. The receiver has a Schottky 
TTL output capable of driving ten Schottky TTL unit 
loads. 

An active LOW enable gate controls the four drivers so 
that outputs of different device drivers can be connected 
together for party-line operation. The enable input can 
be conveniently driven by active LOW decoders such as 
the Am25LS139. 

The bus output high-drive capability in the LOW state 
allows party·line operation with a line impedance as low 
as lOOn. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiver 
typical switching point is 2.0 volts. 

The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has two ground pins to improve ground current 
handling and allow close decoupling betw~en VCC and 
ground at the package. Both GNDl and GND2 shOUld be 
tied to the ground bus external to the device package. 

ORDERING INFORMATION 

Am26S10 Am26S11 

Package Temperature Order Order 
Type Range Number Number 

Molded DIP O°C io +70°C AM26S10PC AM26S11PC 
Hermetic DIP O°C to +70°C AM26S10DC AM26S11DC 

Dice 
Hermetic DIP 

Hermetic Flat Pack 
Dice 

O°C to +70°C AM26S10XC 
_55°C to +125°C AM26Sl0DM 
_55°C to +125°C AM26S10FM 
_55°C to +125°C AM26S10XM 

CONNECTION DIAGRAMS 
Top Views 

lIC-368 Note: Pin 1 is marked for orientation. 

AM26S11XC 
AM26Sl1DM 
AM26S11FM 
AM26S11XM 

lIC-369 
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• Advanced Schottky processing 
• PNP inputs to reduce input loading 

12 4 5 11 13 

20 

Am26S10 Z, 

TRA~~~VER Z2 
23 

9 15 

lIC-370 

'0 

20 

To 

LOGIC SYMBOLS 

12 4 5 11 13 

'0 ,. 

Vee = Pin 16 

GND1 "" Pin' 1 

GND2 "" Pin 8 

20 

Am2flSl1 Z1 

TRA~~tE~VER Z2 
23 

9 15 

LOGIC DIAGRAMS 

Am26S10 

" " 
'3 

Z, Z, Z3 

Am26S11 

T, T, 1, 

'0 ,. 

lIC-371 

B3 

lIC·372 

LlC·373 
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Am26S10 • Arii26S11 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

. Storage TelJlperiiture 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

Output Current, lnto Bus· 

Output Current, Into Outputs (Except Bus) 
DC rnput Current 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Am26S10xe, Am26$11 xe 
Am26S10XM, Am26S11 XM 

TA == o°c to +70°C 
TA = _55°C to +125°C 

Vee = 5.0V ±5% (eOM'LI 

Vee = 5.0V ±10% (MiLl 

MIN. = 4.75V 
MIN. = 4.5V 

Paraineters Description 'Test Conditions (Note 1 I 

Output HIGH Voltage Vee = MIN., IOH = -1.0mA MIL 
VOH 

(Receiver Outputs) VIN = VIL or VIH eOM'L 

VOL 
Output LOW Voltage Vee = MIN., IOL = 20mA 
(Receiver Outputs) VIN = VIL or VIH 

VIH 
Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

VIL 
Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 

VI 
Input Clamp Voltage 

Vee = MIN" liN = -lBmA 
(Except Bus) 

IlL 
I nput LOW Current Enable 

Vee =.MAX., VIN = 0,4V 
(Except Bus) Data 

IIH Input HIGH Current Vee = MAX" VIN = 2,7V 
Enable· 

(Extept Bus) Data 

II 
Input HIGH Current Vee = MAX., VIN = 5.5V 
(Except Bus) 

Output 'Short Circuit Current MIL 
Ise (Except Bus) 

Vee = MAX. (Note 3) 
eOM'L 

Power Supply Current Vee= MAX. Am26S10 
leeL 

(All Bus Outputs LOW) Enable = GND Am26S11 

Bus Input/Output Characteristics 

Parameters Deseri ption Test Conditions (Note 11 

IOL =40mA 

MIL IOL = 70mA 

VOL Output LOW Voltage Vee= MIN. 
IOL = 100mA 

IOL = 40mA 

eOM'L IOL = 70mA 

'OL = 100mA 

Vo = O.BV 

10 B.us Leakage Current Vee= MAX. MIL Vo = 4,5V 

eOM'L Vo = 4,5V 

10FF Bus Leakage Current (Power·Off) Vo = 4.5V 

Bus Enable = 2.4V MIL 
VTH Receiver Input HIGH Threshold 

Vee = MAX eOM'L 

VTL Reteiver Input LOW Thresf\old Bus.Enable = 2.4V MIL 

Vee =MIN COM'L 
I 

MAX. = 5.25V 
MAX. = 5.5V 

Min 

2.5 

2,7 

2,0 

-20 

-18 

Min. 

2.4 

2.25 

Typ. 
(Note 21 

3.4 

3.4 

45 

Typ. 
{Note 2) 

0.33 

0.42 

0.51 

0.33 

0.42 

0.51 

2.0 

2.0 

2.0 

2.0 

_65°C to +150"C 

_55°C to +125"C 

-0.5Vto+7V 

-0.5V to +Vee max. 

-0.5V to +5.5V 

200mA 

30mA 
-30mA to +5.0mA 

Max Units 

Volts 

0.5 . Volts 

Volts 

O.B Volts 

-1.2 Volts 

-0.36 
mA 

-0,54 

20 
JlA 

30 

100 JlA 

-55 
mA 

-60 

70 
mA 

BO 

Max Units 

0,5 

0.7 

O.B 
Volts 

0,5 

0.7 

0.8 

-50 

200 JlA 

100 

100 JlA 

Volts 

1.6. 
Volts 

1.75 

Notes: 1. For conditions shown as MI N. or MAX" use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee::: 5.0 V. 25° C ambient and maximum loading. 
3. Not more than one output shoUld be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Switching Characteristics (T A = +25°e, Vee = 5.0V) 

Parameters Description Test Conditions 
tpLH 

Am26S10 
tPHL 

tpLH 
Data I nput to Bus 

Am26S11 
tpHL 

RS = 50n 
tPLH Cs = 50pF (Note 1) Am26S10 
tPHL 

tPLH 
Enable I nput to Bus 

Am26S11 
tpHL 

tPLH 
Bus to Receiver Out 

RB = 50n, RL = 280n 

tpHL CB = 50pF (Note II, CL = 15pF 

tr Bus RB = son 

tf Bus Cs = 50pF (Note 1) 
.,. 

Note 1. Includ ... probe and jig capacitance. 

TRUTH TABLES 
Am26S10 

Inputs Outputs Inputs 

E I B 

L L H 

L H L 

H X Y 

Z 

L 

H 

Y 

H == HIGH Voltage Level 

L =: LOW Voltage Level 

X == Don't Care 

E 

L 

L 

H 

Y =: Voltage Level of Bus (Assumes Control by 

Another Bus Transceiver) 

Am26S10' Am26S11 

Min. Tvp Max. Units 

10 15 

10 15 
ns 

12 19 

12 19 

14 18 

13 18 
ns 

15 20 

14 20 

10 15 
ns 

10 15 

4.0 10 ns 

2.0 4.0 ns 

Am26S11 

Outputs 

I B Z 

L L H 

H H L 

X Y Y 

Am26S10/Am26S11 SCHEMATIC DIAGRAM 

2kH 

4 i 

iN I o---~-l~-lKf---' 
(13) 

2.7kU 

'---4--..... ---------...... --------+ 1 •• 
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Vee 

16 

11012 

Z 3 

'--+--0 j\~1 
(14} 

Vee == Pin 16 
GND, == Pin 1 

GND2 "" Pin 8 

Connect for Am26S10 
Aemove R" Q,. 0, for Am26S10 

LlC·374 



Am26S10· Am26S11 

LlC·375 

TYPICAL PERFORMANCE CURVES 

Typical ,Bus Output Low Voltage 
Versus Ambient Temperature 

~ 1".0 

§; Vee" +5,QV 

~ 0.8 

~ §; 0,6 '--f- ! BUJ. l00mA 

t; 
~ 0.4 

laus"'7OmA 

is :BUS' 40mA 

I I 
~ , 
..J 

!] 

0.2 

o 
-55 -36 ·-15 5 25 45 65 85 105 125 

TA:'" AMBIE'NT TEMPERATURE _.DC 

~ 
Receiver Threshold Variation 
Versus Ambient Temperature 

~ 2.5 

~ 2.4 

~ 2.3 

g 2.2 

5 2.1 
§! 2.0 
t3 
'" iO 
~ 
> 

~ 

1.9 

1.B 

1.7 

1.6 

Vee 5.5V 

If Vee'" 5.25V 

r-MIL~ I-~6·17s0 PCOM'L 

~ 
Vcc 4.5V 

I 
l , -55 -35-15 5 25 45 65 85 105 125 

~ TA - AMBIENT TEMPERATURE - DC 

TYPICAL APPLICATION 

ADDRESS 
stROBE A I I 

G A , 
,/20F Am25LS.139 

Vo V, Y, v, 
y 1 L!= 

LlC·376 

I TTl ITTI l'ITA ATTl 
E '0 1,12 13 E to I, 12 13 , to 1,12 

'0- 'o~ 

z, - ReCEIV~R Z, - RECEIVER 

Am26S10 Z2 - OUTPUTS Am26S10 Z2 - OUTPUTS Am26S11 

',- ',-
<5V Bo a, " " Bo 8, " " BO 8, " " 

100.0 I I II IJ 
,oon 1 1 1 
lOon 

'000 

~oon PARTY-LINE OPERATION. 

Metallization and Pad Layout 
Am26S10 

Vee 
GND, , 15 ., GNDl , 

·0 
, 

60 2 

20 , 14 " '0 
, 

'0 4 
13 

" To 4 

5 
12 E I, 

" 
5 

11 
" 

" 
, 

" 
, 

'0 " ., 7 ., 
7 

GND2 8 " GN02 , 
DIE SIZE 0:059" X·O,07.S" 

10-8 

" 
E 10 1,12 

'0-

2, - RECEIVER 
Z2 - ou'rrUTS Am2BS11 

"-
'0 " " " 
I I 

1 

Am26S11 

Vee 

DIE,SIZE 0.059" X 0.075" 

" 
'0-

Z,-RECEI VER 
UTS Z2 _ OUTP 

23-

'5V 

loon 

,oon 

toon 

loon 

15 " 
14 " 
13 I, 
12 E 

" I, 

10 " 

82 



Am26S11 =Jf "tINPUT 

=={ Am26S10 
I INPUT 

E INPUT 

tPLH-I 

f B TEST POINT 

'PHL~ I 
ZTESTPOINT' \ 

SWITCHING CHARACTERISTICS 

TEST CIRCUIT 

Vcc 

ii 
TEST 
POINT 

Z 
TEST 
POINT 

cL I t5 PF 

-=- (Note 1) 

Note 1. Includes Probe and Jig Capacitance. 

WAVEFORMS 

\ 
~ 
I I '\ 
I ~ ir'PLH J !-'PHL tPHL-l 

't l- '\ 
~ r;'PLH 

I I '\ 
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Am26S10 • Am26S11 

RL 
200n 

ALL DIODES 
lN9160R 
EQUIVALENT 

F 30V --1.SV 

ov 

t::: 
OV 

3.0V 

1.5V 

OV 

VaH 

2.0V 

VOL 

VaH 

1.5V 

VOL 

LlC-378 

LlC-379 
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Am26S12 • Am26S12A 
Quad Bus Transceiver 

Distinctive Characteristics 
• Quad high-speed bus transceivers • Choice of receiver hysteresis characteristics 
• Driver outputs can sink l00mA at O.7V typically 

FUNCTIONAL DESCRIPTION 

The Am26S12. Am26S12A are high-speed quad.Bus Transceivers con
sisting of four high-speed bus drivers with open.collector outputs 

. capable of sinking 1,OOmA at 0.7 volts and four high-speed bus receivers. 
Each driver output is brought out and also connected internally to the 
high-spee"d bus receiver. The receiver has an input hysteresis charac
teristic and a TTL output capable of driving ten TTL Loads. 
An active LOW, two-input AND gate controls the four drivers so that 
outputs of different device drivers can be connected together for party
line operation. The enable inputs can be conveniently driven by active 
LOW dec~ders such as the Am54S/74S139. 

The high·drive capability in the LOW state allows party·line operation 
with a line impedance as low JS 1000. The line can be terminated at 
both ends, and still give con .. iderable noise margin at the receiver. The 

hysteresis characteristic of the Am26S12 receiver is chosen so that the 
receiver output switches to a HIGH logic, level when the receiver input 
is at a HIGH logic level and'moves to 1.4 volts typically, and switches 
to a LOW logic level when the receiver input is at a LOW logic level and 
moves to 2.0 volts tvpically. This hysteresis characteristic makes the 
receiver very insensitive to noise on the bus. 
The Am26S12A is functionally identi,cal to the Am26S12 but has a 
different hysteresis characteristic so that the output switches with the 
input being typically at 1.2 volts or 2.25 volts. In both devices' 
the threshold margin, the differen,ce between the switching points, is 
greater than 0.4 volts. 

LOGIC DIAGRAM/SYMBOL 

Zo 2, 

Lle-3BO 

ORDERING INFORMATION 

Am26S12 
Package Temperature Order 

Type Range Number 

Molded alP aOc to +7So C AM26S12PC 
Hermetic DIP O"c to +75°C AM26S12DC 

Dice O°C to +75°C AM26S12XC 
Hermetic DIP _55°C to +125°C AM26S120M 

Flat Pak ~55° C to +125° C AM26S12FM 
Dice _55°C to +125"C AM26S12XM 

2, 

Am26S12A 
Order 

Number 

AM26S12APC 
AM26S12ADC 
AM26S12AXC 
AM26S12ADM 
AM26S12AFM 
AM26S12AXM 

10-10 

79 :I 51114 

20 

Am26512 - Am26S12A ;2"1 

TRA~~tftVER 22 10 
23 13 

12 15 

Vcc = PIN 16 
GNO = Pin 8 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

LlC-381 

LlC·382 



Am26S12 • Am26S12A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16-to Pin 8) Continuous -O.5V to+7V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 

DC Input Voltage -O.5V to +5.5V 

Output Current, I nto Outputs (BUS) 200mA 

Output Current, Into Outputs (Receiver) 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

T A == O<.lc to +75°C Vee = 5.0V ±5% (COM Range) Am26512XC-Am26512AXC 
Am26512XM-Am26512AXM T A"" -5SoC to +125°C Vee = 5.0V ±lQ% (MIL Range) Note 1 

Parameters Description Test Conditions 

ICC Power Supply Current V CC = .MAX. 
I--~---+------------------ ------------ ----- ------ ----

IBUS Bus Leakage Current Vee = MAX. or o.V; 
VBUS = 4.o.V; Dnver in OFF State 

Driver Characteristics 

eOM'L 10L = lo.o.mA 
VCC = MIN_ --------1--

VOL Output LOW Voltage 10L = 60. rnA 

(Note 1) 
VIN = VIH or VIL MIL --------1--

10L_= lDDmA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

VI Input Clamp Voltage VCC = MIN.,IIN = -lSmA 

II 
Input Current 

Vee = MAX .. VI = 5.5V at Maximum Input Voltage 

IIH 
Unit load 

VCC = MAX., VI = 2.4V Input HIGH Current 

IlL 
Unit Load 

VCC = MAX., VI = D.4V Input LOW Current 

Receiver Characteristics 

VOH Output HIGH Voltage 
Vce = MIN., 10H = -SDDI'A 
VIN = VIL (Receiver) 

VOL Output LOW Voltage 
VCC = MIN .. -IOL = 2DmA 

VIN = VI L (Receiver) 

Am26S12 
VIH Input HIGH Level Threshold E=H 

Am26S12A 

Am26S12 
VIL Input LOW Level Threshold E=H 

Am26S12A 
~-

VTM Input Threshold Margin E=H 

lOS Output Short Circuit Current VCC = MAX., VOUT = D.DV 

Min. Typ. (Note 2) Max. Units 

46 70. mA 

100 

0..7 D_S Volts 

0..55 0.,7 

0..7 D.S5 
Volts 

2.0. Volts 

D.S Volts 

-1.2 Volts 

1.0. mA 

1.0. 40 J.'A 

....{J.4 -1.6 mA 

2.4 Volts 

0..4 0..5 Volts 

loS 2.0. 2.2 
Volts 

2.0.5 2.25 2.45 

1.2 1.4 1.6 
Volts 

1.0. 1.2 1.4 

0..4 Volts 

-20. -55 rnA 

Not,s: 1. For the Am26S12FM, Am26S12AFM the output current must be limited at 60mA or the maximum case temperature limited to 12Soe for correct 
operation. 

2. Typical limits are at Vee"" 5.0V, 25°e ambient and maximum loading. 

Switching Characteristics (T A = 25°C, Vec = 5.0V) 

Parameters Description Conditions Min. Typ. Max. Units 

tpLH Turn Off Delay Input to Bus CLB = 15pF, RLB = lOOn 7 11 ns 

tpHL Turn On Delay Input to Bus CLB = 3ODpF, R LB = 5o.n 14 21 ns 

tPLH Turn Off Delay Enable to Bus CLB = 15pF, RLB = 5Dn 10. 15 ns 

tpHL Turn On Delay Enable to Bus CLB = 15pF, RLB = 5Dn 10. 15 ns 
-

tpLH Turn Off Delay Bus to Output ~L=15pF 18 26 ' ns 

tpHL Turn On Delay Bus to Output CL = 15pF lS 26 ns 
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Am26S12'-· Am26S12A 

DND 

j ITTI 
E 10 I, 12 13 

ZDr 

z, r- RECEIVER 
Am26S12/26S12A 22 r-- OUTPUTS 

Z3r 

'5V BO' 8, ., ·3 

lOon I I 
lOon 1 
100.11 

loon 

10012 PARTY·LlNE OPERATION. 

Am26S12/26S12A APPLICATION 

STROB~~ 
ADDRESS 

.L l 
E AO A, 

"/2Am54S174S139 

0 , , 3 

I I L: 
DND 

~ ITTI eD 

ITTI 
E 10 I, 12 '3 E 1,12 10 13 

Zo '-- ZD-

2, ~ RECEIVER Z, - RECEIVER 
Am26512/26S12A Z2 r-- OUTPUTS Am26S12J26S12A 22 _ OUTPUTS 

·0 
., 

I I 
1 

Z3 '--

., ·3 Bo BT 

I I 
1 

Figure 6 

Metallization and Pad Layout 

'0' 
20 3 

91 4 

115 

Z,6 

7 8 9 

E GND E 

14 13 
13 Z3 

12B2 

11 12 

10 2 2 

DIE SIZE: 0.07'" x 0.072" 
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Z3-

., ·3 

DND 

INPUTS j IIII 
E 10 I, 12 

Am26S12/26S12A 

·0 ., ., ·3 

I T 
1 

13 

Zo-

2, - REeE 
22 - DUlP 

Z3-

'5V 

100H 

1ool] 

100U 

lOOU 

IVER 
UT' 
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Am26LS27 • Am26LS28 
Dual .,A RS·aaa Partv Line Transceivers 

Am26LS27 FEATURES 

• Dual EIA RS-aaa party line transceiver 
• 5MHz max. baud rate 
• Drives dual terminated twisted pair line with up to 32 

transceivers on line 
• Output short circuit protected to VCM limits 
• High Z output at Vcc = max. and zero 
• Separate enable gating for serial applications 

• Th.·"" .. a ..... 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

Note: Pin 1 Is marked for orientation. 

for parallel 

Diii 

Am26LS27 LOGIC DIAGRAM 

,..---<>DA 

DIA 0--------1 

iNiii 

DOA 

cs 

DIB 

'----<>0.\ 

RA 

iiA 

DB 

iii 

RB 

FiB 

Am26LS28 LOGIC DIAGRAM 

SEcnDNA 

------
------

REG 

EN CP 

hDA 

r---oDA 

f-o RA 
iiA 

iii! 

DB 

iii 

RB 

iiii 

I I 
L__ ~ 

RLEo------------~ 
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Am26LS29 
Quad Three·State Sing'e Ended RS·423 Line Driver 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• Four single ended line drivers in one package for maximum The Am26lS29 is a quad single ended line driver, designed for 
digital data transmission. The Am26lS29 meets all the require
ments of EIA Standard RS-423 and Federal STD 1 030. It features 
four buffered outputs with high source and sink current, and 
output short c;ircuit protection. 

package density 
• Output short-circuit protection 
• Individual rise time control. for each output 
• High capacitive load drive capability 
• low Icc and lee power consumption (26mW/driver typ.) 
• Meets all requirements of RS-423 
• Three-state outputs for bus oriented systems 
• Outputs do not clamp line with power off or in hi-impedance 

state over entire transmission line voltage range of RS-423 

A slew rate control pin allows the use of an external capaCitor to 
-control slew rate for suppression of near end cross talk to receiv
ers in the cable. 

The Am26lS2~ has three-state outputs for bus oriented systems. 
The outputs in the hi-impedance state will not clamp the line over 
the transmission line voltage of RS-423. A typical full duplex 
system would use the Am26lS29 line driver and up to twelve 
Am26lS32 line receivers or an Am26lS32 line receiver and up to 
thirty.-two Am26lS29 line drivers with only one enabled at a time 
and all others in the three-state mode. 

. • low current PNP inputs compatible with TIL, MOS and CMOS 
• Available in military and commercial temperature range 
• Advanced low power Schottky pr,ocessing 

The Am26lS29 is constructed using advanced. low-power 
Schottky proceSSing. 

LOGIC DIAGRAM 

ORDERING INFORMATION 

Package 
Type 

Hermetic DIP 
Hermetic Flat Pak 

Dice 
Hermetic DIP 
Molded DIP 

Dice 

Temperature 
Range 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

·O°C to + 70°C 
O°C to +70°C 
O°C to +70°C 

INPUT A 

INPUT B 

INPUT C 

INPUT 0 

Order 
Number 

AM26lS29DM 
AM26lS29FM 
AM26LS29XM 
AM26lS29DC 
AM26LS29PC 
AM26lS29XC 

,----- SA CONTROL A 

OUTPUT A 

..---+- SR CONTROL B 

OUTPUTS 

..---+- SR CONTROL C 

OUTPUTC 

..-_-+_ SR CONTROL 0 . 

OUTPUT 0 

10-14 

CONNECTION DIAGRAM 
Top View 

Vee 
SLEW RATE 
CONTROL A 

INPUT A OUTPUT A 

INPUT B OUTPUT B 

ENABLE 
SLEW RATE 
CONTROL B 

GND SLEW RATE 
CONTROL C 

INPUT C OUTPut c 

INPUT 0 OUTPUT 0 

VEE 
SLEW RATE 
CONTROL 0 

Note: Pin 1. is ·marked for orientation. 

BLI-OOI 

BLI-004 



ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

V+ 

V-
Power Dissipation 

Input Voltage 

Output Voltage (Power Off) 

Lead Soldering Temperature (10 seconds) 

ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26LS29XM (Mill TA = -ssoe to +12soe Vee = 5.0V +10. -5%. VEE = -S.OV -10. +S% 
Am26LS29xe (eOM'Ll TA = oOe to +70oe Vee = S.OV ±s%. VEE = -S.OV ±5% 

DC CHARACTERISTICS ov·er the operating temperature range (Notes 1 and 2) 

Parameters Description Test Conditions 

Vo 
RL = 00 (Note 3) 

VIN = 2.4V 

Vo 
Output Voltage 

VIN -OAV 

VT 
Output Voltage 

VIN - 2.4V 

VT 
RL =45On 

VIN =OAV 

IVTI-lvTI Output Unbalance IVee I = IVEE!. RL = 450n 
IX+ 

Output Leakage Power Off Vee= VEE =OV 
Vo = 10V 

IX- Vo = -10V 
IS+ VIN = 2AV 
IS-

Output Short Circuit Current VO= OV 
VIN =OAV 

ISlew Slew Control Current VSLEW = VEE + 0.9V 

ICC Positive Supply Current VIN = OAV. RL = 00 

lEE Negative Supply Current VIN = OAV. RL = 00 

10 Off State (High Impedance) Vee = MAX. 
Vo = 10V 

Output Current Vo = -10V 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

VIN = 2AV 
IIH High Level Input Current 

VIN .; 15V 

IlL ,,"ow Level Input Cu.rrent VIN = OAV 
. VI Input Clamp Voltage liN - -12mA 

Notes: 1. Typical limits are at Vee = 5.0V, VEE = -S.OV, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
3. Output voltage is +3.9V minimum and -3.9V minimum at -55°C. 

AC CHARACTERISTICS 
Vee = S.OV, veE = -S.OV, TA = 2SOC 

Parameters Description Test Conditions 

Min. 

4.0 

-4.0 

3.6 
-3.6 

2.0 

tr Rise Time RL = 4500, CL = SOOpF, Fig. 1 
Ce = 50pF 

Ce = OpF 

Fall Time 
Ce = 50pF 

It RL = 4500, CL = 500pF, Fig. 1 
Cc = OpF 

Src Slew Rate Coefficient RL = 4500, CL = 500pF, Fig. 1 

tLZ 
RL = 4500, CL = 500pF, Cc = OpF, Fig. 2 

tHZ Output Enable to Output 
tZL 

tZH 
RL = 4500, CL = 500pF, Cc = OpF, Fig. 2 

10·15 

Typ. 
(Note 1) 

4A 
-4A 
4.1 

-4.1 

0.02 

2.0 

-2.0 

-70 

60 

±110 

18 

-10 

2.0 

-2.0 
, 

1.0 

10 

-30 

Am26LS29 

7.0V 

-7.0V 

600mW 

. -0.5 to +15.0V 

±15V 
300°C 

Max. Units 

6.0 Volts 

-6.0 Volts 

Volts 

Volts 

0.4 Volts 

100 p.A 

-100 p.A 

-150 mA 

150 mA 

p.A 

30 mA 

-22 rnA 

100 p.A 

-100 p.A 

Volts 

0.8 Volts 

40 p.A 

100 IlA 

-200 p.A 

-1.5 Volts 

Typ. 
Min. (Note 1) Max. Units 

3.0 p.s 

120 300 ns 

3.0 p's 

120 300 ns 

.06 p.s/pF 

180 300 

250 350 

250 350 
ns 

180 300 



Am26LS29 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 

2.5V 

INPUT OUTPUT 
INPUT 

I eLr , RL 
I 

rl 
-::-

OUTPUT 

-::- I 
VEE -L ~.LS29 ~ 

BLI-006 BLI-007 

Figure 1. Rise Time Control. 

\CO .i INPUT OUTPUT 

I l--tPHZ 

eLr RL 
I 
I -::-

tpLZ OUTPUT G -: I 
VEE-L Am2::~ 

UC-329 Figure 2. Three State Delays. BU-OO? 

Am26LS29 EQUIVALENT CIRCUIT 
Vee 

TO OTHER 

a,~~" 
, 

F'VE"S "n 
;s~a12 an 

., ", ", 

~ ENAiU., fA IV 
, r:-- d,:'l .... '" ~ 

°1 D2 -1::0.-

"~a, 
~~ ", 

aNa 
, 

", ~~ 
~ fA 

::: fA IV 0 da~ ", 
"D: U' ~ 

2 AINPUT 
{3j 8INPl,lT 
(6) C INPUT 
mO'NPUT 

", 
~~a5 

-~ 

,.--

"" l "9 

-if 
"" 

"13 
0" 

0·"'" 
',/1 ( 

. ~A 
'" i'.1 

n12~ ;. ~,: 
013 ...... 

F- .1-

"17 

10-16 

~ ~ 

Q~~ "12 DB;S~ 

017 ~ ;Si:: a, 

~ 

1-"" 
~ "" 

;S~DlO 

'.T ~ 
V 

o~ ~ 

0" 

16 f\5LEW 
1131 QSlEW 
(12ICSLEW 
(91 o SLEW 

",. 

"16 
fA 

"" 
R25 

r-.... 0 26 

"" 

~ 

"23 

"" 
D";S~ 

-* 
0" 

"", 

" A (14) B 0 UT 
UT 

OUT 
(11] C 0 
{lO} D 

VEE 

, 
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TYPICAL APPLICATION 

COMMON GROUND 
RETURN 

Slew Rate (Rise or Fall Time) 
Versus External Capacitor 

1k 

l 100 
/ I 

w 

" ;:: 
w 
'" 10 ii: 

1 
10 100 1k 10k 

CAPACITANCE - pF. BLI·010 

DATA 
OUTPUT 

Am26LS29 

BU-012 

~------------------------------------~------------~------------------~ 
Metallization and Pad Layout 

INPUT D 

SLEW RATE 
Vee CONTROL A 

VEe SLEW RATE 
CONTROLD 

DIE SIZE 0.070" X 0.094" 
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Am26LS30 
Dua. Differentia. RS·422 Partv Line/Quad Sing'e Ended RS·423 Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Dual RS-422 line driver or quad RS-423 line driver 
• Driver outputs do not clamp line with power off or in 

hi-impedance state 
• Individually three-state drivers when used in differential mode 
• Low Icc and lEE power consumption 

RS-422 differential mode 35mW/driver typo 
RS-423 single-ended mode 26mW/driver typo 

• Individual slew rate control for each output 
• SOO transmission line drive capability (RS-422 into virtual 

ground) 
• Low current PNP inputs compatible with TTL. MOS and CMOS 
• High· capacitive load drive capability 
• Exact replacement for DS16/3691 
• Advanced"low power Schottky processing 

FUNCTIONAL DESCRIPTION 

The Am26LS30 is a line driver designed for digital data transmis
sion. A mode control input provides a choice of operation either as 
two differential line drivers which meet all of the requirements of 
EIAStandard RS-422 or four independent single-ended RS-423 
line drivers. 

In the differential mode the outputs have individual three-state 
controls. In the hi-impedance state these outputs will not clamp 
the line over a common mode transmission line voltage of ± 10V. 
A typical full duplex system would be the Am26LS30 differential 
line driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS30 differen
tial drivers. 

A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv
ers in the cable. 

The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 

LOGIC DIAGRAMS 
Logic for Am26LS30 with 

Mode Control HIGH (R5-423) 

~ SReONTROLA 

INPUTA~ OUTPUT A 

~ SR CONTROL B 

INPUTB ~ OUTPUTB 

~ SR CONTROL e 

INPUTe ~ OUTPUTe 

~ SRCONTROLO 

INPUTO ~ OUTPUTO 

Vee--

GROUND-

VEE--
MODE 

-- CONTROL BLI-002 

ORDERING INFORMATION 

Package 
Type 

Temperature 
Range 

Order 
Number 

Hermetic DIP 
Hermeiic Flat Pak 

Dice 
Hermetic DIP 
Molded DIP 

Dice 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

AM26LS30DM 
AM26LS30FM 
AM26LS30XM 
AM26LS30DC 
AM26LS30PC 
AM26LS30XC 

10-18 

Note: 

Logic fo~ Am26LS30 with 
Mode Control LOW (RS·422) 

ENiiBi:Eii~ " 

SR CONTROL A 

OUTPUT A 

INPUT A 
OUTPUT B 

SR CONTROL B 

OUTPure 
INPUT 0 ~ 

'R CONTROL C 

OUTPUT 0 

__ 'SR CONTROL 0 

ENABLE C 

Vcc __ 

GROUNO--

VEE---
__ MODE 

CONTROL 

BU-003 

CONNECTION DIAGRAM - Top View 

v r-~ bSLEW RATE 
cc L CONTROL A 

INPUT A C 2 15 P OUTPUT A 

INPUT fENABLE B C 3 14 P OUTPUT B 

MODE r 4 13 h SLEW RATE 
. L-. Am26lS3O ~ CONTROL B 

GND r 5 12 h SLEW RATE 
, L- f-J CONTROL, C 

INPUT/ENABLE eelS " P OUTPUT C 

INPUT 0 C 7 10 P OUTPUT 0 

Pin 1 is marked 
for orientation. 

VEE r- 8 q h SLEW RATE 
. L- . r ~ CONTROL 0 

BU-005 



ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

V+ 

V-
Power Dissipation 

Input Voltage 

Output Voltage (Power Off) 

Lead Soldering Temperature (10 seconds) 

ELECTRICAL CHARACTERISTICS over the operating temperature range 

The Following Conditions Apply Unless Otherwise Specified: 

Am26LS30XM (MILl TA = -55'C to +125'C VCC = 5.0V ±10%, VEE = GND 
Am26LS30XC (COM'LI TA = O"c to +70'C VCC = 5.0V ±5%, VEE = GND 
EIA RS422 Connection, Mode Voltage = O.SV 

DC CHARACTERISTICS over the operating temperature range 

Am26LS30 

_65°C to +150°C 

7.0V 

-7.0V 

600mW 

-0.5 to +15.0V 

±15V 

300°C 

Parameters Description Test Conditions (Note 3) Min. 
Typ. 

(Note II Max. Units 

Vo VIN = 2.0V 3.6 6.0 Volts 

Vo 
Differential Output Voltage, V A, B RL =00 

VIN = O.SV -3.6 -6.0 Volts 

VT VIN = 2.0V 2.0 2.4 Volt. 

VT 
Differential Output Voltage, V A, B RL = loon 

VIN -0.8V -2.0 2.4 Volts 

VOS,VOS Common Mode Offset Voltage RL -loon 2.5 3.0 Volts 

IVTI-lvTI Difference in Differential Output Voltage RL -lOOn 0.005 0.4 Volt. 

IVosl-lvosl Difference in Common Mode Offset Voltage RL = lOOn 0.005 0.4 Volt. 

VSS I VT-VT I RL -loon 4.0 4.8 Volts 

VCMR Output Voltage Common Mode Range VENABLE = 2.4V ±10 Volts 

IXA VCC = OV 
VCMR - 10V 100 JlA 

IXB 
Output Leakage Current 

VeMR = -10V -100 JlA 

lOX Oft State (High Impedance) VCMR .;; 10V 100 JlA 
Output Current 

VCC= MAX. 
VCMR;;' -10V -100 ".A 

VOA =6.0V SO 150 mA 
VIN = 2.4V 

VOB-OV -80 -150 mA 
ISA,ISB Output Short Circuit Current 

VOA =OV -SO 150 mA 
V1N =0.4V 

VOB - 6.0V 80 150 mA 

ICC Supply Current 18 30 mA 

VIH High Level Input Voltage 2.0 Volts 

VIL Low Level Input Voltage 0.8 Volt. 

IIH High Level Input Current VIN = 2.4V 1.0 40 #A 

VIN .;; 15V 10 100 ".A 

IlL Low Level Input Current VIN = O.4V -30 -200 ".A 

VI Input Clamp Voltage liN = -12mA -1.5 Volts 

AC CHARACTERISTICS 
. EIA RS-422 Connection, Vee = 5.0V, VEE = GND, Mode = 0.4V, TA = 25'C 

Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 

tr Differential Output Rise Time Fig. 2, Rl = 1000, Cl = SOOpF 1.20 200 ns 

tf Differential Output Fall Time Fig. 2, Rl = 1000, Cl = SOOpF 120 200 ns 

tpDH Output Propagation Delay Fig. 2, Rl = 1000, Cl = SOOpF 120 200 ns 

tpDl Output Propagation Delay Fig. 2, Rl = 1000, Cl = SOOpF 120 200 ns 

tlZ 
Rl = 4500, Cl = SOOpF, Ce = OpF, Fig. 3 

180 300 

tHZ 250 3S0 
Output Enable to Output ns 

tZl 250 3S0 

tZH 
Rl = 4500, Cl = SOOpF, Cc = OpF, Fig. 3 

180 300 

Notes: 1. Typicallimitsare at Vec = ScOV, VEE", GND, 2S'C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-422 where applicable. 
3. Rl connected between each output and its complement. 
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Am26LS30 
ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 

Am26LS30XM (MIL) TA = -55"C to +125"C VCC =5.0V ±10%, VEE = -5.0V ±10% 
Am26LS30XC (COM'L) TA = O"C to +70"C VCC = S.OV ±S%, VEE = -S.OV ±5% 
RS-423 Connection, Mode Voltage;' 2.0V 

DC CHARACTERISTICS olier the operating temperature range (Notes 1 and 2) 

Parameters Description Test Conditions 

Vo RL =~, (Note 3) VIN = 2.4V 

Vo 
Output Voltage 

IVecl = IVEEI = 4:75V VIN= O.4V 

VT 
Output Voltage 

RL -4S00, VIN = 2.4V 

VT IVccl = IVEEI = 4.75V VIN = O.4V 
IVTI-lvTI 1 Output Unbalance IVccl = IVEEI, RL = 4500 
IX+ 

Output Leakage Power Off VCe=VEE=OV 
Vo = S.OV 

IX VO- -6.0V 

15+ 
Output Short C,rcuit Current 

VIN = 2.4V 
15-

VO=OV 
VIN = O.4V 

ISlew Slew Control Current VSLEW,= VEE + 0.9V 

ICC Positive Supply Current VIN - 0.4V, RL = ~ 

lEE Negative Supply Current VIN = 0.4V. RL = ~ 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

VIN = 2.4V 
IIH High Level Input Current 

VIN .. 15V 

IlL Low Level Input Current VIN = 0.4V 

VI I nput Clamp Voltage liN - -12rnA 

Notes: 1. Typical limits are ilt Vee = 5.0V, VEE = -S.OV, 2S"C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS'423 where applicable. 
3. Output voltage is +3.9V minimum and -3.9V minimum at -55"C. 

AC CHARACTERISTICS 
RS-423 Connection, Vee = S.OV, Vee = -S.OV, Mode = 2.4V, TA =2S"C 

Parameters Description Test Conditions 

Min. 

4.0 

-,4.0 

3.6 

-3.6 

2.0 

Ir Rise Time Fig. 1, RL = 4500, CL = SOOpF 
Cc = 50pF 

Ce = 0 

Ce = 50pF 
It Fall Time Fig. 1, RL = 4500, CL = 500pF 

Ce = 0 

Src Slew Rate Coefficient Fig. 1, RL = 4500, CL = 500pF 

tpOH Output Propagation Delay Fig. 1, RL = 4500, CL = 500pF, Cc = 0 

tpOL Output Propagation Delay Fig. 1, RL = 4500, CL = 500pF, Ce = 0 
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Min. 

Typ. 
(Note 11 

4.4 ; 

-4.4 

4.1 

-4.1 
0.02 

2.0 
-2.0 

-80 

80 
±140 

18 

-10 

1.0 

10 

-30 

Typ. 
(Note 1) 

3.0 

120 

3.0 

120 

.OS 

180 

180 

Max. Units 

6.0 Volts 

-6.0 Volts 

Volts 
Volts 

0.4 Volts 

100 p.A 

-100 p.A 

-150 mA 

lS0 mA 
p.A 

30 mA 

-22 rnA 

Volts 

0.8 Volts 

40 p.A 

100 p.A 

-200 p.A 

-1.5 Volts 

Max. Units 

p.s 

300 ns 

p's 

300 ns 

p.s/pF 

300 ns 

300 ns 



OUTPUT 

BLI-006 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 
FOR EIA RS·423 CONNECTION 

Am26LS30 

INPUT O---'f---1 >--t-::-... ...,..---<r-o OUTPUT 

Figure 1. Rise Time Control for RS-423. 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUIT 
FOR RS·422 CONNECTION 

BLI-007 

,. _______ -.. _____ 3.0V 

INPUT~t,,,,On' ~""0n.\ .. ____ ov 

INPUT 

I 
OUTPUT VSS!RL 

t 

BLI·ooe 

CiC·329 

-TEK eTR 
CURRENT TRANSF. 
OR EQUIVALENT 

BLI·aOll 

·Current probe is the easiest way to display a differential waveform. 

Figure 2. 

Vee 

INPlIT A 

INPlIT B 

VEE 

Figure 3. Three-State Delays. 
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Am26LS30. 

Am26LS30 FUNCTION TABLE Slew Rate (Rise or Fall Time) 
Versus External Capacitor 

INPUTS OUTPUTS ,. 
MODE A(D) B(C) A(D) B(C) 

0 0 0 0 1 

0 0 1 Z Z 
100 

0 1 0 1 0 

0 1 1 Z Z 10 

1 0 O. 0 0 

1 0 1 0 1 

1 1 0 1 0 1 
10 

1 1 1 1 1 

Am26LS30 EQUIVALENT CIRCUIT 

(6) C INPUT 

381NPUT 

n~ " " " '. -~:C) 
" " ~ --w- n, 
VI 'A 

" 

K:~G 
-~ _.&-1." P", 

(To) 

(C~~- J" ". 

QlOl.....:t "'n, r-r:: nn -.... 
t- ~ 'n '" '" 

*on 

~ R, 

.l~:~ .. ~' 
Rir; 

Rl9 11:1:(1 '" '" '" '" '" a" 0" 

,0,,,0,~1Y a '. 
J" 0" . 16 (Co) 

022 D~n ,......., ( 

K:~n. d a"tfuJ'~' ' ," J~ -"."" 
0 101 D2 -K n" n" 0,,"'-. -M. .:;' 

.... :,~ ( j ~~ II' ' ;';; 
"~'" ~ 

~ R" '" 
.~ 

'" 
::57"0" 0,,::5 

''0 
a" , 

RM 

2 A INPUT 
mOINPUT 

/ 

II 
V 

100 1k 10k 

CAPACITANCE - pF BU-010 

V(;(' 

U'~~" 
, 

"!; 

'::~U" 
f-----< 

" ria 
D';'Sr 

r,"" ~" u, ,. 

U '::~D'" 
fiw 

a" 
f--

~ 
~ 

HlJ 

' .. 
'--

1118 

11,,, 1!,/\ 

*'" 0",:: ~m:g 
'-' 

~9 D~r 

u!:l a~ VI VJ 

r-..,()21l 

""" 
'" 

16 A SLEW 
(13) BSLEW 
(12)CSlEW 
(91 o SLEW 

[132 

'" 
VfI· 

, 

nUT 
OliT 
OUT 

BU-020 
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DATA 

THREE-5TATE 
ENABLE 

DATA 

Am26LS30/32 

TYPICAL APPLICATION 

TWISTED PAIR 

DATA 

THREE-STATE 
ENABLE ---.... 
DATA ___ -.,.. 

Am26LS30i32 

Metallization and Pad Layout 

INPUT A Vee 

INPUT D VEE 

SLEW RATE 
CONTROL A 

SLEW RATE 
CONTROL 0 

DIE SIZE 0.070" X 0.094" 
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Am26LS30 

DATA 

THREE-8TATE 
ENABLE 

~---DATA 

Am2fiLS30/32 
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Am26LS31 
Quad High Speed Differentia. Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Output skew - 2.0ns typical 
• Input to output delay - 12ns 
• Operation from single +5V supply 
• 16·pin hermetic and molded DIP package 
• Outputs won't load line when Vee =0 
• Four line drivers in one package for maximum package 

density 
• Output short·circuit protection 
• Complementary outputs 
• Meets the requirements of EIA standard RS422 
• High output drive capability for lOOn terminated trans· 

mission lines 
• Available in military and commercial temperature range 
• Advanced low·power Schottky processing 

FUNCTIONAL DESCRIPTION 

The Am26LS31 is a quad differential line driver, designed for 
digital data transmission over balanced lines. The Am26LS31 
meets all therequirements of EIA sfandard RS·422 and federal 
standard 1020. Is is designed to provide unipolar differential 
drive to twisted·pair or parallel·wire transmission lines. 

-The circuit provides an enable and disable function common 
to ail four drivers: The Am26LS31 features 3'state outputs 
and logical OR-ed complementary enable inputs. The inputs 
are all LS compatible and are all one unit load. 

The Am26LS31 is constructed using advanced low-power 
Schottky processing. 

LOGIC DIAGRAM 

Package 
Type 

Hermetic DIP 
Flat Pak 

Dice 
Hermetic DIP 
Molded DIP 

Dice 

ENABLE ENABLE 
INPUT 

o 
INPUT 

C 

GND OUTPUT 
0+ 

OUTPUT 
0-

OUTPUT 
C' 

OUTPUT 
c-

ORDERING INFORMATION 

Temperature 
Range 

-55°C to +125°C 
_55°C to +125°C 
_55°C to +125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Order 
Number 

AM26LS31DM 
AM26LS31FM 
AM26LS31XM 
AM26LS31DC 
AM26LS31PC 
AM26LS31XC 
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INPUT 
B 

OUTPUT 
B' 

OUTPUT 
B-

INPUT 
A 

OUTPUT 
A+ 

OUTPUT 
A--

CONNECTION DIAGRAM 
(Top View) 

INPUT A +5.0V 

A OUTPUTS I INPUT D 

10 OUTPUTS 
ENABLE 

B OUTPUTS I ENABLE 

I C OUTPUTS 
INPUTS 

GND INPUTC 

Note: Pin 1 is marked for orientation. 

LlC-352 

LlC-353 



Am26LS31 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Supply Voltage 7.0V 

Input Voltage 7.0V 

OutputV_ol_ta~g~e __________________ . ______________________________________________________ ~ ____ ~5~.5~V 

Storage Temperature Range _.65°C to +150°C 

ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26LS31XM(MIL) TA=-5S0Cto+12SoC 
Am26LS31 xc (cOM'Ll T A ': 0° C to + 70° C 

Parameters Description 

VOH Output HIGH Voltage 

VOL Output LOW Voltage 
I--c-:--- . 

Input HIGH Voltage VIH 

VIL Input LOW Voltage 

I'IL Input LOW Current 

IIH Input HIGH Current 

II Input Reverse Current 

10 
Off·State (High I mpedance I 
Output Current 

VI Input Clamp Voltage 

Ise Output Short Circuit Current 

ICC Power Supply Current 

IpLH Input to Output 

IpHL Input to Output 

SKEW Output to Output 

ILZ Enable to Output 

1HZ Enable to Output 

IZL Enable to Output 

IZH Enable to Output 

Notes: 1. All tYpical values are Vee = 5.0V, T A'" 25°C. 

VCC=5V ± 10% 
VCC=5V±5% 

Test Conditions 

Vee = Min., 10H = -20rnA 

Vee = Min., 10L = 20rnA 

Vee = Min. 

Vee = Max. 

Vee = Max., VIN = O.4V 

Vee = Max., VIN = 2.7V 

Vee = Max., VIN = 7.0V 

Vee = Max. I Vo = 2.5V 

I Vo = 0.5V 

Vee = Min., liN -18mA 

Vee = Max. 

Vee = Max., all outputs disabled 

Vee = 5.0V, TA = 25'e, Load = Note 2 

Vee = 5.0V, TA = 25'e, Load = Note 2 

Vee = 5.0V, TA = 25'e, Load = Note 2 

Vee = 5.0V, TA = 25'e, eL = 10pF 

Vee = 5.0V, T A = 2S'e, eL = 10pF 

Vee = 5.0V, TA = 25'e, Load = Note 2 

Vee = 5.0V, T A = 25'e, Load = Note 2 

2. CL:= 30pF, V,N::: 1.3V to VOUT = l.3V, VpULSE=OVto +3.0V,SeeBelow. 

Min. 

2.5 

2.0 

-30 

Typ. 
(Not. 1) 

3.2 

0.32 

-0.20 

0.5 

0.001 

0.5 

0.5 

-0.8 

-60 

60 

12 

12 

2.0 

23 

17 

35 

30 

Max. 

0.5 

0.8 

-0.36 

20 

0.1 

20 

-20 

-1.5 

-150 

80 

20 

20 

6.0 

35 

30 

45 

40 

AC LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 

PROPAGATION DELAY 
(Notes 1 and 3) 

LIC-3S4 

TEST 
POINT Vee ==.t===E----- 3V 

INPUT ___ ______ _ __ 1.3V 
TRANSITION 

""H.t: "HlE OV 

OUTPUT _____ -/- _. ____ ..l~ :~~ 
FROM OUTPUT _--.. __ .-______ -<:rS1 ~ 

UNDER rEST 

A, 

'5<, . I· I' VOL 

OUTPUT ------!-\------~--r= ~.~~ 
ENABLE AND DISABLE TIMES 

(Notes 2 and 3) 
Enable Disable 

ENABLE ~ ~- ~.~~ 
INPUT . 

OV 

OUTPUT 
NORMALLY 

f- 'Zl 'lZ -- I 
~~4.5V 

-1.5V 

LOW S2 0PEN _. __ VOL 

I--t: 'ZH 'HZ -I I t 
OUTPUT ~~---=-=:= VOH 

NORM~~~~ ~'~~V l";,tv ~1.5V 

I ! __ VOL 
tpHL-t--l tpLH-~ 

L1C-356 

Notes: 1. Diagram shown for ~LOW. 
2. S, and S2 of Load Circuit are closed except where shown, 

3. Pulse Generator for All Pulses: Rate" '.OMHz; Zo = 50n; tr " 15ns; tf ~ 6.0ns. 
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Units 

Volts 

Volts 

Volts 

Volt. 

rnA 

!LA 

mA 

!LA 

Volts 

rnA 

rnA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

LlC-355 



Am26LS31 

OUT 

DATA 
INPUT 

EaUIVALENT CIRCUIT (1/4 Am26LS31) 

,. Vee; 

D3 
R,. A3 RIS A22 A5 'R, A. 

50n 
D, D9 

L-~~~--------1-1-~----------------~~~~------L-------~-t~~---r--~--+-,-+----oGND 

A32 

D" 

EN 

A" A,. 

6K 
D,. 

Q23 

D" 

D'6 R34 

TYPICAL APPLICATION 

DATA 
OUT 

SHIELD OR COMMON GROUND RETURN 
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R40 
{FEEDTHRU) 

DATA 
OUT 

A36 

R37 

A38 

A39 

TO OTHER 
THREE 
DRIVERS 

BLI-023 

DATA 
OUT 

LlC-3S7 



~ 
-' 
0 
~ 
>-
::J 
0 
> 

LlC·358 

5.0 

4.0 

3.0 

2.0 

1.0 

o 
o 

Guaranteed VOH and VOL 
ITA = _55°e to +125°e) 

1 1 1 I 1 

toJ @ ~ccl. 5.~V 
VOH @ Vcc = 5.0V 

I I I 
VOH @VCC=4.5V 

1 1 1 1 1 

I I I I I 
VOL @4.5V';VCC';5.5V 

I 
4.0 B.O 12 16 

IOL OR -IOH (mAl 

~ 
-' 

~ 
" ~ 

20 

Am26LS31 

VOUT Versus Vee 
5.0 

1 I 
4.0 

3.0 

2.0 

1.0 

1 1 

~5°~ --./25°C· ..... / V+125ic 
./' iZ ··1 

~ 
PIN 4"; O.SV, PIN 12;;" 2.0V 
RL = 10kn TO GROUND 

i-- AREA INSIDE ENVELOPE 
IS LOW IMPEDANCE. (-son) 

r--

o 
AREA OUTSIOE ENVELOPE 
IS HIGH IMPEOANCE (>1/4MIl) 

o 1.0 2.0 3.0 4.0 
VOUT (VOLTS) LlC·359 

~------------41 
Metallization and Pad Layout 

+5.0V 

INPUT A 
,. 

15 INPUT 0 

CHANNEL A I' ,. 
CHANNEL 0 

OUTPUTS OUTPUTS 

3 13 

ENABLE 12 ENABLE 

CHANNELS [ • "1 CHANNEL C 
OUTPUTS OUTPUTS 

6 10 

INPUT B 7 INPUTC 

GNO 

D(E SIZE 0.067" X 0.084" 
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Am26LS32 ·'Am26LS33 
Quad Differentia. Line Receivers 

DISTINCTIVE CHARACTERISTICS 

• Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) on 
Am26LS32 

• ±0.2V sensitivity over the input voltage range on Am26LS32; 
±0.6V sensitivity on 'Am26LS33 

• The Am26LS32 meets all the requirements of RS-422 and 
RS423 

• 6k minimum input impedance 
• 30mV input hysteresis 
• Operation from single +5V supply 
• 16-pin hermetic and rriolded DIP package 
• Fail safe input-output relationship. Output always high 

when inputs are open. 
• Three-state drive, with choice of complementary output 

enables, for receiving directly onto a data bus. 
• Propagation delay 17ns typical 
• Available in military and commercial temperature range 
• Advanced low-power Schottky processing 

FUNCTIONAL DESCRIPTION 

The Am26LS32 is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, and Federal Standards 
1020 and 1030 for balanced and unbalanced digital data 
transmission. 

The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range of ±7V. 

The Am26LS33 features an input sensitivity of 500mV over 
the input voltage range of ±15V. 

The Am26LS32 and Am26LS33 provide an enable and disable 
function common to all four receivers. Both parts feature 3-
state outputs with 8mA sink capability and incorporate a fail 
safe input-output relationship which ,keeps the outputs .high 
when the inputs are open. 

The Am26LS32 and Am26LS33 are constructed using Ad
vanced Low-Power Schottky processing. 

LOGIC DIAGRAM 

GNO OUTPUT 0 OUTPUT C 

ORDERING INFORMATION 

Am26lS32 Am26lS33 

Package. Temperature Order Order 
Type Range Number Number 

Hermetic DIP _55°C to +12So C AM26lS32DM AM26LS33DM 
Flat Pak _55°C to +12S-C AM26lS32FM AM26lS33FM 

Dice -55°C to +12So C AM26lS32XM AM26lS33XM 
Hermetic DIP O°C to +70°C AM26lS32DC AM26lS33DC' 
Molded DIP O°C to +70°C AM26LS32PC AM26lS33PC 

Dice O°C to +70°C AM26lS32XC AM26LS33XC 
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qUTPUT B OUTPUT A 

CONNECTION DIAGRAM 
Top View 

INPUTS A { 

Vee 

} INPUTS B 
OUTPUT A 

ENABLE OUTPUT 8 

OUTPUTC ENABLE 

INPUTS,C { 

OUTPUT 0 

} INPUTS 0 
GNO 

Note: Pin 1 is marked for orientation. 

BLI·024 

LlC-3BO 



Am26LS32 • Am26LS33 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Supply Voltage 7.0V 

Common Mode Range ±25V 
Differential Input Voltage ±25V 
Enable Voltage 7.0V 
Output Sink Current 50mA 
Storage Ter.nperature Range 

ELECTRICAL CHARACTERISTICS Over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26L.S32XM, Am26L.S33XM (MIL.) 
Am26L.S32Xe, Am26L.S33Xe (eOM'L.) 

TA = _55°C to +12SoC 
TA = aGe to +70o C 

Vee = 5.0V • 10% 
Vee = 5.0V' 5% 

Typ. 
(Not. 1) Parameters Description Test Conditions Min. Max Units 

VTH Differential Input Voltage VOUT = VOL or VOH 
I Am26LS32, -7V .. VCM .. +7V -0.2 .0.06 +0.2 

Volts I Am26LS33, -15V" VCM" +15V -0.5 .0.12 +0.5 

RIN IQPut Resistance -15V" VCM .. +15V (One input AC ground) 6.0 9.8 kfl 

liN Input Current (Under Testl VIN = +15V, Other Input -15V .. VIN .. +15V 2.3 mA 

liN Input Current (Under Testl VIN = -15V, Other Input -15V .. VIN .. +15V -2.8 mA 

VCC = Min .. aVIN +1.0V COM'L 2.7 3.4 
VOH Output HIGH Voltage 

VE'iiiABCE = O,8V, 10H = -4401'A 
Volts 

MIL 2.5 3.4 

VCC = Min .• aVIN = -1.0V 10L =4.0mA 0.4 
VOL Output LOW Voltage Volts 

VENABLE = 0.8V IOL =8.0mA 0.45 

VIL Enable LOW Voltage 0.8 Volts 

VIH Enable HIGH Voltage 2.0 Volts 

VI Enable Clamp Voltage VCC = Min .. liN = -18mA -1.5 Volts 

10 
Off·State (High Impedance) VCC = Max. 

Va =·2.4V 20 

Output Current I'A 
Va = 0.4V -20 

IlL Enable LOW Current VIN =O.4V -0.2 -0.36 mA 

IIH Enable HIGH Current VIN =2.7V 0.5 20 I'A 

II Enable Input High Current VIN = 5.5V 1 100 I'A 

ISC Output Short Circuit Current Vo = OV, VCC = Max.,IIVIN = +1.0V -15 -50 -85 mA 

ICC Power Supply Current Vce = Max., All VIN = GND, Outputs Disabled 52 70 mA 

VHYST I nput Hysteresis TA = 25'C, Vee = 5.0V, VeM = OV 30 mV 

tpLH Input to Output TA = 25'C, VCC = 5.0V, CL = 15pF, see test condo below 17 25 ns 

~PHL Input to Output TA = 25'C. VCC = 5.0V. CL = 15pF, see test condo below 17 25 ns 

tLZ Enable to Output TA = 25'C, VCC = 5.0V,CL = 5pF, see test condo below 20 30 ns 

tHZ Enable to Output T A = 25'C, VCC = 5.0V, CL = 5pF, see test condo below 15 22 ns 

tZL Enable to Output TA = 25'C, VCC = 5.0V,CL = 15pF,see test condo below 15 22 ns 

tZH Enable to Output TA - 25'C, VCC = 5.0V, CL - 15pF, see test condo below 15 22 ns 

Vo'''. '" _,_, _,_ 0_ v,'" ,.,v. " • ~.,. l1li ...--------'-------LOAD TEST CIRCUIT 
FOR THREE·STATE OUTPUTS 

TEST 
POINT Vee 

_-t~~iCr-~~~Sl~ ~on 9 FROM OUTPUT o--W.--J 
UNDER TEST 

L1C-361 

ALL DIODES 
lN9160Fl 
tN3064 

PROPAGATION DELAY 
(Notes 1 and 3) 

OUTPUT ~----r:::!:-t ;!~ 
=-ttpLH tpHL 

OPPOSITE~ v--- +1.0V 

~~~~i-I\ /1---0V 
TRANSITION -1.0V 

L1C·362 

10·29 

ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 

OUTPUT 
NORMALLV 1.3V -1.5V 

LOW S2 0PEN VOL I---i-: 'ZH 'HZ lIT 
OUTPUT~~--:::::= VOH 

NORMALLV S OPEN 1.3 V I'-t- -1.5V 
HIGH 1 _ -ov O.SV 

L1C·363 

Notes: 

1. Diagram shown for 'E'Oaiiie LOW. 

2. 51 and 52 of Load Circuit are closed except 
where shown. 

3. Pulse Generator for All Pulses: Rate";;; 1.0MHz; 
Zo"" 50n; tr '" 15n5; tf '" 6.0ns. 



Am26LS32B 
Quad Differentia. Line Receiver 

DISTINCTIVE CHARACTERISTICS 

• ± 100mV sensitivity over VIN range of OV to 5V 
• ± 200m V sensitivity over VCM range 
• -7V \0 +12V input voltage range - differential or 

common mode 
• . Guaranteed input voltage hysteresis limits 

- BOmV minimum . 
- 200mV maximum 

• 3V maximum open circuit input voltage 
• Three-state outputs disabled during power-up and 

power down 
• Maximum guarantees for tpo skew 
• All AC and DC parameters guaranteed over COM'L and 

MIL operating temperature ranges 
• Single +5V supply 
• Advanced low-power Schottky processing 

FUNCTIONAL DESCRIPTION 

The Am26LS32B is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, CCIITV.IO and V.II, and 
Federal Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission: 

The Am26LS32B features an input sensitivity of 200mV over the 
common mode input voltage range of -7V to + 12V. 

The Am26LS32B is the first device in the Am26LS32 configura
tion to guarantee minimum hysteresis and propagation delay 
skew while maintaining better propagation delay guarantees than 
the Am26LS32. This allows a more critical analysis of perfor
mance in high noise environments and better performance in 
terms of signal quality, resulting in better system performance. 

The Am26LS32B provides an enable and disable function com
mon to all four receivers. It features three-state outputs with 
24mA sink capability and incorporates a fail safe input-output 
relationship which keeps the outputs high when the inputs 
are open. 

The Am26LS32B is constructed using Advanced Low-Power 
Schottky processing. 

LOGIC DIAGRAM 

1 1 
GND OUTPUT 0 

ORDERING INFORMATION 

Am26LS32B 
Package Temperature Order 

Type Range Number 

Hermetic DIP -55 to +125"C AM26LS32BDM 
Flat Pak -55 to +125"C AM26LS32BFM 

Dice -55 to +125"C AM26LS32BXM 
Hermetic DIP o to +70"C AM26LS32BDC 
Molded DIP .0 to +70"C AM26LS32BPC 

Dice o to +70"C AM26LS32BXC 

OUTPUTC 
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OUTPUT B OUTPUT A 

CONNECTION DIAGRAM 
Top View 

INPUTS A ( 

Vee 

IINPUTSB 
OUTPUT A 

ENABLE OUTPUTB 

OUTPUT C ENmE 

INPUTse 1 OUTPUT D 

I INPUTS 0 
GND 

Note: Pin 1 is marked for orientation. 



ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Supply Voltage 

Common Mode Range 

Differential Input Voltage 

Enable Voltage 

Output Sink Current 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply uniess otherwise specified: 

Am26LS32XM (MIL) TA = -55 to +125°C Vee ~ 5,OV ± 10% 
Am26LS32XC (COM'L) TA ~ 0 to +7O"C Vee ~ 5,OV ± 5% 

Parameters Description Test Conditions 

I 0", VeM '" +5V 
VTH Differential Input Voltage VOUT ~ VOL or VOH 

I -7V '" VeM '" +12V 

VHYST Input Hysteresis 

Viae Open Circuit Input Voltage 

RIN Input Resistance -15V '" VeM '" +15V (One input AC ground) 

liN Input Current (Under Test) VIN ~ +15V, Other Input -15V '" VIN '" +15V 

liN Input Current (Under Test) VIN ~ -15V, Other Input -15V '" VIN '" +15V 

Vee ~ Min, d VIN ~ +1,OV IOH ~ -12mA 
VOH Output HIGH Voltage 

VENABLE ~ 0,8V 10H ~ -lmA 

Vee ~ Min, A VIN ~ -1,OV IOH ~ 16mA 
VOL Output LOW Voltage 

VENABLE ~ 0,8V IOL ~ 24mA 

Vil Enable LOW Voltage 

VIH Enable HIGH Voltage 

VI Enable Clamp Voltage Vee ~ Min, liN ~ -18mA 

Off-State (High Impedance) Va ~ 2.4V 
10 Output Current Vee ~ Max 

Va ~ 0,4V 

IlL Enable LOW Current VIN ~ O.4V 

IfH Enable HIGH Current VIH ~ 2,7V 

II Input HIGH Current VIN ~ 5,5V 

Am26LS32B 

7.0V 

±25V 

±25V 

7.0V 

50mA 

-65 to +165°C 

Typ 
Min (Note 1) Max Units 

-100 ±60 100 
mV 

-200 200 

80 120 200 mV 

2,0 3,0 Volts 

6,0 10 k!l 

2,3 mA 

-2,8 mA 

2,0 
Volts 

2.4 

0,4 
Volts 

0,5 

0,8 Volts 

2,0 Volts 

-1,5 Volts 

50 

-50 
,.A 

-0,36 mA 

20 ,.A 

100 ,.A 

Note: 1, All typical values are Vee'~ 5,OV, TA ~ 25°C, II1II .----____ -----,MiI 
Ise Output Short Circuit Current Va ~ OV, Vee ~ Max, d VIN ~ +1,OV -30 -65 -120 mA 

IcC Power Supply Current Vee ~ Max, All VIN ~ GND, Outputs Disabled 52 70 mA 

LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 

TEST 
POINT Vee 

_~~ __ K~ __ ~-orS'- 200U 9 
FAOMOUTPUT ~ 

UNDER TEST 

ALL DIODES 
lN9160R 
lN3064 

PROPAGATION DELAY 
(Notes 1 and 3) 

Notes: 1. Diagram shown for Enable LOW, 
2, SI and S2 of Load Cricuit are closed except where shown, 

ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 

~~-3'O. 
ENABLE _ _ __ 1 3. 

INPUT "ZL ~LZ L-... 
OUTPUT ---'-- -4.5V O.SV 

NORMALLY 1.3V -1.5V 
LOW 52 OPEN VOL i---r-: 'ZH 'HZ I t 
OUTPUT~~~ VOH 

NORMALLY 51 OPEN 1.3V I'-t- -1.5V 
HIGH ~ -ov O.SV 

3, Pulse Generator for All Pulses: Rate'" 1 ,0MHz; Zo ~ 50U; tr '" 2,5ns; tf '" 2,5ns, 
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Am26LS32B 
SWITCHING CHARACTERISTICS 
(TA = +25°C, vcc = 5.0V) 

Parameters Description 

tpLH 
Propagation Delay, Input to Output 

tpHL 

tSKEW Propagation Delay Skew, tpLH - tPHL 

tZL 
Output Enable Time, ENABLE to Output 

tZH 

• tLZ 
Output Disable Time, ENABLE to Output 

It-iz 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tpLH 
Propagation Delay, Input to Output 

tpHL 

tSKEW Propagation Delay Skew, tpLH - tpHL 

tZL Output Enable Time, ENABLE to Output 
tZH 

tLZ 
Output Disable Time, ENABLE to Output 

It-iz 

Min Typ 

16 

.17 

1.5 

16 

10 

11 

13 

Am26LS32B COM'L 

TA = 0 to +70"C 
Vee = 5.0V ± 10% 

Min Max 

26 

26 

4.0 

33 

22 

27 

27 

Max Units Test Conditions 

21 ns 

21 ns ' 

3.0 ns 
CL = 50pF 

See test circuit 

22 ns 

16 ns 

18 ns CL = 5pF 

18 ns See test circuit 

Am26LS32B MIL 

TA = -55 to +125°C 
Vee = 5.0V ± 10% 

Min Max Units Test Conditions 

26 ns 

26 ns 

4.0 ns CL = 50pF 
See test circuit 

33 ns 

22 ns 

27 ns CL = 5pF 

27 ns See test circuit 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

METALLIZATION AND PAD LAYOUT 

-1 ' 16 Vee 

INPUTS A 15r INPUTS B 

+ 2 14 + 

OUTPUT A 3 13 OUTPUTS 

ENABLE 4 12 ENABLE 

OUTPure 5 11 OUTPurD 

+ 6 

T INPUTS e { 
INPUTSD 

- 7 

GND 8 9 -

DIE SIZE 0.056" X 0.084" 
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Use of the Am26LS29, 30, 31 and 32 
Quad Driver/Receiver Famlly in 

EIA RS-422 and 423 Applications 
By David A. 1.aws and Roy J. 1.evy 

INTRODUCTION 
Today's high-performance data processing systems de
mand significantly faster data communications rates than 
are possible with the EIA RS-232 specifications in use for the 
past ten years. 

Two new standards .prepared by the Electronic Industries 
Association address this need. EIA RS-423 is an unbalanced, 
bipolar voltage specification designed to interface with RS-
232C, while greatly enhancing its operation. It permits the 
communication afdigital information over distances of upto 
2000 feet and at data rates of up to 300 Kilobaud. EIA 
RS-422 is a balanced voltage digital interface for com
municaton of digital data over distances of 4000 feet or 
data rates of up to 10 megabaud. 

Advanced Micro Devices has developed a family of 
monolithic Low-power Schottky quad line drivers and re
ceivers to meet the requirements of these specifications.' 

The Am26LS29 and 30 line drivers and the Am26LS32 re
cE1iver meet all requirements of RS-423 while the 
Am26LS31 differential line driver and the Am26LS32 re
ceiver meet the requirements of RS-422. 

A second receiver element, the Am26LS33 is available for 
use in high common mode noise environments, exceeding 
the common mode voltage· requirements of RS-422 and RS-
423. 

This application note· reviews the use of these devices in 
implementing the new standards. Emphasis is given to the 
EIA RS-422 balanced interface. 

a) Single Wire With Common Ground. 

EIA STANDARD SPECIFICATIONS 
Two basic forms of operation are available for transmission 
of digital data over interconnecting lines. These are the 
single ended and differential techniques. 

The single-ended form uses a single conductor to carry the 
signal with the voltage referenced to a single return conquc
tor. This may also be the common return for other signal 
conductors. Figure 1a. 

The single-ended form is the simplest way to send data as it 
requires only one signal line per circuit. This simplicity, how
ever, is often offset by the inability of·this form to allow 
discrimination between a valid signal produced by the 
driver, and the sum of the driver signal plus externally in-
duced noise signals. 

A sqlution to some of the problems inherent in the single
ended form of operation is offE'red by the differential form of 
operation. Figure 1 b. This consists of a differential driver 
(essentially two single-ended drivers with one driver always 
producing the, complementary output signal level to the 
other driver), a twisted pair transmission line and a differen
tial line receiver. The driver signal appears as a differential 
voltage to the line receiver, while the 'noise signals appellr as 
a common mode signal. The two signals, therefore, can be 
discriminated by a line receiver with' a sufficient common 
mode voltage operating range. ' . 

The Electronic Industries Association, EIA, has defined a 
number of specificatipns standardizing the interface be
tween data terminal equipment and data circuit terminating 
equipment based on both single-ended and differential op
eration. 

~
I 

DATA I =t(-
ENABLE -----II-I --------------f------- DATA 

_ Zo 1 I-zo ENABLE '::-

BU·013 

b) Two Wire Balanced System. 

,~:::~--+--~"i ---+-1-_. :±:-~" 
ENABLE ~ aLl·Ol. 

Figure 1. Data Communication Techniques. 
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Quad Driver/Receiver Family 
I . ., 

The most widely used standard 'for interfacing between data 
terminal equipment and data cQmmunications equipment 
today, is EIA RS-232C, issued in August 19f?9. The RS-;232C 
electrical interface is a single·ended, bipolar-voltage, unter
minated circuit. This specification is for se!ial binary data 
interchange over short distances (up to 50 ,feet) at low rates 
(up to 20 Kilobaud). It is a protocol st~ndard as well as an 
electrical standard, specifying hand shaking signals and 
functions 'between terminal-and the communications 
equipment. As already noted, single-ended circuits are sus
ceptible to all forms of electromagnetic interference. Noise 
'and cross talk susceptibility are proportional to length and 
bandwidth. RS-232C places restrictions on both. It limits slew 
rate of the drivers (30V/",s) to control radiated emission on 
neighboring circuits and allows bandwidth limiting on the 
receivers to reduce susceptibility to cross talk. The length 
and slew rate limits can adequately control reflections on 
unterminated lines, and the length and bandwidth limits are 
more than adequate to reduce susceptibility to noise. 

a) E I A RS-232C Gener~tor Output. 

Vss = IVt - vtl 

Like EIA RS-232C, the new EIA RS-423 is 'also a single-ended, 
bipolar~volt .. ge unterminated circuil.lt extends the distance' 
and data rate capabilitiesofthis technique to distances of up 
to 4000 feet at data rates of 3000 baud, or at higher rates of up 
to 300 Kilobaud over a maximum distance of 40 feet. 

EIA RS-422 is a differential, balanced voltage interface capa
ble 6f significantly higher data rates over longer distances. It 
can accommodate rates of 100 Kilobaud over a distance of 
4000 feet or rates of up to 10 megabau'd. These performance 
improvements stem from the advantages of a balanced con
figuration which is isolated from ground noise currents. It is 
also immune to fluctuating voltage potentials between sys
tem ground references and to common mode electromag
netic interference. Figure 2 compares the driver output 
waveforms for the three EIA standard configurations, while 
Table I compares the key characteristics required by drivers 
and receivers intended for these applications. Sinc~ RS-232C 
has been in use for many years, RS-422 and 423 parameter 
values have been selected to facilitate an orderly transition 
from existing 'designs to new equipment. 

l·1VSS--

O.9VSS ~'!'!"'-+=== O.lVSS 

O·1Vss ~=",,=O.9Vss 
---_,.lVss 

Vss = Difference in steady 
state voltages 

RL = 3Kn to 7Kll 
Vss min. = ±5V; Vss max. = ±25V 

b) EIA RS·422 Generator Output. 

-+-1---- O.lVSS 

to = Time duration of the unit interval 
at the applicable modulation rate ' 

tr " 0.110 when to .. 200ns 

v ss = Difference in steady state voltages 
Vss = IVt - vtl 

tr " 20ns when to < 200ns 
Vss min. = 2V; Vss max. = 6V 

c) EIA RS-423 Generator Output. 

Vss = IVt - Vtl 
Vss = Difference in steady 

state voltages 
Vss min. = ±3.6V; Vss max, = ±6V 

Figure 2. Driver Output Waveforms. 
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1.1VSS __ _ 

0,9VSS ~'!'!"'-+=== 

O·1Vss -'"=:,,,,= O.9VSS 
____ ,.1VSS 

BlI,01S 

eU-016 

BLI-017 



Quad Driver/Receiver Family 

TABLE I 
KEY PARAMETERS OF EIA SPECIFICATIONS 

Characteristics EIA RS·232C EIA RS-423 EIA RS-422 Units 

Form of Operation Single Ended Single Ended Differential 

Max. cable length 50 2000 4000 Feet 

Max. data rate 20K 300K 10M Baud 

Driver output 6 volts 
voltage, open ±25 ±6 between Volts (Max.) 
circuit' outputs 

Driver output 2 volts 
voltage, Loaded ±5 to ±15 ±3.6 between Volts (Min.) 
output' outputs 

Driver output resis· Ro = 3000 100jAA between 100jAA between Min. 
tance power off ~6 to +6V +6 and -.25V 

Driver output short 
circuit current Isc ±500 ±150 ±150 rnA (Max.) 

Driver output slew 30 V//Lsec Max. Slew rate must be No control 
rate controlled based necessary 

upon cable length 
and modulation 
rate 

Receiver input 3K to 7K ;;.4K ;;.4K n 
resistance Rin 

Receiver input -3 to +3 -0.2 to +0.2 -0.2 to +0.2 Volts (Max.) 
thresholds 

Receiver input 
voltage -25 to +25 -12 to +12 -12 to +12 Volts (Max.) 

* ± indicates polarity switched output. 

INTEGRATED CIRCUIT . CHARACTERISTICS 

Most semiconductor manufacturers offer integrated circuits 
designed to satisfy the old RS·232C standard. A number of 
them have designs in progress to meet the new EIA specifica
tions. Products available from Advanced Micro Devices to 
meet these needs are shown in Table II. 

input loading, one-halfthe normal fan-in. Since there are two 
inverters from each input to output, the driver is non-· 
inverting. When operating in the RS-423 mode, the 
Am26LS29 and 30 require both +5V and -5V nominal value 
power supplies. This allows the outputs to swing symmetri
cally about ground - producing a true bipolar output. The 
Mode Control (Pin 4) ofthe Am26LS30 should be HI or tied to 

The Am26LS29, 30, 31 and 32 area family of quad drivers and 
receivers designed .specifically to meet the new EIA stan
dards. These products utilize Low-Power Schottky technol
ogy to incorporate four drivers or four receivers, together . 
with control logic, in the standard 16-pin package outlines. 

The Am26LS29/30 and the Am26LS32 are driver and receiver 
pairs designed to implement the single-ended EIA RS-423 
standard. The Am26LS31 is a differential line driver deSigned 
for use with the Am26LS32 receiver in a differential mode to 
meet EIA RS-422. 

Am26LS29 AND Am26LS30 QUAD 
RS·423 LINE DRIVERS 
The Am26LS29 and 30 consist offour single-ended line driv
ers designed to meet or exceed the requirements of RS-423. 
The buffered driver outputs are provided with sufficient 
source and sink current capability to drive.50 ohm to a virtual 
ground transmission line and high capacitive loads. The 
Am26LS29 has a three-state output control while the 
Am26LS30 has a Mode Control input that allows it to operate 
as a dual RS-422 driver (with suitable power supply change
s), Figure 3. 

Each of the four driver inputs, as well as the Enable/Mode 
Control input is a PNP Low-Power Schottky input for reduced 
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TABLE II 
ADVANCED MICRO DEVICES' 
. EIA COMPATIBLE DEVICES 

EIA Standard Drivers Receivers 
Aml488 Aml489, 1489A 
Quad Driver Quad Receivers with 

response control pin 
Am9616 Am9617 

RS-232C Triple Driver with Triple Receiver with 
logic control optional hysteresis 
Am2616 Am2617 
Quad Driver also Quad Receiver specified 
speCIfied for CCITT over MIL range 
V.24 and MIL-l88C 

RS-422 Am26LS31 Am26LS32 
Quad Diffilrential Quad Uiffilrential Driver 
with three-state single-ended Receiver 
control gating 

RS-423 Am26LS29 Am26LS32 
Quad Driver with Quad single-endedl 
three-state C)utput Diffilrential Receiver 

Am26LS30 
Quad Driver with 
shaw rate control 



Quad Driver/Receiver Family 

al Logic Diagrams 

. Am26LS29 

v--- BU-01B 

b) Circuit Diagram for Am26LS30 
(61CINIUT 

3 BINPOT 

a,!... " " " 
" a, f14- ~ '. ~~G 

~ fAa, 

(C~- J" 

°10....sl ~., -... -
;:SZ;0tf 

Am26LS30 
RS-423 Operation (Mode Control HIGH) 

~ SRCONTROLA 

INPUT A ~ OUTPUT A 

~ SR CONTROL O' 

INPUTO ~ OUTPUT. 

~ SReONTROLe 

INPUTe ~ OUTPUTe 

. ~. SRCONTROLD 

INPUTO ~ OUTPUTO 

v+--
GROUND--

v--- MODE 
--- CONTROL 

'. r-~.rc) 's ~~' a, 

'A ,. 
....., ITOI -, ~.:! fI, .. , 

'" fA" ~atf r-

~" 
., 

°'3 F 'tf _" .:! Z;.f3 
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_" -to 
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~~ 
~, 
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O'8~ 

" A 
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Figure 3_ Am26LS29 and Am26LS30 Drivers. 

Vee. Each output is.designed to drive the RS-423 load of 50 
ohms with an output voltage equal or greater than +3.6 volts 
in the HI state and -3.6 volts in the LO state. Each output is 
.current limited to 150mA max. in either logic state. A Slew 
Rate 'control pin is brought out separately for each output to 
allowoutput ramp rate (rise and fall time) control. This pro
vides suppression of near end. cross talk to other recfilivers in 
the cable_ Connecting a capacito( from this node to that 

driver's respective output will produce a ramp (10% to 90%) 
of 50ris typical fOr each picofarad of capacitance in that 
capacitor. RS-423 establishes recommended ramp rates ve[

, sus Ifiln9th of line driven and modulation rate, Figure 4. 

The Am26LS30 can be used at low data rates as a dual EIA 
RS-422 driver with three-state outputs by connecting the VEE 
supply and the mode control input to ground. 
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Am26LS31 QUAD RS-422 DRIVER 
The Am26LS31 is a quad differential line driver designed to 
meet the RS-422 specification while operating with a single 
+5 volt supply. A common enable and disable function con
trols all four drivers, Figure 5. The driverfeatures high speed, 
de-skewlld differential outputs with' typical propagation de
lays of 12ns and residual skew of 2ns. Both differential line 
outputs are designed for three-state operation to allow 
two-way half duplex and multiplex, data bus applications. 

Table'" is a summary of the essential requirements of the 
RS-422 standard. Section A describes the key characteristics 
satisfied by the Am26LS31 driver. 

The balanced differential line driver consists of two halves, 
each of which is similar to a Low-power Schottky TTL gate 
with equal source and sink current capability. The two halves 
are emitter coupled in a differential input configuration. One 
side of the input circuit is tied to a fixed TTL bias threshold 
and the other side is tied to a sink diode in normal DTUTTL 
fashion., This configuration offers complementary outputs 
with very low skew, dependent only upon component match
ing, a necessity to meet RS-422. 
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Figure 4. Data Modulation Rate or Cable Length 
Versus Risetime for EIA RS-423. 
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The circuit diagram of the driver is shown in Figure 6. The 
emitter-coupilld input circuit, is formed by Q2 and Q3, which 
are biased by a current source. This source is a current 
mirror, formed by Q1 which supplies the current, and 06 
which is diode connected transistor matched to Q1. The fixed 
bias for Q3, formed by 05 and 06, is 2VBE. A 2VBE bias; less 
the 02 Schottky diode drop, provides the normal Low-power 
Schottky TIL threshold, V IL = 0.7V. R19 provides 8' boost to 
O.SV for a full 400mV TTL noise margin. The differential 
outputs of the emitter coupled stage, A and A, drive emitter 
followers Q14 and Q15, which provide the required speed 
and matching characteristics. The emitter followers, drive 
phase splitters Q4 and Q5, which in turn drive totem-pole 
outputs. The outputs at the line interface are of standard 
Low-power Schottky TTL configuration, except that circuit 
values are modified to provide high sourcing capability. The 
outputs are designed to source or sink 20mA each, so that 
they can generate a voltage of at least 2.0V across a 100 ohm 
load, as required by RS-422. Additional circuitry has been 
included to make the line outputs three-state for two-way 
bus applications. TheAm26LS31 meets the RS-422 require
ment that the driver riot load the line in the powered down 
condition (Ix .. 100pA) or if the power supply to that device 
should fail. 

Am26LS32 QUAD RS-422 AND 423 ~ECEIVER 
The Am26LS32 is a quad line receiver which, operating from 
a single 5 volt supply, can be used in either differential or 
singhit-ended modes to satisfy RS-422 and 423 applications 
respectively. A complementary enable and disable feature, 
similar to that on the driver, controls all four receivers, Figure 
7. The device's three-state outputs, which can sink SmA, 
incorporate a fail-safe input-output relationship which keeps 
the outputs high when the inputs are open. 

The Am26LS32 meets the receiver input specification of 
Table III, a 200mV threshold sensitivity with common mode 
rejection exceeding the supply line potentials, (greater than 7 
volts). The same design feature of the input circuit which 
provides the common mode rejection also insures excellent 
power supply ripple rejection, which is important when 
switching the high currents involved in asystem's interfaces. 
Furthermore, unli'ke operational amplifiers, where the DC 
common mode and power supply rejection ratios roll off 
with open lo,op gain, the full rejection capability of this line 
receiver is maintained at high frequencies. The receiver hYs-1 
teres.is oftypical.ly 30mV, provi.des differential noise immuni- • 
ty. Signals received on long Imes can have slow transition 
times, and without hysteresis, a small amount of noise 
around the switching threshold can cause errors in the re-
ceiver output. 

INPUT 
8 

INPUT 
A 

ONO Vee OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
02 01 C2 Cl 82 81 A2 A1 

BLI-022 

Figure 5. Am26LS31 Logic Diagram. 
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TABLE III 
SUMMARY OF EIA RS-422 STANDARD FOR A BALANCED DIFFERENTIAL INTERFACE 

A. Line DriVer 8. Line Receiver 

Open Circuit Voltage (either logic state) 
Differential 
Common Mode 

IVdol;" 6.0V 
IVcmol"" 3.0V 

Differential Output Voltage (across 100 ohm load) 
Either logic state IVdl;;" max (0.5Vdo, 2.0V) 

Output Impedance 
Either logic state RG .;; 100.ohms 

Mark-Space Level Symmetry (across 100 ohm load) 

Differential IVdSI - IVdMI .;; 0.4V 
Common Mode IVcmsl - IVcmMI .;;O.4V 

Output Short Circuit Current (to ground) 

Either Output Iisel.;; 150mA 

Output Leakage Current (power off) 
Voltage Range -0.25V .;; Vx .;; .+6.0V 
Either Output at Vx Ilxl';; 100JLA 

Rise and Fall Times (across 100 ohm load) 
T = Baud Interval (tr , ttl .;; max (0.1T, 20ns) 

Ringing (across 100 ohm load) 
Definitions 

VdSS = Vd (steady state) 
Vss = VdS-VdM (steady state) 

Limits (either logic state) 
Percentage 
Absolute 

IVd-Vdssl.;; O· 1Vss 
2.0V,,; IVdl .;; 6.0V 

. C. Interconnecting Cable 

Type 

Signal Voltage Range 
Diffe rentia I 
Common Mode 

IVdl.;; 6.0V 
!VcMI .;; 7.0V 

Single-Ended Input Current (power ON or OFF) 

Either Input at Vx IVxl= 10V 
Other Input Grounded Ilvl ,.; 3.25mA 

Single-Ended InpOt Bias Voltage (other input grounded) 
Either Input Open Circuit IVel,.; 3.0V 

Single-Ended Input Impedance (other input grounded) 
Either Input RL ;;" 4000 ohms 

Differential Threshold Sensitivity 
Common Mode Voltage Range 
Either Logic State 

Absolute Maximum Input Voltage 
Differential 
Single-Ended 

Input Balance (threshold shift) 

!Veml';; 7.0V 
IVTI.;; 200mV 

IVdl.;; 12V 
IVxl.;; 10V 

Common Mode Voltage Range IVcml .;; 7.0V 
Differential Threshold (500 ohms in series with each 

input) 
Either Logic State IVtl.;; 400mV 

Termination (optional) 
Total Load Resistance (differential) RT> 90 ohms 

Multiple Receivers (bus applications) 

Up to 10 receivers allowed. Differential threshold sen
sitivity of 200mV must be maintained. 

Hysteresis (optional) 
As required for applications with slow rise/fall time at 
receiver, to contr.ol oscillations. 

Fail Safe (optional) 
As required by application to provide a steady MARK or 
SPACE condition under open connector or driver 

power 
OFF condition . 

Twisted Pair Wire or Flat Cable Conductor Pair 

Conductor Size 
Copper Wire (solid or stranded) 
Other (per conductor) 

Capacitance 
Mutual Pair 
Stray 

Pair-to-Pair Cross Talk (balanced) 

A'ttenuation at 150KHz 
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24 AWG or larger 
R .;; 30 ohms/1000ft. 

C .;; 20pF/ft. 
C .;; 40pF/ft. 

A;;" 40dB 
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Figure 6. Am26LS31 Circuit Diagram (Only one driver shownl. 

The balanc!,d differential line receiver is a three-stage circuit. 
The input stage consists of a low-impedance differential cur
rent amplifier with series resistor inputs to convert line signal 
voltage to current and provide a moderate input impedance. 
The input resistors provide an impedance greater than 6K on 
each input, power on or power off, which exceeds the re
quirements of RS-422 and RS-423. This is one advantage of 
the current amplifier input circuit .. Another advantage is that 
is can operate with immunity to common mode voltages 
above Vee and below ground. The differential threshold 
sensitivity ofthis circuit is 200mV, as required by RS-422. The 
second stage is a differential voltage amplifier, which inter
faces to the single-ended output stage through· an emitter 
follower. The output stage is a standard Low-power Schottky 
TIL totem-pole output with three-state capability. 

The full circuit is shown in Figure 8. Resistors R20 and R2" 

which connect the non-inverting input to Vee and the invert
ing input to ground, provide the fail-safe feature, which 
guarantees a HIGH logic state for the receiver output when 
there is no signal on the line. The differential voltage 
amplifier in the second stage is formed by 06 and 03 which 
are biased by current source 09. The hysteresis in the re-
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ceiver switching characterist.ic is provided by 04 and 05, a·m differential pair biased by current source 06, whose collec-
tors are connected in positive feedback to the input pull-up' 
circuits. A small amou",t of current is switched by 04 and 05, 
which must be overcome by the different voltage signal, 
resulting in the hysteresis. The output stage is driven from 
olJe side of the differential second stage by emitter follower 
017, which is a multiple emitter transistor. the second emit-
ter is the control point for the three-state output.017 drives 
the phase splitter 012, which in turn drives the three-state 
totempole output The remainder of the circuit is the output 
enable control logic. This three-state capability on the re-
ceiver TIL side of the interface is a usefui feature for mod
ularizing two-way bus design. 

A mask option of the input resistors (R" R2, R?o and R2,) 

modifies the receiver characteristics to improve operation 
in.·high common mode noise environments. This device, 
known as the Am26LS33, has these resistors at twice the 
value of the Am26LS32. An input differential or common 
mode voltage range of ± 15 volts is achieved atthe expense 
of a minor decrease of input threshold sensitivity, to 
±500mV from ±200mV. 
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GNO OUTPUTD OUTPUTC OUTPUT B OUTPUT A 

BLI·024 

Figure 7. Am26LS32 Logic Diagram. 
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APPLICATIONS IN MIXED RS·232 AND 422/3 
SYSTEMS 
A system implemented with the RS-422 differentiai output 
cannot be used to drive an RS-232C system directly. An 
RS-423 single·ended. driver, such as the Am26LS29 or 
Am26LS30, may be used providel;l' certain precautions are 
o!>served. 

1. Although the RS-423 driver output specification of be
tween 4 to 5V !ioes not meet the RS-232C specification of 
6V, operation is usually satisfactory with RS-232C receiv
ers. This is achieved because the short cable lengths per· 
mitted by RS-232C cause very little signal degredation 
and because of the low source impedance of the RS-423 
driver. 

2. RS-232C specifies that the rise time for the signal to pass 
through the ±3.0V transition region shall not exceed 4% 
of the signal element duration. RS-423 requires much 
slower rise times, specified from 10% to 90% of the total 
signal amplitude, to reduce cross talk for operation over 
longer c;!istances. Therefore, the RS-423 driver in the 
eqUipment must be waveshaped. This is achieved by 
selection of a capacitor value for the Am26LS30 to simul· 
taneously meet the requirements of both RS-423 and RS· 
232C for data rates covered by RS-232C. 

3. RS-423 specifies one common return ground for each 
direction of transmission, RS-232C requires only one 
for both directions of transmission. Care must be taken 
to insure that a return ground path has been created 
when inteiiacing between the two systems. 

4. RS-232C does not require termination, while it may be 
necessary for RS-422 and 423. Detailed consideration of 
termination is covered in the next section. 

Notethat RS-422 and RS-423 specifies that receivers should 
not be damaged by voltages upto 12V, while RS-232C allows 
drivers to produce output voltages up to 25V. The Am26LS32 
receiver has been designed to avoid this hazard and can 
withstand input voltages of ±25 volts. 

RS-422 TRANSMISSION LINE FEATURES 

Any time a receiver and transmitter are connected with more 
than a few inches of a wire; problems due to reflections can 
arise if care is not exercised to terminate the line correctly. 
RS-422 describes the cable as a twisted pair of approximately 
1200 impedance terminated in a resistorRT. RT is not 
specified because there are two extreme values which may 
be chosen forthe two following general classes of usage: (1) 
single direction transmission; and (2) multi-direction and 
multiple source transmission (party line). Considering the 
cable impedance, only, the termination should equal the 
cable im'pedance of 1200. However this reduces the termi
nated cable, resistance as seen by the driver to only 600, with 
resulting loading of the output Signal. This loading causes a ' 
reduction of SIN ratio at the received terminal due to the 
decrease in signal voltage swing. The solution lies in a com
promise between an RT of 1200 which provides maximum 
power transfer at a, reduced SIN ratio or RT of 2400 which 
causes a mis·match of 2-to-1 but no SIN reduction. The 
choice is left to the user as it is system dependent. Both 
scl)emes will worle: for an average line length and should only 
approach the margins at maximum line length and 
maximum bit rates. 

Electronic Industries Association, when preparing EIA Stan· 
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dard RS-422 conducted their tests with 24 gauge twisted pair 
wire. The resulting length vs. data rate, is published as a 
guideline in RS-422 (Figure 9); This shows two important 
results: (1) Unmodulated baseband (NRZ) signalling is riot 
recommended at distances greater than 4000 feet; (2) At data 

10k .... 

lOOk 1M 10M 

DATA RATE - BAUDS 

BLI-026 

Figure 9. Data Rate Versus Cable Length for Balanced, 
Twisted Pair Cable (From EIA RS-422). 

rates above about 100KHz, the maximum cable length for 
acceptable signal quality is inversely proportional to data 
rate. 

Result (1) above is due to the DC resistance ofthe cable. For a 
4000 foot cable with a DC resistance of 30 ohmsll 000 feet, the 
DC series loop resistance is 2400. The minimum allowable 
terminated differential load impedance is 900. The DC vol· 
tage attentuation is 90/(90 - 240) = 1/4(6db), which is arbitrar
ily chosen as the maximum allowable limit. 

Result (2) is due to line losses. Laboratory tests using the 
26LS31 Line Driver connected to the 26LS32 Line Receiver by 
800 feet of ordinary 20 AWG twisted paif (Beldon #8205 
plastic-jacketed wire), terminated in its charllcteristic impe
dance of 1000 were evaluated. The, input waveform was a 
500~Hz square wave with (10% to 90%) rise and fall times of 
less than ,10ns. The output waveform produced rise and fall ' , 
times which together accounted for approximately one-half 1m 
the period (t, + tf = 500ns). This was due to line loss and • 
constant capacity. The energy per cycle of the output ' 
waveform is approximately 25% lower than that of the input. 
The input rise and fall times are not a function of line length, 
assuming matching termination. The output rise and fall 
times are dependent upon length in a complex manner. 
Furthermore, it can be shown by observation that they build 
up along the line. 

Many good reference sources are available on the subject of 
transmission lines (References 1, 2, 3 and 4). These will 
provide background information to the following discussion. 

Seshadri in Reference (1) has analyzed a line with series 
resistance losses and has shown that rise time varies with 
the square of the length. This shows series resistance to be a 
function ofthe square root offreque,ncy. However when one 
tries to use this result in combination with the previous 
result, it becomes apparent just how difficult the problem is. 
In Reference (2), the authors point out that skin depth implies 
a frequency dependent series inductance as well as resis
tance, and that one cannot be considered without the other. 
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They, go on to show how this .leads to the same re$ult; 
namely that rise and fall times vary.with the square of dis
tance. 

No attempt wili be mad!! to explain here why Figure 5 shows 
maximum length varying inversely with frequency rather 
than with the square of frequency. Certainly many complex 
factors are involved. Our laboratory observations showed a 
dependence somewhere in between linear'and square law. 

The Am26LS31 Quad Line Driver and the Am26LS32 Quad 
Line Receiver are capable of good, clean operation to the 
distance limits and data rate limits of RS-422. 

SYSTEM APPLICATIONS 
The Am26LS30; 31, 32 and 33 can be combined in various 

Am26LS290R 
Am2tILS30 

5OnCOAX 

signaling networks, Using Am261,S29, Am26LS30 and 
Am26LS32, Figure 10, a unidirectional RS-423commu.nica- . 
tion can be constructed, Allowing for the voltage variation 
describ!!d earlier, RS-232C requirements can be satisfied. It 
should be noted that the Am26LS29 or Am26LS30 is used 
above to /"fleet the bipolar requiremerits. If a single-ended 
line, Figure 11, is required without a bipolar requirement, the 
Am26LS31 can be used by biasing the reference terminal of 
the receiver to approximately 1.5 volts. Note that additional 
resistors will enhance fail safe op!!ration. 

Figure 12 shows th~ use of the Am26LS31 and Am26LS32 to 
meet a balanced liner single direction RS-422 application. If 
bidirectionality is required, an additional termination should 
be added as shown in Figure 13. 

BlI,027 

Figure 10. Unidirectional RS·423 (partial RS·232CI. 

AmHLS31 Am26LS32 

DATA 5OnCOAX DATA 

ENABLE 

BlI-028 

Figure 11. Single·Ended Line Without Bipolar Requirement. 

Am28LS31 Am28LS32 

M,,-f> ~ f~ ~. ., •.... DATA 

. ~------------------~-'-~~E~DP-A-'R------------------~------~~ 
ENABLE ~ al RS·422 Application. BlI-029 

Am28LS31 Am28LS32 

Bll-030 

M"--f'> ~ In J-M" 
ENABLE 5----~---------b-, -I-m-p-r.\:,ol-ye-d--F-ai-I_-S-af-e-M--ar-g-in-.--.....:.--..... -J 1. . . . 

Figure 12. 
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Figure 13. Bidirectional RS-422. 

Am26LS30/32 Am26LS30/32 

Figure 14. Party Line Configuration. 

a) Full Duplex Four·Wire Data Communication RS·422 Interface (with Data Modem). 

Am26LS30/32 Am26LS30/32 
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Figure 15. 
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b) Full Duplex Four-Wire Data Communication 
RS-422 Interface (without Data Modem). 

Am261.S31/32 AmZ6lS31/32 

Figure 15. (Cant.) 

eLl·OM 

The high speed capability of R$-422 has attracted the in
terest of many computer designers for use in the party 
line mode (Figure 14). The most common usage is that of 
a four wire full duplex exchange system (Figure 151. This 
mode of operation involves two pairs of wires each han
dling a single direction of traffic. The outgoing direction 
consists of one driver (Am26LS30 or Am26LS311 and n 
receivers (Am26LS32 or Am26LS331. The incoming direc
tion consists of one receiver (Am26LS32 or Am26LS331 
and n drivers. (Am26LS30 or Am26LS31 I. This seems ex
tremely simple to organize. However, problems arise 
when system ground is considered. If the network of re
ceiver and driver span a moderate to long physical dis
tance, ground loop noise or differences are developed 
changing the voltage that appears at the terminals of all 
receivers and drivers except for the one driver that is ac-

REFERENCES 

tive. It remains the system reference as long as it is ac
tive. This induced or system developed voltage is referred 
to as Common Mode voltage (CMVI and as such must be 
considered as a device parameter. All manufacturers 
specify CMV capability of their receiver in compliance 
with RS-422 (approx. 7 volts plus signal) but there is no 
specification for drivers. If the dimensions of the system 
are short compared to 114 wave length of the maximum 
date rise and fall times, the CMV can be assumed to be 
minimal and drivers with single voltage supply and lim
ited negative CMV can be used, i.e., Am26LS31. If the sys
tem dimensions are large, the CMV will cause problems 
in that the driver will clamp to the ground the moment 
the collective or apparent voltage swings below minus 0.5 
volts reiative to the driver ground, causing a short in the 
line and increasing level shift and noise. The clamping is 
caused in part by conduction of the IIC substrate diode. 
The problem can be avoided by using a driver with an 
output common mode range (Am26LS301. The Am26LS30 
guarantees an output CMV range of ±10 volts about the 
driver ground reference. New international standards are 
under consideration to specify this mode of operation. In 
conclusion, a good system of 4 wire full duplex for data 
communication would use as an outgoing pair an 
Am26LS30 line driver and up to 12 - Am26LS32 line re
ceivers, with a termination at the near and far ends of the 
cable. The same system would use as an incoming pair 
an Am26LS32 line receiver and up to 32 - Am26LS30 line 
drivers with only one enabled at a time and all others in 
three.-state mode with cable termination at both near and 
far ends of the cable. 

Many other applications are possible using this family of 
devices. Although the designs are based on the require
ments of the EIA data communications specifications, 
they are not limited to these situations. Aircraft buses and 
internal equipment interconnections will benefit from the 
features offered by these products. 
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3. Matick, R. E., Transmission Lines for Digital and Communication Networks, (IBM), McGraw-Hili, New York, 1969.· 
4. Reference Data for Radio Engineers, (ITT), Fifth Edition, Howard W. Sams & Company, Indianapolis, 1974. 
5. Electronic Industries Association, 2001 Eye Street, N.W. Washington, D~C., RS Standard Proposal, RS-232C, August, 

1969. 
6. Electronic Industries Association, 2001 Eye Street, N.W. Washington, D.C., RS Standard Proposal 1220, Rev. RS-422, 

September 21, 1976. . 
7. Electronic Industries Association, 2001 Eye Street, N.W. Washingto'n, D.C., RS Standard Proposal 1221, Rev. RS-423, 

September 21,1976.' . 
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Am26LS34 
Quad Differentia. line Receiver 

DISTINCTIVE CHARACTERISTICS 

• Meets all requirements of EIA Standards RS-422, RS-423, 
CCITT V.l0 and V.ll, and the new party line standard in 
development under EIA Project Number 1360. 

• ± 200mV sens~ivity over input voltage range 
• ± 150mV sensitivity for VCM = 0 
• -7V to +12V common mode input voltage range 
• 121d1 minimum input impedance 
• Maximum guarantees for tpo skew 
• All AC and DC parameters guaranteed over MIL and COM'L 

temperature. ranges 
• Guaranteed input voltages hysteresis limits 

- 120mV minimum 
- 300mV maximum 

• No internal failsafe 
• Pin compatible with Am26LS32/32B/33 

FUNCTIONAL DESCRIPTION 

The Am26LS34 is a high performance, quad, differential line 
receiver. It has higher impedance and higher input voltage hys
teresis than the similar Am26LS32B. Tne Am26LS34 also does 
not have internal fail-safe to allow greater user flex.ibility. 

Input threshold sensitivity is speciiied for three different VCM 
ranges. The improved sensitivity, guaranteed hysteresis and 
skew limits allow a more critical analysis of system performance 
in high noise environments and better system performance 
capability. 

All performance parameters are guaranteed over ±10% supplies 
and over the operating temperature range. In addition, IOL is 
specified to 24mA for easy system bus interfacing. 

LOGIC DIAGRAM 

GND OUTPUT 0 OUTPUTC OUTPUT A 

t-------r----_fPI 
ORDERING INFORMATION CONNECTION DIAGRAM iii 

Top View 

Am26LS34 
Package Tamparature Order 

Type Range Number 

Hermetic DIP -55 to +125'C AM26LS34DM 
Flat Pak -55 to +125'C AM26LS34FM 

INPUTSA { 

Vee 

} INPUTS. 
OuTPUT A 

ENABL.E oUTPUTB 

Dice -55 to +125'C AM26LS34XM OUTPUTC ENABLE 

Hermetic DIP o to +70'C AM26LS34DC 
Molded DIP o to +70'C AM26LS34PC 

Dice o to +70'C AM26LS34XC 
INPUTse { 

OUTPUT 0 

} INPUTSO 
GNO 

Note: Pin 1 is marked for orientation. 
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Am26LS34 
ABSOLUTE MAXIMUM RATINGS (~bove w?ich the lisetullite may be impaired) 

Supply Voltage 

Common Mode Voltage 

Differential Input Voltage 

Enable Voltage 

Output Sink Current 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 

(MIL) TA = -55 to +125"C Vee = 5.0V ± 10%. 
(COM'L) TA = 0 to +70"C Vee = 5.0V ± 5% 

Parameters Description Test Conditions 

veM = OV 

Typ 

7.0V 

±25V 

30V 

7.0V 

50mA 

-65 to +165°C 

Min (Note 1) Max Units 

-150 ±90 +150 

VTH Differential Input Voltage VOUT = VOL or VOH -7V '" VeM '" +12V -200 +200 mV 

-15V '" VeM '" +15V -400 +400 

VHYST Input Hysteresis 120 ISO 300 mV 

RIN Input Resistance -15V '" VeM '" +15V (One input AC ground) 12k 20k 40k n 
liN Input Current (Under Test) VIN = +t2V 0.7 1.0 rnA 

liN Input Current (Under Test) VIN = -7V -0.5 -0.8 rnA 

Vee = Min, A VIN = +1.0V -12mA 2.0 
VOH Output HIGH Voltage Volts 

VENABLE = O.SV -lmA 2.4 3.4 

Vee = Min: A VtN = -1.0V 10H = 16mA 0.4 
VOL Output LOW Voltage Volts 

VENABLE = O.SV 10L = 24mA 0.5 

VIL Enable LOW Voltage O.S Volts 

VIH Enable HIGH Voltage 2.0 Volts 

VI Enable Clamp Voltage Vee = Min, liN = -ISmA -1.5 Volts 

Vloe Open Circuit Input Voltage 2.0 3.0 Volts 

Off-State (High Impedance) Vo = 2.4V 50 
10 Output Current Vee = Max 

Vo = O.4V -50 
pA 

IlL Enable LOW Current VIN = 0.4V -0.03 -0.2 rnA 

IIH Enable HIGH Current VIH = 2.7V 0.5 20 p.A 

II Enable Input High Current VIN = 5.5V 1 100 p.A 

Isc Output Short Circuit Current Vo = OV, Vee = Max, A VIN = +1.0V -30 -65 -120 rnA 

lee Power Supply Current Vee = Max, All VIN = GND, Outputs Disabled 52 70 rnA 

Note: 1. All typical values are Vee"" 5.0V, TA = 25"C. 

LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 

TEST 
POINT Vee 

_~-+~<~-. __ ~Sl~ ~OO ~ FROM OUTPUT ~ 
UNDER TEST 

AlL 010DE5 
lN9160R 
lN3Q64 

PROPAGATION DELAY 
(Notes 1 and 3) 

OUTPUT -:::=1----i:±-~ ~~~ 
=ltPLH It:oHL 

OPPp~~~\l ~_ ;~.ov 
INPUT--r\ 11--

TRANSITION -1.0V 

Notes: 1. Diagram shown for Enable LOW. 

ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 

~
~--3.0V 

ENABLE _ 13V 
INPUT. . L-o'v 

---1-- 'Zl 'lZ I 
OUTPUT --=- ~4.5V O.SV 

NORMALLY ·1.3V . -1.SV 
LOW S2 OPEN _ VOL 

1--[--: 'ZH 'HZ -III 
OUTPUT~~~VOH 

NORMALLY 5 OPEN 1.3V I'-t- -1.5V 
HIGH 1 ____ -ov O.SV 

2. S1 and S2 of Load Circuit are closed except where shown. 
3: Pulse Generator Rate'" 1.0MHz; Zo = 500; t" tf'" 2.5ns. 
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SWITCHING CHARACTERISTICS 
(TA = +25°C, vee = 5.0V) 

Parameters Description 

tpLH 
Propagation Delay, Input to Output 

tpHL 

tSKEW Propagation Delay Skew, \PLH - tpHL 

tZL Output Enable Time, ENABLE to Output 
tZH 

tLl 
Output Disable Time, ENABLE to Output 

'Hz 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tpLH 
Propagation Delay. Input to Output 

tpHL 

tSKEW Propagation Delay Skew, tpLH - tpHL 

tZL Output Enable Time, ENABLE to Output 
tZH 

tLl 
Output Disable Time, ENABLE to Output 

tHZ 

Min Typ 

18 

20 

2 

16 

10 

11 

13 

Am26LS34 COM'L 

TA",Oto+700C 
Vee'" 5.0V ± 10% 

Min Max 

30 

30 

±5 

33 

22 

27 

27 

Am26LS34 

Max Units Test Conditions 

24 ns 

24 ns 

4 ns 
CL = 50pF 

See test circuit 
22 ns 

16 ns 

18 ns CL = 5pF 

18 ns See test circuit 

Am26LS34 MIL 

TA '" -55 to +125°C 
Vee '" 5.0V ± 100/0 

Min Max Units Test Conditions 

30 ns 

30 os 

±5 ns CL = 50pF 
See test circuit 

33 ns 

22 os 

27 ns CL = 5pF 

27 ns See test circuit 

·AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

METALLIZATION AND PAD LAYOUT 

T 
16 Vee 

INPUTS A 15r 
INPUTSB 

+ 2 14 + 

OUTPUT A 3 13 OUTPUT B 

ENABLE 4 12 mAm 

OUTPUTC 5 11 OUTPUT 0 

+ 6 

''/' INPUTSC { 

~PUTSD - 7 

GND 8 

DIE SIZE 0.056" X 0.084" 
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8100 MOS MICROPROCESSOR SUPPORT PRODUCTS 
8200 FOR 8-BIT AND 16-BIT MICROPROCESSORS 



MOS Microprocessor Support Products 
(for 8080/8086/8088/Z8000) 

Am8120 
Am8127 
Am8163 
Am8167 
Am8212 
Am8216 
Am8224 
Am8226 
Am8228 
Am8238 

8284A 
8288 

Index 
Eight-Bit Register with Clear, Clock Enable, and 3-State Control ... ,;............ 11-1 
AmZ8000 Clock Generator '. . . . .. . .. . . . . .. . . . . .. . .. . .. . .. . . . . . . . . . .. . . . . . . ... 11-5 
Memory Timing/Refresh/EDC Controller ............................. ~ See Section 4 
Memory Timing/Refresh/EDC Controller .............................. See Section 4 
Eight-Biti/OPortfor8080 .................................................. 11-17 
Four-Bit Parallel Bidirectional Bus Driver for 8080 .............................. 11-24 
Clock Generator and Driver for 8080A Compatible Microprocessors .............. 11-29 
Inverting Four-BitParaliel Bidirectional Bus Driver for 8080 ..................... 11-24 
System Controller and ,Bus Driver for 8080A Compatible Microprocessors ......... 11-35 
System Controller and Bus Driver for 8080A Compatible Microprocessors ....... .,. 11-35 
Clock Driver for 8086/8088 .. , .............................. ~ ................ 11-40 
Bus Controllerfor 8086/8088 ................................................ 11-47 



Am8120 
Octal D·Tvpe Flip·Flop with Clear, Clock Enable and Three·State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buffered common asynchronous clear input 
• Three-state outputs 
• B-bit, high-speed parallel register with positive edge-triggered, 

D-type flip-flops 

RELATED PRODUCTS 

Part No. 

Am25S18 
Am2920 
Am2954/5 

Description 

Quad D Register 
Octal D Type Flip-Flop 
Octal D Registers 

FUNCTIONAL DESCRIPTION 

The AmB120 is an B-bit register built using advanced Low
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register ';ill 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW:to-HIGH transition of the clock 
input. 

This device is packaged in a slim 24-pin package (0.3 inch 
row spaci ng). 

LOGIC DIAGRAM 
0, 0, °3 .0, 

~o----+~-'------~~~----~~--~----~~~~-----+~-'------~~~------~--~-----f~-' 
ENABLE 

CP 

CLOCK 

OUTPUT 
ENABLE 

BLt-.181 

'. 
D. 

D, 

Y, 

Y, 

D, 

Y, 

Y, 

CONNECTION DIAGRAMS - Top Views 

'" 

Y, 

D, 

D, 

Y. 

Y. 

D, 

D. 

Y. 

Leadless Chip Carrier 
l·28·1 

J , 

Note: Pin 1 is marked for orientation. 'Reserved - do not use. 
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Package 
Type 

ORDERING INFORMATION 

Temperature 
Range 

Molded DIP 
Hermetic DIP 

Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat Pack 

Chip-Pak 
Dice 

Oto+70"C 
Oto+70"C 
Oto +70"C 
Oto+70"C 

-55 to + 125°C 
-55 to + 125°C 
-55 to + 125°(; 
-55 to + 125°C 

Order 
Number 

AM8120PC 
AM8120DC 
AM8120LC 
AM81~OXC 

AM8120DM 
AM8120FM 
AM8120LM 
AM8120XM 

BLI-180 I 



Am8120 
ELECTRICAL CHARACTERISTICS 

. The Following Conditions Apply Unless Otherwise Sp~cifi~d: 
" " 

COM'L T A"" ooc to +70°C Vee = 5.0V ±5% MIN":= 4.75V 

MIL T A"" _5S1l'C to ... 1'2Soc Vee = 5:0V ±10% MIN. = 4.5011 

DC CHARAcTERISTICS OVER OPERATIN.G RANGE 

MAX. ~ 5.2511 

MAX. =5.50V· 

Parameters Description Test Conditions (Not. 1) 

VOH Output HIGH Voltage 
Vcc = MIN. Mll,lOH = -1.0rnA 

VIN = VIH or Vil 'COM'l,IOH = -2.6rnA 

VCC= MIN. 10l =4.0rnA 

VOL Output lOW Voltage 
VIN = VIH or Vil 

10l =8.0rnA 

VIH' Input HIGH Level 
Guaranteed input logical HIGH 

. voltage for al'l inputs 

Guaranteed input logical lOW I Mil 
Vll I nput lOW level voltage for all inputs I COM'L 

VI Input Clamp Voltage VCC = MIN .. liN = -18mA 

III I nput lOW Current VCC = MAX., VIN = O.4V 

'IH Input HIGH Current VCC = MAX., VIN = 2.7V 

II Input HIGH CUrrent VCC = MAX .. VIN"= 7.0V 

10 
Off·State (High·1 mpedance) VCC = MAX. 

VO=O.4V 

Output Cur.rent Vo =2.4V 

ISC 
Output Short Circuit Current VCC = MAX. 
(Note 3) 

ICC 
Power 'Supply Current 

VCC = MAX. 
(Note 4) 

Min. 

2,4 

2.4 

2.0 

-15 

. Typ. 
(Not. 2) 

3.4 

3.4 

24 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.36 

20 

0.1 

-20 

20 

-85 

37 

) 
Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

pA 

rnA 

pA 

mA 

mA 

Notes: 1. For conditions shown as MI N. or MAX., use the appropriate value specified uoder Electrical Characteristics for the applicable davice tvpa. 
2. Tvpicallimits are at Vee::: 5.0V •. 25°C ambient and maximum load"ing. . 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, Dllnputs = CLA =.QE = 4.5V. Apply momentary ground, then 4.6V to clock Input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias _55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5 V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5 V to +Vcc max. 
DC Input Voltage -Q.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5,0 mA 
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SWITCHING CHARACTERISTICS 
(TA ~ +25°e, Vee = 5.oVI 

Parameters Description 

tPLH 

tPHL 
Clock to Y; IOE LOWI 

tpHL Clear to Y 

t, Data 10;1 

th Data 10;1 

l Active 
t, Enable lEI 

I Inactive 

th Enable lEI 

t, Clf!af Recovery (In-Active) to Clock 

I HIGH 
tpw Clock 

I LOW 

tpw Clear 

tZH 
DE to Vi 

tZL 

tHZ 
DE to Vi 

tLZ 

f max Maximum Clock Frequency (Note 1) 

Min. 

10 

10 

15 

20 

0 

11 

20 

25 

20 

Am8120 

Typ. Max. Units Test-Conditions 

18 27 
ns 

24 36 

22 35 ns 

3 n, 
3 n, 

10 
n, 

12 CL = 15pF 

0 n, _ RL = 2.0k!! 

7 n, 

14 
ns 

13 

13 n, 

9 13 
n, 

14 21 

20 30 CL = 5.0pF 

36 
n, 

RL = 2.0k!! 24 

40 MHz 

Note 1. Per industry convention, fmax i5 the lNorst case value of the maximum device operating frequency with no constraints on t r , tf, pulse 

width or duty cycle. 

SWITCHING CHARACTERISTICS COM'L MIL 
OVER OPERATING RANGE* 

TA = o°c to +70°C TA = _55°C to +125°C 
Vcc = 5.0V ± 5% VCC = 5.0V ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tpLH 
Clock to Y; IOE LOWI 

33 39 
n, 

tpHL 45 54 

tpHL Clear to Y 43 51 n, 

t, Data (OJ) 12 15 n, 

th Data 10;1 12 15 n, 

Enable lEi I Active 17 20 
t, 

I 
n, 

Inactive 20 23 CL = 50pF 

th Enable lEI 0 0 n, RL = 2.0kfl 

t, Clear Recovery (I n-Active) to Clock 13 15 n, 

I HIGH 25 30 
tpw Clock 

I 
n, 

LOW 30 35 

tpw Clear 22 25 n, 

tZH 
OE·to Vi 

19 25 n, 
tZL 30 39 

tHZ 
OE to Y I 

35 40 CL=5.0pF 
n, 

RL = 2.0 k!! tLZ 39 42 

f rnax Maximum Clock Frequency (Note 1) 25 20 MHz 

* AC performance over the operating temperature range is guaranteed bv testing defined in Group A, Subgroup 9. 
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Am8120 

DEFINITION OF FUNCTIONAL ,TERMS 

Di The D flip-flop data inputs. 

CLR When the clear input is LOW, the OJ outputs are 
LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 
register. 

CP Clock Pulse for the Register; enters data into the 
register on the LOW-to-HIGH transition. 

Vi The register three-state outputs. 

Function 

Hi-Z 

Clear 

Hold 

Load 

H = HIGH 

OE 

H 

H 

L 

H 

L 

H 

H 

L 

L 

FUNCTION TABLE 
Inputs Internal Outputs 

CLR E Di CP °i Vi 

X X X X X Z 

L X X X L Z 

L X X X L L 

H H X X NC Z 

H H X X NC NC 

H L L t L Z 

H L H t H Z 

H L L t L L 

I-! L H t H H 

NC "" No Change 

E Clock Enable, When the clock enable is LOW; 
data on ~he Di input is transferred to the 0i 
output on the LOW-to-HIGH clock transition. 
When the clock enable is HIGH, the 0i 'outputs 
do not change state-, regardless of the data or clock L = LOW t = LQW-to-HIGH Transition 

input transitions. ' X "" Don't Care Z = High Impedance 

Output Control. When the OE input is HIGH, 
ttle Vi outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the 'Vi outputs. 

lOGIC SYMBOL 

Vee 

Ii; i 'I 'I 'I Y 
DO 

23-0 E 

'-0 m 
'1-CP 

,,-0 DE 
Vo 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT I DRIVEN INPUT 

I 
I 

[i] ----
-Y' 

I r.A 
I ... '" 

~ 
....... 

I 
I 

~ ::S~ I "H 
I 

::S~ I 
I 

-=- I -:;. 

Note: Actual current floW direction shown. 
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Am8120 
OCTAL REGISTER 

v, v, v3 v, 

VCC = Pin 24 
GND = Pin 12 

v5 

0, 0, 

v, v, 

BLI·182 
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Am8127 
AmZ8000 Clock Generator 

DISTINCTIVE CHARACTERISTICS 

• High-drive high-level clock output 
Special output provides clock signal matched 
to requirements of AmZ8000* CPU (4MHz 
and some 6MHz applications), MMU and 
DMA devices. 

• Four TTL-level clocks 
Generates synchronized TTL compatible 
clocks at 16MHz, 2MHz and 1MHz to drive 
memory circuits and lSI peripheral devices. 
An additional TTL clock is synchronized with 
the CPU high-level clock for registers, latches 
and other peripherals. 

• Synchronized WAIT state and time-out 
controls 
On-chip logic generates WAIT signal under 
control of Halt, Single-step, Status and Ready 
signals. Automatic time-out of peripheral 
wait requests. . 

FUNCTIONAL DESCRIPTION 

The Am8127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array of AmZ8000 CPUs, peripherals and 'mem
ory system configurations. In addition to the special 4MHz 
output driver for the AmZ8001* and AmZS002* CPUs, a 
standard buffered TTL 16MHz oscillator output is provided 
for a dynamic memory timing and control. In addition to 
4MHz applications, the AmS127 will also function in some 
6MHz ZSOOO applications, The AmS127 forms an integral 
part of the dynamic memory support chip set including the 
AmSI63 EDC and Refresh Controller, Am2964 Dynamic 
Memory Controller, Am2960 Error Detection and Correc
tion Unit and Am2961/Am2962 EDC Bus Buffers. The os
cillator is designed to operate with a 16MHz crystal or with 
external 16MHz drive, The Am8127 uses an internal 
divide-by-4 to provide 4MHz clock drive to the AmZS001/ 
AmZS002 CPU. Additional dividers generate synchronous 
buffered 4,2 and lMHz clock outputs for use by peripheral 
devices. The clock divider counters are clearable to allow 
synchronizing the multiple clock outputs. 

The controller functions include RESET, RUN/HALT, 
SINGLE-STEP, READY and a READY TIMEOUT counter 
which 'limits a peripheral's wait request to 16 clock cycles, 
The CPU's WAIT input is controlled by RUN/HALT, 
Single-Step, Status and READY, When RUN/HALT is 
LOW the AmS127 drives the WAIT output LOW causing 
the CPU to add wait, states (TW), The READY input is 
used by peripherals to request wait states. The active 
LOW input timeout enable, TOEN, is used to force TIME
OUT LOW and WAIT HIGH 16 clock cycles after a 
peripheral has requested a wait but fails to release the re
quest. The CPU status lines ST1, ST2 and ST3 are de
coded in the AmS127 to disable the TIMEOUT counter 
during CPU "Internal Operations" and during refresh, 

The 4/3 input controls the clock duty cycle. An internal 
pull-up resistor pulls this input high for AmZSOOO CPUs, 
A LOW input causes the cycle counter to output a 33% 
dUty cycle, 

BLOCK DIAGRAM 
CLOCK GENERATOR 

AMZ·017 

RESETIN ~~~~T 1--1-------- ~~~~~~~~ 

x, 
XTAL 
OSC 1----..----I------05C 

x, 

.13 --,----'-----1' + 30R4 
~ CYCLE I COUNTER 

CLA 

RUNIHALT - RUN/HALT 

SSNC - SING~=DSTEP 
SSNO _ CONTROL 

READY -----:,---... 

ST\~~:.~~_ -======'"i.~===:;:==~ ENABLE 

I 
CLOCK 
DIVIDER 

WAIT 
CONTROL 

ZOODO 
BUFFER~C 

.... ZCK 

TCK 

1-_______ TCK12 

1-------_TCKI4 

1--------WAif 

I--------TIMEOUT 

*RESETOUT is actve LOW when 4/3 - HIGH 

*ZSOOO, ZSOOI and Z8002 are trademarks of Zilog, Inc. 
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Am8127 

LOGIC DIAGRAM 

~ 15_~---f 
iN -

Q~-+-~-------------------, 

,-------_ 7 C 

ZCK 

SSNC 2 "",,--'---r::::">_ 

SSNO 1 .---1--I..::.r 

RUNIHALT 23 .-<.....:=I.!~ ..... ----' 

, 11·6 

6TCK 

16 WAif 

, 
AMZ-02.3 



DEFINITION OF FUNCTIONAL TERMS 

ZC~ Buffered clock output for CPU and peripherals. 
This output has under/overshoot control and 
provides the high level output voltage required 
(Vee - O.4V). This output is capable of driving 
multiple CPU clock inputs (or DMA, MMU, etc). 

C Bootstrap input. The capacitor Ce is connected 
from th~ ZCK clock output to C to provide faster 
ZCK risetime. 

TCK TTL level buffered clock output. TCK is the 
same. frequency as ZCK and is synchronized 
with ZCK. TCK is in phase with ZCK when the 
4/3 duty cycle control input is HIGH (50% duty 
cycle) and out of phase with ZCK when 4/3 is 
LOW (33% ZCK duty cycle). 

TCK/2, TCK/4 TTL buffered clocks for peripherals. TCKl2 and 
TCK/4 are 112 and 1/4 the TCK frequency and 
are synchronized with the rising edge of TCK. 

OSC 

4/3 

READY 

The clock. oscillator TTL buffered output. This 
output provides a high speed clock for dynamic 
memory timing (e.g. AmZ8000 uses this output 
to generate RAS/MUX-SelectiCAS timing for 
dynamic RAMs) or other system application. 
The ZCK and TCK outputs are synchronized to 
the OSC rising edge. 

Clock duty cycle control for ZCK and TCK. A 
HIGH input (no connection - input has internal 
pull-up) will result in a 50% duty cycle for 
AmZ8000 application. A LOW input will cause a 
33% duty cycle ZCK output. 

The clear active LOW inpu!for internal counters. 
A LOW input meeting set-up and hold time re
quirements will clear the internal clock counters . 
on the rising edge of OSC. 

The WAIT output for connection to the CPU 
WAIT input. This latched output controls when 
the CPU enters wait states in response to the 
READY," ST1, ST2, ST3, RUN/HALT and Single 
Step inputs. 

The active HIGH READY input is used by 
peripherals to request wait states. Ready inputs 
must meet the wait latch set-up and hold time 
requirements. 

*RESETOUT is active LOW when 4/3 = HIGH. 
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TIMEOUT 

RESETOUT 
(RESETOUT) 

RUN/iiALT 

SSNO,SSNC 

Am8127 

The Timeout Counter active LOW output. The 
Timeout Counter counts ZCK/TCK clock cycles 
and is used to force WAIT HIGH 15 clock cycles 
after a peripheral has requested a wait but has 
failed to release the request. This output is nor
mally used to interrupt the CPU. 

The Timeout Enable active LOW input. A LOW 
input al.lows the Timeout Counter to count, 
causes the TIMEOUT output to go LOW for one 
ZCK/TCK clock period after 15 cycles and 
forces WAIT HIGH at the rising edge of the 16th 
cycle. A HIGH input disables the counter and 
allows WAIT to be controlled by the READY, 
RUN/HALT and Single Step inputs. 

The Reset Output to the CPU. It is active LOW 
when the 4/3 input is HIGH and active HIGH 
when the 4/3 input is LOW. 

The active LOW Reset Input. A LOW input will 
cause RESETOUT to go LOW synchronous 
with ZCK .I . Pushbutton reset is imple
mented by momentarily grounding RESETIN. 
Power-up reset is implemented by connecting a 
capacitor from RESETIN to ground. Capacitor 
values from 10JLF to 22JLF will provide a 
power-up of less than one second. 

A debounced input to allow halt and Single Step 
control modes. A HIGH input allows the CPU to 
run. A LOW input forces the WAIT output LOW 
causing the CPU to enter continuous wait states 
until the ZCK period after RUN/HALT is returned 
to HIGH. 

Single Step control inputs. These debounced 
input allow the CPU to Single Step from one wait 
state to the next by momentarily disconnecting 
SSNC from ground and grounding SSNO. 
RUN/HALT must be LOW for Single Step 
operation. 

Status inputs from AmZ8000 CPU's and 
peripherals. Continuous LOW inputs indicate 
that the CPU·is executing "internal operation." or 
"refresh." During this time the time out is dis
abled to avoid signaling an inappropriate inter
rupt. The status inputs are subject to the set-up 
and hold time requirements of the WAIT latch. 

External crystal connections (see applica· 
tior:! section). X1 may be driven directly by a TTL 

. input. III 



Am8127 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = 0 to 70"C Vee = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 
MIL TA = -55 to +125°C Vee = 5.0V ±10% (MIN. = 4.50Y MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameter Description Test Conditions (Note 1) 

ZCK IOH = -O.fmA 

VOH Output HIGH Voltage Vee = MIN TTL IOH = -lmA I MIL 

Outputs IOH = -2.6mA \. COM'L 

VOL Output LOW Voltage Vee = MIN 
IOL = O.lmA, ZCK Output 

IOL = 16mA, TTL Output 

RESETIN 

V,H Input HIGH Level 
Guaranteed input 

ST1, ST2, ST3, CLR, HIGH Voltage 
TOEN, Xl, READY 

V,L Input LOW Level 
Guaranteed input ST1,ST2, ST3, CLR, 
LOW voltage TOEN, :Xl, READY 

--

~- Input Clamp Voltage Vee = MIN, liN = -18mA (Note 3) 

V,N-V,L RESETIN Hysteresis Vee = MIN 

SSNO 

I,L Input LOW Current 
Vee = MAX, SSNC, 4/3. RUN/HALT, READY 
V,N = 0.4V TOEN, CLR, Xl 

RESETIN, ST1, ST2, ST3 

4/3, SSNC, SSNO 
RUN/HALT 

Vee = MAX, RESETIN 
I'H Input HIGH Current 

V'N"" 2.7V CLR, READY, TOEN 
ST1, ST2, ST3 

Xl 
---

I, Input HIGH Current Vee = MAX, CLR, READY, TOEN 
V,N = 5.5V ST1, ST2, ST3 

r--' 
Output Short Circuit ZCK Output 

ISG Current (Note 5) Vee = MAX 
Others 

---~-

Xl = 2.4V, ZCK = TCK's = LOW 
leG Power Supply Current Vee = MAX 

Operating; fose .;; 24MHz (Note 6) 

Min 

Vcc-0.4 

2.4 

2.8 

2.0 

400 

-50 

-40 

Typ 
(Note 2) 

Vee-0.1 

3,4 

2.25 

650 

(Note 4) 

(Note 4) 

95 

120 

Max Units 

Volts 

Volts 

0.4 Volts 

0.5 Volts 

Volts 

Yolts 

0.8 Volts 

-1.5 Volts 

mV 

-1.6 mA 

-1.2 mA 

70.72 mA 

-0.36 mA 

-300 ".A 

-200 ".A 

+50 ".A 

+600 ".A 

+1.0 mA 

-240 mA 

-130 mA 

140 
mA 

180 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not applicable to Xl. 
4. Specification is negative because of internal input pull-up resistors. 
5. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
6. For oscillator frequencies up to 24MHz, outputs open. 

STATIC INPUT ELECTRICAL CHARACTERISTICS 
The static control inputs, SSNO, SSNC (Single Step), RUN/HALT 
and 4t3 (clock duty cycle control), are Low-Power Schottky TTL 
compatible inputs with internal pull-up resistors to the +5V supply. 
They may be left open for a HIGH input (e.g., 4/3 is left open for 
operation with AmZ8001/8002), or grounded .for a LOW input. 

SSNO, SSNC and RUN/HALT are intended to be grounded or 
opened by switches. 4/~ is normally left open for AmZ8001/8002. 
These inputs are specified at O.4V/2.4V for test convenience, 

Parameter Description Test Conditions 

Input HIGH Voltage Guaranteed HIGH input voltage RUN/HALT, SSNO 

Input LOW Voltage Guaranteed LOW input voltage SSNC, 4/3 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 24 to Pin 12j Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage Xl, 4/3, SSNO, SSNC, RUN/HALT 

Other Inputs 

AJ'n8127 

-65 to +150°C 

-55 to +125°C 

-0.5 to +7V 

-O.5V to +Vcc max 

-0.5V to Vcc +0.5V 

-0.5 to +5.5V 

DC Voltage Applied to C -0.5 to +8V 

DC Output Current, Into Outputs 30 mA 
--------~----------------------------------------------------------------

DC Input Current -30 to +5.0mA 

SWITCHING CHARACTERISTICS -
OSCILLATOR, WAIT AND ZCK OUTPUT 
(TA = +25°C, Vcc = 5.0V) 

Parameters Description 

fMAX Oscillator Frequency 
-------

trc ZCK Rise Time 
CL = 80pF 

tfC ZCK Fall Time 

trC ZCK Rise Time 
CL = 200pF --

tfC ZCK Fall Time 

tpLH 
--'-- READY to WAIT 
tpHL 

tpLH ---
Status STi to WAIT 

tpHL 
------= 

ts CLR to OSC (S) Set-up Time 

tH CLR to OSC (.n Hold Time 

Min Typ 

24 

9 

7.6 

15:4 

14.0 

8 

11.5 

13 

17.2 

15 

-11 

Notes: 7. Specification is based on fundamental mode crystal. See application section. 
8. ZCK rise and fall times are based on a bootstrap capaCitor value of 27pF. 

Max 

12 

11 

20 

20 

14 

16 

17 

21 

18 

-6 

SWITCHING CHARACTERISTICS - 4/3 = HIGH (AmZ8000 Mode) 
(TA = +25°C, vcc = 5.0V) 

Parameters Description Min Typ Max 

~~ READY to ZCK Set-up Time T/4 + 10 T/4 + 4.5 

~ READY to ZCK Hold Time T/4 + 2 T/4 
(Note 9) 

ts Status STi to ZCK Set-up Time T/4 + 12 T/4 + 9.5 
1--"-----

tH Status STi to ZCK 'Hold Time T/4 - 3 T/4 -7.5 

ts TOEN to ZCK Set-up Time 30 22 r--=-----r, 
tH TOEN to ZCK Hold Time -10 -16 

tSKEW ZCK to OSC 3 6 10 

tSKEW ZCK to TCK 0 4.0 7 

tpLH 9.0 13 ZCK to RESETOUT Propagation Delay r---------
tpHL 4 8 

Note: 9. T = ZCK period. 

11·9 

Units Tests Conditions 

MHz 
See Test Circuits 

(Note 7) 

ns ZCK CL = 80pF 

ns (NoteS) 

ns ZCK CL = 200pF 

ns (NoteS) 

ns 

ns 

ns 
See Test Circuits 

ns 

ns 

ns 

Units Test Conditions 

ns 

ns 

ns 

ns 

ns See Test Circuits 
ns ZCK CL = 80pF 

ns 

ns 

ns 

ns 

III 



Am8127 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE -
OSCILLATOR, WAIT AND ZCK OUTPUTS· 

Parameters Description Test Conditions 

tMAX Oscillator Frequency (Note 7) 

Ire ZCK Rise Time CL = 80pF 
CL = 80pF 

tiC ZCK Fall Time (Note 8) 

Ire ZCK Rise Time CL = 200pF 
CL = 200pF 

tiC ZCK Fall Time (Note 8) 

tpLH 

tpHL 
READY to WAIT Propagation Delay 

tpLH 

tpHL 
Status STi to WAIT Propagation Delay See Test Circuits 

ts CLR to OSC en Setup Time 

tH CLR to OSC cn Hold Time 

Am8127 COM'L 

TA = 0 to +70·C 
Vee = 5.0V ±50/0 

Max 
Min O·C 700C 

24 

15 15 

14 14 

25 20 

25 20 

17 17 

19 19 

20 20 

25 25 

21 

-3 

• AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE -
4/3 = HIGH (AmZ8000 Mode) 

Parameters Description 

ts READY to ZCK Setup Time 

tH READY to ZCK Hold Time 

ts Status STi to ZCK Setup Time 

tH Status STi to ZCK Hold Time 

ts TOEN to ZCK Setup Time 

tH TOENto ZCK Hold Time 

tSKEW ZCK to OSC Skew 

tSKEW ZCK to TCK Skew 

tpLH 

tpHL 
ZCK to RESETOUT Propagation Delay 

Test Conditions 

See Test Circuits 
ZCK CL =80pF 

11-10 

Am8127 COM'L 

TA = 0 to +70·C 
Vee = 5.0V ± 5% 

Min Max 

T/4 + 14 

T/4 + 5 

T/4 + 15 

T/4 

35 

-5 

2 14 

-2 10 

16 

16 

Am8127 MIL 

TA = -55 to +12!$·C 
Vee = 5.0V ±100/0 

Max 
Min -55·C 125·C Units 

24 MHz 

20 15 ns 

20 14 ns 

32 20 ns 

32 20 ns 

19 19 ns 

19 19 ns 

22 22 ns 

25 25 ns 

30 ns 

0 ns 

Am8127 MIL 

TA = -55 tl> +125°C 
Vee = 5.0V ±100/0 

Min Max Units 

T/4 + 17 ns 

T/4 + 5 ns 

T/4 + 20 ns 

T/4+ 5 ns 

40 ns 

0 ns 

2 17 ns 

-2 14 ns 

20 ns 

20 ns 



FROM 
OUTPUT 
UNDER 
TEST 

ZCK Output 

SWITCHING TEST CIRCUITS 

AMZ-OI8 

FROM 
OUTPUT 
UNDER 
TEST 

SWITCHING TEST WAVEFORMS 

ZCK RISE AND FALL TIMES 

50pF 

TTL Outputs 

~ O.BV 

IrC 

]
4.0: 

..;;;!..;;;BV;.... ____ _ 

ItC ~ 

AMZ-020 

+5V 

2800 

SET-UP AND HOLD TIMES PROPAGATION DELAY TIMES 

SET-UP AND HOLD TIMES 

Am8127 

AMZ-OI9 

2.0V FOR ZCK OUTPUT 
1.3V FOR TTL OUTPUT =1~~ l~_ 

~ 2.0VFORZCK ~ 
1.3V FOR TTL I/O 

AMZ-021 AMZ-022 
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Am8127 

RUN/HALT SSNC 

H X 

L -
L 

H 

lCK 

TYPICAL CRYSTAL SPEC 

Mode Fundamental AT cut 

Resonance Parallel or Series 

Load 32pF 
(Net of 56pF C's shown + stray C) 

Stability ±O.Ol% 
(or to user requirement) 

WAIT, TIMEOUT FUNCTION TABLE 

TIMEOUT 
ST3 ST2 ST1 READY TOEN COUNTER TIMEOUT WAIT 

L. L L H X Cleared· H H 

L L L L X Cleared H H 

H L Cleared H H 

L H Hold H L 
AnySlj = H 

H until 16 clocks L until 16 clocks 

X 

L H Count + 1 on ZCK S after ready 1.. ,then after ready 1.. ,then 
LOW one ZCK period LOW one ZCK period 

X X Hold 

TIMEOUT COUNTER TIMING 

The TIMEOUT sequence can be extended by the 
number of clock periodS TOEN is held HIGH during 
the period when READY Is LOW. 

H 

TOEN may be: __ _ 
1. Wired HtGH to Oisable TIMEOUT. 
2. Wired LOW to Enable TIMEOUT to Occur 16 Clocks After READY 1:... 
3. Driven by a TT1.lnput to Extend TIMEOUT. 

11-12 

Note: If roEN is Disabled (mEN = HIGH) During 
TIMEOUT (TIMEOUT ~ LOW) the TIMEOUT 
Signal will be Shortened. Also a Double Pulse 
will Occur. This Situation Is Avoided by Syno
chronlzil'!9 the l'OENlnput to·CLK or Avoiding 
Controlling TOEA During CoUnt 15. 

L 

HIGH one 
ZCKperiod 

AMZ·027 



OSC 

MOSCLOCK ~ 
ZCK 

CLOCK ~ 
TCK 

Am8127 CLOCK OUTPUTS 

DIVIDE BY 4 MODE (AmZ8000) 

TC~2 ---,~ ____ ~ ____________________ -' 

TC~4 

IS I·'· ·1 IH 

Am8127 READY, WAIT, RESET, AND SINGLE STEP 

osc 

MOSCLOCK 

SINGLE STEP 

10 ---I---t--t-- Itt. 

RUN/HALT 

11-13 
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Am8127 

CRYSTAL CONTROLLED OSCILLATOR 

3000 
r---~~---~X, 

XTAL 

DI-_1---i X, 
Am8127 

56pF 

+--'----...... ---1 ciND 

+5V 

Vee 1--...,..-- +5V 

NC 

AMZ·028 

AmZ8000 APPLICATION 
(50% Duty Cycle ZCK) 

'5MHz o 56pF 

.r ,56~ 

300 

X, X. 
CiJ'i OSC 

EXTERNAL CLOCK DRIVE 

Vee I--~-- +5V 

Am8127 

J ~0.47ILF 

GND 

4/:1 ZCK t---""'---i ClK 

XAcK -::' 

IOACK '520 

AACK 

27pF 

READY 

MEi.lAci( C 

HALT 
RUN/HALT 

TCK/4 

TCK/2 

SSNO 
Am8127 8086 

TCK 

NO(SS) 
*RESETOUT RESET SSNC 

NC TiMEoiiT NMI 

• RESETlN WAif READY 

ST, §O 

ST. 

HlDA --.....,..jC><>--~ TOEN ST3 s:; 

(ALTERNATE) 

"RESETOUT is active 'lOW when 413 = HIGH 

AMZ·029 

AMZ·030 

The typical operating .configuration for Am8127 is shown above. 
The component values shown provide a 4MHz clock output for 
the AmZ8002 CPU. The 27pF capacitor from .c to ZCK is a 
bootstrap to ensure clock rise to Vee -O.4V within the specified 

rise time. Th,e 22/LF reset capacitor is chosen to guarantee reset, 
plus adequate delay for reset during power-up with a slowly rising 
Vee supply voltage. Ground SSNO if RUN/HALT or S-S isn't 
used. 
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SSNO 1 

SSNC 2 
TCK/4 3 

rCK/2 4 

TCK 5 

CLR 6, 

C 7 

ZCK 8 

OSC 9 

X, I. 
x, 11 

GND " 

CONNECTION DIAGRAM 
Top View 

SSNO Vee 

SSNe RUN/RArf 

TCK/4 TOEN 

TCK/2 ST, 

TCK ST, 

CLR ST, 

TIMEOUT 

ZCK READY 

OSC WAIT 

X, RESETiN 

X, ~ 

GND '413 

24 Pin 0.3" wide 

Note: Pin 1 is marked for orientation. 

METALLIZATION AND PAD LAYOUT 

DIE SIZE 0.098" X 0.088" 
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Am8127 

AMZ-032 

Vee 
RUN/HALT 
TOEN 

STl 

ST' 

sra 

"TIMEOUT 

III 
WAIT 

REsETiN 
RESETOUT 



AmS127 

QRDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Nole2) (Note 3) 

Am8127DC D-24-SLIM C C-l 
Am8l27DCB D-24-SLIM C B-2 (Nole 4) 
Am8127DM D-24-SLIM M C-3 
Am8127DMB D-24-SLIM M B~3 
Am8127LC L-28-1 C C-l 
Am8127LCB L-28-1 C B-2 (Nole4) 
Am8i27LM L-28-1 M C-3 
Am8127LBM L-28-1 M B-3 

Am8127XC Dice C 
Visual inspection 

Am8127XM Dice M 10 MIL-STO-883 
Melhod 2010B. 

Notes: 1. D = Hermelic DIP, L =; Chip Pak. Number following letter is number ot leads. 
. 2. C = 010 +7O'C, Vee = 4.510 5.5V, M = -551o +125"C, Vee = 4.50 10 5.50V. 

3. Levels C-l and C-3 conform 10 MIL-STD-883, Class C. Level B-3 conforms 
10 MIL-STD-883, Class B. 

4. 160 hour burn-in. 
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Am8212 
Eight·Bit Input/Output Port 

Distinctive Characteristics 
• Fully parallel, 8-bit data register and buffer replacing 

latches, multiplexers and buffers needed in micro
processor systems_ 

• 4_0:..1 output high voltage for direct interface to MOS 
microprocessors, such as the Am9080A family. 

• Input load current 250/lA max. 
• Reduces system package count 

FUNCTIONAL DESCRIPTION 

All of the principal peripheral and input/output functions of a 
Microcomputer System can be implemented with the Am8212. 
The Am8212 input/output port consists of an 8-latch with 
3-state output buffers along with control and device selection 
logic, which can be used to implement latches, gated buffers 
or multiplexers. 

LOGIC DIAGRAM 

os; 
os, 

MD 

STB 

01, DO, 

01, DO, 

DO, 

DO, 

005 ' 

006 

DO, 

DDB 

m 

11-17 

• Available for operation over both commercial and 
military temperature ranges. 

• Service request flip-flop for interrupt generation 

• Three-state outputs sink 15mA 

• Asynchronous register clear with clock over-ride 

CONNECTION DIAGRAM 
Top View 

OS; 2. Vee 

MD 23 iN'f 

DI, 22 DiS 

00, 21 DOS 

DI2 20 DI, 

002 ,. DO, 

Am8212 

013 'S DI. 

003 17 DO. 

DI, 16 DI, 

DO, lD 15 DO, 

STS 11 14 eLR 

GND 12 '3 DS2 

Note: Pin 1 is marked for orientation. 

UC-424 

PIN DEFINITION 

01,- 018 DATA IN 

00,-008 DATA OUT 

DS,- DS2 DEVICE SELECT 

MD MODE 

STB STROBE 

INT INTERRUPT (ACTIVE LOW) 

CLR 

Package 
Type 

Hermetic 0 I P 
Hermetic DIP 
Molded DIP 

Dice 

CLEAR (ACTIVE LOW) 

ORD.ERING INFORMATION 

Temperature 
Range 

-55°e to .+125°e 
oDe to +7ooe 
oOe to +7ooe 
oOe to +7ooe 

Order 
Number 

AM8212DM 
08212 
P8212 

AM8212XC 

III 



Am8212 

FUNCTIONAL DESCRIPTION (Cont'd) 

Data latch 

The 8 flip-flops that make,up the data latch are of a "0" type 
design. The output (Q) of the flip-flop will follow the data 
input (D) while the clock input (C) is high. latching will occur 
when the clock (C) returns .Iow. 

The data latch is cleared by an asynchronous reset input 
(ClR). (Note: Clock (C) Overrides Reset (ClR)). 

Output Buffer 

The outputs of the data latch (0) are connected 'to 3-state, 
non-inverting output buffers. These buffers have a common 
contlol line (EN); this control line either enables the buffer 
to transmit the data from the outputs of the data latch (0) 
or disables the buffer, forcing the output into a high im
pedance state. (3-s1:ate). This high-impedance state allows the 
Am8212 to be connected directly onto the microprocessor bi· 
directional data bus. 

Control logic 

The Am8212 has control inputs 051, 052. MO and STB. 
These inp.uts are used to control device selection, data latching. 
output buffer state and service request flip-flop. ' 

OS,.OS2 (Device Select) 

These 2 inputs are· used for device selection. When OS1 is low 
and OS2 is high (OS1 • OS2) the device is selected. In the 
selected state the output buffer is enabled and the service 

. request flip-flop (SR): is asynchronously set. ' 

MO (MOde) 

This inpl,lt is, used to control the state of the output buffer and 
to determine the ~ource of the clock input (C) to the data 
latch. 

When MO is high (output mode) the output buffers are en-
, abled and the source of clock (C) to the data latch is from the 

device selection logic (i5S1 • OS2). 

When MO is low (input mode) the output buffer state is 
determined by the device selection logic (OSI . OS2) and the 
source of cloc~ (C) to the data latch is the STB (Strobe) input. 

STB (Strobe) 

This input is used as the,clock (C) to the data latch for the 
input mode MO = 0) and to synchronously reset the service 
request flip-flop (SR). . 

Note that the SR flip-flop is negative edge triggered. 

Service Request Flip-Flop 

The SR flip-flop. is used to generate and control interrupts 
in m'icrocomputer systems. It is asynchronously set by the 
ClR input (active low). When the (SR) flip-flop is set it is in 
the non-interrupting state. 

The output of the (SR) flip-flop (0) is connected to an in
verting input of a "NOR" gate. The other input to the "NOR" 
gate is non-inverting' and is connected to the device selection 
logic (OSI • OS2). The output of the. "NOR" gate (lNT) is 
active low (interrupting state) for connection to active low 
input prior.ity generating circuits. 

TRUTH TABLE 

STB MD DS,- DS2 Data Out Equals 

0 , 
0 

1 

0 

1 

0 

1 

0 0 Three-State 

0 0 Three-State , 0 Data Latch , 0 Data Latch 

0 , Data Latch 

0 1 Data In 

1 1 Data In 

1 1 Data In 

C'['R - Resets Data Latch 
- Sets SR Flip-FlOp (no effect on OUtput Buffer) 

• Internal SR F lip-F lop 
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ClR DS1-DS2 STB SR* INT 

0 0 0 1 1 

0 1 0 1 0 

1 1 '- 0 0 

1 1 0 1 ' 0 

1 0 0 1 1 

1 1 """'\.. 1 0 



Am8212 
MAXIMUM RATINGS (Above which the useful life may be i'mpaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage -O.5V to +7.0V 

OutPu~ Voltage -O.5V to +7.0V 

Input Voltages -1.0V to +5.5V 

Output Current (Each Output) 125mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
PS212, DS212 (COM'Ll T A: O°C to +70°C VCC = 5.0V ± 5% 
AmS212DM (Mill TA: -55°C to +125°C VCC: 5.0V ± 10% 

DC CHARACTERISTICS 

Parameters Description Test Conditions Min. 

IF 
I nput Load Current 

VF: 0.45V 
ACK, 052, CR, Dll - DiS Inputs 

IF Input Load Current MD Input VF : 0.45V 

IF Input Load Current DS1 Input VF: 0.45V 

IR 
Input Leakage Current 

VR: 5.25V 
ACK, OS, CR, 011 - DiS Inputs 

IR Input Leakage Current MO Input VR - 5.25V 

IR Input Leakage Current DS1 In"put VR: 5.25V 

COM'L 
Vc Input Forward Voltage Clamp IC: -5.0mA 

MIL 

COM'L 
VIL Input LOW Voltage 

MIL 

VIH Input HIGH Voltage 2.0 

VOL Output LOW Voltage 10L = 15mA 

10H: -1.0mA 
COM'L 3.65 

VOH Output HIGH Voltage MIL 3.3 

10H: -0:5mA MIL 3.4 

ISC Short Circuit Output Current Vo :OV -15 

liol 
Output Leakage Current 

Vo : 0.45V/5.25V 
High Impedance 

ICC Power Supply Current Note 2 

AC CHARACTERISTICS (Note.3) 
Parameters Description Min. 

tpw Pulse Width 30 

tpd Data to Output Delay 

twe Write Enable to Output Delay 

tS8t Data Set-up Time 15 

th Data Hold Time 20 

tr Reset to Output Delay 

ts Set to Output Delay 

te Output Enable/Disable Time 

tc Clear to Output Delay 

CAPACITANCE (Note 4) 
F: 1.0MHz. VBIAS: 2.5V. vee = +5.0V. T A = 2soe 

Parameters Description . Typ. Max. Units 

CIN os, MOl nput Capacitance 9.0 12 pF 

CIN 
052, CK, ACK, Oil-DiS 
Input Capacitance 

5.0 9.0 pF 

COUT 001 - DOa Output Capacitance 8.0 12 pF 

Notes: 1. TVpicallimits are at Vee = 5.0V, 25°C ambient and maximum load,ing. 
2. CLR =:: ST6 == HIGH; OS1 "" OS2::;' MO = LOW; all data inputs are gound, all data outputs are open. 
3. Conditions of Test: a) Input pulse amplitude ='2.5V 

b) Input rise and fall times 5.0ns 

Typ. 
(Note 11 

4.0 

4.0 

4.0 

90 

Typ. 
(Note 1) 

8 

12 

18 

lS 

15 

14 

25 

Max. 

-0.25 

-0.75 

-1.0 

10 

30 

40 

-1.0 

-1.2 

0.S5 

O.SO 

0.45 

-75 

20 

130 

Max 

30 

40 

40 

30 

45 

55 

Units 

mA 

mA 

mA 

p.A 

p.A 

p.A 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

p.A 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TEST LOAD (15mA and 30pF) 

Vee 

Ti 3DDn 

TO D. U. T. 

'30pF 1 -= 600n 

c) Between 1.0V, and 2.0V measur,ements made at 1 :5V with 15mA and 30pF Test Load. 
·'ncluding Jig and Probe 

Capacitance. 
4 .. Th is I?arameter i,s sampled and not 100% tested. lIC·425 

11-19 

III 



Am8212 

DATA 

STS or DSt • D~ 

OUTPUT 

OUTPUT 

TIMING DIAGRAM 

----'vi r----- 15Vl!',-- ____ _ ",V 1 _ 

_ -,7f\, f--tpw _ I' 

'5V,,-. \~15V _--=.=-= ----. l--:-tWE=j 
'5V~~ __ _ _ ./ 

--~----,--- '15V \ 

.'5V (tEl __ (s~:!!.-_ktD~ __ 
--- r- --¥_ ----

___ ---J IPW_I 
j 

O.5V 

j f 
O.5V 

f 
--- "",,5V·"'L.j- ,,} 

~ ~ te _ II 
---~--:-- ".55VV\_~. __ DO 

DATA 

-----\/ r----. - '57:\ ____ _ ---.. ~h,n"l" '< .1'--
STBO'OS;.DS,- L '5V\ _______ === __ 

tPD~ _ 

--- ""5V",,-=-__ OUTPUT _-1 '--

STB 

q- v--\'5V 
I _____ '.5VT~tpw--1t_ts __ i5'Si -OS2 ------""1:::;;;=i J{ 

- f--"::j ''',-t5V\~ __ 

. Alternative Test Load. Note. 

1-
~~1 lOp' I _ 

~ lk 
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VOH 

VOL 

LlC-426 

LlC-427 



-50 

1 
I -100 

~ 
~ -150 
:> 
u 

~ "':200 

~ 
-250 

-300 

Input Current Versus 
Input Voltage 

Vee'" 5.0V ~ 
+A=2!QC_ 

V I I 
I--- - br" TA = 75'e_ 

TA = etc 
il- f--

-3 -2 -1 

1 

>-

~ 
0 
I-
:> 
~ 
:> 
0 
0 
I-
« 
I-« 
0 

50 

40 

30 

iNPUT VOLTAGE - VOLTS 

Data to Output Delay 
Versus Load Capacitance 

Vee = 5.0V 
TA = 25"C 

I 

I 
", " 

", 
20 " -~ f--~ f:--"'t: .. 
10 

o 
o 

I 
50 100 150 200 250 300 

LOAD CAPACITANCE - pF 

INPUT DEVICE 

LlC-429 

lIC-431 

SYSTEM 
INPUT 

I. 
18 

20 

22 

It 

ST8 
DI DO 

Am8212 

TYPICAL CHARACTERISTICS 
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Output Current Versus 
Output LOW Voltage 
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60 
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OUTPUT LOW VOLTAGE - VOLTS 

Data to Output Delay 
Versus Temperature 

Vee = 5.0V 
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LOGIC SYMBOLS 
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DATA BUS DATA BUS 
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I. 
tB 

20 

22 

Output Current Versus 
Output HIGH Voltage 

OUTPUT HIGH VOLTAGE - VOLTS 

Write Enable to Output Delay 
Versus Temperature 
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SYSTEM 
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Am~212 

TYpICAL APPLICATIONS OF THE Am8212 

GATED BUFFER (3-STATE) 

By tying the mode signal low. and the strobe input high, the 
data' latch is acting as a straight through gate. The output 
buffers ar'e then enabled from the device selection logic OS1 
and OS2. . 

When the device selection logic is false, the outputs are 3-state. 

When the device selection logic is true, the input data from the 
system is directly 'transferred to the output. 

INPUT 
DATA 

(250,uA) 

STB 

.Am8212 

OUTPUT 
DATA 
115mM 
(3.65V MIN.) 

GATING ( 
CONTROL 

(BS"i-DS2' '-------------' 

Bi-Directional Bus Driver 

Tw.o Am82i2s wired back to back can be used as a,symmetri
cal drive, bi-directional bus driver. The devices are controlled 
by the data bus input control which is connected to OS1 on 
the first Am8212 'and to OS2 on the second_ While one device 
is active, and acti ng as a straight through buffer the other is in 
its 3-state mode. 

Interrupting Input Port 

The Am8212 accepts a strobe from the system input source, 
which in turn clears the service request flip-flop and interrupts 
the processor. The processor then goes through a service rou
tine, identifies the port, and causes the device selection logic 
to go true - enabling the system input data onto the data bus. 

DATA f-------' 
BUS)...._-.",.-__ , / 

DATA BUS -
CONTROL 

INPUT 
STROBE 

SYSTEM 
INPUT 

SYSTEM 
REseT 

PORT I 
~~~6~~ 11--------' 
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STB 

Am8212 

STB 

Am8212 

DATA sus 

LlC·433 

DATA 
BUS 

LlC-434 

I _ ....... -, TO CPU 
INTERRUPT INPUT 
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Am8212 

TYPICAL APPLICATIONS OF THE Am8212 (Cant'd) 

Interrupt Instruction Port 

The Am8212 can be used to gate the interrupt instruction, nor
mally RESTART instructions, onto the data bus. The device 
is enabled from the interrupt acknowledge signal from the mi
croprocessor and from a port selection signal. This signal is 
normally tied to ground. (DS1 could be used to mUltiplex a 
variety of interrupt instruction ports onto a common bus.) 

RESTART 
INSTRUCTION 

(RST 0- RST 71 

Vee 

INTERRUPT _______ .J 

lIC·436 ACKNOWLEDGE---

Ani9080A Status Latch 

DATA BUS 

The input to the Am8212 latch comes directly from the 
Am9080A data bus. Timing shows that when the SYNC signal 
is true (DS1 input), and </>1 is true, (DS1 inputl then the 

12Vr-\ 
ov-i \.... 

/:< D, 

D 8 , , 
D3 

D, 
3 

, 
Am9080A D, 

D6 
5 

D, 
6 

SYNC ~ 

CBIN ~ ., ., 
22 15 

.....::::: ~ 

~Tll CLOCK GEN. 
& DRIVER 

Output Port (With Hand-Shaking) 

The Am8212 is used to transmit data from the data bus to a 
system output. The output strobe could be a hand-shaking 
signal such as "reception of data" from the device that the sys
tem is outputting to. It in turn, can interrupt the system signi
fying the reception of data. The selectio~ of the port comes 
from the device selection logic. (DS1 - DS2.) 

OATA BUS 

SYSTEM 
lNTERRUPT 

r--':'-'--- OUTPUT STROBE 

STB 

Am8212 SYSTEM OUTPUT 

SYSTEM RESET 

I PORT SELECTION 

L......::::.... ____ -" ;~.~~~2~NTROL) 
-- lIC·437 

status data wi II be latched into the Am8212. The mode signal 
is tied high so that the output on the latch is active and en
abled all the time. 

----
------

S1 ATUS LATCH 

L--...2 D, , 
7 

9 

16 
Am8212 

'8 

'0 

22 

~ m 
DS, MD 05, 

I" 'I' 
I 

Vee 

, 
Dol--

~ 
~ 
~ 
~ 

17 
I--
~ 
~ 

DO 

D, 

D, 

D3 

D, 

D5 

D6 

D, 

INTA 

STACK 

HLTA 

DUT 

M' 
INP 

MEMR 

DalN 

DATA BUS 

__ T_l~!l __ 

C~:~~COL S • .:.TA:.T~U:::.S --.....,f-/'---
BUS 

LlC·438 
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Am8216" Am8226 
Four·Bit Parallel Bidirectional Bus Driver 

Distinctive Characteristics 
• Data bus buffer driver for 8080 type CPU's 
• Low input load current - 0.25mA maximum 
• High output drive capability for driving system data 

bus - 50mA at 0.5V 
• Am8216 has non-inverting outputs 
• Output high voltage compatible with direct interface 

toMOS 

FUNCTIONAL DESCRIPTION 

The Am8216 and Am8226 are four-bit, bi-directional bus 
drivers for use in bus oriented applications. The non-inverting 
Am8216, and inverting Am8226 drivers are provided for flexi
bility in system design. 

Each buffered line of the four. bit driver cOnsists of two 
separate buffers that are three-state to achieve direct bus inter
face and bi-directional capability. On one side of the driver the 
output of one buffer and the input of another are tied together 
(DB), this side is used to interface to the system side com
ponents such as memories, 1/0; etc., because its interface is 
TTL compatible and it has high drive (50mA): On the other 
side of the driver the inputs and outputs are separated to 
provide maximum flexibility. Of course, they can be tied 
together so that the driver can be used to buffer a true bi-d irec-

• Three,state outputs 
• Advanced Schottky processing 
• Available in military and commercial temperature 

range 
• Am8226 has inverting outputs 

tional. bus. The DO OUtPllts on this side of the driver have a 
special high voltage output drive capability so that direct inter
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the output 
drivers are all forced to their high-impedance state. When it is 
a "LOW" the device is enabled and the direction of the data 
flow is determined by the OlEN input. 

The OlEN input controls the direction of data flow which is 
accomplished by forcing one of the pair of buffers into its high 
impedance state and allowing the other to transmit its data. A 
simple two gate circuit is used for this function. 

LOGIC DIAGRAMS 
Am8216 Am8226 

01 00----1>--+_--, DID 

DBD DBO 

000 o--t-~CI_-+_---' D°D 

DI,o--t--I>--+_---, 01, 

DB, DB, 

DO, o--t-~CI_-+_---' DO, 

DI,o--t--I>--+_--, 01, 

DB, DB, 

DO, o--t-~CI_-+_---' DO, 

DI30--t--I>--+_---, 013 

DB3. 

003 o--t-~CI_-+_---' 0°3 

OlEN 0--++-----' 
LlC·439 '-----.... ---<>cs 

OlEN 
LlC-440 cs 

ORDI'RING INFORMATION CONNECTION DIAGRAM 
Top View 

Am8216 Am8226 CHIP SELECT cs Vee 

Package Temperature Order Order DATA OUTPUT 000 

Type Range Number Number BI.OIA~~~~~~~ DBO 

OlEN ~D~!~~~I~~~~L~TROLI 
003 DATA OUTPUT 

Hermetic DIP -55°C to +125°C M08216 M08226 DATA INPUT 010 DB3 ~~~~R~~~IONAL 
Hermetic DIP O°C to +70°C 08216 .08226 DATA OUTPUT 001 

Molded DIP O°C to +70°C P8216 P8226 DATA BUS 

Dice O°C to +70°C AM8216XC AM8226XC BI-DIRECTIONAL OB t 

DATA INPUT 011 

013 DATA INPUT 

002 DATA OUTPUT 

DB2 ~~~~~~~'ONAL 
Note: Pin 1 is marked GND 

for orientation. 
LlC·441 

01 2 DATA INPUT 
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Am8216 • Am8226 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Temperature (Ambient) Under Bias _55°C to +125°C 

Storage Temperature _65°C to +150°C 

AI-I Output and Supply Voltages -0.5V to +7.0V 

All Input Voltages -1.0 V to +5.5V 
Output Currents 125mA 

Am8216 AND Am8226 MILITARY 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (_55°C to +125°C) 
The following conditions apply unless otherwise specified: 
MD8216, MD8226 (MIL) Vee = 5.0V:\. 10% 

DC CHARACTERISTICS 
Typ. 

Parameters Description Test 'Conditions Min (Note 1) Max Units 

IFI Input Load Current 01 EN, CS VF = 0.45 -0.15 ~.5 mA 

IF2 Input Load Current All Other Inputs VF = 0.45 -0.08 ~.25 mA 

IRI Input Leakage Current OlEN, CS VR = 5.5V 80 /lA 

IR2 Input Leakage ~urrent 01 Inputs VR = 5.5V 40 /lA 

Vc Input Forward Voltage Clamp IC =-5.0mA -1.2 Volts 

Am8216 0.95 

VIL Input LOW Voltage Volts 

Am8226 0.9 

VIH Input HIGH Voltage 2.0 Volts 

Output Leakage Current DO 20 
10 

(Three·State) DB 
Vo = 0.45V/5.5V 

100 
!lA 

Am8216 95 130 

ICC Power Supply Current mA 

Am8226 85 120 

VOLl Output LOW Voltage 
DO Outputs IOL = 15mA 

0.3 0.45 Volts 
DB Outputs IOL = 25mA 

- .. _-------_ ... 
VOL2 Output LOW Voltage DB Outputs 10L = 45mA 0.5 0.6 Volts 

I IOH = -0.5mA 3.4 4.0 
VOHI Output HIGH Voltage DO Outputs Volts I 10H = -2.0mA 2.4 

VOH2 Output HIGH Voltage DB Outputs IOH = -5.0mA 2.4 3.0 Volts 

DO Outputs", OV, VCC = 5.0V -15 -35 -65 
lOS Output Short Circuit Current mA 

DB Outputs = OV, VCC = 5.0V -30 -75 -120 

AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE .(-55°Cto +125°C) 

Typ. 
Parameters Description Test Conditions Min. (Note 1) Max Units 

tPDl Input to Output Delay DO Outputs CL = 30pF, Rl = 300.11, R2 = 600.11 15 25 ns 

Am8216 20 33 
tPD2 Input to Output Delay DB Outputs CL = 300pF, Rl = 90.11. R2 = 180.11 ns 

Am8226 16 25 

I Am8216 Note 2 45 75 
tE Output Enable Ti me ns 

Am8226 Note 3 35 62 

Am8216 20 40 
to Output Disable Time Note 4 ns 

Am8226 16 38 

11·25 
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Am8216· Am8226 
Am8216 AND Am8226 COMMERCIAL 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (O°C to +70°C) 

The followingeonditions apply unless otherwise specified: 
08216,08226, P8216, P8226 (COM'LI Vee == 5.0V ± 5~ 

DC CHARACTERISTICS 

Parameters Description Test Conditions Min 

IFI Input load Current OlEN, CS VF = 0.45 

IF2 Input load Current All Other Inputs VF = 0.45 

IRI Input leakage Current OlEN, CS VR = 5.25V 

IR2 Input leakage Current 01 Inputs VR = 5.25V 

Ve Input Forward Voltage Clamp IC = -5.0mA 

Vil I nput lOW Voltage 

VIH Input HIGH Voltage 2.0 

Output Leakge Current DO Vo = 0.45V/5.5V 
1101 

(Three·State) DB 

Am8216 
ICC Power Supply Current 

Am8226 

VOLl Output lOW Voltage 
DB Outputs 10l = 15mA 
DB Outputs 10 l = 25mA 

Am8216 DB Outputs 10l = 55mA 
VOl2 Output lOW Vol1ege 

Am8226 DB Outputs 10l = 50mA 

VOHI Output HIGH Voltage DO Outputs 10H = ·-1.0mA COM'l 3.65 

VOH2 Output HIGH Voltage DB Outputs 10H = -10mA 2.4 

DO Outputs" OV -15 
lOS Output Short Circuit C~rrent 

DB Outputs Vec = 5.0V -30 

AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (O°C to +lO°C) 

Parameters 

tpDl 

tPD2 

tE 

to 

Description Test Conditions Min 

Input to Output Delay DO Outputs Cl = 30pF, R, = 300n, R2 = 600n 

Am8216 
Input to Output Delay DB Outputs 

Am8226 
Cl =300pF,R, =90n,R2=180n 

Am8216 Note 2 
Output Enable Time 

Am8226 Note 3 

Output Disable Time Note 4 

TEST CONDITIONS TEST LOAD CIRCUIT 

Input pulse amplitude of 2.5V. 
Input rise and fall times of 5.0ns between 1.0 and 2.0 volts. 
Output loading is 5.0mA and 10pF. 

OUTo-------t------i 

Speed measure'ments are made at 1.SV levels. 
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Typ, 
(Not. II Max 
-0.15 -0.5 

-Q.08 -Q.25 

20 

10 

-1.0 

0.95 

20 

100 

95 130 

85 120 

0.3 0.45 

0.5 0.6 

0.5 0.6 

4.0 

3.0 

-35 -65 

-75 -120 

Typ. 
(Not. II Max 

15 25 

20 30 

16 25 

45 65 

35 54 

20 35 

Units 

mA 

mA 

J.<A 

J.<A 
Volts 

Volts 

Volts 

lolA 

mA 

Volts 

Volts 

Volts 

Volts 

mA 

Units 

ns 

ns 

ns 

ns 



Am8216 • Am8226 
CAPACITANCE (Note 5) 
Parameters Description Test Conditions 

CIN Input Capacitance 

COUT1 Output Capacitance 
V81AS = 2.5V. Vee = 5.0V 

COUT2 Output Capacitanca 
TA = 25°C, f = 1.0MHz 

Notes: 1.· Tvpical values are for T A = 2So c. Vee = 5.0V. 

Min. 
Typ. 

(Note 1) 

4.0 

6.0 

13 

-Max. 
8.0 

10 

18 

2. 00 outputs, CL = 30pF. R, = 300/10kll, R2 = 180/1.0kn; DB outputs, CL = 300pF, R1 ". 90/10kn, R2 == 180/1.0~n. 
3. DO outputs, CL' 30pF, Rl = 300/10krl, R2' 600/1.0krl; DB outputs, CL = 300pF, Rl • 90/10krl, R2 = 180/1.0krl. 
4. DO outputs, CL = 5.0pF, Rl • 300/10krl, R2' 600/1.0krl; DB outputs, CL = 5.0pF, Rl = 90/10krl, R2 = 180/1.0krl. 
5. This parameter Is per;iodicaliy samplad and not 100% tasted. 

SWITCHING WAVEFORMS 

INPUTS ¥1.5V 

~~D-1 
OUTPUT 

*1.5V I *1.5V ENABLE 

~tE=:1 ~tD1 O.6V 

I VOH 

OUTPUTS *1.5V ~!I 
! VOL 

O.5V 

FUNCTION TABLE 

8216 8226 
OlEN CS DB DO DB DO 

L L DI-DB 01 Z 01 Z 

H L 08=00 Z DB Z DB 
L H Z Z Z Z 

H H Z Z Z Z 

H = HIGH 
L = LOW 

TYPICAL APPLICATION 

MEMORY I/O 

{ r ~ L 
01 DO 01 DO 

Ilm --< 5TEii AmB216 (2) 
CS p-- I/oR:---( OlEN Am8216 12) 

cS 0--Am8226 (2) Am8226 121 

f Bi:iSE'N 
{} 
V 

BI·DIRECTIONAI.. DATA BUS (8) 

MEMORY AND I/O INTERFACE TO A BI-DIRECTIONAL BUS 
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Units 
pF 

pF 

pF 

LlC·443 

LlC-444 

LlC-445 



Am8216· Am8226 

CHIPSELECTCS 1 

DATA OUTPut 000 

81.DIR~~~:~ DBO 

DATA INPUT 010 

PATA OUTPUT DO, 

81.DlR~~~~~~~ 08\ 

DATA INPUT 01\ 7 

DATA OUTPUT 000 

81.0rR~~~~~~ aBo 

DATA OUTPUT DO, 

Br.OIR~~~~~~~ DB, 

DATA INPUT 01, 

Meta llization and Pad Lavout 

Am8216 

Vee 
16 

GNP 

DIE SIZE 0.066" X 0.090" 

Am8226 

DIE SIZE 0.066" J( 0.090" 
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14· 003 DATA OUTPUT 

13 OB3 ~t6tR~~;'ONAl.. 

12 013 DATA INPUT 

11 002 DATA QUTPUr 

OB2 ~t6tR~~i'ONAl 

9 01'2 DATA INPUT 

14 003 O~TA OUTPUT 

13 DBJ ~~ri~~~i'ONAL 

.12 DI)OATAINPUT 

11 002DATAOUTPUT 

TO DB;? ~t6IAR~~i'ONAL 

9 0'2 OATA INP;';T 



Am8224 
Clock Generator and Driver for 80804 Compatible Microprocessors 

Distinctive Characteristics 

• Single chip clock generator/driver for 8080A com- • Available for operation over both commercial and 
patible CPU 

• Power-up reset for CPU 
• Ready synchronizing flip-flop 
• Status strobe signal 
• Oscillator output for external system timing 
• Am8224-4 version available for use with lJ.1sec in-

struction cycle of Am9080A-4 . 

FUNCTIONAL DESCRIPTION 

The Am8224 is a single chip Clock Generator/Driver for the 
Am9080A and 8080A CPU. It contains a crystal-controlled 
oscillator, a "divide by nine" counter, two high-level drivers 
and several auxiliary logic functions, including a power-up 
reset, status strobe and synchronization of ready. Also pro
vided are TTL compatible oscillator and ifJ2 outputs for 
external system timing. The Am8224 provides the. designer 
with a significant reduction of packages used to generate 
clocks and timing for the Am9080A or 8080A for both com
mercial and military temperature range applications. A high 
speed version, the Am8224-4, is available for use with the high 
speed Am9080A-4. 

XTAL 1 

XTAL 2 

TANK ----' 

LOGIC DIAGRAM 

CLOCK 
GEN 

0-9 

SYNC -=--------f----LJ 

RESIN -=---D---+-I 

RDYIN -=--------1---1 

LlC·619 

12 osc 

" ., 
10 

·2 

tP2(TTU 

STSTB 

RESET 

READY 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Hermetic DIP _55°C to +125°C AM8224DM 
Hermetic DIP O°C to +70°C D8224 
Molded DIP O°Cto +70°C AM8224PC 

Dice O°C to +70°C AM8224XC 
Hermetic DIP O°C to +70o C AM8224-4DC' 

• For use with Amg080A4 with clock period between 250ns and 320ns. 

military temperature ranges 

• Crystal controlled for stable system operation 
• Reduces system package count 
• Advanced Schottky processing 
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XTALI 

XTAL2 

TANK 

OSC 

<P2ITTLI 

VCC 

VDD 

GND 

RESIN 

RESET 

RDYIN 

READY 

SYNC 

STSTB 

<PI 

<P2 

PIN DEFINITION 

CONNECTIONS FOR CRYSTAL 

USED WITH OVERTONE XTAL 

OSCILLATOR OUTPUT 

<P2 CLK ITTL LEVEll 

+5.0V 

+12V 

OV 

RESET INPUT 

RESET OUTPUT 

READY INPUT 

READY OUTPUT 

SYNC INPUT 

STATUS STB (ACTIVE LOW' 

Am9080A/8080A CLOCKS 

CONNECTION DIAGRAM 
Top View 

RESET Vee 

RESIN XTAL 1 

RDY1N XTAL 2 

READY TANK 

SYNC osc 

4>2 ITTU ., 
STSTB "" 

GND VDD 

Nqte: Pin 1 is marked for orientation. LlC-620 
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Am8224 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bia.s 
_______ . _____ ~ ____ -65°~_to +150' C 

-55°C to +125"C 
Supply Voltage to Ground Potential 

Vee 

Voo 
Maximum Output Current (/>1 and </>2 (Note 1) 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 

Am8224xe, Am82244xe (eOM'L) 
Am8224Xe (MIL) 

TA = o'e to +70'e Vee = 5.0V·± 5% 
Vee = 5.0V ± 10% TA = -55'e to +125'e 

Parameters bescription Test Conditions 

IF Input Current Loading VF = 0.45V 

IR Input Leakage Current VR = 5.25V 

Ve Input Forward Clamp Voltage Ie = -5.0mA 

VIL Input LOW Voltage Vee = 5.0V 

VIH Input HIGH Voltage 
Reset input 

All other inputs 

VIWVIL RESIN Input Hysteresis Vee = 5.0V 

(<1>1, <1>21, Ready, Reset, STSTB 

IOL = 2.5mA 
VOL Output LOW Voltage 

All other inputs 
IOL = 15mA 

<1>" <1>2; IOH = -1001lA 

VOH Output HIGH Voltage 
REAOY, RESEr; IOH = -1001lA 

All other outputs; IOH = -1.0mA 

Ise 
Output Short Circuit Current VO=OV 

(All Low Voltage Outputs Only) Vee = 5.0V 

ICC Power Supply Current Vee = MAX. (Note 3) 

100 Power Supply Current VOO = MAX. 

VOO=12V±5% 
VOO = 12V ± 10% 

Min. 

eOM'L 

MIL 

eOM'L 2.6 

MIL 2.8 

2.0 

0.25 _. 

eOM'L 9.4 

MIL VOO-l.6V 

eOM'L 3.6 

MIL 3.35 

2.4 

-10 

Notes: 1. Caution: cJ>1 and <P2 04itputs do not have short circuit prote~tion. 
2. Typical limits are at Vee = 5.0V, VOD == 12 V, 25Q C ambient and maximum loading. 

Typ. 
(Note 2) 

2.2 

2.2· 

0.5 

11 

VOO-l.0V 

4.0 

4.0 

3.0 

70 

5.0 

Max. 

-0.25 

10 

-1.0 

-1.2 

0.8 

0.45 

0.45 

---60 

115 

12 

7.5V 

15V 

100mA 

Units 

rnA 

IlA 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

rnA 

mA 

mA 

3. For conditions shown as MIN. or MAX" use the appropriate value specified under Electrical Characteristics for the applicable device type, 

CRYSTAL REQUIREMENTS 

Tolerance: .005% at O'C - 70'C 
Resonance: Series (Fundamental)" 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With frequency in excess of 18MHz 
, use 3rd overtone XTALs and tank 

circuit. 

LlC·S2l 
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AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions 

t¢l 1>1 Pulse Width 

t¢2 1>2 Pulse Width 

tDl 4>1 to ¢2 Delay 
Cl ;20p'F 

tD2 4>2 to ¢1 Delay to 50pF 

Min. 

Am8224XM 

Typ. 

2tCY 
--23n5 

9 

5tCY 
--35n5 

9 

0 

2tCY 
--17n$ 

9 

Max. Min. 

Am8224XC 

Typ. 

2tCY 
---2Ons 

9 

5tCY 
--35n5 

9 

0 

2tCY 
---14n5 

9 

Max. 

Am8224-4XC 
(Not. 2) 

Am8224 

Min. Typ. Max. Units 

45 

110 

0 

ns 
35 

tD3 tP, to 1>2 Delay 
2tCY 2tCY 

-+22n5 
2tCY 2tCY 

-+20ns 55 76 
9 9 9 9 

tr ¢1 and ¢2 Rise Time 20 20 20 

tf ¢1 and f/J2, Fall Time 20 20 20 

¢2(TTl). 

tD¢2 02 to ¢2(TTLl Delay 
Cl; 30pF 

-20 15 -20 15 -20 15 ns Rl ; 30011 
R2; 60011 

<P2 to S'fS'TB Delav 
6tCY 6tCY 6tCY 6tCY 

'DSS ---33n5 ---30ns -- 137 167 
9 9 9 '9 

STSfB Pulse Width 
STSTB, tCY teY 

tpw --18ns --15ns 18 
Cl; 15pF, 9 9 
R, ; 2.0kl1 4tCY 4tCY 

ns 
RDYIN Set-up Time 

tDRS to Status Strobe R2 ;4.0kl1 
50n5-- 50n5--- -61 

9 9 

RaVIN Hold Time 4tCY 4tCY 
tDRH 111 After STSTB -9-

9 
Ready and Reset 

RDYIN or RESIN Cl; 10pF 4tCY 4tCY 
'DR to 4>2 Delay R, ; 2.0kl1 

---25ns ---25n5 86 ns 
9 9 

R2 =4.0kl1 

'ClK elK Period 
tCY tey 

28 
9 9 

fMax. 
Maximum Oscillating 

27 28.12 36 MH, Frequency 

Vee - 5.0V 

Cin Input Capacitance VDD; 12V 
8.0 8.0 8.0 pF 

VBIAS; 2.5V 
1;1.0MHz 

AC CHARACTERISTICS (For tCY = 488.28ns) 
Vee"" +5.0V ±5% Voo "" +12V ±5% 

Parameters Description Test Conditions Min. Typ. Max. Units 

t,p1 <1>1 Pulse Width 89 ns 

t<l>2 <1>2 Pulse Width 236 ns 

tOl Oe(ay <1>1 to <1>2 0 ns 

t02 Delay <1>2 to <1>1 <1>1 and <1>2 Loaded 
95 ns Cl = 20 to 50pF 

t03 Delay <1>1 to <1>2 Leading Edges 109 129 ns 

tr Output Rise Time 20 ns 

tf Output Fall Time 20 ns 

toss 1>2 to STSTB Delay 296 326 ns 

to<l>2 <1>2 to <1>2 (TTL) Delay -20 15 ns 

tpw Status Strobe Pulse Width 40 ns 

tORS RDYIN Set-up Time to STSTB Ready and Reset Loaded -167 ns 

tDRH RDYIN Hold Time After STSTB CL = 20 to 50pF 217 ns 

tOR Ready or Reset to <1>2 Delay R1 = 2.0k!1 , R2 = 4.0k!1 192 ns 

FREO Oscillator Frequency 18.432 MHz 

Notes: 1. All measurements referenced to 1.5V unless specified otherwise. 
2. Am82244 parameter limits are given for teY = 250n5 or an oscillating frequency of 36MHz. Between 28.12MHz and 36MHz min. and max. limits 

should be ratioed between the calculated Am8224XC limits at 28.12MHz and the given 36MHz parameter limits. 
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Am8224 

SWIT.CHING WAVEFORMS 

\ 
_ 'R 1:= --l 'F I ,'CY ...i:" =--"'""' 

.'_ ~l~,,,~\{ Z 
'2 __ l--_:~----,9;r~T_'D2----l __ 

,.iJ I~-A 
~(TIL) _______________________________ ~ I~ ~~ ________________________ ___ 

SYNC 
(FROM 808M) \I.-__ ---;---J/ I 

~"wl It--. -'055-7-1 -'+-1 "WI 
STST;~ -LJOr---------

--j I~ 'DRS _I f-1=~-----tORH -, 

OR ~~~:~~-------------,--------r------ -1------------------------------, _______ =~~~~~_ r'_DR---1+---__ _ 
RE~~~. =x= _____ I ________________________ _ 

RESET 
OUT 

~'DR~ . 
\---------

Voltage measurement points: cP,. cP2 Logic "0" "" 1.0V, Logic "1" == a.OV. 
All other signals measured at 1.5 V. UC-622 

Oscillator 

The oscillator circuit derives its basic operating frequency 
from an external, series resonant, fundamental mode crystal. 
Two inputs are provided for the crystal connections (XTAL 1, 
XTAL2). 

The selection of the external crystal frequency depends mainly 
on the speed at which the CPU is to be run. Basically, the 
oscillator operates at 9 times the desired processor speed. 

The formula to determine the crystal frequency is: 

f(XTAL) = times 9 
tCY 

When using crystals above 10MHz a small amount of frequency 
"trimming" is necessary to produce the desired frequency. The 
addition of a selected capacitance (20pF - 30pF) in series 
with the crystal will accomplish this function. 

Another input to the oscillator is TANK. This input allows 
the use overtone mode crystals. This type of crystal generally 
has a much lower output at its rated frequency and has a ten· 
dency to oscillate at its fundamental. 
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To avoid the unwanted oscillation and increase the desired 
frequency output it is necessary to provide a parallel tuned 
resonant circuit of low impedance. The external LC network is 
connected to the TANK input and is AC coupled. See typical 
application with Am8228 and Am9080A in Figure 2. 

The formula for the LC network is: 

F = 1 
271 v'LC 

The output of the oscillator is buffered and brought out 
on asc (pin 12) so that other system timing signals can be 
derived from this stable, crystal·controlled source.' 

Clock Generator 

The Clock Generator consists of a synchronous "divide by 
nine" counter and the associated decode gating to create the 
waveforms of the two clocks and auxiliary timing signals. 

The waveforms generated by the decode gating follow a 
simple 2·5·2 digital pattern. See Figure 2. The clocks gen· 
erated; ¢1 and ¢2, can best be thought of as consisting of 
"units" based on the oscillator frequency. Assume that one 
"unit" equals the period of the oscillator frequency. By mul· 
tiplyi.ng the number of "units" that are contained in a pulse 
width or delay, times the period of the oscillator frequency, 
the approximate time in nanoseconds can be derived. 



The outputs of the clock generator are connected to two 
high level drivers for direct interface to the CPU. A TTL level 
phase 2 is also brought out tf>2 (TTL) for external timing . 
purposes. It is especially useful in OMA dependent activities. 
This siQnal is used to gate the requesting device onto the bus 
once the CPU issues the Hold Acknowledgement (H LOA). 

Several other signals are also generated internally so that 
optimum timing of the auxiliary flip-flops and status strobe 
(STSTB) is achieved. 

, 
1 UNIT ~ 

" 

I' 
i i i 
I 2 13 I 

'2 I I I 

EXAMPLE: tCY ~ 500ns 
ose ~ 18mHz/55ns 
o;?,=t10ns(2x55nsl 
ifJ2= 275ns(S x 55ns) 
¢2-1P,=110ns(2x55ns). 

osc. 
FREQ 

415) 

f--
I 
I 

i I rf--, I 2 I 
I I 

Figure 1. Clock Generator Waveforms. 

STSTB (Status Strobe) 

At the beginning of each machine cyCle the CPU issues status 
information on its data bus. This information tells what type 
of action will take place during that machine cycle. By bringing 
in the SYNC signal from the CPU, and gating it with an inter
nal timing signal (tf>1A), an active low strobe can be derived 
that occurs at the start of each machine cycle at the earliest 
possible moment that status data is stable. on the bus. The 
STSTB signal connects directly to the Am8228 System Con
troller. 

The power-on Reset also generates STSTB, but of course, 
for a longer period of time. This feature allows the Am8228 
to be automatically reset without additional pins devoted for 
this function. 

Power-On Reset and Ready Flip-Flops 
A common function in microcomputer systems is the·genera
tion of an automatic system reset and start-up upon' initial 
power-on. The Am8224 has a built-in feature to accomplish 
this feature. 

An external RC network is connected to the R ESI N input. 
The slow transition of the power supply rise is sensed by an 
internal Schmitt Trigger. This circuit converts the slow trans
ition into a clean, fast edge when its input level reaches a 
predetermined value. The output of the Schmitt Trigger is 
connected to a "0" type flip-flop that is clocked withtf>2D 
(an internal timing signal). The flip-flop is synchronously 
reset and an active high level that complies with the micro
processor input spec is generated. For manual switch type 
system Reset circuits, an active low switch closing can be 
connected to the R ESI N input in addition to the power-on 
RC network. 

The R EAOY input to the CPU has certain timing specifications 
such as "set-up and hold" thus, an external synchronizing flip-
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Am8224 
flop is required. The Am8224 has this feature built-in. The 
ROYIN input presents the asynchronous "wait request" to 
the "0" type flip-flop. By clocking the flip-flop with tf>2D' a 
synchronized REAOY signal at the correct input level, can be 
connected directly to the CPU. 

USED ONLY FOR 
OVERTONE CRYSTALS 

I---~ 

:PI ~11 20pf-30pf 
(ONLY NEEDED 
ABOVE 10MHd 

L~~~c ~ r·",-13.1-'-".:.'_-L'''1' 
TANK 

12 

AmB224 

11 22 

10 15 

23 

12 

19 

., 
'2 
READY 

Am9080A 
CPU 

RESET 

SYNC 

7~ STSTB(TOAm822BPIN'll 

Figure 2. Typical Application with AmS224 
and Am90S0A. 

LlC-624 

APPLICATION PRECAUTIONS WHEN USING Am8224 UP 
TO 36MHz 

Usage with Third Harmonic Crystal or Am9080A-4 

The use of the Am8224 with a third harmonic crystal requires 
a minor modification to the external circuitry associated with 
the Am8224. The changes are as follows: 

- Series capacitor in conjunction with the xtal 
- Adding a tuned circuit in the "tank" lead 
- Tuning of circuit to proper frequency 

It is necessary to maintain the crystal activity to a proper level 
if an xtal controlled circuit is to operate properly. A 20-30pfd 
capacitor placed in series will help achieve this level in third 
overtone crystal, while helping to suppress the fundamental 
mode. The Am8224 has an auxiliary port provided to allow I 
for a tuned circuit. This tuned circuit eliminates the tendency 
of the circuit to oscillate at the crystal's fundamental. The 
tank or tuned circuit must have the following properties: 

1. It must be parallel resonant at the crystal frequency (third 
order). 

2. The off resonance impedance must be low enough to spoil 
the AC gain of the Am8224. 

3. The circuit must be oe decoupled (or returned to Vee) at 
a low impedance (substantially below 1 DOn). 

All frequency determining components must be in close prox
imity to the Am8224. Insert crystal and tune tank for best 
waveform at Pin 12 (OSe). If counter is available, adjust for 
match of crystal marking. The circuit in Figure 3 will accom
plish the above result for the 36MHz range. 



Am8224 

RESET 

iiEiiN 

RDVIN 

0,> READY 
1000pF 

SYNC 

""ITTLI 

~ST. 

ONO 

LlC·625 

Cl = E.F. Johnson 
275·0430.005 

C. 
2O-30pf 

vee f~38MH' 
c::::::ITHIRD 

XTAL 1 TOVERTONE 

XTAL. -----'" C3> l000pF 

TANK--!I-_---. 

Figure 3. 

c, 
6-30pF 

Vee Ground 

Due to the nature of our device (fast switching, higher voltage) 
it is necessary to provide a bypass capacitor from VCC to 
ground in the immediate -proximity of the Am8224. This 
insures proper operation of the device while reducing noise 
spiking on adjacent circuits. 

Resin Bypass 

The use of a high impedance capacitor for timing R-C, and/or 
timing components remotely located from the Am8224 device 
may cause a disturbance to occur during the linear transition 
region. The capacitor for this function should be of the ceramic 
type and a value of 1000pF or greater. 

5-30pF Trimmer or Equiv. 

This can be cured by placing a >1000pfd ceramic capacitor 
from Resin (Pin 2) to Ground (Pin 8) in the immediate prox
imity of the device. This will allow the timing R-C to be placed 
at will. 

Ll = J.W. Miller Inductor 
9230-08 

LlC·626 

Vee 

?<TAL1.~ ,kll 
XTAL2 

APPLICATIONS 

TANK --_--II f--o ~:~NAL 
osc 

" 
" 
Voo 

10,OOOpF 

LlC-627 

RESET 

RDYIN 

"ITTLI 

ONO 

vcc 

XTAL1~ 

XTAL2~ 
TANK Ne 

osc ., 
VOO 

The Am8224 can be driven from an external source of fre
quency by connecting as shown and driven with approximately 
500mV over a wide frequency range. 

The Am8224 can oscillate without a xtal by placing a small 
value capacitor (10 .... 200pF) in place of a crystal. 

Metallization and Pad Layout 

RESET 1 --..,-------, .-------18 Vee 
r-----'5 XTAL 1 Fi'ESiN 2-----, 

RDVIN 3 

READY 4 

SYNC Ei 

¢J:l!TTL) 6 

STsi'ii 
GNO 

=:;~t:l::l:r=Il __ 14 XTAl2 

13 TANK 

12 asc 

11 ~1 

L--____ l0 " 
L-_______ 9 VOO 

DIE SIZE 0.085" X 0.084" 
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Am8228 • Am8238 
System Controller and Bus Driver for 8080A Compatible Microprocessors 

Distinctive Characteristics 

• Multi-byte instruction interrupt acknowledge 
• Selectable single level vectored interrupt (RST-7) 
• 28-pin molded or hermetic DIP package 
• Single chip system controller and data bus driver for 

Am9080/8080A systems 
• Am8238-4 high speed version available for use with 

lpsec instruction cycle of Am9080A-4 

FUNCTIONAL DESCRIPTION 

The Am8228 and Am8238 are single chip System Controller 
Data Bus drivers for the Am9080A Microcomputer System. 
They generate all control signals required to directly interface 
Am9080A/8080A compatible system circuits (memory and 
I/O) to the CPU. 

Bi-directional bus drivers with three-state outputs are provided 
for the system data bus, facilitating CPU independent bus 
operations such as direct memory access. Interrupt processing 
is accommodated by means of a single vectored interrupt or 
by means of the standard 8080A multiple byte. interrupt vector 
operation. 

LOGIC DIAGRAM 

00 

0, 

0, 
CPU 03 

DATA 
'U, 0, 

~~,----------------------" 
OBIN -----------------------------1 
~----------------------------q 

GATING 
ARRAY 

HlDA ----------------------------jL ____ --1 
LlC-628 

ORDERING INFORMATION 

Am8228 
Package Temperature Order 

Type Range Number 

Molded DIP O°C to +70°C AM8228PC 
Hermetic DIP O°C to +70°C 08228 
Hermetic DIP -55'C to +125°C AM8228DM 

Dice aOc to +70°C AM8228XC 
Hermetic DIP O'C to +70'C 
Molded DIP aOc to +70°C 

*For use with Am9080A-4 with minimum 
clock period of 250n,_ 

Am8238 
Order 

Number 

AM8238PC 
D8238 
AM8238DM 
AM8238XC 
AM8238-4DC' 
AM8238-4PC' 

• Bi-directional three-state bus driver for CPU indep.en
dent operation 

• Advanced low-power Schottky processing 
• Available in military and. commercial temperature 

range 
• Am8238 has extended IOW/MEMW pulse width 

15 

17 

12 

10 

,. 
21 

8 

22 

LOGIC SYMBOL 

Vee = Pin 28 
GND = Pin 14 

13 

10 

11 

18 

20 

23 

2' 

2. 
2S 

2' 

CONNECTION DIAGRAM 
Top View 

STSTB ,. Vee 

HLOA 2' I/OW 

WR 26 MEMW 

,DBIN 25 IIOR 

08, " MEMR 

0, 23 INTA 

08, 
Am8228 

22 BUSEN 

0, 
Am8238 

21 00 

083 20 08. 

0 3 10 I. Os 

OB2 11 18 OBS 

O2 12 17 0, 

OBO 13 I. OB, 

GNO 14 15 00 

Note: Pili 1 is marked for orientation. 

lIe-62. 

lIC-630 
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Am8228- Am8238 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C t;m5°C 
-~~------~.--.. ~-~-~.-----. 

Supply Volatge to Ground Potential (Pin 28 to Pin 14) Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vcc max. 

DC Input Voltage -1.5V to +7.0V 

DC Output Current, Into O_u--,tp_u_t_s __ _ 50mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Noted: 

Am8228XM, Am8238XM 

Am8228XC, Am8238XC, Am8238-4XC 

T A = _55°C to +12Soc 
T A"" aOc to +70°C 

VCCM1N. = 4.50V 

VCCMIN. = 4.75V 
VCCMAX. = 5.50V 
V CCMAX. = 5.25V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 
Parameters Description Test Conditions (Note 21 Min. (Note 11 Max. Units 

VOH Output HIGH Voltage 
II-M_I l_-+_3,-.3_5-+_ 3.8 ! 

00-07 1 COM'l 3.6 3.8 Volts I 

1-___ ~------------------I_----+I~O~H~=---1~.0-m-A_+-A-II-O_th_e_r_o_u~tp_u_tS-+_2~.4 __ + ______________ --J 
VCC = MIN. IOl = 2.0mA 00-07 ---'0~ Volts I VOL Output Low Voltage 

IOl = 10mA All other outputs 0,45 
V C ~ut Clamp Voltage (-=-AC':II-=I-np-u-t"Csl-----+-C-VC-c-c---M=1 N"' . .l, c:'lc"-'=-=---=5~.0~m~A-:--~"'-:.:.."'-'-:.:=--r------ =0-:-75- ~1.OlY;;rt;! 
VTH Input Threshold Voltage (All Inputsl VCC = 5.0V 0.8 -- ---- -2:0- I V-;;-It~ 

I IF I Input load Current VCC = MAX., VF = 0,45V ~:S:~ 06 ~~=---~ ~~B iJ.A i t-----l All other Inputs I -250 I ! 
i OBO-OB7 --i---t--- - --2ii-~---I 

IR I Input Leakage Current VCC = MAX., VR = 5.25V I I -----t-----:-1 iJ.A I 
~ All other inputs ___ +-_____ -+ __ 1.llg __ i ____ ~ 

liNT : INTA Current See INTA test circuit i I 50 I mA I 

~~_(O_F_F_' l0fu"" 0",""' em"", ,." Co"'m' 0",""" ~~'_ ~~;: Vo - .,,, - t~I=_ ~:~ ~= 
lOS I Short Circuit Current (All Outputs) Vcc = 5.0V -15 -90 , mA 

ICC Power Supply Current VCC = MAX. 140 190 i mA I 

AC CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 

Test 
Parameters Description Conditions 

Notes:1. Typical values are for T A =0 25°C and nominal supply voltages. 

Am8228XM/ Am8228XC/ 
Am8238XM Am8238XC Am8238-4XC 

Typ. Typ. Typ. 
Min. (Note 1) Max. Min. (Note 11 Max. Min. (Note 11 Max. 

30 15 20 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under electrical characteristics for the applicabl~ device type. 
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Units 

ns 

ns 

ns 



CAPACITANCE (This parameter is periodically sampled and not 100% tested.) 
Parameters Description 

CIN I nput Capacitance 

COUT Output Capacitance Control Signals 

I/O I/O Capacitance ID or DB) 

., 

" 

Test Conditions 

VBIAS = 2.5V, VCC = 5.0V 

T A = 25'C, f = 1.0MHz 

SWITCHING WAVEFORMS 

Am8228 • Am8238 

Typ. 
Min. (Note 1) Max. Units 

8.0 12 pF 

7.0 15 pF 

8.0 15 pF 

r--t:: tpw STATUSSTROB'-------.g------------------,V 

lJ' *'----------Am80BO 
DATA BUS 

'554 r'SH~ 1 \-
DBIN 

i\1 I flo 
I T'DC I f,...---',I-----

''':;::: ===== i \-==hf$~---------
I I ~'RD:l ~'R'-i ---------

DU~~1~~8~:~g -------------------0 }------------------
I 'R'-U 

HLDA 

I ~L . \- f 
---j I I DC 'WR :::±:::i =:j I::: 'WR ++ __ . __ ' ___ --->-.0\ _I --i5W OR MEM W 

DU~~~~R~~~ --------------,- *-
------ -;;;--t---f ~'WD::j 

ou~i~~E~R~¥~ _______________ ~ *r---------------------

t~"__l--:------'L,, 
-~ _______________________ ~ L, _________________ _ 

OUTPUTS . ~ r 

Voltage measurements points: DO~D7 (when outputs) Logic "0" 0; 0.8 V, Logic "'" = 3.0V. All other signals measured at 1.5 V. 

·Extended IOW/MEMW for Am8238 on!\", 
lle·631 
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Am8228 • Am8238 

TEST CIRCUITS 

Vee 

UC-632 

rl Rl 

OUTPUT . 

PIN 

I eL .".'2 

Note 1. For DO-D7: R1 "" 4.0kn, R2 = ocn, CL '" 25pF. 

LlC-634 

For all other outputs: R1 = 500n, R2 "" 1.0kn, CL '" 100pF. 

Vee 

L 
\Sl 

OUTPUT PIN O-----I~--t UNDER TEST 

2Spf J s, 

l? 
Test Circuit for OBI N to 8080A BUS 

FUNCTIONAL DESCRIPTION 

Bi-Directional Bus Driver: An eight-bit, bi-directional bus 
driver is provided to buffer the Am90BOA/BOBOA data bus 
from Memory and I/O devices. The Am90BOA data bus has 
an input requirement of *3.0 volts (min) and can drive (sink) 
a current of at least 3.2mA. The AmB22B • AmB23B data bus 
driver matches these input requirements and provides enhanced 
noise immunity. The output drive is set for lamA typical for 
Memory and I/O devices. 

The Bi-Directional Bus Drive is controlled by signals from the 
Gating Array for proper bus' flow and the outputs can be 
forced to high impedance state (three-state) for DMA activities. 

Status Latch: The AmB22B • AmB23B stores the status infor· 
mation in the Status Latch when the STSTB input goes 
"LOW". The output of the Status Latch is connected to the 
Gating Array and is part of the Control Signal generation. 

Gating Array: The Gating Array generates control signals 
(MEM R, MEM W, I/O R, I/O Wand INTA) by gating the 
outputs of the Status Latch Am90BOA signals; Le., DBIN, WE, 
and HLDA 

"'The 8080A has an input requirement of 3.3V and can drive a maxi
mum current of 1.9mA. 

+12V j '0kl' 
±10% 

AM8228 
AM8238 I 

INTA 23 

lIC-633 

INTA Ifor RST 7) 

tRE S, S2 

Enable BOBO bus, HIGH-Z to logic "0" Closed Open 
Enable BOBO bus, HIGH-Z to logic "1" Open Closed 
Disable BOBO bus, logic "0" to HIGH-Z Closed Open 
Disable BOBO bus, logic "1" to HIGH-Z Open Closed 

The "read" control signals (MEM R, I/O Rand INTA) are 
derived by combinational logic from Status Bit and the DBIN 
input. 

The "write" control signals (MEM W, I/O W) are similarly 
derived from the Status Bits and the WR input. , 
All Control Si.gnals are "active LOW" and directly interface 
RAM, ROM and I/O components. 

The INTA control signal is normally used to gate the "inter
rupt instruction port" onto the bus. It also provides a special 
feature in the AmB22B • Am8238. If only one basic vector is 
needed in the interrupt structure, the Am8228. AmB23B can 
automatically insert a RST 7 instruction onto the bus. To use 
this option, connect the I NTA output of the Am8228 • 
Am8238 (pin 23) to the +12 volt supply through a series 
resistor (1 k ohms). The voltage is sensed internally by the 
Am822B • Am823B and logic is "set-up" so that when the 
DBIN input is active, a RST 7 instruction is gated on to the 
bus when an interrupt is acknowledged. • 

When using a multiple byte instruction as an Interrupt Instruc· 
tion, the Am8228. Am8238 will generate an INTA pulse for 
each of the instruction bytes. 

The BUSEN (Bus Enable) input of the Gating Array is an 
asynchronous input that forces the data bus output buffers 
and control signal buffers into their high-impedance state if 
it is a "HIGH". If BUSEN is a "LOW", normal operation of 
the data buffer and control signals take place. This facilitates 
CPU independent bus operations such as direct memory access. 
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DEFINITION OF FUNCTIONAL TERMS 

07-0 0 
DB7-DBO 
I/OR 

I/OW 
MEMR 
MEMW 
DBIN 

INTA 

HLDA 

Data bus to·from Am9080A/8080A 
Data bus to·from user system 

Input/output read strobe output active LOW 
Input/output write strobe output active LOW 
Memory read strobe, output, active LOW 

Memory write strobe, output, active LOW 
Data bus input strobe, input active HIGH 
Interrupt acknowledge strobe, input, active 
LOW 
Hold input from Am9080A/8080A active 
HIGH 

Write input strobe, active HIGH 

BUS ENABLE INPUT, input, 3·state output 
control, active LOW for 3·state out 
Status Strobe, input, strobes status on data 
bus into status latch, active LOW 

Metallization and Pad Layout 

r------28 Vee 
S1STB 
HLDA 

WR 

----..., r;==== 27 I/OW I 26 MEMW 
25 ilOR 

D7 

DB3 9 

D3 10 

08 2 11 

24 MEMR 

23 iN'fA 

22 BUSEN 
21 06 

20 DBe 

19 05 

18 DBs 

17 0, 

16 DB, 

°2 12 ====~J L_~===15 DO DBO 13 14 GNO 

DIESIZE0.110" XO,136" 

Signal 

DO 

0, 

DBO 

DB, 

DBS 

DB6 

STSTB 

DBIN 

WR 

HLDA 

MEM R 

MEMW 

IIOR 

lOW 

BUSEN 

INTA 

GND 

Vee 

STATUS WORD CHART 

TYPE OF MACHINE CYCLE 

Data Bus Status Instruction Memory Memory Stack Stack Input Output Interrupt 
Bit Information Fetch Read Write Read Write Read Write Acknowledge 

CD ® ® ® ® ® CD ® 
Do INTA 0 0 0 0 0 0 0 1 
D, WO 1 1 0 1 0 1 0 1 

02 STACK 0 0 0 1 1 0 0 0 

D3 HLTA 0 0 0 0 0 0 0 0 
D, OUT 0 0 0 0 0 0 1 0 
D5 M, 1 0 0 0 0 0 0 1 

D6 INP 0 0 0 0 0 1 0 0 
D7 MEM R 1 1 0 1 0 0 0 0 

I 
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Am8228 • Am8238 

LOADING RULES 

Output Output 
Pin No. Input Load 

15 250!,A 

17 250!,A 

12 750!,A 

10 250!,A 

6 250!,A 

19 250!,A 

21 750!,A 

8 250!,A 

13 250!,A 

16 250!,A 

11 250!,A 

9 250!,A 

5 250!,A 

18 250!,A 

20 250!,A 

250!,A 

500!,A 

4 250!,A 

3 250!,A 

2 250..,A 

24 
, 26 

25 

27 

22 250!,A 

23 

14 

28 

Interrupt 
Halt Acknowtedge 

Acknowtedge While Halt 

® @ 
0 1 

1 1 
0 0 

1 1 

0 0 
0 1 

0 0 
1 0 

Sink Source 
2mA -10!'A 

2mA -10!'A 

2mA -10!'A 

2mA -10!'A 

2mA' 10!,A 

2mA -10!'A 

2mA -10!'A 

2mA -10!'A 

10mA -lmA 

10mA -lmA 

10mA -lrnA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

10mA -lmA 

® STATUS 
WORD 

I L-I NTA 
NONE) 
NTA 

lOW 

( 

I 

I 
I 70R CONTROL 
MEM W SIGNALS 

MEM R 
MEMW 
MEM R 

MEM R 



8284A 
Clock Generator and Driver for 8086, 8088 Processors 

DISTINCTIVE CHARACTERISTICS 

• Generates the System Clock for the 8086, 8088 
Processors: 5MHz, 8MHz with 8284A 

• Uses a qrystal or a TTl signal for freqoency source 
• Provides local READY and Multibus' READY 

synchronization 
• Generates system reset output from Schmitt 

trigger input 
• Capable pi clock synchronization with other 8284As 

GENERAL DESCRIPTION 

The 8284A is a single chip clock generator/driver for the 
8086, 8088 processors. The chip contains a crystal
controlled oscillator, a divide-by-three coun!er, complete 
MULTIBUS' "Ready" synchronization and reset logic. 

LOGIC DIAGRAM 

RES 

"X, 
XTAl 

OSCILLATOR 
X. 

FIC 

EFI 
CSYNe 

RDY1 

AEN, 

,RDY. 

AEN. 

ASYNC 

CONNECTION DIAGRAM 
Top View 

CSYNC Vee 

PClK x, 

AEN1 X. 

RDY, ASYNC 

READY EFI 

RDY. FIC 

AEN. OSC 

ClK RES 

GND RESET 

Note: Pin 1 is marked for orientation. 

'Multibus is a registered trademark of Intel Corp. 

CKI 

FF, 

ABI·071 
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COUNT 

SYNC 

ICK 

OSC 

PClK 

ClK 

READY 
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ORDERING INFORMATION 

8284 Package Temperature 
Order Number Type Range 

08284 Hermetic DIP Oto+7O"C 
8284XC Dice Oto+7O"C 
M08284 Hermetic DIP' -55 to + 125°C 
8284XM Dice -'55 to + 125°C 
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DEFINITION OF FUNCTIONAL TERMS 

ASYNC 

READY 

FIe 

EFI 

ADDRESS ENABLE (Input) 
The AEN signal is used to qualify the Bus Ready 
signal (ROY1 or RDY2). AEN1 validates RDY1 
while AEN2 validates RDY2. It is possible for the 
processor to access two Multi-Master System 
Busses if you use both signals. Both signals are 
tied lOW in non Multi-Master Systems. 

BUS READY (Input) 
These signals are indications from a device lo
cated on the system bus that it is available or 
data has been received. RDY1 and RDY2 are 
qualified by AEN) and AEN2 respectively. 

READY SYNCHRONOUS SEleCT (Input) 
The ASYNC signal defines the synchronization 
mode of the READY logic. When ASYNC is open 
(internal pull-up resistor is provided) or pulled 
HIGH there is one stage of READY Synchroni
zation. When ASYNC is lOW there are two 
stages of READY Synchronization. 

READY (Input) 
READY is the synchronized RDY signal input. 
After the guaranteed hold time to the processor 
has been met, the READY signal is cleared. 

CRYSTAL IN (Inputs) 
These are the input pins for the attached crystal. 
The crystal frequency is 3 times the desired pro
cess clock frequency. 

FREQUENCY/:::C::;;RY::::S:::T;-:A7"lAS::;;El'"'E::::C=T (Input) 
When FIG is strapped HIGH, ClK is generated 
from the EFI input. When strapped lOW, the FIG 
allows tne processor clock to be generated by 
the crystal: . 

EXTERNAL FREQUENCY (Input) 
Used in conjunction with a HIGH signal on FIC, 
ClK is generated from the input frequency ap
pearing on this pin. The input signal is a square 
wave 3 times the frequency of the desired ClK 
output. 

ClK 

PClK 

OSC 

RESET 

CSYNC 
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PROCESSOR CLOCK (Output) 
ClK is the clock output used by the processor 
and all devices which directly connect to the pro
cessor's local bus (including bipolar support 
chips and other MaS devices). An output HIGH 
of 4.5V (Vee = 5V) is provided on this pin to 
drive MaS devices. The outputfrequency of ClK 
is 1/3 of the crystal on EFI input frequency and a 
1/3 duty cycle. 

PERIPHERAL CLOCK (Output) 
This signal is a TTL level peripheral clock signal 
whose output frequency is 1/2 that of ClK and 
has II 50% duty cycle. 

OSCilLATOR OUTPUT (Output) 
This signal is the TTL level output of the internal 
oscillator circuitry. Its frequency is equal to that 
of the crystal. 

RESET IN (Input) 
This signal is used to generate a RESET. The 
8284A provides a Schmitt trigger input so that an 
RC connection can be used to establish the 
power-up reset of proper duration. 

RESET (Output) 
This signal is used to reset the 8086 family 
processors. 

CLOCK SYNCHRONIZATION (Input) 
This signal is designed to allow multiple 8284As 
to be synchronized to provide clocks that are in 
phase. CSYNC HIGH will reset the internal 
counters, when CSYNC goes LOW the counters 
will resume counting. CSYNC needs to be exter
nally synchronized to EFI. When used with the 
internal oscillator, CSYNC should be hard wired 
to ground. 

III 



8284A 

FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode; series resonant crystal from which the 
operating frequency is derived. . 

The crystal frequency should be selected at three times the 
required CPU clock. Xl and X2 are the two crystal input crystal 
connections. The output of the oscillator is buffered and brought 
out on OSC so that other system timing signals can be derived 
from this stable, crystal-controlled source. 

Two 5100 series resistors are optional for systems which have a 
Vcc ramp time greater than (or equal to) lV/ms and/or inherent 
board capacitance between Xl or X2 exceeding 10pF. This 
capaCitance value should not include the 8284A's pin capaci
tance. By limiting the stray capacitance to less than 10pF 
on Xl or X2 the deviation from the desired fundamental fre
quency is minimized. 

CLOCK GENERATOR 

The clock generator consists of a synchronous divide-by-three 
counter with a speCial clear input that inhibits the counting. This 
clear input (CSYNC) allows the. output clock to be synchronized 
with an external event (such as another 8284A clock). It is 
necessary to synchronize the CSYNC input to the EFI cl,ock 
external to the 8284A (see Figure 1). This is accomplished with 
two Schottky flip-flops. The counter outputis a 33% duty cycle 
clock at one-third the input frequency. ' 

The F/C input is a strapping pin that selects either the EFI input 
or the crystal oscillator as the clock for the + 3 counter, If the EFI 
input is selected as the clock source, the oscillator section can 
be used independently for another clock source. Output is taken 
fromOSC. 

CLOCK OUTPUTS 

The ClK output is a 33% duty cycle MOS clock driver designed 
to drive the 8086 or 8088 processors directly. PClK is a TTL 
level peripheral clock signal whose output frequency is 1/2 that 
of ClK. PClK has a 50% duty cycle. 

RESET LOGIC 

Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing f1ip-fiop to generate the reset timing. 

The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset by 
\Jtilizing this function Of the 8284A. 

READY SYNCHRONIZATION 

Two READY inputs (RDY1, RDY2) are provided to accommo
date two Multi-Master system busses. Each input has a qualifier 
(AENl and AEN2, respectively). The AEN signals validate their 
respective ROY signals, If a Multi-Master system is not being 
used the AEN pin should be tied lOW, 

To aSsure ROY setup and hold times are met, synchronization is 
required for all asynchronous active going edges of either ROY 
inp'ut. Inactive-going edges of ROY in normally ready systems, 
do not require synchronization but must satisfy ROY setup and 
hold as a matter of proper system design. 

The two modes of READY synchronization operation are 
defined by the ASYNC input. 

When ASYNC is lOW, two stages of synchronization are 
provided for active READY input signals. Positive-going 
asynchronous READY inputs will first be synchronized to flip
flop one at the rising edge of ClK and then synchronized to 
flip-flop two at the next falling edge of ClK, after which time the 
READY output will go active (HIGH). Negative-going asyn
chronous READY inputs will be synchronized directly to flip-flop 
two at the falling edge of ClK, after which time the READY out-, 
put will go inactive. This mode of operation is intended for use by 
asynchronous (normally not ready) devices in the system which 
cannot be guaranteed by deSign to meet the required ROY setup I 

timing tR1VCL: on each bus cycle. 

When ASYNC is high or left open, the first READY flip-flop is 
bypasSed in ihe READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of ClK 
before they are presented to the processor. This mode is availa
ble for synchronous devices that can be guaranteed to meet the 
required ROY setup time. 

ASYNC can be changed on every bus cycle to select 
the appropriate mode of synchronization for each device In 
the system. 

Figure 1. CSYNC Synchronization 

r-----------------------------;ER 

8284A 

CLOCK "
SYNCHRONIZE ,>---+-------I-f 0 

ER... ~ >! 
L-._---' 

Q -r- D 

"- >1 Q ..... '""" CSYNC 

'-- (TDDTHER8284Aol 

ABI-072 
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8284A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Temperature Under Bias o to 70"C 

Storage Temperature -65 to +150°C 

All Output and Supply Voltages -0.5 to +7V 

All Input Voltages -1.0 to +5.5V 

Power Dissipation 1W 

DC CHARACTERISTICS (TA = 0 to 70°C, VCC = 5V ± 10%) 

Parameters Description Test Conditions Min Max Units 

Forward Input Current (ASYNC) VF = 0.45V -1.3 
IF rnA 

Other Inputs VF = 0.45V -0.5 

Reverse Input Current (ASYNC) VR = Vee 50 
IR 

Other Inputs VR = 5.25V 50 
p.A 

Ve Input Forward Clamp Voltage Ie = -SmA -1.0 V 

Icc Power Supply Current 162 rnA 

VIL Input lOW Voltage 0.8 V 

VIH Input HIGH Voltage 2.0 V 

VIHR Reset Input HIGH Voltage 2.6 V 

VOL Output lOW Voltage SmA 0.45 V 

Output HIGH Voltage ClK -lrnA 4 2.5 
VOH V 

Other Outputs -lrnA 2.4 

VIHR-VILR RES Input Hysteresis 0.25 V 
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8284A 
SWITCHING CHARACTERISTICS (TA = 0 to 70°C, Vee = 5V ± 10%) 

Parameter Description Test Conditions Min Max Units 

TIMING REQUIREMENTS 

tEHEL - External Frequency HIGH Time 90%-90%VIN 13 "s 

tELEH External Frequency lOW Time 10%-10%VIN 13 
. 

ns 

tELEL EFt-Period (Note 1) 33 ns 

XTAl Frequency 12 25 MHz 

tRlvCL RDY1, RDY2 Active Setup to CLK ASYNC= HIGH 35 ns 

tRtvCH RDY1, RDY2 Active Setup to ClK ASYNC = lOW 35 ns 

tR1VCL RDY1, RDY2 Inactive Setup to ClK 35 ns 

tCLR1X RDY1, RDY2 Hold to ClK 0 ns 

tAYVCL ASYNC Setup to elK 50 ns 

tCLAYX ASYNC Hold to CLK 0 ns 

tA1VRtv AEN1, AEN2 Setup to RDY1, RDY2 15 ns 

tCLA1X AEN1, AEN2 Hold to ClK 0 ns 

tYHEH CSYNC Setup to EFt- 20 ns 

tEHYL CSYNC Hold to EFI 10 ns 

tYHYL CSYNCWidth 2·tELEL ns 

tllHCL RES Setup to ClK (Note 1) 65 ns 

tCLllH RES Hold to ClK (Note 1) 20 ns 

tlLIH Input Rise Time From 0.8 to 2.0V 20 ns 

tlLIL Input Fall Time From 2.0 to 0.8V 12 ns 

TIMING RESPONSES 

tCLCL ClK Cycle Period 125 ns 

tCHCL CLK HIGH Time (1/3 tCLcLl + 2 ns 

tCLCH ClKlOWTime (213 tCLcLl - 15 ns 

tCH1CH2 
ClK Rise or Fall Time 1.0Vt03.5V 10 ns 

tCL2Cl1 

tpHPL PClK HIGH Time tCLCL - 20 ns 

tPLPH PClK LOW Time tCLCL - 20 ns 

tRYLCL Ready Inactive to ClK (See Note 3) -8 ns 

tRYHCH Ready Active to ClK (See Note 2) (213 tCLCL) - 15 'ns 

tCLIL .ClK to R.eset Delay 40 ns 

tCLPH ClK to PClK HIGH Delay 22 ns 

tCLPL ClK to PClK lOW Delay 22 ns 

tOLCH OSC to ClK HIGH Delay -5 22 ns 

tOLCL OSC to ClK lOW Delay 2 35 ns 

tOLOH Output Rise Time (except ClK) From 0.8 to 2.0V 20 ns 

tOHOL Output Fall Time (except ClK) From 2.0 to 0.8V 12 ns 

Notes: 1. Setup and hold necessary only to guarantee recognition at next clock. 
2. Applies only to T 3 and Tw states. 
3. Applies onlytoT2 states. 

AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING lOAD CIRCUIT AC TESTING lOAD CIRCUIT 
(ClK, READY) (PCLK, OSC, RESET) 

VL = 2.Ct8V 

.A =:>( .. _TESTPO'NTS_1.C RL = 325n DEVICE 

DEYtCE 
UNDER I} 0.45 TEST UNDER r--

ABHl73 TEST 

AC testing inplits are driven at 2.4V for a logic "I" IC
L 

and Q.45V for a logic "0". Timing measurements CL = l00pFforClK 
are made at 1.5V for both a logic "1" and "0". CL = 30pF for READY CL = 100pF 

ABI.()74 ABI'()75 
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_ vo 
EF1 

OSC 0 

eLK 0 

PeLK 0 

COYNe I 

RESET 0 

WAVEFORMS 
CLOCKS AND RESET SIGNALS 

---H'----tPHPL 

Note: All timing requirements are made at 1.5 volts, unless otherwise noted. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

elK 

RDY1,2 

-------:---'1 
tCl.R1X _-+-_-\ 

tCl.AIX 

tCLAYX -+--i 

READY 

tAYLCL 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

elK 

RDY1.2 

---------.Ji 
lcLRIX 

tcu.yX 

READY 
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82~4A 

CLOCK HIGH AND LOW TIME (USING X1. X2) CLOCK HIGH AND LOW TIM!; (USING EFI) 

Rl = R2 = 510G_ 

Rl = R2 = 510G_ 

Notes: 1_ CL = 100pF 
2_ CL = 30pF 

R, R2 

-:;-

ABI-D79 

READY TO CLOCK (USING X1. X2) 

Vee 

AEN1 CLK 

x, 

24MHz c::J 
READY 

X2 

RDY2 osc 
FIe 
AEN2 
CS~NC 

READY TO CLOCK (USING EFI) 

EFI CLK 

FIe 

AEN1 

RDYa 

AENa 

CSYNC READY 

-::-
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DISTINCTIVE CHARACTERISTICS 

• Bipolar drive capability 
• 3-state output drivers 
• Multi-master or 1/0 bus interface 
• Flexible system configurations 

{
SO 

STA~~~ S; ---1--1 

CONTROL I 
INPUT 

S2---I--I 

ClK ---1--1 
AEN ---1--1 
CEN ---1--1 
lOB ---1--1 

STATUS 
DECODER 

I 

I 
CONTROL 

lOGIC 

I 
+5V 

8288 
Bus Controller 

GENERAL DESCRIPTION 

The 8288 optimizes 8086 or 8088 operations by providing 
command and control timing generation when the CPU is in 
maximum mode. It provides for highly flexible configurations 
for larger systems. It also adds powerful bipolar drive capa
bility to the system. 

The 8288 is implemented in bipolar technology in a 
20-pin DIP. 

BLOCK DIAGRAM 

MRoC 
MWTC 

COMMAND 
AMWC MULTIBUSTIII 

SIGNAL iORc COMMAND 
GENERATOR lowe SIGNALS 

AIOWC 

iNi'A 

I 

M~ 1 CONTROL DEN ADDRESS LATCH, DATA 
SIGNAL TRANSCEIVER, AND 

GENERATOR MCE/PDEN INTERRUPT CONTROL 
ALE SIGNALS 

I 
GND 

ABI·Q83 

~---------------.-------------------.-----------------------------------~ 
CONNECTION DIAGRAM 

Top View 

IOB~PVCC 
elK C 2 19p So 

S; C 3 18 P 52 
DT/A [ 4 17 P MCE/PDEN 

ALE L 5 1SP DEN 
8288 

AENCS 15~CEN 

MRDe C 7 14 P INTA 

A'iiWC [ 8 13 P IORC 

MWTC [ 9 12 P AiOWC 

GND C 10 11 P lOwe 

Note: Pin 1 is marked for orientation. 

ABI-084 
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ORDERING INFORMATION 

8288 Package Temperature 
Order Number Type Range 

08288 Hermetic DIP Oto +70'C 
8288XC Dice Oto +70"C III 



8288 

DEFINITION OF FUNCTIONAL TERMS 
So. 51. 52 STATUS (Input) 

These signals are the status. input pins from the 
microprocessor. The 8288 (jecodes these inputs 
to generate command and control signals. 

ClK . CLOCK (Input) 
Clock signal from the clock generator. 

ALE ADDRESS lATCH ENABLE (Output) 
This signal strobes an address into the address 
latches. The latching occurs on the falling edge 
(HIGH to LOW) transition. 

DEN DATA ENABLE (Output) 
This signal enables the data transceivers onto the 
data bus (local or system). 

DT/A DATA TRANSMIT/RECEIVE (Output) 
This signal determines the direction of data flow 
through the transceivers. 

AEN ADDRESS ENABLE (Input) 
This signal enables the 8288 command outputs at 
least 115ns after it becomes active LOW. When 
this pin goes inactive, it 3-states the command 
output drivers. 

CEN COMMAND ENABLE (Input) 
This signal, when LOW, enables all command out
puts and the DEN and PDEN control outputs are 
forced to their inactive states. 

lOB INPUT/OUTPUT BUS MODE (Input) 
Whim strapped HIGH the 8288 functions in th'e I/O 
Bus mode. When LOW the 8288 functions in the 
System Bus mode. 

AIOWC ADVANCED I/O WRITE COMMAND (Output) 
The AIOWC gives I/O devices early indication of a 
write instruction by issuing an I/O "'Irite Command 
earlier in the machine cycle. 

.flO WRITE (Output) 
This signal tells an I/O device. to read the data on 
the data bus. 

I/O READ (Output) 
This signal tells an I/O device to drive its data onto 
the data bus. 

ADVANCED MEMORY WRITE (Output) 
The AMWC gives memory devices an early indi
cation of a write instruction by issuing a memory 
write comm·and earlier in the machine cycle. 

MEMORY WRITE (Output) 
This signal instructs the memory to record the data 
present on the data bus. 

MEMORY READ (Output) 
This signal instructs the memory to drive its data 
onto the data bus. 

INTA INTERRUPT ACKNOWLEDGE (Output) 
This signal informs the interrupting device that its 
interrupt has been acknowledged and to drive 
vectoring information onto the data bus. 

MCE/PDEN MASTER CASCADE ENABLE/ 
PERIPHERAL DATA ENABLE (Output) 
Dual Function pin: 

11-48 

MCE (lOB LOW): This signal occurs during an 
interrupt sequence. Its function is to read a Cas
cade Address from a master Priority Interrupt 
Controller onto the data bus. 
PDEN (lOB HIGH): This signal enables the data 
bus transceiver for the I/O Bus during I/O instruc
tions. It performs the same function for the I/O Bus 
that DEN performs for the system bus. 



FUNCTIONAL DESCRIPTION 
COMMAND AND CONTROL LOGIC 

The command logic decodes the three CPU status lines (80, 81, 
82) to determine what command is to be issued. 

This chart shows the meaning of each status "word." 

8288 
82 "81 So Processor State Command 

0 0 0 Interrupt Acknowledge INTA 

0 0 1 Read I/O Port 10RC 

0 1 0 Write I/O Port IOWC,AIOWC 

0 1 1 Halt None 

1 0 0 Code Access MRDC 

1 0 1 Read Memory MRDC 

1 1 0 Write Memory MWTC,AMWC 

1 1 1 Passive None 

I/O BUS MODE 

The B2BB is put into the I/O Bus mode by strapping the lOB pin 
HIGH. This mode allows one B2BB Bus Controller to handle two 
external buses. This allows the CPU to access the I/O Bus with 
no waiting involved. In the I/O Bus Mode all I/O command lines 
(INTA, 10RC, 10WC, AIOWC) are always enabled. When the 
processor initiates an I/O Command, the B2BB immediately acti
vates the command lines using PDEN and DT/R to control the 
I/O bus transceiver. There is no arbitration present in this sys
tem, so the I/O command lines should not be used to control the 
system bus. Normal memory access requires a "Bus Ready" 
signal (AEN LOW) before it will proceed. The lOB mode is re
commended if I/O or peripherals dedicated to one processor 
exist in a multiprocessor based system. 

SYSTEM BUS MODE 

The B2BB is put into the System Bus mode by strapping the lOB 
pin LOW. This mode is used when only one bus exists. No 
command is issued until 115ns after the AEN line is activated. 
Bus arbitration is assumed, and this logic will inform the bus 

controller via the AEl'iIline when the bus is free for use. Both I/O 
commands and memory wait for bus arbitration. 

COMMAND OUTPUTS 

To prevent the processor from entering unnecessary wait states, 
the advanced write commands initiate write procedures early in 
the machine cycle. 

The command outputs are: 

- Memory Read Command 
Memory Write Command 
I/O Read Command 
I/O Write Command 
Advanced Memory Write Command 
Advanced I/O Write Command 
Interrupt Acknowledge 

8288 

INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should place 
vectoring information onto the data bus. 

CONTROL OUTPUTS 

The Data Enable (DEN), Data Transmit/Receive (DTiR) and 
Master Cascade Enable/Peripheral Data Enable (MCE/PDEN) 
are the control outputs of the B2BB. The DEN signal determines 
when the external bus should be enabled onto the local bus while 
the DT/R 'determines the direction of the data transfer. These 
two signals usually go to the Chip select and direction pins of a 
transceiver. 

The MCE/PDEN function is determined by the lOB selection. 
When lOB is HIGH the PDEN serves as a dedicated data enable 
signal for the I/O or Peripheral System Bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowledge cycle if 
the B2B8 is in the System Bus mode (lOB LOW). An interrupt 
sequence consists of two interrupt acknowledge cycles occur
ring back to back. No data or address transfers take place during 
the first cycle. Logic should be provided to mask off MCE during 
this cycle. Just before the second cycle begins the MCE signal 
gates a master Priority Interrupt Controller's (PIC) cascade ad
dress onto the processor's local bus where ALE (Address Latch 
Enable) strobes it into the address latches. On the leading edge 
of the second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by the 
processor. 

The MCE signal is not used if the system only contains one PIC. 
If this is the case the second Interrupt Acknowledge signal gates 
the interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine cycle 
and. serves to strobe the current address into the address 
latches. ALE also serves to strobe the status (80, 81, 82) into a 
latch for halt state decoding. 

COMMAND ENABLE 

The Command Enable (CEN) input acts as a command qualifier 
for the B2BB. If the CEN pin is HIGH the B2BB functions normally. 
If the CEN pin is pulled LOW, all command lines are held in 
their inactive state (not 3-state). This feattlre can be used to 
implement memory partitioning and to eliminate address con
flicts between system bus devices and resident bus devices. 
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.8288 
MAXIMUM RATINGS~ 
Temperature Under Bias Oto 70"C 

Storage Temperature -6S to +lSO"C 

All Output and Supply Voltages -O.S to +7.0V 

All Input Voltages -1.0 to +S.SV 

Power Dissipation 1.SW 

·Stresses above those listed under "Maxim4m Ratings" may cause permanent damage to the device. This is a stress r,ating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to maximum rating conditions fOr extended periods may affect device reliability. 

DC CHARACTERISTICS (Vcc = SV ± 10%, TA = 0 to 70"C) 

Parameter Description Test Conditions Min Max Units 

Ve Input Clamp Voltage Ie = -SmA -1 V 

IcC Power Supply Current 230 rnA 

IF Forward' Input Current VF = 0.4SV -0.7 rnA 

IR Reverse Input Current VR = Vee SO p.A 

Output Low Voltage 

VOL Command Outputs IOl = 32mA O.S V 

Control Outputs IOl= 16mA O.S V 

Output High Voltage 

VOH Command Outputs IOH = -SmA 2.4 V 

Control Outputs IOH = -1rnA 2.4 V 

Vil Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

IOFF Three-State Leakage VOFF = 0.4 to S.2SV 100 p.A 
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AC CHARACTERISTICS (Vcc = 5V ± 10%, TA = 0 to 70'C) 

Parameters Description Test Conditions 

TIMING REQUIREMENTS 

TClCl ClK Cycle Period 

TClCH ClK low TIme 

TCHCl ClK High Time 

TSVCH Status Active Setup Time 

TCHSV Status Active Hold Time 

TSHCl Status Inactive Setup Time 

TClSH Status Inactive Hold Time 

TIL1H Input Rise Time From O.SV to 2.0V 

TIHll Input Fall Time From 2.0V to O.SV 

TIMING RESPONSES 

TCVNV 

TCVNX 

TCllH, 
TClMCH 

TSVlH, 
TSVMCH 

TCHlL 

TCLML 

TClMH 

TCHDTL 

TCHDTH 

TAElCH 

TAEHCl 

TAElCV 

TAEVNV 

TCEVNV 

TCELRH 

TOLOH 

TOHOL 

Control Active Delay 

Control Inactive Delay 

ALE MCE Active Delay (from ClK) 

ALE MCE Active Delay (from Status) 

ALE Inactive Delay MRDC 

Command Active Delay lORe 
Command Inactive Delay MWTC 

IOL = 32mA 
Direction Control Active Delay IOWC IOH = -5mA 

Direction Control Inactive Delay INTA 
CL = 300pF 

Command Enable Time AMWC 
Command Disable Time AIOWC 

Enable Delay Time 

I AEN to DEN IOL = 16mA 
Other IOH = -1.DmA 

CEN to DEN, PDEN CL = SDpF. 

CEN to Command 

Output Rise Time From D.SV to 2.DV 

Output Fall Time From 2.DV to D.SV 

AC TESTING INPUT, OUTPUT WAVEFORM 

Input/Output 

'.4 =:>(.S-TESTPOINTS_'.C 
0.45 

Min Max 

100 

50 

30 

35 

10 

35 

10 

20 

12 

5.0 45 

10 45 

20 

20 

4.0 15 

10 35 

10 35 

50 

30 

4D 

4D 

115 20D 

2D 

25 

TCLML 

2D 

12 

AC Testing: Inputs are driven at 2.4V for a logic "1" and D.45V for a logic "D." The clock is driven at 4.3V and D.25V. 
Timing measurements are made at 1.5V for both a logic "1" and "D." 

TEST LOAD CIRCUITS 

8288 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

3·State to High Command Output Test Load Control Output Test Load 
1.5V 

lBOll 
OUT~ 

I300PF 

ABI·086 

2.14V 

I.,.m 
OUT~ 

I 300PF 

11-51 

ABI-087 

2.28V 

T'40 
OUT~ 

I BOpF 

ABI·088 



8288 

WAVEFORMS 

STATE _T. T, T, T, T._ 

n -TCLCLR 
-TCLCH-n 

~ f\ 
--1 ~ ~ ~ 

CLK 

TCHSV - I- - TSVCHI-- TCHCL- _ ~f:~TSHCL I--TCLSH 

1\ J s"s"SO 

ADDRESS/DATA 
"--

ADDR X ~:i!EVALIO CD VALID 

TCLLH-

Y -= TSVLT TCHLL 

~V 
J 

ALE 

- I--TCLMH 

V 
J 

- -TCLML - -TCLML 

V 
\ J 

- f-"-TCVNV 

It , 
~ 

TCVNX- f-"-, II 
1\ J 

TCVNV- -
DEN (WRITE) 

V \ 
J 1\ 

- !--TCVNX 

PDEN (WRITE) If 
1\ 

TCHDTH_ l-
f \ It 

- I- TCHDTL 

MCE If }l@ ,'\ TCHDTH- -
TCLMCH- F -TSVMCH FTCVNX 

ABI·089 

'Notes: 1, Address/data bus is shown only for reference purposes. 
2. leading edge of ALE and MCE is determined by the falling edge of ClK or status going active, whichever occurs las!. 
3. All liming measurements are made at 1.5V unless specified otherwise. 
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8288 

WAVEFORMS (Cont.) 

DEN, PDEN QUALIFICATION TIMING 

CEN 
, 
I\. 

If 
JI\ 

!--TAEVNV-

'I{ " 11\ 
DEN 

-TCEVNV-, 
I 

ABI-090 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

TAELCH 

CO~~ --------------------------~ III 
CEN 

Note: CEN must be low or valid prior to T 2 to prevent the command from being generated. ABI-091 
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MEMORIES, PROMs, BIPOLAR RAMS, MOS STATIC RAMs 
PALs, 20·PIN AND 24·PIN PALs, 
MOS PERIPHERALS, MOS LSI PERIPHERALS 
ANALOG VERY HIGH SPEED DATA ACQUISITION 



PALs,~PROMs, 
MO$ and Bipolar RAMs, 

, MOS Peripherals, 
An,alog and Data Acquisition 
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Bipolar PROM 
Functional Index and Selection Guide 

Access Time IcC 
Part COM'L/MIL COM'L/MIL Number 

Number Organization Max Max Output of Pins Packages Comments 

Am27L8181 32 x 8 50/65 80/80 OC 16 D, P, F, L 

Am27L8191 
Low power 

32 x 8 50/65 80/80 38 16 D,P,F,L 

Am27818 32 x 8 40/50 115/115 OC 16 D, P, F, L 

Am27818A 32 x 8 25/35 115/115 OC 1q D, P, F, L 

Am27819 32 x 8 40/50 115/115 3S 16 D, P, F, L 

Am27819A 32 x 8 25/35 115/115 38 16 D, P, F, L 

Am27S20 256 x 4 45/60 130/130 OC 16 D,P,F,L 

Am27S20A 256 x 4 30/40 130/130 OC 16 0, P,F,L 

Am27S21 256 x 4 45/60 130/130 3S 16 D, P, F, L 

Am27S21A 256 x 4 30/40 130/130 3S 16 D, P, F, L 

Am27S12 512 x 4 50/60 130/130 OC 16 D, P, F, L 

Am27S12A 512 x 4 30/40 130/130 OC 16 D, P, F, L 

Am27S13 512 x 4 50/60 130/130 38 16 D, P, F, L 

Am27S13A 512 x 4 30/40 130/130 3S 16 D, P, F, L 

Am27S15 512 x 8 60/90 175/185 3S 24 D, P, F, L 

Am27S25 512 x 8 N.A.2/N.A.2 185/185 3S 24 D,P,F,L Output registers, 
THINDIP Pkg3 

Am27S25A 512 x 8 N.A.4/N.A.4 185/185 3S 24 D, P, F, L 
Output registers, 
THINDIP Pkg3 

Am27S27 512 x 8 N.A.2/N.A.2 185/185 3S 22 0, P, L Output registers 

Am27S28 512 x 8 55/70 160/160 OC 20 D, P, L 

Am27S28A 512 x 8 35/45 160/160 OC 20 D,P,L 

Am27S29 512 x a 55/70 160/160 3S 20 0, P, L 

Am27S29A 512 x 8 35/45 160/160 3S 20 D, P, L 

Am27S30 512 x 8 55/70 175/175 OC 24 D, P,F, L 

Am27S30A 512 x 8 35/45 175/175 OC 24 D, P, F, L 

Am27S31 512 x 8 55/70 175/175 3S 24 D, P, F, L 

Am27S31A 512 x 8 35/45 175/175 3S 24 D, P, F, L 

Am27S32 1024 x 4 55/70 140/145 OC 18 D,P,F,L 

Am27S32A 1024 x 4 35/45 140/145 OC 18 D,P,F,L Ultra fast 

Am27S33 1024 x 4 55/70 140/145 3S 18 D, P, F, L 

Am27833A 1024 x 4 35/45 140/145 3S 18 D, P,F,L Ultra fast 

Am27S35 1024 x 8 N.A.2/N.A.2 185 3S 
Output registers, 

24 D, P,F,L asynchronous initialize, 
THINDIP Pkg3 

N.A.4/N.A.4 
Ultra fast, output 

Am27S35A 1024 x 8 185 3S 24 D,P,F,L registers, asynchronous 
initialize, THINDIP Pkg3 

Output registers, 
Am27S37 1024 x 8 N.A.2/N.A.2 185 3S . 24 D, P, F, L synchronous initialize, 

THIN DIP Pkg3 
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BIPOLAR PROM (Cont.) 

Part 
Number 

Am27S37A 

Am27S180 

Am27S180A 

Am27S181 

Am27S181A 

Am27PS181 

Am27PS181A 

Am27S280 

Am27S280A 

Am27S281 

Am27S281A 

Am27PS281 

Am27PS281A 

Am27S184 

Am27S184A 

Am27S185 

Am27S185A 

Am27L,S184 

Am27LS185 

Am27PS185 

Am27S190 

Am27S190A 

Am27S191 

Am27S191A 

Am27PS191 

Am27PS191A 

Am27S290 

Am27S290A 

Am27S291 

Am27S291A 

Am27PS291 

Am27PS291A 

Am27S40 

Am27S40A 

Am27S41 

Am27S41A 

Am27PS41 

"Access Time 
COM'L/MIL 

Organization Max 

1024 x 8 N.A.4/N.A.4 
, 

1024 x 8 60/80 

1024 x 8 35/50 

1024 x 8 60/80 

1024 x 8 35/50 

1024 x 8 

1024 x 8 

1024 x 8 60/80 

1024 x 8 35/50 

1024 x 8 60/80 

1024 x 8 35/50 

1024 x 8 

1024 x 8 

2048.x4 50/55 

2048 x 4 35/45 

2048 x 4 50/55 

2048 x 4 35/45 

2048 x 4 60/65 

2048 x 4 60/65 

2048 x 4 60/65 

2048 x 8 50/65 

2048 x 8 35/50 

2048 x 8 50/65 

2048 x 8 35/50 

2048 x 8 65/75 

2048 x 8 50/65 

2048 x 8 50/65 

2048 x 8 35/50 

2048 x 8 50/65 -
2048 x 8 35/50 

2048 x 8 65/75 

2048 x 8 50/65 

4096 x 4 50/65 

4096 x 4 35/50 

4096 x 4 50/65 

4096 x 4 35/50 

4096 x 4 50/65 

Number 
ICC 

COM'L/MIL 
Max Output of Pins Packages 

185 3S 24 D, P, F, L 

185/185 OC 24 D, P, F, L 

185/185 OC 24 D, P, F, L' 

185/185 3S 24 D,P,F,L 

185/185 3S 24 D, P, F, L 

3S 24 D, P, F, L 

3S 24 D, P, F, L 

185/185 OC 24 D; P, F, L 

185/185 OC 24 D, P, F, L 

185/185 3S 24 D,P, F,L 

185/185 3S 24 D,P,F,L 

3S 24 D, P, F, L 

, 
3S 24 D, P, F,L 

150/150 OC 18 D, P, F, L 

150/150 OC 18 D, P,F,L 

150/150 3S 18 D, P,F,L 

150/150 3S 18 D,P,F,L 

120/125 OC 18 D,P,F,L 

120/125 3S 18 D, P, F, L 

150/755 3S 18 D,P,F,L 

185/185 OC 24 D, P, F, L 

185/185 OC 24 D,P,F,L 

185/185 3S 24 D, P,.F, L 

185/185 3S 24 D, P, F, L 

185/805 3S 24 D, P, F, L 

185/805 3S 24 D,P,F,L 

185/185 OC 24 D, P, F, L 

185/185 OC 24 D, P,F,L 

185/185 3S 24 D,P,F,L 

185/185 3S 24 D, P, F, L 

,185/805 3S 24 D,P,F,L 

185/80'5 3S 24 D,P,F,L 

165/170 Op 20 D, P, L 

165/170 OC 20 D, P, L 

165/170 3S 20 D,P,L 

165/170 3S 20 D,P,L 

170/855 3S 20 D,P,L 

12-2 

Comments 

Ultra fast, output 
registers, synchronous 
initialize, THINDIP Pkg3 

Ultra fast 

Ultra fast 

Power switched 

Power switched 
--

THIN DIP Pkg3 

Ultra fast, THIN DIP Pkg3 

THINDIP Pkg3 

Ultra fast, THIN DIP Pkg3 

Power switched, 
THIN DIP Pkg3 

Ultra fast, power switched, 
THINDIP Pkg3 

Ultra fast 

Ultra fast 

Low power 

Low power 

Power switched 

Ultra fast 

Ultra fast 

Power switched 

Ultra fast, power switched 

THINDIP Pkg3 

Ultra fast, THINDIP Pkg3 

THIN DIP Pkg3 . 

Ultra fast, THINDIP Pkg3 

Power switched, 
THIN DIP Pkg3 

Ultra fast, power switched, 
THINDIP Pkg3, 

Ultra fast 

Ultra fast 

Power switched 



BIPOLAR PROM (Cont.) 
Ace_sTlma 
COM'L/MIL Part 

Number Organization Max 

Am27843 4096 x 8 N.A. 

Am27S43A 4096 x 8 N.A. 

Am27PS43 4096 x 8 N.A. 

Am27S45 2048 x 8 N.A.2 

Am27S45A 2048 x 8 N.A.4 

Am27847 2048 x 8 N.A.2 

Am27847A 2048 x 8 N.A.4 

Notes. 1. Replaces Am27LS08/09 

Icc 
COM'L/MIL 

Max 

185 

185 

N.A. 

185/185 

185/185 

185/185 

185/185 

Number 
Output of Pins Packages Comments 

38 24 D, P, F, L 

38 24 D,P, F, L Ultra fast 

38 24 D,P,F,L Power switched 

Output registers; 
38 24 D,P, L asynchronous initialize, 

THINDIP Pkg3 

Ultra fast, output registers, 
38 24 0, P, L asynchronous initialize, 

THINDIP Pkg3 

Output registers, 
38 24 D,P,L synchronous initialize, 

THINDIP Pkg3 

Ultra fast, output registers, 
38 24 D,P,L synchronous initialize, 

THINDIP Pkg3 

2. Contains built-in pipeline registers: nominal address to clock setup time = 35ns (typ), clock to output = 20ns (typ). 
3. 300-millaterai pin spacing. 
4. Contains bui~-in pipeline registers: nominal address to clock setup time = 25n5 (typ), clock to output = 15ns (typ). 
5. Icc are power up.and power down current nm~ respectively. 
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Bipolar Memory RAM 
Functional Indf!x and Selection Guide 

BIPOLAR Eel RAM 

Part 
Number 

Ani10415SA 

Am10415A 

Am10415 

Aml00415A 

Aml00415 

Aml0470SA 

AmlQ470A 

Aml0470 

Aml00470SA 

Aml00470A 

Aml00470 

Am10474A 

Aml0474 

Aml00474A 

Aml00474 

Access Time 
COMl/Mll 

Organization Max 

1024 x 1 15/20 

1024 xl 20/25 

1024 xl 35/40 

1024 x 1 15/-

1024 xl 20/-

4096 xl 15/20 
" 

4096 x 1 25/30 

4096 xl 35/40 

4096 xl 15/-

4096 x 1 25/-

4096 xl 35/-

1024 x 4 15/20 

1024 x 4 25/30 

1024 x4 15/-

1024 x 4 25/-

Note: 1. For flat package consult factory. 

BIPOLAR TTL RAM 

Part 
Number 

Am27S02A 

Am27S03A 

Am27S02 

Am27S03 

Am27LS02 

Am27LS03 

Am74/54S289 

Am74/54S189 

Am27S06A 

Am27S07A 

Am27S06 

Am27S07 

Am27LS06 

Am27LS07 

Am3101A 

Am3101-1 

Am3101 

Access Time 
COMl/Mll 

Organization Max 

16x 4 25/30 

16 x 4 25/30 

16 x 4 35/50 

16 x:4 35/50 

16 x 4 55/65 

16 x 4 55/65 

16 x 4 35/50 

16 x 4 35/50 

16 x 4 25/30 

16 x 4 25/30 

16 x 4 35/50 

16 x 4 35/50 

16 x4 55/65 

16 x 4 55/65 

16 x 4 35/50 

16 x 4 35/50 

16 x 4 50/60 

lEE 
COMl/Mll 

Max 

-150/-165 

-.150/-165 

-150/-165 

-150/-

-150/-

~230/-255 

-200/-220 

-200/-220 

-230/-

-195/-

-195/-

-230/-255 

-230/-220 

-230/-

-200/-

ICC 
COML/Mll 

Max 

100/105 

100/105 

105/105 

125/125 

35/38 

35/38 

105/105 

125/125 

100/105 

100/105 

100/105 

100/105 

35/38 

35/38 

100/105 

100/105 

100/105 

Chlp-Pak Isa trademark of Advanced MIcro DevIces, Inc. 12-4 

ECl Number 
Series of Pins 

10K 16 

10K 16 

10K 16 

lOOK 16 

lOOK 16 

10K 18 

10K 18 

10K 18 

lOOK 18 

lOOK 18 

lOOK 18 

10K 24 

10K 24 

lOOK 24 

lOOK 24 

Number 
Output of Pins 

OC 16 

3S 16 

OC 16 

3S 16 

OC 16 

3S 16 

OC 16 

3S 16 

OC 16 

3S 16 

OC 16 

3S 16 

OC 16 

3S 16 

OC 16 

OC 16 

OC 16 

Packages 

D,P,F,L 

D,P,F,L 

D,P, F,L 

D, P, F, L 

D,P,F,L 

D, Fl, L 

D, Fl, L 

D, Fl, L 

D, Fl, L 

D, F1, L 

D, Fl, L 

D,F,L 

D, F, L 

D, F, L 

D, F, L 

Packages 
(Note 1) 

D, P, F, L 

D, P,F,L 

D, P,F,L 

D, P, F,L 

D,P,F,L 

D, P, F,L 

D,P,F,L 

D,P,F,L 

D,P, F, L 

D, P,F, L 

D,P,F,L 

D,P,F,L 

D, P, F, L 

D,P, F, L 

D,P, F,L 

D,P, F,L 

D,P, F,L 

Comments 

--

Comments 

Ultra Fast 

Low Power 

Noninverting 
Outputs 

Noninverting 
Outputs, 
Low Power 

Write 
Transparen~ 



BIPOLAR TTL RAM (Cont.) 

Part 
Number 

Am31L01A 

Am31LOl 

Am74/5489-1 

Am74/5489 

Am27L800A 

Am27L801A 

Am27L800 

Am27L801 

Am27L800-1A 

Am27L80HA 

Am27L800-1 

Am27L801-1 

Am93415A 

Am93425A 

Am93415 

Am93425 

Am93412A 

Am93422A 

Am93412 

Am93422 

Am93L412A 

Am93L422A 

Am93l412 

Am93L422 

Access Time 
COM'L/MIL 

Organization Max 

16 x 4 55/65 

16 x 4 80/90 

16 x 4 35/50 

16 x 4 50/60 

256 xl 35/45 

256 xl 35/45 

256 xl 45/55 

256 xl 45/55 

256 x 1 35/45 

256 xl 35/45 

256 xl 45/55 

256 xl 45/55 

1024 xl 30/40 

1024 x 1 30/40 

1024 xl 45/65 

1024 xl 45/65 

256 x 4 35/45 

256 x 4 35/45 

256 x 4 45/60 

256 x 4 45/60 

256 x 4 45/55 

256 x 4 45/55 

256 x 4 60/75 

256 x 4 60/75 

ICC 
COM'L/MIL 

Max 

35/38 

35/38 

100/105 

100/105 

115/115 

115/115 

70/70 

70/70 

115/115 

115/115 

70/70 

70/70 

155/170 

155/170 

155/170 

155/170 

155/170 

155/170 

155/170 

155/170 

80/90 

80/90 

80/90 

80/90 

Number 
Output of Pins 

OC 16 

OC 16 

OC 16 

OC 16 

38 16 

OC 16 

38 16 

OC 16 

38 16 

OC 16 

38 16 

OC I 16 

OC 16 

38 16 

OC 16 

38 16 

OC 223 

38 223 

OC 223 

38 223 

OC 223 

38 223 

OC 223 

38 223 

Notes: 1. D = Hermetic DIP, P = Molded DIP, F = Cerpak, l = Chip-Pak'". 

Packages 
(Note 1) 

D, P, F, L 

D, P, F, L 

D,P,F,L 

D,P,F,L 

D, P, F, L 

D,P,F,L 

D, P, F, L 

D, P, F, L 

D, P, F, L 

D, P,F,L 

D,P, F,L 

D, P, F, L 

D,P,F,L 

D, P, F, L 

D, P, F, L 

D, P, F, L 

D, P,F,L 

D, P, F, L 

D, P,F,L 

D, P, F, L 

D, P,F,L 

D, P, F,L 

D,P,F,L 

D, P, F, L 

2. Complement of data in is available on the outputs in the write mode when both CS and WE are low. 
3. Cerpak (F) is 24 pin. 
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Comments 

Low Power, 
Write Transparent2 

Write Transparent2 

Ultra Fast 

Fast, Low Power 

Noninverting Outputs 

Ultra Fast 

Ultra Fast 

Low Power 



MOS Memory 
1 K STATIC RAMs Functional Index and Selection Guide 

Part 
Number Organization 

Am9101A 256 x4 
Am91L01A 256 x4 
Am9101 B 256x4 
Am91L01B 256x4 
Am9101C 256x4 
Am91L01C 256x4 
Am91010 256x4 
Am9111A 256 x4 
Am91L11A 256 x4 
Am9111B 256 x4 
Am91L11B 256x4 
Am9111C 256x4 
Am91L l1C 256x4 
Am9111D 256x4 
Am9112A 256x4 
Am91L12A 256x4 
Am9112B 256x4 
Am91L12B 256x4 

I Am9112C 256x4 
Am91L12C 256x4 
Am9112D 256x4 
Am9122-25 256x4 
Am9122-35 256x4 
Am91L22-35 256 x4 
Am91L22-45 256 x4 
Am91L22-60 256x4 

4K STATIC RAMs 
Am21L41-12 
Am21L41-15 
Am21L41-20 
Am21L41-25 
Am9044B 
Am90L44B 
Am9044C 
Am90L44C 
Am90440 
Am90L44D 
Am9044E 
Am90L44E 
Am9244B 
Am92L44B 
Am9244C 
Am92L44C 
Am9244D 
Am92L44D 
Am9244E 
Am92L44E 
Am9114B 
Am91L14B 
Am9114C 
Am91L14C 
Am9114E 
Am91L14E 
Am9124B 
Am91L24B 
Am9124C 
Am91L24C 

4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 xl 
4096 x 1 
4096 xl 
4096 xl 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 xl 
1024 x 4 
1024 x 4 
1024 x4 
1024 x4 
1024 x 4 
1024 x4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 

Access 
Time (ns) 

500 
500 
400 
400 
300 
300 
250 
500 
500 
400 
400 
300 
300 
250 
500 
500 
400 
400 
300 
300 
250 

25 
35 
35 
45 
60 

120 
150 
200 
250 
450 
450 
300 
300 
250 
250 
200 
200 
450 
450 
300 
300 
250 
250 
200 
200 
450 
450 
300 
300 
200 
200 
450 
450 
300 
300 

Power Dissipation (mW) 

Stan~by 

47 
38 
47 
38 
47 
38 
47 
47 
38 
47 
38 
47 
38 
47 
47 
38 
47 
38 
47 
38 
47 
-
--
-

-
-

25 
25 
25 
25 

150 
100 
150 
100 
150 
100 
150 
100 

150 
100 
150 
100 
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Active 

290 
173 
290 
173 
315 
189 
315 
290 
173 
290 
173 
315 
189 
315 
290 
173 
290 
173 
315 
189 
315 
660 
660 
440 
440 
248 

200 
200 
200 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 
350 
250 

Pins 

22 
22 
22 
22 
22 
22 
22 
18 
18 
18 
18 
18 
18 
18 
16 
16 
16 
16 
16 
16 
16 
22 
22 
22 
22 
22 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

! I Supply 
' Voltage (V) 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
,5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Temp I 
Range Package I 
C,M D,P 
C,M O,P 
C,M D.P 
C,M O,P 
C,M O. P 
C,M O,P 
C O,P 
C,M O,P 
C,M O. P 
C,M O,P 
C,M 0, P 
C.M O,P 
C,M O,P 
C O,P 
C.M O,p 
C,M O,P 
C,M O,P 
C,M O,P 
C,M O,P 
C,M O,P 
C O,P 
C D,P 
C,M n,p 
C n.p 
C,M D,P 
C O,P 

g~ 
C I ~:~ I 
C I D,P [ 
C,M I D,P I 

C,M I D.P I 
C,M I D,P , 
C,M I D,P I 
C M ID Pili' , I , 

C,M I' D,P 

C III D,P , 
C 0, P I, 

C,M D,P 
C,M D,P I 
C,M D,P I 
C.M D,P 11 

C,M D,P 
C,M D,P I 

C O,P I 

C D,P III C,M D,P,F 
c. M D, P, F 
C,M O,P,F I 

C, M D, P, F I 

e,M D,P I, 

C D.P 
C,M D, P,F I 

C,M D, P,F i 
C,M D, P,F ! 
C, M D,P, F J ., 



4K STATIC RAMs (Cont.) 

Part Access 
Power Dissipation (mW) Supply Temp. 

Number Organization Time (ns) Standby Active Pins Voltage (V) Range Package 

Am2147-35 4096 x 1 35 165 990 18 5 C ° Am2147-45 4096 xl 45 165 990 18 5 M D,L 
Am2147-55 4096 x 1 55 165 990 18 5 C,M D,L 
Am2147-70 4096 x 1 70 110 880 18 5 C,M 0, L 
Am21L47-45 4096 x 1 45 83 688 18 5 C ° Am21L47-55 4096 x 1 55 83 688 18 5 C ° Am2148-55 1024 x 4 55 165 990 18 5 C,M 0, L 
Am2148-70 1024x4 70 165 990 18 5 C,M D,L 
Am2149-55 1024x4 55 - 990 18 5 C,M D,L 
Am2149-70 1024x4 70 - 990 18 5 C,M D,L 

16K STATIC RAMs 

,Part Access 
Power Dissipation (mW) Supply Temp 

Number Organization Time (ns) Standby Active Pins Voltage (V) Range Package 

Am9128-10 2048x8 100 83 660 24 5 C D,P 
Am9128-15 2048x8 150 83 550 24 5 C,M D,P 
Am9128-20 2048x8 200 165 660 24 5 C,M D,P 
Am9128-70" 2048x8 70 165 .770 24 5 C D,P 
Am9167-45" 16384 x 1 45 165 660 20 5 C ° Am9167-55" 16384 x 1 55 165 660 20 5 C,M ° Am9168-45" 4096x4 45 165 660 20 5 C ° Am9168-55" 4096x4 55 165 660 20 5 C,M ° 

"Available In 1983. 

DYNAMIC RAMs 

Part Access 
Power Dissipation (mW) 

, Supply Temp 
Number Organization Time (ns) Standby Active Pins Voltage (V) Range Package 

Am9016C 16384 xl 300 20 420 16 +12 ±5 C,L P,D, L 
Am9016D 16384 xl 250 20 420 16 +12±5 C,L P,D, L 
Am9016E 16384 x 1 200 20 420 16 +12 ±5 C,L P,D,L 
Am9016F 16384 xl 150 20 420 16 +12 ±5 C P,D,L 

a 
12-7 



ROMs 

Part Access Time Temp Supply Operating Power 
Number Organization (ns) Range Voltage Pins Max(mW) Outputs 

8316E 2048x8 450 C,M +5 24 499 3-State 
Am9218B 2048x8 450 C,M +5 24 368 3-State 
Am9218C 2048x8 350 C +5 24 368 3-State 
Am9232B 4096x8 450 C,M +5 24 420 3-State 
Am9232C 4096x8 300 C +5 24 420 3-State 
Am9232D 4096x8 250 C +5 24 420 3-State 
Am9233B 4096x8 450 C,M +5 24 420 3-State 
Am9233C 4096x8 300 C +5 24 420 3-State 
Am9233D 4096x8 250 C +5 24 420 3-State 
Am9264B 8192 x8 450 C,M +5 24 440 3-State 
Am9264C 8192 x 8 300 C +5 24 440 I 3-State 
Am9264D 8192 x 8 250 C +5 24 440 3-State 
Am9265B 8192 x 8 450 C,M +5 28 440,1101 3-State 
Am9265C 8192 x 8 300 C +5 28 440,1101 3-State 
Am9265D 8192 x 8 250 C +5 28 440,1101 3-State 
Am92128B 16384 x 8 450 C,M +5 28 440,1371 3-State 
Am92128C 16384x8 300 C +5 28 440,1371 3-State 
Am92128D 16384x8 250 C +5 28 440,1371 3-State 
Am92256B 32768 x 8 450 C +5 28 660,1651 3-State 
Am92256C 32768 x 8 300 C +5 28 660,1651 3-State 
Am92256D 32768 x 8 250 C +5 28 660,1651 3-State 

Note: 1. Standby 
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AMD 20-Pin PAL* Family 
20·Pin 'MOXTtI Programmable Array logic Elements 

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

• Fast AMD PAls are high speed electrically programmable array 
- High speed "A" versions logic elements. They utilize the familiar sum-of-products 

(tpd = 25ns, ts = 20ns, leo =' 15ns, max) (AND-OR) structure allowing users to program custom logic 
- Standard speed versions functions to fit most applications precisely. 

(tpd = 35ns, ts = 30ns, tco = 25ns, max) Initially the AND gates are connected, via fuses, to both the 
• Flexible true and complement of every input. By selective program-

- User programmability allows customized designs ming of fuses the AND gates may be "connected" to only the 
- Eases design updates in prototype or product true input (by blowing the complement fuse), to only the 

• Low Cost complement input (by blowing the true fuse), or to neither 
- Reduces board space/chip count type of input (by blowing both fuses) establishing a logical 
- Reduces design time "don't care." When both the true and complement fuses are 
-. Reduces inventory cost left intact a logical false results on the output of the AND gate. 

• Reliable An AND gate with all fuses blown will assume the logical true 
- Proven Platinum-Silicide fuse technology state. The outputs of the AND gates are connected to fixed 
- FuUy AC and DC tested OR gates. The only limitations imposed are the number of 
- Preload of output registers allows full logical testing inputs to the AND gates (up to 16) and the number of AND 

gates per OR (up to 8). 

The part types in the AMD PAL family are differentiated by 
the allocation of registered (with internal feedback) and 
combinatorial (bi-directional and dedicated) outputs. All 
combinatorial AMD PALs are available in both active HIGH 
(AND-OR) and active LOW (AND-DR-INVERT) versions. 

AMD PAL FAMILY CHARACTERISTICS Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non-

All members of the AMD PAL family have common electrical conductive gaps that ensure very stable, long term reliability. 
characteristics and programming procedures. All parts in this Extensive operating testing has proven that this low-field, 
family are produced with a fusible link at each input to the large-gap technology offers the best reliability for fusible link 
AND gate array. Connections may be selectively removed by programmable logic. 
applying appropriate voltages to the Circuit. The AMD PAL family is manufactured using Advanced Micro 
All parts are fabricated with AM D's fast prog?amming, highly Devices' selective oxidation process, IMOX. This advanced 
reliable Platinum-Silicide Fuse technology. Utilizing an eas- process permits an increase in density and a decrease in 
ily implemented programming algorithm, these products can internal capacitance resulting in the fastest possible pro-
be rapidly programmed to any customized pattern. Extra grammable logic devices. 
test words are pre-programmed during manufacturing to The AMD PAL family also incorporates the unique capability 
insure extremely high field programming yields (>98%), and of preloading the output registers during testing to any de-
provide extra test paths to achieve excellent parametric sired value. Preload is invaluable when testing the logical 
correlation. functionality of a programmed AMD PAL. 

AMD PAL FAMILY TABLE 

tpd ts teo 
Part Array (MAX) (MAX) (MAX) 

Number Inputs Logic OE Outputs STD A STD A STD A 

AmPALI6R8 
(8) Dedicated 

(8) 8-Wide AND-OR Dedicated Registered Inverting - - 30 20 25 IS ns 
(8) Feedback 

--
(8) Dedicated (6) 8-Wide AND-OR Dedicated Registered Inverting 

AmPALt6R6 (6) Feedback 35 25 30 20 25 15 ns 
(2) Bidirectional (2) 7-Wide AND-OR-INVERT Programmable Bidirectional 

--
AmPALI6R4 

(8) Dedicated (4) 8-Wide AND-OR Dedicated Registered Inverting 
(4) Feedback 35 25 30 20 25 15 ns 
(4) Bidirectional (4) 7·Wide AND-OR-INVERT Programmable Bidirectional 

AmPALI6LB 
(10) Dedicated 

(8) 7-Wide AND-OR-INVERT Programmable 
(6) Bidirectional 

35 25 - - - - ns 
(6) Bldirectonal (2) Dedicated 

II 
--

(10) Dedicated (6) Bidirectional 
AmPAL16H8 

(6) Bidirectonal 
(8) 7-Wide AND-OR Programmable 

(2) Dedicated 
35 25 - - - - ns 

AmPA116LDB 
(10) Dedicated 

(8) 8-Wide AND-OR-INVERT - Dedicated 35 25 - - - - ns 
(6) Bidirectional 

AmPA116HD8 
(10) Dedicated 

(8) 8-Wide AND-OR - Dedicated 35 25 - - - - ns 
(6) Bidirectional 

'PAL IS a registered trademark of MonolithiC Memones, Inc. 
IMOX is a trademark 01 Advanced Micro Devices, Inc. 12-9 



AMD 20J Pln PAL Family 
MAXIMUM RATINGS (Abov~which the useful life may be impaired) 

Storage Temperature -65 to +15O"C 

Temperature (Ambient) Under Bias -55 to +125°C 

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous -0.5 to +7V 

DC Voltage Applied to Outputs (Except During Programming) -0.5V to +VCC max 

DC Voltage Applied to.Outputs During Programming 21V 

Output Current Into Outputs During Programming (Max Duration of 1 sec) 200mA 

DC Input Voltage -0.5 to +5.5V 

DC Input Current -30 to +5mA 

OPERATING RANGE 
Commercial Military 

Parameters Description Min Max Min Max Units 

Vcc; Supply Voltage 4.75 5.25 4.50 5.50 V 

TA 
Operating Free Air 

0 75 -55 'c 
Temperature 

Te 
Operating Case 

Temperature 
125 'c 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ 
Parameters Description Test Conditions Min (Note 1) Max Units 

Vee = MIN, IOH = -3.2mA COM·L 
VOH Output HIGH Voltage 2.4 3,5 Volts 

VlN = VIH or VIL IOH = -2mA MIL 

Output LOW Voltage Vee = MIN, IOL = 24mA COM'L 
VOL 0.50 Volts 

VIN = VIH or VIL IOL = 12mA MIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts 
(Note 2) voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 

O.B Volts 
(Note 2) voltage for all inputs 

IlL Input LOW Current Vee = MAX, VIN = O.40V -20 -250 /LA 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 25 /LA 

II Input HIGH Current Vee = MAX, VIN = 5.5V 1.0 mA 

Isc Output Short Circuit Current Vcc; = MAX, VOUT = 0.5V (Note 3) -30 -60 -90 mA 

16L8, 16HB, 16HDB, 16LDB 
110 155 

16L8A, 16HBA, 16HDBA, 16LDBA 
Icc; Power Supply Current Ail inputs = GND, Vee = MAX mA 

16RB, 16R6, 16R4 
120 lBO 

16RBA, 16R6A, 16R4A 

VI Input Clamp Voltege Vee = MIN, liN'" -lBmA -0.9 -1.2 Volts 

IOZH Output Leakage Current Vcc; = MAX, VIL = O.BV Vo = 2.7V 100 
!LA 

IOZL (Note 4) VIH = 2.0V Vo = 0.4V -100 

CIN Input Capacitance VIN = 2.0V @f = 1 MHz (Note 5) 6 

COOT Output Capacitance VOUT = 2.0V @f = 1 MHz (Neite 5) 
pF 

9 

Notes: 1. Typical limits are at Vcc; = 5.0V and TA = 25'C. 
2. These are absolute v!llues with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. VOUT = 0.5V has been 

chosen to avoid test problems caused by tester ground degradation. . 
4. 1/0 pin leakage is the worst case of loz>t or IIX (where X = H or L). 
5. These parameters are not 100% tested, but are periodically sampled. 
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AMD 20-Pin PAL Family 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 
HIGH SPEED 

Test Typ COM'L MIL 

Parameters Dascription Conditions (Note 1) Min Max Min Max Units 

tpo 
. Input or Feedback to Non-Registered Output 

12 25 30 ns 
16LBA,16R6A,16R4A,16lD8A,16H8A,16HD8A 

tEA Input to Output Enable 16LBA; 16R6A, 16R4A, 16H8A 12 25 30 ns 

tER Input to Output Disable 16l8A, 16R6A, 16R4A, 16H8A COM'l 12 25 30 ns 

tpzx Pin 11 to Output Enable 16R8A, 16R6A, 16R4A RI = 200 8 20 25 ns 
R2 = 390 

tpxz Pin lIto Output Disable 16R8A, 16R6A, 16R4A S 20 25 ns 

teo Clock to Output 16R8A, 16R6A, 16R4A 8 15 20 ns 

t. Input or Feedback 5etup Time 16R8A, 16R6A, 16R4A Mil 10 20 25 ns 

tH Hold Time 16R8A, 16R6A, 16R4A RI = 390 -to 0 0 ns 
R2 = 750 

tl' Clock Period 35 45 ns 

tw Clock Width 15 20 ns 

fMAX Maximum Frequency 28.5 22 MHz 

Notes: 1. Typical limits are at Vee = 5.0V and TA = 25"C. 
2. tpo is tested with switch 51 closed and CL = 50pF. 
3. For three-state outputs, output enable times are tested with CL = 50pF to the 1.5V level; 51 is open for high impedance to HIGH tests and 

closed for high impedance to lOW tests. Output disable times are tested with CL = 5pF. HIGH to high impedance tests are made to an output 
voltage of VOH - 0.5V with 81 open; lOW to high impedance tests are made to the VOL + 0.5V level with 51 closed. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 
STANDARD SPEED 

Test Typ COM'L MIL 

Parameters Description Conditions (Note 1) Min Max Min Max Units 

tPD 
Input or Feedback to Non-Registered Output 

17 35 40 ns 
16l8, 16R6, 16R4, 16lD8, 16H8, 16HD8 

tEA Input to Output Enable 16LB, t6R6, 16R4, 16H8 17 35 40 ns 

tER Input to Output Disable 16l8, 16R6, 16R4, 16H8 COM'l 17 35 40 ns 

tpzx Pin 11 to Output Enable 16R8, 16R6, 16R4 Rl = 200 12 25 25 ns 
R2 = 390 

tpxz Pin 11 to Output Disable 16RS, 16R6, 16R4 12 25 25 ns 

teo Clock to Output 16R8, 16R6, 16R4 12 25 25 ns 

ts Input or Feedback 8etup Time 16R8, 16R6, 16R4 Mil 15 30 35 ns 

tH Hold Time 16RS, 16R6, 16R4 Rl = 390 -10 0 0 ns 
R2 = 750 

tp Clock Period 55 60 ns 

tw Clock Width 20 25 ns 

fMAX Maximum Frequency 18 16.5 MHz 
.. 

Notes: 1. TYPical limits are at Vee = 5.0V and TA = 25"C. 
2. tpo is tested with switch 81 closed and CL = 50pF. 
3. For three-state outputs, output enable times are tested with CL = 50pF to the 1.5V level; 81 is open for high impedance to HIGH tests and 

closed for high impedance to lOW tests. Output disable times are iested with CL = 5pF. HIGH to high impedance tests are made to an output 
voijage of VOH - 0.5V with 81 open; lOW to high impedance tests are made to the VOL + 0.5V level with 81 closed. 

ACTESTLOAD 

OUTPUT 

~i Ro 

BPM·370 
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AMD 20-Pin PAL Family 

SWITCHING WAVEFORMS 

INPUTS,I/O, l~~====);~~~I(=====================X====)===== REGISTERED 
FEEDBACK 

CP 

REGISTERED 
OUTPUTS: 

r-- tpzx 

=, ..... , __________ -.,...,-~tE"TRT"\-j tEA-j 

COMBI~~~~~~~~ ========~ )))))) (:(((:= 
BPM 371 

I---------------------------------------j 

KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE -- DON'T CARE; CHANGING; 
ANY CHANGE STATE 

STEADY STEADY PERMllTED UNKNOWN 

CENTER 

H DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 
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AMD 20·Pin PAL Family 

LOGIC DIAGRAM AmPAL16R8/AmPAL16R8A 

INPUTS (0 31) -
1 
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BPM 372 
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AMD 20·Pin PAL Family 

LOGIC DIAGRAM AmPAL16R6/AmPAL16R6A 

1 
-INPUTS (0 31) 
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AMD 20-Pin PAL Family 

LOGIC DIAGRAM AmPAL16R4/AmPAL16R4A 

INPUTS (0 31) 1-1> -
o t 2 3 4567 8 9 1011 12131415 16171819 20212223 .24252127 28 293031 
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AMD 20·Pin PAL Family 

LOGIC DIAGRAM AmPAL16L8/AmPAL16L8A 

INPUTS (0-31) 
1 
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AMD 20-Pin PAL Family 

LOGIC DIAGRAM AmPAL16H8/AmPAL16H8A 

INPUTS (0-31) 
1 
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AMD 20-Pin PAL Family 

LOGIC DIAGRAM AmPAL16LD8/AmPAL16LD8A 

1 
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AMD 20-Pln PAL Family 

LOGIC DIAGRAM AmPAL 16HD8/AmPAL 16HD8A 

INPUTS (0-31) 
1 
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AMD 20-Pin PAL Family 

PROGRAMMING the correct array fuses have been blown and can be sensed by 

Each AMD PAL fuse is programmed with a simple sequence of 
the outputs. 

voltages applied to two control pins (1 and 11) arid a programming AMD PAls have been designed with many internal test features 

voltage pulse applied to the outpui under programming. Addres- that are used to assure high programming yield and correct 

sing of the 2048 element fuse array is accomplished with normal logical operation fora correctly programmed part. 

TTL levels on eight input pins (five select the input line number An additional fuse is provided on each AMD PAL circuitto prevent 
and three'select the productterm number). VCC is maintained at a unauthorized Copying of AMD PAL fuse patterns when design 
normal level throughout the programming and verify cycle - no security is desired. Blowing the security fuse blocks entry to the 
extra high levels are required. fuse pattern verify mode. 

The necessary sequence of levels for programming any fuse is To blow the security fuse: 
shown in the Programming Timing Diagram. The address of each 1. Power up part to VCCP 
fuse in terms of Input Line Number and Product Term Line 2. Raise Pin 5 to VHH. 
Number is defined by the Fuse Address Tables 1 and 2. Current, 3. Pulse Pin 11 from ground to VOP for a 50ILsec duration. 
voltage and timing requirements for each pin are specified in the 4. Perform a normal end-of-programming verify cycle at VCCL 
Programming Parameter Table below. and VCCH. All fuse locations should be sensed as blown if the 

The 16L8, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use security fuse has been successfully blown. 

identical programming conditions and sequences. Note that parts with the security fuse blown may not be returned 

After all programming has been completed. the entire array as programming rejects. 

should be reverified at VCCL and again at VCCH. Reverification AMD PALs normally have high programming yields (>98%). 
can be accomplished by reading all eight outputs ,in parallel rather Programming yield losses are frequently due to poor socket 
than one at a time. The array fuse verification cycle checks that contact, equipment out of calibration or improperly used, 

PROGRAMMING PARAMETERS TA = 25°C 
Parllmeters Description Min Typ Max Units 

Pin 1 @ 10-40mA 10 11 12 
VHH Control Pin Extra High Level Volts 

Pin 11 @ 10-40mA 10 11 12 

VOP Program Voltage Pins 12-19@ 15-200mA 18 20 22 vons 

VIHP Input High Level During Programming and Verify 2.4 5 5.5 Volts 

VILP Input Low Level During Programming and Verify 0.0 0.3 0.5 Volts 

Vccp Vcc During Programming @ ICC = 50-200mA 5 5.2 5.5 Volts 

VCCL Vee During First Pass Verification@ Icc = 50-2oomA 4.1 4.3 4,5 Votts 

VCCH VCC During Second Pass Verification@ ICC = 50-2oornA 5.4 5.7 6.0 Volts 

16L8. 16R8. 16R6. 16R4. 16LD8 
0.3 0.5 

VSlown 
Successful Blown Fuse 16L8A,16R8A.16R6A.16R4A.16LD8A 
Sense Level @ Output Volts 

16H8. 16HDB. 16H8A. 16HDBA 2.4 3 

dVop/dt Rate of Output Voltage Change 20 250 VI",sec 

dV11/dt Rate of Fusing Enable Voltage Change (Pin 11 Rising Edge) 100 1000 VI",sec 

Fusing Time First Attempt 40 50 100 ",sec 
tp ~-

io Subsequent Attempts 4 5 msec 

to Delays Between Various Level Changes 100 200 1000 ns 

tv Period During which Output is Sensed for VSlown Level 500 ns 

VONP Pull-Up Voltage On Outputs Not Being Programmed Vccp - 0.3 Vccp Vccp + 0.3 Volts 

R Pull-Up Resistor On Outputs Not Being Programmed 1.9 2 2.1 KO 

AMD PAL PROGRAMMING EQUIPMENT INFORMATION 

Source and Data 1/0 Kontron Electronics. Inc. Stag Microsystems 
Location 10525 Willows Rd. N.E. 630 Price Avenue 528-5 Weddel Drive 

Redmond. WA 98052 Redwood City, Sunnyvale, 
CA 94063 CA 94086 

Programmer Model-loo, 29, Model-MPP-80S Model-PPX 
Model(s) 19 or 17 or EPP80 

AMDPAL Logicpak MOD-33 PPM2200 
Personality 950-1942-001 
Module 

Socket 715-1947-003 SA37 Am202S' 
Adapter 
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AMD 20·Pin PAL Family 

PROGRAMMING WAVEFORMS 

PINS )IV INPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADDRESSES 
~VIHP 

2-9 1\ 
V1LP 

VHH 

PINI 

Y ~ 
V1HP 

J FUSING 1\ \ V1LP 
TIME 

V , VOP 
H 

\\\\' I~II ,I 'i VOH 

PROGRAMMED Z J 
OUTPUT II/I} \ l J\ 

I VOL , VHH 

PIN 11 

J 1\ 
VILP 

10 10 Iv 10 CYCLE 1-10- -10 Ip-I-to to to ENDS 

PROGRAMMING VERIFY BPM·379 

TABLE 1. INPUT ADDRESSING SIMPLIFIED PROGRAMMING DIAGRAM 

VCCP VONP 

I 
Input Input Line Number .. HSq ~ 
Line Address Pin States 2-. R 

Number 9 8 7 6 5 

0 L L L L L ~O-I 
1 L L L L H PAL R 

2 L L L H L • ! 
3 L L L H H 

PIN 1 . I I 
4 L L H L L hO- I 
5 L L H L H PIN 11 i 6 L L H H L R 

7 L L H H H 

1 8 L H L L L 
9 L H L L H VHH n n VHH n vOP 

10 L H L H L 
11 L H L H H ':" ':" ':" 

12 L H H L L BPM·380 

13 L H H L H 
14 L H H H L 

TABLE 2. PRODUCT TERM ADDRESSING 15 L H H H H 
16 H L L L L 
17 H L L L H 

Product Term 18 H L L H L 
19 H L L H H Select 

20 H L H L L Address Pin 
21 H L H L H Product Term Line Number 4 3 2 
22 H L H H L 0 8 16 24 32 40 48 56 L L L 
23 H L H H H 1 9 17 25 33 41 49 57 L L H 
24 H H L L L 2 10 18 26 34 42 50 58 L H L 
25 H H L L H 3 11 19 27 35 43 51 59 L H H 
26 H H L H L 4 12 20 28 36 44 52 60 H L L 
27 H H L H H 5 13 21 29 37 45 53 61 H L H 
28 H H H L L 6 14 22 30 38 46 54 62 H H L 
29 H H H L H 7 15 23 31 39 47 55 63 H H H 
30 H H H H L 
31 H H H H H Pin Pin Pin Pin Pin Pin Pin Pin 

" L = VILP 
19 18 17 16 15 14 13 12 

H = VIHP Programming Access and Verify Pin 

L = VILP 
H = VIHP 
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AMD 20·Pin PAL Family 

PRELOAD OF REGISTERED OUTPUTS LOW state. This feature simplifies testing since any initial state for 
the registers can be set to optimize test sequencing. 

, . 
AMD PAL registered outputs are designed with extra circuitry to 
allow loading each register asynchronously to either a HI(3H or 

The pin levels and. timing necessary to perform the PRELOAD 
function are detailed below: 

to ---1-__ '0 _-1--___ '0 ---11---'0 ---1---'0 
,------f-----+-------+-------+---,-t_--- V,HP 

PIN t1 --'--of '1---- V,LP 

r---+---~-~·-t_-~----t_---~---VHH 

PIN 2 ---f------- '-------+----t---- V,LP 

r------+------,-t_---~---VHH 

REGISTERED 
OUTPUT 

Basic Device 
16RB 
16R6 
16R4 
16LB 
16HB 
16LDB 
16HDB 

Speed ,Selection 
= Standard 

A = High Speed 

z 

Level forced on registered Output state at the 
output pin during preload cycle output pin after cycle 

VHH HI(3H 

OV to VCCH or OPEN LOW 

ORDERING INFORMATION 

AmPAL XXXXX x X X X 

t L= Screening 
, C = BB3C Basic Flow 

B = BB3B (Burn-in) 

Temperature Range 
C = Commercial 
M = Military 

'----------- Package 
P = Molded DIP (Commercial Only) 
D = Hermetic DIP 
L = Chip'PaktM * 

*Chip-Paks are rated at maximum case temperature only. 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 12-22 
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MOS Microprocessor 
Familv Selector Guide 

8086/88 80a5A 8085A-2 aoaOA Z8001/2t Z8001/2-A 

Clock Period 200ns 320ns 200ns 480ns 250ns 165ns 

Clock Generator 8284A On-Chip On-Chip 8224 8127 8127 

Arithmetic 8087 9511A-1 9511A~4 9511A 9511A-4 9511A-4 
Processing Unit 9512-1 9512-1 9512 9512-1 9512-1 

Interrupt 9519A 9519A-4 9519A 9519A-1 9519A-1 
Controller 8259A-5 8259A 8259A-5 8259A 

DMA 8089 9517A-4 9517A-5 9517A 8016 8016A 

Controller 9516A 9517A-4 
9517A-5 

Dynamic Memory 
29648 29648 29648 29648 29648 29648 Controller 

8251A 8251A 8251A 8251A 
Serial 110 8530A 8530 8530A 8030 8030A 

8030A 

Parallel 110 8255A-5 8255A-5 8255A-5 8255A 
8036A 8036 8036A 

Counter 9513 9513 9513 9513 

Timer 110 
8036A 8253-5 8253-5 8253 
8073 8073 8073 

FIFO I/O 8038 8038 8038 8038 8038 8038 

Data Ciphering 
8068 8068 8068 9518 8068 8068 

Processor 

Error Detection 
2960 2960 2960 2960 2960 2960 

and Correction 

Burst Error 8065 8065 8065 8065 8065 8065 
Processor 9520 9520 9520 9520 9520 9520 

CRT Controller 8275 8275 8275 8275 
8052 8052 8052A 

I/O Processor 8089 N/A N/A N/A N/A N/A 

RAM I/O N/A 8155/6 8155/6-2 N/A N/A N/A 

Memory N/A N/A N/A N/A 8010 8010A 
Management Unit 

Bus Controll 8288 
N/A N/A N/A N/A N/A Arbiter 8289 

Bus Latches 29841-6 29841-6 29841-6 29841-6 29841-6 29841-6 

Bus Buffers 29827/28 29827/28 29827/28 '29827/28 29827/28 29827/28 

Bus 29861-4 29861-4 29861-4 29861-4 29861-4 29861-4 Transceivers 

EDCBuffers 2961/2 2961/2 2961/2 2961/2 2961/2 2961/2 

RAM Drivers 2965/6 2965/6 2965/6 2965/6 2965/6 2965/6 

tZ8000 Is a trademark of Zilog. Inc. 
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Microprocessor 
CPUs 

Single-Chip 
Microcomputers 

Am9500 Advanced 
System Components . 

8086/~8/85/80 Family 
. System Components 

8001 
8002 
8086 
8080A 
8085A,H 
8088 

8051/31 
8049/39 
8048/35 
8041 A 

9511A 
9512 
9513 
9517A 
9518 
9519A 
9520 
9521 

8087· 
8089 
8155,H 
8156,H 
8212 
8216/26 
8224 
8228/38 
8231A 
8232 
8237A 
8251A 
8253 
8255A 
8259A 
8275 
8279 
8284A 
8286 
8287 
8288 
8289 
9516 
8530 
8036 
8038 

Microprocessor 
16-Bit CPU 
16-Bit CPU 
16-8it CPU 
8-Bit QPU 
8-Bit CPU 
8-Bit CPU* 

8-Bit Microcomputer** 
8-Bit Microcomputer 
8-Bit Microcomputer 

. Universal Peripheral Interfa:ce 

12·24 

Arithmetic Processor 
Arithmetic Processor 
System Timing Controller 
DMA Controller 
Data Ciphering Processor 
Universal Interrupt Controller 
Burst Error Processor 
32-, 35-Bit Burst Error Processor 

Arithmetic Processor** 
I/O Processor** 
RAM with I/O Ports 
RAM with I/O Ports 
Octal I/O Port 
Quad Bus Driver 
Clock Generator for 8080A 
Bus Driver for 8080A 
Arithmetic Processor 
Arithmetic Processor 
DMA Controller 
Serial I/O USART* 
Counter/Timer 
Programmable Peripheral Interface 
Interrupt Controller* 
CRT Controller* 
Keyboard/Display Interface 
Clock Generator** 
Octal Transceiver 
Octal Transceiver 
Bus Controller** 
Bus Arbiter"" 
Data Transfer Controller· 
Serial Communications Controller· 
Counter/Timer I/O 
FIFO I/O Interface· 



Components 
Z8001/2 Family 
System Components 

Bipqlar Support 
Circuits 

8010 
8016 
8030 
8036 
8038 
8052 
8060 
8065 
8068 
8073 
29861·4 
8121 
8127 
29827/28 
8163 
8167 
29821-6 
29841-6 

25LS244 
25LS2521 
25LS2536 
25LS2548 
29821-6 
2925 
29861-4 
2948/49 
2960 
2961/62 
2964B 
2965/66 
29841-6 

·Q3-4 '82 Introduction 
··1983 Introduction 
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Memory Management Unit* 
Data Transfer Controller 
Serial Communication Controller· 
Counter 1/0 
FIFO I/O Interface 
CRT Controller** 
FIFO Buffer/FlO Expander* 
Burst Error Processor 
Data Ciphering Processor 
System Timing Controller 
High Performance Bus Transceivers* 
Octal Comparatbr 
Clock Generator and Controller 
High Performance Bus Buffers* 
Refresh and EDC Controller (16 MHz) 
Refresh and EDC Controller (22 MHz) 
High Performance Bus Registers 
High Performance Bus Latches* 

Octal Buffer 
Octal Comparator '" Octal Address Decoder 
Octal Decoder with ACK 
High Performance Bus Registers 
Clock Generator 
High Performance Bus Transceiver* 
Octal Bus Transceiver 
16-Bit Error Detection and Correction 

; EDC Buffers 
Dynamic Memory Controller 
RAM Drivers 
High Performance Bus Latches· 



Analog Data Acquisition 
Product Guide and 
Cross Reference 

DIGITAL-TO-ANALOG CONVERTERS 

ANALOG-TO-DIGITAL CONVERTERS 

SAMPLE AND HOLD AMPLIFIERS 

·In development. 
··Am6148 is the slim 24-pln, 0.3' version of the Am6106. 
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VOLTAGE COMPARATORS OPERATIONAL AMPLIFIERS 

CROSS REFERENCE 

tFunctional equivalent only 
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Guidelines on Testing Am2900 
Family Devices 

I. INTRODUCTION 

The Am2900 Family represents a major step forward in bipolar 
technology, in that each device contains a number of MSI-type 
functions interconnected on one Chip. The gate counts in the 
parts comprising the Am2900 Family are around 10-100 times 
the gate count of MSI functions. While this produces a number of 
advantages for manufacturing, such as reduced component 
count and lower costs, it complicates the incoming-inspection 
problem because test programs tend to be long and complex 
an!! must be carefully designed to insure that al/ bad parts are 
rejected and most good parts are accepted. While stating these 
two criteria is simple, reducing them to practice is not. LSI de
vices are not as "forgiving" of simplifications in test patterns and 
assumptions about forcing functions and noise levels, as their 

, simpler counterparts. These notes are intended to point out 
some common areas of difficulty and their solutions. 

II. THE PURPOSE OF TESTING 

Testing is performed at most facilities during an inspection of 
purchased material. The reason, of course, is that it is much less 
expensive to screen parts then, than it is to troubleshoot and 
repair completed boards. Ideally, all the parts passed by incoming 
inspection will work in the system. This is insured through a 
specification which defines the way the part must behave in the 
system, and the incoming test should confirm that devices re
ceived meet the specification. The incoming test should no! reject 
devices which meet the speCification. When test programs are 
too tight or test for conditions not contained in the specification, 
delays in shipments occur and significant costs are incurred 
by both the vendor and the buyer trying to resolve "correlation 
problems." 

III. 'GUARANTEEING THAT THE PARTS WORK 

One step in testing devices is to perform DC parametric 
tests: Icc, VOH, VOL and the like. These tests on bipolar LSI are 
not really different from those performed on simpler TTL devices, 
except that the number of pins involved is greater, and more 
complex set-ups may be required to put outputs in the proper 
state for testing. Another step is functional testing, and for bipolar 
LSI, function tests are significantly different than for MSI. The 
function tests must first insure that the device is capable of 
working, i.e., it's hooked up correctly inside. These kinds of tests 
can be described as "stuck-at-one, stuck-at-zero" tests, because 
they are designed to exercise each gate in the part. Even for a 
part as complex as the Am2901, the "stuck-at" tests can be 
performed quickly. Less than 400 test patterns must be applied to 
the part to exercise every gate. 

But, "stuck-at" tests make an assumption: if a gate works, then it 
works regardless of the state of other gates in the circuit. Each 
gate is treated independently, but, in the integrated circuit, no 
gate is an island. The performance of one gate can, in fact, 
depend on the states of surrounding gates, because they share 
common inputs or common ground lines. 

These possible faults are often not tested by "stuck-at" tests, 
because they are not independent of the state of surrounding 
logic. These potential faults depend on the physical and logical 
construction of the circuit. They are usually called "pattern sen
sitivities." Pattern-sensitive faults, like the two described above, 
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are not something new. All digital products exhibit pattern sen
sitivities - even S81. But, on simpler parts, either traditional 
"stuck-at" tests happen to find most of them, or the parts are easy 
enough to test that all possible data patterns are generated 
during testing. Neither of these circumstances is true for bipolar 
LSI. A special effort must be made to appiy many data patterns to 
the devices to check for pattern-sensitive faults. This has been 
done for years with RAM patterns such as GALPAT. It must now 
be done with logic functions as well. 

In the devices in the Am2900 Family, as with RAMs, testing all 
possible data patterns is not practical, but, the various MSI kinds 
of functions in the devices (register, ALU, multiplexer, etc.) can 
generally be logically isolated, and each of those functions should 
be checked independently for all possible data patterns. This 
principle works because (1) as a rule, it is possible to control the 
MSI functions in a 2900 part with some degree of independence, 
and (2) the MSI functions are usually physically separated on the 
die, so that a data pattern within one MSI block will not exhibit 
pattern sensitivity dependent on the data in another M81 block. 

In the A1l)2901, for example, ALU tests using the two RAM ports 
as data sources are unlikely to be affected by the state of the data 
inputs or the a register. The shift multiplexer at the input of the 
RAM is unlikely to be affected by the a register or the ALU 
source-select multiplexers. The control logic for the ALU source 
multiplexers should not be affected by anything in the ALU. By 
applying these kinds of principlell intelligently function tests can 
be constrained to a few thousand tests·which provide a very high 
confidence level that the part is not subject to pattern-sensitive 
faults within its operating range. 

As an example of the test philosophy used on these parts, the 
function tests for the Am2901 are described below. 

Am2901 FUNCTION TEST DESCRIPTION 

The following describes the function tests performed on the 
Am2901. The OE pin is low during the entire function tests and 
each test gets one clock pulse. 

A·Port Galpat via ALU 

These are tests in which the A-address of the 2-port RAM is 
tested for Galloping "ones" in a field of "zeros." During these 
tests, the B-address is the same as the A-address and OP code 
337 is used for a write operation, while OP code 134 is used for a 
write operation, while OP code 134 is used for a read operation. 
The four shift-operation pins, 00, 03, RAMo and RAM3, are 
ignored. 

B-Port Galpat via ALU 

These are tests in which the B-address of the 2;port RAM is 
tested for Galloping "ones" in a field of "zeros." During these 
tests, the A-address is the inverse of the B-address and OP code 
337 is used for a write operation while OP code 133 is used for a 
read operation. The four shift-operation pins, 00, 03, RAMo and a 
RAM3, are ignored. . 

A·Port Galpat Bypass ALU 

These are tests in which the A-address of the 2-port RAM is 
tested for Galloping "ones" in a'field of "zeros." During these 
tests, the B-address is the inverse of the A-address and OP code 
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337 is used for a write operation while OP code 233 is used for a 
read operation. The four shift-operation pins, ao, a3, RAMo and 
RAM3, are ignored. 

Repeat 1 above by inverting the Data and Y output information on 
D3-0 and Y3-0. All other outputs are ignored. This performs Gal
loping "zeros" in a field of "ones" for the A-Port via ALU. 

Repeat Item 2 above by inverting the Data and Y output informa
tion on D3-0 and Y3-0. All other outputs are ignored. This performs 
Galloping "zeros" in a field of "ones" for the A-Port via ALU.' 

Repeat Item 3 above by inverting Data and Y output information 
on D3-0 and Y3-D. All the other outputs are ignored. This is 
Galloping "zeros" in a field of "ones" for A-Port bypass ALU. 

ALU Source Code 

During these tests, the A and B-addresses are atword locations 
preloaded with known values. The a register is also preloaded. 
Then, with the ALU destination OP code = 1 (No-OP) and the 
ALU function code = 6 (exclusive OR), the source code is cycled 
through from 0-7. The function code is then modified to 7 (exclu
sive NOR) and the source code sequence is cycled through once 
more. 

ALU Function Code 

During these tests, the memory is preloaded with content equal to 
the address. In other words, word 0 is loaded with 0, word 1 with 1 , 
and so on. Then, with A-address = B-address, a destination OP 
code of 1 (No OP), and a source OP code of 1 (A&B Port 
selected), the ALU function code is cycled through the sequence 
of 7, 5, 4, 0, 1, 3, 2, 6 for every set of A&B address. This whole 
sequence is then repeated with A-address equal to the inverse of 
the B-address. 

Arithmetic Operation & Carry Generation 

During these tests, the memory is preloaded with content 
address. With OP code 105, whereby D input is added to the 
A-Port of the memory, the tester cycles through every possible 
D input added to every word in memory with carry in being both 
one and zero. 

Q Register Operation 

During these tests, the a register is first loaded with all zeros. 
Then, with Cn = 0 and with OP code 006, whereby a register is 
loaded with the sum of data input and a-register content on every 
clock cycle, the device is clocked through all possible data inputs. 
The Cn input is then changed to a ONE, and with OP code 016 
whereby a register is loaded with the difference of a-D. The 
device is clocked through all possible data input again. This 
checks both the add and subtract modes of the ALU, the 
internal-carry-Iookahead circuitry and the a-register operation. 

Q Register Shifting 

During these tests, a unique string of data (11100001 
010011011110) is shifted into the appropriate shift inputs. OP 
codes used in this group of tests are 432 for shift left, 532 for no 
shift, 632 for shift right and 732 for no shift. 

RAM Shifting 

During these tests, A and B-address are at word O. A string of data 
(11100001010011011110) is shifted into the appropriate shift in
puts. OP codes used are 434 and 533 for left shift, 634 and 733 for 
right shift. 

IV. AVOIDING THE REJECTION OF GOOD DEVICES 

Discrepancies in testing results between the vendor and the 
buyer result in much irritation and substantial. costs for both. 

Guidelines 

Some of the common sources of these discrepancies are dis
cussed below. 

Testing for Unspecified or "don't care" Conditions 

The data sheet (or purchase specification) defines the charac
teristics of the part. It is hard enough to test for everything 
specified without adding additional tests for unspecified 
parameters. If the state of an output is not specified under certain 
conditions, then it should not be tested. 

Noise 

Many testing problems result from noise produced by the in
teractions of the device being tested and the test system. Typi
cal test fixtures have lead inductances several times that of a PC 
board socket. This inductance, especially in the device ground 
path, is the source of these problems. 

When the inputs to the device are changed there is a sequence of 
rapid changes in the devices ground currently, as signals propa
gate through internal gates to the outputs. These appear as 
changes in the voltage drop across the device ground lead. This 
voltage drop can be as much as 2 volts across a few inches of 
wire. Rise times are on the order of 1 nsec and pulse widths range 
from 2 to 10nsec. Output tranisient current during switching may 
be 50 to 10OmA. The test systems input and output reference 
voltages are set with respect to tester ground and are not effected 
by these transients. Consequently the effective input voltages to 
the device will vary. If the ground pin goes up 1 volt, all the inputs 
effectively go down 1 volt. 

This must be considered in selecting levels for Vil and VIH. The 
device data sheet says VIL must be less than O.BV and VIH more, 
than 2,OV, But this is as measured at the device package pins, 
between input and ground. This means that if the ground varies 
:to.5 volt the input levels must be VIL "" 0.3V and VIH "" 2.5V. If 
thi,s-is not done, a noise pulse COUld, for example, make the clock 
input effectively go high in the middle of the clock low time, 
causing an extra clock pulse. A similar situation exists at the 
device outputs, requiring VOL to be set higher, and VOH lower, 
than the data sheet numbers. AMD uses VIL = OV, VIH = 3V, VOL 
= lV, VOH = 2V for functional tests. 

Proper observations are important to the understanding and 
control of these problems. Small changes in timing, bypass 
capacitors, etc will have large effects on the noise. An oscillo
scope of 200 MHz or greater bandwidth is essential. Noise vol
tage should be measured at the device ground pin (at the device 
package edge, not the bottom of the test socket). Connect the 
probe ground to the tester chassis. In order to see the peak noise 
voltage, cycle the tester through a long pattern. Trigger the scope 
internally from the noise waveform. Turn the trigger level slowly 
up until the trace is almost lost. The peak noise voltage will appear 
at the left side of the screen. Sweep speed should be about 
10nsec/div. Repeat for the peak of the opposite polarity. 

Another useful technique is to identify a particular test pattern 
location which causes significant noise. Sync the oscilloscope to 
this test cycle. Using a two channel scope, connect one channel 
to an input pin and the other channel to the device ground pin. 
Invert the channel on the ground pin and add the two channels. 
The waveform will show the effective input levels. 

An additional problem is introduced by I/O pins. When output load IE 
circuits are connected to these pins the tester must drive the load 
and the device when the pins are inputs. If the tester has a driver 
impedance of 500hms and the load supplies 16mA into VOL, the 
input level produced will be O.BV too high. This must be compen-
sated by further reducing the programmed VIL for only the I/O 
pins. Some devices are sensitive to input voltages below ground. 



Guidelines 

If the tester does not provide suitable alternate driver supplies. it 
may be necessary to provide resistor pull ups for input-only pins. 

The same ground lead inductance problems ~auses difficulties in 
DC testing. Many DC tests require some functional sequence to 
produce the correct device state. The input levels must be such to 
avoid false clocks. etc. DC tests may be used to veritY input 
threshold levels. To do this. an output. test such as VOL or VOH is 
selected where the outputs combinatorally depend on the inputs. 
USing non-threshold levels the appropriate input conditions are 
applied. The input levels are then reprogrammed to threshold 
levels. The outputs are then measured for VOL or VOH. It is not 
possible to do the functional set-up with threshold levels. even if it I 

is only a single line. as oscillations may occur. Switching between 
alternate driven supplies also may generate sufficient noise to 
cause problems. 

AC Testing' 

Many modern testers allow switching tests to be performed dur
ing the application of complex test sequences. The switcbing and 
function tests can then occur together. Unfortunately, this blurs 
the distinction between functional failure and switching-speed 
failure when a device is rejected. so. it is a good idea to do some 
preliminary function testing with "loose" AC limits before trying to 
do everything CIt once. When function and AC testing are com
bined, it is important to consider the driving conditions under 
which the AC parameters are tested. Switching measurements 
on Bipolar ICs are usually made with input levels switching be
tween OV and 3.0V (sometimes 0.4V and 2.4V are used). The 
output transition is measured at 1.5V (sometimes at 1.3V). 

They are never specified at threshold levels (O.BV and 2.0V) 
because of n'oise problems. 

Realistic AC tests require sequencing through many lines of test 
pattern to include a variety of data paterns. Unfortunately the AC 
accuracy of most modern logic testers is not as good as memory 
testers. There are often significant differences between different 
waveform formats. The position of an edge may depend on 
whether adjacent pins are switching and whether they are going 
up or down. This limits the accuracy ottesting. especially for such 
parameters as hold times. where tester error usually exceeds the 
difference between device typical and data sheet maximum. This 
may be observed, on an oscilloscope by cycling the tester and 
synchronizing the scope to a repetitive pulse. such as the device 
clock pin.' Do not trigger the scope on any particular tester cycle. 
Observing a device input on the second scope Channel will show 
many overlapping transitions. positive and negative. The width of 
'this band must be added to other error sources to determine 
tester accuracy. 

Temperature Testing 

Integrated circuits are specified to operate over either the com
mercial range of 0° to + 700C or the military range of - 55°C to 
+ 125°C. Standard screening procedures (from MIL-STD-BB3) 
call for 100% testing at 25°C followed by sample testing at 
the high and low temperature. Many' users duplicate this test 
sequence in their incoming inspection. and some test 100% at 
temperature. 

Testing problems are rarely encountered at low temperatures, if 
care is taken to prevent ice formation on the test socket. At high 
temperature. difficulties may arise because of the difficulty in 
creating a test environment which is representative of the thermal 
conditions found in the system. 

High temperature testing with a controlled ambient temperature is 
very difficult because the thermal coefficient between the pack
age and the surrounding environment depends on humidity. rate 
of air flow. package color, connections to package pins. and 
position of surrounding devices. For testing purposes. only the 
case temperature can really be controlled. (Most systems' ther
mal engineering is also designed to control case temperatures.) 

V.INCOMING INSPECTION AND 
TESTING SUPPORT PRODUCTS 

AMD provides several products to assist in the development of 
incoming inspection testing for most Am2900 LSI deviCes. See 
the table on the following page for specifics by device. 

Sentry Test Programs 

These are complete data sheet function. DC and AC parameter 
programs. They run on a Fairchild Sentry VII with low voltage test 
heads. 4K local memory and SPM. Complete load board 
documentation is included. Programs are supplied on magnetic 
tape in TDX format. Source files in ASCII code on magnetic tape 
can be provided for those who wish to generate test programs for 
other testers. Test programs require a licensing agreement. 

Correlation Kit 

This consists of two devices and datalog from AMD's characteri
zation program. 

'Use a Sweep speed of lnsec/div. 

ORDERING INFORMATION 

Order Code Description 

AM29XX-SEN Sentry Test Program 
AM29XX- KIT CorrelationlKit 
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Test Aids for Am2900 Devices 
AMD provides Sentry Test Tapes with Loadboard Documenta
tion and Correlation Kits to assist in the development of incom
ing inspection for most Am2900 LSIIVLSI devices. These test 
aids may be ordered directly from Advanced Micro Devices, 
although Sentry test tapes require a pre-signed license agree
ment. For further ordering information contact your local AMD 
Sales Office or Sales Representative. 

Current status of test aids by device is given below. For more 
information on testing Am2900 LSIIVLSI, see the note in this 
section: "Guidelines on Testing Am2900 Family Devices.': 

Sentry Test Program Correlation Kit Sentry Test Program Correlation Kit 
Part (Am29XXX - SEN) (Am29XXX-Km Part (Am29XXX -SEN) (Am29XXX - KIT) 

Number (Note 1) (Note 2) Number (Note 1) (Note 2) 

AM2901B j j AM2964B Mid-1983 Mid-1983 

AM2901C j j AM2968 Planned Planned 

AM2903 j j AM2969 Planned Planned 

AM2903A Mid-1983 Mid-1983 AM2970 Planned Planned 

AM2904 j j AM29112 Planned Planned 

AM2909A j j AM29116 j j 

AM2910 j j AM29116A Planned Planned 

AM2910A Planned Planned AM29118 Planned Planned 

AM2911A j j AM29203 Mid-l983 Mid-l983 

AM2914 j j AM29501 Planned Planned 

AM2925 Mid-l983 Mid-1983 AM29510 Planned Planned 

AM2930 j j AM29516 Mid-1983 Mid-1983 

AM2932 Fall/1983 Fall/1983 AM29516A Planned Planned 

AM2940 j j AM29517 Mid-l983 Mid-1983 

AM2942 j j AM29517A Planned Planned 

AM2950 j j AM29520 Mid-1983 Mid-1983 

AM2950A Planned Planned AM29521 Mid-1983 Mid-1983 

AM2951 j j AM29526 Planned Planned 

AM2951A Planned Planned AM295:27 Planned Planned 

AM2952 j j AM29528 Planned Planned 

AM2952A Planned Planned AM29529 Planned Planned 

AM2953 j j ,AM29540 Planned Planned 

AM2953A Planned Planned AM29705 j j 

AM2960 /. j AM29705A Mid-l983 Mid-1983 

AM2960A Planned Planned AM29707 Mid-l983 Mid-1983 

Notes: 1. Sentry Test Programs - these are complete data sheet function, OC and AC parameter programs. They run on a Fairchild Sentry VII with 
low voltage test heads, 4K local memory and SPM. Complete load board documentation is included. Programs are supplied on magnetic 
tape in TDX format. Source files in ASCII code on magnetic tape can be provided for those who wish to generate test programs for other 
testers. Test programs require a licensing agreement. 

2. Correlation Kit - consists of two devices and datalog from AMO·s characterization program. 
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INTRODUCTION 
This report is a comprehensive summary of reliability test data 
accumulated on AMD's IMOX ·procesll. IMOX is an acronym for 
ion-IMplanted/micro-OXide .isolation. AMD presently uses this 
wafer fabrication process on all new Bipolar products, including 
Bipolar Memory, Interface, Logic and Microprocessor devices. 
We present not only the statistical data, but also discuss the 
process itself, typical failure mechanisms, and the test 
methodology behind the data. The results show experimental 
and statistical proof that the AMD IMOX process ensures sys
tem designers of long life and highly reliable Bipolar devices. 

In line with Advanced Micro Devices' commitment to provide 
customers with high quality, high performance devices, we will 
continue to evaluate devices for reliability through ongoing 
HTOL (high temperature operating life) testing. This report will 
be updated at regular intervals as new reliability data is ac
cumulated. 

PROCESS 
The IMOX process utilizes ion-implanted transistors, oxide iso
lation and dual-layer metal to create fast, high performance 
Bipolar devices that consume less power as well. 

IMOX processing allows for reduction of transistor geometries 
and the amount of unused space surrounding a transistor, which 
means that individual transistors can be built significantly smal-

r----- BULK.1% 

Key: Failure type distribution for STTL/LSI Integrated Circuits 
(data derived from Reliability Analysis Center study, 
"Microcircuit Screening Effectiveness," 1978-0rder No. 
TRS-l; 78). Data based on field failure information 
available to RAC, not life test data. 

Figure 1. Normalized Distributions of ST"tL/LSI 
Malfunctions 
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ler and closer together. Since decreased geometries are ob
tained witho.ut a reduction in photolithographic line width, no 
increase in the process sensitivity occurs. Speed is one of the 
most vital characteristics of a· Bipolar device. With the tighter 
layout and reduced capacitances of IMOX processing, we have 
improved. the speed on many devices by as much as 25-30%. 
Tighter layouts have also allowed us to utilize previously una
vailable die space for increased complexity. This is represented 
in two new AMD Bipolar VLSI devices, the Bipolar Microproces
sor, Am29116 and the 16 x 16 Parallel Multiplier, Am29517. 

FAILURE MECHANISMS 

Failures in integrated circuits are frequently categorized by the 
phase of manufacturing or the component of the part's structure 
that is aSSOCiated with the determined failure mechanism. Fail
ure distributions often are presented as pie charts with slices of 
the pie named for these categories (see Figures 1 and 2). The 
failure category distribution percentages are roughly those ex
pected for Bipolar IMOX devices. Each of these categories may 
contain several distinct failure mechanisms-the basic physical 
or chemical process that results in a failure. The eX1ernal indi
cators of a failure (the failure mode) are generally electrical in 
nature: opens, shorts, non-functional or parametric anomalies. 

. There may be different mechanisms indicated by a single failure 
mode. The following is a discussion of the commonly observed 
failure mechanisms in integrated circuits. 
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analysis studies performed by engineers at AMD. 

'-----_---------' II 
Figure 2.AMD Observed Distributions of STTL/LSI 

MalfuncUons 



IMOX Reliability Report 

DIFFUSION 

Diffusion related mechanisms generally cause marginal device 
parameters which effe~ the performance of the device in cer
tain operationally extreme situations. Electrical stresses induced 
during operation at elevated temperatures are effective in 
screening marginal diffusion problems. The activation energy 
associated with this general mechanism is difficult to assign 
without knowing more about the exact process, but it can be 
assumed to be 1.0eV for other than the dielectric breakdown. 

OXIDE 

Oxide related faults can be found in the thermally grown oxide 
regions orin the deposited passivation layers. Defects in the 
latter sometimes lead to chemical attack of the underlying layers 
if corrosive elements are present. Activation energies for these 
types of defects are very large (>1.0eV). Metal.to-metal or 
metal-to-semiconductor breakdown can also occur. These are 
often caused by pinholes, contaminants in the oxide or with 
photolithographic defects. Though' the time dependence for 
oxide ,failure is more voltage than temperaturerelated,life-tests 
are effective in electrically streSSing oxide imperfections. 

BULK 

Bulk (silicon) defects ,are those associated with the silicon wafer 
or die itself, such as crystal imperfections, resistivity gradients, 
expitaxiallayer defects, damage to the die, and foreign material 
percipitates. These defects in themselves do not change with 
time at even the highest die operating temperatures, but they 
can become part of the active region of the device when built-in 
charge changes occur. This failure mode is very rare. Of the 
total failure rate percentage, this type of failure occurs less than 
1% of the time. 

SURFACE 

Ionic contamination inducing inversion and channeling are the 
most fr~quently detected surface related mechanisms. At ele
vated temperatures, ions become mobile in or on the oxide cov
ering the die. If the device is powered, the iOns will be attracted 
to high field regions that exist near reverse biased junctions. 
This accumulation of charge can induce a surface layer (chan
nel) of a conduction type opposite to that of the adjacent region 
(inversion), i.e., an N-type channel on a P-type region. 
Additional modes of failure are altered parasitic device char
acteristics, parasitic capacitance and "leaky" bipolar junction 
characteristics. The effects of built-in charge may be very slow 
in appearing, showing up only after many hours under bias at 
elevated temperatures. The activation energy associated with 
charge migration in silicon dioxide has been found to be 0.5 to 
1.0eV. 

METALLIZATION 

A familiar mechanism of metallization-related failures is metal 
migration. When high current densities on the order of hundreds 
of thousands of amps per square centimeter occur at elevated 
temperatures, the metal (aluminum) atoms are carried along by 
the electron flow, causing migration of the metallization oppOSite 
to the direction of current flow Which results in wear out. This 
may be in the form of disconnects, breaks, melal lead opens, 
etc. AM D's design rules for a metallization 'stripe cross section 
provide for a maximum current density of 200,000 amperes per 
square centimeter, well within the MIL-M-38510 maximum aI-' 
lowable current density for glassivated aluminum conductors. 
The activation energy of electromigration has been determined 
to be 0.5 to 1.0eV. 

Open, metallization detected in failed deviCes may be du'e to 
metal migration. The high current condition required to cause 
metal migration is often found to be the result of a defective 
circuit element. Photolithographic or masking defects some
times result in reduction of metallization cross-section which is 
sufficient to allow metal migration to occur. The mechanism by 
which a severely scratch-damaged metal stripe opens in a very 
localized area is probably metal migration. Open or short condi
tions will be easily detected during internal visual inspection. 
Subtle defects, suct) as reduced cross-sectional area, can be 
detected by a dynamic life test at high temperature. 

INTERCONNECT, WIREBOND AND 
PACKAGE SEAL/LEAD DEFECTS 

The interconnect category includes failures that result from the 
"flying" lead being damaged by nicking, by work-stressing dur
ing bonding and by handling subsequent to the wirebond opera
tion. The wirebond category includes all types of bond failures, 
including intermetallic formation. The package seal/lead defect 

, category includes hermeticity failures and hermeticity-related 
failures such as corrosion. None of these failure types are found 
in a life-test program. They are controlled by material selection, 
receiving inspection and extensive control of the assembly pro
cess. Th~ success at these controls is verified by examining the 
results of quality conformance testing for military and "Hi-Rei" 
customers, specifically, the group B and group D tests (MIL
STD-883, method 5005). The group B test (lot acceptance test) 
includes a wirebond strength test. The group D test is a pure
package quality conformance test and includes tests for lead 
integrity, resistance to thermal shock, temperature cycling, 
moisture resistance, mechanical shock, vibration, centrifuge, 
and salt atmosphere exposure. Group Band D testing is 
periodically performed by AMD and is avaitablefor inspection. 

ACCELERATED TESTING 
Semiconductor devices fail as a consequence of certain physi
cal, metallurgical and chemical processes, all of which have 
temperature-dependent rates. The rates may also be potential 
or current dependent, but these dependencies are generally 
second-order effects. Users of electronic components are 
aware of the thermal effect and have frequently borrowed the 
organiC chemist's rule of thumb, that reaction rates double for a 
10°C temperature rise, to estimate the effects of high tempera
ture life testing. This procedure does not provide the proper 
acceleration factor if applied for more than a decade or two of 
temperature and is quite inaccurate in estimating a 70°C 
equivalence for a 125°C life test. 

For most processes causing semiconductor failures, the Ar
rhenius equation enables us to determine realistic failure rates. 
Temperature variations and their corresponding reaction rates 
can also be calculated for semiconductor devices. The following 
equation can be used over the entire temperature range: 

A(T) = C1 exp (- EalKT) 
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where: 

A(T) = 'device failure rate (temperature-dependent) 

T = absolute temperature (OK) 

K = Boltzmann's constant (8.62 x 1Q-5eVfDK) 

Ea = activation energy of the individual device failure 
mechanisms (eV) 

C 1 = a constant 



The temperatures used are junction temperatures, and the abil
ity to use higher temperatures to achieve acceleration is con
strained by the maximum permissible junction temperature 
under bias. Junction templ1ratures can .be computed using 
power dissipation and package thermal characteristics: The fol
lowing equation shows how those temperatures were derived: 

TJ = TA + IJJA [(ICCmax) (VcCmax) 1 
To determine the acceleration factor for temperature, T2, with 
reference to another temperature, Tl, simply divide the failure 
rate equations for the two temperatures: 

A.F. = ~(Tl) = exp [Ea (..1.. _ ..l)~ 
~(T2) K T2 Tl ~ 

where: 

A.F. = acceleration factor 
~(Tl)h(T2) = ratio of reaction rates (failure) 

This equation contains one constant whose value is not known 
from physical theory: the activation energy, Ea. Activation 
energy reflects the temperature dependence of a particular 
failure mechanism or group of mechanisms. It has been deter
mined experimentally for some specific processes. Various in
vestigators disagree as to the exact value of Ea because such 
experiments are difficult to conduct and spurious failures occur 
to cloud the results. Table 1 shows the range of these values as 
determined by experimentation. 

TABLE 1. 
ACTIVATION ENERGIES FOR CERTAIN PROCESSES 

Surface Contamination 
Electromigration 
Oxide Defects (dielectric breakdown) 
Corrosion 
Intermetallic Growth (gold aluminum) 
Slow Trapping 

RELIABILITY TEST STUDY 

1.2-1.40eV 
O.S-1.00eV 
O.3-0.40eV 
O.3-0.60eV 
1.0-1.0SeV 

1.30eV 

The approach used in this report for evaluating reliability in
volves the concept of failure rates as a function of time. Life 
expectancy of devices can be categorized into three distinct 
intervals: . 

B.. Infant Mortality 
b. Operating Range 
c. Old Age Mortality 

A = INFANT MORTALITY 
B -= OPERATING RANGE 
C = OLD AGE MORTALITY 

IMOX Reliability Report 

An example of this distribution is shown in Figure 4. The results 
of this stu4}t are from long-term life tests. These tests are per
formed for 1000 hours or more without an initial bum-in. There
fore, "Infant Mortalities" are included in the failure rates of the 
units tested. With the inclusion of a burn-in process, the failure 
rates of the IMOX devices are expected to be less than the 
failure rates calculated in this report. 
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TEST OR OPEAAnoN TEMPERATURE 

An Arrhenius plot may be used to predict the effect of 
temperature shift for a particular population at a given average 
activation energy. This plot hae been set up around a 1000·hour 
test at 125"C for two activation energies, 1.0eV and 0.46SeV. 
Equivalent test times of other temperatures may be det,!rmined 
for either a 1.0eV or a O.466eV process. For example, an 
equivalent test time tor O.466eV at any temperature may be 
determined by simply picking an appropriate temperature and 
reading the number of hours corresponding to the intersection of 
the temperature and the O.466eV line. 

Figure 3. Arrhenius Plot 
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Figure 4. Life Expectancy of Devices 
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Table ~,shows that units were subjected to HTOL (High Temp
erature Operating Ufe) testing at 125°C and 150"C per MIL
STO-883, method 1005 and 1015, conditions C and O. For an 
example of an HTOLcircuit, see FiQure 5. Data was COllected on 
the SN54LS374A and the Am27S184/185 (cerdip and plastic) 
devices.' The testing yielded 10,864,000 device hours worth of 
data. In total, 20 failures were reCOrded indicating a failure rale 
range (at 60% confidence level) 6f 0.183- 0.50 per 1000 hours 
at 125°C using the chi-squared distribution. 

Analysis of thll various failures have shown that the device 
failures were of a random mode and their degree of occurrence 
was inconsistent. No inherent process failure mechanism has 
been iound in the IMOX process. In conclusion, IMOX is the 
superior method for Bipolar wafer fabrication and for building 
high reliability Into AMO devices. 

This table also includes corresponding calculated failure rates at 
lower temperatures using an activation energy level of 1.0eV. 
The failure rate for the IMOX processed SN54LS374A is less 
than .0025% per Khr at 70"C (cerdip) and less than .0045 per 
Khr at 70"C (plastic). The failure rate for the Ain27S184/185 is 
less than .0120 per Khr. The lower temperatures (70"C and 
25°C) are chosen to give users reliability predictions at the high 
end of the commercial operating temperature range and at the 
average "room temperature" op\lrating temperature ofa com
mercial system. 

Other IMOX Bipolar devices which are presently undergoing 
HTOL testing are: Am2901C, Am29116 and Am29516. After reo 
cently completing 1000 cumul~tlve hours of dynamic life testing 
(condition 0) at 125°C, the 94-plece lot of Am2901C's resulted in 
a zero reject rate. Preliminary data has been gathered on each 
device type. At this time, statistically calculated rates would not 
accurately reflect the products' failure rate. After further testing 

, is complete, failure rates will be calculated for each product and 
supplied In an addendum to this report. 

SUMMARY 

OND 

vea 
Vee 

GND 

VB. 
vea 
ClND 

Vee 

V .. 
11 

POWER SUPPLY SETTINGS 

Supply No. Signal 

1 Vee 

2 Vee 

Condilions: 1. Pin 10: Device Ground 
2. Pin 11: CPl - 100KHz ± 10% 

High levels: +3.0V 10 + 5.0V 
Low levels: -(l.2V 10 -1.2V 

MIL-STO-883 Method 1015 Condilion C 
C - Sleady stale, power and reverse bias. 

Inputs reverse biased. 

vee 

vea 
GNU 

vee 
V .. 

V .. 
Vee 
CIND 

vea 
CP, 

Voltage 

+5.0V ± 

+5.0V ± 

This report summarizes the actual reliability, testing of AMO's 
proprietary process, IMOX. The statistical data and charts are 
presented to provide accurate comparative infonnation. The 
demonstrated failure rates of the devices at 70"C reflect the high 
reliability of IMOX processed products. The design rules for 
IMOX processing are the same for all Bipolar products. There
fore, similar testing perfonned on other Bipolar 'devices, i.e., 
Am29116, would also result in very low failure rates as seen in 

This circuil was used for tesllng the SN54LS374A. 

this study. . Figure S. HTOL Circuit Configuration 

TABLE 2. IMOX RELIABILITY OPERATING LIFE TEST DATA SUMMARY 

Number Devlee Number "!oFall 
Device of Units Khrs of Rejects Per Khr ~ 12SoC ~70"C ~ 2SoC 70"C 

54LS374A 
Cerdip 1435 6856 11 0.160 0.183 0.002 .00001 17 
Plastic 1110 3825 9 0.235 0.274 0.003 .000015 2B 

27S184/185 263 183 0 0 0.50 0.0048 .000028 46 

29116 Life Teat In Progress 

29516 LHe T •• t In Progress 

IMOXTotal 2806 10864 20 0.164 0.20 0.0018 .0000114 18 

Noles: 1. All calculated failure ratas and Fils Nos. use the ArrheniUS Equation With 1.0VeV activation energy. 
2. Fils = Failure in 109 hrs at 70'C and 25'C using a 60% confidence level. 

References 

IMOX Reliability Report by Beverly Henry. In preparation of this report, Chris King, Wisty Olsson, 
Ann Rosser, Chris Schmidt and Pauline Seales provicl8d valuable assistance. 
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Gate Counts and Die Sizes 
by Device 

The following data is useful for hybrid design and for MIL-STD reliability calculations. The gate counts are only an approximation for LSI 
devices because the circuit implementation often uses multi-level gates and unique logic structures, not just NAND and NOR gates. 

Am25S/25LS 
Equivalent Number of Gates Ole Area Die Dimensions 

Part Number (Approximate) (in Mils2 = .001 x .001 in.) (in Mils = .001 in.) 

AM25S05 86 9680 88xll0 

AM25LS07 26 6300 75x84 

AM25S07 26 5810 70x83 

AM25LS08 18 4575 75x61 

AM25S08 18 4891 67x73 

AM25LS09 30 4575 75x61 

AM25S09 30 4891 67x73 

AM25S10 29 3696 56x66 

AM25LS14 Replaced by Am25LS14A 

AM25LS14A 167 7980 84x95 

AM25LS15 92 9025 95x95 

AM25S1tl , 30 6083 nx79 

AM25LS22 82 10,752 96x 112 

AM25LS23 89 10,752 96x 112 

AM25S557 1115 28,215 171 x 165 

AM25S558 1115 28,215 171 x 165 

AM25LS2513 33 6970 82x85 

AM25LS2517 89 9828 91x 108 

AM25LS2518 30 8217 83x99 

AM25LS2519 59 8217 83x99 

AM25LS2520 84 8890 80xlll , 
AM25LS2521 26 4662 63x74 

AM25LS2535 52 7920 80x99 

AM25LS2536 66 8316 84x99 

AM25LS2537 42 7n6 81 x96 

AM25LS2538 34 7n6 81 x96 

AM25LS2539 38 7n6 81 x96 

AM25LS2548 18 n76 81 x96 

AM25LS2589 87 8549 87x 103 

AM25LS2569 79 8549 87 x 103 
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Gate Counts and Ole Sizes 
Am26S/26LS 

" "" 

" "~Ivalent ~umber" of Gates QleArea Ole Dimensions 
Part Number (Approximate) (in Mils2 = .001 x .1101 In.) (In Mils = .001 In.) 

AM26S02 N/A 4402 62x71 

AM26S10 9 4425 59x75 

AM26S11 13 4425 59x75 

AM26S12 9 5112 71 x72 

AM26S12A "9 5112 71 x72 

AM26LS27 " In development 

AM26LS2B In development 

AM26LS29 6 6580 70x94 

AM26LS30 6 6580 70x94 

AM26LS31 10 5628 67x84 

AM26LS32 6 4704 56x84 

AM26LS32B 6 4704 56x84 

AM26LS33 6 4704 56x84 

AM26LS34 6 4704 56x84 

AM26LS38 72 6208 84x97 

Am2900 
" 

Equivalent Number of Gates DJeArea Ole Dimensions 
Part Number (Approximate) (in Mils2 = .001 x .001 In.) (in Mils = .001 In.) 

AM2901 Replaced by Am2901B and Am2901C 

AM2901A Replaced by Am2901B and Am2901C 

AM2901B 538 14,976 117x 128 

AM2901C 550 15,990 130x 123 

AM2902 Replaced by Am2902A 

AM2902A 19 4154 62x67 

AM2903 630 32,111 163x 197 

AM2903A 752 36,808 172x214 

AM2904 283 22,540 140x 161 

AM2905 49 10,400 80x 130 

AM2906 56 10,400 80x130 

AM2907 52 9064 88x 103 

AM290B 52 9064 88xl03 

AM2909 Replaced by Am2909A 

AM2909A 225 6831 69x99 

AM2910 736 32,980 170x 194 

AM2910A In development 

AM2911 Replaced by Am2911A 

AM2911A 221 6664 68x98 

AM2912 9 4425 59x75 

AM2913 33 6970 82x85 

AM2914 335 24,B71 133x 187 

AM2915A 49 9620 74x 130 

AM2916A 56 9620 74x 130 

AM2917A 52 9620 74x 130 

AM2918 30 6083 77x79 
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Gate Counts and Ole Sizes 
Am2900 (Cont.) 

Equivalent Number of Gates OleA .... Die Dimen.slons 
Part Number (Approximate) (In Mlla2 = .001 x .001 In.) (In Mila = .001 in.) 

AM29lS18 30 8217 83x99 

AM2919 59 8217 83x99 

AM2920 84 8880 8Ox111 

AM2921 34 m6 81 x96 

AM2922 52 7920 80x99 

AM2923 18 4288 84x67 

AM2924 17 4550 65x70 

AM2925 120 11,834 97x 122 

AM2926 10 5278 58x91 

AM2927 72 12,096 87x 144 

AM2928 95 12,096 87xl44 

AM2929 10 5278 58x91 

AM2930 548 26,600 133x200 

AM2932 521 26,800 133 x 200 

AM2940 415 32,037 177x181 

AM2942 415 32,037 177x 181 

AM2946 18 6141 69x89 

AM2947 18 6141 69x89 

AM2948 18 6141 69x89 

AM2949 18 6141 69x89 

AM2950 175 14,786 107x 138 

AM2950A In development 

AM2951 175 14,786 107x 138 

AM2951A In development 

AM2952 102 14,873 107x 139 

AM2952A In development 

AM2953 102 14,873 107x 139 

AM2953A In development 

AM2954 50 7968 96x83 

AM2955 50 7968 96x83 

AM2956 50 7854 86x 119 

AM2957 50 7854 86xl19 

AM2958 10 5369 59x91 

AM2959 10 5369 59x91 

AM2960 450 13,056 102x 128 

AM2960A In development 

AM2961 82 8874 102x87 

AM2962 74 8874 102x87 

AM2984B 170 22,308 156x 143 

AM2965 10 5840 94x60 

AM2968 10 5840 94x60 

AM2968 In development 

AM2969 
., 

In development 

AM2970 In development 

AM29112 In development 

AM29116 2500 78,061 251 x311 

AM29116A In development 
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Gate Counts and Die Sizes 
Am2900 (ConI) 

Equivalent Number of Gates 
Part Number (ApprOXimate) 

AM29203 752 

AM29501 1000 

AM29510 

AM29516 2100 

AM29516A 

AM29517 2100 

AM29517A 

AM29520 362 

AM29521 362 

~M29526 N/A 

AM29527 N/A 

AM29528 N/A 

AM29529 N/A 

AM29540 1125 

AM29705 258 

AM29705A 206 

AM29707 207 

AM29803A N/A 

AM29806 42 

AM29809 42 

AM29811A N/A 

AM29818 152 

AM29821 72 

AM29822 72 

AM29823 68 

AM29824 68 

AM29825 61 

AM29826 61 

AM29827 11 

AM29828 11 

AM29833 

AM29834 

AM29841 52 

AM29842 52 

AM29843 49 

AM29844 49 

AM29845 44 

AM29848 44 

AM29853 

AM29854 

AM29861 22 

AM29862 22 

AM29863 20 

AM29864 20 

Ole Area Die Dimensions 
(in Mils2 = .001 x .001 In.) (In Mils = .001 in.) 

36,808 172x214 

64,158 289 x 222 

In development 

55,500 250 x 222 

In development 

55,500 250 x 222 

In development 

15,327 117x 131 

15,327 117x 131 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

13,056 102x 128 

9984 104x96 

9984 104x96 

N/A N/A 

6468 66x98 

6468 66x98 

N/A N/A 

11,328 96x 118 

5376 64x84 

5376 64x84 

I 5376 64x84 

5376 64x84 

5376 64x84 

5376 64x84 

N/A N/A 

N/A N/A 

In development 

In development 

5376 84x64 

5376 84x64 

5376 84x64 

5376 84x64 

5376 84x64 

5376 84x64 

In development 

In development 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 
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Gate Counts and Die Sizes 
8XXX MOS MPU Support 

Equivalent Number of Gates Die Area Die Dimensions 
Part Number (Approximate) (InMlls2 = .001 x .001 In.) (In Mils = .001 in.) 

AM8120 84. 8880 .. 8Ox111 

AM8127 135 8624 98x88 

AM8163 350 28,860 185x 156 

AM8167 350 28,860 185x 156 

AM8212 N/A 10,192 91x 112 

AM8216 10 5940 88x90 

AM8224 47 7140 85x84 

AM8226 10 5940 66x90 

AM8228 N/A 14,960 110x 136 

AM8238 N/A 14,960 110x 136 
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Package Body Material 

Die Attach Pad Metallization 

Ole Attach Material 

Die Attach Temperature 

Bond Finger Metallization 

Bonding Wire 

Bonding Method 

Seal Ring Metallization 

Seal Material 

UdMaterial 

Seal Temperature 

Seal Ambient 

Lead Material 

Lead Finish 

Package Material 
Configurations 

Multilayer Ceramic Ceramic 

Brazeci Packages Chip Cerrler Cerdlp 

90% Alumina (Min) 90% Alumina (Min) 90% Alumina (Min) 

Gold Gold Gold Silver 
Palladium 

Gold/Silicon Gold/Silicon Gold/ Gold 
Silicon 

44O'CMax 44O"CMax 44<rCMax 

Gold Gold Aluminum 

Aluminuml1 % Silicon Alumlnum/1 % Silicon Aluminum/1% Silicon 

UHrasonlc Ultrasonic UHrasonic 

Gold .Gold None 

Gold/Tin Lead/Tin! Gold/Tin Vitreous Glass 
Silver 

Alloy 42 Alloy 42 Alloy 42 (Gold Plated) 90% Alumina (Min) 
(Gold Plated) . Tin Plated 

370"CMax 370"CMax 470"CMax 

Nitrogen Nitrogen Air 

Alloy 42 N/A Alloy 42 

Gold Tin N/A Tin 

Plastic 

Novolac Epoxy 

Gold Silver 

Gold/ Silver 
Silicon Epoxy 

44O"CMax 200"C 
(Curing Temp) 

Gold or Silver 

Gold 

Ball-bonding 

N/A 

N/A 

N/A 

175'CMax 
(Mold Temperature) 

N/A 

Alloy 42 Copper 

Solder 



Thermal Characterization of 
Packaged Devices 

AMD Technical Report TR·202 
bV J.&.. Havward 

DEFINITION OF THERMAL RESISTANCE 

The reliability of an integrated circuit is largely dependent on the 
maximum temperature which the device will attain during opera
tion. Because the stability of a semiconductor junction declines 
with increasing temperature, knowledge of the thermal proper
ties of the packaged device becomes an important factor during 
device design. In order to increase the operating lifetime of a 
given device, the junction temperatures must be minimized. This 
demands knowledge of the thermal resistance of the completed 
assembly and specification of the conditions in which the device 
wi.1I function properly. As devices become both smaller and more 
complex and the requirement for high speed operation becomes 
more important, heat diSsipation will become an ever more 
critical parameter. 

Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit of 
measure is typically ·C/watt. The relationship between junction 
temperature and thermal resistance is given by: 

Tj = Tx + Pd ReJX (1) 

where Tj junction temperature 

T x reference temperature 

P d power dissipation 

R8JX = thermal resistance 

X some defined test condition. 

In general, one of three conditions is defined for measuremeillt of 
thermal resistance: 

R8JA 
(still air) 

R8JA 
(moving air) 

- thermal resistance measured with reference to 
the temperature at some specified point on the 
package surface. 

- thermal resistance measured with respect 
to the temperature of a specified volume of 
still air. 

- thermal resistance measured with respect to 
the temperature of air moving at a specified 
velocity. 

The relationship between R8JC and ReJA is 

R8JA = ROJC + ROCA 

where R8CA is a measure of the heat dissipation due to natural 
convection (stilf air) or, forced convection (mqving air) and the 
effect of heat radiation\ arid mounting techniques. R8JC is de
pendent solely on material properties and package geometry; 
R8JA includes the influence of the surface area of the package 
and environmental conditions. Each of these definitions of ther
mal resistance is an attempt to simulate some manner in which 
the package device may be used. 

The thermal resistance of a packaged device, however mea
sured, is a summation of the thermal resistances of the indi
vidual components of the assembly. These in turn are functions 
of the thermal conductivity of the component materials and the 
geometry of the heat flow paths. Like other material properties, 
thermal conductivity is usually temperature dependent. For 

alumina and silicon, two common package materials, this de
pendence can amount to a 30% variation in thermal conductivity 

. over the operating temperature range of the device. The thermal 
resistance of a component is given by 

where 

L 
Re = K(T)A (2) 

L 
A 
K(T) = 

length of the heat flow path 
cross sectional area of the heat flow path 
thermal conductivity as a function of 
temperature 

and the overall thermal resistance of the assembly (discounting 
convective effects) will be: 

R8 = IRon = I ...!:.... 
KnA 

But since the heat flow path through a component is influenced 
by the materials surrounding it, determination of L and A Is Hot 
always straightforward. 

A second factor that effects the thermal resistance of a pack
aged device is the power dissipation level and, more particu
larly, the relationship between power level and die geometry, 
i.e., power distribution and power denSity. By rearrangement of 
equation 1 to 

1 t 
Pd = ROJX (T; - Tx) = IRHn (T; - Tx) (3) 

the relationship between Pd and T; can be more· clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T; must increase and, since the individua.1 Ron will 
also increase with temperature, the increase in T; will not be a 
linear function of increasing power levels. 

A third factor of concern is the quality of the material interfaces. 
In terms of package construction, this relates specifically to the 
die attach bond, and for those packages having a heatsink, the 
heatsink attach bond. The quality of the die attach bond will most 
severely influence the package thermal resistance as this is the 
area which first impedes the transfer of heat out of the silicon 
die. Indeed, it seems likely that the initial thermal response of a 
powered device can be directly related to the quality of the die 
attach bond. 

EXPERIMENTAL METHOD 

The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
dellice and monitoring this parameter while the device is pow
ered. For bipolar integrated Circuits the forward voltage of the 
subS\l'ate isolation diode provides a convenient parameter to 
meas\Jre and has the advantage of a linear dependence on I 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially deSigned 
thermal test die. Choice of the parameter to be measured must 
be made with some care to insure that the results of the mea-
surement are truly representative of the thermal state of the 
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Therma! Characteristics ~ Papkaged Devices 

device being investigated. Thus .measurement of the substrate' 
isolation diode which is generally diffused across the area of the 
die yields a weighted average of the condition of the individual 
junctions across the die surface. Measurement of a more local, 
source would yield a leasgenera.lized result. ,_ 

For those MOS deilipes for which no useful parameter is avail
.able, simulation is accomplished using the thermal test die; The 
basis for this test die is a 25 mil Square cell containing an iso
lated diode and a 11<0 resistor. Th.e resistors are interconnected 
from cell to cell on the wafer before it is cut into multiple arrays of 
the basic unit cell. ·In use the device is powered via the resistors 
with voltage or current adjusted for the proper level and the 
voltage drop of the individual diodes is monitored as in the case 
of actual devices. 

Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring.the forward voltage at 1mA current level at two differ
ent temperatures. The diode calibration factor is then: 

Kf= T2- T1 = IlT 
V2 - V1 IlV 

(4) 

in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these \Wa mea
surement points are sufficient to determine the calibration. 

The actual thermal resistance measurement has two altemating 
phases: measurement and power on. (See Figure 1.) The de.
vice under test is pulse powered with an ON duty cycle of 119% 
and a repetition rate of <100Hz. During the brief OFF states the 
device is reverse-biased with a 1mA current and the voltage 

drop is measured. The series cif voltage rEladingsare averaged 
over short periods' and compared to the VOltage reading ob
tained before the device was lirst powered ON. The thermal 
resistance is then computed as:. . . 

where 'Kf 

Vi 
Vf 
VH 
IH 

caiibration factor 
initial forward voltage value 
current forward voltage value 
heating voltage 
tie;iting current 

(5) 

The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is the 
equilibrium thermal resistance of the device under test. 

When the end result desired is R9JA (still air), the device and the 
test fixture (typically a standard bum-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For ReJC 
measurements the device is attached to a large metal heatsink. 
This insures. that the reference. point on the device surface is 
maintained at a constant temperature. Through the use of heat
ers attached to the metal fixture, the "case" temperature may be 
maintained at imy specified value above ambient. The require
ments for measurement of R9JA (moving air) are rather more 
cqmplex. They involve the use of a small wind tunnel with capa
bility for monitoring air pressure, temperature and velocity in the 
area immediately surrounding the device tested. Standar'diza
tion of this last test requires much careful attention. 

Figure 1. Waveforms for Pulsed Thermal Resistance Test 

VOLTAGE 

CURRENT 
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THERMAL CHARACTERIZATION DATA FOR CERDIPS1 

Approximate Approximate 
Lead Width R9JARange ReJcRange 
Count (Inches) ("C/W) ("C/W) 

16 0.300 66-89 22 

20 0.300 68-78 N/A 

24 0.300 55-57 13-14 

24 0.600 49 11 

28 0.600 29 N/A 

40 0.600 36-37 7-9 

Lead 
Count 

40 

48 

52 

64 

Thermal Characteristics of Packaged Devices 

THERMAL CHARACTERIZATION DATA FOR 
SIDE-BRAZE AND TOP-BRAZE PACKAGES 

Approximate Approximate 
R9JARange R9JCRange 

Type (OC/W) (OC/W) 

Side-Braze 27-35 6-7 

Side-Braze 37 10 

Top-Braze with 19 4 
Heat-Spreader 

Top-Braze with 20 7 
Heat-Spreader 

THERMAL CHARACTERIZATION DATA FOR PLASTIC DIPS1 THERMAL CHARACTERIZATION DATA FOR 
LEADLESS CHIP CARRIERS (JEDEC TYPE C) 1 

Approximate Approximate 
Lead Width R9JARange R9JCRange Lead Approximate ReJA Approximate ReJC 
Count (Inches) ("C/W) (OC/W) 

16 0.300 110' N/A 

20 0.300 81-123' 32' 

24 0.600 99-115' 43-57' 

28 0.600 85' N/A 

40 0.600 62-73' 27-34' 

'In 1983 AMD will be introducing copper-lead-frame versions of 
all plastic packages. The copper-lead-frame versions will have 
better thermal characteristics than the current plastic packages 
measured above. 

Count Range ("C/W) Range (OC/W) 

20 66-72' N/A 

28 69' N/A 

44 52-57' N/A 

52 44' N/A 

'The R9JA values listed for leadless chip carriers were measured with 
the chip carriers mounted in the appropriate burn-in sockets. This 
restricts convection of heat from the package and results in /I values 
higher than might be expected in actual use. 

THERMAL CHARACTERIZATION DATA FOR 
CERPAKS AND FLATPACKS1 

Approximete Approximate 
Lead R9JARange R9JcRange 

Count Type (OC/W) (OC/W) 

16 Cerpak 113-159 10-17 

20 Cerpak 119 N/A 

24 Cerpak 99 8 

42 Brazed 63 8 
Flatpack 

Note: 1. This data, while derived from actual measurements done on specific packaged devices, is only approximate and cannot be guaranteed 
because of the wide variation of die sizes and device power levels. 
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.. Package Outlines 
H-8-1 

METAL CAN PACKAGES 

H"10-1 G-12-1 

F~~ .0'3 ~s;1 

~~I=:J711~ SEATING~~----r- .600 

PL:~: / ~....DO 0 00 T :&'iO 
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:2"15 .080 
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.'20 
:lOa 

Note. Standard lead finish Is brighl acid lin plate or gold plate. 

MOLDED DUAL IN-LINE PACKAGES 
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rD. e· 240 
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I L •. :- 1m" 
I I ,015 

. ":liiiO 

~-Il--:~ f-+~ I~~~-\ 

Tj--~----J t:1 .'60 
-:B~ ..1 SEATINO. . I PLANE . 

1 I ~6 

I I. I :....Il00 
;- 1m" 
.'21 ~ .0'0 1---.3'0---1 
-:iIO ~ 1ifi" "liS 

-:no 

P-14-1 
P-16-1 

TQ' 8 ~ .... 
...L 1 7 

. ~ f.: -:j I-~ .... .066 

~
:'50 ~---I 

-- . I .EATINt;1. 
, ! ,PLANE IlOO 

I I .0'& -:m . 
. ~ --l f--~ -If--~ ~ f--~--\ 

f~::::] 
.0&. I I ,I .010 
.085- - . --J~:o4O' 

.150 r--4*---i 
:200~~~ fSEATI~GM PLANE 

::~ \! . t ~ 
-1 r-m -If--~ I-~--I 
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PACKAGE OUTLINES (Cont.) 

MOLDED bUAI.IN-UNE PACKAGES (Cont.) 

P-18-1 

~J@~: : : ::~L 
... .010 SEATING 

:200~~~BE 
.009 

L """OlT 
.... .01. -II- I--.dl!.--j 

.125 e -:;;0 -:Dm" .016 .-
-:1iii" 1IiD" 

[[~~'~~~~~~:I 
~--.JI., 

' .5 -I" 
.,50, I 1.010 I SEATING 

i:~9 BL =4-~ ~ 
mi '.066 .090 .310 I -I r-- .020 :065 -I r-- ill 1--:385--' 

P-22-1 P-24-1 

P-28-1 P-4O-1 

fE::::::::] 
-11-· ... . n'IO 

T~:::::::::::::::] . 
, .::: -=-.:j 1- SEATING 

1;" 11I 44 .. -1 I~ f-.o~-\ 
:rn! .110 .D65 .015 .100 
.180 ]20 

.150 I ..... I PLANE 

liiO ..... .015 I L .. JFi2\ - .... _-_' I .011 

.125J _I 1-........ _ "'5_11_ I' .... \ 

~ ~ ~ . - . r--.---, IE 
Note. Standard lead finish is tin plale or solder dip. 
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PACKAGE OUTLINES (Cont,) 

HERMETICOUAL IN-UNE PACKAGES 

D~8-2 

0-14-1 0-14-2 

I[[]] 
. -1 I- ::! -1 ~.006 MIN. 

, - .145 'I rr .210 ~' .785 . .320 

!~.:~ M-.130 .~ _l SEATING .:!!Q!. 
...l PLANE .011 , -- -+ t 
.090 016 ~ -:rw' -II- :020 ..m ---II-- 13 

.150 

--rt=~=----1. 
=~L",", ~ += PLANE __ ...!--• L .01 

---.060 
..JaL ..JIQ... .015 .290 
.150 .110 ~ ~ ~f-- .022 ,..~ 

0-14-3 
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PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN"UNE PACKAGES (Cont.) 

0·16·1 0·16·2 

0·18·1 . 0·18·2 

n:::::::] 
~~ I- -I !-.OO5MIN. 

0·20·1 0·20·2 

. n:::::::::~L-_[[~~]]J 
, 960~~' 

1 ,935. '1· rr=.290 =J I· ;'010. SEATING .140 ,.970 . 320 wPLANE 
.220. .020 

I~. r~~,rTllI ~J' IEF,l 1 H[ ! ~I~+ jjjL ~ l- -r~ ~ ~j ~ LL:m~l-:~ ~'--II~ ~ :~ LL~ ~l-~ l-:~j 
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PACKAGE OUTLINES (Cont.) 

HERMETIC OUAL IN-UNE PACKAGES (Com.) 

0-22-2 

0-24~1 and 0-24-4 

0-24-4· 0-24-2 
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PACKAGE OUTLINES (Cont.) 

HERMETIC OUAL IN· LINE PACKAGES (Cont.) 

0·28·1 0·28·2 

f C::::::::::: I 
~ 1 440 -! ~ .006 MI~. .600 
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a 
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PACKAGE OUTLINES (Cont.) 
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Note: Notch is pin 1 index on cerpack. 

F·20·1 F·22·1 
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F-24-1 

F-28-1 

F-42-1 

.012 MAX. ~ 1-· ... 1 +--=¥# ,I 

PACKAGE OUTLINES (Cont.) 
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:iii' .:.!'!1 
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I I 

FLAT PACKAGES (Cont) 
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· PACKAGE OUTLINES (Cont.) 

HERMETIC OUALIN-LiNE PACKAGES (Cont.) 

0-52-3 

0-64-3 
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PACKAGE OUTLINES (Cont.) 
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Ordering Information 

All Advanced Micro Devices' products listed are stocked locally and distributed nationally by Franchised Distributors. See back of this 
book for the location nearest you. Please consult them for the latest price revisions. For direct factory orders, call local AMD Sales 
Office or Sales Representative. See the back of this book for the location nearest you. 

Minimum Order 

The minimum direct factory order is $100.00 for a standard product. 

The minimum direct factory order for Class B, burned-in, product is $250.00. 

Proprietary Product Ordering, Package and Temperature Range Codes 

The following scheme is used to identify Advanced Micro Devices' proprietary products. 

Am29517PC-B 

//~ 

Package Style 

D = Hermetic DIP 
F = Flat Package 
P = Molded DIP 

Device 
Type 

L = Leadless Chip Carrier 
X = Dice 

Package 
Style 

Temperature Range 

C = Commercial 
O°C to +70°C 

M = Military 
-55°C to +125°C 

Temperature 
Range 

Additional 
Processing 

Additional Processing 

B = Burn-in (Signifies full MIL-STD-883 
Class B product for military temperature 
range devices) 

Second Source Product Ordering. Package and Temperature Range Codes 

An order number and marking system identical to the original manufacturer's is used for the Advanced Micro Devices' 
pin-for-pin and electrically equivalent circuit. 

The following example is the ordering scheme for Advanced Micro Deyices' second source to Texas Instruments' products. 

Package Style 

J = Hermetic DIP 
N = Molded DIP 
W = Flat Package 
X = Dice 

Temperature 
Range 

SN74 S374 N-B 

Device 
Type 

Temperature Range 

74 = Commercial 
O°C to' + 70°C 

54 = Military 
. -55°C to +125°C 
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Package 
Style 

Additional 
Processing 

Additional Processing 

B = Bum-in (Signifies full MIL-STD-883 
Class B product for military temperature 
range devices) 



World-Wide 
Sales 
Offices 

Advanced 
Micro. 
Devices 

Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and 
around the world. For a sales agent nearest you, call one of the AMD offices listed below. 

U.S. AND CANADIAN SALES OFFICES 

SOUTHWEST AREA 

Advanced Micro Devices 
360 N. Sepulveda, Suite 2075 
EI Segundo, California 90245 
Tel: (213) 640-3210 

Advanced Micro Devices 
10050 N. 25th Street 
Suite 235 

. Phoenix, Arizona 85021 
Tel: (602) 242-4400 

Advanced Micro Devices 
4000 MacArthur Boulevard 
Suite 5000 
Newport Beach, California 92660 
Tel: (714) 752-6262 

Advanced Micro Devices 
5955 De Soto Avenue, Suite 241 
Woodland Hills, California 91367 
Tel: (213) 992-4155 

Advanced Micro Devices 
9455 Ridgehaven Court 
Suite 230 
San Diego, Oalifornia 92123 
T<1I: (619) 560-7030 

NORTHWEST AREA 

Advanced Micro Devices 
2700 Augustine Drive, Suite 109 
Santa Clara, California 95051 
Tel: (408) 727-1300 

Advanced Micro Devices 
1873 South Bellaire Street 
Suite 920 
Denver, Colorado 80222 
Tel: (303) 691-5100 

NORTHWEST AREA (Can!.) 

Advanced Micro Devices 
One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland, Oregon 97223 
Tel: (503) 245-0080 

Advanced Micro Devices 
Honeywell Ctr., Suite 1002 
600 108th Avenue N.E. 
Bellevue, Washington 98004 
Tel: (206) 455-3600 

MID-AMERICA AREA 

Advanced Micro Devices 
500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312) 773-4422 

Advanced Micro Devices 
9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 

Advanced Micro Devices 
3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tei: (614) 891-6455 

Advanced Micro Devices 
8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512) 346-7830 

Advanced Micro Devices 
6750 LBJ Freeway, Suite 1160 
Dallas, Texas 75240 
Tei: (214) 934-9099 

INTERNATIONAL SALES OFFICES 

BELGIUM 
Advanced Micro Devices 
Overseas Corporation 
Avenue de Tervueren, 412, bte 9 
B-l'150 Bruxelles . 
Tel: (02) 771 9993 
TELEX: 61028 

FRANCE 
Advanced Micro Devices, S.A. 
Silic 314, Immeuble Helsinki 
74, rue d'Arcueil 
F-94588 Rungis Cedex 
Tel: (01) 687.36.66 
TELEX: 202053 

GERMANY 
Advanced Micro Devices GmbH 
Rosenhei mer Str. 139 
0-8000 Muenchen 80 
Tel: (089) 40 19 76 
TELEX: 05-23883 

Advanced Micro Devices GmbH 
Harthaeuser Hauptstrasse 4 
0-7024 Filderstadt 3 
Tel: (07158) 30 60 
TELEX: 07-21211 

Advanced Micro Devices GmbH 
ZurWorth 6 
0·3108 Winsen/Aller 
Tel: (05143) 53 62 
TELEX: 925287 

MID-ATLANTIC AREA 

Advanced Micro Devices 
40 Crossways Park Way 
Woodbury, New York 11797 
Tel: (516) 364-8020 

Advanced Micro Devices 
290 Elwood Davis Road 
Suite 316 
Liverpool, New York 13088 
Tel: (315) 457'5400 

Advanced Micro Devices 
2 Kilmer Road 
Edison, New Jersey 08817 
Tel: (201) 985-6800 

Advanced Micro Devices 
107 Lakeside Drive 
Horsham, Pennsylvania 19044 
Tel: (215) 441-8210 
TWX: 510-665-7572 

Advanced Micro Devices 
205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914) 471-8180 
TWX: 510-248-4219 

NORTHEAST AREA 

Advanced Micro Devices 
6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617) 273-3970 

SOUTHEAST AREA 

Advanced Micro Devices 
Parkway Center 
One Parkway Drive Building 
7257 Parkway Drive, Suite 204 
Dorsey, Maryland 21076 
Tel: (301) 796-9310 

Advanced Micro Devices 
7850 Ulmerton Road, Suite lA 
Largo, Florida 33541 
Tel: (813) 535-9811 

Advanced Micro Devices 
4740 North State Road #7 
Suite 102 
Ft. Lauderdale, Florida 33319 
Tel: (305) 484-8600 

Advanced Micro Devices 
6755 Peachtree Industrial Boulevard 
Suite 104 
Atlanta, Georgia 30360 
Tel: (404) 449-7920 

Advanced Micro Device. 
8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel: (704) 525-1875 

Advanced Micro Devices (Canada) Ltd. 
2 Sheppard Avenue East 
Sui,te 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416) 224-5193 

HONG KONG 
Advanced Micro Devices 
1303 World Commerce Centre 
Harbour City 
11 Canton Road 
Tsimshatsui, Kowloon 
Tel: (852) 3 695377 
TELEX: 50426 

ITALY 
Advanced Micro Devices S,R.L. 
Centro Direzionale 
PaliiZzo Vasari, 3° Piano 
1-20090 MI2 - Segrate (MI) 
Tel: (02) 215 4913-4-5 
TELEX: 315286 

JAPAN 
Advanced Micro Devices, K.K. 
Dai 3 Hoya Building 
8-17, Kamitakaido l-chome 
Suginami-ku, Tokyo 168 
Tel: (03) 329-2751 
TELEX: 2324064 
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SWEDEN 
Advanced Micro Devices AB 
80x7013 
8-17207 Sundbyberg 
Tel: (08) 98 1235 
TELEX: 11602 

UNITED KINGDOM 
Advanced Micro Oevices (U.K.) I::Id. 
A.M.D. House, 
Goldsworth Road, 
Woking, 
Surrey GU21 lJT 
Tel: Woking (04862) 22121 
TELEX: 859103 
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