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CMOS PAL® Devices and Sequencers 

Product Pins Technology tpo (ns) lee (mA) Description Page 

PALCE16V8 20 EE CMOS 10-25 0.1-90 GAL® device equivalent 2-75 
PALCE20V8 24 EE CMOS 15-25 90 GAL device equivalent 2-169 
PALCE24V10 28 EE CMOS 15-25 90 GAL device type 2-300 
PALCE22V10 24 EE CMOS 15-25 0.1-90 Versatile macrocell 2-237 
PALCE26V12 28 EE CMOS 20-25 105 28-pin 22V10 2-316 
PALCE29M16 24 EE CMOS 25-35 100 Advanced macrocell 2-332 ( 
PALCE29MA16 24 EE CMOS 25-35 100 Advanced async. macrocell 2-354" 
PALCE610 24 EE CMOS 15-25 90 J-K, async. macrocell 2-391 i 

PLSCE105 28 EE CMOS 37MHz 100 PLS sequencer 3-3 
PLSCE167 24 EE CMOS 33MHz 80 PLS sequencer 3-21 
PLSCE168 24 EE CMOS 33MHz 80 PLS sequencer 3-21 

Am29CPL151 28 UV CMOS 33MHz 115 Instruction-based sequencer 3-63 
Am29CPL 154 28 UV CMOS 30MHz 125 Instruction-based sequencer 3-98 

High-Speed Bipolar PAL Devices 

Product Pins Technology tpo (ns) Ice (mA) Description Page 

PAL16L8 20 TTL 7.5-35 55-180 Standard 2-10 
PAL16R8 
PAL16R6 
PAL16R4 

PAL20L8 24 TTL 7.5-35 105-210 Standard 2-107 
PAL20R8 
PAL20R6 
PAL20R4 

PAL24L10 28 TTL 10 210 Standard 2-282 
PAL24R10 
PAL24R8 
PAL24R4 

Am/PAL22V10 24 TTL 10-35 180 Versatile macrocell 2-237 
AmPAL18P8 20 TTL 15-35 90-180 Combinatorial macrocell 2-97 
AmPAL22P10 24 TTL 15-25 90-180 Combinatorial macrocell 2-227 

PAL10H20EG8 24 10KH ECL 6 260 Latched macrocell 4-3 
PAL10020EG8 24 100K ECL 6 285 Latched macrocell 4-3 
PAL10H20EV8 24 10KH ECL 6 260 Registered macrocell 4-17 
PAL 10020 EV8 24 100K ECL 6 285 Registered macrocell 4-17 

(Continued on inside back cover) 
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The performance characteristics listed in this document are guaranteed by specific 
tests, correlated testing, guard banding, design and other practices common to the industry. 

For specific testing details contact your local AMO sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 

901 Thompson Place, P.O. Box 3453, Sunnyvale, California 94088 
(408) 732-2400 TWX: 910-339-9280 TELEX: 34-6306 



ii 

AMD thanks you for your interest in our programmable logic products. As world leaders 
and patent-holders on the PAL® device and ever-popular 22V10 architecture, we continue 
expanding our line in order to serve you better. 

In this Data Book, we especially call your attention to our comprehensive offering of EE 
CMOS universal PAL devices. The distinctive blue pages will lead you straight to these 
low-power, reprogrammable choices. And please stay in touch with AMD as we have many 
excellent additions coming for you. 

May all your projects be completed and go to market on time! 

Andy Robin 

Director of Marketing 
Programmable Logic 



Description 

This 1990 PAL® Device Data Book is your complete guide to all data sheets and 
supporting information on programmable logic devices (PLDs) from Advanced Micro 
Devices, including those originally from Monolithic Memories, Inc. The blue pages 
highlight information relating to CMOS products. 

The PAL Device Data Book is organized into eight easy-to-use sections: 

1. Introduction 
Includes an overview of the AMO PLO family. Highlights the advantages of each 
product; excellent for the new user. 

2. PAL Device Data Sheets 
Includes complete data sheets for all PAL devices offered by AMO, including both 
bipolar and CMOS devices. Order is alphanumeric. 

3. Sequencer Data Sheets 
Complete data sheets for the Programable Logic Sequencers (PLS) and Field-Pro­
grammable Controllers (FPC). and information on the Programmable Event Generator 
(PEG™ device). 

4. ECL/PGA Data Sheets 
Complete data sheets for the high-speed ECL PAL devices, and information on the 
high-density Programmable Gate Arrays (PGAs). The Programmable Gate Arrays are 
described in more detail in a separate PGA Data Book. 

5. General Information 
Includes military processing information, definitions of data sheet parameters, and 
package information. 

6. Design and Programming 
Includes information on AMO and third-party PLO software programs. Note that 
AMD's PALASM® software is now documented in a separate User's Manual. For 
design examples, see the PAL Handbook. This section also contains helpful program­
ming information and a complete listing of approved programmers. Testing consid­
erations for programmable logic are discussed. Includes new material on design 
considerations for high-speed bipolar and CMOS logic. 

7. Quality and Rellablllty 
Includes information on AMO PLO process technologies and quality procedures. 

8. Appendices 
Quick reference information, including replacements for PLDs no longer in this data 
book. 

Call your local AMO sales office, listed at the back, for updated information on these 
products and the latest new products. If you have any questions or comments on 
PLDs or any other products, please contact your local AMO sales office or call the 
AMO Applications Hotline at (800) 222-9323. 
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Trademarks 

Trademarks .list.ed in this publication are provided as an additional courtesy. The publisher does not assume any liability for 
errors or om1ss1ons. 

AMO, HAL, PAL, PALASM, and SKINNYDIP are registered 
trademarks and AutoVec, Diagnostics-On-Chip, DOC, 
IMOX, Interface Protocol Asynchronous Cell, LabPro, 
MONOX, PEG, PEGASUS, PEGCPS, PEGPDS, ProPAL, 
SSA, TestPro, and ZHAL are trademarks of Advanced 
Micro Devices, Inc. 

AT&Tand UNIX are registered trademarks of American 
Telephone and Telegraph Company. 

Anvil A TG is a trademark of Anvil Software, Inc. 

Apollo is a registered trademark of Apollo Computers. 

DAISY and DNIX are registered trademarks of Daisy/ 
Cad net ix. 

Data 1/0 and FutureNet are registered trademarks and 
ABEL, Logic Fingerprint, FutureDesigner, LogicPak, 
PLDlinx, PLDtest, PLDtest Plus, PROMlink, and UniSite are 
trademarks of Data 1/0 Corporation. 

LOGIUNK, SOFTLINK, and SOFTPACK are trademarks of 
Digelec, Inc. 

DEC, VAX, and VMS are registered trademarks of Digital 
Equipment Corporation. 

DASH, DASH-ABEL, and DASH-GATES are trademarks of 
FutureNet Corporation, a Data VO Company. 

HP is a registered trademark of Hewlett-Packard, Inc. 

386 is a trademark of Intel Corporation. 

IBM and PS/2 are registered trademarks and IBM PC, IBM 
PC-AT, IBM PC-XT, and Micro Channel are trademarks of 
International Business Machines Corporation. 

ISDATA is a registered trademark and LOG/iC is a trade­
mark of ISDATA GmbH. 

Iv 

PROMAC is a trademark of Japan Macnics Corporation. 

GAL is a registered trademark of Lattice Semiconductor 
Corporation. 

ALLPRO, CUPL, and LOGIPRO are trademarks of Logical 
Devices, Inc. 

Mentor and OuickSim are trademarks of Mentor Corpora­
tion. 

WordStar is a trademark of MicroPro International Corpora­
tion. 

Microsoft is a registered trademark and MS-DOS is a trade­
mark of Microsoft Corporation. 

PLDesigner is a registered trademark of MINC Incorporated. 

Mouse System is a trademark of Mouse Systems Corpora­
tion. 

TRI-STATE and FAST are registered trademarks of 
National Semiconductor Corporation. 

OrCAD is a registered trademark and OrCADISDT and 
OrCADNST are trademarks of OrCAD Systems. 

P-CAD is a registered trademark of Personal CAD Systems, 
Inc. 

PC-SILOS is a trademark of SimuCad Corporation. 

Sun and Sun Workstation are registered trademarks of Sun 
Microsystems, Inc. 

Valid, ValidGED, ValidSIM, and ValidTIME are trademarks 
of Valid Logic Systems. 

LCA, Logic Cell, Logic Processor, XACT, XACTOR, and 
Xilinx are trademarks of Xilinx, Inc. 
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Introduction 

The Programmable Array Logic device, commonly known as the 
PAL® device, was invented at Monolithic Memories, now a part 
of Advanced Micro Devices, over 14 years ago. The concept for 
this revolutionary type of device sprang forth as a simple solution 
to the shortcomings of discrete TTL logic. 

The successfully proven PROM technology which allowed the 
end user to "write on silicon" provided the technological basis 
which made this kind of device not only possible, but very popular 
as well. 

The availability of design software made it much easier to design 
with programmable logic. As designers were freed from the 
drudgery of low-level implementation issues, new complex de­
signs were easier to implement, and could be completed more 
quickly. 

This chapter outlines some basic information essential to those 
who are unfamiliar with Programmable Logic devices (PLDs). 
The information may also be useful to those who are current users 
of programmable logic. The specific issues which need to be 
addressed are: 

• What is a PLO? 
• What other implementations are possible? 
• What advantages do PLDs have over other 

implementations? 

WHAT IS A PLO? 

In general, a programmable logic device is a circuit which can be 
configured by the user to perform a logic function. Most "stan­
dard" PLDs consist of an AND array followed by an OR array, 
either (or both) of which is programmable. Inputs are fed into the 
AND array, which performs the desired AND functions and 
generates product terms. The product terms are then fed into the 
OR array. In the OR array, the outputs of the various product 
terms are combined to produce the desired outputs. There are 
three fundamental types of standard PLO: the PROM, the PAL 
device, and the PLS device. 

PROMS 

PROMs are usually thought of as memory elements. However, 
the PROM has a fixed AND array (which decodes the memory 

address) followed by a programmable OR array (Figure 1 ). For 
each of a given set of input combinations (addresses), it gener­
ates a value which has been programmed into the device. 
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Figure 1. PROM Array Structure 
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PAL Devices 

The PAL device has a programmable AND array followed by a 
fixed OR array (Figure 2). The fact that the AND array is 
programmable makes it possible for the devices to have many 
inputs. Thefactthatthe OR array is fixed makes the devices small 
(which means less expensive) and fast. 

PLS Devices 

The PLS (Programmable Logic-based Sequencer) devices are 
based on the standard PLA architecture (Figure 3), where both 
the AND and the OR arrays are programmable. This arrange­
ment allows for greater overall flexibility. The architecture is a bit 
more costly in terms of die size and speed, so for simple logic 
functions, a PAL device is usually more cost effective. However, 
this architecture is very effective for sequencers, where the 
flexibility allows larger state machines than might fit in a PAL 
device. 

Other PLDs 

In addition to the basic sum-of-products PLDs, some more 
complex PLDs dedicated to sequencing are available, most 
notably the Am29CPL151 andtheAm29CPL154. Their architec­
tures are described elsewhere in the data book, but their funda­
mental benefits are the same as those of the more traditional 
PLDs. 

In practice, the distinctions between architectures are not as 
signnicant as the differences between the types off unctions to be 
performed. 

WHAT OTHER IMPLEMENTATIONS ARE 
POSSIBLE? 

There are essentially four alternatives to programmable logic: 

• Discrete Logic 
• Gate Arrays 
• Standard Cell Circuits 
• Full Custom Circuits 

Discrete Logic 

Discrete logic, or conventional TTL logic, has the advantage of 
lam iliarity; hence its popularity. It is also quite inexpensive when 
only unit cost is considered. The drawback is that the implemen­
tation of even a simple portion of a system may require many units 
of discrete logic. There are "hidden• costs associated with each 
unit that goes into a system, which can render the overall system 
more expensive. 

Designing with discrete chips can also be very tedious. Each 
design decision directly affects the layout of the board. Changes 
are difficultto make. The design is also more difficultto document, 
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Figure 2. PAL Device Array Structure 
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Introduction 

making it harder to debug and maintain later. These items all 
contribute to a long design cycle when discrete chips are used 
extensively. 

Gate Arrays 

Gate arrays have been increasing in popularity. The attractive­
ness of this solution lies in the device's flexibility. By packing the 
functions into the device, a great majority of the available silicon 
is actually used. Since such a device is customized for an 
application, 11 would seem to be the optimum device for that 
application. 

However, one also pays substantial development costs, espe­
cially in the case of a design which needs changes after silicon 
has already been processed. Even though the unit costs are 
generally quite low for gate arrays, the volumes required to make 
their use worthwhile excludes them as a solution for many 
designers. This fact, added to the long design cycle and high risk 
involved, make this solution practical for only a limited number of 
designers. 

Standard Cell Circuits 

Standard cell circuits are quite similar to gate arrays, their main 
advantage being that they consist of a collection of different parts 
of circuits which have already been debugged. These circuits are 

then assembled and collected to perform the desired functions. 
This can ideally lead to reduced turnaround from conception to 
implementation, and a much more efficient circuit. 

The drawback is that even though the individual components of 
the circuit have been laid out, a complete layout must still be per­
formed to arrange the cells. Instead of just customizing the metal 
interconnections, as is done in a gate array, the circuit must be 
developed from the bottom up. Development costs can be even 
higher than forgate arrays, and despite the standard cell concept, 
turnaround time often tends to be longer than planned. Again, the 
volume must be sufficiently high to warrant the development 
costs. 

Full Custom Circuits 

Full custom designs require that a specific chip be designed from 
scratch to perform the needed functions. The intent is to provide 
a solution which gives the designer exactly what is needed for the D 
application in question; no more and no less. Ideally, not a square 
micron of silicon is wasted. This normally results in the smallest 
piece of silicon possible to fit the needs of the design, which in turn 
reduces the system cost. Understandably, though, development 
costs and risks for such a design are extremely high, and volumes 
must be commensurately high in order for such a solution to be 
of value. 
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Figure 3. PLA Array Architecture 
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WHAT ADVANTAGES DO PLDS HAVE OVER 
OTHER IMPLEMENTATIONS? 

As user-programmable semicustom circuits, PLDs provide a 
valuable compromise which combines many of the benefits of 
discrete logic with many of the benefits of other semicustom 
circuits. The overall advantages can be found in several areas: 

Ease of design 
• Performance 
• Reliability 

Cost savings 

Ease of Design 

The support tools available for use in designing with PLDs greatly 
simplify the design process by making the lower-level implemen­
tation details transparent. In a matter of one or two hours, a first 
time PLO user can learn to design with a PAL device, program it, 
and implement the design in a system. 

The design support tools consist of design software and a 
programmer. The design software is used in generating the 
design; the programmer is used to configure the device. The 
software provides the link between the higher-level design and 
the low-level programming details. 

All of the available design software packages (of which Advanced 
Micro Devices' PALASM® software is the most widely used) 
perform essentially the same tasks. The design is specified with 
relatively high-level constructs; the software takes the design and 
converts it into a form which the programmer uses to configure the 
PLO. Most software packages provide logic simulation, which 
allows one to debug the design before actually programming a 
device. The high-level design file also serves as documentation 
of the design. This documentation can be even easier to 
understand than traditional schematics. 

Depending on the capabilities desired, a device programmer can 
cost anywhere from under $1,000.00 to around $15,000.00 for a 
high-volume production programmer. Many PLO users do not 
find it necessary to purchase a programmer; it is often quite cost 
effective and convenient to have either the manufacturer or an 
outside distributor do the programming for them. For design and 
prototyping, though, it is very helpful to have a programmer; this 
allows one to implement designs immediately. 

The convenience of programmable logic lies in the ability to 
customize a standard, off-the-shelf product. PLDs can be found 
in stock to suit a wide range of speed and power requirements. 
The variety of architectures available also allows a choice of the 
proper functionality for the application at hand. Thus a design can 
be implemented using a standard device, with the end result 
essentially being a custom device. If a design change is needed, 
it is a simple matter to edit the original design and then program 
a new device, or, in the case of reprogrammable CMOS devices, 
erase and reprogram the old device. 

Board layout is vastly simplnied with the use of programmable 
logic. PLDs offer great flexibility in the location of inputs and 
outputs on the device. Since larger functions are implemented 
inside the PLO, board layout can begin once the inputs and 
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outputs are known. The details of what will actually be inside the 
PLO can be worked out independently of the layout. In many 
cases, any needed design changes can be taken care of entirely 
within the PLO, and will not affect the PC board. 

Performance 

Speed is one oflhe main reasons that designers use PAL devices. 
The TTL PAL devices presently on the market can provide better 
performance than the fastest discrete logic available. ECL PAL 
devices extend the benefits of programmable logic to the even 
higher-speed realm of ECL logic. Today's fastest PAL devices are 
being developed on the newest technologies to gain every extra 
nanosecond of performance. 

Performance cannot come strictly at the expense of power 
consumption. Since PLDs can be used to replace several 
discrete circuits, the power consumption of a PLO may well be 
less than that of the combined discrete devices. As more PLDs 
are developed in CMOS technology, the option for even lower 
power becomes available, including zero standby power devices 
for systems which can tolerate only minute standby power con­
sumption. 

Reliability 

Reliability is an area of increasing concern. As systems get larger 
and more complex, the increase in the amount of circuitry tends 
to reduce the reliability of the system; there are "more things to go 
wrong". Thus a solution which inherently reduces the number of 
chips in the system will contribute to higher reliability. A program­
mable logic approach can provide device quality levels up to 50 
parts per million (ppm), while also providing a more reliable 
solution due to the smaller number of devices required. 

With the reduction in units and board space, PC boards can be 
laid out less densely, which greatly improves the reliability of the 
board itself. This also reduces crosstalk and other potential 
sources of noise, making the operation of the system cleaner and 
more reliable. 

Cost 

For any design approach to be practical, it must be cost effective. 
Cost is almost always a factor in considering a new design or a 
design change. But the calculation of total system cost can be 
misleading if not all aspects are considered. Many of the costs 



... 
' ..... 

PLDs: BLANK 

PLDs:FACTORY 
PROGRAMMED 

DISCRETE LOGIC 

GATE ARRAYS 

STANDARD CELLS 

FULL CUSTOM 

Unit 
Cost 

Range 

Low-Med 

Low-Med 

Low-Med 

Low 

Low 

Very Low 

NREs/ Purchase Design Gate Count 
Development Costs Volume Flexibility per Device 

For Best 
Economics 

None 5K-200K Med 200--2K 

Low 10K-200K Med 200--2K 

None 1K-10K Low 1()-30 

Med-High 10K-200K Med-High 1K-10K 

High 100K-300K Med-High 1K-10K 

High 200Kand Up High 1K-60K 

Figure 4. Cost and Design-time Comparisons 

Engineering Design 
Design Turnaround 
Time Time 

112 Week Short 
(1-10 Days) 

3-10 Moderate 
Weeks (8-10 Wks.) 

1 Week Short 
(1-10 Days) 

12-40 Long 
Weeks (3-9 Mos.) 

26-52 Long 
Weeks (6-12 Mos.) 

1-2Yrs. Long 
(6-12 Mos.) 

Cost 
of Each 

Design Change 

Very Low 

Med 

Med 

High 

High 

High 

a a a. c 
2 
0 
::I 



Introduction 

can be elusive or difficult to measure. For example, it is difficult 
to quantffy the cost of market share lost due to late product 
introduction. 

The greatest savings over a discrete design are derived from the 
fact that a single PLO can replace several discrete chips. Board 
space requirements can drop by 25% or more when PLDs are 
used. Figure 4 illustrates some of the costs of the various 
solutions discussed so far, with many of the factors that may not 
always be considered included for comparison. These involve 
such items as inventory costs, inspection costs, test costs, board 
materials costs, and of course the very costly time spent design­
ing and debugging such systems, and isolating and replacing 
units which fail. With each design change, the cost of a custom 
solution rises dramatically, while that of a user-customizable 
approach is minimal. The relationship between the various 
alternatives is summarized in Figure 5. 

Another economic benefit of the use of PL Os is that when one PAL 
device is used in several different designs, as is often the case, 
the user has not committed that device to any one of the particular 
designs until the device has been programmed. This means that 
inventory can be stocked for several different designs in the form 
of one device. As requirements change, the parts can be 
programmed to fit the need. And in the case of reprogrammable 
CMOS devices, one is not committed even after programming. 

There is also a cost-effective PLO solution for high-volume 
production. Just as a ROM is a PROM which has been hard:wired 
for mass production, HAL® (Hard Array Logic) devices can be 
produced in high volumes for extra cost savings. This mask­
programmed version can be produced in high volume with 
unparalleled quality. In addition, in the event that production 
quantities for your system show an unexpected increase, the 
equivalent PAL or ProPAL™ devices (in-factory programmed 
PAL devices) can be quickly obtained and programmed in your 
factory, by Advanced Micro Devices, or through distribution to 
cover the temporary shortage. More details on HAL and ProPAL 
devices are provided later in the Data Book. 
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One final subtle cost issue is derived from the ease with which a 
competitor can copy a design. PLDs haveauniquefeaturecalled 
a security fuse, whose purpose is to protect a design from being 
copied. By using secured PLDs extensively in a system, one can 
safely avoid having one's system easily deciphered. The added 
design security provided by this feature can buy extra market 
time, forcing competitors to do their own original design work 
rather than copying the designs of others. 

SUMMARY 

Programmable logic provides the means of creating semi-custom 
designs with readily available standard components. There is a 
wide variety of PLDs; PAL devices are most widely used, and 
perform well for basic logic and some sequencing functions. 
Other dedicated sequencers provide the circuitry required to 
implement more complex designs. 

By assuming some of the attributes of gate arrays, programmable 
logic provides the cost savings of any other semicustom device, 
without the extra engineering costs, risks, and design delays. 
Reliability is also enhanced as quality increases and board 
complexity decreases. 

The design tasks are greatly simplified due to the design tools 
which are now available. Design software and device program­
mers allow top-down high-level designs, with a minimum of time 
spent on actual implementation issues. Simulation allows some 
design debug before a device is programmed. 

For all of these reasons, programmable logic has become, and 
will continue to be, the design methodology of choice among 
digital systems designers. 
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Product Overview 

Advanced Micro Devices offers the industry's widest 
variety of PLDs, implemented in a variety of technolo­
gies. In this section, we will briefly discuss the device 
families, and look atthe various architecture, speed, and 
power options. More specific device information can be 
found in the individual data sheets in sections 2-4. 
Discussions on some of the special architectural features 
of many of the devices can also be found in their respective 
data sheets. 

There are six basic PLO areas addressed by Advanced 
Micro Devices' PLDs: 

• High-speed PAL® devices 

• Universal PAL devices 

• Industry-standard PAL devices 

• Low-power PAL devices 

• Special architecture PLDs 

• Programmable gate arrays 

The largest application area is that covered by the PAL 
devices. There is a wide variety of PAL devices, ranging 
from simple devices that address general logic design 
problems to more sophisticated devices that deal with 
more complex problems. 

Within the group of special architecture PLDs, there is 
also a series of sequencers that are not PAL devices, 
featuring architectures particularly well suited to 
sequencing operations. While there are PAL devices 
that work well as state machines in addition to their other 
applications, these dedicated sequencers have given up 
some of their generality to provide optimal state machine 
solutions. 

The final area, that of high-density design, is addressed 
by the programmable gate arrays (PGAs) which provide 
a PLO with thousands of gates. The PGAs are described 
briefly in this data book;for more detail, please refer to the 
PGA Handbook. 

Design software radically simplifies the design of any 
circuit in a PLO. PALASM® software can be used for all 
PAL and PLS devices. PLO design software is discussed 
briefly in section 5. 

HIGH-SPEED PAL DEVICES 

AMO offers the fastest PAL devices on the market today. 
We were the first to introduce the 40-ns PAL device in 
1978 and have been the first to market on all five 
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successive generations. In the last decade, we have 
improved the performance of PAL devices almost six­
fold. As the market leaderinthe PLO arena, we fully expect 
to introduce even faster devices in the future. 

40 

10 
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Market Introduction 

Currently, we have the bipolar TTL PAL16R8 family of 
20-pin devices in 7.5-ns speed grade and the PAL20R8 
family of 24-pin devices, also in 7.5-ns speed grade, 
available in volume production. These families include 
both registered (16R4, 16R6, 16R8, 20R4, 20R6, 20R8) 
and combinational devices (16L8, 20L8). They are used 
in a wide variety of applications where performance 
and space are critical, often replacing FAST™ and 
AS SSl/MSI logic circuits. For applications where the 
absolute fastest devices are not needed, other speed 
grades are offered at a lower cost and/or lower power 
consumption. 

AM D's new EE CMOS process also provides high-speed 
universal PAL devices. The PALCE16V8 has a 10-ns 
version; most other EE CMOS devices have a 15-ns tro• 
while using half or even a quarter of the power required 
by their bipolar equivalents. 

For exceptionally high performance, AMO offers ECL in 
addition to bipolar TTL PAL devices. AMD's ECL PAL 
devices are the 24-pin PAL 1OH/10020EV8 and PAL 1 OH/ 
10020EG8. These arethe industry's first ECL PAL devices 
with output logic macrocells, a variable product term 
distribution and other advanced features. They support 
state-machine applications running at 125 MHz and 
are available in both 1 OKH and 1 OOK ECL logic level 
versions. Even high er performance ECL PAL devices will 
be available in the future. 



Product Overview 

High-Speed PAL Devices 

Functional Description Commercial Specifications 
Part 

ARRAY INPUTS ARRAY OUTPUTS Prod. Terms Spd/Pwr tPD fMAX• •cc Number Pin 
Count 

bldlr. dedctd. reg. fdbk. reg. comb. macrocell 
per Output Options (ns) (MHz) (mA) 

PAL16L8 6 10 
PAL16R8 8 8 8 
PAL16R6 

20 
2 8 6 6 

PAL16R4 4 8 4 4 

PAL10H20EV8 24 0-8 12 8-0 

PAL 10020EV8 24 0-8 12 8-0 

PAL10H20EG8 24 0-8 12 8-0 

PAL10020EG8 24 0-8 12 8-0 

UNIVERSAL PAL DEVICES 

Have your design needs included a non-standard mix of 
inputs and outputs or choosing a variable number of 
combinatorial/registered/latched inputs and/or outputs 
for the given application? How about stocking only one or 
two PLDs to reduce your inventory costs? 

The solution to your problem is AM D's family of universal 
PAL devices. We pioneered the concept of user­
programmable output logic macrocells with the 
PAL22V10. With this macrocell, you can configure an 

8 

2 
4 

8 

8 

B*H 

8*'** 

7 -7 7.5 74 180 
8 

7-8 
7-8 D 10 58.8 180 

8, 12 -6 6 125 260 

8, 12 -6 6 125 285 

8, 12 -6 6 260 

8, 12 -6 6 285 

• IMAX is defined as 1/(18 +!col for the external feedback 
•• in development 

••• latched 

output for combinatorial or registered operation and 
active-low or active-high polarity. This is what makes the 
PAL22V1 O universal, for it can substitute for virtually all 
of the standard 24-pin PAL devices on the market. The 
PALCE26V12 is a 28-pin version which provides more 
inputs and outputs for those designs that don't quite fit 
into a PAL22V10. 

But we did not stop there. A second new feature pioneered 
with the PAL22V10 is variable product term distribution; 
the 1 O outputs on this device are arranged in pairs with 
16, 14, 12, 10oreightproducttermsoneachoutput. With 

1-11 

D 



Product Overview 

up to 16productterms, the PAL22V10can implement far 
more complex logic functions than can be supported by 
other 24-pin devices. No wonder the PAL22V10 is the 
most popular PAL device on the market today. And now 
both faster (15 ns, 50 MHz) and reprogrammable low­
power CMOS (15, 25 ns; 55, 90 mA) versions are 
available from AMO. 

The PALCE16V8, PALCE20V8, and PALCE24V10 are 
EE CMOS universal devices that have the additional 
capability of directly taking the designs of standard 20-, 
24-, and 28-pin PAL devices, respectively. They provide 
a cost-effective means of reducing inventory, lowering 
power, and reducing risk. 

The PALCE61 O adds to the basic macrocell by providing 
16 110 macrocells that can be configured with D, T, J-K, 
or S-R flip-flops. 

The PALCE29M16 further enhances the macrocell 
concept. Its macrocell can be an input or an output 
macrocell that can be configured three ways: combi­
natorial, latched or registered. Sixteen of these macrocells 
are· available in a 24-pin 300-mil package. And eight of 
the macrocells can be buried, allowing the connecting 
pins to be used as dedicated inputs. The PALCE29M16 
also offers variable product term distribution. 

For those applications where registers and latches are 
not needed, the Am PAL 18P8 (20-pin) andAmPAL22P10 
(24-pin) are perfect. These PAL devices with 
programmable polarity can flexibly replace almost all 
standard 20- and 24-pin combinatorial PAL devices. As 
a result, they significantly reduce your inventory. They 
are available in several speed-power grades to meet 
most application requirements. 

PAL22V10 Logic Macrocell 

1-12 

AR CLK 

P1 

Pn 

Registered Outputs 

ACTIVE LOW ACTIVE HIGH 

Combinatorial 110 

ACTIVE LOW ACTIVE HIGH 

The output logic macrocell makes the PAL22V10 universal, for It 
can substitute for virtually all of the standard 24-pln PAL devices 
on the market. 
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Universal PAL Devices 

Functional Description Commercial Specifications 

ll 

B 15 180 

AmPAL18P8 20 8 10 8 8 A 25 180 

AL 25 90 

B 15 210 

AmPAL22P10 24 10 12 10 8 A 25 210 

AL 25 105 

• IMAX is defined as 1 /(1, + 100) for the external feedback 
•• in development 
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Standard PAL Devices 

Functional Description Commercial Specifications 
Part 

ARRAY INPUTS ARRAY OUTPUTS Prod. Terms Spd/Pwr \.o fMAX* Ice Number Pin 
Count 

bid Ir. dedctd. reg. fdbk. reg. comb. macrocell 
per Output Options (ns) (MHz) (mA) 

PAL16L8 6 10 - -

PAL16R8 - 8 8 8 

20 

PAL16R6 2 8 6 6 

PAL16R4 4 8 4 4 

PAL20L8 6 14 - -

PAL20R8 - 12 8 8 
24 

PAL20R6 2 12 6 6 

PAL20R4 4 12 4 4 

AmPAL20l10 24 8 12 - -

PAL20L10 24 8 12 - -
PAL20X10 - 10 10 10 
PAL20X8 24 2 10 8 8 
PAL20X4 6 10 4 4 

INDUSTRY-STANDARD PAL DEVICES 

As we have increased speed on the TIL PAL devices, we 
have also reduced the power consumption on the slower 
devices by as much as 75 percent. As a result, both the 
industry-standard 20-pin and 24-pin PAL device families 
are available in a variety of speed and power grades. This 
allows the designer to select the optimum performance at 
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4 

10 

10 

-
2 
6 

- 7 H-15 15 37 90 

B 15 37 180 
- 8 

B-2 25 25 90 

A 25 25 180 - 7-8 
B-4 35 16 55 

- 7-8 A-2 35 18 90 

- 7 B 15 37 210 

B-2 25 25 105 - 8 
A 25 25 210 

- 7-8 A-2 35 16 105 

- 7-8 B-2 25 25 105 

B 15 - 210 

- 3 -20 20 - 165 

AL 25 - 105 

- 3 A 30 - 165 

- 4 
- 3-4 A 30 22.2 180 
- 3-4 

• IMAX is defined as 1/('8 + t00) for the external feedback 

the lowest possible cost and power consumption. These 
20- and 24-pin devices are used in applications where 
the advantages of reduced package count, such as 
higher reliability and lower power consumption, improve 
the overall price-performance of the end-product. Often 
these benefits are realized by replacing Schottky, ALS, 
LS and some CMOS SSl/MSI logic circuits with these 
PAL devices. 
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Low-Power PAL Devices 

Functional Description Commercial Specifications 
Part 

Number 

LOW-POWER PAL DEVICES 

AMO is the only major supplier of programmable logic 
devices to offer a broad line of low-power CMOS devices. 
And we are the only PLO supplier with such a compre­
hensive CMOS programmable logic line. 

There are two basic types of CMOS PAL devices: those 
that dissipate essentially no power when in a quiescent 
state, and faster devices which draw nominal current 
even when quiescent. Devices are thus classified as 
"zero-power" or "low-power." 

Zero-power PAL devices are particularly suited for 
products that are portable or battery operated. In a stand­
by mode they consume less than 100 µA supply current. 
Low-power CMOS devices can cut system power 
consumption 50 percent by replacing equivalent 25-ns 
and 35-ns speed TIL PAL devices. In addition, these 
devices can also save significant board space by replacing 
several CMOS SSl/MSI devices from families such as 
FACT™, ACL, MC14000, etc. By consolidating several 
SSl/MSI packages into a single CMOS PAL device, the 
power consumption can be cut even further. 

SPECIAL ARCHITECTURE PLDs 

AMO offers a wide variety of programmable logic devices 
which have been enhanced architecturally to provide a 
high level of integration and performance. They include 
a family of sequencers optimized for state-machine 
applications, and asynchronous devices which have 
been designed to implement asynchronous design 
functions optimally. These products offer you 
unprecedented flexibility in selecting the right PLO for the 
application at hand. 

Programmable Logic Sequencers 

AM D's programmable logic sequencer family gives you 
high speed, functionality and a wide selection. Several 
devices are available in several speed-power grades so 

• IMAX is defined as 1/(t8 + tcol for the external feedback 
•• in development 

you can choose the appropriate one for your application. II 
Four types of sequencers are offered: PAL-based, PLA 
(Programmable Logic Array)-based, PROM-based and 
instruction-based. Each has its own benefits, buttogether 
they offer you the choice of using a familiar and 
comfortable architecture. 

The PAL-based AmPAL23S8 is a compact sequencer 
device that packs 14 registers into a space-saving 20-pin 
300-mil DIP. With a 20-ns propagation delay and 33-MHz 
external/40-MHz internal cycle time, it is ideal for high­
performance applications where board real estate is 
valuable. The PAL32VX1 O offers all the benefits of the 
industry-standard PAL22V10 plus J-K flip-flops and the 
ability to bury its 10 registers, freeing valuable 1/0 pins. 

PAL-BASED INSTRUCTION-BASED AmPAL23SS -compact Am29CPL 100 Family 
PAL32VX10 - Enhanced 

~ z 
SEQUENCER 
POSITIONING 

z ~ 
PLA·BASED 

~~~~g~16 }- 40 MHz PROM·BASED 
Am2971A-Timing Generator PLS167 

}-33MHz PLS168 

The PLA-based family consists of the PLS105, PLS167, 
PLS168, and PLS30S16. The PLS105 and PLS30S16 
run at a blazing 40 MHz and are available in a 28-pin 300-
mil DIP. The PLS 167 /168 operate at 33 MHz but consume 
only 160 mA of supply current. The PLS105/167/168 
come with six buried registers and 48 logical product 
terms which can be shared between all outputs and the 
buried registers. The PLS30S16 has up to 12 buried 
registers, allows combinatorial outputs, has 64 product 
terms, and allows registered inputs. 
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Product Overview 

The Am2971A PEG™ (Programmable Event Generator) 
is a PROM-based, 100-MHz, general-purpose, user­
programmable waveform generator. With 12 indepen­
dent, registered, programmable outputs, it can be applied 
to a host of useful liming applications including general 
state machines. 

The instruction-based family of sequencers consists of 
two members. They are single-chip, field-programmable 
controllers that can implement state machines and 
controllers by programming the appropriate sequence of 
instructions. With complete high-level software support, 
these devices are as easy to use as microprocessors. 
The Am29CPL151 operates at a maximum of 33 MHz. 
The Am29CPL 154 offers a very deep PROM (512 words) 
so that larger state machines can be implemented. Both 
devices are manufactured in 28-pin, 300-mil packages. 

A powerful instruction-set makes the Am29CPL 100 family 
easy to use. Instruction types include conditional 
branching, looping and subroutine call. Each line of code 
in an Am29CPL 100 program typically corresponds to 

one state in a state machine diagram. Program code is 
easy to write because it closely mimics the way the 
human mind logically thinks about control problems. 
Also, the number of lines of program code required to 
implement an application is significantly reduced in com­
parison to conventional Boolean equation-based 
approaches. This means more efficient use of program 
memory, faster design entry and debugging, and faster 
algorithm execution. 

Finally, if you are lookingforthe fastest device to implement 
your state-machine application, consider our 74-MHz 
standard 20- and 24-pin registered devices (PAL 16R4/ 
R6/R8-7, PAL20R4/R6/R8-7). Although not optimized 
for state machine applications, they are the fastest 
available TTL logic and can easily be adapted as state 
machines. 

So there you have it-a wide selection of programmable 
logic sequencers to meet your application needs. And 
only AMD offers a complete solution. 

Sequencer Devices 

Functional Description Commercial Specifications 
Part 

ARRAY INPUTS ARRAY OUTPUTS Number Pin Prod. Terms Spd/Pwr i... fMAX* •cc 
Count 

bldir. dedctd. reg. fdbk. reg. comb. macrocell 
per Output Options (ns) (MHz) (mA) 

-20 20 33 210 
AmPAL23S8 20 4-8 9 6-10 4 4 6-12 

-25 25 28.5 210 

A 25 25 180 
PAL32VX10 24 10 12 10 10 8-16 

STD 30 22.2 180 

PLS105 28 16 6 8 Cl-48 -40 40 200 

•fM•• is defined as 1/(t8 + t00) for the external feedback 
•• in development 
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Product Overview 

PAL20RA10 
RA Cell Configuration 

PL OE 

Asynchronous PAL Devices 
Currently AMO makes six devices that are function­
specific. They support asynchronous and bus interlace 
applications. We expect to expand our offering to 
encompass even more functions over the next few years. 

The 24-pin PAL20RA10 and its 20-pin counterpart, 
PAL 16RA8, are optimized for asynchronous applica­
tions. They contain ten and eight D-type flip-flops, 
respectively, driven by a PAL array. Each flip-flop has 
individually programmable Clock, Reset and Preset 
product terms. In addition, programmable polarity is 
offered on each output. With such features, these devices 
are well suited to replacing glue logic in your system. 
Also, we now have available a faster (20 ns, 30 MHz) 
version of the PAL20RA10 for high-speed applications. 

The CMOS PALCE29MA16 combines some of the 
advantages of the PALCE29M16 with the advantages of 
the PAL20RA10. It has one dedicated Clock/Latch 
Enable input as well as product terms for each of the 

16 macrocells to allow individual clocking, asynchronous 
Reset and asynchronous Preset. It also features variable II 
producttermdistribution. Totopitoff, the PALCE29MA16 
is electrically reprogrammable in a plastic 300-mil 
package. 

The PAL221P6 Interlace Protocol Asynchronous Cell 
(IPAC) offers a unique patented architecture, which 
makes it ideal for implementing bus-interlace protocol 
applications, self-timed circuits and asynchronous state­
machine designs. It is a 24-pin device with six high-drive 
(48 mA and 64 mA) output macrocells. 

These macrocells contain totally new logic storage 
elements. The logic storage elements are edge-activated 
flips-flops which do not require a separate clock for 
storing data signals. Instead the signals are stored in the 
flip-flops in direct response to their rising or falling edges. 
This provides a convenient way of implementing 
asynchronous handshake protocols. Please refer to the 
device data sheet for more information. 

Asynchronous PAL Devices 

Functional Description 
Part 

ARRAY INPUTS ARRAY OUTPUTS Number Pin 
Count 

bidir. dedctd. reg. fdbk. reg. 

PAL16RA8 20 8 8 

PAL20RA10 24 10 10 

*IMAX is defined as 1 /(15 + tc 0 ) for the external feedback 
.. polarity fuse programmed (active-high) 

comb. macrocell 

8 

10 

Commercial Specifications 

Prod. Terms Spd/Pwr !PD IMAX. ICC 

per Output Options (ns) (MHz) (mA) 

4 STD 30135** 20 170 

-20 20 30 200 
4 

STD 30135** 20 200 
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Product Overview 

PROGRAMMABLE GATE ARRAYS 

The Programmable Gate Array (PGA) is the first device 
to successfully bridge the gap between field­
programmable logic and gate arrays. The PGA effectively 
combines the benefits of low-power CMOS LSI tech­
nology and the advantages of user programmability with 
the gate density and logic flexibility previously obtainable 
only with gate arrays. 

The PGAprovides a quantum jump in field-programmable 
logic device capability extending its usable functional 
density into a realm beyond that of more conventional 
programmable logic devices. Much greater density is 
achieved with the PGA by use of a flexible array-type 
architecture more versatile than that of conventional 

PLDs, which are increasingly inefficient as gate density 
is increased. The AMD Am2018 1800-gate PGA device 
can replace as many as six 1200-gate PLD devices in 
some applications. 

Gate arrays, on the other hand, may provide densities 
higher than those of current PGAs. However, gate arrays 
typically require longer development times, design risks 
and higher development cost. 

The PGA is the ideal option for the PLD designer wishing 
to achieve a new level of system functional density and 
for the gate array user looking for a low-cost, low-risk, and 
easy-to-use alternative which provides instant prototyping 
through the power of in-system verification. 

Programmable Gate Arrays 

1-18 

Description 

Notes: Package Types - P = Plastic DIP; J = Plastic Leaded Chip Carrier; G = Pin Grid Array 
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Product Overview 

Development Software Support for PGAs 

Part Number Description 

AmPGA1s1· PGA Bundled Development System 

AmPGA2s1· PGA Bundled Development System with Simulation 

AmPGA051 FPGA Design System 

AmPGA351 FPGA Development System 

AmPGA451 FPGA Development System with Simulation 

AmPGA434 FPGA Design System with Mentor Interlace and Libraries 

AmPGA081 Programmer for Serial Configuration PROM 

'These will be replaced by AmPGA351 and AmPGA451. 

II 
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PAL® Device/ 
Sequencer/FPGA Menu 

Standard PAL Devices 

Family Part Number Package Technology 

16R8 PAL16L8-7 20P,D,J TTL 
PAL16R8-7 
PAL16R6-7 
PAL16R4-7 

PAL16L8D 20N,J,NL TTL 
PAL16R8D 
PAL16R6D 
PAL16R4D 

PAL16L8H-15 20P,D,J TTL 
PAL 16R8H-15 
PAL 16R6H-15 
PAL 16R4H-15 

PAL16L8B 20N,J,NL TTL 
PAL16R8B 
PAL16R6B 
PAL16R4B 

PAL16L8B-2 20N,J,NL TTL 
PAL16R8B-2 
PAL16R6B-2 
PAL16R4B-2 

PAL16L8A 20N,J,NL TTL 
PAL16R8A 
PAL16R6A 
PAL16R4A 

PAL16L8B-4 20N,J,NL TTL 
PAL16R8B-4 
PAL16R6B-4 
PAL16R4B-4 

PAL16L8A-2 20N,J,NL TTL 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 

20R8 PAL20L8-7 24P,D,28J TTL 
PAL20R8-7 
PAL20R6-7 
PAL20R4-7 

PAL20LB-10 24P,D,28J TTL 
PAL20R8-10 
PAL20R6-10 
PAL20R4-10 

PAL20LBB 24NS,JS, TTL 
PAL20RBB 2BNL 
PAL20R6B 
PAL20R4B 

PAL20LBB-2 24NS,JS, TTL 
PAL20R8B-2 28FN 
PAL20R6B-2 
PAL20R4B-2 

PAL20LBA 24NS,JS, TTL 
PAL20RBA 2BNL 
PAL20R6A 
PAL20R4A 

2-6 

Inputs 

10 
8 
8 
8 

14 
12 
12 
12 

Product tPD fMAX Ice 
1/0 Outputs Terms/Output ns MHz mA 

6Comb 2Comb 7 7.5 74 180 
- 8 Reg 8 

2Comb 6 Reg 7,8 
4Comb 4 Reg 7,8 

10 58.8 180 

15 37 100 

15 37 180 

25 25 90 

25 25 155 
180 
180 
180 

35 16 55 

35 18 80 
90 
90 
90 

6Comb 2Comb 7 7.5 74 210 
- 8 Reg 8 

2Comb 6 Reg 7,8 
4Comb 4 Reg 7,8 

10 55.5 210 

15 37 210 

25 25 105 

25 25 210 



PAL® Device/Sequencer/FPGA Menu 

Standard PAL Devices (Cont.) 

Product !PD IMAX 1cc 
Family Part Number Package Technology Inputs 1/0 Outputs Terms/Output ns MHz mA 

20R8 PAL20L8A-2 24NS,JS, TTL 14 6 Comb 2Comb 7 35 16 105 
(Cont.) PAL20R8A-2 28NL 12 - 8 Reg 8 

PAL20R6A-2 12 2 Comb 6 Reg 7,8 
PAL20R4A-2 12 4 Comb 4 Reg 7,8 

24R10 PAL24L10-10 28P TTL 16 8 Comb 2 Comb 7 10 55.5 210 
PAL24R10-10 14 10 Reg 8 
PAL24R8-10 14 2 Comb 6 Reg 7,8 
PAL24R4-10 14 6 Comb 4 Reg 7,8 

20X10/ PAL20L 10A 24NS,JS, TTL 10 10 Comb 3 30 22.2 165 
20L10 PAL20X10A 28NL 10 10 RegXOR 4 180 

PAL20X8A 10 2 Comb 8 RegXOR 3,4 180 
PAL20X4A 10 6 Comb 4RegXOR 3,4 180 

AmPAL20L 108 24P,D,28J 15 - 210 
AmPAL20L 10-20 l 20 165 
AmPAL20L 10AL 25 105 

Universal PAL Devices D 

• 

18P8 AmPAL18P8B 20P,D,J TTL 10 8Comb 8 Polarity 15 .. 180 
AmPAL18P8AL 25 90 
AmPAL18P8A 25 180 
AmPAL18PBL 35 90 

22P10 AmPAL22P10B 24P,D,28J TTL 12 10 Comb 8 Polarity 15 180 
AmPAL22P10AL 25 90 
AmPAL22P10A 25 180 
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PAL® Devlce/5equencer/FPGA Menu 

Asynchronous PAL Devices 

20RA10 PAL20RA10-20 24NS,JS,28FN TTL 10 10 4 Program- 20 
PAL20RA10 24NS,JS,28NL mable 30/35' 

16RA8 PAL16RA8 20N,J,NL TTL 8 8 4 Program- 30/35' 
mable 

IPAC™ PAL221P6-25 24P,D,28J TTL 16 6 9 Edge- 48-04 mA l0 L 25 
Activated 
Flip-Flops 

•Active HIGH 

Sequencer PAL Devices 

Product 
Terms/ 'i>o 

Family Part Number Package Technology Inputs 1/0 Outputs Output Features ns 

2358 AmPAL23S8-20 20P,D TTL 9 4 Macro 4 Reg 6-12 6 Buried 20 
AmPAL23S8-25 Flip-Flops 25 

32VX10 PAL32VX10A 24JS TiL 12 10 Macro - 8-16 Buried Flip-Flops, 25 
PAL32VX10 J-K Flip-Flops 30 

Programmable Logic Sequencers 
Output 

jor Burled Buried Product 
Family Part Number Package Technology Inputs Outputs Register Registers Terms Features 

PLS PLS30S16-40 28P,J TTL 12-17 
PLS105-40 28R,P,D,J TTL 16 

PLS167-33 24NS,JS,28FN TTL 14 

PLS168-33 24NS,JS,28FN TTL 12 

Memory/Instruction-Based Sequencers 

Family 

Field­
Program­

mable 
Controllers 

PEG™ 

ECL PAL Devices 

Family Part Number 

ECL PAL 10H20EV8-6 
PAL 10020EV8-6 
PAL 10H20EG8-6 
PAL 10020EG8-6 

2-8 

Package Technology 

24P,D,28J ECL10KH 
ECL 100K 
ECL10KH 
ECL 100K 

8-12Macro - 4-12 64 PLA structure, 
8 Reg - 6 48 complement 

4 Reg 2 6 48 

4 Reg 4 6 48 

Product 
Inputs 1/0 Terms/Output Features 

12 8 Macro 8-12 Prog. Polarity 
(Reg) 

8 Macro 
(Latched) 

30 200 
20 

20 170 

210 

'mx M z ~ 
33.3 210 
25 

25 180 
22.2 

fMAX •cc 
MHz mA 

40 225 
40 200 

33 160 

33 160 

1PD fMAX IEE 
ns MHz mA 

6 125 260 
6 125 285 
6 - 260 
6 - 285 



Field-Programmable Gate Arrays 

Family 

Logic 
Celi'" 
Array 
2000 

Series 

Logic 
Cell 

Array 
3000 

Series 

Package Designators 

MMI Devices AMO Devices 

N p 
NS p 
- R 
J D 

JS D 

PAL® Device/Sequencer/FPGA Menu 

Package MMI Devices AMO Devices 

Plastic DIP - J 
Plastic SKINNYDIP• NL J 
Plastic SKINNYDIP Option NL -
Ceramic DIP FN J 
Ceramic SKINNYDIP - L 

- G 

"MMI" devices are those produced by Monolithic Memories, Inc. before the companies merged. 

E 

Package 

Windowed SKINNYDIP 
PLCC-20-pin 
PLCC-28-pin non-JEDEC 
PLCC-28-pin JEDEC 
leadless Chip Carrier 
Pin Grid Array 
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Fina I COM'L MIL 

PAL 16R8 Family 
20-pin TTL Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

• 
• 
• 

As fast as 7 .5 ns maximum propagation delay 

Popular 20-pin architectures: 16L8, 16R8, 
16R6, 16R4 

Programmable replacement for high-speed 
lTL logic 

• Power-up reset for initialization on most 
devices 

GENERAL DESCRIPTION 
The PAL16R8 Family (PAL16L8, PAL16R8, PAL16R6, 
PAL 16R4) is AM D's standard 20-pin PAL device family. 
The devices provide user-programmable logic for re­
placing conventional SSllMSI gates and flip-flops at a 
reduced chip count. 

The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be­
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili­
con, where they can be easily modified during prototyp­
ing or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

PRODUCT SELECTOR GUIDE 

DEDICATED 
DEVICE INPUTS OUTPUTS 

PAL 16L8 10 6comb. 
2 comb. 

PAL16R8 8 8 reg. 

PAL16R6 8 6 reg. 
2 comb. 

PAL16R4 8 4 reg. 
4 comb. 

PAL and PALASM are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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• 
• 
• 

Advanced 
Micro 

Devices 

Easy design with PALASM® software 

Programmable on standard PAL® device 
programmers 

20-pin DIP and PLCC packages save space 

In addition, the PAL device provides the following op­
tions: 

- Variable input/output pin ratio 
- Programmable three-state outputs 
- Registers with feedback 

Product terms with all connections opened assume the 
logical HIGH state; product terms connected to both 
true and complement of any single input assume the 
logical LOW state. Registers consist of D-type flip-flops 
that are loaded on the LOW-to-HIGH transition of the 
clock. Unused input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. See the Programmer Reference Guide for ap­
proved programmers. Once the PAL device is pro­
grammed and verified an additional connection may be 
opened to prevent pattern readout. This feature secures 
proprietary circuits. 

PRODUCT TERMS/ 
OUTPUT FEEDBACK ENABLE 

7 110 prog. 
7 - prog. 

8 reg. pin 

8 reg. pin 
7 110 prog. 

8 reg. pin 
7 1/0 prog. 

Publication# 10240 Rev. B Amendment ID 

Issue Data: January 1990 



PERFORMANCE OPTIONS 

Speed 
(tpo, ns) 

Note: 

35 

25 

15 

10 

7.5 

(Commercial) 

B-4 A-2 

B-2 

H-15 

55 80-100 

Power (Ice, mA) 

A 

B 

D 

-7 

155-180 

For low power and high speed, the EE CMOS PALCE16V8 can directly replace the PAL 16R8 Family. 

OPERATING RANGES 

Commercial Military 

-7 -12 

D (10 ns) D (15 ns) 

H-15 

B (15 ns) B (20 ns) 

B-2 (25 ns) B-2 (30 ns) 

A (25 ns) A (30 ns) 

B-4J_35 n~ B-4 (50 ns) 

A-2 (35 ns) A-2 (50 ns) 

PAL16R8 Family 

E 
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BLOCK DIAGRAMS 

o, 

CLK 

2·12 

PAL16L8 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(32X 64) 

PAL16R8 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(32 X64) 

PAL16R8 Family 

l/07 Os 

12468-004A 

12468-001A 



BLOCK DIAGRAMS 

CU< 

CLK 

PAL16R6 

INPUTS 

?AOGnAMMABLE 
AND ARRAY 

132 x 64) 

PAL16R4 
INPUTS 

PRCGRAMMABLE 
AND ARRAY 

(32 x 64) 

PAL 16R8 Family 

12468-002A 

12468-003A 
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CONNECTION DIAGRAMS 
Top View 

DIP/FLATPACK 

(NOTE 1) Vee 

11 (NOTE 10) 

12 (NOTE 9) 

13 (NOTE 8) 

14 (NOTE 7) 

15 (NOTE 6) 

Is (NOTE 5) 

17 (NOTE4) 

la (NOTE 3) 

GND (NOTE 2) __,.__ ___ _r--

12468-00SA 

Note 16L8 16R8 16R6 16R4 

1 lo CLK CLK CLK 

2 lg OE OE OE 

3 01 01 1101 1/01 

4 1/02 02 02 1/02 

5 1/03 03 03 03 

6 1/04 04 04 04 

7 I/Os Os Os Os 

8 1/05 Os 06 06 

9 1101 01 01 1101 

10 Oa Os I/Os l/Oa 

2-14 PAL16R8 Family 

PLCC/LCC 

;:::- 0 
w w 
I- I-
0 0 0 

.s:! ..:: e.. .;; ~ 

la (NOTE 9) 

14 (NOTE 8) 

Is (NOTE 7) 

l5 (NOTE 6) 

l7 (NOTE 5) 

"' Cl N' M' ~ z w w w Cl I- I- I- 12468-006A 
0 0 0 
~ ~ ~ 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 Input/Output 
0 Output 
OE Output Enable 
Vee Supply Voltage 



ORDERING INFORMATION 

Commercial Products (AMO Marking Only) 

AMO programmable logic products for commercial applications are available with several ordering options. The order 
number (Valid Combination) is formed by a combination of: a. Family Type 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Power 
f. Speed 
g. Package Type 
h. Operating Conditions 
I. Optional Processing 

PAL 16 R 8 H -15 P C 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE --------~ 
R = Registered 
L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS --------' 

e. POWER 
H =Half Power (100 mA Ice) 
Blank = Full Power (180 mA Ice) 

f. SPEED 
-7 7.5 ns tpo 
-15 = 15 ns !po 

Valld Combinations 

PAL16L8 

PAL16R8 
-7, H-15 PC.JC, DC 

PAL16R6 

PAL16R4 

1 Lh.. 0
oPPTEIROANTAINLGPRCOOCNEDSITSllONNGS 
Blank = Standard Processing 

C = Commercial (0°C to +75°C) 

.._ __ g. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
D = 20-Pin Ceramic DIP (CD 020) 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMO logo. 

PAL 16R8 Family 2-15 
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ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

2-16 

PAL 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Operating Conditions 
h. Package Type 
i. Optional Processing 

16 R 8 B -2 C N ..,... .....-

~I 
h. 

OPTIONAL PROCESSING 
Blank= Standard Processing 

PACKAGE TYPE 
N 20-Pin Plastic DIP 

(PD 020) 
c. OUTPUT TYPE --------~ 

R = Registered 
NL 20-Pin Plastic Leaded 

Chip Carrier (PL 020) 
L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS ---------' 

e. SPEED 
D = Ultra High Speed (1 O ns tro) 
B = Very High Speed (15-35 ns !po) 
A = High Speed (25-35 ns tpo) 

f. POWER---------------' 
Blank = Full Power (155-180 mA Ice) 
-2 = Half Power (80--90 mA Ice) 
-4 = Quarter Power (55 mA Ice) 

Valid Combinations 

PAL16L8 D,B CN, CNL, CJ 

PAL16R8 B-2, A 

PAL16R6 8-4, A-2 

PAL16R4 

J 20-Pin Ceramic DIP 
(CD 020) 

'----- g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 

PAL16RB Family 



ORDERING INFORMATION 
APL Products (AMO Marking Only) 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering op­
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

a. FAMILY TYPE 
PAL= Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

c. 

d. 

e. 

f. 

Valid Combinations 

PAL16L8 

PAL16R8 

PAL 

T 

-12 /BRA, /B2A 
PAL16R6 

PAL16R4 

Group A Tests 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Device Class 
g. Package Type 
h. Lead Finish 

LEAD FINISH 
A z Hot Solder Dip 

g. PACKAGE TYPE 
R = 20-Pin Ceramic DIP 

(CD 020) 
2 = 20-Pin Ceramic 

Leadless Chip Carrier 
(CL 020) 

Valid Combinations 
The Valid Combinations table lists configura­
tions planned to be supported in volume for this 
device. Consult the local AMD sales office to 
confirm availability of specific valid combina­
tions, to check on newly released combinations, 
and to obtain additional data on AMD's standard 
military grade products. 

Note: Marked with AMO logo. 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Mllltary Burn-In 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD's option. 

PAL16R8 Family 2-17 
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ORDERING INFORMATION 
APL Products (MMI Marking Only) 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-ST0-883 requirements. The order number (Valid Combination) 
is formed by a combination of: a. Family Type 

PAL 

a. FAMILY TYPE T 
PAL• Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

16 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Operating Conditions 
h. Package Type 
I. Optional Processing 

R 8 B ·2 M J /883B 

l I. OPTIONAL PROCESSING 
/8838 = MIL-STD-883, Class B 

c. OUTPUT TYPE----------' 
R = Registered 

h. PACKAGE TYPE (Per 09-000) 
J = 20-Pin Ceramic DIP 

(CD 020) L • Active-Low Combinatorial 

d. NUMBER OF OUTPUTS------~ 

e. SPEED 
D = Ultra High Speed (15 ns tpo) 
B • Very High Speed (20-50 ns tpo) 
A = High Speed (30-SO ns tPD) 

f. POWER 
Blank = Full Power (180 mA Ice) 
-2 = Half Power (90 mA Ice) 
-4 = Quarter Power (55 mA Ice) 

Valld Combinations 

PAL16L8 D,B, MJ/8838, 

PAL16R8 B-2, A, MW/8838, 

PAL16R6 B-4, A-2 MU883B 

PAL16R4 

Group A Tests 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Military Burn-In 

W = 20-Pin Ceramic Flatpack 
(CFL020) 

L = 20-Pin Ceramic Leadless 
Chip Carrier (CL 020) 

---- g. OPERATING CONDITIONS 
M = Military 

Valid Combinations 
The Valid Combinations table lists configura­
tions planned to be supported in volume for this 
device. Consult the local AMO sales office to 
confirm availability of specnic valid combina· 
tions, to check on newly released combinations, 
and to obtain additional information on AMD's 
Standard Military grade products. 

Note: Marked with MMI logo. 

Military burn-in is in accordance with the current revision of MIL·STD-883, Test Methods 1015, Conditions A through 
E. Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
Standard 20-pin PAL Family 
The standard bipolar 20-pin PAL family devices have 
common electrical characteristics and programming 
procedures. Four different devices are available, includ­
ing both registered and combinatorial devices. All parts 
are produced with a fuse link at each input to the AND 
gate array, and connections may be selectively re­
moved by applying appropriate voltages to the circuit. 
~tilizing an easily-implemented programming algo­
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program­
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac­
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The registered devices have eight dedicated input lines, 
and each combinatorial output is an 1/0 pin. The 
PAL 16L8 has ten dedicated input lines and six of the 
eight combinatorial outputs are 1/0 pins. Buffers for de­
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed­
back. The combinatorial output provides a bidirectional 
1/0 pin and may be configured as a dedicated input if the 
output buffer is always disabled. On registered outputs, 
an input pin controls the enabling of the three-state out­
puts. 

Registers with Feedback 
Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type 
flip-flops that are loaded on the LOW-to-HIGH transition 
of the clock input. 

Power-Up Reset 
Applies to ·7 (·12 Mil), H·15, B, B-2, A, A-2 
Serles Only 

All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the listed Series will be 

HIGH due to the active-low outputs. The Vee rise must 
be monotonic and the reset delay time is 1000 ns maxi­
mum. 

Register Preload 
Applies to ·7 (·12 Mii), H-15 Serles Only 

The register on the listed Series can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load­
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Fuse 
After programming and verification, a PAL 16R8 Family 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program- E 
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is intact. Exceptions are the -7 (-12 
Mil) Series, where the array will read as if every fuse is 
programmed. 

Quality and Testability 
The PAL 16R8 Family offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro­
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The high-speed-7 (-12 Mil), D, and H-15 Series are fab­
ricated with AM D's advanced oxide-isolated bipolar 
process. This process reduces parasitic capacitances 
and minimum geometries to provide higher perform­
ance. The array connections are formed with proven 
PtSi fuses for the -7 Series and TiW fuses for the D and 
H-15 Series. The remaining Series are fabricated with 
AM D's junction-isolated process, utilizing TiW fuses. 

PAL16R8 Famlly 2· 19 



LOGIC DIAGRAM 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 12s0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.75 V to +5.25 V 

-1.2Vto +7.0V DC Input Voltage 

DC Input Current -30 mA to +5 mA 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 

Static Discharge Voltage 2001 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN= -18 mA, Vee= Min. -1.2 

hH Input HIGH Current V1N = 2.7 V, Vee =Max. (Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee= Max. (Note 2) -250 

11 Maximum l~t Current V1N = 5.5 V, Vee = Max. 1 

lozH Off-State Output Leakage Vour = 2.7 V, Vee = Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee =Max. (Note 3) -30 -130 

lee Supply Current V1N = O V, Outputs Open (lour= O mA) 180 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or hH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 5 

TA= 25°c pF 
CoUT Output Capacitance VouT = 2.0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min. 
Symbol Parameter Description (Note 3) Max. Unit 

tpo Input or Feedback to 1 ' 16L8, 16R6 3 7.5 
Combinatorial Output 11 Output Switching 16R4 3 7 ns 

ts Setup Time from Input or Feedback to Clock 7 ns 

tH Hold Time 0 ns 

tco Clock to Output 3 6.5 ns 

tcF Clock to Feedback (Note 4) 3 ns 

tsKEW Skew Between Registered Outputs (Note 5) 16R8, 16R6 1 ns 

twL Clock Width LOW 16R4 5 ns 

twH HIGH 5 ns 

Maximum 
External Feedback 1/(ts + tco) 74 MHz 

fMAX Frequency Internal Feedback 1/(ts + tcF) 100 MHz 
(Note 6) No Feedback 1/(twH + tWL) 100 MHz 

tPZx OE to Output Enable 3 8 ns 

tpxz OE to Output Disable 3 8 ns 

tEA Input to Output Enable Using Product Term Control 16L8, 16R6 3 10 ns 

tER Input to Output Disable Using Product Term Control 16R4 3 10 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. Calculated from measured IMAX internal. 

5. Skew is measured with all outputs switching in the same direction. 

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Mllltary (M) Devices (Note 1) 

Ambient Temperature (TA) 
Storage Temperature 
Ambient Temperature 
with Power Applied -55°C to + 125°C Operating in Free Air -55°C Min. 

Operating Case (Te) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V Temperature 125°C Max. 
DC Input Voltage -0.5 V to +5.5 V Supply Voltage (Vee) 
DC Input Current -30 mA to +5 mA with Respect to Ground +4.50 V to +5.50 V 

DC Output or VO Pin Voltage -0.5 V to Vee + 0.5 V 

Stresses above those listed under Absolute Maximum Rat· 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi· 
mum Ratings for extended periods may affect device reliabil· 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits b9tw99n which the tune· 
tionality of the d9vice is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operatln 
(Note 2) 
Parameter 
Symbol 

VoH 

VoL 

V1H 

V1L 

V1 

hH 

hL 

h 

loZH 

lozL 

lsc 

Ice 

Notes: 

V1N = V1H or VIL 
Vee=Min. 

Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 3) 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 3) 

hN=-18 mA, Vee= Min. 

VIN= 2.7 V, Vee =Max. (Note 4) 

Input LOW Current V1N = 0.4 V, Vee - Max. (Note 4) 

Maximum Input Current VIN = 5.5 V, Vee = Max. 

Off-State Output Leakage Vour = 2.7 V, Vee =Max. 
Current HIGH V1N = V1H or V11. (Note 4) 

Off-State Output Leakage VOUT = 0.4 V, Vee = Max. 
Current LOW V1N = V1H or V1L (Note 4) 

Output Short-Circuit Current VOUT = 0.5 V, Vee = Max. (Note 5) 

Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 

Min. Max. Unit 

2.4 v 

0.5 v 

2.0 v 

0.8 v 

-1.2 v 
25 µA 

-250 µA 

mA 

100 µA 

-100 µA 

-30 -130 mA 

180 mA 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of hL and loZL (or l1H and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour a 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 5 

TA= 25°C pF 
Cour Output Capacitance Vour = 2.0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

tpo Input or Feedback to 
Combinatorial Output 1 Output Switching 

ts Setup Time from Input or Feedback to Clock 

IH Hold Time 

tco Clock to Output 3 

lcF 

!SKEW 

lwL 16R8, 16R6 10 

IWH 16R4 8 

1/(ls +!co) 43.4 

fMAX 1/(ts +tcF) 54 

1/(lwH + twL) 55.5 

IPZX 3 

tpxz OE to Output Disable (Note 7) 3 

tEA Input to Output Enable Using Product 
Term Control (Note 7) 16L8, 16R6 3 

Im Input to Output Disable Using Product 16R4 

Term Control (Note 7) 3 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9. 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Minimum value for tpo, tco, tpzx. tpxz. IEA, and tER parameters should be used for simulation purposes 
only and are not tested. 

4. Calculated from measured IMAX internal. 

5. Skew is measured with all outputs switching in the same direction. 

Max. Unit 

12.5 
12 ns 

ns 

ns 

11 ns 

6.5 ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

10 ns 

10 ns 

15 ns 

12 ns 

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

7. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 

PAL16R8·12 Serles (Mil) 2-27 

E 



MEASURED SWITCHING CHARACTERISTICS 
Vee - 4.75 v, TA. 75°C (Note 1) 

7.5 

7 

tpo,na 
8.5 

234 5878 

I OF OUTPUTS SWITCHING 

tpo VL Number Of Outputs SWltchlng 

8 

7 

tPO, na 
6 

5-t---1~--~ ............ ~...___, ............. ~ ............ ~~ 

10 30 so 70 90 110 

Ct.pf 

tpo YL Load Capacllance 

Note: 

10240-001A 

10240-002A 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where tpo may be affected. 
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CURRENT VS. VOLTAGE (1-V) CHARACTERISTICS 
Vee• 5.0 V, TA • 25°C 

1oL. mA 

15 

10 

5 

-0.6 -0.4 -0.2 
-6 

-10 
·,· 

-15 

Output,LOW 

loH. mA 

20 

-3 -2 -1 

-60 

-80 

Output, HIGH 

h,µA 

20 

-3 -2 -1 

-40 

-60 

-80 

Input 

2 3 

PAL 1&R8-7/12 Sertn (Com'llMll) 

10240-003A 

E 
VOH,V 

10240-004A 

Vt, V 

10240.()()SA 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 150°C 
Ambient Temperature with 
Power Applied -55°C to + 125°C 
Supply Voltage with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 
Supply Voltage (Vee) 

Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to +5.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 2001 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VOH Output HIGH Voltage IOH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.5 

hH Input HIGH Current V1N = 2.4 V, Vee = Max. (Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee =Max. (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max. 100 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 180 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of hL and lozL (or hH and loZH). 
3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 

Vour • 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V CLK,OE 9 
TA= 25°C Other Inputs 2 pF 

CoUT Output Capacitance VouT= 2.0 V f = 1 MHz Outputs 4 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min. 
Symbol Parameter Description (Note 3) Max. Unit 

!po Input or Feedback to 16L8,16R6 3 10 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 10 ns 

tH Hold Time 0 ns 

!co Clock to Output 2 7 ns 

tcF Clock to Feedback (Note 4) 16R8, 16R6 2 6.5 ns 

IWL Clock Width LOW 16R4 8 ns 

IWH HIGH 8 ns 

Maximum 
External Feedback 1/(ts + tco) 58.8 MHz 

fMAX Frequency Internal Feedback 1/(ts + tcF) 60 MHz 
(Note 5) No Feedback 1 /(lwH + IWL.) 62.5 MHz 

IPZX OE to Ou!E!Jt Enable 3 10 ns 

tpxz OE to Output Disable 3 10 ns 

IEA Input to Output Enable Using Product Term Control 16L8, 16R6 1 10 ns 

teR Input to Output Disable Using Product Term Control 16R4 1 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. Calculated from measured IMAX internal. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 150°C 

Ambient Temperature 
with Power Applied -55°C to + 125°C 

Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V 

DC Input Voltage -1.5 V to +5.5 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature 125°C Max. 

Supply Voltage (Vee) 
DC Output or 1/0 Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 

Static Discharge Voltage 2001 v 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

1. Military products are tested at Tc = +25°C, + 125°C, 

and -55°C, per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH = -2 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage l0t. = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min. -1.5 v 
liH Input HIGH Current V1N = 2.4 V, Vee = Max. (Note 4) 25 µA 

hL Input LOW Current V1N = 0.4 V, Vee =Max. (Note 4) -250 µA 

" Maximum Input Current V1N = 5.5 V, Vee = Max. 1 mA 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 180 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device groUfld and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of liL and lozL (or liH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0 v Vee= 5.0 V CLK, OE 9 
TA= 25°C Other Inputs 2 pF 

CoUT Output Capacitance Vour= 2.0 V I= 1 MHz Outputs 4 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter Min. 
Symbol Parameter Description (Note 3) 

!po Input or Feedback to 16L8, 16R6 3 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 15 

IH Hold Time 0 

tea Clock to Output or Feedback 2 

!wt Clock Width LOW 16R8, 16R6 12 

IWH HIGH 16R4 8 

Max. Frequency External Feedback J 1/(ts + tco) 37 
IMAx (Note 4) No Feedback J 1/(twH + twL) 50 

IPZX OE to Output Enable (Note 5) 3 

lpxz OE to Output Disable (Note 5) 3 

IEA Input to Output Enable Using Product 
Term Control (Note 5) 16L8, 16R6 1 

tER Input to Output Disable Using Product 16R4 

Term Control (Note 5) 1 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Minimum value for tpo, tco. lpzx. lpxz. IEA. and IER parameters should be used for simulation purposes 
only and are not tested. 

Max. Unit 

15 ns 

ns 

ns 

12 ns 

ns 

ns 

MHz 

MHz 

12 ns 

10 ns 

17 ns 

13 ns 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 1 so0 c 

-55°C to + 12s0 c 

OPERATING RANGES 
Commercial (C} Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 v with Respect to Ground +4.75 V to +5.25 V 

-1.5 Vto Vee+ 0.5 V DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output Current 

Static Discharge Voltage 

16 mA 

2001 v 
Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ran 
specified 
Parameter 
Symbol Parameter Description 

VoH Output HIGH Voltage 

VoL 

V1H 

V1L 

V1 

hH 

iiL 
Ii V1N = 5.5 V, Vee = Max. 

loZH VooT = 2.4 V, Vee =Max. 
V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VooT = 0.4 V, Vee = Max. 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee =Max. (Note 3) 

Ice Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 
Vee= Max. 

Notes: 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

100 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V CLK, OE 9 
TA= 25°C Other Inputs 2 pF 

Cour Output Capacitance Vour = 2.0 V f = 1 MHz Outputs 4 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

tpo Input or Feedback to 
Combinatorial Output 

ts Setup Time from Input or Feedback to Clock 

tH Hold Time 

tco Clock to Output 

tcF Clock to Feedback (Note 3) 

twt Clock Width LOW 

tWH 

IMAX 

tpzx 

tEA 

tER 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

16L8, 16R6 

16R4 

52.6 

n----,-----, 

Unit 
ns 

ns 

ns 

12 ns 

11 ns 

ns 

ns 

MHz 

MHz 

MHz 

12 ns 

10 ns 

15 ns 

15 ns 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 Vto Vee+ 0.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u 
specified 
Parameter 
Symbol 

VOH 

VOL 

hH 

h 
lozH 

lozL 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

lsc Output Short-Circuit Current 

lee Supply Current 

Notes: 

Vour = 0.4 V, Vee = Max. 
V1N = V1H or V1L (Note 2) 

Vour = 0.5 V, Vee = Max. (Note 3) 

V1N = 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 

e 

Unit 

v 

0.5 v 

v 

0.8 v 

-1.2 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

180 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of l1L and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circu~ should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 8 
TA= 25°C pf 

Gour Output Capacitance Vour = 2.0 V f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol 

Is 

lea 

IWL 

IWH 

Parameter Description 
Input or Feedback to 
Combinatorial Output 

Setup Time from Input or Feedback to Clock 

Hold Time 

Clock to Output or Feedback 

Clock Width LOW 

Maximum 
fMAX Frequency 

(Note 3) 

12 

lpzx 15 

lpxz 15 

IEA 15 

~R 15 

Notes: 
2. 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. , b are calculated at initial characterization and at any time the design is modified 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 150°C 

Ambient Temperature 
with Power Applied -55°C to + 125°C 

Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V 

DC Input Voltage -1.5 V to + 5.5 V 

OPERATING RANGES 
Mllltary (M ) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Te) 
Temperature 125°C Max. 

Supply Voltage (Vee) 

DC Output or 1/0 Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 
Symbol Parameter Description Unit 

VoH Output HIGH Voltage v 

Vot 0.5 v 

V1H v 

V1L 0.8 v 

Vi -1.5 v 
hH 25 µA 

hL -250 µA 

11 1 mA 

lozH Vour = 2.4 V, Vee = Max. 100 µA 
V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Your= 0.4 V, Vee =Max. -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) 180 mA 
Vee= Max. 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
w~hout suitable equipment. 

4. 1/0 pin leakage is the worst case of hL and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circu~ should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0 V Vee= 5.0 V 9 
TA= 25°C pF 

Cour Output Capacitance Voor= 2.0 V I= 1 MHz 10 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capac~ance may be affected. 

SWITCHING CHARACTERISTICS over MILIT ARV operating ranges (Note 

Parameter 
Symbol 

ts 

teo 

tWL 

Parameter Description 

Input or Feedback to 
Combinatorial Output 

Setup Time from Input or Feedback to Clock 

Hold Time 

Clock to Output or Feedback 

LOW 
1----t-WH----1 Clock Width 

IMAX 

tpzx 

Notes: 

16L8, 16R6 
16R4 

llfllr---.,------, 

Unit 

ns 

ns 

ns 

15 ns 

ns 

ns 

MHz 

MHz 

20 ns 

20 ns 

25 ns 

20 ns 

2. See Switching Test Circuit for test ditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 1 so0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature with 
Power Applied -55°C to + 12s0 c Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.75 V to +5.25 V 

-1.5 Vto Vee+ 0.5 V DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u · 
specified ~1/ . 

Parameter 
Symbol 

VoH 

VoL 

lozH 

lozL 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

lsc Output Short-Circuit Current 

Ice Supply Current 

Notes: 

VouT = 0.4 V, Vee =Max. 
V1N = V1H or V1L (Note 2) 

VouT = 0.5 V, Vee =Max. (Note 3) 

V1N = 0 V, Outputs Open (louT = 0 mA) 
Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.2 v 
25 µA 

-100 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

90 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of liL and lozL (or liH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 7 
TA= 25°C pF 

Cour Output Capacitance Vour = 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

Input or Feedback to 
Combinatorial Output 

Is Setup Time from Input or Feedback to Clock 

tH Hold Time 

tco Clock to Output 

tcF Clock to Feedback (Note 3) 

!wt_ Clock Width LOW 
1-------1 

tWH HIG 

tpzx 

IER 

Notes: 
2. See Switching Test Circuit for test 

3. Calculated from measured IMAX internal. 

16L8, 16R6 

16R4 

15 

10 

20 

20 

25 

25 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 
MHz 
MHz 

ns 

ns 

ns 

ns 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

DC Input Voltage -1.5 V to +5.5 V 

OPERATING RANGES 
Mllltary (M ) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Te) 
Temperature 125°C Max. 

Supply Voltage (Vee) 
DC Output or 1/0 Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 
Symbol Parameter Description Unit 

VoH Output HIGH Voltage v 

Vot 0.5 v 

V1H v 

V1L 0.8 v 

V1 -1.5 v 
hH , Vee = Max. (Note 4) 25 µA 

hL = 0.4 V, Vee =Max. (Note 4) -250 µA 

h 1 mA 

lozH Voor = 2.4 V, Vee = Max. 100 µA 
V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Voor = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Voor = 0.5 V, Vee = Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 90 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. VO pin leakage is the worst case of hL and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour. 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N input Capacitance V1N = 2.0 V Vee= 5.0 V 7 

TA=25°C pF 
Gour Output Capacitance Vour = 2.0 V I= 1 MHz 7 

Note: 

1. These parameters are not 100% tested. but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

IPD Input or Feedback to 
Combinatorial Output 

Is Setup Time from Input or Feedback to Clock 

tH Hold Time 

!co Clock to Output or Feedback 

IMAX 

tpzx 

tpxz 

IEA 

!ER 

Notes: 

16L8, 16R6 
16R4 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

20 ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 

30 ns 

30 ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature with 
Power Applied -55°C to + 125°C Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-1.5 Vto Vee+ 0.5 V DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those fisted under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u 
specified 
Parameter 
Symbol 

VoH 

VoL 

hL 

h 
lozH 

lozL 

lsc 

Ice 

Notes: 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

VouT = 2.7 V, Vee =Max. 
V1N = V1H or V1L (Note 2) 

VouT = 0.4 V, Vee = Max. 
V1N = V1H or V1L (Note 2) 

Output Short-Circuit Current VouT = 0.5 V, Vee = Max. (Note 3) 

Supply Current 1-1-'6...;.L..;;...8_~ V1N = 0 V, Outputs Open (louT = O mA) 
16R8/6/4 Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.2 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

155 mA 
180 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or liH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circu~ should not exceed one second. Vee= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 7 

TA= 25°C pF 
CouT Output Capacitance VouT = 2.0 V I= 1 MHz 7 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

!po Input or Feedback to 
Combinatorial Output 

ts Setup Time from Input or Feedback to Clock 

Hold Time 

!co Clock to Output 

lcF 

tWL Clock Width 

twH 

fMAX 

lpzx 

lpxz 

IEA 

IER 

Notes: 
2. See Switching Test Circuit for test 

3. Calculated from measured IMAX internal. 

16L8, 16R6 

16R4 

33 

15 

10 

20 

20 

25 

25 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 

-65°C to + 150°C 

-55°C to + 125°C 

Respect to Ground -0.5 V to +7.0 V 

DC Input Voltage -1.5 V to +5.5 V 

OPERATING RANGES 
Military (M ) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature 125°C Max. 

Supply Voltage (Vee) 
DC Output or 110 Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 

Symbol Parameter Description Unit 

VoH Output HIGH Voltage v 

VoL 0.5 v 

V1H v 

V1L 0.8 v 

V1 -1.5 v 
hH 25 µA 

hL -250 µA 

h Maximum Input 1 mA 

lozH Off-State Output L VouT = 2.4 V, Vee =Max. 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1HOr V1L (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee =Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 180 mA 
Vee= Max. 

Notes: 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of liL and lozL (or l1H and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 7 

TA= 25°C pF 
Cour Output Capacitance Vour = 2.0 V f = 1 MHz 7 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 

Parameter 
Symbol 

!po 

ts 

tco 

IWL 

twH 

IMAX 

lpzx 

tpxz 

IER 

Notes: 

Parameter Description 
Input or Feedback to 
Combinatorial Output 

Setup Time from Input or Feedback to Clock 

Hold Time 

Clock to Output or Feedback 

Clock Width LOW 

HIGH 

16L8, 16R6 
16R4 

2. See Switching Test Circuit for test ditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

20 ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 

30 ns 

30 ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 v with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage 5.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u 
specified 
Parameter 
Symbol 

VoH 

lozH 

lozL 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

lsc Output Short-Circuit Current 

Ice Supply Current 

Notes: 

Vour = 0.4 V, Vee =Max. 
V1N = V1H or V1L (Note 2) 

Vour = 0.5 V, Vee = Max. (Note 3) 

V1N = O V, Outputs Open (louT = O mA) 
Vee= Max. 

Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -250 mA 

55 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 Vas been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tpo Input or Feedback to 16L8, 16R6 35 ns 
Combinatorial Output 16R4 

ts Setup Time from Input or Feedback to Clock 35 ns 

tH Hold Time 0 ns 

!co Clock to Output or Feedback 16R8, 16R6 25 ns 

twt Clock Width LOW 16R4 25 ns 

twH HIGH 25 ns 

Maximum External Feedback 1/(ts +!co) MHz 
IMAX Frequency 

(Note 2) No Feedback 1 /(lwH + twL) MHz 

tpzx OE to Output Enable 5 ns 

lpxz OE to Output Disable ns 

tEA 35 ns 

lER 35 ns 

Notes: DI 
1. 

2. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

DC Input Voltage 

DC Output or 1/0 Pin Voltage 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

-1.5 V to +5.5 V 

5.5V 

OPERATING RANGES 
Military (M ) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air 

Operating Case (Tc) 
Temperature 

Supply Voltage (Vee) 
with Respect to Ground 

-55°C Min. 

125°C Max. 

+4.50 v to +5.50 v 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

1. Military products are tested at Tc= +25°C, +125°C, 
and -55°C, per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH =-1 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VOL Output LOW Voltage IOL=4mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage hN=-18 mA, Vee= Min. -1.5 v 
llH Input HIGH Current V1N = 2.4 V, Vee = Max. (Note 4) 25 µA 

hL Input LOW Current V1N = 0.4 V, Vee = Max. (Note 4) -250 µA 

11 Maximum Input Current V1N = 5.5 V, Vee = Max. 1 mA 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

loZL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1Hor V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 5) -30 -250 mA 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) 55 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input cond~ions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
w~hout suitable equipment. 

4. 110 pin leakage is the worst case of ht and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VoUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. 

tpo Input or Feedback to 16L8, 16R6 
Combinatorial Output 16R4 

Is Setup Time from Input or Feedback to Clock 50 

tH Hold Time 0 

tco Clock to Output or Feedback 

twt. Clock Width LOW 16R8,16R6 25 

tWH HIGH 16R4 25 

Maximum External Feedback 1/(ts + tco) 13.3 
fMAX Frequency 

(Note 2) No Feedback 1/(IWH +!wt.) 20 

tPZx OE to Output Enable (Note 3) 

lpxz OE to Output Disable (Note 3) 

tEA Input to Output Enable Using Product 
Term Control (Note 3) 16L8, 16R6 

tER Input to Output Disable Using Product 16R4 
Term ControlJ.Note ~ 

Notes: 
1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 

tested per MIL-STD-883, Method 5005, unless otherwise noted. 

Max. Unit 

50 ns 

ns 

ns 

25 ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 

45 ns 

45 ns 

2. These parameters are not 1 OOo/o tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at in~ial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 1 so0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature with 
Power Applied -55°C to + 12s0 c Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-1.5 Vto Vee+ 0.5 V DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges 
specified 
Parameter 
Symbol 

VoH 

VoL 

hH 

loZH 

lozL 

lse 

Ice 

Notes: 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

Output Short-Circuit Current 

Supply Current i-..;..;16""L""8----1 
16R8/6/4 

Vour = 0.4 V, Vee =Max. 
V1N = V1HOr V1L (Note 2) 

Vour = 0.5 V, Vee = Max. (Note 3) 

V 1N = 0 V, Outputs Open (lour = 0 mA) 
Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.2 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

80 mA 
90 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V as been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Descriptions Test Conditions Typ. Unit 

CrN Input Capacitance VrN = 2.0 V Vee= 5.0 V 7 
TA= 25°C pF 

Cour Output Capacitance VouT = 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacttance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol 

IPO 

Is 

!co 

IWH 

Parameter Description 

Input or Feedback to 
Combinatorial Output 

Setup Time from Input or Feedback to Clock 

Hold Time 

Clock to Output or Feedback 

Clock Width LOW 

Maximum 
fMAX Frequency 

tEA 

tER 

Notes: 

2. 

{Note 3) 

25 

25 

35 
16R4 35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

3. t are calculated at initial characterization and at any time the design is modified 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature 
with Power Applied -55°C to + 125°C Operating in Free Air -55°C to + 125°C 
Supply Voltage with Supply Voltage (Vee) 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.50 V to +5.50 V 
DC Input Voltage -1.5 V to +5.5 V 

DC Output or 110 Pin Voltage 5.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 
Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25°C, + 125°C, 
and -55°C, per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 
Symbol Parameter Description Max. Unit 

VoH Output HIGH Voltage v 

VoL 0.5 v 

V1H v 

V1L 0.8 v 

V1 -1.5 v 
hH 25 µA 

l1L -250 µA 

11 1 mA 

lozH Vour = 2.4 V, Vee = Max. 100 µA 
Current HIGH V1N = V1Hor V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1Hor V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee =Max. (Note 5) -30 -250 mA 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) 90 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input condttions of output tests and are not themselves directly tested. V1L and V1H are absclute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 7 
TA= 25°C pf 

CouT Output Capacitance VouT= 2.0 V f = 1 MHz 7 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Not~ 

Parameter 
Symbol 

ts 

tco 

twH 

fMAX 

tpzx 

Notes: 

Parameter Description 

Input or Feedback to 
Combinatorial Output 

Setup Time from Input or Feedback to Clock 

Hold Time 

Clock to Output or Feedback 

Clock Width LOW 

16L8, 16R6 
16R4 

2. See Switching Test Circuit for conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL·STD-883, Method 5005, unless otherwise noted. 

Unit 

ns 

ns 

ns 

25 ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 

45 ns 

45 ns 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

12015-010A 

Combinatorial Output 

.,._---ts+tcF----<~ 

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

Clock _J 
Registered 

Output 1 

Registered 
Output 2 

Input 

12350-015A 

Registered Output Skew for Outputs 
Switching In the Same Direction 

tER tEA 

Output >-+-++1----+-+-4f-+- Vr 
-----.L...L..q-

Notes: 

1. Vr = 1.5 V 

12015-013A 

Input to Output Disable/Enable 

2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 

(2-4 ns for -7 (-12 Mil) Series) 

Input or 
Feedback ----J 

Clock---------

Registered 
Output ________ _ 

Clock 

Output 

12015-012A 
Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
L-------------------~ 

12015-021A 

12015-011A 

Clock Width 

tpxz 

12015-014A 

OE to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

mo May Will be 
Change Changing 
from L to H from L to H 

XXX'IXi Don't Care; Changing, 
Any Change State 
Permitted Unknown 

}11--fil Does Not Center 
Apply Line is High-

DI Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

5V 

Test Point 

12350-019A 

Commercial Miiitary 
Measured 

Specification S1 CL R1 R2 R1 R2 Output Value 

tpo, lco, tcF Closed 1.5 v 

tpzx. IEA Z-4 H: Open 50 pF 1.5 v 
z -4 L: Closed 2oon 390n 390n 750n 

lpxz, Im H-4Z: Open 5pF B-4: B-4: B-4: B-4: H -4Z: VoH - 0.5 V 
L -4Z: Closed soon 1.56 Kn soon 1.56 Kn L -4Z: VoL + 0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

2·58 

Typical Input 

Vee 

ProgramNerify 
Circuitry 

10240--006A 

PAL16R8 Family 

Typical Output 

Input, 
VO 

Pins 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

(n available) 

10240--007A 



OUTPUT REGISTER PRELOAD 
Applies to -7 (-12 Mil) Series Only 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to VccH. 

2. Set OE to V1HP to disable output registers. 

3. Raise pin 2 to VHH to enter preload mode. 

4. Apply either VHH or V1LP to all registered outputs. Use 
VHH to preload a LOW in the flip-flop; use V1LP to 

Parameter 
Symbol 

VHH 

V1LP 

V1HP 

VccH 

to 

Parameter Description 

Super-level input voltage 

Low-level input voltage 

High-level input voltage 

Power supply during preload 

Delay time 

Pin 2 

Registered 
Output 

to to 

preload a HIGH in the flip-flop. Leave combinatorial 
outputs floating. 

5. Lower pin 2 to V1LP· 

6. Remove V1LPIVHH from all registered output pins. 

7. Lower OE to V1LP to enable the output registers. 

8. Verify VoLIVoH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
ou!pui. 

Min. Rec. Max. Unit 

10 11 12 v 
0 0 0.5 v 

2.4 5.0 5.5 v 
5.4 5.7 6.0 v 
100 200 1000 ns 

ID to to 
V1HP 

V1LP 

VHH 

V1LP 

VHH 
VoH 

VoL 
V1LP 

10294-003A 

Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 
Applies to H-15 Series Only 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 4.5 V. 

2. Set OE to V1HP to disable output registers. 

3. Apply eitherV1HP orV1LPtO all registered outputs. Use 
V1HP to preload a HIGH in the flip-flop; use V1LP to 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 

V1LP Low-level input voltage 

V1HP High-level input voltage 

to Delay time 

Pin 8 

Registered 
Outputs 

preload a LOW in the flip-flop. Leave combinatorial 
outputs floating. 

4. Pulse pin 8 to VHH. then back to O V. 

5. Remove V1LPN1HP from all registered output pins. 

6. Lower OE to V1LP to enable the output registers. 

7. Verify VOLNoH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. 

19 20 
0 0 

2.4 5.0 
100 200 

Max. 

21 
0.5 
5.5 

1000 

V1HP 

V1HP 
VOH 
VOL 
V1LP 

Unit 

v 
v 
v 
ns 

10240-00BA 

Output Register Preload Waveform 
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POWER-UP RESET 
Applies to -7 (-12 Mil), H-15, B, 8-2, A, A-2 
Series Only 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 

Parameter 
Symbol Parameter Description 

IPR 

ts 

!wt 

Power-up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Power 

Registered 
Active-Low 

Output 

Clock 

of the power-up reset and the wide range of ways Vee 
can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup limes are met. 

Max. Unit 

1000 ns 

See Switching 

Characteristics 

Vee 

9-!wt 

12350-024A 

Power-Up Reset Waveform 
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-COM'L 

PAL16RA8 
20-pin Asynchronous TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 30 ns maximum propagation delay and 20 MHz 

fMAX 

• Individually programmable asynchronous 
clock, preset, reset, and enable 

• Registered or combinatorial outputs 

• Programmable polarity 

• Programmable replacement for high-speed 
TTL logic 

GENERAL DESCRIPTION 
The PAL 16RA8 offers asynchronous clocking for each 
of the eight flip-flops in the device. The eight macrocells 
feature programmable clock, preset, reset, and enable, 
and all can operate asynchronously to other macrocells 
in the same device. The PAL 16RA8 also has flip-flop by­
pass, allowing any combination of registered and com­
binatorial outputs. 

The PAL 16RA8 utilizes Advanced Micro Devices· ad­
vanced junction-isolated bipolar process and fuse-link 
technology. The devices provide user-programmable 
logic for replacing conventional SSl/MSI gates and flip­
flops at a reduced chip count. 

The PAL 16RA8 allows the systems engineer to imple­
ment the design on-chip, by opening fuse links to config­
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time­
consuming layout, are lifted from the PC board and 

• TTL-level register preload for testability 

• 
• 

Easy design with PALASM® software 

Programmable on standard PAL® device 
programmers 

• 20-pin DIP and 20-pin PLCC packages save 
space 

placed on silicon, where they can be easily modified dur­
ing prototyping or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un­
used input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers. 

BLOCK DIAGRAM 
OE Inputs PL 

Enable 

1/0 1/0 1/0 1/0 110 110 110 1/0 10232-001A 

PAL and PALASM are registered trademarks of Advanced Micro Devices. Publication# ~0232 Rev. B Amendment 10 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 

DIP 

PL Vee 

lo 1'°7 

'1 I/Os 

12 I/Os 

la l/04 

l4 l/03 

Is l/02 

Is l/01 

l7 l!Oo 

GND OE 

10232-002A 

PAL16RA8 

PLCC 

12 I/Os 

b I/Os 

l4 1/04 

Is 1/03 

Is 1102 

Note: 
Pin 1 is marked for orientation. 

10232-003A 

PIN DESIGNATIONS 
GND 
I 
1/0 
OE 
PL 
Vee 

Ground 
Input 
Input/Output 
Output Enable 
Pre load 
Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available wnh several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

PAL 16 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE 
RA = Registered Asynchronous 

d. NUMBER OF OUTPUTS 

e. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valld Combinations 

CN, 
PAL16RA8 CNL, 

CJ 

2-64 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Operating Conditions 
f. Package Type 
g. Optional Processing 

RA 8 C N 

L. OPTIONAL PROCESSING 
Blank = Standard Processing 

...._ ___ f. 
PACKAGE TYPE 

PAL16RA8 

N = 20-Pin Plastic DIP 
(PD 020) 

NL 20-Pin Plastic Leaded 
Chip Carrier (PL 020) 

J 20-Pin Ceramic DIP 
(CD 020) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked wnh MMI logo. 



FUNCTIONAL DESCRIPTION 
The PAL 16RA8 has eight dedicated input lines and 
eight programmable 1/0 macrocells. The Registered 
Asynchronous (RA) macrocell is shown in Figure 1. 
Pin 1 serves as global register preload and pin 11 
serves as global output enable. Programmable output 
polarity is available to provide user-programmable out­
put polarity for each individual macrocell. 

The programmable functions in the PAL 16RA8 are 
automatically configured from the user's design 
specification, which can be in a number of formats. The 
design specification is processed by development 
software to verify the design and create a programming 
file. This file, once downloaded to a programmer, 
configures the device according to the user's desired 
function. 

Programmable Preset and Reset 
In each macrocell, two product lines are dedicated to 
asynchronous preset and asynchronous reset. If the 
preset product line is HIGH, the Q output of the register 
becomes logic 1. If the reset product line is HIGH, the Q 
output of the register becomes a logic o. The operation 
of the programmable preset and reset overrides the 
clock. 

Combinatorial/Registered Outputs 
If both the preset and reset product lines are HIGH, the 
flip-flop is bypassed (Bypass Mode) and the output be­
comes combinatorial. Otherwise, the output is from the 
register (Registered Mode). Each output can be config­
ured to be combinatorial or registered. 

Programmable Clock 
The clock input to each flop-flop comes from the pro­
grammable array, allowing any flip-flop to be clocked in­
dependently if desired. 

Three-State Outputs 
The devices provide a product term dedicated to local 
output control. There is also a global output control pin. 
The output is enabled if both the global output control 
pin is LOW and the local output control product term is 
HIGH. II the global output control pin is HIGH, all outputs 
will be disabled. If the local output control product term is 
LOW, then that output will be disabled. 

Security Fuse 
A security fuse is also provided to prevent unauthorized 
copying of PAL device patterns. Once the fuse is pro­
grammed, the circuitry enabling verification is perma­
nently disabled, and the array will read as if every array 
fuse is programmed. With verification not operating, it is E 
impossible to simply copy the PAL device pattern on a 
PAL device programmer. 

PL OE 

Output 

10232-004A 

Figure 1. PAL16RA8 Macrocell 
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Programmable Polarity 
The outputs can be programmed either active-LOW or 
active-HIGH. This is represented by the Exclusive-OR 
gate shown in the PAL 16RA8 logic diagram. When the 
output polarity fuse is programmed, the lower input to 
the Exclusive-OR gate is HIGH, so the output is active­
HIGH. Si~ilarty when the output polarity fuse is intact, 
th~ output 1s active-LOW. The programmable output po­
larity feature allows the user a higher degree of flexibility 
when writing equations. 

Programming 
The PAL 16RA8 can be programmed on standard logic 
programmers. Programmers approved by Advanced 
Micro Devices are listed in the Programmer Reference 
Guide. 

Register Preload 
The register on the PAL 16RA8 can be preloaded from 
the output pins to facilitate functional testing of complex 

Registered/ 
Active Low 

Registered/ 
Active High 

state machine designs. This feature allows direct load­
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. Register preload is controlled by a TTL-level 
signal, making it a convenient board-level initialization 
function. 

Quality and Testability 
The PAL 16RA8 offers a very high level of built-in quality. 
Extra programmable fuses provide a means of verifying 
performance of all AC and DC parameters. In addition 
this verifies complete programmability and functionality 
of the device to provide the highest programming yields 
and post-programming functional yields in the industry. 

Technology 
The PAL 16RA8 is fabricated with AM D's junction-iso­
lated process, utilizing TiW fuses. 

Combinatorial/ 
Active Low 

Combinatorial/ 
Active High 

10232-005A 

Figure 2. Macrocell Configurations 
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LOGIC DIAGRAM 

PAL16RA8 

V 3 4 t e 11 12 15 15 1$ 20 H N 27 U ,, 

19 

18 

17 

~ ~ 

" =:t:l::t:l=t:!:ltit:l:t=titt::tl:l:t=l:l::l:i=t:l:ti:::il:tt==-'"'::f:x~===::::::;1-t-,r:::a-;:::=:;:;;-t-t::Q-,-u-ij 

~ ~'--t=D-tt-.---'-.-... ~ ~ 16 E 
15 

14 

... 

13 

12 

11 

10232-00SA 
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ABSOLUTE·MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to Vee+ 0.5 V 

DC Output or 110 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat· 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil· 
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage loo =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 8 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.5 

hH Input HIGH Current V1N = 2.4 V, Vee = Max. (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee= Max. (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max. 100 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 
Current HIGH V1N = V1HOr V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee =Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 3) -30 -130 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) 170 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter Min. Max. Unit 
SymbOI Parameter Description (Note 2) 

!po Input or Feedback to 1 Active Low 30 ns 
Combinatorial Output l Active High 35 ns 

ts Setup Time from Input or Feedback to Clock 20 ns 

IH Hold Time l Active Low 10 ns 

l Active High 0 ns 

!co Clock to Output or Feedback 10 30 ns 

IAP Asynchronous Preset to Registered Output 35 ns 
~-

tAPW Asynchronous Preset Width 20 ns 

IAR Asynchronous Reset to Registered Output 40 ns 

IARW Asynchronous Reset Width 20 ns 

IWL LOW 20 ns 

IWH 
Clock Width 

HIGH 20 ns 

Maximum External Feedback 1/(ts + tco) 20 MHz 
fMAX Frequency 

(Note 3) No Feedback 1 /(lwH + twL) 25 MHz 

IPZX OE to Output Enable 20 ns 

lpxz OE to Output Disable 20 ns 

IEA Input to Output Enable Using Product Term Control 30 ns 

Im Input to Output Disable Using Product Term Control 30 ns 

Notes: 
1. See Switching Test Circuit for test conditions. 

2. Output delay minimums are measured under best-case conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or Input or 
Feedback 

-~-VT Feedback ----.J Vr 

Combinatorial 
Output 

Clock V 

-------~~~o Vr 
12015-010A 

Combinatorial Output 
Registered 

Output ________ _ 

Asyn~~~:!~i ___ ~V{ tA~=-i.__ _____ _ 

Preset tAP~ 

Registered \ Vr Output _____ __....._.._.__._.._....__ _______ _ 

10232-007A 

Asynchronous Preset 

Ass~~jn~ ----~VT ~ =1 ______ _ Asynchronous . _ J 
Rase'. tARZO vr 

Registered 
Output 

10232-009A 

Input or 
Feedback 

Output 

----.J 
tER 

Asynchronous Reset 

tEA 

10232-00SA 

Input to Output Disable/Enable 

Notes: 

1. Vr = 1.5 V 
2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 
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Output 

Clock 

12015-012A 
Registered Output 

VT 

12015-01 lA 

Clock Width 

Vr 

tpxz 

12015~014A 

OE to Output Disable/Enable 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

100 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

tpo, tco Closed 

tpzx. tEA Z--7 H: Open 50 pF 
z --7 L: Closed 

tpxz, trn H--7Z: Open 5 pF 

L--7Z: Closed 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

R1 

560Q 

PAL16RA8 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

R2 

1.1 kQ 

E 
KSOOOO 10-PAL 

12350-019A 

Measured 
Output Value 

1.5 v 
1.5 v 

H --7Z: VoH - 0.5 V 

L --7Z: VoL + 0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

2-72 

Typical Input 

ProgramNerify 
Circuitry 

12350--020A 

PAL16RA8 

Typical Output 

40'1NOM 

Input, 
1/0 

Pins 

Program/Verify/ 
Test Circuitry 

Preload 
Circuitry 

12468-018A 



OUTPUT REGISTER PRELOAD 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Set OE to VtHP to disable output registers. 

2. Apply either V1HP or V1LP to all registered outputs. 
Leave combinatorial outputs floating. 

3. Pulse PL from V1HP to VtLP to VtHP· 

Parameter 
Symbol 

VtLP 
VtHP 
tsp 
twp 

tHP 

Parameter Description 

Low-level input voltage 
High-level input voltage 
Preload setup time 
Preload pulse width 
Preload hold time 

Registered 
Output 

4. Remove VtLPNiHP from all registered output pins. 

5. Lower OE to VtLP to enable the output registers. 

6. Verify V 01.N oH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. Max. Unit 

0 0 0.5 v 
2.4 5.0 5.5 v 
25 ns 
35 ns 
25 ns 

twp+-ttHP 

tsp --1 
10232-0tOA 

Output Register Preload Waveform 
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- COM'L: H-10/15/25, Q-15/25 MIL: H-20/25 

PALCE16V8 
EE CMOS 20-Pin Universal Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Pin, function and fuse-map compatible with all 
20-pln GAL® devices 

• Electrically erasable CMOS technology 
provides reconfigurable logic and full 
testability 

• High speed CMOS technology 
- 1 O ns propagation delay for "-1 O" version 
-15 ns propagation delay for "-15" version 
- 25 ns propagation delay for "-25" version 

• Direct plug-in replacement for the PAL 16R8 
series and most of the PAL 10H8 series 

• Outputs programmable as registered or 
combinatorial In any combination 

GENERAL DESCRIPTION 
The PALC E 16V8 is an advanced PAL® device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universal device 
architecture. The PALCE16V8 will directly replace the 
PAL 16R8 and PAL 10H8 series devices, with the excep­
tion of the PAL 16C1. 
Device logic is automatically configured according to the 
user's design specification. Design is simplified by 
PALASM design software, allowing automatic creation 
of a programming file based on Boolean or state equa­
tions. PALASM software also verifies the design and 
can provide test vectors for the finished device. Pro­
gramming can be accomplished on standard PAL 
device programmers. 
The PALCE16V8 utilizes the familiar sum-of-products 

BLOCK DIAGRAM 

• Programmable output polarity 

• Programmable enable/disable control 

• Preloadable output registers for testablllty 

• Automatic register reset on power up 

• Cost-effective 20-pin plastic DIP and PLCC 
packages 

• Programmable on standard device 
programmers 

• Supported by PALASM® software 

• Fully tested for 100% programming and 
functional yields and high reliability 

(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa­
tions are programmed into the device through floating­
gate cells in the AND logic array that can be erased elec­
trically. 

The fixed OR array allows up to eight data product terms 
peroutputfor logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be pro­
grammed as registered or combinatorial with an active­
high or active-low output. The output configuration is de­
termined by two global bits and one local bit controlling 
four multiplexers in each macrocell. 

Programmable AND Array 
32 x 64 

12467-001A 

PAL and PALASM are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

Publication# 12015 Rev. C AmendmenVO 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 
Top View 

DIP PLCC/LCC 

CLK/1 0 Vee 

1, 1/07 

12 I/Os 

l3 1/05 

1. 1/04 

Is 1/03 

la 1102 

17 vo, 
Is llOo 

GND 'Ottis 

12015-002A 

ORDERING INFORMATION 
Commercial Products 

'2 11 CLK!lo Vee 1/07 

I a GND ~/19 1100 l/01 12015-003A 

Note: Pin 1 is marked for orientation 

PIN DESIGNATIONS 
CLK Clock 
GND = Ground 
I Input 
1/0 lnpuVOutput 
OE Output Enable 
Vee Supply Voltage 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type f. Power 

b. Technology g. Speed 
c. Number of Array Inputs h. Package Type 
d. Output Type i. Operating Conditions 
e. Number of Flip-Flops j. Programming Designator 

PAL CE 16 V 8 H -15 P C 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. TECHNOLOGY 
CE = CMOS Electrically Erasable 

c. NUMBEROF 
ARRAY INPUTS 

d. OUTPUT TYPE----------' 
V = Versatile 

e. NUMBER OF FLIP-FLOPS ---------' 

f. POWER 
H = Hatt Power (90 mA Ice) 
Q = Quarter Power (55 mA Ice) 

g. SPEED -----------------' 
-10 = 10 ns tpo 
-15 = 15 ns tpo 
-25 = 25 ns tpo 

Valid Combinations 
PALCE16V8H-10 

PALCE16V8H-15 
PC,JC 

PALCE16V8H-25 
Blank, 

14 
PALCE16V80-15 

PALCE16V80-25 

2·76 PALCE16V8 

LJ. PROGRAMMING DESIGNATOR 
Blank = Initial Release 
14 = First Revision 
(May require different programmer 
revisions) 

..__ __ i. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

h. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J = 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume fort his device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMO logo. 



ORDERING INFORMATION 
APL Products 
AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: a. Family Type f. Power 

b. Technology g. Spead 
c. Number of Array Inputs h. Programming Designator 
d. Output Type I. Device Class 
e. Number of Flip-Flops j. Package Type 

k. Lead Finish 

PAL CE 16 V 8 H -20 /BR A 

T 
a. FAMILY TYPE ~L LEAD FINISH 

A • Hot Solder Dip PAL· Programmable Array Logic 

b. TECHNOLOGY J. PACKAGE TYPE 

c. 

d. 

.. 
f. 

g. 

CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V = Versatile 

NUMBER OF FLIP-FLOPS 

POWER 
H • Half Power (90 mA Ice) 

SPEED 
-20 = 20 ns tpo 
-25 • 25 ns tpo 

Valid Combinations 

PALCE16V8H-20 j l l Blank, /BRA, 
PALCE16V8H-25 E4 /82A 

Group A Tests 

R = 20-Pin Ceramic DIP (CD 020) 
2 = 20-Pin Ceramic Leadless 

Chip Carrier (CL 020) 

'------ I. DEVICE CLASS 
/8 =Class B 

'------ h. PROGRAMMING DESIGNATOR 
Blank = Initial Release 
E4 = First Revision 
(May require different programmer 
revisions) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations and to ob­
tain additional data on AMD's standard military 
grade products. 

Note: Marked with AMO logo. 

Group A tests consist of subgroups 1, 2, 3, 7, 8, 9, 1 o and 11. 

Milltary Burn-In 

Military burn-in is in accordance with the current revision of MIL-ST0-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
The PALCE16V8 is a universal PAL device. It has eight 
independently configurable macrocells (MC0-MC1). 
Each macrocell can be configured as registered output, 
combinatorial output, combinatorial 1/0 or dedicated in­
put. The programming matrix implements a program­
mable AND logic array, which drives a fixed OR logic ar­
ray. Buffers for device inputs have complementary out­
puts to provide user-programmable input signal polarity. 
Pins 1 and 11 serve either as array inputs or as clock 
(CLK) and output enable (OE). respectively, for all flip­
flops. 

Unused input pins should be tied directly to Vccor GND. 
Product terms with all bits unprogrammed (discon­
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE16V8 are 
automatically configured from the user's design specifi-

SLOx 

SG1 

CLK 

cation, which can be in a number of formats. The design 
specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALCE16V8. First, it can be programmed as a standard 
PALdevicefrom the PAL16R8 and PAL10H8 series. 
The PAL programmer manufacturer will supply device 
codes for the standard PAL device architectures to be 
used with the PALCE16V8. The programmer will pro­
gram the PALCE16V8 in the corresponding architec­
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed as 
a PALCE16V8. Herethe user must use the PALCE16V8 
device code. This option allows full utilization of the 
macrocell. 

·sG1 

To 
Adjacent 
Macrocell 

I/Ox 

From 
Adjacent 
Pin 

*In macrocells MCo and MC1, SG1 is replaced by SGO on the feedback multiplexer. 

12015-0048 

PALCE16V8 Macrocell 
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Configuration Options 

Each macrocell can be configured as one of the follow­
ing: registered output, combinatorial output, combinato­
rial 1/0, or dedicated input. In the registered output con­
figuration, the output buffer is enabled by the OE pin. In 
the combinatorial configuration, the buffer is either con­
trolled by a product term or always enabled. In the dedi­
cated input configuration, it is always disabled. With the 
exception of MCo and MC1, a macrocell configured as a 
dedicated input derives the input signal from an adja­
cent 1/0. MCo derives its input from pin 11 (OE) and MC1 
from pin i (CLK). 

The macrocell configurations are controlled by the con­
figuration control word. It contains 2 global bits (SGO 
and SG 1) and 16 local bits (SLOo through SL01 and SL 1 o 
through SL h). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE16V8 
will emulate a PAL 16R8 family or a PAL 1 OHS family de­
vice. Within each macrocell, SLO., in conjunction with 
SG1, selects the configuration of the macrocell, and 
SL 1 x sets the output as either active low or active high 
for the individual macrocell. 

The configuration bits work by acting as control inpuis 
fort he multiplexers in the macrocell. There are four mul­
tiplexers: a product term input, an enable select, an out­
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC1,SGO replaces SG1 on the feedback multi­
plexer. This accommodates CLK being the adjacent pin 
for MC1 and OE the adjacent pin for MCo. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and SL Ox= 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The 
feedback path is from 0 on the register. The output 
buffer is enabled by OE. 

Combinatorial Configurations 
The PALCE16V8 has three combinatorial output con­
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 1/0 in a registered de­
vice. 

Dedicated Output In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 0 and SL Ox= 
0. All eight product terms are available to the OR gate. 
Because the macrocell is a dedicated output, the feed­
back is not used. Because CLK and OE are not used in a 
non-registered device, pins 1 and 11 are available as in­
put signals. Pin 1 will use the feedback path of MC1 and 
pin 11 will use the feedback path of MCo. 

Combinatorial 1/0 In a Non-Registered 
Device 
The control bit settings are SGO = 1, SG 1 = 1, and SLOx = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used to enable the out­
put buffer. The signal at the 1/0 pin is led back to the 
AND array via the feedback multiplexer. This allows the 
pin to be used as an input. 

Because CLK and OE are not used in a non-registered 
device, pins 1 and 11 are available as inputs. Pin 1 will 
use the feedback path of MC, and pin 11 will use the 
feedback path of MCo. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
1. Only seven product terms are available to the OR 
gate. The eighth product term is used as the output 
enable. The feedback signal is the corresponding 1/0 
signal. 

Dedicated Input Configuration 
The control bit settings are SGO = 1, SG 1 = O and SL Ox= 
1. The output buffer is disabled. Except for MCo and MC1 
the feedback signal is an adjacent 1/0. ForMCo and MC1 
the feedback signals are pins 1 and 11. These 
configurations are summarized in Table 1 and illustrated 
in Figure 2. 

Table 1. Macrocell Configuration 

SGO SG1 SLOx Cell Configuration Devices Emulated 

Device Uses Registers 

0 1 0 Registered Output PAL 16R8, 16R6, 
16R4 

0 1 1 Combinatorial 1/0 PAL16R6, 16R4 

Device Uses No Registers 

1 0 0 Combinatorial PAL 1 OHS, 12H6, 
Output 14H4, 16H2, 1 OLB, 

12L6, 14L4, 16L2 
1 0 1 Dedicated Input PAL12H6, 14H4, 

16H2, 12L6, 14L4, 
16L2 

1 1 1 Combinatorial 110 PAL 16L8 

Programmable Output Polarity 
The polarity of each macrocell can be active-high or ac­
tive-low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is through a programmable bit SL 1 x which 
controls an exclusive-OR gate at the output of the AND/ 
OR logic. The output is active high if SL 1 xis 1 and active 
low if SL 1 x is O. 
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OE -------------. OE-----------~ 

D Q Q 

CLK 

Registered Active Low Registered Active High 

Combinatorial 1/0 Active Low Combinatorial 1/0 Active High 

Combinatorial Output Active Low Combinatorial Output Active High 

~ 
~ Adjacentl/Opin 

Dedicated Input 

12015-00SA 

Figure 2. Macroceil Configurations 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys­
tem initialization. Outputs of the PALCE16V8 will de­
pend on whether they are selected as registered or com­
binatorial. If registered is selected, the output will be 
HIGH. If combinatorial is selected, the output will be a 
function of the logic. 

Register Preload 
The register on the PALCE16V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This lealure allows direct load­
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Bit 
A security bit is provided on the PALCE16V8 as a deter­
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 

of the programmed pattern by a device programmer, se­
curing proprietary designs from competitors. However, 
programming and verification are also defeated by the 
security bit. The bit can only be erased in conjunction 
with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE16V8 device. It consists of 64 bits of programm­
able memory that can contain user-defined data. The 
signature data is always available to the user independ­
ent of the security bit. 

Programming and Erasing 
The PALCE 16V8 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 

The PALCE16V8 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. E 
No special erase operation is required. 
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LOGIC DIAGRAM 

3 7 8 11 12 15 18 19 20 23 24 27 28 31 

nu_ 
flg!_J ...!. 

0 3 4 7 8 11 12 15 18 19 20 23 24 27 28 31 a.KOE 

12015-009A 

Figure 6. PALCE16V8 Logic Diagram 
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LOGIC DIAGRAM (Continued) 
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Figura 6. PALCE16V8 Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
in Free Air 0°C to +75°C 

Supply Voltage (Vee) with 

Storage Temperature 
Ambient Temperature 
with Power Applied 
Supply Voltage with 
Respect to Ground 
DC Input Voltage -0.5 V to Vee + 0.5 V Respect to Ground +4.75 V to +5.25 V 

DC Output or 
1/0 Pin Voltage 

Static Discharge Voltage 
Latchup Current 

-0.5 V to Vee+ 0.5 V 

2001 v 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

(TA= 0°C to +75°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee= Max. (Note 2) 10 

hL Input LOW Leakage Current V1N = 0 V, Vee =Max. (Note 2) -10 

lozH Off-State Output Leakage VouT = 5.25 V, Vee= Max. 
10 Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee = Max. 
-10 

Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max. (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 90 
Vee= Max., f = 15 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 
µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or l1H and loZH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VoUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE {Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0 v J Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance Vour= 2.0V1I=1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges {Note 2) 

Parameter -10 
Symbol Parameter Description Min. Max. Unit 

tpo Input or Feedback to Combinatorial Output 10 ns 

ts Setup Time from Input or Feedback to Clock 10 

tH Hold Time 0 ns 

tco Clock to Output 8 ns 

tcF Clock to Feedback (Note 3) ns 

lwt. LOW 8 ns 
Clock Width 

tWH HIGH 8 ns 

Maximum External Feedback 1/(ts+tco) 55.5 MHz 

IMAX Frequency Internal Feedback 1/(ts+tcF) MHz 
(Note 4) 

No Feedback 1/(twH+twt.) 62.5 MHz 

tpzx OE to Output Enable 10 ns 

tpxz OE to Output Disable 10 ns 

tEA Input to Output Enable Using Product Term Control 10 ns 

tER Input to Output Disable Using Product Term Control 10 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

-55°C to + 125°c 

-0.5 V to +7.0 V 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
in Free Air 0°c to +75°C 

Supply Voltage (Vee) with 

Storage Temperature 
Ambient Temperature 
with Power Applied 
Supply Voltage with 
Respect to Ground 
DC Input Voltage -0.5 V to Vee + 0.5 V Respect to Ground +4.75 V to +5.25 V 

DC Output or 
1/0 Pin Voltage 

Static Discharge Voltage 
Latchup Current 

-0.5 V to Vee+ 0.5 V 

2001 v 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

(TA= 0°C to +75°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee= Max. (Note 2) 10 

hL Input LOW Leakage Current V1N = 0 V, Vee = Max. (Note 2) -10 

loZH Off-State Output Leakage Vour = 5.25 V, Vee = Max. 
Current HIGH V1N = V1H or V1L (Note 2) 10 

lozL Off-State Output Leakage Vour = 0 V, Vee =Max. 
-10 

Current LOW V1N = V1HOr V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max. (Note 3) -30 -130 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) LH 90 
Vee= Max., I= 15 MHz j 0 55 

Notes: 

Unit 

v 

v 

v 

v 

µA 
µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N=2.0V J Vcc=5.0V, TA=25°C, 5 pF 

Cour Output Capacitance Vour = 2.0 V l I= 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capac~ance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter -15 -25 
Symbol Parameter Description Min. Max. Min. Max. Unit 

!po Input or Feedback to Combinatorial Output 15 25 ns 

ts Setup Time from Input or Feedback to Clock 12 15 ns 

IH Hold Time 0 0 ns 

tco Clock to Output 10 12 ns 

lcF Clock to Feedback (Note 3) 8 10 ns 

IWL LOW 8 12 ns 
Clock Width 

IWH HIGH 8 12 ns 

Maximum 
External Feedback 1/(ts+tco) 45.5 37 MHz 

IMAX Frequency Internal Feedback 1/(ts+tcF) 50 40 MHz 
(Note4) 

No Feedback 1/(twH+IWL) 62.5 41.6 MHz 

tPZx OE to Output Enable 15 20 ns 

tpxz OE to Output Disable 15 20 ns 

tEA Input to Output Enable Using Product Term Control 15 25 ns 

tER Input to Output Disable Using Product Term Control 15 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 12s0 c 

-0.5 V to +7.0 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Operating Case 
Temperature (Tc) 

Supply Voltage (Vee) 
with Respect to Ground 

-55°C to + 125°C 

+4.5 V to +5.5 V 

DC Input Voltage 

DC Output or 110 Pin Voltage 

Static Discharge Voltage 

Latchup Current 

-0.5VtoVcc+0.5V 

-0.5VtoVcc+0.5V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

2001 v 
Note: 

(Tc = -55°C to + 125°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25°C, + 125°C 
and -55°C, per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage loH = -2.0 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage IOL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

itH Input HIGH Leakage Current V1N = 5.5 V, Vee =Max. (Note 4) 10 µA 
itL Input LOW Leakage Current V1N = 0 V, Vee =Max. (Note 4) -10 µA 

lozH Off-State Output Leakage VouT = 5.5 V, Vee= Max. 
40 µA Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage VouT = 0 V, Vee =Max. 
-40 µA 

Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N= O V, Outputs Open (louT= O mA) 90 mA 
Vee= Max., f = 15 MHz 

Notes: 

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. VtL and VtH are input conditions of output tests and are not themselves directly tested. VtL and VtH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 1/0 pin leakage is the worst case of ltL and lozL (or ltH and lozH). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where lsc may be affected. 

2-88 PALCE16V8H-20/25 (Mil) 



CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V j Vee= 5.0 V, TA= 25°C, 8 pF 

CouT Output Capacitance VouT = 2.0 V 1 I = 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter -20 ·25 
Symbol Parameter Description Min. Max. Min. Max. 

\po Input or Feedback to Combinatorial Output 20 25 

ts Setup Time from Input or Feedback to Clock 15 15 

IH Hold Time (Note 5) 0 0 

tco Clock to Output 15 20 

lcF Clock to Feedback (Note 3) 13 18 

!wt. LOW 12 15 
Clock Width 

IWH HIGH 12 15 

Maximum 
External Feedbac~ 1/(ts+tco) 33.3 28.6 

IMAX Frequency Internal Feedback 1 /(ts+lcF) 35.7 30.3 
(Note 4) No Feedback 1/(IWH+lwt.) 41.7 33.3 

lpzx OE to Output Enable (Note 5) 20 20 

\pxz OE to Output Disable (Note 5) 20 20 

IEA Input to Output Enable Using Product 20 25 
Term Control (Note 5) 

Im Input to Output Disable Using Product 20 25 
Term Control (Note 5) 

Notes: 

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 

3. Calculated from measured IMAx internal. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or ~ Feedback Vr 

-X)&X1~VT Combinatorial 
Output 

Clock 

Clock 

12015-010A 

Combinatorial Output 

~---ts+ tcF ----.i 

Vr 

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

Vr 

12015-011A 

Clock Width 

Output 

Input or 
Feedback ____ ------ .._ __ _ 

Clock--------

Registered 
Output _______ _ 

12015-012A 

Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
L-------------------~ 

12015-021A 

Input Vr 

Output Vr 
----...L..l~C 

12015-013A 

Input to Output Disable/Enable 

12015-014A 

OE to Output Dlsable/Enable 

Notes: 
1.Vr=1.5V 
2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

0/0 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

lpo, !co, tcF Closed 

IPZX, IEA Z-t H: Open 50 pF 
z -t L: Closed 

tpxz. IER H-tZ: Open 5 pF 
L -tZ: Closed 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

Commercial 

R1 R2 

200Q 390Q 

PALCE16V8 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

12350-019A 

Military 

R1 R2 

200Q 390Q 

E 
KS000010-PAL 

Measured 
Output Value 

1.5 v 
1.5 v 

H -tZ: VoH- 0.5 V 
L -tZ: Vm + 0.5 V 
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ENDURANCE CHARACTERISTICS 
The PALCE16V8 is manufactured using AMD's ad­
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

Endurance Characteristics 

Symbol Parameter 

toR Min. Pattern Data Retention Time 

N Min. Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD Program/Verify 
Protection Circuitry 

parts. As a result, the device can be erased and 
reprogrammed- a feature which allows 100% testing at 
the factory. 

Min. Units Test Conditions 

10 Years Max. Storage 
Temperature 

20 Years Max. Operating 
Temperature (Military) 

100 Cycles Normal Programming 
Conditions 

Vee 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 
12197-013A 
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OUTPUT REGISTER PRELOAD 
The Preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure is as follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 
2. Set pin 8 to VPLo. 
3. Set OE HIGH. 
4. Apply the desired value (VnJV1H) to all registered out-

Parameter 
Symbol Parameter Description 

put pins. Leave combinatorial output pins floating. 
5. Clock pin 1 from V1L to V1H. 
6. Remove V11JV1H from all registered outputs. 
7. Enable the output registers by lowering OE. 
8. Lower pin 8 to V1LNiH. 
9. Verily for VoLIVOH at all registered output pins. Note 

that the output pin signal will be the inverse of the 
preload input. 

Min. Rec. Max. Unit 

tPLD Setup and Hold Time from Preload (pin 8) to OE 50 50 µs 

tps Setup Time from OE to Data 1 1 µs 

tPH Hold Time from Data to OE 1 1 µs 

tpcs Setup Time from Data to Clock 1 1 µs 

tPCH Hold Time from Clock to Data 1 1 µs 

dVrldt VPLD Rising Slew Rate (pin 8) 10 100 V/µs 

dVr/dt Vpw Falling Slew Rate (pin 8) 2 3 V/µs 

VPLD Super-level Input Voltage 9.5 10 10.5 v 
V1HP High-level Input Voltage 2.4 5.0 5.5 v 
V1LP Low-level Input Voltage 0 0 0.5 v 

Pin 8 

----------- V1HP 

'--------- V1LP 

tps -~ ~~_.'.'..------------ V1HP 
Registered --------,,__ __ _JI ( VoH 
~ ~ 

Clock _____________ 'P_C_' f WW t~= -_-_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_=== :: 

12015-0tSA 

Output Register Preload Waveform 
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POWER-UP RESET 
The PALCE16V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops will be reset to LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro­
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Descriptions 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

IWL Clock Width LOW 

and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 
2. Following reset, the clock input must not be driven 

from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Min. Max. Unit 

10 µs 

See Switching Characteristics 

Power 

4V~-----------------~ Vee 

/~14---- IPR ---'"! 

2·94 

Registered 
Output 

Clock S\ tWL 

12350-024A 

Power-Up Reset Waveform 
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PALCE16V8Z-20 
Zero Power EE CMOS Universal Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Pin, function and fuse-map compatible with all 

20-pin GAL® devices 

• Electrically-erasable CMOS technology 
provides reconfigurable logic and full 
testability 

• Zero-Power CMOS technology 
- 100 µA Standby Current 
- 20 ns propagation delay 

• Direct plug-in replacement for the PAL 16R8 
series and most of the PAL 10H8 series 

• Outputs programmable as registered or 
combinatorial In any combination 

GENERAL DESCRIPTION 
The PALCE16V8 is an advanced PAL® device built with 
zero-power, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universal device 
architecture. The PALCE16V8 will directly replace the 
PAL 16R8 and PAL 1 OHB series devices, with the excep­
tion of the PAL 16C1. 

The PALCE16V8Z provides zero standby power and 
high speed. At 100 µA maximum standby current, the 
PALCE16V8Z allows battery powered operation for an 
extended period. 

The PALCE16V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 

BLOCK DIAGRAM 

• Programmable output polarity 

• Programmable enable/disable control 

• Preloadable output registers for testablllty 

• Automatic register reset on power up 

• Cost-effective 20-pln plastic DIP and PLCC 
packages 

• Programmable on standard device 
programmers 

• Supported by PALASM® software 

• Fully tested for 100% programming and 
functional yields and high reliability 

complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa­
tions are programmed into the device through floating­
gate cells in the AND logic array that can be erased elec­
trically. 

The fixed OR array allows up to eight data product terms 
per outputfor logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be pro­
grammed as registered or combinatorial with an active­
high or active-low output. The output configuration is de­
termined by two global bits and one local bit controlling 
four multiplexers in each macrocell. 

Programmable AND Array 
32 x 64 

12467-00lA 

This document contains information on a product under development aJ Advanced Micro Devices, Inc. The information Is intended Publication# 13061 Rev. A 
to help you evalual:e this product. AMO reserves the right to change or discontinue work on this proposed produd without notice. 
PAL and PALASM are registered trademarks of Advanced Micro Devices. GAL is a registered trademark of Lattice Semiconductor Issue Date: January 1990 
Corp. This part is protected by various U.S. and foreign patents owned by Advanced Micro Devices. ,__ ___________ _. 

AmandmentJO 

2-95 





-COM'L 

AmPAL 18P8B/AL/A/L 
20-pin Combinatorial TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• As fast as 15 ns maximum propagation delay 

• Universal combinatorial architecture 

• Programmable output polarity 

• Programmable replacement for high-speed 
TILlogic 

GENERAL DESCRIPTION 
The AmPAL 18P8 utilizes Advanced Micro Devices· ad­
vanced oxide-isolated bipolar process and fuse-link 
technology. The devices provide user-programmable 
logic for replacing conventional SSl/MSI gates and flip­
flops at a reduced chip count. 

The Am PAL 18P8 allows the systems engineer to imple­
ment the design on-chip, by opening fuse links to config­
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time­
consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur­
ing prototyping or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 

BLOCK DIAGRAM 

• Easy design with PALASM® software 

• Programmable on standard PAL® device 
programmers 

11 20-pln DIP and 20-pin PLCC packages save 
space 

outputs. In addition, the PAL device provides the follow­
ing options: 

- Variable inpuVoutput pin ratio 

- Programmable three-state outputs 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Unused input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. See the Programmer Reference Guide for ap­
proved programmers. Once the PAL device is pro­
grammed and verified an additional fuse may be opened 
to prevent pattern readout. This feature secures proprie­
tary circuits. 

AmPAL18P8 
Inputs 

1/0 110 1/0 

PAL and PALASM are registered trademarks of Advanced Micro Dwices. 

Programmable AND Array 
(36 x 72) 

110 110 

This part Is covered by various U.S. and foreign patents CMlned by Advanced Micro Devices. 

110 l!O 1/0 

05799-001A 

Publication# 05799 Rev. F Amendment /0 

Issue Date: January 1990 
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PRODUCT SELECTOR GUIDE 
tPD 

Family ns (Max.) 

Ve~ High-Speed 
("B Versions 15 

H~h-Speecl 
(" ")Versions 25 

Hi9h-Speed, 
Haf-Power 25 
("AL") Versions 

Half-Power 35 ("L") Versions 

CONNECTION DIAGRAMS 
Top View 

DIP 

2-98 

Vee 

1/0 

l/O 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

05799-002A 

Ice loL 
mA(Max.) mA(Mln.) 

180 

180 

90 

90 

AmPAL 18P88/AUAJL 

24 

24 

24 

24 

PLCC 

110 

110 

1/0 

110 

110 

Nota: 
Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
GND Ground 
I Input 
110 Input/Output 
Vee Supply Voltage 

05799-003A 



ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Package Type 
h. Operating Conditions 
I. Optional Processing 

AmPAL 18 PSALPC 

a. FAMILY TYPE _____ T__. 
AmPAL =Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE -----------' 
P = Programmable Polarity 

d. NUMBER OF OUTPUTS --------' 

e. SPEED 
B = 15 ns tpo 
A= 25 ns !po 
Blank = 35 ns tpo 

f. POWER ---------------' 
L = Low Power (90 mA Ice) 
Blank= Full Power (180 mA Ice) 

Valid Combinations 

AmPAL 18P8 B, AL, A, L PC, JC, DC 

L OPTIONAL PROCESSING 
Blank = Standard Processing 

h. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

~-- g. PACKAGE TYPE 
P = 20·Pin Plastic DIP 

(PD 020) 
J 20-Pin Plastic Leaded 

Chip Carrier (PL 020) 
D 20-Pin Ceramic DIP 

(CD 020) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations and to 
check on newly released combinations. 

Note: Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
All parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re­
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo­
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program­
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac­
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The AmPAL 18P8 has ten dedicated input lines, and all 
eight combinatorial outputs are 1/0 pins. Buffers for de­
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. A product term controls the buffer, allow­
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 110 pin, and may be con­
figured as a dedicated input if the buffer is always dis­
abled. 

Programmable Polarity 
The polarity of each output can be active-high or active­
low, either to match output signal needs or to reduce 
product terms. Programmable polarity allows Boolean 
expressions to be written in their most compact form 
(true or inverted), and the output can still be of the de­
sired polarity. It can also save "DeMorganizing" efforts. 

Selection is through a programmable fuse which con­
trols an exclusive-OR gate at the output of the AND/OR 
logic. The output is active high if the fuse is 1 (pro­
grammed) and active low if the fuse is 0 (intact). 

Security Fuse 
After programming and verification, an AmPAL 18P8 de­
sign can be secured by programming the security fuse. 
Once programmed, this fuse defeats readback of the in­
ternal programmed pattern by a device programmer, se­
curing proprietary designs from competitors. When the 
security fuse is programmed, the array will read as if 
every fuse is programmed. 

Quality and Testability 
The AmPAL 18P8 offers a very high level of built-in qual­
ity. Extra programmable fuses provide a means of veri­
fying performance of all AC and DC parameters. In addi­
tion, this verifies complete programmability and func­
tionality of the device to provide the highest program­
ming yields and post-programming functional yields in 
the industry. 

Technology 
The AmPAL 18P8 is fabricated with AM D's advanced 
oxide-isolated bipolar process. This process reduces 
parasitic capacitances and minimum geometries to pro­
vide higher performance. The array connections are 
formed with proven PtSi fuses for reliable operation. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature 
with Power Applied -55°C to + 125°C Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.75 V to +5.25 V 

-0.5 V to + 5.5 V DC Input Voltage 

DC Input Current -30 mA to +5 mA 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC 1/0 Pin Voltage -0.5 V to Vee Max. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ran 
specified 

Parameter 
Symbol 

VoH 

VoL 

V1H 

V1L 

V1 

hH 

iiL 

11 

loZH 

lozL 

Parameter Description 

Output HIGH Voltage 

Maximum Input'··' 

Off-State Output 
Current HIGH 

Off-State Output Leakage 
Current LOW 

VouT = 2.7 V, Vee= Max. 
V1N = V1H or V1L (Note 2) 

VouT = 0.4 V, Vee= Max. 
V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max. (Note 3) 

Ice Supply Current 

Notes: 

V1N = 0 V, Outputs Open 
(loUT= 0 mA) 
Vee= Max. 

B,A 

AL, L 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.2 v 
25 µA 

-100 µA 

mA 

100 µA 

-250 µA 

-30 -90 mA 

180 mA 

90 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 
6 

TA= 25°C pF 
Cour Output Capacitance Voor = 2.0 V f = 1 MHz 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges 

Parameter B 
Symbol Parameter Description Min. Max. Unit 

tro Input or Feedback to 
Combinatorial Output 35 ns 

tEA Input to Output Enable 
Using Product Term Control 35 ns 

Im Input to Output Disable 
Using Product Term Control 35 ns 

Note: 

2. See Switching Test Circuit for test co 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Notes: 
1. VT= 1.5 V 

Combinatorial Output 

2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 

2-104 

Input 

tER tEA 

Output >-+-+H----~M- VT 

12015-010A 

AmPAL 18P8B/AUA/L 

----..L.J~ 

12015-013A 

Input to Output Disable/Enable 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from Htol from H to L 

100 May Will be 
Change Changing 
from Lto H from L to H 

~ 
Don't Care; Changing, 
Any Change State 
Permitted Unknown 

ID-fil Does Not Center 
Apply Line is High-

D Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

sv 

}., 
Test Point 

12350-019A 

Measured 
Specification S1 CL R1 R2 Output Value 

tpo Closed 1.5 v 
lEA z~ H: Open 50pF 1.5 v 

Z~L:Closed 2000 3900 

lER H~Z:Open 5pF H ~z: VoH-0.5 v 
L~Z:Closed L~Z: VoL +0.5 V 

AmPAL 18P8B/AUA/L 2-105 



INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

2·106 

Typical Input 

ProgramNerify 
Circuitry 

12350-0200 

Typical OUtput 

AmPAL 18P8B/AUA/L 

40 n NOM 

Input, 
1/0 

Pins 

Program/Verify/ 
Test Circuitry 

12984-00GA 
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PAL20R8 Family 
24-pin TTL Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 
• As fast as 7.5 ns maximum propagation delay 

• Popular 24-pln architectures: 20LB, 20RB, 
20R6,20R4 

• Programmable replacement for high-speed 
TTLloglc 

• Power-up reset for lnltlallzatlon 

GENERAL DESCRIPTION 
The PAL20R8 Family (PAL20L8, PAL20R8, PAL20R6, 
PAL20R4) is AM D's standard 24-pin PAL device family. 
The devices provide user-programmable logic for re­
placing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. 

The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be­
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili­
con, where they can be easily modified during prototyp­
ing or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

PRODUCT SELECTOR GUIDE 

DEDICATED 
DEVICE INPUTS OUTPUTS 

PAL20L8 14 6comb. 
2 comb. 

PAL20R8 12 8 reg. 

PAL20R6 12 6 reg. 
2 comb. 

PAL20R4 12 4 reg. 
4 comb. 

PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part la covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

Advanced 
Micro 

Devices 

• Easy design with PALASM® software 

• Programmable on standard PAL® device 
programmers 

• 24-pin SKINNYDIP® and 28-pln PLCC 
packages save space 

In addition, the PAL device provides the following op­
tions: 

- Variable inpuVoutput pin ratio EJ 
- Programmable three-state outputs 
- Registers with feedback 

Product terms with all connections opened assume the 
logical HIGH state; product termsconnectedto both true 
and complement of any single input assume the logical 
LOW state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un­
used input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. See the Programmer Reference Guide for ap­
proved programmers. Once the PAL device is pro­
grammed and verified an additional connection may be 
opened to prevent pattern readout. This feature secures 
proprietary circuits. 

PRODUCT TERMS/ 
OUTPUT FEEDBACK ENABLE 

7 1/0 prog. 
7 - prog. 

8 reg. pin 

8 reg. pin 
7 I/ prog. 

8 reg. pin 
7 I/ prog. 

Publication • 10294 Rev. B Amendment /0 

lasue Date: January 1990 
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PERFORMANCE OPTIONS 

(Commercial) 

Speed 
(tpo, ns) 

35 

25 

15 

10 

7.5 

A-2 

B-2 

105 

A 

B 

-10 

-7 

210 

Power (Ice, mA) 

Note: 
For low power and high speed, the EE 
CMOS PALCE20V8 can directly replace 
the PAL20R8 Family. 

OPERATING RANGES 

Commercial Military 

-7 -12 

-10 -15 

B (15 ns) B (20 ns) 

B-2 (25 ns) 

A (25 ns) A (30 ns) 

A-2 (35 ns) A-2 (50 ns) 
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BLOCK DIAGRAMS 

o, vo, vo, 

PAL20L8 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40X 64) 

vo, 

PAL20R8 

INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40X64) 

llO, 

PAL20R8 Family 

EJ 
vo, VO, o, 

12350-001A 

12350-002A 
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BLOCK DIAGRAMS 

Cl.K 

CLK 

I/CJ' VO' o, 

2-110 

PAL20R6 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40X 64) 

PAL20R4 
INPUTS 

PROGRAMMABLE 
AND ARRAY 

(40 X64) 

o, 

PAL20R8 Family 

OE 

12350-003A 

OE 

o, o, 1/0, I/CJ. 

12350-004A 



CONNECTION DIAGRAMS 
Top View 

SKINNYDIP/FLA TPACK 

(NOTE1) 

1, 

I 2 

1, 

1. 

I• 

I• 

I 7 

1. 

1. 

1,0 

GND 

Note 20L8 

1 lo 

2 ha 

3 01 

4 1102 

5 l/Oa 

6 1104 

7 I/Os 

8 I/Os 

9 1101 

10 Os 

20R8 

CLK 

OE 

01 

02 

Oa 

04 

Os 

Os 

07 

Os 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 lnpuUOutput 
NC No Connect 
0 Output 
OE Output Enable 
Vee Supply Voltage 

Vee 

1,. 
(NOTE 10) 

(NOTE9) 

(NOTES) 

(NOTE 7) 

(NOTE6) 

(NOTES) 

(NOTE 4) 

(NOTE 3) 

1,, 

(NOTE 2) 

12350-00SA 

20R6 20R4 

CLK CLK 

OE OE 

1101 1101 

02 1102 

Oa Oa 

04 04 

Os Os 

Os Os 

07 1101 

I/Os I/Os 

PAL20R8 Family 

PLCC/LCC 
JEDEC: Applies ID ·7(·12 mil), ·10(·15 mli), 

B-2 Serles Only 

13 

14 

Is 

NC 

Is 

17 

la 

14 

Is 

NC 

Is 

17 

NC 

13 

14 

Is 

15 

17 

la 

NC 

(NOTE9) .. (NOTE&) 

(NOTE7) 

NC 

21 (NOTES) 

(NOTES) 

(NOTE4) 

12350-00SA 

PLCC 
Applies IDB, A, A·2 Serles Only 

lCC 

(NOTE9) 

(NOTES) 

(NOTE7) 

(NOTES) 

(NOTES) 

{NOTE4) 

NC 

Applies ID B, A, A-2 Serles Only 

~ 
w w 

!I _N -~ ~ ~ :~ 
L• 3 2 1 28 27 28 

• s 25 NC 

• 24 (NOTE 9) 

7 23 (NOTE 8) 

8 22 (NOTE 7) 

• 21 (NOTE 6) 

10 20 (NOTES) 

tt 19 (NOTE4) 

12 13 14 1S 18 17 18 

_o 0 0 N" ~ !I z 
I!! - w 

" b 0 
~ ~ 

Note: 
Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Commercial Products (AMO Marking Only) 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

2-11 2 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
I. Package Type 
g. Operating Conditions 
h. Optional Processing 

PAL 20 R 8 -7 P C 

a. FAMILYTYPE T 
PAL= Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE -----------' 
R = Registered 
L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS -------~ 

e. SPEED 
-7 = 7.5 ns tpo 
-10 = 10 nstpo 

f. PACKAGE TYPE 
P = 24-Pin 300-Mil Plastic SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
D = 24-Pin 300-Mil Ceramic SKINNYDIP (CD3024) 

Valid Combinations 

PAL20L8 

PAL20R8 
-7, -10 PC, JC, DC 

PAL20R6 

PAL20R4 

PAL20R8 Family 

OPTIONAL PROCESSING 
Blank =Standard Processing 

~-- g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMD logo. 



ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

PAL 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

20 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Operating Conditions 
h. Package Type 
I. Optional Processing 

R 8 B -2 C NS 

~I 
h. 

OPTIONAL PROCESSING 
Blank =Standard Processing 

PACKAGE TYPE 
NS 24-Pin 300-Mil Plastic 

SKINNYDIP (P03024) 
c. OUTPUT TYPE ----------' 

R = Registered 
FN 28-Pin Plastic Leaded 

Chip Carrier (PL 028), 
JEDEC pinout L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS------~ 

e. SPEED 
B = Very High Speed (15-25 ns tpo) 
A = High speed (25--35 ns tpo) 

f. POWER ---------------' 
Blank Full Power (21 o mA Ice) 
-2 = Ha~ Power (105 mA Ice) 

Valid Combinations 

PAL20LB, B-2 CNS, CFN, CJS 

PAL20R8, 

PAL20R6, B,A, CNS, CNL, CJS 

PAL20R4 A-2 

NL 28-Pin Plastic Leaded 
Chip Carrier (PL 028), 
non-JEOEC pinout 

JS = 24-Pin 300-Mil Ceramic 
SKINNYDIP (CD3024) 

'------ g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 
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ORDERING INFORMATION 
APL Products (AMO Marking Only) 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering op­
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

a. FAMILY TYPE 
PAL= Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

c. OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS 

e. SPEED 
-12 = 12 ns !po 
-15 = 15 ns tpo 

f. DEVICE CLASS 
/B = Class B 

Valid Combinations 

PAL20L8 

PAL20R8 

PAL 

T 

-12, 
/BLA, /B3A 

PAL20R6 -15 

PAL20R4 

Group A Tests 

20 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Device Class 
g. Package Type 
h. Lead Finish 

R 8 -12 /B L A 

L h. LEAD RNISH 
A = Hot Solder Dip 

g. PACKAGE TYPE 
L 24-Pin 300-Mil Ceramic 

SKINNYDIP (CD3024) 
3 = 28-Pin Ceramic 

Leadless Chip Carrier (CL 028) 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked wtth AMD logo. 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Miiitary Burn-In 

Milhary burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD's option. 
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ORDERING INFORMATION 
APL Products (MMI Marking Only) 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: a. Family Type 

PAL 

a. FAMILY TYPE T 
PAL - Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE 
A = Registered 
L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS .. SPEED 
B - Very High Speed (20 ns tpo) 
A = High speed (30-SO ns tpo) 

f. POWER 
Blank = Full Power (21 o mA Ice) 
-2 = HaH Power (105 mA Ice) 

Valid Combinations 

PAL20L8 MJS/8838, 

PAL20R8 B,A, MW/8838, 

PAL20R6 A-2 MU883B 

PAL20R4 

Group A Tests 

20 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Operating Conditions 
h. Package Type 
I. Opllonai Processing 

R 8 A -2 M JS/883B 

l I. OPTIONAL PROCESSING 
/8838- MIL-STD-883, Class B 

h. PACKAGE TYPE (Per 09--000) 
JS - 24-Pin 300-Mil Ceramic 

SKINNYDIP (CD3024) 
W = 24-Pin Ceramic Flatpack 

(CFL024) 
L = 28-Pin Ceramic Leadless 

Chip Carrier (CL 028) 

'------ g. OPERATING CONDITIONS 
M = Military 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specttic valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Military Burn-In 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through 
E. Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
Standard 24-pin PAL Family 
The standard 24-pin PAL family is comprised of four dif­
ferent devices, including both registered and combina­
torial devices. All parts are produced with a fuse link at 
each input to the AND gate array, and connections may 
be selectively removed by applying appropriate volt­
ages to the circuit. Utilizing an easily-implemen~ed pro­
gramming algorithm, these products can be rapidly pro­
grammed to any customized pattern. Information on ap­
proved programmers can be found in the Programmer 
Reference Guide. Extra test words are pre-programmed 
during manufacturing to ensure extremely high field pro­
gramming yields, and provide extra test paths to 
achieve excellent parametric correlation. 

Variable Input/Output Pin Ratio 
The registered devices have twelve dedicated input 
lines, and each combinatorial output is an 1/0 pin. The 
PAL20L8 has fourteen dedicated input lines, and only 
six of the eight combinatorial outputs are 1/0 pins. Buff­
ers for device inputs have complementary outputs to 
provide user-programmable input signal polarity. Un­
used input pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed­
back. The combinatorial output provides a bidirectional 
1/0 pin, and may be configured as a dedicated input if 
the buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 

Registers with Feedback 
Registered outputs are provided for data storage a~d 
synchronization. Registers are composed of D-type flip­
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predicta~le 
system initialization. Outputs of the PAL20R8 Fa~1ly 
will be HIGH due to the active-low outputs. The Vee nse 

must be monotonic and the reset delay time is 1000 ns 
maximum. 

Register Preload 
Applies to -7 (-12 Mil), -10 (·15 Mil), Serles Only 

The register on the listed Series can be preloaded from 
the output pins to facilitate functional testing o_f complex 
state machine designs. This feature allows direct load­
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Fuse 
After programming and verification, a PAL20R8 Family 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program­
mer, securing proprietary designs from competitor~. 
When the security fuse is programmed, the array will 
read as if every fuse is unprogrammed. An exception is 
the -7 (-12 Mil) Series, where the array will read as if 
every fuse is programmed. 

Pinouts 
All members of the PAL20R8 Family have the same 
SKINNYDIP pinouts independent of technology, per­
formance, and operating conditions. Because the 
24-pin SKINNYDIP requires four no-connects when 
mapped into the 28-pin PLCC/LCC packages, the 
PLCC/LCC pinouts can vary. 

Two different PLCC pinouts are offered. Newer devices 
and all future devices will follow the JEDEC electronics 
committee's standard pinout ("JEDEC pinout") with no­
connects on pins 1, 8, 15, and 22. The devices following 
this pinout arethe -7, -10, and B-2 Series. Olderde~ices 
retain their original pinouts, with no-connects on pins 5, 
8, 11, and 19. These include the B, A, and A-2 Series. 

PAL20R8 Family devices with the MMI marking indicate 
the PLCC pinout by the package designator: FN indi­
cates JEDEC, and NL indicates non-JEDEC. Devices 
with the AMD marking all follow the JEDEC pinout. 
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Two different LCC pinouts are offered for military prod­
ucts. Newer devices and all future devices will follow the 
JEDEC pinoutwith no-connects on pins 1, 8, 15, and 22. 
These include the -12 and -15 Series. Older devices re­
tain their original pinouts, with no-connects on pins 4, 
11, 18, and 25. These include the B, A, and A-2 Series. 

Serles Com'I Mii 
PLCC LCC 
No-connects No-connects 

-7, -10, 1,8, 15,22 N/A 
B-2 (JED EC) 

-12, -15 NIA 1,8, 15,22 
(JED EC) 

B, A, A-2 5,8, 11, 19 4, 11, 18, 25 

Quality and Testability 
The PAL20R8 Family offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC param~_ters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro­
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The high-speed-7 (-12 Mil) and-10 (-15 Mil) Series are 
fabricated with AM D's advanced oxide-isolated bipolar 
process. This process reduces parasitic capacitances 
and minimum geometries to provide higher perform­
ance. The array connections are formed with proven 
PtSi fuses for the -7 and TiW fuses for the -10. The B, 
B-2 A and A-2 Series are fabricated with AM D's junc­
tion~is~lated process, utilizing TiW fuses. 
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LOGIC DIAGRAM 
DIP (JEDEC PLCC and LCC) Pinouts 
See Connection Diagrams for B, A, A-2 Serles PLCC/LCC Plnouts 
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LOGIC DIAGRAM 
DIP (JEDEC PLCC and LCC) Pinouts 
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts 
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LOGIC DIAGRAM 
DIP (JEDEC PLCC and LCC) Pinouts 
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Plnouts 
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LOGIC DIAGRAM 
DIP (JEDEC PLCC and LCC) Pinouts 
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 
Supply Voltage (Vee) Supply Voltage with 

Respect to Ground --0.5 v to +7.0 v with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.2 Vto Vee+ 0.5 V 

DC Output or VO Pin Voltage --0.5 V to Vee + 0.5 V 
Op9rating ranges define those limits b9tw99n which the func­
tionality of the device is guarant99d. 

Static Discharge Voltage 2001 v 
Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these Omits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may aff9C1 device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VOH Output HIGH Voltage IOH=-3.2mA V1N = V1H or V1L 2.4 
Vee= Min. 

V0t. Output LOW Voltage IOL= 24 mA V1N = V1H or Vn. 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min. -1.2 

hH Input HIGH Current VIN= 2.7 v. Vee =Max. (Note 2) 25 

hL Input LOW Current VIN .. 0.4 V, Vee .. Max. (Note 2) -250 

h Maximum l~ut Current VIN = 5.5 V, Vee = Max. 1 

loZH Off-State Output Leakage Voor = 2.7 V, Vee = Max. 100 
Current HIGH VIN = V1H or Vn. (Note 2) 

lozL Off-State Output Leakage Voor = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1HOr VIL (Note 2) 

lsc Output Short-Circuit Current Voor = 0.5 V, Vee = Max. (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (lour = 0 mA) 210 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of hL and lozt. (or llH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour • 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0V Vee= 5.0 V 7 
TA= +25°c pF 

COUT Output Capacitance Voor = 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min. 
Symbol Parameter Description (Note 3) Max. Unit 

tpo Input or Feedback to l 20L8, 20R6 3 7.5 
Combinatorial Output J 1 Output Switching 20R4 3 7 ns 

ts Setup Time from Input or Feedback to Clock 7 ns 

tH Hold Time 0 ns 

tco Clock to Output 3 6.5 ns 

tcF Clock to Feedback (Note 4) 3 ns 

tsKEW Skew Between Registered Outputs (Note 5) 20R8, 20R6, 1 ns 

tWL Clock Width LOW 20R4 5 ns 

tWH HIGH 5 ns 

Maximum 
External Feedback 1/(ts + tco) 74 MHz 

IMAX Frequency Internal Feedback 1/(ts + tcF) 100 MHz 
(Note 6) No Feedback 1 /(twH + tWL) 100 MHz 

tPZX OE to Output Enable 3 8 ns 

tpxz OE to Output Disable 3 8 ns 

tEA Input to Output Enable Using Product Term Control 20L8, 20R6 3 10 ns 

tER Input to Output Disable Using Product Term Control 20R4 3 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. Calculated from measured IMAX internal. 

5. Skew is measured with all outputs switching in the same direction. 

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Operating Case (Tc) 

Storage Temperature 

Ambient Temperature 
with Power Applied -55°C to + 125°C Temperature -55°C to + 125°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.50 V to +5.50 V 

-1.2 V to Vee+ 0.5 V DC Input Voltage 

DC Output or 110 Pin Voltage 

Static Discharge Voltage 

-0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

2001 v 
Note: 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = +25°C , + 125°C, 
and -55°C per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operatin 
(Note 2) 
Parameter 
S mbol 

VOL 

V1H 

V1L 

V1 

liH 

Ill 

h 
loZH 

loZL 

lsc 

Ice 

Notes: 

V1N = V1H or V1L 
Vee= Min. 

Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 3) 

Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 3) 

hN= -18 mA, Vee= Min. 

V1N = 2.4 V, Vee =Max. (Note 4) 

Input LOW Current V1N = 0.4 V, Vee = Max. (Note 4) 

Maximum Input Current V1N = 5.5 V, Vee = Max. 

Off-State Output Leakage Vour = 2.4 V, Vee = Max. 
Current HIGH V1N = V1H or V1L (Note 4) 

Off-State Output Leakage Vour = 0.4 V, Vee = Max. 
Current LOW V1N = V1H or V1L (Note 4) 

Output Short-Circuit Current Vour = 0.5 V, Vee =Max. (Note 5) 

Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 

Min. Max. Unit 

2.4 v 

0.5 v 

2.0 v 

0.8 v 

-1.2 v 
25 µA 

-250 µA 

rnA 

100 µA 

-100 µA 

-30 -130 mA 

210 rnA 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 1/0 pin leakage is the worst case of l1L and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 9 
TA= +25°C pf 

Cour Output Capacitance Vour= 2.0 V f = 1 MHz 10 

Note: 

1 . These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter 
Symbol Parameter Description 

tPO Input or Feedback to 
Combinatorial Output 1 Output Switching 

ts Setup Time from Input or Feedback to Clock 

tH Hold Time 

tco Clock to Output 3 

tcF Clock to Feedback (Note 4) 

tSKEW 

tWL 20R8, 20R6 10 

tWH 20R4 8 

1/(ts + tco) 43.4 

fMAX 1/(ts + tcF) 54 

1/(IWH + twL) 55.5 

tpzx 3 

tpxz 3 

tEA Input to Output Enable Using Product 
Term Control (Note 7) 20L8, 20R6 3 

tER Input to Output Disable Using Product 20R4 

Term Control (Note 7) 3 

Notes: 
2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 

tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Minimum value for !po, tco. IPZX. tpxz. tEA. and IER parameters should be used for simulation purposes 
only and are not tested. 

4. Calculated from measured fMAx internal. 

5. Skew is measured with all outputs switching in the same direction. 

Max. Unit 

12.5 
12 ns 

ns 

ns 

11 ns 

6.5 ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

20 ns 

20 ns 

20 ns 

20 ns 

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

7. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 

PAL20R8-f2 Series (Mil) 2-125 

E 



MEASURED SWITCHING CHARACTERISTICS 
Vee= 5.25 V, TA= 75°C (Note 1) 

7.5 

7 

tpo, ns 
6.5 

2 3 4 5 6 7 8 

#OF OUTPUTS SWITCHING 

tpo vs. Number of outputs Switching 

Note: 

10294-00SA 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where tpo may be affected. 

2·126 PAL20R8·7/12 Serles (Com'l/Mll) 



CURRENT VS. VOLTAGE (l·V) CHARACTERISTICS 
Vee= 5.0 V, TA = 25"C 

loL.mA 

15 

10 

5 

-0.6 -0.4 -0.2 
-6 

-10 

-15 

OUtput,LOW 

loH. mA 

20 

-3 -2 -1 

OUtput, HIGH 

h,µA 

20 

-3 -2 -1 

-40 

-60 

-so 

Input 

3 

PAL20R8-7/12 Serles (COm'VMll) 

10240-003A 

E 
VoH,V 

10240-004A 

Vr. V 

10240-00SA 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

~5°C to + 1 so0c 

-55°C to + 12s0c 

OPERATING RANGES 
Commerclal (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -0.5 V to Vee + 0.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee Max. 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Current -30 mA to +5 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VOH Output HIGH Voltage IOH=-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

Va_ Output LOW Voltage la_= 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.5 

hH Input HIGH Current V1N = 2.7 V, Vee = Max. (Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee= Max. (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max. 100 

lozH Off-State Output Leakage VouT = 2.7 V, Vee = Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VooT = 0.5 V, Vee= Max. (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open ( loUT = 0 mA) 210 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or l1H and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0 v Vee =5.0 V CLK, OE 12 
TA= 25°c Other Inputs 7 pF 

Cour Output Capacitance Voor = 2.0 V f = 1 MHz Outputs 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacttance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter Min. 
Symbol Parameter Description (Note 3) Max. Unit 

tpo Input or Feedback to 20L8, 20R6 3 10 ns 
Combinatorial Output 20R4 

Is Setup Time from Input or Feedback to Clock 10 ns 

IH Hold Time 0 ns 

lco Clock to Output 2 8 ns 

lcF Clock to Feedback (Note 4) 20R8, 20R6 7 ns 

tWL Clock Width LOW 20R4 7 ns 

IWH HIGH 7 ns 

Maximum 
External Feedback 1/(ts + tco) 55.5 MHz 

fMAX Frequency Internal Feedback 1/(ts + lcF) 58.8 MHz 
(Note 5) No Feedback 1 /(lwH + IWL) 71.4 MHz 

tPZX OE to Output Enable 1 10 ns 

tpxz OE to Output Disable 1 10 ns 

IEA Input to Output Enable Using Product Term Control 20L8, 20R6 3 10 ns 

IER Input to Output Disable Using Product Term Control 20R4 3 10 ns 

Notes: 

2. See Switching Test Circutt for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. Calculated from measured IMAx internal. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

DC Input Voltage 

~5°C to + 1 so0 c 

-55°C to + 12s0 c 

-0.5 v to +7.0 v 
-0.5 V to +5.5 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature +125°C Max. 

Supply Voltage (Vee) 
DC Output or VO Pin Voltage -0.5 V to Vee Max. with Respect to Ground +4.50 V to +5.50 V 

DC Input Current -30 mA to + 5 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

1. Milltary products are tested at Tc • +25°C, + 125°C, 
and -55°C per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH =-2 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage IQL=12mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

v, Input Clamp Voltage liN= -18 mA, Vee= Min. -1.5 v 
ltH Input HIGH Current V1N = 2.4 V, Vee =Max. (Note 4) 25 µA 

liL Input LOW Current V1N = 0.4 V, Vee = Max. (Note 4) -250 µA 

Ii Maximum Input Current V1N = 5.5 V, Vee = Max. 100 µA 

loZH Off-State Output Leakage Vour = 2.7 V, Vee =Max. 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) 210 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VtL and VtH are input conditions of output tests and are not themselves directly tested. VtL and VtH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. VO pin leakage is the worst case of hL and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V CLK, OE 12 
T11 = 25°C Other Inputs 7 pF 

Cour Output Capacitance Vour = 2.0 V I= 1 MHz Outputs 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capac~ance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter Min. 
Symbol Parameter Description (Note 3) 

tPO Input or Feedback to 20L8, 20R6 3 
Combinatorial Output 20R4 

ts Setup Time from Input or Feedback to Clock 15 

tH Hold Time 0 

tco Clock to Output 2 

tcF Clock to Feedback (Note 4) 

tWL Clock Width LOW 20R8, 20R6 10 

tWH HIGH 20R4 10 

Maximum 
External Feedback 1/(ts + tco) 35.7 

fw.x Frequency Internal Feedback 1/(ts + tcF) 37 
(Note 5) No Feedback 1/(twH + twL) 50 

tPZX OE to Output Enable (Note 6) 1 

tpxz OE to Output Disable (Note 6) 1 

te11 Input to Output Enable Using Product 
Term Control (Note 6) 

20L8, 20R6 
3 

teR Input to Output Disable Using Product 20R4 
Term Control (Note 6) 3 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Minimum value for !po, tco, tpzx. tpxz. te11. and tER parameters should be used for simulation purposes 
only and are not tested. 

4. Calculated from measured fw.x internal. 

Max. Unit 

15 ns 

ns 

ns 

13 ns 

12 ns 

ns 

ns 

MHz 

MHz 

MHz 

15 ns 

15 ns 

15 ns 

15 ns 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-1.5 Vto Vee+ 0.5 V DC Input Voltage 

DC Output or 110 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u 
specified 
Parameter 
Symbol Parameter Description 

VoH Output HIGH Voltage 

VoL Output LOW Voltage 

V1H 

V1L 

V1 

hH 

hL 

11 

loZH 

lozL Vour = 0.4 V, Vee = Max. 
V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee =Max. (Note 3) 

Ice Supply Current V1N = O V, Outputs Open (lour= O mA) 
Vee= Max. 

Notes: 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

210 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of iiL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour z 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tPO Input or Feedback to 20L8, 20R6 15 ns 
Combinatorial Output 20R4 

ts Setup Time from Input or Feedback to Clock 15 ns 

tH Hold Time 0 ns 

tea Clock to Output or Feedback 20R8 12 ns 

tWL Clock Width LOW 20R6 10 ns 

tWH HIGH 20R4 ns 
Maximum External Feedback 1/(ts +tea) MHz 

IMAX Frequency 
(Note 2) No Feedback 1/(lwH + IWL) MHz 

lpzx OE to Output Enable 5 ns 

lpxz OE to Output Disable ns 

IEA 18 ns 

Im 15 ns 

Notes: E 
1. 

2. These parameters are not 1 00% test 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

DC Input Voltage 

DC Output or 1/0 Pin Voltage 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 v to +7.0 v 
-1.5V to+5.5V 

5.5V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air 

Operating Case (Tc) 
Temperature 

Supply Voltage (Vee) 
with Respect to Ground 

-55°C Min. 

+125°C Max. 

+4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 

Symbol 

VoH 

VoL 

Parameter Description 

Output HIGH Voltage 

loZH Off-State Output 1:3 
Current HIGH · 

lozL Off-State Output Leakage 
Current LOW 

lsc Output Short-Circuit Current 

Ice Supply Current 

Notes: 

Vour = 2.4 V, Vee = Max. 
V1N = V1H or V1L (Note 4) 

VouT = 0.4 V, Vee =Max. 
V1N = V1Hor V1L (Note 4) 

Vour = 0.5 V, Vee = Max. (Note 5) 

V1N= 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

1 mA 

100 µA 

-100 µA 

-30 -130 mA 

210 mA 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of liL and lozL (or liH and lozH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

!po Input or Feedback to 20L8, 20R6 20 ns 
Combinatorial Output 20R4 

Is Setup Time from Input or Feedback to Clock 20 ns 

IH Hold Time 0 ns 

tco Clock to Output or Feedback 15 ns 

IWL LOW 20R8, 20R6 12 ns 

tWH 
Clock Width 

HIGH 20R4 ns 

IMAX Maximum External Feedback 1/(ts + tco) MHz 
Frequency 
(Note 2) No Feedback 1 /(twH + twL) MHz 

lpzx OE to Output Enable (Note 3) 0 ns 

lpxz OE to Output Disable (Note 3) ns 

IEA Input to Output Enable Using Product 
Term Control (Note 3) 25 ns 

IER Input to Output Disable Using Product E Term Control (Note 3) 20 ns 

Notes: 

1. 

2. 

3. 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature with 
Power Applied -55°C to + 125°C Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 v with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 Vto Vee+ 0.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges 
specified 
Parameter 
Symbol 

VoH 

VoL 

V1H 

V1L 

V1 

iiH 
l1L 

11 

lozH 

lozL 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

lsc Output Short-Circuit Current 

Ice Supply Current 

Notes: 

VouT = 0.4 V, Vee =Max. 
V1N = V1HOr V1L (Note 2) 

VouT = 0.5 V, Vee =Max. (Note 3) 

V1N = O V, Outputs Open (louT = 0 mA) 
Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

105 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of liL and lozL (or liH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol 

!po 

Parameter Description 

Input or Feedback to 
Combinatorial Output 

ts Setup Time from Input or Feedback to Clock 

tH Hold Time 

tco Clock to Output 

tcF Clock to Feedback (Note 2) 

lwL Clock Width LOW 
1--~~~~ ~~~~~~~~~~~~~ 

IWH HIGH 

Maximum 
Frequency 
(Note 3) 

External Feedback 
Internal Feedback 
No Feedback 

lpzx OE to Output Enable 

tpxz OE to Output Disable 

IER 

Notes: 
1. See Switching Test Circuit for test con 

1/(ts +!co) 
1/(ts + lcF) 

1/(lwH + twL) 

Min. Max. 
20L8, 20R6 25 

20R4 

25 

0 

15 

20R8, 20R6 10 

20R4 15 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 
MHz 
MHz 

ns 

ns 

ns 

ns 

2. 

3. at any time the design is modified 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 

Storage Temperature 

Ambient Temperature with 
Power Applied -55°C to + 125°C Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-1.5 Vto Vee+ 0.5 V DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u · 
specified 
Parameter 

Symbol 

VoH 

VoL 

V1H 

V1L 

V1 

iiH 

IJL 

Ii 
lozH 

lozL 

lsc 

Ice 

Notes: 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

Current HIGH 

Off-State Output L' , 
Current LOW 

Output Short-Circuit Current 

Supply Current 

~~T = 2.7 V, Vee = Max. 
V1N = V1H or V1L (Note 2) 

Vour = 0.4 V, Vee =Max. 
V1N = V1HOr V1L (Note 2) 

Vour = 0.5 V, Vee =Max. (Note 3) 

V1N = 0 V. Outputs Open (lour= O mA) 
Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

210 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or liH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description 

Input or Feedback to 
Combinatorial Output 

ts Setup Time from Input or Feedback to Clock 

tH Hold Time 

tco Clock to Output 

tcF Clock to Feedback (Note 2) 

iwt. Clock Width LOW 
i--~~~ 1--~~~~~~~~~~--i 

tWH HIGH 

IMAX 

tpzx 

Maximum 
Frequency 
(Note 3) 

External Feedback 

Internal Feedback 

No Feedback 

OE to Output Enable 

OE to Output Disable 

1/(ts + tco) 

1/(ts + lcF) 

tEA Input to Output Enable Using Product Ter, 

tER Input to Output Disable Using Prod 

Notes: 
1. 

2. 

3. 

PAL20R8A Series (Com'I) 

Min. Max. Unit 
20L8, 20R6 25 ns 

20R4 

25 ns 

0 ns 

15 ns 

20R8, 20R6 10 ns 

20R4 15 ns 

ns 

MHz 

MHz 

MHz 

ns 

20 ns 

25 ns 

25 ns 

at any time the design is modified 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

DC Input Voltage 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 
-1.5 V to +5.5 V 

OPERATING RANGES 
Miiitary (M ) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature .+ 125°C Max. 

Supply Voltage (Vee) 
DC Output or VO Pin Voltage 5.5V with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits betwetln which the func­
tionality of the device is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 
SymbOI Parameter Description Unit 

VOH Output HIGH Voltage v 

Vcx. 0.5 v 

V1H v 

V1t 0.8 v 

V1 -1.5 v 
hH 25 µA 

ht -250 µA 

h Maximum Input 1 mA 

loZH Off-State Output l Voor = 2.4 V, Vee = Max. 100 µA 
Current HIGH V1N = V1H or VIL (Note 4) 

IOZL Off-State Output Leakage Voor = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1H or V1t (Note 4) 

lsc Output Short-Circuit Current Voor = 0.5 V, Vee =Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 mA) 210 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. VIL and V1H are input conditions of output tests and are not themselves directly tested. V1t and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. VO pin leakage is the worst case of ht and lozt (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 

2·140 PAL20R8A Serles (Mii) 



SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tpo Input or Feedback to 20L8, 20R6 30 ns 
Combinatorial Output 20R4 

ts Setup Time from Input or Feedback to Clock 30 ns 

tH Hold Time 0 ns 

!co Clock to Output or Feedback 20 ns 

IWL Clock Width LOW 20R8, 20R6 20 ns 

IWH HIGH 20R4 ns 

Maximum External Feedback 1/(ts +!co) MHz 
IMAX Frequency 

(Note 2) No Feedback 1/(twH + twL) MHz 

tpzx OE to Output Enable (Note 3) 5 ns 

!pxz OE to Output Disable (Note 3) ns 

IEA Input to Output Enable Using Product 
Term Control (Note 3) ns 

tER Input to Output Disable Using Product E Term Control Note 3 ns 

Notes: 

1. 

2. 

3. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to Vee+ 0.5 V 

DC Output or 110 Pin Voltage -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges u 
specified 
Parameter 
Symbol 

VoH 

VoL 

lozH 

lozL 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

lsc Output Short-Circuit Current 

Ice Supply Current 

Notes: 

VooT = 0.4 V, Vee = Max. 
V1N = V1H or V1L (Note 2) 

VooT = 0.5 V, Vee = Max. (Note 3) 

V1N = 0 V, Outputs Open ( loUT = 0 mA) 
Vee= Max. 

Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

105 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
VoUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tPO Input or Feedback to 20L8, 20R6 35 ns 
Combinatorial Output 20R4 

ts Setup Time from Input or Feedback to Clock 35 ns 

IH Hold Time 0 ns 

tco Clock to Output or Feedback 20R8, 20R6 25 ns 

tWL Clock Width LOW 20R4 25 ns 

IWH HIGH 25 ns 

Maximum External Feedback 1/(ts + tco) MHz 
fMAX Frequency 

(Note 2) No Feedback 1/(twH + tWL) MHz 

tpzx OE to Output Enable 5 ns 

tpxz OE to Output Disable ns 

tEA Input to Output Enable Using Product Term Contf ns 

tER Input to Output Disable Using Product Ter ns 

Notes: E 
1. See Switching Test Circuit for test condition 
2. These parameters are not 100% test 

where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Military (M ) Devices (Note 1) 

Ambient Temperature (TA) 
with Power Applied -55°C to + 125°C Operating in Free Air -55°C to + 125°C 

Supply Voltage with Supply Voltage (Vee) 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.50 V to +5.50 V 

DC Input Voltage -1.5 V to +5.5 V 

DC Output or 110 Pin Voltage 5.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 
Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Te = +25°C, + 125°C, 
and -55°C per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges 
(Note 2) 
Parameter 
Symbol 

VoH 

VoL 

V1H 

V1L 

V1 

fiH 

h 
loZH 

lozL 

lsc 

Ice 

Notes: 

Parameter Description 

Output HIGH Voltage 

, Vee = Max. (Note 4) 

- 0.4 V, Vee =Max. (Note 4) 

Maximum lnpuf 

Off-State Output t.: VouT = 2.4 V, Vee =Max. 
Current HIGH V1N = V1H or V1L (Note 4) 

Off-State Output Leakage VouT = 0.4 V, Vee = Max. 
Current LOW V1N = V1H or V1L (Note 4) 

Output Short-Circuit Current V01JT = 0.5 V, Vee = Max. (Note 5) 

Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 
Vee= Max. 

Max. Unit 

v 

0.5 v 

v 

0.8 v 

-1.5 v 
25 µA 

-250 µA 

1 mA 
100 µA 

-100 µA 

-30 -130 mA 
105 mA 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and VtH are input conditions of output tests and are not themselves directly tested. V1L and VtH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of hL and lozL (or l1H and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VoUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tpo Input or Feedback to 20L8, 20R6 50 ns 
Combinatorial Output 20R4 

ts Setup Time from Input or Feedback to Clock 50 ns 

tH Hold Time 0 ns 

tco Clock to Output or Feedback 25 ns 

twt Clock Width LOW 20R8, 20R6 25 ns 

IWH HIGH 20R4 25 ns 

Maximum External Feedback 1/(ts + tco) 13.3 MHz 
fMAX Frequency 

(Note 2) No Feedback 1/(twH + twL) MHz 

tpzx OE to Output Enable (Note 3) 5 ns 

tpxz OE to Output Disable (Note 3) ns 

tEA Input to Output Enable Using Product ns 
Term Control (Note 3) 

tER Input to Output Disable Using Product 45 ns E Term Control Note 3 

Notes: 
1. 

2. 

3. 
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SWITCHING WAVEFORMS 

Clock 

12015-010A 
Comblnatorlal OUtput 

---ts+tcF ---

12149-025A 

Clock to Feedback (luAx Internal) 
See Path at Right 

Clock __/ 
Registered ~ 

Output 1 ---• ~ tsKew =kvr 
Registered 

Output2 

Input 

12350-015A 

Registered Output Skew for Outputs 
SWltchlng In the Same Direction 

teR 

Output ------- Vr 
-----''-'-'~ 

Notes: 
1.Vr•1.5V 

12015-013A 

Input to OUtput Dlsable/Enable 

2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 

(2-4 nsfor-7 (-12 Mil) and-10 (-15 Mil) Series) 

Input or 
Feedback ____ -----""' ._ __ _ 

Clod<--------
Registered Output _______ _ 

12015-012A 
Registered output 

CU< 

r------------- -----~ I I 
I I 
I I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
L-------------------~ 

12015-021A 

Clock 

12015-011A 

Clock Width 

tpzx 

Output >-+--..-=---++++- Vr 
----L.L.~ 

12015-014A 

OE to output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from HtoL from HtoL 

///0 May Will be 
Change Changing 
from LtoH from L to H 

xxxxxx Don't Care; Changing, 
Any Change State 
Permitted Unknown 

1&-fil Does Not Center 
Apply Line is High-

IE Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

5V 

}., 
R1 

Output Test Point 

R2 
ICL 

12350-019A 

Commercial Miiitary 
Measured 

Specification s, CL R1 R2 R1 R2 Output Value 

tPO, tco, tcF Closed 1.5 v 

IPZX, leA Z~H:Open 50pF 1.5 v 
Z~L:Closed 2000 3900 3900 7500 

tpxz. teR H~Z:Open 5 pF H ~z: Vott-0.5 v 
L~Z:Closed L~Z: VoL +0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

2-148 

Typical Input 

ProgramNerify 
Circuitry 

12350-020A 

PAL20R8 Family 

Typical Output 

400NOM 

Input, 
VO 

Pins 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

(if available) 
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OUTPUT REGISTER PRELOAD 
Applies to -7 (-12 Mil) Series Only 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to VccH. 

2. Set OE to V1HP to disable output registers. 

3. Raise pin 2 to VHH to enter preload mode. 

4. Apply eitherVHH or V1LP to all registered outputs. Use 
VHH to preload a LOW in the flip-flop; use V1LP to 

Parameter 
Symbol 

VHH 
V1LP 
VtHP 
VccH 
to 

Parameter Description 

Super-level input voltage 
Low-level input voltage 
High-level input voltage 
Power supply during preload 
Delay time 

Pin2 

Registered 
Output 

preload a HIGH in the flip-flop. Leave combinatorial 
outputs floating. 

5. Lower pin 2 to V1LP· 

6. Remove V1LPIVHH from all registered output pins. 

7. Lower OE to V1LP to enable the output registers. 

8. Verify VoLIV oH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. 

10 11 

0 0 
2.4 5.0 
5.4 5.7 
100 200 

Max. 

12 

0.5 
5.5 
6.0 

1000 

V1LP 

VHH 

VHH 
VoH 

VoL 
V1LP 

Unit 

v 
v 
v 
v 
ns 

10294-003A 

Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 
Applies to ·10 (·15 Mil) Serles Only 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 4.5 V. 

2. Set OE to V1HP to disable output registers. 

3. Apply eitherV1HP or V1LP to all registered outputs. Use 
V1HP to preload a HIGH in the flip-flop; use V1LP to 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 
V1LP Low-level input voltage 

V1HP High-level input voltage 
to Delay time 

preload a LOW in the flip-flop. Leave combinatorial 
outputs floating. 

4. Pulse pin 1 Oto VHH, then back to 0 V. 

5. Remove V1LPN1HP from all registered output pins. 

6. Lower OE to V1LP to enable the output registers. 

7. Verily Vot.IVOH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. Max. Unit 

19 20 21 v 
0 0 0.5 v 

2.4 5.0 5.5 v 
100 200 1000 ns 

to--- to.---- to---- 1o---9"1 to 

2-150 

Pin 10 

Registered 
Outputs 

Output Register Preload Waveform 

PAL20R8 Family 

V1HP 

V1LP 
VHH 

V1LP 

V1HP 
VOH 
VOL 
V1LP 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplHying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol Parameter Description 

IPR Power-up Reset Time 

ts Input or Feedback Setup Time 

tWL Clock Width LOW 

4Vt Power 
IPR 

Registered 
Active-Low 

Output 

Clock 

can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 
1000 ns 

See Switching 

Characteristics 

Vee 

~ tw 

12350-024A 

Power-Up Reset Waveform 
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- COM'L : -20/std MIL: std ~ ... ~ 
PAL20RA 10/-20 
24-pin Asynchronous TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• As fast as 20 ns maximum propagation delay 

and 30 MHz fMAX 

• lndlvldually programmable asynchronous 
clock, preset, reset, and enable 

• Registered or combinatorial outputs 

• Programmable polarity 

• Programmable replacement for high-speed 
TTL logic 

GENERAL DESCRIPTION 
The PAL20RA 10 offers asynchronous clocking for each 
of the ten flip-flops in the device. The ten macrocells fea­
ture programmable clock, preset, reset, and enable, and 
all can operate asynchronously to other macrocells in 
the same device. The PAL20RA10 also has flip-flop by­
pass, allowing any combination of registered and com­
binatorial outputs. 

The PAL20RA10 utilizes Advanced Micro Devices' ad­
vanced oxide- and junction-isolated bipolar processes 
and fuse-link technology. The devices provide user-pro­
grammable logic for replacing conventional SSl/MSI 
gates and flip-flops at a reduced chip count. 

The PAL20RA10 allows the systems engineer to imple­
ment the design on-chip, by opening fuse links to config­
ure AND and OR gates within the device, according to 
the desired logic function. Complex interconnections 
between gates, which previously required time­
consuming layout, are lifted from the PC board and 

• TTL-level register preload for testablllty 

• Easy design with PALASM® software 

1!11 Programmable on standard PAL® device 
programmers 

• 24-pln SKINNYDIP® and 28-pln PLCC 
packages save space 

placed on silicon, where they can be easily modified dur­
ing prototyping or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un­
used input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers. 

BLOCK DIAGRAM Dedicated 
Inputs 

Input/ Input/ Input/ Input/ Input/ 
Output Output Output Output Output 

PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part Is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

Input/ 
Output 

Input/ Input/ Input/ Input/ 
Output Output Output Output 10243--001 A 

Publication 1110243 Rev. C Amendment to 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 
Top Views 

SKINNYDIP/FLATPACK PLCC (·20 only) 

-- _o lo' 0 >8 gfll ~ z 
j5[ Vee 

lo l/()g 
'2 25 l/07 

h I/Os '• 24 l/05 

12 1107 '• 23 l/05 

NC 22 NC 

13 I/Os '5 21 1104 

l4 I/Os 
15 20 1103 

I 7 19 l/02 

Is 1/04 

Is l!Oa 
~ 0 ~ gg - - z 

" h 1102 
10243--003A 

la 1101 

lg l/Oo 

GND OE 
PLCC (std only) 

12350--00SA _ll'ol_:-_o~ 
8 m 

> g g 

NC 25 110, 

13 24 l/05 

'• 23 l/05 

NC 22 l/04 

I 
5 21 l/03 

15 1/02 

PIN DESIGNATIONS NC NC 

GND Ground 
I Input ~ G m 0 

~ g' ~ - z 
110 Input/Output " 10243--004A 

NC No Connect 
'OE Output Enable LCC 
PL Pre load U c G 

Vee Supply Voltage ~ ::: _o lo' ~ ll ll 
L4 3 2 1 28 27 26 

• 
'2 5 25 NC 

13 • 24 i07 

14 7 23 '°6 

I 
5 • 22 K>5 

15 9 21 vo_. 
'1 10 20 ll03 

NC 11 19 .02 

12 13 14 15 16 17 18 

-«J -°' ~ ~ g g ~ 

10243--00SA 
Note: 
Pin 1 is marked for orientation 
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ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Famlly Type 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Operating Conditions 
g. Package Type 
h. Optional Processing 

PAL 20 RA 10 -20 CNS 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE----------' 
RA = Registered Asynchronous 

d. NUMBER OF OUTPUTS --------' 

e. SPEED 
-20 = 20 ns tpo 
Blank = 30 ns tpo 

f. OPERATING CONDITIONS --------~ 
C = Commercial (0°C to +75°C) 

Valid Combinations 

CNS, 
PAL20RA10-20 CFN, 

CJS 

CNS, 
PAL20RA10 CNL, 

CJS 

PAL20RA10/·20 

L, 
OPTIONAL PROCESSING 
Blank =Standard Processing 

~-- g. PACKAGE TYPE 
NS 24-Pin 300-mil Plastic 

SKINNYDIP (PD3024) 
FN = 28-Pin Plastic Leaded 

Chip Carrier (PL 028), 
JEDEC pinout 

NL 28-Pin Plastic Leaded 
Chip Carrier (PL 028), 
non-JEDEC pinout 

JS - 24-Pin 300-mil Ceramic 
SKINNYDIP (C03024) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume forth is device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 

2-155 

E 



ORDERING INFORMATION 
APL Products 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: a. Family Type 

b. Number of Array Inputs 
c. OUtput Type 
d. Number of Outputs 
e. Operating Conditions 
f. Package Type 
g. Device Class 

PAL 20 RA 10 M JS /883B 

a. FAMILY TYPE T 
PAL• Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

c. OUTPUT TYPE ---------' 
RA - Registered Asynchronous 

d. NUMBER OF OUTPUTS --------' 

e. OPERATING CONDITIONS --------' 
M • Military (-55°C to + 125°C) 

Valid Combinations 

MJS/8838, 
PAL20RA10 MW/8838, 

MU8838 

Group A Tests 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 1 o, 11. 

Military Bum-In 

L .. 
'------f. 

DEVICE CLASS 
18838 - Class 8 

PACKAGE TYPE 
JS- 24-Pin 300-mil Ceramic 

SKINNYDIP (C03024) 
W = 24-Pin Ceramic Flatpack 

(CFL024) 
L = 28-Pin Ceramic Leadless 

Chip Carrier (CL 028) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 

Military burn-in is in aci:ordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through 
E. Test conditions are selected at AMD's option. 
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Output 
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L-------

10232--004A 

Figure 1. PAL20RA10 Macrocell 

FUNCTIONAL DESCRIPTION 
The PAL20RA10 has ten dedicated input lines and ten 
programmable 1/0 macrocells. The Registered Asyn­
chronous (RA) macrocell is shown in Figure 1. Pin 1 
serves as global register preload and pin 13 serves as 
global output enable. Programmable output polarity is 
available to provide user-programmable output polarity 
for each individual macrocell. 

The programmable functions in the PAL20RA10 are 
automatically configured from the user·s design 
specification, which can be in a number of formats. The 
design specification is processed by development 
software to verify the design and create a programming 
file. This file, once downloaded to a programmer, 
configures the device according to the user's desired 
function. 

Programmable Preset and Reset 
In each macrocell, two product lines are dedicated to 
asynchronous preset and asynchronous reset. If the 
preset product line is HIGH, the Q output of the register 
becomes a logic 1. If the reset product line is HIGH, the 
Q output of the register becomes a logic 0. The opera­
tion of the programmable preset and reset overrides the 
clock. 

Combinatorial/Registered Outputs 
If both the preset and reset product lines are HIGH, the 
flip-flop is bypassed and the output becomes combina­
torial. Otherwise, the output is from the register. Each 
output can be configured to be combinatorial or regis­
tered. 

Programmable Clock 
The clock input to each flop-flop comes from the pro­
grammable array, allowing any flip-flop to be clocked in­
dependently if desired. 

Registered/Active Low Combinatorial/Active Low 

Registered/Active High Combinatorial/Active High 

10232--00SA 

Figure 2. Macrocell Configurations 
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Three-State Outputs 
The devices provide a product term dedicated to local 
output control. There is also a global output control pin. 
The output is enabled if both the global output control 
pin is LOW and the local output control product term is 
HIGH. If the global output control pin is HIGH, all outputs 
will be disabled. If the local output control product term is 
LOW, then that output will be disabled. 

Security Fuse 
A security fuse is also provided to prevent unauthorized 
copying of PAL device patterns. Once the fuse is pro­
grammed, the circuitry enabling verification is perma­
nently disabled, and the array will read as if every fuse is 
programmed. With verification not operating, it is impos­
sible to simply copy the PAL device pattern on a PAL de­
vice programmer. 

Programmable Polarity 
The outputs can be programmed either active-LOW or 
active-HIGH. This is represented by the Exclusive-OR 
gate shown in the PAL20RA 10 logic diagram. When the 
output polarity fuse is programmed, the lower input to 
the Exclusive-OR gate is HIGH, so the output is active­
HIGH. Similarly when the output polarity fuse is intact, 
the output is active-LOW. The programmable output po­
larity feature allows the user a higher degree of flexibility 
when writing equations. 

Programming 
The PAL20RA 10 can be programmed on standard logic 
programmers. Programmers approved by Advanced 
Micro Devices are listed in the Programmer Reference 
Guide. 

Register Preload 
The register on the PAL20RA10/20 can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di­
rect loading of arbitrary states, making it unnecessary to 
cycle through long test vector sequences to reach a de­
sired state. In addition, transistions from illegal states 
can be verified by loading illegal states and observing 
proper recovery. Register preload is controlled by a 
TTL-level signal, making it a convenient board-level in­
itialization. function. 

Pinouts 
All PAL20RA10 devices have the same SKINNYDIP 
pinouts independent of performance and operating con­
ditions. Because the 24-pin SKINNYDIP requires four 
no-connects when mapped into the 28-pin PLCC/LCC 
packages, the PLCC/LCC pinouts can vary. 

Two different PLCC pinouts are offered. The 
PAL20RA10-20 and all future devices will follow the 
JEDEC electronics committee's standard pinout 
("JEDEC pinout") with no-connects on pins 1, 8, 15, and 
22. The older, standard PAL20RA 1 o devices retain their 
original pinouts with no-connects on pins 5, 8, 11, and 
19. 

PAL20RA 1 O devices with the MMI marking indicate the 
PLCC pinout by the package designator: FN indicates 
JEDEC, and NL indicates non-JEDEC. 

A different LCC pinout is offered for the military 
PAL20RA 10. Older devices retain their original pinouts, 
with no-connects on pins 4, 11, 18, and 25. 

Com'I Mii 
PLCC LCC 

Serles No-connects No-connects 

-20 1,8, 15,22 N/A 
(JEDEC) 

std. 5,8, 11, 19 4, 11, 18,25 

Quality and Testability 
The PAL20RA10-20 offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro­
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The high-speed PAL20RA10-20 is fabricated with 
AMD's advanced oxide-isolated bipolar process. This 
process reduces parasitic capacitances and minimum 
geometries to provide higher performance. The array 
connections are formed with proven TiW fuses. The 
standard PAL20RA 10 is fabricated with AM D's junction­
isolated process, utilizing TiW fuses. 
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LOGIC DIAGRAM 
DIP (PLCC JEDEC, non-JEDEC) Pinouts, see Connection Diagrams for LCC Pinout 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

-ss0c to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 
Supply Voltage (Vee) Supply Voltage with 

Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Current into Outputs 16 mA 
(-20 only) 
Static Discharge Voltage 
(-20 only) 2001 v 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

Voo Output HIGH Voltage loo=-3.2mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 8 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.5 

hH Input HIGH Current V1N = 2.4 V, Vee =Max. (Note 2) 25 

liL Input LOW Current V1N = 0.4 V, Vee = Max. (Note 2) -250 

h Maximum Input Current V1N = 5.5 V, Vee = Max. 100 

loZH Off-State Output Leakage Vour = 2.4 V, Vee =Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Voor = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Voor = 0.5 V, Vee = Max. (Note 3) -30 -130 

Ice Supply Current V1N = O V, Outputs Open (lour= O mA) 200 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values w~h respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Voor = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 

2·160 PAL20RA10/·20 (Com'I) 



CAPACITANCE (Note 1) (-20 only) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance 1 l~uts V1N= 2.0 V Vee= 5.0 V 5 
jCLK,OE TA= +25°C 9 pF 

Cour Output C'!E_acitance Vour = 2.0 V f = 1 MHz 5 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capac~ance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
-20 Std 

Parameter Min. Max. Min. Max. Unit 
Symbol Parameter Description (Note 3) (Note 3) 

tpo Input or Feedback to 1 Active Low 20 30 ns 
Combinatorial Output L Active High 20 35 ns 

Is Setup Time from Input or Feedback to Clock 13 20 ns 

IH Hold Time l Active Low 5 10 ns 
_[ Active High 5 0 ns 

tco Clock to Output or Feedback 5 20 10 30 ns 

IAP Asynchronous Preset to Registered Output 20 35 ns 

tAPW Asynchronous Preset Width 20 20 ns 

IAR Asynchronous Reset to Registered Output 25 40 ns 

IARW Asynchronous Reset Width 20 20 ns 

!wt_ LOW 14 20 ns 
Clock Width 

tWH HIGH 14 20 ns 

Maximum External Feedback 1/(ls +!co) 30 20 MHz 
IMAX Frequency 

(Note4) No Feedback 1 /(IWH + !wt_) 36 25 MHz 

lpzx OE to Output Enable 15 20 ns 

tpxz OE to Output Disable 15 20 ns 

IEA Input to Output Enable Using Product Term Control 20 30 ns 

IER Input to Output Disable Using Product Term Control 20 30 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 

PAL20RA10/-20 (Com'I) 2-161 

El 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 v to +7.0 v 
DC Input Voltage -1.5 V to +5.5 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature + 125°C Max. 

Supply Voltage (Vee) 
DC Output or 1/0 Pin Voltage 5.5 V with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

1. Military products are tested at Tc = +25°C , + 125°C, 
and -55°C, per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH =-2 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

Vot Output LOW Voltage IOL = 8 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

VtH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

VIL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage hN= -18 mA, Vee= Min. -1.5 v 
hH Input HIGH Current V1N = 2.4 V, Vee =Max. (Note 4) 25 µA 

hL Input LOW Current V1N = 0.4 V, Vee =Max. (Note 4) -250 µA 

h Maximum Input Current V1N = 5.5 V, Vee = Max. 1 mA 

lozH Off-State Output Leakage Vour = 2.4 V, Vee =Max. 100 µA 
Current HIGH V1N = V1HOr V1L (Note 4) 

loZL Off-State Output Leakage Vour = 0.4 V, Vee =Max. -100 µA 
Current LOW VtN = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee =Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 200 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 1/0 pin leakage is the worst case of l1L and lozL (or hH and loZH). 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 

Parameter Standard 
~mbol Parameter Descr!,p!lon Min. 

tpo Input or Feedback to l Active Low 

Combinatorial Outputl Active High 

ts Setup Time from Input or Feedback to Clock 25 

IH Hold Time l Active Low 10 

l Active High 0 

!co Clock to Output or Feedback 

IAP Asynchronous Preset to Registered Output 

IAPW Asynchronous Preset Width 25 

IAR Asynchronous Reset to Registered Output 

IARW Asynchronous Reset Width 25 

IWL. Clock Width LOW 25 

IWH HIGH 25 

Maximum External Feedback 1/(ts + tco) 16.7 
fMAX Frequency 

(Note 2) No Feedback 1 /(IWH + tWL.) 20 

IPZX OE to Output Enable (Note 3) 

lpxz OE to Output Disable (Note 3) 

tEA Input to Output Enable Using Product Term Control (Note 3) 

tER Input to Output Disable Using Product Term Control (Note 3) 

Notes: 

1. See Switching Test Circuit for test cond~ions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

Max. 

35 

40 

35 

40 

55 

25 

25 

35 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 

ns 

ns 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Input or Input or 
Feedback 

-~-VT Feedback ____ _, VT 

Combinatorial 
Output 

Combinatorial Output 
12015-010A 

Clock 

Registered 
Outpu1 ________ _ 

Asyn~:E~i---~<•w =1 ______ _ 
Preset tAP ~ 

Registered \ VT Output _____ ___..._._._....._.....,...._ _______ _ 

10232-00?A 

Input 
Asserting 

Asynchronous 
Reset 

Registered 
Output 

Input or 
Feedback ----J 

IER 

Ou1pu1 

Asynchronous Preset 

Asynchronous Reset 

____ __._._ ...... 

10232-009A 

tEA 

Output 

10232-00SA 

Input to Output Disable/Enable 

Notes: 
1. VT= 1.5 V 
2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 
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Registered Output 

Clock VT 

12015-01 lA 

Clock Width 

tpxz tpzx 

----~..L...1.-1 

12015-014A 

OE to Output Disable/Enable 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

//10 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

tpo, tco Closed 

tpzx. IEA Z4H: Open 50pF 
Z 4L: Closed 

tpxz. IER H4Z:Open 5 pF 
L4Z:Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

Commercial 

R1 R2 

5600 1.1KO 

PAL20RA10/·20 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

Military 

R1 R2 

5600 1.1K 0 

E 
KS000010-PAL 

12350-019A 

Measured 
Output Value 

1.5 v 
1.5 v 

H 4Z: VoH-0.5 V 
L 4Z: VoL +0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Typical Input Typical Output 

--------------0 Vee 

Input 

2·166 

ProgramNerify 
Circuitry 

12350-020A 

PAL20RA 10/·20 

400NOM 

Input, 
VO 

Pins 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

12468-018A 



OUTPUT REGISTER PRELOAD 
The preload function allows the register to be loaded 
from the output pins. This feati.:re aids functional testing 
of sequential designs by allowing direct selling of output 
states. The procedure for preloading follows. 

1. Set OE to V1HP to disable output registers. 

2. Apply either V1HP or V1LP to all registered outputs. 
Leave combinatorial outputs floating. 

3. Pulse PL from V1HP to V1LP to V1HP. 

Parameter 
Symbol 

V1LP 
V1HP 

tsp 

twp 

IHP 

Parameter Description 

Low-level input voltage 
High-level input voltage 

Preload setup time 

Preload pulse width 

Preload hold time 

Registered 
Output 

4. Remove V1LPN1HP from all registered output pins. 

5. Lower OE to V1LP to enable the output registers. 

6. Verify VoLN oH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. Max. Unit 

0 0 0.5 v 
2.4 5.0 5.5 v 

-20 COM'L 15 

std COM'L 25 ns 

std MIL 30 
-20 COM'L 20 

std COM'L 35 ns 

std MIL 45 

-20 COM'L 15 

std COM'L 25 ns 

std MIL 30 

tWP+-f"tHP 

tsp --j 
10232-010A 

Output Register Preload Waveform 
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- COM'L: H-15/25 MIL: H-20/25 ,. 
PALCE20V8 
EE CMOS 24-Pin Universal Programmable Array Logic 

.. 1111111 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Pin, function and fuse-map compatible with all 

GAL® 20V8/As 
• Electrically erasable CMOS technology 

provides reconfigurable loglc and full 
testability 

• High speed CMOS technology 
-15 ns propagation delay for "-15" version 
-25 ns propagation delay for "-25" version 

• Direct plug-In replacement for a wide range of 
24-pin PAL devices 

• Outputs Individually programmable as 
registered or combinatorial 

GENERAL DESCRIPTION 
The PALCE20V8 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device 
architecture. The PALCE20V8 is fully compatible with 
the GAL20V8 and can directly replace PAL20R8 series 
devices and most 24-pin combinatorial PAL devices. 

Device logic is automatically configured according to the 
user's design specification. Design is simplified by 
PALASM design software, allowing automatic creation 
of a programming file based on Boolean or state equa­
tions. PALASM software also verifies the design and 
can provide test vectors for the finished device. Pro­
gramming can be accomplished on standard PAL 
device programmers. 

The PALCE20V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 

BLOCK DIAGRAM 

PAL, PALASM, and SKINNYOIP are registered trademarks of Advanced Micro Devices. 
This part is oovered by various U.S. and foreign patents OINned by Advanced Micro Devices. 

• Programmable output polarity 
• Programmable enable/disable control 
• Preloadable output registers for testability 
• Automatic register reset on power-up 
• Cost-effective 24-pln plastic SKINNYDIP® and 

28-pin PLCC packages 
• Programmable on standard PAL"' device 

programmers 
• Supponed by PALASM"' software 
• Fully tested for 100% programming and 

functional yields and high reliability 

complex logic functions easily and efficiently. Multiple E 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa-
tions are programmed into the device through floating-
gate cells in the AND logic array that can be erased elec-
trically. 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an ac­
tive-high or active-low output. The output configuration 
is determined by two global bits and one local bit control­
ling four multiplexers in each macrocell. 
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CONNECTION DIAGRAMS 
Top View 

SKINNYDIP PLCC/LCC 
.9 

8 !! .:: § Ii ~ g 
> -CLKllo Vee 

1, 113 

12 l.07 13 K>e 

I 3 K>e 
14 l.05 

14 l.05 
15 l.04 

15 l.04 

le l.03 NC NC 

I 7 l.02 ta l.03 

Is i.o, 
17 l.02 

19 Kio 
Is ll01 

110 112 
GNO oo~, 
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1@ Pin Designations: CLK • Clock " 
GND- Ground 
I - Input 
VO . lnpuVOutput 
NC = No Connect Note: Pin 1 is marked for orientation. 
rn: . Output Enable 
Vee • Supply Voltage 

ORDERING INFORMATION 
Commercial Products 
AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type f. Power 

b. Technology g. Speed 
c. Number of Array Inputs h. Package Type 
d. Output Type I. Operating Conditions 
e. Number of Fllp·Flopa J. Programming Designator 

PAL 

a. FAMILY TYPE 
T 

PAL· Programmable Array Logic 

CE .. y 
8 

H .,. p c L i PAOCUIAMONG DESIGNATOR 

Blank = Initial Release 

b. TECHNOLOGY -------' 
CE • CMOS Electrically Erasable 

c. NUMBER OF ----------' 
ARRAY INPUTS 

d. OUTPUTTYPE ----------' 
V • Versatile 

e. NUMBER OF FLIP.FLOPS -------' 

f. POWER 
H • Half Power (90 mA Ice) 

g. SPEED 

2·170 

-15 • 15 ns tpo 
-25 • 25 ns tpo 

Valid Combinations 

PALCE20V8H-15 J l 
PALCE20V8H-25 re, JC 

Blank, 
14 

PALCE20V8 

14 • First Revision 
(May require different 
programmer revisions) 

I. OPERATING CONDITIONS 
C •Commercial (0°C to +75°C) 

h. PACKAGE TYPE 
P • 24-Pin 300-mil Plastic 

SKINNYDIP (PD3024) 
J • 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specHic valid combinations and to 
check on newly released combinations. 

Note: Marked with AMO logo. 



ORiJERiNG iNFORlviA TiON 
APL Products 

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: a. Family Type f. Power 

b. Technology g. Speed 
c. Number of Array Inputs h. Programming Designator 
d. Output Type I. Device Class 
e. Number of Flip-Flops j. Package Type 

k. Lead Finish 

PAL CE 20 V 8 H -20 

a. FAMILY TYPE 
T 

PAL= Programmable Array Logic 

b. TECHNOLOGY 
CE = CMOS Electrically Erasable 

c. NUMBER OF -----------' 
ARRAY INPUTS 

d. OUTPUT TYPE ------------' 
V = Versatile 

e •• NUMBER OF FLIP-FLOPS ---------' 

f. POWER---------------' 
H = Half Power (90 mA Ice) 

g. SPEED 
-20 = 20 ns tpo 
-25 = 25 ns tpo 

Valid Combinations 

PALCE20V8H-20 J Bia kI l n ' /BLA, /B3A 
PALCE20V8H-25 E4 

Group A Tests 
Group A tests consist of subgroups 1, 2, 3, 7, 8, 9, 1 O and 11. 

Military Burn-In 

/BL A 

~· 
J. 

LEAD FINISH 
A= Hot Solder Dip 

PACKAGE TYPE 
L = 24-Pin (300-mil) Ceramic 

SKINNYDIP (CD3024) 
3 = 28-Pin Ceramic Leadless 

Chip Carrier (CL 028) 

'----- i. DEVICE CLASS 
/B =Class B 

..__ ____ h. PROGRAMMING DESIGNATOR 
Blank Initial Release 
E4 First Revision 

(May require different 
programmer revisions) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations and to ob­
tain additional data on AMO's standard military 
grade products. 

Note: Marked with AMO logo. 

Military burn-in is in accordance with the current revision of MIL-ST0-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMO's option. 
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FUNCTIONAL DESCRIPTION 
The PALCE20V8 is a universal PAL device. It has eight 
independently configurable macrocells (MC0 .. MC1). 
Each macrocell can be configured as a registered out­
put, combinatorial output, combinatorial 1/0, or dedi­
cated input. The programming matrix implements a pro­
grammable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complemen­
tary outputs to provide user-programmable input signal 
polarity. Pins 1 and 13 serve either as array inputs or as 
clock (CLK) and output enable (OE) for all flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon­
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE20V8 are 
automatically configured from the user's design specifi­
cation, which can be in a number of formats. The design 

SLOx 

SG1 

CLK 

specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALCE20V8. First, it can be programmed as an emu­
lated PAL device. This includes the PAL20R8 series 
and most 24-pin combinatorial PAL devices. The PAL 
device programmer manufacturer will supply device 
codes for the standard PAL architectures to be used 
with the PALCE20V8. The programmerwill program the 
PALCE20V8 to the corresponding PAL device architec­
ture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to 
them. Alternatively, the device can be programmed 
directly as a PALCE20V8. Here the user must use the 
PALCE20V8 device code. This option provides full utili­
zation of the macrocells, allowing non-standard archi­
tectures to be built. 

~~~~~----'111 

ox 

·sG1 

To 
Adjacent 
Macrocell 

I/Ox 

From 
Adjacent 
Pin 

* In Macrocell MCo and MC1, SG1 is replaced by SGO on the feedback multiplexer. 

12197-004A 

PALCE20V8 Macrocell 
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Coniigurauon Options 
Each macrocell can be configured as one of the follow­
ing: registered output, combinatorial output, combinato­
rial 1/0 or dedicated input. In the registered o~ut con­
figuration, the output buffer is enabled by the OE pin. In 
the combinatorial configuration, the buffer is either con­
trolled by a product term or always enabled. In the dedi­
cated input configuration, the buffer is always disabled. 
A macrocell configured as a dedicated input derives the 
input signal from an adjacent 1/0. 

The macrocell configurations are controlled by the con­
figuration control word .. It contains 2 global bits (SGO 
and SG1) and 16 local bits (SLOo through SL01 and SL 1 o 
through SL 17). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE20V8 
will emulate a PAL20R8 family or a combinatorial de­
vice. Within each macrocell, SLO., in conjunction with 
SG1, selects the configuration of the macrocell and 
SL 1 x sets the output as either active low or active high. 

The configuration bits work by acting as control inputs 
for the multiplexers in the macrocell. There are four mul­
tiplexers: a product term input, an enable select, an out­
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC1, SGO replaces SG 1 on the feedback multi­
plexer. 

These configurations are summarized in table 1 and il­
lustrated in figure 2. 

If the PALCE20V8 is configured as a combinatorial de­
vice, the CLK and OE pins are available as inputs to the 
arral'..:J! the device is configured with registers, the CLK 
and OE pins cannot be used as data inputs. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. SL 1 x is an input to 
the exclusive-OR gate which is the D input to the flip­
flop. SL 1 x is programmed as 1 for inverted output or 0 
for non-inverted output. The flip-flop is loaded on the 
LOW:!_o-HIGH transition of CLK. The feedback path is 
from Q on the register. The output buffer is enabled by 
OE. 

Combinatorial Configurations 
The PALCE20V8 has three combinatorial output con­
figurations: dedicated output in a non-registered device, 
110 in a non-registered device and 110 in a registered 
device. 

Dedicated Output in a Non-Registered 
Device 
The control settings are SGO = 1, SG1=0, and SLOx = 0. 
All eight product terms are available to the OR gate. Be­
cause the macrocell is a dedicated output, the feedback 
is not used. 

Dedicated Input in a Non-Registered 
Device 
The control bit settings are SGO = 1, SG1 = 0 and SLOx = 
1. The output buffer is disabled. The feedback signal is 
an adjacent 110 pin. 

Combinatorial 1/0 in a Non-Registered 
Device 
The control settings are SGO = 1, SG 1 = 1, and SLOx = 1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used to enable !he outpul 
buffer. The signal at the 1/0 pin is fed back to the AND 
array via the feedback multiplexer. This allows the pin to 
be used as an input. 

Combinatorial 110 in a Registered Device 
The control bit settings are SG0=0,SG1=1 and SLOx =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used as the output enable. 
The feedback signal is the corresponding 110 signal. 

Table 1. Macrocell Configurations 

SGO SG1 SLOx Cell Configuration Devices Emulated 

Device has registers 

0 1 0 Registered PAL20R8, 20R6, 
Output 20R4 

0 1 1 Combinatorial 1/0 PAL20R6, 20R4 

Device has no registers 

1 0 0 Combinatorial PAL20L2, 
Output 18L4, 1 6L6, 14L8 

1 0 1 Dedicated Input PAL20L2, 18L4, 
16L6 

1 1 1 Combinatorial 110 PAL20L8 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing"' 
efforts. 

Selection is made through a programmable bit SL 1, 
which controls an exclusive-OR gate at the output of the 
AND/OR logic. The output is active high if SL 1 x is a 0 
and active low if SL 1 x is a 1. 
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OE ----------~ OE-----------~ 

D Q D Q 

CLK CLK 

Registered Active Low Registered Active High 

Combinatorial 1/0 Active Low Combinatorial 1/0 Active High 

Combinatorial Output Active Low Combinatorial Output Active High 

~ 
~ Adjacent l/Opin 

Dedicated Input 

12197-012A 

Figure 2. Macrocell Configurations 
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All flip-flops power up to a logic LOW for predictable sys­
tem initialization. Outputs of the PALCE20V8 depend on 
whether they are selected as registered or combinato­
rial. If registered is selected, the output will be HIGH. If 
combinatorial is selected, the output will be a function of 
the logic. 

Register Preload 
The register on the PALCE20V8 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load­
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Bit 
A security bit is provided on the PALCE20V8 as a deter­
rent to unauthorized copying of the array configuration 
patterns. Once programmed, this bit defeats readback 

or me programmeo pattern by a oevice programmer, 
securing proprietary designs from competitors. How­
ever, programming and verification are also defeated by 
the security bit. The bit can only be erased in conjunction 
with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE20V8. It consists of 64 bits of programmable 
memory that can contain any user-defined data. The 
signature data is always available to the user independ­
ent of the security bit. 

Programming and Erasing 
The PALCE20V8 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 

The PALCE20V8 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC and LCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
Commercial (C) Devices 

Temperature (TA) Operating 
Storage Temperature 

Ambient Temperature 
with Power Applied -55°C to + 125°C in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage 

DC Output or 

-0.5 V to Vee + 0.5 V Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

110 Pin Voltage 

Static Discharge Voltage 

Latchup Current 
(TA= 0°C to +75°C) 

-0.5 V to Vee + 0.5 V 

2001 v 

100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage loH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee = Max. (Note 2) 10 
hL Input LOW Leakage Current V1N = 0 V, Vee =Max. (Note 2) -10 

lozH Off-State Output Leakage Vour = 5.25 V, Vee =Max. 
10 Current HIGH V1N = V1HOr V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0 V, Vee =Max. -10 
Current LOW V1N = V1HOr V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max. (Note3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 90 
Vee= Max., f = 15 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 
µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v J Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance Vour = 2.0V1 I= 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter -15 -25 
Symbol Parameter Description Min. Max. Min. Max. Unit 

lpo Input or Feedback to Combinatorial Output 15 25 ns 

Is Setup Time from Input or Feedback to Clock 12 15 ns 

IH Hold Time 0 0 ns 

lco Clock to Output 10 12 ns 

lcF Clock to Feedback (Note 3) 8 10 ns 

tWL 
Clock Width 

LOW 8 12 ns 

IWH HIGH 8 12 ns 

Maximum 
External Feedback 1/(ls+lco) 45.5 37 MHz 

fMAX Frequency Internal Feedback 1/(ls+lcF) 50 40 MHz 
(Note4) No Feedback 1/(IWH+lwL) 62.5 41.6 MHz 

lpzx OE to Output Enable 15 20 ns 

tpxz OE to Output Disable 15 20 ns 

tEA Input to Output Enable Using Product Term Control 15 25 ns 

tER Input to Output Disable Using Product Term Control 15 25 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Operating Case 
Temperature (Tc) 

Supply Voltage (Vee) 
with Respect to Ground 

-55°C to + 1 25°C 

+4.5 v to +5.5 V 

DC Input Voltage 

DC Output or 1/0 

-0.5 V to Vee + 0.5 V Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Pin Voltage -0.5 V to Vee + 0.5 V 

2001 v Note: 
Static Discharge Voltage 

Latchup Current 
(Tc = -55°C to + 125°C) 100 mA 

1. Military products are tested at Tc = +25°C, + 125°C 

and -55°C, per MIL-STD-883. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage loH = -2.0 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage IOL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

iiH Input HIGH Leakage Current V1N = 5.5 V, Vee = Max. (Note 4) 10 µA 

l1L Input LOW Leakage Current V1N = 0 V, Vee =Max. (Note 4) -10 µA 

loZH Off-State Output Leakage Vour = 5.5 V, Vee = Max. 
40 µA Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0 V, Vee =Max. 
-40 µA 

Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max. (Note 5) -30 -130 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 90 mA 
Vee= Max., f = 15 MHz 

Notes: 

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of l1L and lozL (or l1H and loZH). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where lsc may be affected. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v J Vee= 5.0 V, TA= 25°C, 12 pF 

COUT Output Capacitance VOlJT= 2.0 v} f = 1 MHz 15 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter -20 -25 
Symbol Parameter Description Min. Max. Min. Max. Unit 

tPO Input or Feedback to Combinatorial Output 20 25 ns 

ts Setup Time from Input or Feedback to Clock 15 15 ns 

tH Hold Time (Note 5) 0 0 ns 

tco Clock to Output 15 20 ns 

tcF Clock to Feedback (Note 3) 13 18 ns 

twt. LOW 12 15 ns 

IWH 
Clock Width 

HIGH 12 15 ns 

Maximum 
External Feedback 1/(ts+tco) 33.3 28.6 MHz 

fMAX Frequency Internal Feedback 1/(ts+tcF) 35.7 30.3 MHz 
(Note 4) No Feedback 1/(tWH+twt.) 41.7 33.3 MHz 

tpzx OE to Output Enable (Note 5) 20 20 ns 

tpxz OE to Output Disable (Note 5) 20 20 ns 

teA Input to Output Enable Using Product 20 25 ns 
Term Control (Note 5) 

tER Input to Output Disable Using Product 20 25 ns 
Term Control (Note 5) 

Notes: 

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
Mll-STD-883, Method 5005, unless otherwise noted. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 

Feedback Vr 
Input or ~ 

-X)®..---VT Combinatorial 
Output 

Clock 

Clock 

12015--010A 

Combinatorial Output 

Vr 

12149-025A 

Clock lo Feedback (IMAX Internal) 
See Path at Right 

12015-011A 

Clock Width 

trxz 

Output 

Input or 
Feedback ----J Vr 

Clock 

Registered 
Output ________ ~ 

12015-012A 

Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I L-------------------J 

12015·021A 

12015-013A 

Input to Output Disable/Enable 

trzx 

VT 

12015-014A 

OE to Output Disable/Enable 

Notes: 

1. Vr= 1.5V 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWiTCHiNG WAVEFORiiiiS 

WAVEFORM 

\\\\\ 

///0 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

tpo, tco, tcF Closed 50 pF 

tpzx. IEA z~H: Open 50 pF 
Z ~ L: Closed 

tpxz. IER H ~z: Open 5 pF 
L ~z: Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Switching Test Circuit 

Commercial Military 

R1 R2 R1 R2 

200Q 390Q 200Q 390Q 

200Q 390Q 200Q 390Q 

200Q 390Q 200Q 390Q 

PALCE20V8 

E1 

KS000010-PAL 

12197-00?A 

Measured 
Output Value 

1.5 v 

1.5 v 

H~Z:VoH-0.5V 

L ~z: VoL + 0.5 v 
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ENDURANCE CHARACTERISTICS 
The PALCE20V8 is manufactured using AMD's ad­
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

Endurance Characteristics 

Symbol Parameter 

toR Min. Pattern Data Retention Time 

N Min. Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD ProgramNerify 
Protection Circuitry 

parts. As a result, the device can be erased and 
reprogrammed- a feature which allows 100% testing at 
the factory. 

Min. Units Test Conditions 

10 Years Max. Storage 
Temperature 

20 Years Max. Operating 
Temperature (Military) 

100 Cycles Normal Programming 
Conditions 

Vee 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 
12197-013A 
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"'' ',.."' ,,.. Mr"l"l~,..r-n nn~1 n An 
vu1ru1 nL..\.;11~1L..11 r-111 ... t...V'I"'"""' 

The Preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure is as follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 
2. Set pin 8 to VPLD. 
3. Set OE HIGH. 
4. Apply the desired value (V1LIV1H) to all registered 

output pins. Leave combinatorial output pins 
floating. 

Parameter 
Symbol Parameter Description 

5. Clock pin 1 from V1L to V1H. 
6. Remove V1LIV1H from all registered outputs. 
7. Enable the output registers by lowering OE. 
8. Lower pin 8 to V1LIV1H. 
9. Verify for VoLIVoH at all registered output pins. 

Note that the output pin signal will be the inverse 
of the preload data. 

Min. Rec. Max. Unit 

tPLD Setup and Hold Time from Pre load (pin 8) to OE 50 50 µs 

tps Setup Time from OE to Data 1 1 µs 

tPH Hold Time from Data to OE 1 1 µs 

tpcs Setup Time from Data to Clock 1 1 µs 

IPCH Hold Time from Clock to Data 1 1 µs 

dVr/dt VPLD Rising Slew Rate (pin 8) 10 100 V/µs 

dWdt VPLD Falling Slew Rate (pin 8) 2 3 V/µs 

VpLD Super-Level Input Voltage 13.0 13.5 14.0 v 
V1HP High-Level Input Voltage 2.4 5.0 5.5 v 
V1LP Low-Level Input Voltage 0 0 0.5 v 

Pin 8 

~--VILP 

~------- V1LP 

lps_.~ ~IPH V1HP 

Rog:~~ ________ _r---JI '"' n~~=r=-_-=-_=-_-=--~~--=---~-=---~-~-=---~---=-~-~ ~~~ 

12015-015A 

Output Register Preload Waveform 
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POWER-UP RESET 
The PALCE20V8 has been designed with the capability 
to reset during system power-up. Following power-up, 
all flip-flops will be reset to LOW. The output state will be 
HIGH independent of the logic polarity. This feature pro­
vides extra flexibility to the designer and is especially 
valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Description 

IPR 

ts 

!wt. 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Power 

Registered 
Output 

Clock 

and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 
2. Following reset, the clock input must not be driven 

from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min. Max. Unit 

10 µs 

See Switching Characteristics 

~ twt. 

12197-009A 

Power-Up Reset Waveforms 
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- COM'L: A/B/-20/AL MIL:A 

PAL20X1 OA Series 
AmPAL20L 108/-20/AL 
XOR Registered 24-pin TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• XOR gates on registered outputs 

• Efficient Implementation of counters 

• Popular 24-pin architectures: 20L 10, 20X10, 
20X8,20X4 

• Programmable replacement for high-speed 
TTL logic 

• Power-up reset for Initialization 

GENERAL DESCRIPTION 
The PAL20X10A Series offers Exclusive-OR gates pre­
ceding each flip-flop. The XOR gate combines two sum 
terms, each composed of two product terms. This extra 
level of logic is very efficient for counter applications. 

The combinatorial member of the family, the PAL20L 1 O, 
offers three product terms per output with no XOR gate. 
A fourth product term provides the enable term. While 
the registered devices are offered in only one perform­
ance option, the 20L 10 is offered in four performance 
grades. Note that three of these options follow the "old" 
AMO part numbering system while the fourth follows the 
"old" MMI part numbering system, as do the registered 
devices. 

The family utilizes Advanced Micro Devices' advanced 
bipolar process and fuse-link technology. The devices 
provide user-programmable logic for replacing conven­
tional SSl/MSI gates and flip-flops at a reduced chip 
count. 

The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be­
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili­
con, where they can be easily modified during prototyp­
ing or production. 

PRODUCT SELECTOR GUIDE 

• Register preload for testability 

• Easy design with PALASM® software 

• Programmable on standard PAL® device 
programmers 

• 24-pln SKINNYDIP® and 28-pin PLCC 
packages save space 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. In addition, the PAL device provides the follow­
ing options: 

- Variable inpuVoutput pin ratio 
- Programmable three-state outputs 
- Registers with feedback 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un­
used input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. See the Programmer Reference Guide for ap­
proved programmers. Once the PAL device is pro­
grammed and verified an additional fuse may be opened 
to prevent pattern readout. This feature secures proprie­
tary circuits. 

DEDICATED PRODUCT TERMS/ tpo Ice 
DEVICE INPUTS OUTPUTS OUTPUT 
AmPAL20L108 
AmPAL20L 10-20 12 8 comb. 3 
AmPAL20L10AL 2 comb. 3 
PAL20L10A 
PAL20X10A 10 10 reg. 4,XOR 

PAL20X8A 10 8 reg. 4,XOR 
2 comb. 3 

PAL20X4A 10 4 reg. 4,XOR 
6 comb. 3 

PAL, PALASM, and SKINNYolP are registered trademarks of Advanced Micro Devices. 
This part Is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

2-188 

FEEDBACK ENABLE Qlsl {mAl 
15 210 

1/0 prog. 20 165 
- prog. 25 105 

30 165 
reg. pin 30 (ts) 180 

reg. pin 30 180 
1/0 _erqg, 
reg. pin 30 180 
110 _Bl'()fl. 
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BLOCK DIAGRAMS 

01 

CLK 

PAL20L10 

Inputs 

Programmable 
AND Array 
(40 x 40) 

I/Os I/Os 

PAL20X10 

Inputs 

Programmable 
AND Array 
(40 x 40) 

PAL20X10A Serles/AmPAL20L 10 

D 
I/Os l/Og 010 

10303-001A 

10303-002A 
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BLOCK DIAGRAMS 

CLK 

CLK 

2-190 

PAL20X8 

Inputs 

Programmable 
AND Array 
(40 x 40) 

PAL20X4 

Inputs 

Programmable 
AND Array 
(40 x 40) 

PAL20X10A Series/AmPAL20L10 

10303-003A 

10303-004A 



CONNECTION DIAGRAMS 
Top View 

SKINNYDIP/FLATPACK 

(Note1) 

1, 

I 2 

13 

1, 

1. 

1. 

1, 

1. 

1, 

1,. 
GND 

Note 20L10 20X10 

1 lo CLK 

2 111 OE 

3 01 01 

4 1/02 D2 

5 1/03 Oa 

6 1/04 04 

7 I/Os Os 

8 I/Os Os 

9 1/07 OJ 

10 l/Oe Oe 

11 l/Og Qg 

12 010 010 

PIN DESIGNATIONS 
CLK 
GND 
I 
1/0 
NC 
0 
OE 
Vee 

Clock 
Ground 
Input 
lnpuUOutput 
No Connect 
Output 
Output Enable 
Supply Voltage 

Vee 

(NOTE 12) 

(NOTE 11) 

(NOTE 10) 

(NOTE 9) 

(NOTE 8) 

(NOTE 7) 

(NOTES) 

(NOTE 5) 

(NOTE 4) 

(NOTE 3) 

(NOTE 2) 

10303--00SA 

20X8 20X4 

CLK CLK 

OE OE 

1/01 1/01 

02 1/02 

Oa 1/03 

04 04 

Os Os 

Os Os 

OJ 01 

Oe l/Oe 

Og l/Og 

1/010 1/010 

PAL20X10A Serles/AmPAL20L 10 

NC 

14 

15 

NC 

15 

17 

NC 

'3 

14 

15 

NC 

15 

17 

19 

PLCC (except AmPAL20L10) 

~ -
i I!! I!! 

~ Jl ~ 0 
.!' .:: <!. 

(NOTE 10) 

24 (NOTE 9) 

(NOTES) 

(NOTE 7) 

21 {NOTE6) 

{NOTES) 

19 NC 

_e _,. 0 c N' "' " z 

i I!! ~ " 0 
<!. <!. 10303-00SA 

PLCC 
AmPAL20L10 only 

.!' 

12 

.:!' 

L4 
13 5 

'• 6 

'• 7 

'• 8 
17 • 

18 10 

NC 11 

.:: 

13 

0 

.!' 

3 

0 ~ z 

14 15 

LCC 

~ 
.:- <!. 
2 1 

• 

Jl i go 

16 17 18 

g N 

g 

~ -I!! w 

Jl 0 0 
<!. <!. 

28 27 26 

12 13 14 15 16 17 18 

Note: 

" "°• 
•4 110, 

" ""• 
22 NC 

21 ""• 
20 1104 

19 "°3 

10303--007 A 

25 NC 

24 (NOTE 10) 

23 (NOTE9) 

22 (NOTE 8) 

21 (NOTE 7) 

20 {NOTE 6} 

19 (NOTES) 

10303--00BA 

Pin 1 is marked for orientation. 

2-191 

E 



ORDERING INFORMATION 
Commercial Products (MMI Marking Only) 

AMO commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: a. Family Type 

PAL 

a. FAMILY TYPE T 
PAL = Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE 
X = XOR Registered 
L = Active-Low Combinatorial 

d. NUMBER OF OUTPUTS 

e. SPEED 
A= 30nstpo 

f. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 

PAL20L10A 

PAL20X10A 
CNS, CNL, 

PAL20X8A CJS 

PAL20X4A 

2·192 

20 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Operating Conditions 
g. Package Type 
h. Optional Processing 

X 10 AC NS 

Lh OPTIONAL PROCESSING 
Blank = Standard Processing 

~-- g. PACKAGE TYPE 
NS 24-Pin 300-mil Plastic 

SKINNYDIP (P03024) 
NL = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 
JS 24-Pin 300-mil Ceramic 

SKINNYDIP (C03024) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of spec~ic valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 

PAL20X10A Series 



ORDERING INFORMATION 
Commercial Products (AMO Marking Only) 

AMD commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: a. Family Type 

a. FAMILY TYPE 
-
____ A_J_.PAL ~ 

AmPAL - Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Package Type 
h. Operating Conditions 
I. Optional Processing 

L 10 A L P C 
r 

L. OPTIONAL PROCESSING 
Blank = Standard Processing 

c. OUTPUT TYPE -----------' 
L = Active-Low Combinatorial 

...._ __ h. OPERATING CONDITIONS 
C = Commercial (0°C to + 75°C) 

d. NUMBER OF OUTPUTS-------' 

e. SPEED 
-20 = 20 ns !po 

B = 15 nstpo 
A= 25nstpo 

f. POWER 
Blank- Full Power (165-210 mA Ice) 

L = Low Power (105 mA Ice) 

Valid Combinations 

AmPAL20L10 B, -20, 
AL 

PC,JC, 
DC 

AmPAL20L10 

...._ ___ g. PACKAGE TYPE 
P 24-Pin 300-mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 
D = 24-Pin 300-mil Ceramic 

SKINNYDIP (CD3024) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMD logo. 
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ORDERING INFORMATION 
APL Products 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering op­
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

a. FAMILY TYPE 
PAL= Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

c. OUTPUT TYPE 
X = XOR Registered 
L • Active-Low Combinatorial 

d. NUMBER OF OUTPUTS 

e. SPEED 
A. 3Snstpo 

f. OPERA TING CONDITIONS 
M. Military c-ss•c to +12s°C) 

Valid Combinations 

PAL20L10A 

PAL 

T 

PAL20X10A MJS/8838, 

PAL20X8A 
MW/8838, 
MU8838 

PAL20X4A 

Group A Tests 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Operating Conditions 
g. Package Type 
h. Device Class 

20 X 10 A M JS /883B 

l h. DEVICE CLASS 
/8838 = Class 8 

g. PACKAGE TYPE 
JS = 24-Pin 300-mil Ceramic 

SKINNYDIP (CD3024) 
W = 24-Pin Ceramic Flatpack 

(CFL024) 
L = 28-Pin Ceramic 

Leadless Chip Carrier 
(CL028) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with MMI logo. 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Miiitary Burn-In 

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
Four different devices are available in the 20X1 o Series, 
including both registered and combinatorial devices. All 
parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re­
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo­
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program­
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac­
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The registered devices have ten dedicated input lines, 
and each combinatorial output is an 1/0 pin. The 20L 1 O 
has twelve dedicated input lines, and only eight of the 
ten combinatorial outputs are 1/0 pins. Buffers for de­
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed­
back. The combinatorial output provides a bidirectional 
1/0 pin, and may be configured as a dedicated input if 
!he buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 

Registers with Feedback 
Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type flip­
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL20X1 OA Series 
will be HIGH due to the active-low outputs. The Vee rise 
must be monotonic and the reset delay time is 1000 ns 
maximum. 

Register Preload 
The register on the PAL20X1 OA Series can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec­
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob­
serving proper recovery. 

Security Fuse 
Alter programming and verification, a PAL20X1 O Series 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program­
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is intact. For the AmPAL20L 10, the 
array will read as if every fuse is programmed. 

Pin outs 
All members of the PAL20X10 Family have the same 
SKINNYDIP pinouts independent of technology, per­
formance, and operating conditions. Because the 
24-pin SKINNYDIP requires four no-connects when 
mapped into the 28-pin PLCC/LCC packages, the 
PLCC/LCC pinouts can vary. 

Two different PLCC pinouts are offered. The 
AmPAL20L 10 and all future devices will follow the 
JEDEC electronics committee's standard pinout .:'I 
("JED EC pinout") with no-connects on pins 1, 8, 15, and Kiiil 
22. The older PAL20X10A Series devices retain their 
original pinouts, with no-connects on pins 5, 8, 11, and 
19. 

A different LCC pinout is offered for military prod­
ucts.The older PAL20X10A Series devices retain their 
original pinouts, with no-connects on pins 4, 11, 18, and 
2~ . 

Serles Com'I Mii 
PLCC LCC 
No-connects No-connects 

AmPAL20L10 1,8,15,22 NIA 
8/-20/AL (JEDEC) 

PAL20X10A Series 5, 8, 11, 19 4, 11, 18,25 
(inc. PAL20L10A) 

Quality and Testability 
The PAL20X10 Series offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro­
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The PAL20X10A Series is fabricated with AMD's ad­
vanced junction-isolated bipolar process. The array 
connections are formed with proven TiW fuses for reli­
able operation. 

The AmPAL20L 10 is fabricated with the I MOX™ oxide­
isolated bipolar process using proven PtSi fuses. 

PAL20X10A Series/AmPAL20L 10 2·195 



LOGIC DIAGRAM 
SKINNYDIP (PLCC, PAL20L 10A only) Pinouts 
See Connection Diagrams for LCC and AmPAL20L 10 PLCC Plnouts 
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LOGIC DIAGRAM 
SKINNVDIP (PLCC) Pinouts 
See Connection Diagrams for LCC Plnout 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC) Plnouts 
See connection Diagrams for LCC Plnout 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC) Pinouts 
See Connection Diagrams for LCC Pinout 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 
Supply Voltage (Vee) Supply Voltage with 

Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage -1.5 V to Vee+ 0.5 V 

DC Output or VO Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VOH Output HIGH Voltage IOH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL= 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.5 

hH Input HIGH Current V1N = 2.4 V, Vee =Max. (Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee= Max. (Note 2) -250 

h Maximum Input Current V1N = 5.5 V, Vee = Max. 100 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max. -30 -130 
(Note 3) 

20X10A, 
V1N = O V, Outputs Open 20X8A, 180 

Ice Supply Current (lour= 0 mA), Vee =Max. 20X4A 

20L10A 165 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. VO pin leakage is the worst case of hL and loZL (or hH and loZJ-t). 
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour - 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

IPD Input or Feedback to 20L 1 OA, 20X8A, 30 ns 
Combinatorial Output 20X4A 

Is Setup Time from Input or Feedback to Clock 30 ns 

IH Hold Time 0 ns 

tco Clock to Output or Feedback 15 ns 

!wt LOW 20X10A, 20X8A, 25 ns 

IWH 
Clock Width 

HIGH 20X4 15 ns 

Maximum External Feedback l 1 t(ts + lco) 22.2 MHz 
fMAX Frequency 

No Feedback 11/(lwH + !wt) 25 MHz _LNote~ 

IPZX OE to Output Enable 20 ns 

lpxz OE to Output Disable 20 ns 

IEA Input to Output Enable Using Product Term Control 20L 1 OA, 20X8A, 30 ns 

Im Input to Output Disable Using Product Term Control 20X4A 30 ns 

Notes: 
1. See Switching Test Circuit for test conditions. 
2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 

where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

DC Input Voltage 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 v to +7.0 v 
-1.5 V to 5.5 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature 125°C Max. 

Supply Voltage (Vee) 

DC Output or 110 Pin Voltage -0.5 V to 5.5 V with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

1. Military products are tested at Tc = +25°C, + 125°C, 

and-55°C per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH =-2 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage lot_= 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

v, Input Clamp Voltage liN= -18 mA, Vee= Min. -1.5 v 
liH Input HIGH Current V1N = 2.4 V, Vee = Max. (Note 4) 25 µA 

l1L Input LOW Current V1N = 0.4 V, Vee = Max. (Note 4) -250 µA 

" 
Maximum Input Current V1N = 5.5 V, Vee = Max. 1 mA 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee =Max. (Note 5) -30 -130 mA 

20X10A, 

V1N = 0 V, Outputs Open 20X8A, 180 
Ice Supply Current 

(lour= 0 mA), Vee= Max. 20X4A mA 

20L10A 165 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 
3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 1/0 pin leakage is the worst case of liL and lozL (or l1H and lozH). 
5. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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SWiTCHINli (;HAHACTERiSTiCS over MILi I AHY operating ranges (Note 1) 

Parameter 
Symbol Parameter Description Min. 

tPO Input or Feedback to 20L10A, 20X8A, 
Combinatorial Output 20X4A 

ts Setup Time from Input or Feedback to Clock 40 

bi Hold Time 0 

tco Clock to Output or Feedback 

twt. LOW 20X10A, 20X8A, 35 

tWH 
Clock Width 

HIGH 20X4A 20 
Maximum External Feedback J 1/(ts +!co) 15.4 

fMAX fireque~y No Feedback J 1/(twH + twt.) 18.2 Note2 

tPZx OE to Output Enable (Note 3) 

tpxz OE to Output Disable (Note 3) 

tEA Input to Output Enable Using Product 
Term Control (Note 3) 

20L 1 OA, 20X8A, 
tER Input to Output Disable Using Product 20X4A 

Term Control (Note 3) 

Notes: 
1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 

tested per MIL-STD-883, Method 5005, unless otherwise noted. 

Max. Unit 
35 ns 

ns 

ns 

25 ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 

35 ns 

35 ns 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage -0.5 V to +5.5 v 
DC Output or 1/0 Pin Voltage -0.5 V to Vee Max. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Current -30 mA to +5 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 

Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage loL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.2 

hH Input HIGH Current V1N = 2.7 V, Vee =Max. (Note 2) 25 

l1L Input LOW Current V1N = 0.4 V, Vee =Max. (Note 2) -100 

h Maximum Input Current V1N = 5.5 V, Vee = Max. 1 

lozH Off-State Output Leakage Vour = 2.7 V, Vee =Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 3) -30 -90 

V1N = O V, Outputs Open 
20L10B 210 

Ice Supply Current 20L 10-20 165 
(lour= 0 mA) Vee = Max. 20L10AL 105 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. 1/0 pin leakage is the worst case of liL and lozL (or hH and loZH). 
3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

CIN Input Capacitance 1Pins1, 13 V1N= 2.0 v Vee= 5.0 V 11 
l Others TA= +25°C 6 pF 

COUT Output Capacitance Vour= 2.0 V f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
20L10B 20L10-20 20L10AL 

Symbol Parameter Description Min. Max. Min. Max. Min. Max. Unit 
tpo Input or Feedback to 15 20 25 ns 

Combinatorial Output 

tEA Input to Output Enable Using 18 20 25 ns 
Product Term Control 

tER Input to Output Disable Using 15 20 25 ns 
Product Term Control 

Notes: 
2. See Switching Test Circuit for test conditions. 
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SWITCHING WAVEFORMS 

Input or ~ 

Feedback ------' ...... i:==Vrtp~ _V_T __ _ 

Combinatorial 
Output 

12015-010A 

Combinatorial Output 

Clock 

12015-011A 

Clock Width 

,J v;~ ~. ''" 
Output -----~--L-'-~ ~ V• 

Notes: 

1. Vr = 1.5 V 

12015-014A 

OE to Output Disable/Enable 

2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 

Input or 
Feedback ____ ., Vr 

Clock 

Registered 
Output ________ _ 

Input 

Output 

12015-012A 

Registered Output 

!ER IEA 

Vr 

12015-013A 

Input to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from Hto L from Hto L 

//Ill May Will be 
Change Changing 
from Lto H from L to H 

XXX'IYX Don't Care; Changing, 
Any Change State 
Permitted Unknown 

1B--fil Does Not Center 
Apply Line is High- E Impedance 

"Off" State 
KS000010-PAL 

SWITCHING TEST CIRCUIT 

Vee 

L 
Output Test Point 

10303-013A 

Commercial Mllltary 
Measured 

Specification S1 CL R1 R2 R1 R2 Output Value 

tpo, tea Closed 1.5 v 
tPZx. teA z ~ H: Open 50pF 1.5 v 

Z~L:Closed 2000 3900 3900 7500 

tpxz. IER H~Z:Open 5pF H~Z:VoH-0.5V 

L~Z:Closed L~Z: VoL +0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Typical Input Typical Output 

Input 

2-208 

ProgramNerify 
Circuitry 

12350-020A 

PAL20X10A Series/AmPAL20L 10 

40 n NOM 

Input, 
110 

Pins 

Program/Verify/ 
Test Circuitry 

Preload 
Circuitry 

10303-014A 



OUTPUT REGISTER PRELOAD 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to VeeH. 

2. Set OE to V1HP to disable output registers. 

3. Raise pin 10 to VHH to enter pre load mode. 

4. Apply eitherV1HP or V1LP to all registered outputs. Use 
V1HP to preload a HIGH in the flip-flop; use V1LP to 

Parameter 
Symbol 

VHH 

V1LP 

V1HP 

VecH 

to 

Parameter Description 

Super-level input voltage 

Low-level input voltage 

High-level input voltage 

Power supply during preload 

Delay time 

Pin 10 

Registered 
Output 

to to 

preload a LOW in the flip-flop. Leave combinatorial 
outputs floating. 

5. Lower pin 10 to V1LP· 

6. Remove V1LPN1HP from all registered output pins. 

7. Lower OE to V1LP to enable the output registers. 

8. Verify VoLNoH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. Max. Unit 

19 20 21 v 
0 0 0.5 v 

2.4 5.0 5.5 v 
4.5 v 

100 200 1000 ns 

to to to 
V1HP 

V1LP 

VHH 

V1LP 

V1HP 
VoH 
VOL 
V1LP 

10303-015A 

Output Register Preload Waveform 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol Parameter Description 

tpR 

ts 

tWL 

Power-up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Power 

Registered 
Active-Low 

Output 

Clock 

can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 
1000 ns 

See Switching 

Characteristics 

Vee 

'\ 1WL 

12350-024A 

Power-Up Reset Waveform 

2-210 PAL20X10A Serles/AmPAL20L10 





-Com'I 

PAL221P6-25 
Interface Protocol Asynchronous Cell (IPAC) PAL® Device 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• PAL device optimized for asynchronous interface 

protocol applications 

• High current driving capabllity--48 mA/64 mA 

• Six unique edge-activated flip-flops 
- Three edge-activated Set-Reset flip-flops (S-R) 
- Three edge-activated Dual-Toggle flip-flops (2-T) 

• Two Edge-Activated-Inputs per flip-flop offer power­
ful system benefits: 
- S-R: input rejects signals once triggered 
- 2-T: simultaneous edge-activated-inputs 

allowed 

• Product term steering feature enhances flexibility 

• Individual level-sensitive Preset and Clear for each 
flip-flop 

• Programmable polarity for Edge-Activated Inputs {S, 
R, T1 and T,) 

• Individually programmable Asynchronous 
Preset/Clear: 

- Both override all Edge-Activated-Inputs to a cell 

- Preset has higher priority than Clear 

• Flip-flops can be bypassed Individually 

• Center V cc and Ground pins to reduce ground 
bounce 

• Special security fuse for design secrecy 

• Easy design with PALASM'" software 

• Programmable on standard PAL device 
programmers 

• 24-pln SKINNYDIP'" and 28-pln PLCC packages save 
space 

GENERAL DESCRIPTION 
The PAL221P6 Interface Protocol Asynchronous Cell (IPAC) 
PAL device contains two basic types of Edge-Activated-Input 
flip-flops. The first type of flip-flop is a new bistable structure 
known as the Dual-Toggle flip-flop (2-T). This bistable struc­
ture simply reverses output state whenever an active edge 
occurs on either of the two input lines. The two inputs (T, and 
T2) are totally independent of each other. The second type of 
flip-flop is an edge-activated Set-Reset flip-flop (S-R). With 
the S-R flip-flop, an active edge on the Set input causes the 
flip-flop to go HIGH, and an active edge on the Reset input 

causes the flip-flop to go LOW. The PAL221P6 has three sets 
of the S-R and 2-T macrocells, along with the PAL array for 
implementing logic functions. 

These flip-flops do not have a "data path", which means they 
have no setup or hold time constraints. In addition, all of the 
Edge-Activated-Input polarities are programmable, which 
provides the user a choice of either rising or falling edge for 
each input. 

BLOCK DIAGRAM 

This part is covered by various US and foreign patents owned by 
Advanced Micro Devices. PAL, PALASM. and SKINNYDIP are 
registered trademarks of Advanced Micro Devices. · 
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GENERAL DESCRIPTION (Cont'd.) 

All of the flip-flops feature level-sensitive Asynchronous Pre­
set (AP) and Asynchronous Clear (AC) inputs, which can 
override the Edge-Activated-Inputs. A HIGH logic level on the 
AP input of the flip-flop will cause the flip-flop to change to a 
logic 1 state asynchronously. Likewise, a HIGH logic level on 
the AC input of the flip-flop will cause the flip-flop to change to 
a logic O state asynchronously. The AP signal has priority over 
the AC signal; if both are HIGH simultaneously, the flip-flop 
will be preset to a logic 1 state. The AP and AC functions are 
discussed in more detail later. The IPAC flip-flops feature the 
capability of receiving both Preset and Clear signals in any 
order, even simultaneously, with predictable results. The 
output registers can be bypassed individually to provide more 
design flexibility. The output registers also include 1/0 feed­
back to enhance state machine designs. 

The IPAC PAL device is fabricated using Advanced Micro 
Devices' advanced MONOX Ill process, which is a fully ion­
implanted oxide-isolated stepper-aligned process. It provides 
high reliability, and high programming and functional yields. 
Special on-chip test circuits allow full AC, DC, and functional 
testing before programming. 

The PAL221P6 can be programmed on standard PAL device 
programmers with appropriate programming modules and 
software configurations. Design development is supported by 
Advanced Micro Devices' PALASM® software as well as by 
other programmable logic design tools available from third­
party vendors. 
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SKINNYDIP 

11 

lg 

96803 

CONNECTION DIAGRAMS 

Top View 

111 

112 
13 

113 

llOo 
14 

IK>1 Vee 

IK>2 NC 

GND 15 

1Kl3 

1Kl4 

l/05 

114 

l1s. 

le 

17 

96803A 

PIN DESIGNATIONS 

I• Input 
1/0 = lnpuVOutput 
V00 • Supply Voltage 

GND =Ground 
NC • No Connect 

ORDERING INFORMATION 
Standard Products 

PLCC 

!:.' = .!? !! : ~ "' 

IK>o 

IK>1 

IK>2 

NC 

GND 

l/03 

l/04 

-"' ~ 
0 !! "' 1 g"' 

AMD/MMI standard products are available in several packages. 
The order number (Valid Combination) is formed by a combination of: a. Device Number 

2-214 

b. Spead/Power Option 
c. Package Type 
d. Operating Conditions 
e. Optional Processing 

a.PROGRAMMABL~~ -r 
212 

IP 

ARRAYLOGIC ~ 
NUMBER OF 
ARRAY INPUTS 

6 -25 

P ~c I e. PROCESSING 

blank = Standard 
XXXX =Other 

d. OPERATING CONDITIONS 
OUTPUT TYPE C =Commercial (O'C to +75°C) 
IP = Interface Protocol 

~---c. PACKAGE TYPE 
NUMBER OF FLIP-FLOPS--------' P = Plestic SKINNYDIP (PD 3024) 

D =Ceramic SKINNYDIP (CD 3024) 

b. SPEED ---------------' 
-25-25 ns t'° 

J = Plestic Leaded Chip Carrier (Pl 028) 

Valid Combinations 

PAL221P6-25 PC, DC, JC 

Valid Combinations 

The Valid Combinations table lists configurations planned ID be supported in 
volume for this device. Consult the local AMO sales office ID confirm availability 
of specific valid combinations, ID check on newly released combinations, and ID 
obtain additional data on AMD's standard military grade products. 
Note: marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
The PAL221P6 has sixteen dedicated input lines and six 
programmable output macrocells with 110 pin feedback. Each 
macrocell has two Edge-Activated-Inputs and Asynchronous 
Preset and Clear inputs. The programming matrix imple­
ments a programmable AND logic array, which drives a fixed 
OR logic array. 

The programmable functions in the PAL221P6 are automati­
cally configured from the user's design specification. The 
design specification is processed by development software to 
verify the design and create a programming file. The file, once 
downloaded to a programmer, configures the device accord­
ing to the desired function. 

Powerful 2· T and S·R Flip-Flops 

The PAL221P6 has three positive edge-activated 2-Tflip-flops 
and three positive edge-activated S-R flip-flops. Each flip-flop 

96802 

OE 
AP------<! 

P1 

• • • 

has two Edge-Activated-Inputs wtth programmable polarity. 
These inputs are driven by an OR gate with up to nine product 
term inputs with product term steering. Each product term can 
have up to 22 inputs. The descriptions, macrocells, and 
function tables for both 2-T and S-R flip-flops are shown 
below. 

2· T Fllp·Flop Description 

The 2-Tflip-flop output will be toggled whenever a rising edge 
is applied to either of the two Edge-Activated-Inputs. Two 
rising edges between two inputs of the 2-T flip-flop can be 
totally asynchronous. Simultaneous rising-edge inputs will 
not cause metastability, and the flip-flop output will remain the 
same. 

Figure 1a. IPAC 2-T Macrocell 

Input to Flip-flop Output Function 

T1 T2 AP AC an+1 

t t 0 0 an Hold 

i t 0 0 an Toggle on T1 

t i 0 0 o;; Toggle on T2 
i i 0 0 an Dual Toggle; No Change* 
x x 1 x 1 Force Priority 1 
x x 0 1 0 Force Priority 0 

* Simultaneous edge triggering of T,rr2 is ALLOWED, and will result in 
the output not changing, or will produce a narrow pulse, depending on 
the timing lapse of the edges 

Nomenclature 

i = rising-edge transition 
X = don't care 
O = logic zero 
1 = logic one 
t = states other than a rising-edge transition 

(either 0, 1, or falling-edge transition) 

Table 1a. Edge-Activated 2-T Function Table 
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S·R Flip-Flop Description 

The S-R flip-flop will go HIGH after the first Set rising edge and 
will disregard the subsequent Set edges until a Reset signal 
is received. It will go LOW after the first Reset rising edge and 
will then disregard the subsequent Reset edges until the Set 
signal is received. The time lapse between the Set and Reset 

OE 
AP-----o 

P1 

pg 

AC------d 

active triggering edges on the device input should be greater 
than ls.A max in order to trigger on both inputs. H it is less than 
ts.A. min the second Edge-Activated-Input will not trigger the 
flip-flop. H it is between the t5.R max and t8.A min' the output will 
be unpredictable. · · 

l---------------~ 

96804 

Input to Flip-Flop 

s R AP AC 

t t 0 0 

t 1' 0 0 
1' t 0 0 
x x 1 x 
x x 0 1 

Output 

Qn+1 

°" 0 
1 
1 
0 

Figure 1b. IPAC S-R Macrocell 

Function 

Hold 

Reset to o on edge 
Set to 1 on edge 
Force Priority 1 
Force Priority O 

Nomenclature 

1' = rising-edge transition 
X = don't care 
O = logic zero 
1 = logic one 
t = states other than a rising-edge transition 

(either o, 1, or falling-edge transition) 

Note: Set and Reset edge-activated inputs must be separated by ts.A, max 

for output to change (refer to Special IPAC Timing Parameters). 

Table 1b. Edge-Triggered S-R Function Table 
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Programmable Edge-Activated-Input Polarlty 

The Edge-Activated-Inputs of each macrocell are asynchro­
nous with respect to each other, and the polarity of each 
triggering edge is independently programmable depending 
on the fuse on the input of the Exclusive-NOR gate. Since 
these inputs to each macrocell come from the programmable 
array, the flip-flops can be triggered independently. 

Product Term Steering 

Product term steering allows each pair of Edge-Activated­
Inputs to allocate terms to one input or the other (not both). 
Each macrocell has a total of nine data product terms; thus, 
one Edge-Activated-Input can use zero to nine while the other 
has nine to zero (e.g., three and six). Product terms can not 
be shared between flip-flop inputs. If both Edge-Activated­
Inputs need the same term, it must be created twice, once for 
each input. 

98808 

Figure 2. IPAC PAL Device Product Term Steering 

Programmable Level-Sensitive Asynchronous 
Preset and Clear 

Each macrocell flip-flop has separate sum terms for Asyn­
chronous Preset (AP) and Asynchronous Clear (AC). The 
Preset and Clear signals for all flip-flops are asynchronous 
and independently programmable. Both inputs are level­
sensitive and override the Edge-Activated-Inputs. Preset 
forces the output to go HIGH, while Clear forces the output to 
go LOW. When both signals are asserted simultaneously, 
Preset will override Clear. The IPAC flip-flops provide the 
capability to operate both Preset and Clear in any sequence, 
including simultaneously with predictable results. 

Note thatforthe IPAC PAL device, Asynchronous Preset and 
Asynchronous Clear are sum terms ratherthan product terms. 
Both Preset and Clear are controlled by independent OR 
gates with inverted inputs (Figure 3a). Since both the true and 
complement of every array input are available, the Preset and 
Clear equations can be written as a simple sum of device 
inputs and feedback. This allows more than one condition to 
force Preset and Clear, adding greater flexibility for the 
designer. Through DeMorganization, NANO gate control is 
also possible, as shown in Figure 3b. 

96809 

Figure 3. 
IPAC PAL Device Asynchronous Preset and Clear 

Figure 3a. 
10.SETF = A+/B+C 

OR Function 

/AB IC 

~ 
96809A&B 

Figure3b. 
10.SETF = /(/A•e•1c) 

DeMorganized Equivalent 

Registered or Combinatorial Outputs 

Each output of the PAL221P6 includes an edge-activated flip­
flop for data storage and synchronization. Any output can be 
configured to be combinatorial by selecting the multiplexer 
path that bypasses the output flip-flop. Bypass is automati­
cally selected if requested in the design specification. The 
unprogrammed configuration is a registered 1/0. 

Output Enable and High Current Bus Driver 

The flip-flop outputs can be enabled to present logic HIGH or 
logic LOW states, or can be disabled to provide a high­
impedance state. Each output enable is independently pro­
grammable by a dedicated product term. l/O pins 1100 , 110,. 
110 and 110 can drive up to 48 mA; 1/0 pins 1102 and 1103 can 
dri~e up to S4 mA. The high current output driving capability 
of the IPAC PAL device is designed to improve the perform­
ance and density of three-state memory address/data drivers, 
clock drivers and bus-oriented drivers for most buses in the 
market. 

Security Fuse 

After programming and verification, a PAL221P6 can be 
secured by programming the security fuse. Once pro­
grammed, this fuse defeats readback of the internal pro­
grammed pattern by a device programmer, securing proprie­
tary designs from competitors. 

Quality and Testability 

The PAL221P6 offers a very high level of built-in quality. Extra 
programmable fuses provide a means of verifying perform­
ance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to 
provide the highest programming yields. 
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IPAC DESIGN RESTRICTION 

OVeNlew 

The high-speed IPAC PAL device has one design restriction. 
On the S-R flip-flop, direct active-HIGH feedback from the 
output to the non-inverting R input will violate the timing 
requirements and the output will be unpredictable. The 
solution is to DeMorganize the R-input equation. 

Timing Requirement 

For the S-R flip-flop, active edges on S and R must be 
Separated by at least 's.R. ma• to guarantee that the flip-flop Will 
respond. If directfeedbackis used (Q is part of the Sor R-input 
equation) then one input may follow the other by \:ic>• the delay 
from input to registered feedback. Therefore, t.;10 must be 
greater than 's-R, m .. (Figure 7). We will refer to this as the 
feedback criterion. For the high-speed IPAC PAL device, we 
can guarantee this in all but one case. 

Slnput --1 
~\K>--.1 

a 0u1pu1 ---+I---__.. . . 
~ts-R--.1 

R Input --.....a...-----'· 

10997-001A 

Figure 7. If Q = R, t80 must be greater than tS-R 

Design Restriction 

This one case not allowed is direct active-HIGH feedback 
from Q to the non-inverting rising-edge triggered R input 
(Figure 8). This also includes feedback from a different 
flip-flop if both S inputs contain a common source input (Figure 
9). We will refer to this as direct feedback equivalent All other 
configurations are allowed. 

10997-002A 

Q.R := Q ; not allowed 

Figure 8. Direct active-HIGH feedback to R; 
not allowed 

01.S :=In 
02.S :-In 

In 

02.R := 01; not allowed 
R 

'---~s 02 

10997-oo:lC 

Figure 9. Equivalent to direct feedback; 
not allowed 

Solution 

The solution is to DeMorganize the equation so that two 
inversions are added to the feedback path, slowing it down. 
This translates to using IQ instead of Q in the R equation, 
and defining the R input as being falling-edge triggered 
(Figure 10). DeMorganization will affect the number of prod­
uct terms required, but the nine available terms will generally 
be sufficient. 

10997·004C 

/Q.R :=IQ ; allowed 

Figure 10. DeMorganlzed equivalent of Figure 8; 
allowed 
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Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature ................................ -65°C to + 150°C Commercial (C) Devices 
Supply Voltage to Ground Potential Temperature (TA) Operating Free Air ....... o•c to +75°C 

(Pin 24 to Pin 12) Continuous ............. -0.5 V to +7.0 V Supply Voltage (V eel ....................... +4. 75 V to +5.25 V 
DC Voltage Applied to Outputs 

(Except During Programming) ...... -0.5 V to + V cc Max. 
DC Input Voltage ....................................... -0.5 V to+ 5.5 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

DC Input Current ....................................... -30mA to +5 mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over COMMERCIAL operating range. 

Parameter Parameter 
Symbol Description Test Conditions 

v°" Output HIGH Voltage Vcc=Min l0 H=-3.2mA 

VIN = VIH Or VIL 

10 L = 24 mA 

l0 L =48 mA 
VOL Output LOW Voltage Vcc=Min {1100, 110,. 110 •• 110.) 

VIN= VIH Or VIL 
10 L =64mA 
(l/02, 1/03) 

VIH Input HIGH Level (Note 1) Guaranteed Input Logical HIGH 
Voltage for all Inputs 

VIL Input LOW Level (Note 1) Guaranteed Input Logical LOW 
Voltage for all Inputs 

v, Input Clamp Voltage Vee= Max., 11N =-18 mA 

\H Input HIGH Current (Note 3) Vee= Max., V1N = 2.4 V 

\L Input LOW Current (Note 3) Vee= Max., v,N = 0.4 v 

1, Maximum Input Current Vcc=Max., V1N=5.5V 

b Output Leakage Current v cc= Max., v,N = v,H or v,L l V0 =2.7V 

6. .(Note 3) l V0 = 0.4 V 

lsc Output Short-Circuit Current V cc = Max., V ouT = 0.5 V (Note 2) 

~c 'Power Supply Current Vcc=Max. 

Min. Max. 

2.4 

0.5 

0.6 

2.0 

0.8 

-1.2 

25 

-250 

100 

100 

-350 

-50 -225 

210 

Notes: 1. These are absolute values with respect to device ground and all overshoots due to system or tester noise 
are included. 

2. Not more than one output should be tested at a time. Duration of the short circuit should not be more than 
one second. V ouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

3. 1/0 pin leakage is the worst case of 102" and 11" (or 10 zL and l,J. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 1) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

Input or Feedback to Active LOW 
!PD Non-Registered Output 25 ns 

(Note 2) Active HIGH 

*tEIO Edge-Activated-Input to Output or Feedback (Notes 4, 5) 25 ns 

*ts R Dffferential Time Between E-A-1 Edges of S-R Cell (Notes 4, 5) 6 15 ns 

*t2-T Differential Time Between E-A-1 Edges of 2-T Cell (Note 4) 10 ns 

*tPW Edge-Activated-Input Pulse Width (Note 4) 17 ns 

!AP Asynchronous Preset to Registered Output 30 ns 

tAPW Asynchronous Preset Pulse Width 17 ns 

tAPR Asynchronous Preset Recovery Time 10 ns 

'•c Asynchronous Clear to Registered Output 30 

1Acw Asynchronous Clear Pulse Width 17 

IACR Asynchronous Clear Recovery Time 10 ns 

!,,. Input to Output Enable (Note 3) 20 ns 

tER Input to Output Disable (Note 3) 20 ns 

Notes: 1. Commercial Test Conditions: R, = 100 Q, R2 = 390 Q (see Switching Test Circuit). 
2. tP 0 is tested with switch S, closed and CL= 50 pF (including jig capacitance). V1H = 3 V, V,L = O V, 

V0 H m VOL= 1.5 V. 
3. For three-state outputs, output enable times are tested with CL = 50 pF to the 1.5 V; 51 is open for high impedance 

to HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH 
to high-impedance tests are made to an output voltage of V oH - 0.5 V with S, open; LOW to high-impedance tests 
are made to the V oL + 0.5 V level with s, closed. 

4. The definition of these parameters is in the Special IPAC Timing Parameters section. 
5. On the S-R flip-flop, direct active-HIGH feedback from the output to the non-inverting R input is not allowed. 

*SPECIAL IPAC TIMING PARAMETERS 

tE,0 Edge-Activated-Input to Output Time 
The Edge-Activated-Input to Output parameter is defined as 
the minimum time it takes to obtain a valid data level on the flip­
flop output after an Edge-Activated-Input is applied. 

t5 .R Differential Time between Edge-Activated-Input 
Edges Of S-R Cell 
This unique timing parameter, t5 _R• is defined as the minimum 
allowed time between active edges of the two inputs of the 
S-R flip-flop. if the time between adjacent active edges of 
these two inputs is greater than or equal to the maximum t8 ·R' 
the second Edge-Activated-Input will triggerthe flip-flop. If the 
time between active edges is less than or equal to the mini­
mum !5 _R• the second Edge-Activated-Input will nottrigger the 
flip-flop. However, if the time between active edges lies 
between the minimum and maximum 15 .R, the output will 
be unpredictable. 

t,,., Differential Time between Edge-Activated-Input 
Edges of 2-T Cell 
The minimum allowed time between active edges of the two 
inputs of the 2-Tflip flop. H the time between active edges of 
the two inputs is greater than the minimum 12_,. the output 
pulse will be measurable. If the time between active edges of 
the two inputs is smaller than the minimum t,.T' the output 
pulse will be just a glitch. Since simultaneous inputs will not 
cause metastability, the purpose of this parameter is to 
determine the dffferential time for inputs in order to get a 
measurable output pulse width. 

t•w Edge-Activated-Input Pulse Width 
The minimum Edge-Activated-Input pulse width required to 
activate the 2-T or S-R cell. 
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96810A 

968108 

96810C 

968100 

96810E 
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SWITCHING WAVEFORMS 

INPUT OR 
FEEDBACK 

COMBINATORIAL 
OUTPUT 
--~ 

Comblnatorlal Output 

EDGE-ACTIVATED t; 
INPUT ---~'~~\EIO T 

REGISTERED 
OUTPUT 

ASYNCHRONOUS 
PRESET 

REGISTERED 
OUTPUT 

EDGE-ACTIVATED­
INPUT 

ASYNCHRONOUS 
CLEAR 

REGISTERED 
OUTPUT 

EDGE-ACTIVATED­
INPUT 

INPUT 

OUTPUT 

~-------~ 

Registered Output 

Asynchronous Preset 

___________ FtAcR 

Asynchronous Clear 

Input to Output Disable/Enable 
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SWITCHING WAVEFORMS (Cont'd) 

EDGE-ACTIVATED-INPUT 

SET(RESETJ ____ .Jt"f-'-_.f\::,;~--------

EDGE-ACTIVATED-INPUT 
RESET (SET) -----+-

REGISTERED 

OUTPUT -----~ 

Differential Inputs for S-R Cell (Case 1) 

EDGE-ACTIVATED-INPUT 
SET (RESET) 

EDGE-ACTIVATED-INPUT 
RESET(SET) 

REGISTERED 
OUTPUT 

Differential Inputs for S-R Cell (Case 2) 

EDGE-ACTIVATED-INPUT 
T, (12) ----

EDGE-ACTIVATED-INPUT 

T2 (T1~) ----+--

REGISTERED 
OUTPUT 

2-T Cell Timing (Case 1) 

T,(12)--v~TVT_1st2-T -
EDGE-ACTIVATED-INPUT 

EDGE-ACTIVATED-INPUT 1 
T2 (T,) 

REGISTERED 
OUTPUT 'l:!XliX:..__ __ 

2-T Cell Timing (Case 2) 

Notes: 
1. V,-1.SV. 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 

PAL221P6-25 

1647C 11 

96812 E 

1647C 13 

1647C 14 

2-223 



SWITCHING TEST CIRCUIT INPUT/OUTPUT DIAGRAM 
EQUIVALENT INPUT TYPICAL OUTPUT 

Voo~-__,---- ~---~-~voo 

8k ONOM 400NOM 

OUTPUT 

96815 

= 1647C 16 

Measured 
Specification Switch S1 q_ R1 R, Output Value 

t,,0' fe10 Closed 50pF 1oon 3900 1.5 v 

h Z-7H:open 50pF 1oon 3900 1.5 v 
Z-7L: closed 

feR H-7Z:open 5pF 100 o 3900 H-7Z : v OH - 0.5 v 
L-7Z: closed L-7Z: VOL+ 0.5 v 

Key to Switching Waveforms 

ltl.AllEEQBM lliE1fil ~ 

MUST BE WILL BE 
STEADY STEADY 

\SSS~ MAY CHANGE WILL BE 

FROM H TO L CHANGING 
FROM HTO l 

Oil! MAY CHANGE WILL BE 

FROML TOH CHANGING 
FROM L TOH 

xxxxxx DON'T CARE, CHANGING, 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

J1) CK DOES NOT CENTER LINE IS 

APPLY HIGH IMPEDANCE 
"OFF" STATE 

968 07 

2·224 PAL221P6·25 



APPLICATION DESCRIPTION 

The IPAC PAL device is ideal for interfacing two system com­
ponents with different asynchronous protocol signals. In other 
words, handshake protocol signals of two peripherals, a 
processor and a peripheral, two processors, etc., which are 
not synchronized to a common clock, are ideal candidates for 
IPAC designs. 

The two types of IPAC registers, the edge-activated S-R 
register and the edge-activated Dual-T type register, not only 
can simplify asynchronous designs but also offer increased 
system performance over conventional solutions. They also 
eliminate the need for synchronizing the asynchronous sig­
nals, thereby eliminating instances where metastability can 
occur and improving system reliability. The next section de­
scribes this in detail. 

968 18 

Interface Design Example 

The advantage of the IPAC flip-flops is to enhance the system 
performance. The IPAC flip-flops eliminate the need for a 
clock, and consequently the need to synchronize asynchro­
nous signals. In conventional designs such synchronization 
requires two extra clock cycles to mitigate the effects of 
metastability. The following example of a simple request/ 
grant-type interface protocol illustrates the two major advan­
tages of the IPAC PAL device. 

The example interlaces a microprocessor to a peripherai 
using a request/grant handshake protocol. The microproces­
sor generates a chip-select (CSL) signal which is transformed 
to a peripheral-request (REQL) signal. The peripheral re­
sponds by generating a grant (GRANTL) signal, at which time 
the microprocessor removes its REQL signal. 

The conventional approach is to register the microprocessor 
CSL signal to generate a much longer REQL signal. It 
requires three registers and a clock to implement the design. 
The GRANTL signal is used to remove the REQL signal. This 
also requires two clock cycles. 

REOL 

Figure 12. Conventional Solution 

CSL 

CLK 

REQL 

968 19 

GRANTL 

TWO CLOCK CYCLE DELAY 
SLOWS SYSTEM PERFORMANCE 

Figure 13. Timing Diagram of a Simplified REQ/GRANT Protocol 
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The IPAC PAL device uses the falling edge of the CSL signal 
to generate the request (Figure 14) without the danger of 
metastability. It also removes its REQL signal on the falling 
edge of the GRANTL signal, again without any risk of metas­
tability. In both instances the output signal responds to the 
input without the two-clock cycle delay, thereby improving 
system performance. Table 2 describes the advantages of 
using the IPAC device versus standard TTL Logic (74FXXX) 
and the PAL20R88. 

74FXXX PAL20RBB 

Chip Count Comparison 

Handshake Speed' 

Design Complexity 

Metastability Possible 

1 

50 ns 

Complex 

Yes 

1/3 

54 ns 

Complex 

Yes 

Figure 14. The IPAC Solution 

IPAC 

1/3 

25 ns 

Simple 

No 

Table 2. Benchmark Comparison for Various Interface Designs 
• These numbers apply to both directions of handshake 
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-COM'L }It ..... 
AmPAL22P108/AL/A 
24-pin Combinatorial TTL Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• As fast as 15 ns maximum propagation delay 

• Universal combinatorial architecture 

• Programmable output polarity 

• Programmable replacement for high-speed 
TTL logic 

GENERAL DESCRIPTION 
The AmPAL22P10 utilizes Advanced Micro Devices· 
advanced oxide-isolated bipolar process and fuse-link 
technology. The devices provide user-programmable 
logic for replacing conventional SSl/MSI gates and flip­
flops at a reduced chip count. 

The AmPAL22P10 allows the systems engineer to im­
plement the design on-chip, by opening fuse links to 
configure AND and OR gates within the device, accord­
ing to the desired logic function. Complex interconnec­
tions between gates, which previously required time­
consuming layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur­
ing prototyping or production. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms. while the OR array sums selected terms at the 

BLOCK DIAGRAM 

• Easy design with PALASM® software 

• Programmable on standard PAL® device 
programmers 

• 24-pln SKINNYDIP® and 28-pln PLCC 
packages save space 

outputs. In addition, the PAL device provides the follow­
ing options: 

- Variable input/output pin ratio 

- Programmable three-state outputs 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Unused input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. See the Programmer Reference Guide for ap­
proved programmers. Once the PAL device is pro­
grammed and verified an additional fuse may be opened 
to prevent pattern readout. This feature secures proprie­
tary circuits. 

AmPAL22P10 
Inputs 

110 110 110 110 110 

PAL. PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part Is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

110 110 110 110 1/0 

1 2984--002A 

Publication# 12984 Rev. D Amendment /0 

Issue Date: January 1990 
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PRODUCT SELECTOR GUIDE 

tpo 
Family ns(Max.) 

Ve~ High Speed 
(''B' Versions 

H!tSpeed 
(" ') Versions 

Hi~Speed, 
Ha Power 
("AL") Versions 

CONNECTION DIAGRAMS 
Top View 

SKINNYDIP 

GND 

Vee 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

12984-003A 

PIN DESIGNATIONS 

GND 
I 
1/0 
NC 
Vee 

2-228 

Ground 
Input 
lnpuUOutput 
No Connect 
Supply Voltage 

15 

25 

25 

Ice loL 
mA(Max.) mA (Min.) 

210 24 

- 210 24 

105 24 

PLCC 
{) () 

~ ~ z ~ 

• 25 VO 

24 VO 

23 VO 

NC 22 NC 

21 1/0 

20 1/0 

19 VO 

0 {) - ~ ~ z z 
(') 

Note: 
Pin 1 is marked for orientation 

12984--004A 
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Oiii.JERiNG INf"OHMATION 

Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Power 
g. Package Type 
h. Operating Conditions 
i. Optional Processing 

AmPAL 22 P 10 A L P C 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE ----------' 
P = Programmable Polarity 

d. NUMBER OF OUTPUTS------~ 

e. SPEED 
B = 15 ns !po 
A= 25 ns tpo 

f. POWER ----------------' 
L =Low Power (105 mA Ice) 
Blank= Full Power (210 mA Ice) 

Valid Combinations 

AmPAL22P10 B,AL,A PC.JC, DC 

L OPTIONAL PROCESSING 
Blank =Standard Processing 

h. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

g. PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 

SKINNYDIP (P03024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 
D 24-Pin 300-mil Ceramic 

SKINNYDIP (C03024) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
All parts are produced with a fuse link at each input to the 
AND gate array, and connections may be selectively re­
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo­
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program­
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac­
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The AmPAL22P10 has twelve dedicated input lines, 
and all ten combinatorial outputs are 1/0 pins. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. A product term controls the buffer, allow­
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 1/0 pin, and may be con­
figured as a dedicated input if the buffer is always dis­
abled. 

Programmable Polarity 
The polarity of each output can be active-high or active­
low, either to match output signal needs or to reduce 
product terms. Programmable polarity allows Boolean 
expressions to be written in their most compact form 
(true or inverted), and the output can still be of the de­
sired polarity. It can also save "DeMorganizing" efforts. 

Selection is through a programmable fuse which con­
trols an exclusive-OR gate at the output of the AND/OR 
logic. The output is active high if the fuse is 1 (pro­
grammed) and active low if the fuse is 0 (intact). 

Security Fuse 
After programming and verification, an AmPAL22P10 
design can be secured by programming the security 
fuse. Once programmed, this fuse defeats readback of 
the internal programmed pattern by a device program­
mer, securing proprietary designs from competitors. 
When the security fuse is programmed, the array will 
read as if every fuse is programmed. 

Quality and Testability 
The AmPAL22P10 offers a very high level of built-in 
quality. Extra programmable fuses provide a means of 
verifying performance of all AC and DC parameters. In 
addition, this verifies complete programmability and 
functionality of the device to provide the highest pro­
gramming yields and post-programming functional 
yields in the industry. 

Technology 
The AmPAL22P10 is fabricated with AMD's advanced 
oxide-isolated bipolar process. This process reduces 
parasitic capacitances and minimum geometries to pro­
vide higher performance. The array connections are 
formed with proven PISi fuses for reliable operation. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
With Power Applied 

-65°C to + 1 so 0 c 

-55°C to + 12s0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-0.5 V to +5.5 V DC Input Voltage 

DC Input Current -30 mA to +5 mA 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC 1/0 Pin Voltage 

Static Discharge Voltage 

-0.5 V to Vee Max. 

2001 v 
Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL opera . 
specified 

Parameter 
Symbol Parameter Description 

VoH Output HIGH Voltage 

VoL 

Maximum lnpuf · ·· rrenf':?;' V1N = 5.5 V, Vee= Max. 

lozH Off-State Output tf~akage VouT = 2.7 V, Vee= Max. 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee= Max. 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee= Max. (Note 3) 

Ice Supply Current V1N= 0 V, Outputs Open 
(louT= 0 mA) 
Vee= Max. 

Notes: 

Max. Unit 

v 

0.5 v 

2.0 5.5 v 

0.8 v 

-1.2 v 
25 µA 

-100 µA 

1 mA 

100 µA 

-100 µA 

-30 -90 mA 

B,A 210 mA 

AL 105 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or liH and loZH). 

3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance1 Pins 1 13 V1N = 2.0 V Vee= 5.0 V 11 

l Others TA= +25°C 6 
pF 

Cour Output Capacitance Vour = 2.0 V f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
',,1,,,,1 

Parameter 
S mbol Parameter Descri tion Min. Unit 

tpo Input or Feedback to Combinatorial Output ns 

IEA ns 

trn Input to Output Disable Using Product Term ns 

Note: 
2. See Switching Test Circuit for test conditions . 
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SWITCHING WAVEFORMS 

Feedback VT 
Input or ~ 

-~tpo -VT 
Combinatorial 

Output 

t2015-010A 

Combinatorial Output 

Notes: 
1. VT= 1.5 V 
2. Input pulse amplitude O V to 3.0 V 
3 .. Input rise and fall times 2-5 ns typical. 

Input or 
Feedback ___ __, 

tER tEA 

Combinatorial -------- VT Output ____ .J...jl..£,;r 

12015-013A 

Input to Output Disable/Enable ' 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

0117 May Will be 
Change Changing 
from L to H from L to H 

™ 
Don't Care; Changing, 
Any Change State 
Permitted Unknown 

N-fil Does Not Center 
Apply Line is High-

E Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

sv 

Test Point 

12350-019A 

Measured 
Specification S1 CL R1 R2 Output Value 

1PO Closed 1.5 v 
1EA z~ H: Open 50 pF 1.5 v 

Z~L:Closed 2000 3900 

1ER H~Z:Open 5pF H ~z: VoH-0.5 v 
L~Z: Closed L ~z: VoL + 0.5 v 
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INPUT/OUTPUT E 

Input 

2-236 

ProgramNerify 
Circuitry 

12350-0208 

Typical Output 

_______ ..._ __ --o Vee 

AmPAL22P10B/AL/A 

40 n NOM 

Input, 
1/0 

Pins 

ProgramNerify/ 
Test Circuitry 
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-COM'L MIL 

PAL22V10-10/15 
AmPAL22V10/A 
PALCE22V1 OH-15/25/Q-25 
24-pln TTUCMOS Versatile PAL® Device 

DISTINCTIVE CHARACTERISTICS 
• As fast as 10 ns propagation delay and 71 MHz 

fMAX 

• Low-power EE CMOS versions 

• 10 macrocells programmable as registered or 
comblnatorlal, and active high or active low to 
match application needs 

• Varied product term distribution allows up to 
16 product terms per output for complex 
functions 

GENERAL DESCRIPTION 
The PAL22V10 provides user-programmable logic for 
replacing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to16 across the outputs 

BLOCK DIAGRAM 

CLK/lo 

,.. ... ~ 
Advanced 

Micro 
Devices 

• Global asynchronous reset and synchronous 
preset for initialization 

• Power-up reset for Initialization and register 
pre!oad fortestabi!ity 

• Easy design with PALASM® software 

• Programmable on standard PAL device 
programmers 

• 24-pln SKINNVDIP® and 28-pin PLCC 
packages save space 

(see Block Diagram). The OR sum of the products feeds E 
the output macrocell. Each macrocell can be pro­
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter-
mined by two fuses controlling two multiplexers in each 
macrocell. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. See the Programmer Reference Guide for ap­
proved programmers. 

11 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

PAL, PALASM, and SKJNNYOIP are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patenls CM'ned by Advanced Micro Devices. 

13003-001A 

Publication# 14004 Rev. A Amendment ID 

Issue Date: February 1990 
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PERFORMANCE OPTIONS 
Commercial 

Speed 
(tPO, ns) 

35 

25 

15 

10 

CMOS CMOS 
0-25 H-25 

CMOS 
H-15 

55 90 

Power (Ice, mA) 

OPERATING RANGES 

Commercial MllHary 

-10 -15 

-15 -20 

A(25 ns) A(30 ns) 

Std (35 ns) Std (40 ns) 

H-15 H-25 

H-25 H-30 

0-25 

2·238 

Std 

A 

-15 

-10 

180 

PAL22V10 



CONNECTION DIAGRAMS 
Top View 

SKINNYDIP/FLATPACK PLCC/LCC 

CLK/lo Vee 
0 

~ '" ~ h l/()g .!:1 
_, u 8 g ..::: u z > 

12 llOe 

110, b 1107 
I/Os l4 I/Os 
I/Os 

Is l/04 
Is I/Os 

11 1103 NC NC 

le 1102 Is l/04 
lg 1101 

h l/Oa 
ho l/Oo 

le l/02 
GND 111 

EJ 13003-002A .!!! 0 Cl u 0 g 13003-003A 
z z - g 
C!l 

Note: 

Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
110 I npul/Output 
NC No Connect 
Vee Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The order 
number (Valid Combination) is formed by a combination of: a. Family Type 

b. Technology 
c. Number of Array Inputs 
d. Output Type 
e. Number of Outputs 
f. Power 
g. Speed 
h. Package Type 
I. Operating Conditions 
j. Programming Designator 

PAL CE 22 V 10 H -15 P C 

a. FAMILY TYPE 
T 

PAL or AmPAL = Programmable 
Array Logic 

b. TECHNOLOGY~~~~~~~~ 
CE • CMOS Electrically Erasable 
Blank • Bipolar 

c. NUMBEROF 
ARRAY INPUTS 

d. OUTPUT TYPE ---------' 
V • Versatile 

e. NUMBER OF OUTPUTS 

t POWER~~~~~~~~~~~~~--' 

Q • Quarter Power (55 mA Ice) 
H = Half Power (90 mA Ice) 
Blank. Full Power (180 mA Ice) 

Valid Combinations 

PAL22V10-10 PC.JC, DC 

PAL22V10-15 

AmPAL22V10A 

AmPAL22V10 

PALCE22V1 OH-15 

PALCE22V1 OH·25 
blank, 

PALCE22V100-25 
/4 

2·240 PAL22V10 

PROGRAMMING DESIGNATOR 
Blank = Initial Release 
/4 = First Revision 
(May require different programmer 
revisions) 

I. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

h. PACKAGE TYPE 

g. 

P = 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 

J = 28-Pin Plastic leaded 
Chip Carrier (Pl 028) 

D = 24-Pin 300-mil Ceramic 
SKINNYDIP (CD3024) 

SPEED 
-10 = 10 ns tpo 
-15 = 15nstpo 
-25 = 25 ns !po 
A = 25 ns tpo 
Blank = 35 ns !po 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMD logo. 



ORDERING INFORMATION 
APL Products 

AMO programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina­
tion) is formed by a combination of: a. Family Type 

a. 

b. 

c. 

d. 

e. 

f. 

b. Technology 
c. Number of Array Inputs 
d. Output Type 
e. Number of Outputs 
f. Power 
g. Speed 
h. Programming Designator 
L Device Class 
j. Package Type 
k. Lead Finish 

PAL CE 22 v 10 H -25 

FAMILY TYPE T 
PAL or AmPAL =Programmable 
Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 
Blank = Bipolar 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V = Versatile 

NUMBER OF OUTPUTS 

POWER 
H = Half Power (1 00 mA Ice) 
Blank = Full Power (180-200 mA Ice) 

Valid Combinations 

PAL22V10-15 

PAL22V10-20 

AmPAL22V10A /BLA, /SKA, /B3A 
AmPAL22V10 

PALCE22V10H-25 
blankj 

PALCE22V1 OH-30 E4 

Group A Tests 
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Military Burn-In 

/B L A 

~· j. 
i. 

h. 

g. 

LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
L = 24-Pin 300-mil Ceramic 

SKINNYDIP (CD3024) 
K = 24-Pin Ceramic Flatpack 

(CFL024) 
3 = 28-Pin Ceramic 

leadless Chip Carrier 
(CL028) 

DEVICE CLASS 
/B = Class B 

PROGRAMMING DESIGNATOR 
Blank = Initial Release 
E4 = First Revision 
(May require different programmer 
revisions) 

SPEED 
-15 =15nstpo 
-20 = 20 ns tpo 
-25 = 25 ns tro 
-30 = 30 ns tpo 
A = 30 ns tpo 
Blank = 40 ns !po 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AM D's standard military 
grade products. 

Note: Marked with AMO logo. 

Military burn-in is in accordance with the current revision of Mll-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD's option. 
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FUNCTIONAL DESCRIPTION 
The PAL22V10 allows the systems engineer to imple­
ment the design on-chip, by opening fuse links (or pro­
gramming EE cells) to configure AND and OR gates 
within the device, according to the desired logic func­
tion. Complex interconnections between gates, which 
previously required time-consuming layout, are lifted 
from the PC board and placed on silicon, where they can 
be easily modified during prototyping or production. 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. 

The PAL22V10 has 12 inputs and 10 VO macrocells 
(Figure 1). The macrocell allows one of four potential 
output configurations; registered output or combinato­
rial 1/0, active high or active low (see Figure 2). The con­
figuration choice is made according to the user's design 
specification and corresponding programming of the 
configuration bits So - S1. Multiplexer controls are con­
nected to ground (0) through a programmable bit, se­
lecting the "0" path through the multiplexer. Program-

CLKilo 

ming the fuse or erasing the bit disconnects the control 
line from GND and it floats to Vee (1 ), selecting the "1" 
path. 

The device is produced with a fuse or EE cell link at each 
inputto the AND gate array, and connections may be se­
lectively removed by applying appropriate voltages to 
the circuit. Utilizing an easily-implemented program­
ming algorithm, these products can be rapidly pro­
grammed to any customized pattern. Information on ap­
proved programmers can be found in the Progr~mmer 
Reference Guide. Extra test words are pre-programmed 
during manufacturing to ensure extremely high field pro­
gramming yields, and provide extra test paths to 
achieve excellent parametric correlation. · 

Variable Input/Output Pin Ratio 
The PAL22V10 has twelve dedicated input lines, and 
each macrocell output can be an 1/0 pin. Buffers for de­
vice inputs have complementary outputs to provide 
user-programmable input signal polarity. Unused input 
pins should be tied to Vee or GND. 

11-111 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

13003-001A 

Figure 1. Block Diagram 
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Registered Output Configuration 
Each macrocell of the PAL22V10 includes a D-type flip­
flop for data storage and synchronization. The flip-flop 
is loaded on the LOW-to-HIGH transition of the clock in­
put. In the registered configuration (S1 = 0), the array 
feedback is from a of the flip-flop. 

AR 

0 

CLK 

SP S1 

Combinatorial 110 Configuration 
Any macrocell can be configured as combinatorial by 
selecting the multiplexer path that bypasses the flip-flop 
(S1 = 1). In the combinatorial configuration the feedback 
is from the pin. 

I/On 

S1 So Output Configuration 

0 0 Registered/Active Low 

0 Registered/Active High 

0 Combinatorial/Active Low 

1 Combinatorial/Active High 

O = Unprogrammed fuse or programmed EE bit 
1 = Programmed fuse or erased (charged) EE bit 

13003-004A 

Figure 2. Output Logic Macrocell Diagram 

Figure 3a. Registered/Active Low 

Figure 3b. Registered/Active High 

PAL22V10 

• 
• • 

Figure 3c. Combinatorial/Active Low 

• 
• 
• 

Figure 3d. Combinatorial/Active High 
13003-009A 
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Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. A product term controls the buffer, allow­
ing enable and disable to be a function of any product of 
device inputs or output feedback. The combinatorial 
output provides a bidirectional 110 pin, and may be con­
figured as a dedicated input if the buffer is always dis­
abled. 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" ef­
forts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com­
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini­
tion and output equation have the same polarity, the out­
put is programmed to be active high (So = 1). 

Preset/Reset 
For initialization, the PAL22V10 has additional Preset 
and Reset product terms. These terms are connected to 
all registered outputs. When the Synchronous Preset 
(SP) product term is asserted high, the output registers 
will be loaded with a HIGH on the next LOW-to-HIGH 
clock transition. When the Asynchronous Reset (AR) 
product term is asserted high, the output registers will be 
immediately loaded with a LOW independent of the 
clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL22V10 will de­
pend on the programmed output polarity. The Vee rise 
must be monotonic and the reset delay time is 1-10 µs 
maximum. 

Register Preload 
The register on the PAL22V10 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load-

ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Fuse 
Alter programming and verification, a PAL22V10 design 
can be secured by programming the security fuse or EE 
bit. Once programmed. this fuse defeats readback of the 
internal programmed pattern by a device programmer, 
securing proprietary designs from competitors. When 
the security fuse is programmed, the array will read as if 
every fuse is programmed, and preload will be disabled. 

For the CMOS PALCE22V10, a floating gate is used as 
the security bit. The bit can only be erased in conjunction 
with erasure of the entire pattern. 

Quality and Testability 
The PAL22V1 0 offers a very high level of built-in quality. 
Extra programmable fuses provide a means of verifying 
performance of all AC and DC parameters. In addition, 
this verifies complete programmability and functionality 
of the device to provide the highest programming yields 
and post-programming functional yields in the industry. 

The erasability of the CMOS PALCE22V10 allows direct 
testing of the device array to guarantee 100% program­
ming and functional yields. 

Technology 
The bipolar PAL22V10 is fabricated with AMD's ad­
vanced oxide-isolated bipolar process. This process re­
duces parasitic capacitances and minimum geometries 
to provide higher performance. The array connections 
are formed with proven PtSi fuses for reliable operation. 
The PAL22V10·10 uses TiWfuses. 

The CMOS PALCE22V10 is fabricated with AM D's ad­
vanced EE CMOS process. The array connections are 
formed by electrically-erasable floating gates similar to 
those found in EEPROMs. 

Programming and Erasing 
The PAL22V10 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 

The CMOS PALCE22V10 maybe erased to reset a pre­
viously configured device back to its virgin state. Era­
sure is automatically performed by the programming 
hardware. No special erase operation is required. 
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LOGIC DIAGRAM 
SKINNYDIP (PLCC/LCC) Pinouts 

CLK!lo w- ... lLLl 1 7 8 " 12 15 16 19 2-0 

:• 
23 24 27 28 31 32 35 36 39 40 43 

@!! 
(28) Vee 

AR 

~l/09 

110 ~-

GND lill---i 
3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

-@1,, 
~ 

14004-001A 
(14) ':."' 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 1 so0 c 

-55°C to + 12s0c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 v with Respect to Ground +4.75 V to +5.25 V 

-1.2 V to Vee+ 0.5 V DC Input Voltage (-10) 

DC Input Voltage (-15) 

DC Input Current (-15) 

-0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

-30 mA to + 5 mA 

DC Output or 1/0 Pin Voltage -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage 2001 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH = -3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage lot..= 16 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN= -18 mA, Vee= Min. -1.2 

hH Input HIGH Current V1N = 2.7 V, Vee= Max. (Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee= Max. (Note 2) -100 

h Maximum Input Current V1N = 5.5 V, Vee= Max. 1 

lozH Off-State Output Leakage Vour = 2.7 V, Vee= Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee= Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee= Max. (Note 3) -30 -90 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 180 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter -10 -15 
Symbol Parameter Description Test Conditions Typ. Typ. Unit 

C1N Input Capacitance lf'ins 1 13 V1N = 2.0 v Vcc• 5.0 V 6 9 
l::Qlhers TA= 25°C 6 

pF 
Co UT Output Capacitance Vour= 2.0 V f = 1 MHz 8 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

PRELIMINARY 

-15 
Parameter 

Symbol Parameter Description Min. 

tpo Input or Feedback to Combinatorial Output 

Is Setup Time from Input, Feedback or SP to Clock 10 

IH Hold Time 0 

tco Clock to Output 

lcF Clock to Feedback (Note 4) 

tAR Asynchronous Reset to Registered Output 

lARW Asynchronous Reset Width 15 

lARR Asynchronous Reset Recovery Time 10 

lSPR Synchronous Preset Recovery Time 10 

!wt_ LOW 6 

IWH 
Clock Width 

HIGH 6 

Maximum 
External Feedback 1/(ts + tco) 50 

IMAX Frequency Internal Feedback 1/(ts + lcF) 80 
(Note5) No Feedback 1 /(twH + !wt_) 83 

lEA Input to Output Enable Using Product Term Control 

lER Input to Output Disable Using Product Term Control 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Output delay minimums are measured under best-case conditions. 

4. Calculated from measured IMAX internal. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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Max. 

15 

10 

2.5 

20 

15 

15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Supply Voltage with 
Respect to Ground 

DC Input Voltage (-15) 

DC Input Voltage (-20) 

-65°C to + 150°C 

-0.5 V to +7.0 v 
-1.2 v to +7.0 v 
-0.5 v to +5.5 v 
-0.5 V to +7.0 V 

OPERATING RANGES 
Mllltary (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature 125°C Max. 

Supply Voltage (Vee) DC Output or 1/0 Pin Voltage 

DC Input Current (-20) -30 mA to +5 mA with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
. ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed . 

Note: 

1. Milfary products are tested at Tc - +25°C, + 125°C, 
and-55°C;per MIL-STD-883. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage loo=-2 mA V1N = V1H or V1t 2.4 v 
Vee= Min. 

Vat Output LOW Voltage IOL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

V1 Input Clamp Voltage hN= -18 mA, Vee= Min. -1.2 v 
hH Input HIGH Current V1N = 2.7 V, Vee =Max. (Note 4) 25 µA 

ht Input LOW Current V1N = 0.4 V, Vee= Max. (Note 4) -100 µA 

h Maximum Input Current V1N = 5.5 V, Vee = Max. 1 mA 

lozH Off-State Output Leakage Vour = 2.7 V, Vee =Max. 100 µA 
Current HIGH V1N = V1H or V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee =Max. -100 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 5) -30 -90 mA 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 200 mA 
Vee= Max. 

Notes: 
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 
3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
w~hout suitable equipment. 

4. VO pin leakage is the worst case of ht and lozt (or hH and loZH). 
5. Not more than one output should be tested at a time. Duration of the short-circu~ should not exceed one second. VOUT • 0.5 V 

has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter -15 -20 
Symbol Parameter Description Test Conditions Typ. Typ. Unit 

C1N Input Capacitance l:Pins 1 13 V1N= 2.0 V Vcc=5.0 V 6 9 
J Otners TA"' 25°C 6 pf 

Cour Output Capacitance Vour= 2.0 V f = 1 MHz 8 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

PRELIMINARY 

Parameter -20 

Symbol Parameter Description Min. 

tPO Input or Feedback to Combinatorial Output 

ts 17 

tH Hold Time 0 

tco Clock to Out ut 

tcF Clock to Feedback (Note 3 and 4) 

tAR Asynchronous Reset to Registered Output 

tARW Asynchronous Reset Width (Note 5) 20 

1ARR Asynchronous Reset Recovery Time (Note 5) 20 

tSPR Synchronous Preset Recovery Time (Note 4) 20 

tWL LOW 15 
Clock Width 

HIGH 15 tWH 
Maximum External Feedback 1/(ts + tco) 31.2 

fMAX Frequency 
(Note 6) Internal Feedback 1/(ts + tcF) 33.3 

tEA Input to Output Enable Using Product 
Term Control (Note 4) 

tER Input to Output Disable Using Product 
Term Control (Note 4) 

Notes: 
2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 

tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where these parameters may be affected. 

5. IARW and !ARR are not directly tested, but are guaranteed by the testing of ts and !AR· 

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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Max. Unit 

20 ns 

ns 

ns 

15 ns 

13 ns 

25 ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

20 ns 

20 ns 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

~5°C to + 1 so0c 

-55°C to + 12s0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-0.5 V to +5.5 V DC Input Voltage 

DC Input Current -30 mA to +5 mA 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output or 110 Pin Voltage -0.5 V to Vee Max. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ran 
specified 

Parameter 
Symbol 

VoH 

VoL 

lozL 

lsc 

Parameter Description 

Output HIGH Voltage 

Output LOW Voltage 

Ice Supply Current 

Notes: 

1N = 5.5 V, Vee = Max. 

VOln = 2.7 V, Vee = Max. 
V1N = V1H or V1L (Note 2) 

VOln = 0.4 V, Vee =Max. 
V1N = V1H or V1L (Note 2) 

Voor = 0.5 V, Vee = Max. (Note 3) 

V1N = 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 

v 

0.8 v 

-1.2 v 
25 µA 

-100 µA 

1 mA 

100 µA 

-100 µA 

-30 -90 mA 

180 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

CrN Input Capacitance [Pins 1 13 VrN = 2.0 V Vee= 5.0 V 11 
l Others TA= 25°C 6 

pf 
Cour Output Capacitance Vour = 2.0 V f = 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges ( 

Parameter 
Symbol 
!po 

- Is 

!co 

IAR 

ISPR 

IWL 

IWH 

Notes: 

2. 

Parameter Description 
Input or Feedback to Combinatorial Output 

Setup Time from Input, Feedback or SP to Clock 

Hold Time 

Clock to Output or Feedback 

25 

18 

25 

25 

3. These parameters ot 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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ns 

ns 

ns 

ns 

MHz 

35 ns 

35 ns 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to +150°C 

Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V 

DC Input Voltage -0.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee Max. 

DC Input Current -30 mA to +5 mA 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Ambient Temperature (TA) 
Operating in Free Air -55°C Min. 

Operating Case (Tc) 
Temperature + 125°C Max. 

Supply Voltage (Vee) 

Output Sink Current 100 mA (Note 6) with Respect to Ground +4.50 V to +5.50 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Note: 

DC CHARACTERISTICS over MILITARY operating ra 
(Note 2) 
Parameter 

Symbol 

VoH 

Vm 

lozL 

Parameter Description 

Output HIGH Voltage 

lsc Output Short-Circuit Current 

Ice Supply Current 

Notes: 

Vour = 2.7 V, Vee =Max. 
V1N = V1H or V1L (Note 4) 

Vour = 0.4 V, Vee =Max. 
V1N = V1H or V1L (Note 4) 

Vour = 0.5 V, Vee = Max. (Note 5) -30 

V1N = 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 

v 

v 

0.8 v 

-1.2 v 
25 µA 

-100 µA 

1 mA 

100 µA 

-100 µA 

-90 mA 

180 mA 

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and V1H are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 1/0 pin leakage is the worst case of liL and lozL (or l1H and lozH}. 

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 

6. Not more than one output should sink 100 mA at a time. Duration should not exceed one second. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance !Pins 1 13 V1N= 2.0 V Vee= 5.0 V 11 
l Others TA= 25°C 6 

pF 
Cour Output Capacitance Vour = 2.0 V I= 1 MHz 9 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 

Parameter 
Symbol 

!po 

Is 

tco 

IAR 

tARW 

IARR 

IWL 

IWH 

Notes: 
2. 

Parameter Description 
Input or Feedback to Combinatorial Output 

Setup Time from Input, or Feedback to Clock 

Hold Time 

Clock to Output or Feedback 

Asynchronous Reset to Register 

Asynchronous Reset Widt 

3. tARW and tARR are not directly tested, but are guaranteed by the testing of ts and tAR. 

16.5 

30 

30 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 

ns 

ns 

ns 

MHz 

40 ns 

40 ns 

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

Supply Voltage with Respect 
to Ground 

DC Input Voltage 
(Except Pin 5) 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 v to +7.0 v 

-0.5 V to Vee+ 0.5 V 

-0.6Vto +11.0 V 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 
(Except H-25) 

Supply Voltage (Vee) with 
Respect to Ground (H-25) 

0°C to +75°C 

+4.75 V to +5.25 v 

+4.5 V to +5.5 V DC Input Voltage (Pin 5) 

DC Output or 1/0 Pin 
Voltage -0.5 V to Vee + 0.5 V 

2001 v 
Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 

Latchup Current 
(TA= 0°C to +75°C) 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage loH = -3.2 mA V1N = V1HOr V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage loL=16mA V1N = V1H or V1L 0.4 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.5 V, Vee= Max. (Note 2) 10 µA 

hL Input LOW Leakage Current V1N = 0 V, Vee= Max. (Note 2) -10 µA 

loZH Off-State Output Leakage VouT = 5.5 V, Vee= Max., 10 µA 
Current HIGH V1N = V1L or V1H (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee= Max. -10 µA 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit VouT = 0.5 V, Vee= Max. (Note 3) -30 -150 mA 
Current 

Ice Supply Current V1N = 0 V, Outputs Open Hj 90 
mA 

(louT = 0 mA), Vee= Max. 55 

Notes: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 5 

TA= 25°C pF 
Cour Output Capacitance VouT = 2.0 V f = 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacttance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
·15 -25 

Parameter 
Symbol Parameter Description Min. Max. Min. 

tpo Input or Feedback to Combinatorial Output 15 

Is Setup Time from Input, Feedback or SP to Clock 10 15 

IH Hold Time 0 0 

lco Clock to Output 10 

ICF Clock to Feedback (Note 3) 7 

IAR Asynchronous Reset to Registered Output 20 

IARW Asynchronous Reset Width 15 25 

IARR Asynchronous Reset Recovery Time 10 25 

lsPR Synchronous Preset Recovery Time 10 25 

!wt LOW 8 13 

IWH 
Clock Width 

HIGH 8 13 

Maximum External Feedback J 1/(ts + tco) 50 33.3 
Frequency 

IMAX (Note 4) Internal Feedback J 1/(ls + lcF) 58.8 35.7 

IEA Input to Output Enable Using Product Term Control 15 

IER Input to Output Disable Using Product Term Control 15 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured fMAx internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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Max. 

25 

15 

13 

25 

25 

25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

OPERATING RANGES 
Military (M) Devices (Note 1) 

Operating Case 
Temperature (Tc) 

Supply Voltage (Vee) 
with Respect to Ground 

-55°C to + 125°C 

+4.5 V to +5.5 V 

DC Input Voltage 
(Except Pin 5) -0.5 V to Vee+ 0.5 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Voltage (Pin 5) -0.6Vto+11.0V 

-0.5VtoVcc+0.5V 
Note: 

DC Output or 1/0 Pin Voltage 

Static Discharge Voltage 

Latchup Current 

2001 v 1. Military products are tested at Tc - +25°C, +125°C 
and -55°C, per MIL-STD-883. 

(TA = -55°C to + 125°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified 
(Note 2) 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH =-2.0 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage loL = 12 mA V1N = Vitt or V1L 0.4 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 3) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 3) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee = Max. (Note 4) 10 µA 
hL Input LOW Leakage Current V1N = 0 V, Vee= Max. (Note 4) -10 µA 

lozH Off-State Output Leakage Vour = 5.5 V, Vee= Max. 
10 µA Current HIGH V1N = Vitt or V1L (Note 4) 

lozL Off-State Output Leakage Vour = 0 V, Vee =Max. -10 µA 
Current LOW V1N = V1H or V1L (Note 4) 

lsc Output Short-Circuit Current Vour = 0.5 V Vee= Max. -30 -150 mA 
(Note 5) 

Ice Supply Current V1N = 0 V, Outputs Open 100 mA 
(lour= 0 mA), Vee= Max. 

Notes: 
2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 

3. V1L and V1H are input conditions of output tests and are not themselves directly tested. V1L and Vitt are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. 110 pin leakage is the worst case of hL and lozL (or liH and loZH). 

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT .. 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where lsc may be affected. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 8 

TA= 25°C pF 
Cour Output Capacitance Vour = 2.0 V f = 1 MHz 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacfance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2) 

Parameter -25 -30 

Symbol Parameter Description Min. Max. Min. Max. 

!po Input or Feedback to Combinatorial Output 25 30 

ts SetUQ_ Time from lrlQUI, Feedback or SP to Clock 20 20 

tH Hold Time (Note 4) 0 0 

tco Clock to Ou!E!Jt 20 20 

lcF Clock to Feedback (Note 3) 18 18 

IAR Asynchronous Reset to Registered Output 30 35 

lARW Asynchronous Reset Width (Note 4) 25 30 

IARR Asynchronous Reset Recovery Time (Note 4) 25 30 

ISPR Synchronous Preset Recovery Time 25 30 

IWL 
Clock Width 

LOW 15 15 

lwH HIGH 15 15 

Maximum External Feedback} 1/(ts +!co) 25 25 
IMAX Frequency 

(Note 5) Internal Feedback J 1/(ts + lcF) 26 26 

IEA Input to Output Enable Using Product 25 30 
Term Control (Note 4) 

tER Input to Output Disable Using Product 25 30 
Term Control (Note 4) 

Notes: 

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 7, 8, 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where these parameters may be affected. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time 
the design is mod~ied where frequency may be affected. 

PALCE22V10H-25/30 (Mil) 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

ns 

ns 
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SWITCHING WAVEFORMS 

Feedback VT Input or t 
-xxmtPO ~VT Combinatorial 

Output 

Clock 

Clock 

Input 
Asserting 

Asynchronous 
Reset 

Registered 
Output 

Clock 

Notes: 

1. VT• 1.5 V. 

12015-010A 
Combinatorial Output 

..---- ts+tcF ---

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

VT 

12015-011A 

Clock Width 

tARR 

VT 

13003-00SA 
Asynchronous Reset 

2. Input pulse amplitude O V to 3.0 V. 

·~---~t~lJ 
Registered_______ 

1~}ro 1 
Output ~ 

12015-012A 
Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I I 
I LOGIC REGISTER I 
I I 
I I 
I ~F I 
I I 
~-------------------J 

12015-021A 

Input 

tER tEA 

Output ~~--'"""---_,_....,.... VT 
-----LL.I.~ 

Input 
Asserting 

Synchronous 
Preset 

Clock 

Registered 
Output 

12015-013A 

Input to Output Dlsable/Enable 

m.___vT_ 
13003-007A 

Synchronous Preset 

3. Input rise and fall times 2-5 ns typical. (2-4 ns for 22V10-10) 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

mo 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

tpo, tco. tcF Closed 

tEA z~ H: Open 50 pf 
z ~L: Closed 

trn H~Z:Open 5 pf 
L ~z: Closed 

5V 

INPUTS 

Must be 
Steady 

May Change 
from H to L 

May Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

Commercial 

R1 R2 

300Q 390Q 

PAL22V10 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L lo H 

Changing, 
State 
Unknown 

Center Line 
is High­
Impedance 
"Off"State 

Test Point 

12350-019A 

Military 

R1 R2 

390Q 750Q 

CMOS: CMOS: 
338Q 248Q 

KS000010-PAL D 

Measured 
Output Value 

1.5 v 
1.5 v 

H~Z:VoH-0.5V 

L ~Z: VoL + 0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 
Bipolar Devices Only 

Input 

. 2-260 

Typical Input 

Vee 

ProgramNerify 
Circuitry 

12468-017A 

PAL22V10 

Typical Output 

Input, 
110 

Pins 

Program/Verify/ 
Test Circuitry 

Preload 
Circuitry 

12468-018A 



ENDURANCE CHARACTERISTICS 
The PALCE22V10 is manufactured using AMD's ad­
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

Endurance Characteristics 

Symbol Parameter 

toR Min. Pattern Data Retention Time 

N Min. Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 
CMOS Devices Only 

ESD ProgramNerify 
Protection Circuitry 

Input 

parts. As a result, the device can be erased and 
reprogrammed - a feature which allows 100% testing at 
the factory. 

Min. Units Test Conditions 

10 Years Max. Storage 
Temperature 

20 Years Max. Operating 
Temperature (Military) 

100 Cycles Normal Programming 
Conditions 

Vee 

Vee 

Preload Feedback 
Circuitry Input 

Output 12197-013A 
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OUTPUT REGISTER PRELOAD 
Bipolar Devices Only 
The preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 

2. Setpins2 and3(and13for AmPAL22V10/A) to VHH 
to disable outputs and enable preload. 

3. Apply the desired value (V1LPNiHP) to all registered 
output pins. Leave combinatorial output pins 
floating. 

Parameter 
Symbol 

VHH 
VtLP 
V1HP 
to 

Pins2, 3 
(and 13 for 

AmPAL22V1 O/A) 

Registered 
Outputs 

Parameter Description 

Super-level input voltage 
Low-level input voltage 
High-level input voltage 
Delay time 

to 

4. Clock pin 1 from V1LP to V1HP· 

5. Remove VtLPNiHP from all registered output pins. 

6. Lower pins 2 and 3 to VtLP· 

7. Enable the output registers according to the 
programmed pattern. 

8. Verify Vo1NOH at all registered output pins. Note that 
the output pin signal will depend on the output 
polarity. 

Min. Rec. Max. Unit 

10 11 12 v 
0 0 0.5 v 

2.4 5.0 5.5 v 
100 200 1000 ns 

to 
------ VtHP 

Clock 

VoH 
VoL 

------ VtLP _m-imJ-_''?... -----_------ VtHP 

14004-002A 

Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 
CMOS Devices Only 
The preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 

2. Set pin 5 to VHH to disable outputs and enable 
preload. 

3. Apply the desired value (V1LPIV1HP) to all registered 
output pins. Leave combinatorial output pins 
floating. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 

V1LP Low-level input voltage 

V1HP High-level input voltage 

tPLD Setup and Hold Data to Preload (Pin 5) 

4. Clock pin 1 from V1LP to V1HP· 

5. Remove V1LPIV1HP from all registered output pins. 

6. Lower pin 5 to V1LP· 

7. Enable the output registers according to the 
programmed pattern. 

B. Verify V m!VoH at all registered output pins. Note that 
the output pin signal will depend on the output 
polarity. 

Min. Rec. Max. Unit 

9.5 10 10.5 v 
0 0 0.5 v 

3.0 4.0 Vee v 
50 50 µs 

tpsu Data Setup Prior to Applying Preload Latch Pulse 1.0 1.0* µs 

tPDH Data Hold After Latch Pulse 1.0 1.0* 

IPH Mode Hold After Latch Pulse 1.0 1.0* 

tpw Latch Pulse Width 1.0 1.0* 

tvo 1/0 Valid After Pin 5 Drops from VHH to TTL Levels 

dVr 
dt VHH Rising Slew Rate (Pin 5) 10 

dVI VHH Falling Slew Rate (Pin 5) 2.0 
dt 

* Recommended value is as close to 1.0 µs +tolerance as practical, but not less than 1.0 µs. 

Pin 5 

Registered 
Outputs 

Clock 

tpsu 

tpw 

Output Register Preload Waveform 

PAL22V10 

V1HP 
VoH 
VoL 
VtLP 

µs 
µs 

µs 

100 µs 

100 V/µs 

3.0 V/µs 

14004-003A 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed pat­
tern. This feature is valuable in simplifying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol 

IPR 

ts 

IWL 

Power 

Registered 
Active-Low 

Output 

Clock 

Parameter Description 
Power-up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 
Bipolar 1 µs 
CMOS 10 

See Switching 
Characteristics 

Vee 

12350-024A 

Power-Up Reset Waveform 
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1.fiEJ,!.IJIMi.!l,,\.OM COM'L ..._ ... 
PALCE22V1 OZ-25 
Zero Standby Power 24-pin EE CMOS Versatile PAL® Device 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Zero standby power allows battery operation 

• 10 macrocells programmable as registered or 
comblnatorlal, and active high or active low to 
match application needs 

• Varied product term distribution allows up to 
16 product terms per output for complex 
functions 

• Easy design with PALASM® software 

GENERAL DESCRIPTION 
The PALCE22V10Z is a zero standby power version of 
the popular PAL22V10 programmable logic device. 
Zero standby power (100 µA max) and low operating 
power allow the PALCE22V10Z to be used in battery­
powered systems. The PALCE22V10Z is pin-compat­
ible with the other PAL22V10 devices. 

The PALCE22V1 OZ utilizes Advanced Micro Devices· 
advanced low-power, high-speed EE CMOS technol­
ogy. The device provides user-programmable logic for 
replacing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 

BLOCK DIAGRAM 
CL Kilo 

• Global asynchronous reset and synchronous 
preset for initlalizatlon 

• Power-up reset for lnltlallzatlon and register 
preload for testability 

• Programmable on standard PAL device 
programmers 

• 24-pln SKINNYDIP® and 28-pln PLCC 
packages save space 

terms, while the OR array sums selected terms at the 
outputs. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro­
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter­
mined by two bits controlling two multiplexers in each 
macrocell. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is program­
med on conventional PAL device programmers with ap­
propriate personality and socket adapter modules. 

11 

Programmable 
AND Array 
(44 x 132) 

VOo vo, VOs vo. 
VOg 13003-001 A 

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is in- Publication# 14001 Rev. A Amendment /O 
tended lo help you evaluate this product. AMD reserves the right to change or discontinue work on this prqx>Sed produd w~hout 
notice. PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. This pan is protected by various Issue Date: January 1989 
U.S. and foreign patents owned by Advanced Micro Devices. ...._ ___________ _. 
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-COM'L 

AmPAL2358-20/25 
20-Pin PAL® Device-Based Sequencer 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 14 Registers 

- 4 Output Logic Macrocells 
- 4 Output Registers 
- 6 Buried State Registers 

• 23 possible array inputs and 8 outputs in a 20-pin 
package 

• 33-MHz external/ 40-MHz internal cycle time 
• Variable product term (PT) distribution for increased 

design flexibility 
• Asynchronous and synchronous outputs supported for 

both Mealy- and Moore-type state-machine implementa­
tions 

GENERAL DESCRIPTION 
The AmPAL23S8 is the first programmable array logic 
(PAL)-based sequencer device. It utilizes the familiar sum­
of-products (AND-OR) logic structure, allowing users to 
customize logic functions by programming the device for 
specific applications. The AmPAL23S8 combines the ease 
of use of the familiar 20-pin PAL devices with the advanced 
"macrocell" concept introduced in the AmPAL22V10, as 
well as six Buried State Registers (BSRs). 

The AmPAL23S8 provides up to twenty-three array inputs 
and eight outputs. Four of the outputs are Output Logic 
Macrocells (OLMs) capable of being individually programmed 
as "combinatorial" or "registered," with active-HIGH or 
active-LOW polarity on each output. The other four are 
"registered" outputs, also capable of being programmed for 
active- HIGH or LOW polarity. All the flexibility on the outputs 
result in the simplification of logic design. The need to 
perform "DeMorgan's Law" on equations to have them fit 
into a PAL device is now a thing of the past. Each of the eight 
output registers can also be used dynamically as an input or 
output for greater design flexibility. 

BLOCK DIAGRAM 

• Individually user-programmable Output Enable (OE) PTs 
with polarity control 

• PTs for observing the buried registers on 6 of the 
output pins 

• Separate PTs for common Synchronous PRESET 
and common Asynchronous RESET of all registers 

• PRELOAD available on all registers for added test 
capability 

• 99.9% post programming functional yield (PPFY) 
• Platinum-Silicide fuse technology produces the most 

reliable bipolar programmable devices available 
today 

The AmPAL23S8 also offers designers increased flexibility 
and control over Output Enable (OE) functions. Each output 
is logically controlled by an OE product term (Pl), with 
programmable OE polarity control. This allows the designer 
to use more complex control than previously available. 

The six BSRs provide designers with enhanced logic power 
for sequencer applications. These registers are not only 
available to the system designer for use in sequencer 
applications (without the expense of a valuable 1/0 pin), but 
they may also be observed on the output pins during test. 
The observability of these registers on a programmable­
logic sequencer adds to the list of features which make this 
device unique, simple to design with, and simple to debug. 

System operation has been enhanced by the addition of 
Synchronous PRESET and Asynchronous RESET PTs. The 
AmPAL23S8 also incorporates the unique capability of 
PRELOADing the eight output registers and the BSRs to 
any desired state during testing. This is essential to permit 
full logical verification during test. 

Input a 

Burled Registers 

PAL is a registered trademark of Advanced Micro Devices. 

Output Logic 
Macrocells 

This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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CONNECTION DIAGRAM 
Top View 

DIP 

• Yee CLOCK 1 20 

•o 2 18 VO, 

•1 3 18 V09 

•2 4 17 V05 

13 5 18 V04 

14 8 16 V03 

15 7 14 VOz 

•a 8 13 V01 

17 9 12 VOo 

QND 10 11 •a 

CD009870 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 
Standard Products 

Pin Description 

Vee= Supply Voltage 

GNO=Ground 

CLOCK = Clock Pin 

lo - le = Dedicated Input Pins (9) 

l/Oo - llD7 = Bidirectional 110 Pins (8) 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number 

B. Speed 
C. Package Type 
D. Operating Conditions 
E. Optional Processing 

-20 c 

T~-----E. OPTIONAL PROCESSING 
Blank • Standard processing 

'---------D. OPERATING CONDITIONS 
C: Commercial (0 to+ 75°C) 

'-------------C. PACKAGE TYPE 
P - 20-Pin Plastic DIP (PD 020) 
D • 20-Pin Ceramic DIP (CD 020) 

'-----------------&.SPEED 
-20-20 ns 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL23S8 
2o-Pin IMOX PAL-Based Sequencer 

-25=25 ns 

Valid Combinations 

AMPAL23S8-20 l PC, DC 

AMPAL23S8-25 I PC, DC 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMO sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 

Note: Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 

The AmPAL23S8 is an advanced bipolar programmable array 
logic (PAL)-based sequencer. It contains a programmable 
array organized in the familiar sum-of-products structure. The 
structure of this device makes it particularly ideal for state 
machine applications. Any design which employs the use 
of complex state functions is a prime candidate for the 
AmPAL23S8. 

The block diagram on the first page shows the basic archi­
tecture of this device; a maximum of 23 array inputs and 8 
outputs are available. The inputs are connected to a program­
mable AND array containing 135 product terms (PTs), of 
which 124 are logical PTs and 11 are control PTs. Before 
programming, the AND gates are connected to both the true 
and complement of every input. By selectively programming 
fuses, the AND gates may be connected to only the true input, 
the complement input, or to neither type of input, establishing 
a logical "don't care " . When both the true and complement 
fuses are left intact, a logical FALSE results on the output of 
the AND gate. An AND gate with all fuses blown will assume 
the logical TRUE state. The outputs of the AND gates are 
connected to OR gates. 

Variable Product Term (PT) Distribution 

The number of AND gates assigned to each OR gate varies in 
a fixed manner for each output as shown in the logic diagram 
(Figure 5). The OR gate outputs feed dedicated registers and 
macrocells. Each OR gate averages approximately ten PTs for 
output registers and macrocells. This gives the capability of 
using from eight to twelve logical PTs on one output in a single 
clock cycle (no feedback necessary). Buried state registers 
(BSRs) have an average of eight PTs per OR gate, providing 
the capability of using from six to ten logical PTs in one BSR in 
a single clock cycle. 

Variable Output Architecture: Output Logic 
Macrocells (OLMs) 

An innovation in logic design is the implementation on the 
AmPAL23S8 of variable output architecture on four of the 
outputs. These Output Logic Macrocells (OLMs) are user 
programmable for a great deal of design flexibility. Each of the 
four OLMs can be independently programmed for eight 
distinct configurations. The outputs can be either "registered" 
or "combinatorial;" they can also be individually programmed 
for active-HIGH or active-LOW polarity. Finally, the feedback 
paths which feed through the multiplexer back to the AND 
array can be programmed so that they originate either from 
the register or from the 1/0 pin. From the feedback multiplexer 
both the true and complement of the output going back to the 
array are available. All possible configurations of the OLMs are 
illustrated in Figures 4-1 through 4-8. For maximum flexibility, 
selection of output polarity and feedback path are kept 
independent of each other. 

Output Registers 

In addition to the four OLMs on the AmPAL23S8, there are 
also four output registers. The data on the output registers 
may be fed back to the array. When the output is disabled, the 
pin may be used as an external input. Since each of the eight 
outputs can obtain feedback from the pins associated with 
them, all eight of them provide the advantage of being usable 
dynamically as either inputs or outputs, significantly increasing 
design flexibility and possibilities. 

Buried State Registers (BSRs) 

The six observable Buried State Registers are one of the key 
features of the AmPAL23S8. All BSR outputs are fed back to 
the AND array, but they do not use up an output pin. The state 
of each BSR is, however, observable on an associated output 
pin by activating the user-programmable Observability 
product term as well as the appropriate Output Enable 
product term. 

The extensive user-programmable flexibility enhances the 
usefulness of this device for different types of state machine 
implementations. The possibility exists to create both the 
Mealy and Moore type of design in the same device. 

Programmable Output Polarity 

Each output has a user-programmable output polarity fuse 
which, when blown. indicates that the output will be active 
HIGH, and when intact, active LOW. The obvious benefit of 
this enhancement is the increased flexibility of design. With 
the choice of output polarity, there is no need to DeMorganize 
equations to fit the device, allowing for more efficient designs 
both in terms of the amount of time spent in design as well as 
effective utilization of the device. 

For further enhancement of the increased logic power of the 
AmPAL23S8, each output has a PT to control Output Enable 
(OE) with programmable polarity. 

PRESET/RESET 

To improve functionality at the system level, the AmPAL23S8 
has additional RESET and PRESET PTs. One PT controls 
Output Register and BSA PRESET, and one PT controls the 
RESET for these registers. When the Synchronous PRESET 
PT is asserted (HIGH), all registers are loaded with a HIGH on 
the next LOW-to-HIGH clock transition. When the Asynchro­
nous RESET PT is asserted, all registers are immediately 
loaded with a LOW, independent of the clock. These functions 
are particularly useful for applications such as system power­
up and RESET. 

PRE LOAD 

In order to simplify testing, the AmPAL23S8 is designed with 
PRELOAD circuitry that provides an easy method for testing 
logical functionality. PRELOAD allows any arbitrary "present 
state" values to be loaded into the OLMs, BSRs and Output 
Registers of this device. OLM Registers and BSRs are 
PRELOADed in separate cycles, allowing them to be PRE­
LOADed with different values. Logic verification sequences 
can be significantly shortened, and all possible state se­
quences tested, reducing test time and development costs, 
and guaranteeing proper functionality in system. 

A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
to an arbitrary "present state" value and to set the device 
inputs to any arbitrary "present input" value. Once this is 
done, the state machine is then clocked into a new state, or 
"next state," which can be checked to validate the transition 
from the "present state." In this way, any state transition can 
be checked. 

It is obvious that to attempt the debugging of a design using 
BSRs without the benefit of PRELOAD capability would be 
quite difficult. The combination of this feature and the BSRs 
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being observable is virtually indispensible for efficient and 
trouble-free state machine design. 

Observability 
This extra ease of debugging the design comes from the 
use of the Observability (OBS) PT. The outputs must first 
be enabled according to the programmed pattern. When 
the OBS PT is selected, it disables all the Output Registers 
and Macrocell buffers, and enables the BSR buffers onto 
the output pins 13 through 18. When the OBS PT is not 
selected, the Output Registers and Macrocell buffers are 
enabled and the BSR buffers are disabled. When all the 
fuses for this PT are intact, (i.e., OBS is not selected), the 
data from the BSRs will not be visible on the output pins, 
and the Output Registers and OLMs will be enabled. 

Processing and Fuse Technology 
The AmPAL23S8 is manufactured using Advanced Micro 
Devices' IMOX oxide isolation process. This advanced 

_OE.;.;;___~o 

Po 

• 
• 
• 

I 
I 
I 

SP 

I S3 

process permits an increase in density and a decrease in 
internal capacitance resulting in the fastest possible 
programmable logic devices. 

The AmPAL23S8 is fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide fuse technology. Utilizing an 
easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. Extra 
test words are preprogrammed during manufacturing to en­
sure extremely high field programming yields ( > 98%), and 
provide extra test paths to achieve excellent parametric 
correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large, noncon­
ductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers high reliability for fusible link pro­
grammable logic. 

Rx 

AR 
SP 
OBS 

L------------------

Common Asynch Reset 
Common Synch Preset 
Common Observability 
Term 

so OUTPUT ENABLE POLARITY 

0 ENABLED HIGH 08207-001A 

1 ENABLED LOW 

S1 $2 S3 OUTPUT CONFIGURATION 

0 0 0 ACTIVE LOW/REG/REG FEEDBACK 

0 0 1 ACTIVE LOW/REG/10 FEEDBACK 

0 1 0 ACTIVE LOW/COMB/REG FEEDBACK 

0 1 1 ACTIVE LOW/COMB/10 FEEDBACK 

1 0 0 ACTIVE HIGH/REG/REG FEEDBACK 

1 0 1 ACTIVE HIGH/REG/IQ FEEDBACK 

1 1 0 ACTIVE HIGH/COMB/REG FEEDBACK 

1 1 1 ACTIVE HIGH/COMB/IQ FEEDBACK 
0 = INT ACT FUSE 
1 = PROGRAMMED FUSE 

Figure 1. Output Logic Macrocell (OLM) 
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so 
0 

1 

2-270 

r------------------, 
OE I 
----~[)~---11----t1---\\~------~ 

Po 

• 
• 
• 

So 

AR 

SP S1 

AR Common Asynch Reset 
SP Common Synch Preset 
OBS Common Observability 

L------------------ T•m 

OUTPUT ENABLE POLARITY S1 OUTPUT CONFIGURATION 

ENABLED HIGH 

ENABLED LOW 

_OE __ __,[) 

Po 

• 
• 
• 

Ps, Ps, 
P1, P1, 
Pg, Pg 

0 ACTIVE LOW 

1 ACTIVE HIGH 

Figure 2. Output Register With Polarity 

r------------------, 
I I 

! tJ ! 
I So I 
I I 
I I 
I I 
I AR I 
I I 
I I 

>-+---1 D Q 1---------l 
I I 
I OBS I 
1cLK 1 
I I 
I I 
I SP I 
I I 
I Ro-Rs l 
I I 
I I 
I I 
L------------------~ 

so OUTPUT ENABLE POLARITY 

0 ENABLED HIGH 

1 ENABLED LOW 

Figure 3. Buried State Register (BSR) 

AmPAL23S8-20/25 

08207-002A 

0 INTACT FUSE 
1 PROGRAMMED 

FUSE 

AR Common Asynch Reset 
SP Common Synch Preset 
OBS Common Observability 

Term 
08207-003A 

O INTACT FUSE 
1 PROGRAMMED 

FUSE 
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Active Low 
Registered 

Feedback 
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SP 
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SP 

Output 
Active Low S1 = 0 
Combinatorial S2 = 1 

Feedback 
Registered 

4.3 

OBS 

OBS 

08207-004A 

08207-006A 

~ 
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Output 
Active Low 
Registered 

Feedback 
1/0 Pin 

4·2 

.. 

SP 

~ 
- Sor· .,, 

Output 
Active Low S1 = O 
Combinatorial S2 = 1 

Feedback 
110 Pin 

4-4 

Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 1 so0 c 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-0.5 v to +5.5 v DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee Max. 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Current -30 mA to +5 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 

Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL=16mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min. -1.2 

IJH Input HIGH Current V1N = 2.7 V, Vee =Max. (Note 2) 25 

IJL Input LOW Current V1N = 0.4 V, Vee = Max. (Note 2) -250 

11 Maximum Input Current V1N = 5.5 V, Vee = Max. 1 

lozH Off-State Output Leakage VouT = 2.7 V, Vee =Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee =Max. -100 
Current LOW V1N = V1HOr V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max. (Note 3) -30 -90 

Ice Supply Current V1N= 0 V, Outputs Open (loUT= 0 mA) 210 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of liL and lozL (or liH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VoUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance L Pins 1, 11 V1N= 2.0 V Vee= 5.0 V 10 
l Others TA= +25°C 6 pF 

Cour Output Capacitance Vour= 2.0 V I= 1 MHz 9 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

·20 ·25 
Parameter 
Symbol Parameter Description Min. Max. Min. Max. Unit 

tpo Input or Feedback to Combinatorial Output 20 25 ns 

ts Setup Time from Input, Feedback, or SP to Clock 17 20 ns 

tH Hold Time 0 0 ns 

tco Clock to Output 13 15 ns 

tcF Clock to Feedback (Note 3) 8 10 ns 

tAR Asynchronous Reset to Registered Output 25 30 ns 

tARW Asynchronous Reset Width 20 25 ns 

tARR Asynchronous Reset Recovery Time 20 25 ns 

IWL 
Clock Width 

LOW 12 15 ns 

tWH HIGH 12 15 ns 
Maximum External Feedback l 1/(ts + tco) 33 28.5 MHz 

IMAX Frequency 
Internal Feedback J (Note 1l. 1/(ts + !cF) 40 33 MHz 

tEA Input to Output Enable Using Product Term Control 25 28 ns 

tER Input to Output Disable Using Product Term Control 25 28 ns 

Notes: 

2. See Switching Test Circu~ for test conditions. 

3. Calculated from measured clock to combinatorial output. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or ~ Feedback VT 

-----~~-V-T __ _ 

Input or 
Feedback ___ -J '------J '----

Combinatorial 
Output 

Clock 

Combinatorial 
Output 

Clock 

Notes: 
1. VT• 1.5 V 

Clock VT 

12015-010A 

Combinatorial Output Registered--------~ H m • 

Output ~ 
12015-012A 

Registered Output 

CLK 

r------------- -----, 
I I 

VT I I 
I LOGIC REGISTER I 
I tpo I 
I 
I tcF 
I 
I I 

~··XXXXh= ™ VT 
~-------------------~ 

Clock to Feedback 
See Path at Right 

08207-012A 

Input 

IER 

08207-013A 

VT 

tEA 

12015-011A Output >-+-Hl>------1'-f--<~ VT 
Clock Width -----'-.L.I.~ 

Asynchronous 
Reset ____ _, 

12015-013A 

Input to Output Disable/Enable 

VT 

Registered VT 
Output ____ _........._..._~"------

C~ck-----------tA_R_R__.~ 
08207-014A 

Asynchronous Reset 

2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 

2-276 AmPAL23S8-20/25 



KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

//Ill May Will be 
Change Changing 
from L to H from L to H 

'lXIXiX Don't Care; Changing, 
Any Change State 
Permitted Unknown 

ID-Er Does Not Center 
Apply Line is High-

E Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

5V 

Test Point 

12350-019A 

Measured 
Specification S1 CL R1 R2 Output Value 

!po, lco, lcF Closed 1.5 v 
IEA Z~H: Open 50 pF 1.5V 

Z ~ L: Closed 3000 3900 

trn H ~z: Open 5 pF H ~z: VoH-0.5 v 
L ~z: Closed L ~z: VoL + o.5 v 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Input 

2-278 

Typical Input 

ProgramNerify 
Circuitry 

12350-0208 

AmPAL2358-20/25 

Typical Output 

Input, 
1/0 

Pins 

Observability 
Circuitry 

Program/Verify/ 
Test Circuitry 

Preload 
Circuitry 

08207-015A 



ncGi5TER t'Rci.UAU 

All AmPAL23SB registers are provided with circuitry to allow 
loading each register synchronously with a HIGH or LOW. 
Output/macrocell registers and buried state registers are 
PRELOADed in separate cycles allowing output/macrocell 
registers and buried state registers to be PRELOADed with 

f---to 

PIN 6 
~ 

PIN 2 lliLP 

PIN 1 VILP 

VDH 

REGISTERED 
OllTPUT VOL 

CHOOSE TO PRELOAD 
BURED REOISTEAS 

OR OUTPUT /MACRO 
REQISTERS 

Par. Min. 

VHH 10 

V1LP 0 

VIHP 2.4 

v 
./ 

PRELOAO 
ENABLED 
OUTPUTS 
DISABLED 

Max. 

12 

0.5 

5.5 

•o 

OUTPUTS 
FORCED 
TOV1HP 

ORVILP 

Register 
Selection 

Buried 

Output/Macro 

•o 

v 
../ 

PRE LOAD 
DATA 

CLOCKED 
IN 

Pin 5 

VHH 

<V1HP 

different values. PRELOAD will simplify testing since any state 
can be loaded into the registers to control testing sequences. 
The pin levels and timing necessary to perform the PRELOAD 
function are detailed below. 

to 

VHH 

v.,. 
V1LP 

VHH 

V1HP 

V1HP 

V1LP 

to 

l 

OUTPUT 
FORCING 
VOLTAGE 
REMOVED 

Level Forced on Register 
Output Pin During 
PRELOAD Cycle 

V1HP 

V1LP 

to-

\ 
t\. 

PAELOAD 
DISABLED 

Register State 
After Cycle 

HIGH 

LOW 

YILP 

VILP 

VDH 

VOL 

WF022292 

Output Register Preload Waveform 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed con­
figuration. This feature is valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera­
tion of the power-up reset and the wide range of ways 
Vee can rise to its steady state, two conditions are re-

Parameter 
Symbol Parameter Description 

IPR Power-up Reset Time 

ts Input or Feedback Setup Time 

tWL Clock Width LOW 

Power 

Registered 
Active-Low 

Output 

Clock 

quired to ensure a valid power-up reset. These condi­
tions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 

1000 ns 

See Switching 

Characteristics 

Vee 

12350-024A 

Power-Up Reset Waveform 
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PAL24R10-10 Series 
10 ns 28-pin TTL Programmable Array logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 10 ns maximum propagation delay 

• fMAX = 55.5 MHz 

• 8 ns maximum from clock input to data output 

• Center Vee and GND pins provide clean 
signals 

• 28-pin version of popular architectures: 
24L10,24R10,24R8,24R4 

• Programmable replacement for high-speed 
TILlogic 

GENERAL DESCRIPTION 
The PAL24R10-10 Series (PAL24L10-10, 
PAL24R10-10, PAL24R8-10, PAL24R4-10) is a high­
speed 28-pin version of the standard PAL 16R8 and 
PAL20R8 Series. With a 10-ns maximum propagation 
delay time, the PAL24R10-10 Series provides high 
speed in a 28-pin TTL PAL device family, making these­
ries ideal for high-performance applications. The 
PAL24R10-10 Series adds two more inputs and two out­
put or 1/0 pins to the standard 20R8 Series to take ad­
vantage of all the pins in the 28-pin PLCC package. 

The family utilizes Advanced Micro Devices· advanced 
oxide-isolated bipolar process and fuse-link technology. 
The devices provide user-programmable logic for re­
placing conventional SSl/MSI gates and flip-flops at a 
reduced chip count. Power and ground have been 
placed on the center pins of the device, a configuration 
that minimizes ground bounce. 

The family allows the systems engineer to implement 
the design on-chip, by opening fuse links to configure 
AND and OR gates within the device, according to the 
desired logic function. Complex interconnections be­
tween gates, which previously required time-consuming 
layout, are lifted from the PC board and placed on sili­
con, where they can be easily modified during prototyp­
ing or production. 

PRODUCT SELECTOR GUIDE 

DEDICATED 
DEVICE INPUTS OUTPUTS 

PAL24L 10-10 16 8 comb. 
2 comb. 

PAL24R10-10 14 10 reg. 
PAL24R8-10 14 8 reg. 

2 comb. 
PAL24R4-10 14 4 reg. 

6comb. 

PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

2-282 

• Power-up reset for initialization 

• Register preload for testability 

• Easy design with PALASM® software 

• Programmable on standard PAL® device 
programmers 

• 28-pin SKINNYDIP® and PLCC packages save 
space 

The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. In addition, the PAL device provides the follow­
ing options: 

- Variable input/output pin ratio 
- Programmable three-state outputs 
- Registers with feedback 

Product terms with all fuses opened assume the logical 
HIGH state; product terms connected to both true and 
complement of any single input assume the logical LOW 
state. Registers consist of D-type flip-flops that are 
loaded on the LOW-to-HIGH transition of the clock. Un­
used input pins should be tied to Vee or GND. 

The entire PAL device family is supported by the 
PALASM software package. The PAL family is pro­
grammed on conventional PAL device programmers 
with appropriate personality and socket adapter mod­
ules. Once the PAL device is programmed and verified 
an additional fuse may be opened to prevent pattern 
readout. This feature secures proprietary circuits. 

PRODUCT TERMS/ 
OUTPUT FEEDBACK ENABLE 

7 1/0 prog. 
7 - prog. 

8 reg. pin 

8 reg. pin 
7 1/0 prog. 

8 reg. pin 
7 1/0 prog. 

Publication# 12721 Rev. A Amendment 10 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 
Top View 

SKINNYDIP 

{NOTE 1) 

Ii 
12 
la 
l4 
Is 

Vee 
Is 
l7 
la 
lg 

ho 
h1 
h2 

Note 24L10 24R10 

1 lo CLK 

2 hs OE 

3 01 01 

4 1102 02 

5 l/Oa Oa 

6 1/04 04 

7 I/Os Os 

8 I/Os Os 

9 1107 07 

10 I/Os Os 

11 1/09 Qg 

12 010 010 

'14 
lia 
{NOTE 12) 

(NOTE 11) 
(NOTE 10) l4 
(NOTE9) Is 
(NOTES) Vee 
GND 
(NOTE 7) Is 
(NOTES) l7 
{NOTES) 

la 
{NOTE4) 
{NOTE3) lg 

{NOTE2) 

12721-00SA 

24R8 24R4 

CLK CLK 

OE OE 

1/01 1/01 

02 1102 

Oa 1/03 

04 04 

Os Os 

Os Os 

07 07 

Os I/Os 

09 1/09 

1/010 1/010 

PAL24R10·10 Serles 

PLCC 

~ C\I 
LU LU 

b I-

"' "' 0 
..!:! .!::' .:: e. e. 

• 25 {NOTE 11) 

24 {NOTE 10) 

23 {NOTE9) 

22 {NOTES) 

21 GND 

20 {NOTE 7) 

19 {NOTES) 
13 14 15 16 17 1S 

E 
0 "' C\I cY)" ~ ii) - LU LU LU LU 12721-00SA 

I- I- I- I-
0 0 0 0 e. e. e. e. 

Note: 

Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 Input/Output 
0 Output 
OE Output Enable 
Vee Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

2·286 

PAL 

a. FAMILY TYPE 
T 

PAL - Programmable Array Logic 

b. NUMBEROF 
ARRAY INPUTS 

c. 

d. 

e. 

f. 

Valid Combinations 

PAL24L10·10 

PAL24R10·10 
PC,JC 

PAL24RB-10 

PAL24R4-10 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Package Type 
g. Operating CondHions 
h. Optlonal Processing 

24 R 10·10P C 

OPTIONAL PROCESSING 
Blank - Standard Processing 

~ac;...- g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMO logo. 

PAL24R10·10 Serles 



FUNCTIONAL DESCRIPTION 
Standard 28-pin PAL Family 
The standard bipolar 28-pin PAL family devices have 
common electrical characteristics and programming 
procedures. Four different devices are available, includ­
ing both registered and combinatorial devices. All parts 
are produced with a fuse link at each input to the AND 
gate array, and connections may be selectively re­
moved by applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming algo­
rithm, these products can be rapidly programmed to any 
customized pattern. Information on approved program­
mers can be found in the Programmer Reference Guide. 
Extra test words are pre-programmed during manufac­
turing to ensure extremely high field programming 
yields, and provide extra test paths to achieve excellent 
parametric correlation. 

Variable Input/Output Pin Ratio 
The registered devices have fourteen dedicated input 
lines, and each combinatorial output is an 110 pin. The 
PAL24L 10-1 0 has sixteen dedicated input lines, and 
eight of the ten combinatorial outputs are 1/0 pins. Buff­
ers for device inputs have complementary outputs to 
provide user-programmable input signal polarity. Un­
used input pins should be tied to Vee or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with three­
state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a 
function of any product of device inputs or output feed­
back. The combinatorial output provides a bidirectional 
110 pin, and may be configured as a dedicated input if 
the buffer is always disabled. On registered outputs, an 
input pin controls the enabling of the three-state outputs. 

Registers with Feedback 
Registered outputs are provided for data storage and 
synchronization. Registers are composed of D-type flip­
flops that are loaded on the LOW-to-HIGH transition of 
the clock input. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for predictable 
system initialization. Outputs of the PAL24R10-10 Se­
ries will be HIGH due to the active-low outputs. The Vee 
rise must be monotonic and the reset delay time is 1000 
ns maximum. 

Register Preload 
The register on the PAL24R10-10 Series can be 
preloaded from the output pins lo facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec­
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob­
serving proper recovery. 

Security Fuse 
After programming and verification, a PAL24R10-10 
Series design can be secured by programming these- E 
curity fuse. Once programmed, this fuse defeats read-
back of the internal programmed pattern by a device 
programmer, securing proprietary designs from com-
petitors. When the security fuse is programmed, the ar-
ray will read as if every fuse is unprogrammed. 

Quality and Testability 
The PAL24R10-10 Series offers a very high level of 
built-in quality. Extra programmable fuses provide a 
means of verifying performance of all AC and DC pa­
rameters. In addition, this verifies complete program­
mability and functionality of the device to provide the 
highest programming yields and post-programming 
functional yields in the industry. 

Technology 
The PAL24R10-10 Series is fabricated with AM D's ad­
vanced oxide-isolated bipolar process. This process re­
duces parasitic capacitances and minimum geometries 
to provide higher performance. The array connections 
are formed with proven TiW fuses for reliable operation. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM 
24R4 

CLK 11-l~-t>~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 3 4 7 8 1112 1516 1920 2324 2728 3132 3536 3940 4344 47 

ss~mE§m3mw~m3Ef~§:)~o, 
~ 

0 3 4 7 8 11 12 1516 19 20 23 24 27 28 31 32 35 36 39 40 43 44 47 

PAL24R10·10 Series 

~OE 
12721-010A 

2·291 

E 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

' Supply Voltage with 

-ss0 c to + 1 so0 c 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) 

Respect to Ground -0.5 V to +7.0 v with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage -1.2 Vto Vee+ 0.5 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 2001 V 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating r 
specified 
Parameter 

Symbol Parameter Description 

VoH Output HIGH Voltage 

VOL 1N = V1H or V1L 
Vee= Min. 

V1H aranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) 

V1L Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 

V1 hN= -18 mA, Vee= Min. 

hH V1N = 2.7 V, Vee =Max. (Note 2) 

hL V1N = 0.4 V, Vee =Max. (Note 2) 

11 Maximum Input Current V1N = 5.5 V, Vee = Max. 

lozH Off-State Output Leakage VouT = 2.7 V, Vee = Max. 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee =Max. 
Current LOW V1N = V1H or V1L (Note 2) 

lse Output Short-Circuit Current VouT = 0.5 V, Vee = Max. (Note 3) 

Ice Supply Current V1N = 0 V, Outputs Open (louT = 0 mA) 
Vee= Max. 

Notes: 

rwise 

Min. Max. Unit 

2.4 v 

0.5 v 

2.0 v 

0.8 v 

-1.2 v 
25 µA 

-250 µA 

100 µA 

100 µA 

-100 µA 

-30 -130 mA 

210 mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. l/O pin leakage is the worst case of liL and lozL (or liH and loZH). 
3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 

VOITT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 7 
TA= +25°C pF 

Cour Output Capacitance VooT= 2.0 V I= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Max. Unit 

tpo Input or Feedback to 10 ns 
Combinatorial Output 

ts Setup Time from Input or Feedback to Clock ns 

tH Hold Time ns 

tco Clock to Output 8 ns 

tcF Clock to Feedback (Note 4) 7 ns 

IWL Clock Width LOW 7 ns 

tWH 7 ns 

55.5 MHz 

IMAX 58.8 MHz 

71.4 MHz 

tpzx 10 ns 

lpxz a e 1 10 ns 

tEA utput Enable Using Product Term Control 24L10, 24R8 3 10 ns 

trn Input to Output Disable Using Product Term Control 24R4 3 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 
3. Output delay minimums are measured under best-case conditions. 
4. Calculated from measured fMAx internal. 
5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 

where the frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or t 
Feedback Vr 

-~~~--~~V-T __ _ 
Combinatorial 

Output 

Clock 

Clock 

12015-010A 

Combinatorial Output 

---- ts+tcF ---

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

Vr 

12015-011A 

Clock Width 

Output 

Input or 
Feedback ___ __, .._ ____ __, ----

Registered 
Output _______ _ 

Input 

Output 

12015-012A 

Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I 
I LOGIC REGISTER I 
I I 
I I 
I ~F I 
I I L-------------------j 

12015-021A 

___ __, 

tER tEA 

-----L-'-'-'I 

12015-013A 

Input to Output Dlsable/Enable 

12015-014A 

OE to Output Disable/Enable 

Notes: 

1. Vr a 1.5 V 
2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2-4 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

I/Ill 

SWITCHING TEST CIRCUIT 

5V 

Specification S1 

IPD, tco. lcF Closed 

tpzx. IEA Z ~ H: Open 
Z ~L: Closed 

lpxz. IER H~Z:Open 

L~Z:Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from Hto L 

May 
Change 
from L to H 

Don't Care· 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from Htol 

Will be 
Changing 
from Lio H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off• State 

Test Point 

Commercial 

CL R1 R2 

50pF 
200'1 390'1 

5pF 

PAL24R10·10 Serles 

E 
KS000010-PAL 

12350-019A 

Measured 
Output Value 

1.5 v 
1.5 v 

H ~Z:VQH-0.5 V 
L~Z: VoL +0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Typical Input Typical Output 

----------e-----o Vee 

Input<>-_,__ ______ __, 

2-296 
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OUTPUT REGISTER PRELOAD 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to VccH. 

2. Set OE to V1HP to disable output registers. 

3. Apply eitherV1HP or V1LP to all registered outputs. Use 
V1HP to preload a HIGH in the flip-flop; use V1LP to 
preload a LOW in the flip-flop. Leave combinatorial 
outputs floating. 

Parameter 
Symbol 

VHH 
V1LP 
V1HP 
VcCH 

lo 

Parameter Description 

Super-level input voltage 
Low-level input voltage 
High-level input voltage 

Power supply during preload 
Delay time 

Pin 13 

Registered 
Output 

to to 

4. Pulse pin 13 to VHH, then back to V1LP· 

5. Remove V1LPN1HP from all registered output pins. 

6. Lower OE to V1LP to enable the output registers. 

7. Verify V OLN oH at all registered output pins. Note that 
because of the output inverter, a register that has 
been preloaded HIGH will provide a LOW at the 
output. 

Min. Rec. Max. Unit 

19.5 20 20.5 v 
0 0 0.5 v 

2.4 5.0 5.5 v 
4.5 5.0 5.5 v 
100 200 1000 ns 

to to to 
V1HP 

V1LP 

VHH 

V1LP 

VJHP 
VoH 

VoL 
V1LP 

10294-0040 

Output Register Preload Waveform 
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POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will be HIGH due to the inverting output 
buffer. This feature is valuable in simplifying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 
of the power-up reset and the wide range of ways Vee 

Parameter 
Symbol Parameter Description 

IPR Power-up Reset Time 

Is Input or Feedback Setup Time 

IWL Clock Width LOW 

can rise to its steady state, two conditions are required 
to ensure a valid power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 
1000 ns 

See Switching 

Characteristics 

Power 

4V~------------------------------------------------------------~vcc 

/~ .. ----IPR ___ .,. 

2-298 

Registered 
Active-Low 

Output 

Clock S\ IWL 

12350-024A 

Power-Up Reset Waveform 
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PALCE24V1 OH-15/25 
EE CMOS 28-Pin Universal Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Electrically erasable CMOS technology 

provides reconfigurable logic and full 
testability 

• High speed CMOS technology 
- 15-ns propagation delay for "-15" version 
- 25-ns propagation delay for "-25" version 

• Outputs individually programmable as 
registered or combinatorial 

• Programmable output polarity 

• Programmable enable/disable control 

GENERAL DESCRIPTION 
The PALCE24V10 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device ar­
chitecture. 

Device logic is automatically configured according to the 
user's design specification. Design is simplified by 
PALASM design software, allowing automatic creation 
of a programming file based on Boolean or state equa­
tions. PALASM software also verifies the design and 
can provide test vectors for the finished device. Pro­
gramming can be accomplished on standard PAL de­
vice programmers. 

The PALCE24V10 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 

BLOCK DIAGRAM 

• 
• 
• 
• 
• 
• 

Preloadable output registers for testability 

Automatic register reset on power-up 

Cost-effective 28-pin plastic SKINNYDIP® and 
PLCC packages 

Programmable on standard PAL® device 
programmers 

Supported by PALASM® software 

Fully tested for 100% programming and 
functional yields and high reliability 

complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa­
tions are programmed into the device through floating­
gate cells in the AND logic array that can be erased elec­
trically. 

The fixed OR array allows up to eight data product terms 
per output for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be pro­
grammed as registered or combinatorial with an active­
high or active-low output. The output configuration is de­
termined by two global bits and one local bit controlling 
four multiplexers in each macrocell. 

CLKllo 

Programmable AND Array 
(48 x 80) 

PAL, PALASM, and SKlNNYDIP are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents OYJned by Advanced Micro Devices. 
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CONNECTION DIAGRAMS 
Top View 

Pin Designations: 

SKINNYDIP 

CLK = 
GND= 
I 
1/0 
OE 
Vee 

Clock 
Ground 
Input 
Input/Output 
Output Enable 
Supply Voltage 

ORDERING INFORMATION 
Commercial Products 

,, 
Vee 

'• 

'• 
'· 

12222-002A 

PLCC 

-" 
~ g" .: 0 - -

vo, 

vo, 

vo, 

vo, 

21 GNO 

vo, 

vo, 

- - - I~ g g g" 

12222-003A 

Note: Pin 1 is marked for orientation. 

AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type f. Power 

b. Technology g. Speed 
c. Number of Array Inputs h. Package Type 
d. Output Type i. Operating Conditions 
e. Number of Flip-Flops 

PAL CE 24 V 10 H -15 P C 

a. FAMILY TYPE 
T 

PAL= Programmable Array Logic 

b. TECHNOLOGY -------' 
CE = CMOS Electrically Erasable 

c. NUMBER OF 
ARRAY INPUTS 

d. OUTPUT TYPE 
V = Versatile 

e. NUMBER OF FLIP-FLOPS --------' 

I. POWER 
H = Half Power (90 mA Ice) 

g. SPEED 
-15 15 ns tpo 
-25 = 25 ns tpo 

Valid Combinations 

PALCE24V10H-15 J 
PALCE24V10H-25 l PC.JC 

PALCE24V10 

L I. OPERATING CONDITIONS 
C =Commercial (0°C to +75°C) 

h. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 

SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
The PALCE24V10 is a universal PAL device. It has ten 
independently configurable macrocells (MCo .. MCg). 
Each macrocell can be configured as a registered out­
put, combinatorial output, combinatorial 110, or dedi­
cated input. The programming matrix implements a pro­
grammable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complemen­
tary outputs to provide user-programmable input signal 
polarity. Pins 1 and 15 serve either as array inputs or as 
clock (CLK) and output enable (OE) for all flip-flops. 

Unused input pins should be tied directly to Vee or GND. 
Product terms with all bits unprogrammed (discon­
nected) assume the logical HIGH state and product 
terms with both true and complement of any input signal 
connected assume a logical LOW state. 

The programmable functions on the PALCE24V10 are 
automatically configured from the user's design specifi­
cation, which can be in a number of formats. The design 

CLK 

specification is processed by development software to 
verify the design and create a programming file. This 
file, once downloaded to a programmer, configures the 
device according to the user's desired function. 

The user is given two design options with the 
PALCE24V10. First, it can be programmed as an emu­
lated PAL device. This includes the PAL24R10 series. 
The PAL device programmer manufacturer will supply 
device codes for the standard PAL architectures to be 
used with the PALCE24V10. The programmer will pro­
gram the PALCE24V10 to the corresponding PAL de­
vice architecture. This allows the user to use existing 
standard PAL device JEDEC files without making any 
changes to them. Alternatively, the device can be pro­
grammed directly as a PALCE24V10. Here the user 
must use the PALCE24V10 device code. This option 
provides full utilization of the macrocells, allowing non­
standard architectures to be built. 

I/Ox 

Macrocells MC1 - MCs 

SG1 

CLK 

Macrocells MCo and MCg 

PALCE24V10 Macrocell 

2-302 PALCE24V10 

From 
Adjacent 
Pin 

I/Ox 
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Each macrocell can be configured as one of the follow­
ing: registered output, combinatorial output, combinato­
rial 1/0 or dedicated input. In the registered o~ut con­
figuration, the output buffer is enabled by the OE pin. In 
the combinatorial configuration, the buffer is either con­
trolled by a product term or always enabled. In the dedi­
cated input configuration, the buffer is always disabled. 

The macrocell configurations are controlled by the con­
figuration control word. It contains 2 global bits (SGO 
and SG1) and20 local bits (SLOothrough SL09 and SL 1o 
through SL 19). SGO determines whether registers will 
be allowed. SG1 determines whether the PALCE24V10 
will emulate a PAL24R10 family or a simple combinato­
rial device. Within each macrocell, SLOx. in conjunction 
with SG1, selects the configuration of the macrocell and 
SL 1x sets the output as either active low or active high. 

The configuration bits work by acting as control inputs 
fort he multiplexers in the macrocell. There are four mul­
tiplexers: a product term input, an enable select, an out­
put select, and a feedback select multiplexer. SG1 and 
SLOx are the control signals for all four multiplexers. In 
MCo and MC9, SGO is added on the feedback multi­
plexer. 

These configurations are summarized in table 1 and il­
lustrated in figure 2. 

If the PALCE24V10 is configured as a combinatorial de­
vice, the CLK and OE pins are available as inputs to the 
arrat:_!! the device is configured with registers, the CLK 
and OE pins cannot be used as data inputs. 

Registered Output Configuration 
The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
0. There is only one registered configuration. All eight 
product terms are available as inputs to the OR gate. 
Data polarity is determined by SL 1 x. SL 1 x is an input to 
the exclusive-OR gate which is the D input to the flip­
flop. SL 1 x is programmed as 1 for inverted output or O 
for non-inverted output. The flip-flop is loaded on the 
LOW-to-HIGH transition of CLK. The feedback path is 
from Q on the register. The output buffer is enabled by 
OE. 

Combinatorial Configurations 
The PALCE24V10 has three combinatorial output con­
figurations: dedicated output in a non-registered device, 
1/0 in a non-registered device and 1/0 in a registered 
device. 

Dedicated Output in a Non-Registered 
Device 
The control settings are SGO = 1, SG1=0, and SLOx = 0. 
All eight product terms are available to the OR gate. Be­
cause the macrocell is a dedicated output, the feedback 
is not used. 

n£uiil""!2torl lnn11f in !'::a "-lnn_Dn.rtl~+ft .. ,..,,.. 
---·----- ··~r- .. ... - .... _ .. ··-::::i·- .. -·--
Device 
The control bit settings are SGO = 1, SG1 = 0 and SLOx = 
1. The output buffer is disabled. The feedback signal is 
the 1/0 pin. 

Combinatorial 1/0 in a Non-Registered 
Device 
The control settings are SGO = 1, SG 1 = 1, and SL Ox= 1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used to enable the output 
buffer. The signal al the 1/0 pin is led back to the AND 
array via the feedback multiplexer. This allows the pin to 
be used as an input. 

Combinatorial 1/0 in a Registered Device 
The control bit settings are SG0=0,SG1 =1 and SLOx =1. 
Only seven product terms are available to the OR gate. 
The eighth product term is used as the output enable. 
The feedback signal is the corresponding 1/0 signal. 

Table 1. Macrocell Configurations 

SGO SG1 SLOx Cell Configuration Devices Emulated 

Device has registers 

0 1 0 Registered PAL24R10, 24R8, 
Output 24R4 

0 1 1 Combinatorial 110 PAL24R8, 24R4 

Device has no registers 

1 0 0 Combinatorial Simple 
Output Combinatorial 

1 0 1 Dedicated Input Simple 
Combinatorial 

1 1 1 Combinatorial 110 PAL24L10 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" 
efforts. 

Selection is made through a programmable bit SL 1 x 
which controls an exclusive-OR gate at the output of the 
AND/OR logic. The output is active high if SL 1x is a 0 
and active low if SL 1x is a 1. 

PALCE24V10 2-303 

D 



2·304 

D 

CLK 

Q 

Q 

Registered Active Low 

Combinatorial 1/0 Active Low 

Combinatorial Output Active Low 

Dedicated Input 

D 

CLK 

Q 

Q 

Registered Active High 

Combinatorial 110 Active High 

Combinatorial Output Active High 

Figure 2. Macrocell Configurations 

PALCE24V10 
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Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys­
tem initialization. Outputs of the PALCE24V10 depend 
on whether they are selected as registered or combina­
torial. If registered is selected, the output will be HIGH. If 
combinatorial is selected, the output will be a function of 
the logic. 

Register Preload 
The register on the PALCE24V10 Series can be 
preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature 
allows direct loading of arbitrary states, making it unnec­
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading illegal states and ob­
serving proper recovery. 

Security Bit 
A security bit is provided on the PALCE24V1 Oas a de­
terrent to unauthorized copying of the array configura­
tion patterns. Once programmed, this bit defeats read-

back of the programmed pattern by a device proaram­
mer, securing proprietary designs from competitors. 
However, programming and verification are also de­
feated by the security bit. The bit can only be erased in 
conjunction with the array during an erase cycle. 

Electronic Signature Word 
An electronic signature word is provided in the 
PALCE24V10. It consists of 64 bits of programmable 
memory that can contain any user-defined data. The 
signature data is always available to the user independ­
ent of the security bit. 

Programming and Erasing 
The PALCE24V10 can be programmed on standard 
logic programmers. Approved programmers are listed in 
the Programmer Reference Guide. 

The PALCE24V1 O may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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LOGIC DIAGRAM (Continued) 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 

OPERATING RANGES 
COmmerclal (C) Devices 

Temperature (TA) Operating 
Storage Temperature 
Ambient Temperature 
with Power Applied -55°C to + 125°C in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground --0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

DC Input Voltage 

DC Output or 

-0.5 V to Vee + 0.5 V Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

1/0 Pin Voltage 

Static Discharge Voltage 
Latchup Current 
(TA= 0°C to +75°C) 

--0.5 V to Vee + 0.5 V 

2001 v 

100mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee= Max. (Note 2) 10 
hL Input LOW Leakage Current V1N = 0 V, Vee = Max. (Note 2) -10 

lozH Off-State Output Leakage VooT = 5.25 V, Vee =Max. 
10 Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee =Max. -10 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vee= Max. VOOT = 0.5 v (Note 3) -30 -130 

Ice Supply Current V1N= 0 V, Outputs Open (louT= 0 mA) 90 
Vee= Max., f = 15 MHz 

Notes: 

Unit 

v 

v 

v 

v 

µA 
µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

VoUT • 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Descriptions Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v J Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance Vour = 2.0 V l I= 1 MHz 8 pF 

Note: 

1. These parameters are not 100% tested, but are evaluated at inttial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter -15 -25 
Symbol Parameter Description Min. Max. Min. Max. Unit 

tpo Input or Feedback to Combinatorial Output 15 25 ns 

Is Setup Time from Input or Feedback to Clock 12 15 ns 

IH Hold Time 0 0 ns 

tco Clock to Output 10 12 ns 

lcF Clock to Feedback (Note 3) 8 10 ns 

lwL LOW 
Clock Width 

8 12 ns 

tWH HIGH 8 12 ns 

Maximum 
External Feedback 1/(ts+tco) 45.5 37 MHz 

fMAX Frequency Internal Feedback 1/(ts+lcF) 50 40 MHz 
(Note 4) No Feedback 1 /(IWH+twL) 62.5 41.6 MHz 

tpzx OE to Output Enable 15 20 ns 

tpxz OE to Output Disable 15 20 ns 

tEA Input to Output Enable Using Product Term Control 15 25 ns 

tER Input to Output Disable Using Product Term Control 15 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or ~ 
Feedback VT 

-X)<m-VT Combinatorial 
Output 

Clock 

Clock 

12015-010A 

Comblnatorlal Output 

----ts+ ICF --........ 

Vr 

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

12015-011A 

Clock Width 

tpxz 

Output 

Input or V 
Feedback ___ __, __ r _____ ----

ts----~ tH 

Clock 

Registered 
Output _______ _ 

Input 

Output 

Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
~-------------------~ 

12015-021A 

tER tEA 

Vr 

12015-013A 

Input to Output Disable/Enable 

tpzx 

Vr 

12015-014A 

OE to Output Disable/Enable 

Notes: 
1. VT= 1.5 V 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

//Ill May Will be 
Change Changing 
from L to H from L to H 

~ 
Don't Care; Changing, 
Any Change State 
Permitted Unknown 

ID-fil Does Not Center 

D Apply Line is High-
Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

Output 

12197-00?A 

Switching Test Circuit 

Measured 
Specification s, CL R1 R2 Output Value 

!po, tco, tcF Closed 50 pf 200Q 390Q 1.5 v 
lpzx. IEA z~H:Open 50 pf 200Q 390Q 1.5 v 

z ~ L: Closed 

!pxz. Im H~Z:Open 5 pf 200Q 390Q H~Z:VoH-0.5V 

L ~z: Closed L ~z: VoL + 0.5 v 
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ENDURANCE CHARACTERISTICS 
The PALCE24V10 is manufactured using AMD's ad­
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

Endurance Characteristics 

Symbol Parameter 

toR Min. Pattern Data Retention Time 

N Min. Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD ProgramNerify 
Protection Circuitry 

parts. As a result, the device can be erased and 
reprogrammed- a feature which allows 100% testing at 
the factory. 

Min. Units Test Conditions 

10 Years Max. Storage 
Temperature 

20 Years Max. Operating 
Temperature 

100 Cycles Normal Programming 
Conditions 

Vee 

Typical Input 

Vee 

Preload Feedback 
Circuitry Input 

Typical Output 
12197-013A 
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OuTPuT REGISTER PRt:.LOAU 
The Preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure is as follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 
2. Set pin 8 to VPLD. 
3. Set OE HIGH. 
4. Apply the desired value (V1L!ViH) to all registered 

output pins. Leave combinatorial output pins 
floating. 

Parameter 
Symbol Parameter Description 

5. Clock pin 1 from V1L to V1H. 
6. Remove V1LIV1H from all registered outputs. 
7. Enable the output registers by lowering OE. 
8. Lower pin 8 to V1LIViH. 
9. Verify for VoLIVoH at all registered output pins. 

Note that the output pin signal will be the inverse 
of the preload data. 

Min. Rec. Max. Unit 

tPLD Setup and Hold Time from Preload (pin 8) to OE 50 50 µs 

tps Setup Time from OE to Data 1 1 µs 

trH Hold Time from Data to OE 1 1 µs 

Ires Setup Time from Data to Clock 1 1 µs 

trcH Hold Time from Clock to Data 1 1 µs 

dV,/dt VrLD Rising Slew Rate (pin 8) 10 100 V/µs 

dWdt VrLD Falling Slew Rate (pin 8) 2 3 V/µs 

VrLD Super-Level Input Voltage 13.0 13.5 14.0 v 
V1HP High-Level Input Voltage 2.4 5.0 5.5 v 
V1LP Low-Level Input Voltage 0 0 0.5 v 

Pin 8 

V1HP 

"'--------- V1LP 

tps i f !..'.'._ ____________ V1HP 

Registered ========))>-------+ ( VOH o~~ . . ~ 

_____________ t_p_cs-M'.':'.'= --~~~~~~~======= ::: Clock 

12015-015A 

Output Register Preload Waveform 
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POWER-UP RESET 
The PALCE24V1 O has been designed with the capabil­
ity to reset during system power-up. Following power­
up, all flip-flops will be reset to LOW. The output state 
will be HIGH independent of the logic polarity. This fea­
ture provides extra flexibility to the designer and is espe­
cially valuable in simplifying state machine initialization. 
A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset 

Parameter 
Symbol Parameter Description 

IPR Power-Up Reset Time 

ts Input or Feedback Setup Time 

!wt. Clock Width LOW 

and the wide range of ways Vee can rise to its steady 
state, two conditions are required to insure a valid 
power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 
2. Following reset, the clock input must not be driven 

from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Min. Max. Unit 
10 µs 

See Switching Characteristics 

Power 

4V~~~~~~~~~~~~~~~~- V~ 

(~ ... _,.__ __ IPR ---..i 

2·314 

Registered 
Output 

Clock '\ !wt. 

12197-009A 

Power-Up Reset Waveforms 
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-COM'L 

PALCE26V12H-20/25 
28-Pin EE CMOS Versatile PAL® Device 

DISTINCTIVE CHARACTERISTICS 

• 28-pin versatile PAL programmable loglc 
device architecture 

• Electrically erasable CMOS technology 
provides half power (only 105 mA) at high 
speed (20 ns propagation delay) 

• 14 dedicated Inputs and 12 Input/output 
macrocells for architectural flexibility 

• Macrocells can be registered or combinatorial, 
and active high or active low 

• varied product term distribution allows up to 
16 product terms per output 

GENERAL DESCRIPTION 
The PALCE26V12H is a 28-pin version of the popular 
PAL22V10 architecture. Built with low-power, high­
speed, electrically-erasable CMOS technology, the 
PALCE26V12H offers many unique advantages. 

Device logic is automatically configured according to the 
user's design specification. Design is simplified by 
PALASM design software from AMO, allowing auto­
matic creation of a programming file based on Boolean 
or state equations. PALASM software also verifies the 
design and can provide test vectors for the programmed 
device. Third-party design tools and logic programmers 
also support the PALCE26V12H (see Programmer Ref­
erence Guide). 

The PALCE26V12H utilizes the familiar sum-of-prod­
ucts (AND/OR) architecture that allows users to imple­
ment complex logic functions easily and efficiently. Mul­
tiple levels of combinatorial logic can always be reduced 

BLOCK DIAGRAM 

PAL, PALASM, and SKINNYOIP are registered trademarks of Advanced Micro Devices. 
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices. 

2-316 

• 
• 
• 
• 
• 
• 

Advanced 
Micro 

Devices 

Two clock Inputs for Independent functions 

Global asynchronous reset and synchronous 
preset for Initialization 
Register preload for testability and built-in 
register reset on power-up 
Space-efficient 28-pln SKINNYDIP® and PLCC 
packages 
Center Vee and GND pins to improve signal 
characteristics 
Supported by PALASM® software and other 
design tools and standard logic programmers 

to sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The functions 
are programmed into the device through electrically­
erasable floating-gate cells in the AND logic array and 
the macrocells. In the unprogrammed state, all AND 
product terms float HIGH. If both true and complement 
of any input are connected, the term will be permanently 
LOW. 

The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16 across the outputs 
(see Block Diagram). The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro­
grammed as registered or combinatorial, active high or 
active low, with registered 1/0 possible. The flip-flop can 
be clocked by one of two clock inputs. The output con­
figuration is determined by four bits controlling three 
multiplexers in each macrocell. 

11757-001A 

Publication# 11757 Rev. B Amendment 10 

Issue Date: January 1990 



CONNECTION DIAGRAMS 
Top View 

SKINNYDIP PLCC 
M 0 

eLK 1ti 0 1,, ~ "' 0 .,z 
_N .: ...J M g- g-

1, vo,, 0 0 

I 2 V010 

eLK2/13 vo. 1, 25 110. 
14 1109 

Is 24 110, 
15 vo, 

Vee 23 vo, 
Vee vo, 

1, GND 
1, 22 110. 

1, vo. 
1, 21 GND 

1. vo, 1, 20 vo. 

19 vo, 1. 19 l/04 

1,. 1102 

1,, vo, 0 N 9,o N rI E - 9. 9. 
1,2 l/Oo 

11757-005A 11757-007A 

PIN DESIGNATIONS Note: 

CLK Clock Pin 1 is marked for orientation. 

GND Ground 
I Input 
1/0 Input/Output 
Vee Supply Voltage 

PALCE26V12 2·317 



ORDERING INFORMATION 
Commercial Products 
AMD commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: a. Family Type 

b. Technology 
c. Number of Array Inputs 
d. Output Type 
e. Number of Outputs 
f. Power/Speed Options 
g. Package Type 
h. Operating Conditions 
i. Optional Processing 

PAL CE 26 V 12 H-20 P c 

a. FAMILY TYPE T 
PAL= Programmable Array Logic 

b. TECHNOLOGY~~~~~~~~ 
CE = CMOS, Electrically Erasable 

c. NUMBER OF 
ARRAY INPUTS 

d. OUTPUT TYPE 
V = Versatile 

e. NUMBER OF OUTPUTS 

Valid Combinations 

2-31 8 

PALCE26V12H-20 J 
PALCE26V12H-25 ] 

PC, JC 

t· h. 

OPTIONAL PROCESSING 
Blank =Standard Processing 

OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

g. PACKAGE TYPE 
P = 28-Pin 300-Mil Plastic 
SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 

'------- f. POWER/SPEED OPTIONS 

PALCE26V12 

Power: H = Half Power (105 mA) 
Speed: -20 = 20 ns !po 

-25 = 25 ns tPD 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume forth is device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMD logo. 



FUNCTIONAL DESCRIPTION 
The PALCE26V12H has fourteen dedicated input lines, 
two of which can be used as clock inputs. Unused inputs 
should .be tied directly to ground or Vee. Buffers for de­
vice inputs and feedbacks have both true and comple­
mentary outputs to provide user-selectable signal polar­
ity. The inputs drive a programmable AND logic array, 
which feeds a fixed OR logic array. 

= 
•When S 3 = 1 (unprogrammed), the feedback is selected by 5 1 • 
When S 3 = o (programmed), the feedback is the opposite of 
that selected by S 1 • 11757-004A 

Figure 1. PALCE26V12H Macrocell 

83 81 So Output Configuration 

1 0 0 Registered Output and Feedback, 
Active Low 

1 0 1 Registered Output and Feedback, 
Active High 

1 1 0 Combinatorial 1/0, Active Low 

1 1 1 Combinatorial 110, Active High 

0 0 0 Registered 1/0, Active Low 

0 0 1 Registered 1/0, Active High 

0 1 0 Combinatorial Output, Registered 
Feedback, Active Low 

0 1 1 Combinatorial Output, Registered 
Feedback, Active High 

82 Clock Input 

1 CLK1/lo 

0 CLK2/b 

1 = Unprogrammed EE bit 
0 = Programmed EE bit · 

The OR gates feed the twelve 1/0 macrocells (see figure 
1). The macrocell allows one of eight potential output 
configurations; registered or combinatorial, active high 
or active low, with register or 1/0 pin feedback (see fig-

ure 2). In addition, registered configurations can be 
clocked by either of the two clock inputs. 

The configuration choice is made according to the us­
er's design specification and corresponding program­
ming of the configuration bits So-83. Multiplexer controls 
initially float to Vee (1) through a programmable cell, se­
lecting the "1" path through the multiplexer. Program­
ming the cell connects the control line to GND (0), se­
lecting the "O" path. 

Registered or Combinatorial 
Each macrocell of the PALCE26V12H includes a D-type 
flip-flop for data storage and synchronization. The flip­
flop is loaded on the LOW-to-HIGH edge of the selected 
clock input. Any macrocell can be configured as combi­
natorial by selecting a multiplexer path that bypasses 
the flip-flop. Bypass is controlled by bit 81. 

Programmable Clock 
The clock input for any flip-flop can be selected to be 
from either pin 1 or pin 4. A 2:1 multiplexer controlled by 
bit 82 determines the clock input. 

Programmable Feedback 
A 2:1 multiplexer allows the user to determine whether 
the macrocell feedback comes from the flip-flop or from 
the 1/0 pin, independent of whether the output is regis­
tered or combinatorial. Thus, registered outputs may 
have internal register feedback for higher speed (!cF 
specification applies), or 1/0 feedback for use of the pin 
as a direct input (!co specification applies). Combinato­
rial outputs may have 110 feedback, either for use of the 
signal in other equations or for use as another direct in­
put, or register feedback. 

The feedback multiplexer is controlled by the same bit 
(81) that controls whether the output is registered or 
combinatorial, as on the 22V10, with an additional con­
trol bit (83) that allows the alternative feedback path to 
be selected. When 83 = 1, 81 selects register feedback 
for registered outputs (S1=0) and l/Ofeedback for com­
binatorial outputs (S1 = 1 ). When S3 = 0, the opposite is 
selected: 110 feedback for registered outputs and regis­
ter feedback for combinatorial outputs. 

Programmable Enable and 1/0 
Each macrocell has a three-state output buffer con­
trolled by an individual productterm. Enable and disable 
can be a function of any combination of device inputs or 
feedback. The macrocell provides a bidirectional 1/0 pin 
ii 1/0 feedback is selected, and may be configured as a 
dedicated input if the buffer is always disabled. This is 
accomplished by connecting all inputs to the enable 
term, forcing the AND of the complemented inputs to be 
always LOW. To permanently enable the outputs, all in-
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puts are left disconnected from the term (the un­
programmed state). 

Programmable Output Polarity 
The polarity of each macrocell output can be active high 
or active low, either to match output signal needs or to 
reduce product terms. Programmable polarity allows 
Boolean expressions to be written in their most compact 
form (true or inverted), and the output can still be of the 
desired polarity. It can also save "DeMorganizing" ef­
forts. 

Selection is controlled by programmable bit So in the 
output macrocell, and affects both registered and com­
binatorial outputs. Selection is automatic, based on the 
design specification and pin definitions. If the pin defini­
tion and output equation have the same polarity, the out­
put is programmed to be active high. 

Preset/Reset 
For initialization, the PALCE26V12 has additional 
Preset and Reset product terms. These terms are con­
nected to all registered outputs. When the Synchronous 
Preset (SP) product term is asserted high, the output 
registers will be loaded with a HIGH or the next LOW-to­
HIGH clock transition. When the Asynchronous Reset 
(AR) product term is asserted high, the output registers 
will be immediately loaded with a LOW independent of 
the clock. 

Note that preset and reset control the flip-flop, not the 
output pin. The output level is determined by the output 
polarity selected. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys­
tem initialization. Outputs of the PALCE26V12H will be 
HIGH or LOW depending on whether the output is active 
low or active high, respectively. The Vee rise must be 
monotonic, and the reset delay time is 1 ms maximum. 

Register Preload 
The register on the PALCE26V12H can be preloaded 
from the output pins to facilitate functional testing of 
complex state machine designs. This feature allows di­
rect loading of arbitrary states, thereby making ii unnec­
essary to cycle through long test vector sequences to 
reach a desired state. In addition, transitions from illegal 
states can be verified by loading ilegal states and ob­
serving proper recovery. 

Security Bit 
After programming and verification, a PALCE26V12H 
design can be secured by programming the security bit. 
Once programmed, this bit defeats readback of the in­
ternal programmed pattern by a device programmer, se­
curing proprietary designs from competitors. Program­
ming the security bit disables pre load, and the array will 
read as if every bit is disconnected. The security bit can 
only be erased in conjunction with erasure of the entire 
pattern. 

Quality and Testability 
The PALCE26V12H offers a very high level of built-in 
quality. The erasability of the device provides a means 
of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and 
functionality of the device to provide the highest pro­
gramming yields and post-programming functional 
yields in the industry. 

Programming and Erasing 
The PALCE26V12 can be programmed on standard 
logic programmers. Approved programmers are listed in 
the Programmer Reference Guide. 

The PALCE26V12 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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Registered Active-Low Output, 
Register Feedback 

• • 
• 

Registered Active-Low 1/0 

Combinatorial Active-Low 1/0 

Combinatorial Active-Low Output, 
Register Feedback 

Registered Outputs 

Registered Active-High Output, 
Register Feedback 

Registered Active-High VO 

Combinatorial Active-High 1/0 

Combinatorial Active-High Output, 
Register Feedback 

Combinatorial Outputs 

Figure 2. PALCE26V12H Macrocell Configuration Options 

PALCE26V12 

EJ 

11757-003A 
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LOGIC DIAGRAM 

2-322 

PALCE26V12H 

" .. " ., .. .. 

•When 53 = 1 (unprogrammed), the feedback is selected by 5,. 
When 53 = O (programmed), the feedback Is the opposite of 
that selected by 5,. 

PALCE26V12 

21 
.,r-GND 

11757-00SA 
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LOGIC DIAGRAM (Continued) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-0.6 v to +7.0 v DC Input Voltage 

DC Output or 110 Pin Voltage -0.5 V to Vee + 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 2001 V 

Stresses above thoe;e listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage loH = -3.2 rnA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage loL = 16 rnA V1N = V1H or V1L 0.4 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee =Max. (Note 2) 10 

IJL Input LOW Leakage Current V1N = 0 V, Vee = Max. (Note 2) -10 

lozH Off-State Output Leakage Your= 5.5 V, Vee =Max. 10 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Your= 0 V, Vee =Max. -10 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Your= 0.5 V, Vee = Max. (Note 3) -30 -130 

Ice Supply Current V1N= 0 V, Outputs Open (lour= 0 rnA) 105 
Vee= Max. 

Notes: 

Unit 
v 

v 

v 

v 

µA 

µA 

µA 

µA 

rnA 

rnA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or liH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circutt should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 0 v Vee= 5.0 V 5 

TA= +25°C pF 
CoUT Output Capacitance Vour = 0 V I= 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capac~ance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

-20 ·25 
Parameter 
~mbol Parameter Descr.!E_tlon Min. Max. Min. Max. Unit 

tro Input or Feedback to Combinatorial Output 20 25 ns 

ts Setup Time from Input, Feedback, or SP to Clock 13 15 ns 

IH Hold Time 0 0 ns 

!co Clock to Output 12 15 ns 

tcF Clock to Feedback (Note 3) 10 13 ns 

tAR Asynchronous Reset to Registered Output 25 30 ns 

IARW Asynchronous Reset Width 20 25 ns 

tARR Asynchronous Reset Recovery Time 20 25 ns 

ts PR Synchronous Preset Recovery Time 13 15 ns 

tWL LOW 10 13 ns 

IWH Clock Width HIGH 10 13 ns 
Maximum External Feedback l 1/(ts + tco) 40 33.3 MHz 

IMAX Frequency 
Internal Feedback I 1/(ts +lcF) iNote 41. 43 35 MHz 

tEA Input to Output Enable Using Product Term Control 20 25 ns 

IER Input to Output Disable Using Product Term Control 20 25 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured fMAx internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

PALCE26V12H-20/25 (Com'I) 2·325 



SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Clock 

12015-010A 

Combinatorial Output 

~---ts+ tcF ---.. 

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

12015-011A 

Clock Width 

Input or 
Feedback 

\II 
_/I\ VT 

I-- ts 

'/ 
\. 

~ IH 

I 
.J VT 
~ tco Clock ~ 

Registered----------
Output VT 

12015-012A 

Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
L-------------------~ 

12015-021A 

Input VT 

Output VT 

12015-013A 

Input to Output Disable/Enable 

Input Asserting 
Asynchronous 

Reset 

,..-----"" r---- Input Asserting 
VT 

Registered 

Outputs ----+-~~~ VT 

Clock 

Asynchronous Reset 

Notes: 

1. VT= 1.5 V 
2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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Synchronous 
Preset __ __, 

IH-il~--tsPR 

Clock VT 

--Xxxitco .--VT-­
Registered 

Outputs 

11757-010A 

Synchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

010 

SWITCHING TEST CIRCUIT 

Specification S1 CL 

!po, tco, tcF Closed 

lEA Z~H: Open 50 pF 

z ~L: Closed 

!ER H ~z: Open 5 pF 

L ~z: Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

R1 R2 

300Q 390Q 

PALCE26V12 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

12350-019A 

Measured 
Output Value 

1.5 v 
1.5 v 

H ~z: VoH - 0.5 v 
L ~z: VoL + 0.5 v 

E 
KS000010-PAL 
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ENDURANCE CHARACTERISTICS 
The PALCE26V12 is manufactured using AMD's ad­
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

parts. As a result, the device can be erased and 
reprogrammed- a feature which allows 100% testing at 
the factory. 

Symbol Parameter Min. Unit Test Conditions 

10 Years Max. Storage 

toR Min. Pattern Data Retention Time 
Temperature 

20 Years Max. Operating 
Temperature 

N Min. Reprogramming Cycles 100 Cycles Normal Programming 
Conditions 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

ESD Program/Verify 
Protection Circuitry 

Typical Input 

Vee 

Preload Feedback 
= Circuitry Input 

Typical Output 

12197-013A 
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OUTPUT REGISTER PRELOAD 
The PALCE26V12H registered outputs are provided 
with circuitry to allow loading each register synchro­
nously with either a HIGH or LOW. This feature will sim­
plify testing since any state can loaded into the registers 
to control test sequencing. 

The pin levels and timing necessary to perform the 
Preload function are detailed below. 

1. Raise Vee to 5.0 V ± 0.5 V. 

2. Set pin 5 to VHH to disable outputs and enable 
pre load. 

Parameter 

3. Apply the desired value (V1LPIViHP) to all registered 
output pins. Leave combinatorial output pins 
floating. 

4. Clock appropriate pins, 1 and/or 4, from V1LP to V1HP. 

5. Remove V1LrlV1HP from all registered outputs. 

6. Lower pin 5 to V1LIV1H-

7. Enable outputs according to programmed pattern. 
Verify for Vo1.IV0H at all registered output pins. Note 
that the output pin signal will depend on the 
programmed polarity. 

Symbol Parameter Description Min. Rec. Max. Unit 

VHH Super-level Input Voltage 

V1LP Low-level Input Voltage 

V1HP High-level Input Voltage 

to Delay Time 

Level forced on 
registered output 
pin during 
Preload cycle 

V1HP 

V1LP 

Pin 5 

Pins 1, 4 

Registered 
Output 

V1LP 

V1LP 

VoH 

VOL 

Register Q output 
state after cycle 

HIGH 

LOW 

I-- to 

v 
J 

Pre load 
Enabled 
Outputs 
Disabled 

Output 
Forced 
To V1HP 
or V1LP 

10.25 10.5 10.75 

0 

2.4 

10 

to 

V1HP 

V1LP 

0 

5.0 

100 

v 
..t1 

Preload 
Data 

Clocked 
In 

0.5 

5.5 

to 

VHH 

V1HP 

' 

Preload Waveforms 

PALCE26V12 

t\ 

v 
v 
v 
µs 

to 

...A 

Output 
Forcing 
Voltage 

Removed 

to-

\J 
I\ 

Pre load 
Disabled 

V1LP 

V1LP 

VoH 

VoL 

11757-00SA 

2-329 

IE 



POWER-UP RESET 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
The output state will depend on the programmed con­
figuration. This feature is valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous opera­
tion of the power-up reset and the wide range of ways 
Vee can rise to its steady state, two conditions are re-

Parameter 
Symbol Parameter Description 

tPR Power-up Reset Time 

ts Input or Feedback Setup Time 

twt. Clock Width LOW 

quired to ensure a valid power-up reset. These condi­
tions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 
1000 ns 

See Switching 

Characteristics 

Power 
------4-V tl'li---- tPR ---~ 

Vee 

2·330 

Registered 
Active-Low 

Output 

Clock 9- lwt. 
12350-024A 

Power-Up Reset Waveform 
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-COM'L 

PALCE29M16H-25/35 
~ 

24-Pin EE CMOS Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• High-performance semlcustom loglc 

replacement; Electrically Erasable (E2) 

technology allows reprogrammabllity 

• 16 bldlrectlonal user-programmable 110 loglc 
macrocells for Comblnatorlal/Reglstered/ 
Latched operation 

• Output Enable controlled by a pin or product 
terms 

• Varied product term distribution for Increased 
design flexlblllty 

• Programmable clock selection with two clocks/ 
latch enables ([Es) and LOW/HIGH clock/LE 
polarity 

GENERAL DESCRIPTION 

The PALCE29M16H is a high-speed, E2-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TIL or CMOS digital systems. It 
offers high speed, low power consumption, high pro­
gramming yield, fast programming and excellent reliabil­
ity. Programmable Array Logic (PAL~) devices combine 

• Register/Latch Preload permits full logic 
verification 

• High speed (tp0 = 25 ns, fMAX= 33 MHz and fMAX 
Internal = 50 MHz) 

• Full-function AC and DC testing at the factory 
for high programming and functional yields 
and high rellablllty 

• 24-pln 300-mll SKINNYDIFJ<'P and 28·pln plastic 
leaded chip carrier packages 

the flexibility of custom logic with the off-the-shelf availa­
bility of standard products, providing major advantages 
over other semicustom solutions such as gate arrays and 
standard cells, including reduced development time and 
low up-front development cost. 

Figure 1. Block Diagram 08740-001A 

PAL and SKINNVOIP are registered trademarks of Advanced Micro Devices. 
This pan is covered by various US and foreign patents owned by Advanced Micro Devices. 
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GENERAL DESCRIPTION (Continued) 
The PALCE29M16H uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica­
tions. It provides up to twenty-nine array inputs and 
sixteen outputs. It incorporates AM D's unique input/out­
put logic macrocell which provides flexible inpuVoutput 
structure and polarity, flexible feedback selection, mul­
tiple Output Enable choices, and a programmable clock­
ing scheme. The macrocells can be individually pro­
grammed as "Combinatorial," "Registered," or "Latched" 
with active-HIGH or active-LOW polarity. The flexibility of 
the logic macrocells permits the system designer to tailor 
the device to particular application requirements. 

Increased logic power has been built into the 
PALCE29M16H by providing a varied number of logic 
product terms per output. Eight outputs have eight prod-

CONNECTION DIAGRAMS 
(Top View) SKINNYDIP 

Note: 
Pin 1 is marked for orientation 

PIN DESCRIPTION 

l!OF 7 

1, 

l!CLK1IT 

08740-002A 

The following describes the functionality of all the pins on the 
24-pin SKINNYDIP. The 28-pin chip carrier has the same func­
tionality with NO CONNECTS on pins 1, 8, 15, 22. 

CLK/LE (PIN 1 ): Used as a dedicated clock/latch enable pin 
for all registers/latches on the device if so selected. (See 110 
Logic Macrocell Configurations.) This pin is a clock pin for 
macrocells configured as registers and a latch enable pin for 
macrocells configured as latches. 

l/CLK/LE PIN (PIN 13): Used as dedicated input or as an alter­
nate clock/latch enable pin for all the registers/latches if so se­
lected. (See 110 Logic Macrocell Configurations.) This pin is a 
clock pin for macrocells configured as registers and a latch 
enable pin for macrocells configured as latches. 

I/OE PIN (PIN 11): Used as a dedicated input pin to the AND 

uct terms each, four outputs have twelve product terms 
each, and the other four outputs have six1een product 
terms each. This varied product-term distribution allows 
complex functions to be implemented in a single PAL 
device. Each output can be dynamically controlled by a 
common Output Enable pin or Output Enable product 
terms per bank of four outputs. Each output can also be 
permanently enabled or disabled. 

System operation has been enhanced by the addition of 
common asynchronous-PRESET and RESET product 
terms and a power-up RESET feature. The 
PALCE29M16H also incorporates PRELOAD and Ob­
servability functions which permit full logic verification of 
the design. 

The PALCE29M16H is offered in the space-saving 300-
mil SKINNYDIP package as well as the plastic leaded 
chip carrier package. 

PLCC 
eLK/ 

l/OFo lo CE NC Vee 12 llOF7 

08740-003A 
llOF3 VOE GND NC 111.tKI 11 l/OF4 

Pin Designations: 
I =Input 
1/0 = Input/Output 
I/OF = Input/Output with Dual Feedback 
Vee =Supply Voltage 
GND =Ground 
CLK/LE = Clock/latch Enable 
NC = No Connection 

array or as the Output Enable control pin (Active LOW) for all 
macrocells with pin-controlled Output Enable selected. 

lol 2 (PINS 2, 14, 23): Dedicated input pins. 

l/OF0 1/0F7 (PINS 3, 4, 9, 10, 15, 16, 21, 22): Eight bidirec­
tional 1/0 pins with two independentfeedback paths to the AND 
array. The first feedback path is a dedicated 1/0 pin feedback 
to the AND array for combinatorial input. The second feedback 
path consists of direct register/latch feedback to the array (see 
Figure 2b). 

1/00 1/07 (PINS 5, 6, 7, 8, 17, 18, 19, 20): Eight bidirectional 
1/0 pins with user-programmable register/latch or 1/0 pin feed­
back to the AND array (see Figure 2a). 

Vee (PIN 24): Supply Voltage. 

GND (PIN 12): Circuit Ground. 
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ORDERING INFORMATION 
Commercial Products 
AMO programmable logic products for commercial applications are available in several packages and operating ranges. The order 
number (Valid Combination) is formed by a combination of: a. Device Number 

b. Power/Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 

PALCE 29M16H-25PC 

a. PROGRAMMABLE TJ 11 o. OPTIONAL PROCESSING 
ARRAY LOGIC Blank= Standard processing 

CMOS ELECTRICALLY ERASABLE d. TEMPERATURE RANGE 

NUMBER OF ARRAY ---------' 
INPUTS 

OUTPUT TYPE -----------' 
M = Advanced Macrocell 

NUMBER OF FLIP-FLOPS 

Valid Combinations 

PALCE29M16H-251 PC, DC, JC 
PALCE29M16H-35 

C = Commercial (0°C to +75°C) 

c. PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP 

(P03024) 
0 = 24-Pin Ceramic SKINNYDIP 

(C03024) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

b. POWER/SPEED OPTION 
Speed: 

-25 = 25 ns 
-35 = 35 ns 

Power: 
H = Half Power (100 mA) 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm avail­
ability of specific valid combinations, to check on 
newly released combinations, and to obtain add~ional 
data on AMO's standard military grade products. 

Note: 
Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
Inputs 
The PALCE29M16H has twenty-nine inputs to drive 
each product term (up to fifty-eight inputs with both TRUE 
and complement versions available to the AND array) as 
shown in the block diagram in Figure 1. Of these twenty­
nine inputs, three are dedicated inputs, sixteen are from 
eight 1/0 logic macrocells with two feedbacks, eight are 
from other 1/0 logic macrocells with s~le feedback, one 
is the I/OE input and one the l/CLK/LE input. 

Initially the AND-array gates are disconnected from all 
the inputs. This condition represents a logical TRUE for 
the AND array. By selectively programming the E2 cells, 
the AND array may be connected to either the TRUE 
input orthe complement input. When both the TRUE and 
complement inputs are connected, a logical FALSE 
results at the output of the AND gate. 

Product Terms 
The degree of programmability and complexity of a PAL 
device is determined by the number of connections that 
form the programmable-AND and OR gates. Each pro­
grammable-AND gate is called a product term. The 
PALCE29M16H has 188 product terms; 176 of these 
product terms provide logic capability and twelve are 
architectural or control product terms. Among the twelve 
control product terms, two are for common Asynchro­
nous-PRESET and RESET, one is for Observability, and 
one is for PRELOAD. The other eight are common 
Output Enable product terms. The Output Enable of each 
bank of four macrocells can be programmed to be con­
trolled by a common Output Enable pin or two AND/XOR 
product terms. It may be also permanently enabled or 
permanently disabled. 

Each product term on the PALCE29M16H consists of a 
58-input AND gate. The outputs of these AND gates are 

connected to a fixed-OR plane. Product terms are allo­
cated to OR gates in a varied distribution across the 
device ranging from eight to sixteen wide, with an aver­
age of eleven logic product terms per output. An in­
creased number of product terms per output allows more 
complex functions to be implemented in a single PAL 
device. This flexibility aids in implementing functions 
such as counters, exclusive-OR functions, or complex 
state machines, where different states require different 
numbers of product terms. 

Common asynchronous-PRESET and RESET product 
terms are connected to all Registered/Latched inputs/ 
outputs. 

When the asynchronous-PRESET product term is as­
serted (HIGH) all the registers/latches will immediately 
be loaded with a HIGH, independent of the clock. When 
the asynchronous-RESET product term is asserted 
(HIGH) all the registers/latches will be immediately 
loaded with a LOW, independent of the clock. The actual 
output state will depend on the macrocell polarity selec-
tion. The latches must bse in latchesd mode (not transpar- ~ 
ent mode) for the RE ET/PRE ET, PRELOAD, and Ki; 
power-up RESET modes to be meaningful. 

Input/Output Logic Macrocells 
The 1/0 logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using 
the associated pin either as an input or an output. 

The PALCE29M16H has sixteen macrocells, one for 
each 1/0 pin. Each 1/0 macrocell can be programmed for 
combinatorial, registered or latched operation (see Fig­
ure 2). Combinatorial output is desired when the PAL 
device is used to replace combinatorial glue logic. Reg­
isters are used in synchronous logic applications while 
latches are used in asynchronous applications. 

~~~~~~~~~~~~~~~~~~~~~~~ 

OE PTs FOR BANKS { 
OF 4 MACROCELLS 

COMMON 
ASYNCHRONOUS 

PRESET 
PO 

P11 OR P15 

COMMON 
ASYNCHRONOUS 

RESET 

TO AND ARRAY 

Figure 2a. PALCE29M16H Macrocell (Single Feedback) 

PALCE29M16H-25/35 

08740-004A 
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The output polarity for each macrocell in each of the 
three modes of operation is user-selectable, allowing 
complete flexibility of the macrocell configuration. 

Eight of the macrocells (I/OF 0-l/OF 7) have two independ­
entfeedback paths to the AND array (see Figure 2b). The 
first is a dedicated 110 pin feedback to the AND array for 
combinatorial input. The second path consists of a direct 
register/latch feedback to the array. If the pin is used as 
a dedicated input using the first feedback path, the 
register/latch feedback path is still available to the AND 
array. This path provides the capability of using the 
register/latch as a buried state register/latch. The other 
eight macrocells have a single feedback path to the AND 
array. This feedback is user-selectable as either an 110 
pin or a register/latch feedback (see Figure 2a). 

Each macrocell can provide true input/output capability. 
The user can select each macrocell register/latch to be 
driven by either the signal generated by the AND-OR 
array or the 1/0 pin. When the 110 pin is selected as the 
input, the feedback path provides the register/latch input 
to the array. When used as an input, each macrocell is 
also user-programmable for registered, latched, or 
combinatorial input. 

The PALCE29M16H has one dedicated CLK/LE pin and 
an l/CLK/LE pin. All macrocells have a programmable 
select to choose between these two pins as the clock or 
the latch enable signal. These signals are clock signals 
for macrocells configured as registers and latch enable 
signals for macrocells configured as latches. The polarity 
of these CLK/LE signals is also individually program­
mable. Thus different registers can be driven by different 
clocks and clock phases. 

The Output-Enable mode of each of the macrocells can 
be selected by the user. The 1/0 pin can be configured as 
an output pin (permanently enabled) or as an input pin 
(permanently disabled). It can also be configured as a 
dynamic 1/0 controlled by the Output Enable pin or by two 

AND-XOR product terms which are available for each 
bank of four 1/0 Logic Macrocells. 

110 Logic Macrocell Configuration 
AMD's unique 1/0 macrocell offers major benefits 
through its versatile, programmable input/output cell 
structure, multiple clock choices, flexible Output Enable 
and feedback selection. Eight 1/0 macrocells with single 
feedback contain nine E2 cells, while the other eight 
macrocells contain eight E2 cells for programming the 
input/output functions (see Table 1). 

E2 cell S1 controls whether the macrocell will be combi­
natorial or registered/latched. SO controls the output 
polarity (active-HIGH or active-LOW). S2 determines 
whether the input/output is a register or a latch. S3 allows 
the use of the macrocell as an input register/latch or as an 
output register/latch. It selects the direction of the data 
path through the register/latch. If connected to the usual 
AND-OR array output, the register/latch is an output con­
nected to the 1/0 pin. If connected to the 1/0 pin, the 
register/latch becomes an input register/latch to the AND 
array using the feedback data path. 

Programmable E2 cells S4 and SS allow the user to select 
one of the four CLK/LEsignals for each macrocell. S6 and 
S7 are used to control Output Enable as pin controlled, 
two product term controlled, permanently enabled or 
permanently disabled. Sa controls a feedback multi­
plexer for the macrocells with a single feedback path 
only. 

Using the programmable E2 cells so-sa various input 
and output configurations can be selected. Some of the 
possible configuration options are shown in Figure 3. 

In the virgin erased state (charged, disconnected), an 
architectural cell is said to have a value of "1 "; in the pro­
grammed state (discharged, connected to GND), an 
architectural cell is said to have a value of "O." 

~~~~~==--------------q 
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COMMON 
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P7 
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ASYNCHRONOUS 

RESET 

TO AND ARRAY ::=31----------...JRFx 
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Figure 2b. PALCE29M16H Macrocell (Dual Feedback) 
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S3 l/OCell S2 Storage Element 

1 Output Cell 1 Register 

0 Input Cell 0 Latch 

S1 Output Type so Output Polarity 

1 Combinatorial 1 Active LOW 

0 Register/Latch 0 Active HIGH 

SS Feedback* 

1 Register/Latch 

0 1/0 

• Applies to macrocells with single feedback only. E Table 1a. PALCE29M16H 1/0 Logic Macrocell Architecture Selections 

S4 SS Clock Edge/Latch Enable Level 

1 1 CLK/LE _£in_E9sitive.::s_oi'!ll._ eqae. active-LOW LE 

1 0 CLK/LE..£in n~ativ1!:!:19il}ll_ eqae, active-HIGH LE 

0 1 l/CLK/LE pin positive-going edge, active-LOW LE 

0 0 l/CLK/LE pin negative-going edge, active-HIGH LE 

S6 S7 Output Buffer Control 

1 1 Pin-Controlled Three-State Enable 

1 0 XOR PT-Controlled Three-State Enable 

0 1 Permanently Enabled (Output only) 

0 0 Permanently Disabled (Input only) 

1 = Erased State (Charged or disconnected). 

0 = Programmed State (Discharged or connected). 

Table 1b. PALCE29M16H 110 Logic Macrocell Clock Polarity and Output Enable Selections 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 
(For other useful configurations, please refer to the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable). 

Output Registered/Active Low 

So= 1 
s, =0 
S3=1 
S2= 1 

08811-006A 

Output Registered/Active High 

08811-00SA 

Output Combinatorial/Active Low 

08811-00?A 

Output Combinatorial/Active High 

08811-009A 

Figure 3a. Dual Feedback Macrocells 

Output Registered/Active Low, 110 Feedback Output Combinatorial/Active Low, 1/0 Feedback 

08811-010A 08811-01 IA 

Output Latched/Active High, 1/0 Feedback Output Combinatorial/Active High, 1/0 Feedback 

2-338 

So=D 
S1 =O 
S3= 1 
Sg=D 
S2=0 

08811-012A 

Figure 3b. Single Feedback Macrocells 
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So:O 
s, =, 
S3=1 
S9:0 
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POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL (Continued) 
Output Registered/Active Low, Register Feedback 

So= 1 
s, =0 
S3= 1 
Sa= 1 
s2 = 1 

08B11-014A 

Output Latched/Active Low, Latched Feedback 

So= 1 
s, =0 
S3=1 
Sa= 1 
S2=0 

08811-016A 

Output Combinatorial/Active Low, Register Feedback 

So=1 
s, =1 
S3=1 
Sa=1 
S2= 1 

08811-015A 

Output Combinatorial/Active Low, Latched Feedback 

08811-017A 

Figure 3b. Single Feedback Macrocells (Continued) 

Input Registered/Latched 

~ 
Sa= 0 
Se= 1 (FOR SINGLE FEEDBACK ONLY) 
S:z = 1 REGISTER 

=OlATCH 

PROGRAMMABLE-AND ARRAY 

Figure 3c. All Macrocells 

OBB11-018A 

DESIGNED-IN TESTABILITY AND 
DEBUGGING 
Pre load 
To simplify testing, the PALCE29M16H is designed with 
PRELOAD circuitry that provides an easy method for 
testing logical functionality. Both product term controlled 
and supervoltage-enabled PRELOAD modes are avail­
able. This offers even more test capability than previ­
ously implemented in AM D's PAL devices. The TTL-level 
PRELOAD product term can be useful during debugging, 
where supervoltages may not be available. 

PRELOAD allows any arbitrary state value to be loaded 
into the registers/latches of the device. A typical func­
tional-test sequence would be to verify all possible state 
transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary "present 
state" value and to set the device's inputs into an arbitrary 
"present input" value. Once this is done, the state ma­
chine is clocked into a new state, or "next state," which 
can be checked to validate the transition from the "pres­
ent state." In this way any transition can be checked. 

Since PR ELOAD can provide the capability to go directly 
to any desired arbitrary state, test sequences may be 

greatly shortened. Also, all possible states can be tested, 
thus greatly reducing test time and development costs 
and guaranteeing proper in-system operation. 

Observability 
The output register/latch observability product term, 
when asserted, suppresses the combinatorial output 
data from appearing on the 1/0 pin and allows the 
observation of the contents of the register/latch on the 
output pin for each of the logic macrocells. This unique 
feature allows for easy debugging and tracing of the 
buried state machines. In addition, a capability of super­
voltage observability is also provided. 

Security Cell 
A security cell is provided on each device to prevent un­
authorized copying of the user's proprietary logic design. 
Once programmed, the security cell disables the pro­
gramming, verification, PRELOAD, and the observability 
modes. The only way to erase the protection cell is by 
charging the entire array and architecture cells, in which 
case no proprietary design can be copied. (This cell 
should be programmed only after the rest of the device 
has been completely programmed and verified.) 

PALCE29M1 GH-25/35 2-339 

E 



LOGIC DIAGRAM 
DIP (PLCC) Pinouts 
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LOGIC DIAGRAM (Continued) 

DIP (PLCC) Pinouts 
Continued From Previous Paga 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

-65°C to + 1 so0 c 

-55°C to + 12s0 c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

DC Input Volt~ 
(Except Pin I/OE) 

DC Input Voltage (Pin I/OE) 

-0.5 V to Vee+ 0.5 V 

-0.6 Vto +16 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 

DC Input Current -1 mA to +1 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 

Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage loH = -2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

Vol Output LOW Voltage loL = 6 mA V1N = V1H or V1L 0.5 
loL = 4 mA Vee= Min. 0.33 
loL = 20 µA 0.1 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee =Max. (Note 2) 10 

l1L Input LOW Leakage Current V1N = 0 V, Vee = Max. (Note 2) -10 

lozH Off-State Output Leakage VouT = 5.5 V, Vee =Max. 10 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee =Max. -10 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee =Max. (Note 3) -30 -90 

Ice Supply Current V1N = 0 V, Outputs Open (louT= 0 mA) 100 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 
2. 110 pin leakage is the worst case of liL and lozL (or liH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VouT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Units 

CIN Input Capacitance V1N• 0 V Vcc=5.0V 5 
TA= 2s0c f------1 pF 

COUT Output Capacitance Vour=OV f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 
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SWITCHING CHARACTERISTICS 

Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a capacitance of 35 pF. 

Registered Operation 

Parameter 
Symbol Parameter Description Min. 

Combinatorial Output 

!PO Input or 1/0 Pin to Combinatorial Output 

Output Register 

1soR Input or 1/0 Pin to Output Register Setup 15 

1coR Output Register Clock to Output 

!HOR Data Hold Time for Output Register 0 

ll!e.ut R~ster 

!SIR 1/0 Pin to Input Register Setup 2 

!CIR Register Feedback Clock to Combinatorial Output 

!HIR Data Hold Time for input Register 6 

Clock and Frequency 

!CIS Register Feedback to Output Register/Latch Setup 20 

fMAX Maximum Frequency 1 /(tsoR + tcoRl 33.3 

fMAXI Maximum Internal Frequency 1/lc1s 50 

!CWH Pin Clock Width HIGH 8 

1cwL Pin Clock Width LOW 8 

AND-OR 

....--....-.. tc1s ARRAY tc1s 

ts1R ·•· 

------ --------- -----

INPUT 
REGISTER -',,, 

' ' , ' , 
'<. , ' , ' 

OUTPUT 
- REGISTER 

-25 

Max. 

25 

15 

28 

1coR 

110 

K:>l--------1 , ',J-------1<::>1 
110 ', 1/0 

1soR - - - - - - - - - - , ''-----------~ tc1R 

'Po ---------1----+-------• 'Po 

Input/Output Register Specs 
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-35 

Min. Max. Unit 

35 ns 

20 ns 

20 ns 

0 ns 

4 ns 

36 ns 

8 ns 

30 ns 

25 MHz 

33.3 MHz 

12 ns 

12 ns 
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SWITCHING WAVEFORMS 

COMBINATORIAL ~ 

COM:::RIAL --------===1:,...V,----
OUTPUT ~ 

COMBINATORIAL 
INPUT 

CLOCK 

REGISTERED 
OUTPUT 

Comblnatorlal Output 

Output Register 

REGISTERED ~ V,- ~ 
INPUT ---'"""'l.:...1s1R--'HIR~,_T ___ _ 

CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK VT 

VT 

.... Yr __ _ 

Input Register 

Clock Width 

PALCE29M16H·25/35 (Com'I) 

08811-022A 

08811-023A E 

08811-024A 

08740-026A 
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SWITCHING CHARACTERISTICS (Continued) 
Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a capacitance of 35 pF. 

Latched Operation 

Parameter -25 -35 
Symbol Parameter Description Min. Max. Min. Max. Unit 

Combinatorial Output 

tPD Input or 110 Pin to Combinatorial Output 25 35 ns 

tPTD Input or 110 Pin to Output via One Transparent Latch 28 36 ns 

Output Latch 

tSOL Input or 1/0 Pin to Output Latch Setup 15 20 ns 

tGOL Latch Enable to Transparent Mode Output 15 20 ns 

!HOL Data Hold Time for Output Latch 0 0 ns 

tSTL Input or 1/0 Pin to Output Latch Setup via Transparent Input Latch 18 25 ns 

Input Latch 

tSIL 1/0 Pin to Input Latch Setup 2 4 ns 

!GIL Latch Feedback, Latch Enable Transparent Mode to 28 36 ns 
Combinatorial Output 

tHIL Data Hold Time for Input Latch 6 8 ns 

Latch Enable 

tGIS Latch Feedback to Output Register/Latch Setup 20 30 ns 

!GWH Pin Enable Width HIGH 8 12 ns 

ki Pin Enable Width LOW 8 12 ns 

AND-OR 

ta1s ARRAY 
------ ---------

1/0 ,, ', 1/0 
1SOL ••••••• - - - '' ''-----------~ 1GIL 
1PTD ~----- 1 pro 
tpo --------f----+-------.... tpo 

08811-028A 

Input/Output Latch Specs 
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SWITCHING WAVEFORMS (Continued) 

LATCHED 
INPUT 

COMBINATORIAL 
INPUT 

LATCHED 
OUTPUT 

COMBINATORIAL 
INPUT 

-------~tpro-

08811-030A 

Latch (Transparent Mode) 

LATCHED TRANSPARENT 

LE Width 

LATCHED TRANSPARENT 

LE TRANSPARENT LATCHED 

input and Output Latch Relationship 

LATCHED 
INPUT 

LE 

08811-035A 

INPUT 
LATCH 

OUTPUT 
LATCH 

08811-031A 

VT TRANSPARENT 
--'Pro--

08811-034A 

08811-038A 
Output Latch Input Latch 
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Reset/Preset, Enable 

Parameter 
Symbol Parameter Description 

!APO Input or 1/0 Pin to Output Register/Latch RESET/PRESET 

!AW Asynchronous RESET/PRESET Pulse Width 

!ARO Asynchronous RESET/PRESET to Output Register/Latch Recovery 

!ARI Asynchronous RESET/PRESET to Input Register/Latch Recovery 

Output Enable Operation 

!PZX I/OE Pin to Output Enable 

!PXZ 
. I/OE Pin to Output Disable 

!EA Input or 110 to Output Enable via PT 

!ER 
. Input or 110 to Output Disable via PT 

• Output disable times do not include test load RC time constants. 

SWITCHING WAVEFORMS (Continued) 

-IAW-
COMBINATORIAL ----.. ,.-------. ,.---­
ASYNCHRONOUS 
RESET/PRESET 

REGISTERED/ ---WJ~~"fm.~v.::--r-----

~Ji~Ji' ___ J/:J.'{:tJJ;;f:/:J:JJIJ:!J:j~'J\..VT __ t------
PIN11 

-25 -35 

Min. Max. Min. Max. Unit 

30 40 ns 

15 20 ns 

15 20 ns 

12 15 ns 

20 30 ns 

20 30 ns 

25 35 ns 

25 35 ns 

t A RO ---;r- COMBINATORIALJ -----.--.--<-... 1 

CLOCK 

08811-037A 
Output Register/Latch Reset/Preset 

COMBINATORIAL -----*+-'Aw-~ ASYNCHRONOUS l/.r 
RESET/PRESET ---

~ .. "-F CLOCK 

08811-03BA 

Input Register/Latch Reset/Preset 

REGISTERED/ 
LATCHED 
OUTPUT 

08811-039A 

Pin 11 to Output Disable/Enable 

COMBINATORIAL ~V t 
COM~~::T:RIALJ IER:i ~ 17:-:i-IEA 

REL';.'iJ~~~D1 ___ __.)_._)_.)..._#~~ ~ o~: :wK vT 
OUTPUT 

08811-042A 

Input to Output Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORMS 

~\\\ 

//Ill 
~ 
»« 

SWITCHING TEST CIRCUIT 

INPUTS 

MUST BE STEADY 

MAY CHANGE 
FROMHTOL 

MAY CHANGE 
FROML TOH 

DON'T CARE; ANY 
CHANGE PERMITTED 

DOES NOT 
APPLY 

OUTPUT o-----• 

Specification Switch s, CL A, 
1Po• 1co• 1ao Closed 35 pF 620Q 

!EA' !PZX 
Z->H: open 35 pF 620Q 
Z->L: closed 

'ER· 1Pxz 
H->Z: open 5 pF 620Q 
L-;Z: closed 

WILL BE STEADY 

WILL BE 
CHANGING 
FROM HTOL 

WILL BE 
CHANGING 
FROM L TOH 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS HIGH 
IMPEDANCE "OFF" STATE 

KS000010-PAL E 

08811-044A 

A, Measured Output Value 

390Q 1.5 v 
390Q 1.5 v 

390Q H-;Z: VOH -0.5 v 
L->Z: VOL +0.5 v 
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PRELOAD AND OBSERVABILITY 
The PALCE29M16H has special preload and observabil­
ity modes designed in. The PRELOAD mode is very 
useful during structured vector testing after program­
ming, while the observe mode allows the designer to see 
the contents of any buried registers. 

The PRELOAD waveform is shown in Figure 6. The PRE­
LOAD registers mode is selected with the mode-select 
pins, the desired data to be loaded into the registers is 
placed on the appropriate 1/0 pins, and a positive pulse 
on pin 1 is applied. This clocks the new values into the 
registers, and the device can then be returned to normal 
operating mode. 

The observability function allows the user to observe the 
outputs of all sixteen registers. To use the observability 
mode, simply select the observe registers mode with the 
mode-select pins. The register output is automatically 
selected (combinatorial mode is off), and the output will 

Vpp 

PIN 11 

be the true side of the register (Q). The data will be 
present as long as the mode-select pins access the 
observe mode (even if pin 11 goes LOW, the output pins 
will still retain the data out of the registers). To exit the 
observe mode, simply change the mode-select pins 
while pin 11 is still at V PP" 

During observability, pin 1 should remain LOW. If pin 1 
goes HIGH, the device will interpret this as a clock signal, 
and the previous data may be lost. As long as· pin 1 
remains LOW, the state of the registers will not change 
when going from normal-mode operation to observe 
mode or back. 

Product terms provide an alternative method of enabling 
preload and observability. The preload and obervability 
product terms, when asserted, perform the same func­
tions as the mode select pins and pin 11. 

IF(dVl/dt) 

MODE V1HP -~-r-T""l.lr---::-='.""'.""'."":"'"""~ ~---r----
SELECT PRELOAD 

2-350 

PINS VILP _ _...~- ..___..;;M;..;;O.;;;.D;;..E_.....1 --------

l/OPINS 

VIHP 
CLOCK 
PIN 1 VILP _______ _,., 

Figure 6. Preload Waveform 

Vpp 

PIN 11 

VILP 

MODE VIHP 
SELECT 

PINS VILP 

VIHP 
l/OPINS 

VILP 

CLOCK 
PIN 1 

VILP 

Figure 7. Observability Waveform 
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PRELOAD DC ELECTRICAL CHARACTERISTICS (TA= 25°C ± 5°C) 

Parameter Parameter 
Symbol Description Min. Rec. Max. Unit 

vPP PRELOAD Voltage 14.5 15.0 15.5 v 
v.!l.f.. Input LOW Level During ProgNerify 0 0 0.5 v 
VIHP Input HIGH Level During ProgNerify 3.0 4.0 Vee v 
VOL Verify LOW 0.2 0.5 v 
"oH_ Verify HIGH 2.4 3.4 v 

Note: 
AC undershoot on any input should be limited to -1 V. 

Table 2. 

Pin 23 Pin 14 Pin 13 Pin 2 

Pre load L H H L 

Observe H L H H 

Table 3. Mode Pins E 
PRELOAD AC ELECTRICAL CHARACTERISTICS (TA= 25•c ± 5°C) 

Parameter Parameter 
Symbol Description Min. Rec. Max. Unit 

IM Setup Before Applying Mode 50 50 µs 

1Ms Mode Setup Prior to Applying Data 1.0 1.0· µs 

1os Data Setup Prior to Applying PRE LOAD Latch Pulse 1.0 1.0* µs 

tH Data/Mode Hold After Latch Pulse 1.0 1.0· µs 

1w Data Latch Pulse Width 1.0 1.0• µs 

t,/O 110 Valid After Pin 11 Drops from V PP to TTL Levels 100 µs 

dVr/dt V PP Rising Slew Rate (Pin 11) 10 100 V/µs 

dVl/dt V PP Falling Slew Rate (Pin 11) 2.0 3.0 V/µs 

• Recommended value is as close to 1.0 µs plus tolerance as practical, but not less than 1.0 µs. 

Table 4. 

ENDURANCE CHARACTERISTICS 
All PALCE29M16H devices are given multiple erase cycles (endurance cycles) at the factory. 

Parameter Parameter 
Symbol Description Value Unit Test Conditions 

!OR Minimum Pattern Data Retention Time 10 Years Maximum Storage Temperature 

N Minimum Reprogramming Cycles 100 Cycles Operating Conditions 

PALCE29M16H·25/35 2·351 



POWER-UP RESET 
The registered devices in the AMD PAL Family have been 
designed with the capability to reset during system power­
up. Following power-up, all registers will be reset to LOW. 
The output state will depend on the polarity of the output 
buffer. This feature provides extra flexibility to the designer 
and is especially valuable in simplifying state machine 
initialization. A timing diagram and parameter table are 
shown below. Due to the asynchronous operation of the 
power-up reset, and the wide range of ways V cc can rise 
to its steady state, two conditions are required to ensure a 
valid power-up reset. These conditions are: 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and 
feedback setup times are met. 

Parameter Parameter 
Symbol Description 

tPR 
Power-Up 

Reset Time 

ts 
Input or Feedback 

Setup Time 

!,. Clock Width 

1. The V cc rise must be monotonic. tR Vee Rise Time 

2·352 

------------------Yee 
POWER 4 V 

IR-1 i...------lpR--------'Jl~I 
REGISTERED ---------------.--.1------
ACTIVE LOW 

OUTPUT 

CLOCK 

Is 

Figure 5. Power-Up Reset Waveform 

PALCE29M16H·25/35 

Min. Max. Unit 

100 µs 

See Switching 
Characteristics table 

500 µs 

08811-043A 
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PALCE29MA 16H-25/35 
~ 

Advanced 
Micro 

Devices 24-Pin EE CMOS Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

• High-performance semi-custom logic 
replacement; Electrically Erasable (E2) 

technology allows reprogrammability 

• 16 bidirectional user-programmable 1/0 logic 
macrocells for Combinatorial/Registered/ 
Latched operation 

• Output Enable controlled by a pin or product 
terms 

II Varied product term distribution for Increased 
design flexibility 

II Programmable clock selection with common 
pin clock/latch enable (LE) or individual 

GENERAL DESCRIPTION 

The PALCE29MA16H is a high-speed, E2-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TTL or CMOS digital systems. It 
offers high speed, low power consumption, high pro­
gramming yield, fast programming and excellent reliabil­
ity. Programmable Array Logic (PAL®) devices combine 

CLKiLE 

product term clock/LE with LOW/HIGH clock/ 
LE polarity 

• Register/Latch Preload permits full logic 
verification 

• High speed (tpo = 25 ns, fMAx = 33 MHz and fMAx 
internal = 50 MHz) 

II Full-function AC and DC testing at the factory 
for high programming and functional yields 
and high reliability 

II 24-pin 300-mll SKINNYDIP® and 28-pin plastic 
leaded chip carrier packages 

the flexibility of custom logic with the off-the-shelf availa­
bility of standard products, providing major advantages 
over other semicustom solutions such as gate arrays and 
standard cells, including reduced development time and 
low up-front development cost. 

PROGRAMMABLE 
AND ARRAY 

58x178 

Figure 1. Block Diagram 

PAL, PALASM, and SK1NNYD1P are registered trademarks of Advanced Micro Devices, 1nc. 

Thls part is covered by various U.S. and foreign patents owned by Advanced Micro Devices, Inc. 
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GENERAL DESCRIPTION (Continued) 

The PALCE29MA16H uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica­
tions. It provides up to twenty-nine array inputs and 
sixteen outputs. It incorporates AMD's unique input/out­
put logic macrocell which provides flexible input/output 
structure and polarity, flexible feedback selection, mul­
tiple Output Enable choices, and a programmable 
clocking scheme. The macrocells can be individually pro­
grammed as "Combinatorial," "Registered," or "Latched" 
with active-HIGH or active-LOW polarity. The flexibility of 
the logic macrocells permits the system designer to tailor 
the device to particular application requirements. 

Increased logic power has been built into the 
PALCE29MA16H by providing a varied number of logic 
product terms per output. Eight outputs have four product 
terms each, four outputs have eight product terms each, 

CONNECTION DIAGRAMS 
(Top View) SKINNYDIP 

11i5E 

GND 

08811-002A 
Note: 
Pin 1 is marked for orientation. 

PIN DESCRIPTION 
The following describes the functionality of all the pins on 
the 24-pin SKINNYDIP. The 28-pin chip carrier has the 
same functionality with NO CONNECTS on pins 1, 8, 15, 
22. 

CLK/LE (PIN 1): Used as a dedicated clock/latch enable 
pin for all registers/latches on the device if so selected. 
(See 1/0 Logic Macrocell Configurations.) This pin is a 
clock pin for macrocells configured as registers and a 
latch enable pin for macrocells configured as latches. 

I/OE PIN (PIN 11): Used as a dedicated input pin to the 
AND array or as the Output Enable control pin (Active 
LOW) for all macrocells with pin-controlled Output Enable 
selected. 

and the other four outputs have twelve product terms 
each. This varied product-term distribution allows com­
plex functions to be implemented in a single PAL device. 
Each output can be dynamically controlled by a common 
Output Enable pin or individual Output Enable product 
term. Each output can also be permanently enabled or 
disabled. 

System operation has been enhanced by the addition of 
common asynchronous-PRESET and RESET product 
terms and a power-up RESET feature. The 
PALCE29MA16H also incorporates PRELOAD and 
Observability functions which permit full logic verification 
of the design. 

The PALCE29MA 16H is offered in the space-saving 300-
mil SKINNYDIP package as well as the plastic leaded 
chip carrier package. 

PLCC 

08811-003A 
Pin Designations: 

I =Input 
1/0 = Input/Output 
I/OF = Input/Output with Dual Feedback 
Vee =Supply Voltage 
GND =Ground 
CLK/LE = Clock or Latch Enable 
NC = No Connection 

10 13 (PINS 2, 13, 14, 23): Dedicated input pins. 

l/OF0-l/OF7 (PINS 3, 4, 9, 10, 15, 16, 21, 22): Eight 
bidirectional 1/0 pins with two independent feedback 
paths to the AND array. The first feedback path is a 
dedicated 1/0 pin feedback to the AND array for combina­
torial input. The second feedback path consists of direct 
register/latch feedback to the array (see Figure 2b). 

1/00-1/07 (PINS 5, 6, 7, 8, 17, 18, 19, 20): Eight bidirec­
tional 110 pins with user-programmable register/latch or 
1/0 pin feedback to the AND array (see Figure 2a). 

V cc (PIN 24): Supply Voltage 

GND (PIN 12): Circuit Ground. 
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ORDERING INFORMATION 
Commercial Products 
AMO programmable logic products for commercial applications are available in several packages and operating ranges. The order 
number (Valid Combination) is formed by a combination of: a. Device Number 

b. Power/Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 

PAL CE 29MA16 H-25 PC 

a. PROGRAMMABLE TJ 1 L o. OPTIONAL PROCESSING 
ARRAY LOGIC Blank • Standard processing 

CMOS ELECTRICALLY ERASABLE d. TEMPERATURE RANGE 

NUMBER OF ARRAY------~ 
INPUTS 

OUTPUT TYPE------------' 
MA - Advanced Asynchronous 

Macrocell 

NUMBER OF FLIP-FLOPS---------' 

Valid Combinations 

PALCE29MA 16H-25 

PALCE29MA 16H-35 

PC, DC,JC 

C =Commercial (0°C to +75°C) 

..._ __ c. PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP 

(PD3024) 
D • 24-Pin Ceramic SKINNYDIP 

(CD3024) 
J • 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 

....__ ___ b. POWER/SPEED OPTION 

Speed: 
-25 • 25 ns 
-35 = 35 ns 

-------Power: 
H • Half Power (100 mA) 

Valid Comblnatlone 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availabillty of specific valid combinations, to check 
on newly released combinations, and to obtain 
addltional data on AMD's standard military grade 
products. 

Note: 

Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 
Inputs 
The PALCE29MA16H has twenty-nine inputs to drive 
each product term (up to fifty-eight inputs with both TRUE 
and complement versions available to the AND array) as 
shown in the block diagram in Figure 1. Of these twenty­
nine inputs, four are dedicated inputs, sixteen are from 
eight 1/0 logic macrocells with two feedbacks, eight are 
from other 1/0 logic macrocells with single feedback and 
one is the I/OE input. 

Initially the AND-array gates are disconnected from all 
the inputs. This condition represents a logical TRUE for 
the AND array. By selectively programming the E2 cells, 
the AND array may be connected to either the TRUE 
input or the complement input. When both the TRUE and 
complement inputs are connected, a logical FALSE 
results at the output of the AND gate. 

Product Terms 
The degree of programmability and complexity of a PAL 
device is determined by the number of connections that 
form the programmable-AND and OR gates. Each pro­
grammable-AND gate is called a product term. The 
PALCE29MA16H has 178 product terms; 112 of these 
product terms provide logic capability and others are 
architectural product terms. Among the control product 
terms, one is for Observability, and one is for PRELOAD. 
The Output Enable of each macrocell can be pro­
grammed to be controlled by a common Output Enable 
pin or an individual product term. It may also be perma­
nently enabled or permanently disabled. In addition, 
independent product terms for each macrocell control 
PRESET, RESET and CLK/LE. 

Each product term on the PALCE29MA 16H consists of a 

COMMON 
l/OE(PIN) 

INDIVIDUAL OE 

INDIVIDUAL 
ASYNCHRONOUS 

PRESET 
PO 

P70R P11 

COMMON 
CLK/Lt(PIN) 

INDIVIDUAL 
CLK/LE 

INDIVIDUAL 
ASYNCHRONOUS 

RESET 

TO AND ARRAY 

58-input AND gate. The outputs of these AND gates are 
connected to a fixed-OR plane. Product terms are allo­
cated to OR gates in a varied distribution across the 
device ranging from four to twelve wide, with an average 
of seven logic product terms per output. An increased 
number of product terms per output allows more complex 
functions to be implemented in a single PAL device. This 
flexibility aids in implementing functions such as count­
ers, exclusive-OR functions, or complex state machines, 
where different states require different numbers of prod­
uct terms. 

Individual asynchronous-PRESET and RESET product 
terms are connected to all Registered/Latched inputs/ 
outputs. 

When the asynchronous-PRESET product term is as­
serted (HIGH), the register/latch will immediately be 
loaded with a HIGH, independent of the clock. When the 
asynchronous-RESET product term is asserted (HIGH), 
the register/latch will be immediately loaded with a LOW, E 
independent of the clock. The actual output state will 
depend on the macrocell polarity selection. The latches 
must be in latched mode (not transparent mode) for the 
RESET/PRESET, PRELOAD, and power-up RESET 
modes to be meaningful. 

Input/Output Logic Macrocells 
The 1/0 logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using 
the associated pin either as an input or an output. 

The PALCE29MA16H has sixteen macrocells, one for 
each 1/0 pin. Each 1/0 macrocell can be programmed for 

08811-004A 

Figure 2a. PALCE29MA16H Macrocell (Single Feedback) 
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combinatorial, registered or latched operation (see Fig­
ure 2). Combinatorial output is desired when the PAL 
device is used to replace combinatorial glue logic. Reg­
isters are used in synchronous logic applications while 
latches are used in asynchronous applications. Regis­
ters with product term controlled clocks can also be used 
in asynchronous applications. 

The output polarity for each macrocell in each of the 
three modes of operation is user-selectable, allowing 
complete flexibility of the macrocell configuration. 

Eight of the macrocells (I/OF 0-llOF 7) have two independ­
entf eedback paths to the AND array (see Figure 2b). The 
first is a dedicated 1/0 pin feedback to the AND array for 
combinatorial input. The second path consists of a direct 
register/latch feedback to the array. If the pin is used as 
a dedicated input using the first feedback path, the 
register/latch feedback path is still available to the AND 
array. This path provides the capability of using the 
register/latch as a buried state register/latch. The other 
eight macrocells have a single feedback path to the AND 
array. This feedback is user-selectable as either an 1/0 
pin or a register/latch feedback (see Figure 2a). 

Each macrocell can provide true input/output capability. 
The user can select each macrocell register/latch to be 
driven by either the signal generated by the AND-OR 
array or the 1/0 pin. When the 110 pin is selected as the 
input, the feedback path provides the register/latch input 
to the array. When used as an input, each macrocell is 
also user-programmable for registered, latched, or 
combinatorial input. 

The PALCE29MA16H has one dedicated CLK/LE pin 
and an individual CLK/LE product term. All macrocells 
have a programmable select to choose between these 
two as the clock or the latch enable signal. These signals 
are clock signals for macrocells configured as registers 

and latch enable signals for macrocells configured as 
latches. The polarity of these CLK/LE signals is also in­
dividually programmable. Thus different registers can be 
driven by different clocks and clock phases. 

The Output-Enable mode of each of the macrocells can 
be selected by the user. The 110 pin can be configured as 
an output pin (permanently enabled) or as an input pin 
(permanently disabled). It can also be configured as a 
dynamic 1/0 controlled by the Output Enable pin or by a 
product term. 

1/0 Logic Macrocell Configuration 
AMD's unique 110 macrocell offers major benefits 
through its versatile, programmable input/output cell 
structure, multiple clock choices, flexible Output Enable 
and feedback selection. Eight 110 macrocells with single 
feedback contain nine E2 cells, while the other eight 
macrocells contain eight E2 cells for programming the 
input/output functions (see Table 1). 

E2 cell S1 controls whether the macrocell will be combi­
natorial or registered/latched. SO controls the output 
polarity (active-HIGH or active-LOW). S2 determines 
whether the input/output is a register or a latch. S3 allows 
the use of the macrocell as an input register/latch or as an 
output register/latch. It selects the direction of the data 
path through the register/latch. If connected to the usual 
AND-OR array output, the register/latch is an output con­
nected to the 1/0 pin. If connected to the 1/0 pin, the 
register/latch becomes an input register/latch to the AND 
array using the feedback data path. 

Programmable E2 cells S4 and SS allow the user to select 
oneofthefourCLK/LEsignalsforeach macrocell. S6and 
S7 are used to control Output Enable as pin controlled, 
product term controlled, permanently enabled, or perma­
nently disabled. SB controls a feedback multiplexer for 
the macrocells with a single feedback path only. 

Vee 
~~~~~:~----------~--~--__.~ 
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RESET 

TO AND ARRAY ====31-----------' RFx 

TOANDARRAY ====31--------------------' 
Figure 2b. PALCE29MA16H Macrocell (Dual Feedback) 
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Using the programmable E2 cells SO-S8 various input 
and output configurations can be selected. Some of the 
possible configuration options are shown in Figure 3. 

In the virgin erased state (charged, disconnected), an 
architectural cell is said to have a value of "1 ;"in the pro­
grammed state (discharged, connected to GND), an 
architectural cell is said to have a value of "O." 

S3 l/OCell S2 Storage Element 

1 Output Cell 1 Register 

0 Input Cell 0 Latch 

S1 Output Type so Output Polarity 

1 Combinatorial 1 Active LOW 

0 Register/Latch 0 Active HIGH 

SS Feedback* 

1 Register/Latch 

0 1/0 

• Applies to macrocells with single feedback only. 

Table 1a. PALCE29MA16H 1/0 Logic Macrocell Architecture Selections 

S4 SS Clock Edge/Latch Enable Level S6 S7 Output Buffer Control 

1 1 CLK/LE pin positive-going edge, active-LOW LE 1 1 Pin-Controlled Three-State Enable 

1 0 CLKILE pin negative-going edge, active-HIGH LE 1 0 PT-Controlled Three-State Enable 

0 1 CLK/LE PT positive-going edge, active-LOW LE 0 1 Permanently Enabled (Output only) 

0 0 CLKILE PT negative-going edge, active-HIGH LE 0 0 Permanently Disabled (Input only) 

1 = Erased State (Charged or disconnected). 
0 = Programmed State (Discharged or connected). 

Table 1b. PALCE29MA16H 1/0 Logic Macrocell Clock Polarity and Output Enable Selections 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 
(For other useful configurations, please refer to the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable.) 

Output Registered/Active Low 

Output Registered/Active High 

So= 1 
S 1 :0 
S3: 1 
S2= 1 

08811-00GA 

So=O 
S 1 cO 
s 3 =1 
S2= 1 

08811-00SA 

Output Combinatorial/Active Low 

Output Combinatorial/Active High 

Figure 3a. Dual-Feedback Macrocells 

08811-00?A 

08811-009A 

Output Registered/Active Low, 1/0 Feedback Output Combinatorial/Active Low, 1/0 Feedback 

2-360 

So= 1 
s, =0 
S3= 1 
S 8 :0 
S2=1 

08811-010A 

So= 1 
s, = 1 
S3: 1 
Sa=O 

08811-01 lA 

Output Latched/Active High, 1/0 Feedback Output Combinatorial/Active High, 1/0 Feedback 

So=O 
s1 :0 
S3: 1 
S5:0 
S2 :0 

08811-012A 

Figure 3b. Single-Feedback Macrocells 
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL 
(Continued) 

Output Registered/Active Low, Register Feedback 

So= 1 
S1 =0 
S3=1 
S9=1 

Sz= 1 08811-014A 

Output Latched/Active Low, Latched Feedback 

So= 1 
S1 .o 
S3=1 
S9=1 
S2 = 0 

08811-016A 

Output Combinatorial/Active Low, Register Feedback 

Output Combinatorial/Active Low, Latched Feedback 

Figure 3b. Single-Feedback Macrocell (Continued) 

Input Registered/Latched 

5l=0 
Sa = 1 (FOR SINGLE FEEDBACK ONLY) 
Sz = 1 REGISTER 

=0 LATCH 

Programmable-AND Array 

Figure 3c. All Macrocells 

08811-018A 

DESIGNED-IN TESTABILITY AND DEBUGGING 

Pre load 
To simplify testing, the PALCE29MA16H is designed 
with PRELOAD circuitry that provides an easy method 
for testing logical functionality. Both product term con­
trolled and supervoltage-enabled PRELOAD modes are 
available. This offers even more test capability than 
previously implemented in AMD's PAL devices. The 
TIL-level PRELOAD product term can be useful during 
debugging, where supervoltages may not be available. 

PRELOAD allows any arbitrary state value to be loaded 
into the registers/latches of the device. A typical func­
tional-test sequence would be to verify all possible state 
transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary "present 
state" value and to set the device's inputs into any arbi­
trary "present input" value. Once this is done, the state 
machine is clocked into a new state, or"next state", which 
can be checked to validate the transition from the "pres­
ent state". In this way any transition can be checked. 

Since PRELOAD can provide the capability to go directly 
to any desired arbitrary state, test sequences may be 
greatly shortened. Also, all possible states can be tested. 

thus greatly reducing test time and development costs 
and guaranteeing proper in-system operation. 

Observability 
The output register/latch observability product term, 
when asserted, suppresses the combinatorial output 
data from appearing on the 1/0 pin and allows the 
observation of the contents of the register/latch on the 
output pin for each of the logic macrocells. This unique 
feature allows for easy debugging and tracing of the 
buried state machines. In addition, a capability of super­
voltage observability is also provided. 

Security Cell 
A security cell is provided on each device to prevent 
unauthorized copying of the user's proprietary logic 
design. Once programmed, the security cell disables the 
programming, verification, PRELOAD, and the observa­
bility modes. The only way to erase the protection cell is 
by charging the entire array and architecture cells, in 
which case no proprietary design can be copied. (This 
cell should be programmed only after the rest of the 
device has been completely programmed and verified.) 

PALCE29MA 16H-25/35 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM (Continued) 

SKINNYDIP (PLCC) Pinouts 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to +150°C 

Ambient Temperature with 
Power Applied -55°C to + 125°C 

Supply Voltage with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -0.5 V to Vee+ 0.5 V 
(Except Pin I/OE) Operating ranges define those limits between which the func­

tionality of the device is guaranteed. 
DC Input Voltage (Pin I/OE) -0.6 V to 16 V 

DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 

DC Input Current -1 mAto +1 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH =-2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage loL = 6 mA V1N = V1H or V1L 0.5 
loL = 4 mA Vee= Min. 0.33 
IOL = 20 µA 0.1 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

l1H Input HIGH Leakage Current V1N = 5.5 V, Vee = Max. (Note 2) 10 

IJL Input LOW Leakage Current V1N = 0 V, Vee= Max. (Note 2) -10 

lozH Off-State Output Leakage VouT = 5.5 V, Vee =Max. 10 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0 V, Vee =Max. -10 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current VouT = 0.5 V, Vee = Max. (Note 3) -30 -90 

Ice Supply Current V1N= 0 V, Outputs Open (louT= 0 mA) 100 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 
2. 110 pin leakage is the worst case of hL and lozL (or l1H and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VoUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 

2·364 PALCE29MA16H·25/35 (Com'I) 



CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Units 

GIN Input Capacitance V1N= 0 V Vcc=5.0V 5 
TA= 25°C pF 

GOUT Output Capacitance vour= 0 v I= 1 MHz 8 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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SWITCHING CHARACTERISTICS 
Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a capacitance of 35 pF. 

Registered Operation 

Parameter 
-25 .35 

Symbol Parameter Description Min. Max. Min. Max. Unit 

Combinatorial Output 

!PD Input or 1/0 Pin to Combinatorial Output 25 35 ns 

Output Register - Pin Clock 

1soR Input or 1/0 Pin to Output Register Setup 15 20 ns 

1coR Output Register Clock to Output 15 20 ns 

!HOR Data Hold Time for Output Register 0 0 ns 

Output Register - Product Term Clock 

jSORP 110 Pin or Input to Output Register Setup 4 6 ns 

tCORP Output Register Clock to Output 29 34 ns 

tHORP Data Hold Time for Output Register 10 12 ns 

Input Register - Pin Clock 

tSIR 110 Pin to Input Register Setup 2 4 ns 

!CIR Register Feedback Clock to Combinatorial Output 28 36 ns 

IHIR Data Hold Time for Input Register 6 8 ns 

Clock and Fr~uen9'._ 

!CIS Register Feedback (Pin Driven Clock) to Output Register/Latch 20 30 ns 
(Pin Driven) Setup 

\CISPP Register Feedback (PT Driven Clock) to Output Register/Latch 25 30 ns 
(PT Driven) setup 

IMAX Maximum Frequency (Pin Driven) 1/(t50R + 100 R) 

fMAXI Maximum Internal Frequency (Pin Driven) 1 /1013 

fMAXP Maximum Frequency (PT Driven) 1/(t50Rr + tcoRP) 

fMAXIPP Maximum Internal Frequency (PT Driven) 11t015rr 

1cwH Pin Clock Width HIGH 

jCWL Pin Clock Width LOW 

tCWHP PT Clock Width HIGH 

!CWLP PT Clock Width LOW 

CLKC::::>---.------------, 

ts1R ··· 

VO 

INPUT 
REGISTER -,,,, 

1soR - - - - - - - - - - • 

' 

AND·OR 
ARRAY 

' 

1c1s 

OUTPUT 
- REGISTER 

1coR 

110 ' , 

'"',',,r--------f'::>I 
' ' 110 

''-----------~ 1CIR 

tpo --------1----+--------• tpo 

08811-020A 

Input/Output Register Specs (Pin CLK Reference) 

33.3 

50 

30 

40 

8 

8 

12 

12 

l~~~TC::::>--------, 

INPUT 
REGISTER 

VO 

K)>f--------i' 
uo ,• 

'soRP - - - - - - - - - - _,• 

25 

33.3 

25 

33.3 

12 

12 

15 

15 

OUTPUT 
REGISTER 

MHz 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

uo 

tpo-------+---+---------.tpo 

08811-021A 

Input/Output Register Specs (PT CLK Reference) 
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SWITCHING WAVEFORMS 

COMBINATORIAL f VT 

INPUT _____ __,··~~;PD-"-
COMBINATORIAL • 1 

OUTPUT 

COMBINATORIAL 
INPUT 

CLOCK 

REGISTERED 
OUTPUT 

Combinatorial Output 

Output Register (Pin Clock) 

REGISTERED i y. ~ V-r 

INPUT ----• 12--~SIR!!Ho-t••---<~•+~- IHIRP 

COMBINATORIAL 
INPUT AS CLOCK 

COMBINATORIAL 
OUTPUT 

-------J iii .... vT __ _ 

Output Register (PT Clock) 

REGISTERED ~ V-r ~ y. 

INPUT ----· l2--1s1R---'H1R::j ,._T __ _ 

CLOCK VT 

--------~~-+-ICIR "-COMBINATORIAL "T 
OUTPUT 

Input Register 

PALCE29MA16H·25/35 (Com'I) 
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08811-023A E 

08811-024A 

08811-025A 
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SWITCHING WAVEFORMS (Continued) 

2-368 

CLOCK "'f 

COMBINATORIAL 
INPUT AS CLOCK 

Pin Clock Width 

PT Clock Width 

PALCE29MA 16H·25/35 (Com'I) 
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SWITCHING CHARACTERISTICS (Continued) 
Over commercial range unless otherwise specified; all values are determined under the loading of one TTL gate and 
a capacitance of 35 pF. 

Latched Operation 

Parameter 
Symbol Parameter Description 

Combinatorial Output 

!PD Input or 110 Pin to Combinatorial Output 

!PTD Input or 110 Pin to Output via Transparent Latch 

Output Latch - Pin LE 

!SOL Input or 110 Pin to Output Latch Setup 

!GOL Latch Enable to Transparent Mode Output 

IHOL Data Hold Time for Output Latch 

ISTL Input or 1/0 Pin to Output Latch Setup via Transparent Input Latch 

Ou~t Latch - PT LE 

!SOLP Input or 1/0 Pin to Output Latch Setup 

IGOLP Latch Enable to Transparent Mode Output 

1HOLP Data Hold Time for Output Latch 

tSTLP Input or 1/0 Pin to Output Latch Setup via Transparent Input Latch 

l~t Latch - Pin LE 

!SIL 110 Pin to Input Latch Setup 

!GIL Latch Feedback, Latch Enable Transparent Mode to 
Combinatorial Output 

IHIL Data Hold Time for Input Latch 

Latch Enable 

1Gls 

tGISPP 

1awH 

!GWL 

IGWHP 

tGWLP 

Latch Feedback (Pin Driven) to Output Register/Latch 
(Pin Driven) Setup 

Latch Feedback (PT Driven) to Output Register/Latch 
(PT Driven) Setup 

Pin Enable Width HIGH 

Pin Enable Width LOW 

PT Enable Width HIGH 

PT Enable Width LOW 

LE 
INPUT 

110 

Min. 

15 

0 

18 

4 

10 

10 

2 

6 

20 

25 

8 

8 

12 

12 

,~ . ' ~ 
SOL - - - - - - - - - - " '-----------._ tGIL 1soLP • - - - - - - - - - - " 

-25 -35 

Max. Min. Max. Unit 

25 35 ns 

28 36 ns 

20 ns 

15 20 ns 

0 ns 

25 ns 

6 ns 

29 34 ns 

12 ns 

15 ns 

4 ns 

28 36 ns 

8 ns 

30 ns 

30 ns 

12 ns 

12 ns 

15 ns 

15 ns 

110 

1PTO ~----- 1PTO IPTO -----' lpm 
tpo --------<----+--------tpo 

08811-028A 

Input/Output Latch Specs (Pin~ Reference) 

tpo --------<>-----+--------tpo 

08811-029A 

Input/Output Latch Specs (Pin~ Reference) 
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SWITCHING WAVEFORMS (Continued) 

LATCHED 
INPUT 

COMBINATORIAL 
INPUT 

COMBINATORIAL 
OUTPUT 

LATCHED 
OUTPUT 

COMBINATORIAL 
INPUT 

LATCHED 

-----'~---tpro-

' VT _Jr-._ 
14--tPD .-

gm lllll lllllll VT 

1-'PTD-__ k 
Latch (Transparent Mode) 

08811-030A 

VT TRANSPARENT 

..---.1-taoL 

LE 

LE 

LATCHED TRANSPARENT 

k INPUT 
LATCH -tGl_S ___ _ 

Ir------ OUTPUT 
TRANSPARENT LATCHED LATCH 

08811-031A 

Input/Output Latch Relationship 

LATCHED =ty 
INPUT T 

._ ___________ _ 
.,_tsrLP-

COMBINATORIAL 
INPUT 

COMBINATORIAL 
INPUT AS LE 

OUTPUT ---IJlll 
LATCHED 
OUTPUT 

2-370 

Output Latch (Pin m 

LATCHED 
INPUT 

LATCHED TRANSPARENT 

Pin U:Wldth 

08811-032A 08811-033A 

output Latch (PTm 

-'-H1_L•-+---. -ta1L•1 

VT TRANSPARENT 

- 1PTD-

- 1PTD-
08811-034A 

Input Latch (Pin [E) 

LATCHED TRANSPARENT 

08811-035A 

COMBINATORIAL 
INPUT AS LE 
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Reset/Preset, Enable 

Parameter 
Symbol Parameter Description 

!APO Input or l/O Pin to Output Register/latch RESET/PRESET 

tAW Asynchronous RESET/PRESET Pulse Width 

!ARO Asynchronous RESET/PRESET to Output Register/latch Recovery 

tARI Asynchronous RESET/PRESET to Input Register/latch Recovery 

tARPO Asynchronous RESET/PRESET to Output Register/latch Recovery 
PTClock/lE 

tARPI Asynchronous RESET/PRESET to Input Register/latch Recovery 
PTClock/lE 

Output Enable Operation 

tPZX I/OE Pin to Output Enable 

'•xz . I/OE: Pin to Output Disable 

tEA Input or 1/0 to Output Enable via PT 

~R* Input or 110 to Output Disable via PT 

* Output disable times do not include test load RC time constants. 

SWITCHING WAVEFORMS (Continued) 

--IAW 
COMBINATORIAL ---.,.Ir------. ,.-----
ASYNCHRONOUS VT 

RESET/PRESET ---"" 1·------' '------
REGISTERED/ ---m 

LATCHED 
OUTPUT 

CLOCK 

0881t-037A 

COMBINATORIAL 
ASYNCHRONOUS 
RESET/PRESET 

CLOCK 

-25 -35 

Min. Max. Min. Max. UnH 

30 40 ns 

15 20 ns 

15 20 ns 

12 15 ns 

4 6 ns 

6 10 ns 

20 30 ns 

20 30 ns 

25 35 ns 

25 35 ns 

088t1-038A 

Output Register/Latch Reset/Preset Input Register/Latch Reset/Preset 

COMBINATORIAL 
INPUT 

Pin 11 to Output Disable/Enable 

COMBINATORIALJ -------1 
REGISTERED/ 

LATCHED 
OUTPUT 

Input to Output Disable/Enable 

PALCE29MA16H-25/35 (Com'I) 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORMS 

\\\\\ 
///// 
~ 
»« 

SWITCHING TEST CIRCUIT 

INPUTS 

MUST BE STEADY 

MAY CHANGE 
FROM HTOL 

MAY CHANGE 
FROMLTOH 

DON'T CARE; ANY 
CHANGE PERMITTED 

DOES NOT 
APPLY 

OUTPUTo-~---~~-e 

= 

Specification Switch s, CL R, 

tPD' tCO' tGO Closed 35 pF 620Q 

'•A' 1Pzx 
Z--->H: open 
Z--->L: closed 

35 pF 620Q 

!ER, IPXZ H--->Z: open 5 pF 620Q 
L--->Z: closed 

OUTPUTS 

WILL BE STEADY 

WILL BE 
CHANGING 
FROM HTOL 

WILL BE 
CHANGING 
FROML TOH 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS HIGH 
IMPEDANCE "OFF" STATE 

KS000010-PAL 

08811-044A 

R2 Measured Output Value 

390Q 1.5 v 
390Q 1.5 v 

390Q H--->Z: VOH -0.5 v 
L--->Z: VOL +0.5 v 
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PRELOAD and OBSERVABILITY 
The PALCE29MA 16H has special preload and observa­
bility modes designed in. The PRELOAD mode is very 
useful during structured vector testing after program­
ming, while the observe mode allows the designer to see 
the contents of any buried registers. 

The PRELOAD waveform is shown in Figure 6. The 
PRELOAD registers mode is selected with the mode­
select pins, the desired data to be loaded into the regis­
ters is placed on the appropriate 1/0 pins, and a positive 
pulse on pin 1 is applied. This clocks the new values into 
the registers, and the device can then be returned to 
normal operating mode. 

The observability function allows the user to observe the 
outputs of all sixteen registers. To use the observability 
mode, simply select the observe registers mode with the 
mode-select pins. The register output is automatically 
selected (combinatorial mode is off), and the output will 

Vpp 

PIN 11 

VILP 

MODE VIHP 

be the true side of the register (Q). The data will be 
present as long as the mode-select pins access the 
observe mode (even if pin 11 goes LOW, the output pins 
will still retain the data out of the registers). To exit the 
observe mode, simply change the mode-select pins 
while pin 11 is still at V pp· 

During observability, pin 1 should remain LOW. If pin 1 
goes HIGH, the device will interpretthis as a clock signal, 
and the previous data may be lost. As long as pin 1 
remains LOW, the state of the registers will not change 
when going from normal-mode operation to observe 
mode or back. 

Product terms provide an alternative method of enabling 
pre load and observability. The pre load and observability 
product terms, when asserted, perform the same func­
tions as the mode select pins and pin 11. 

SELECT PRELOAD 
PINS VILP MODE 

VIHP 
UOPINS 

VILP 

CLOCK 
V1HP 

IH 

PIN1 
VILP 

Figure 6. Preload Waveform 

Vpp 

PIN 11 

VILP---"'' 

MODE VIHP ---.,......._,..-. r------. ,----1-----
SELECT OBSERVE 

PINS VILP _ __. ....... _..__, 1,..__..:;M:.;;0;:.D;:.E_--J '----+---

l/OPINS 

CLOCK 
PIN1 

REGISTER 
DATA 

VILP --------------------

Figure 7. Observability Waveform 
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PRE LOAD DC ELECTRICAL CHARACTERISTICS (TA = 2S°C ± S°C) 

Parameter 
Symbol Parameter Description Min. Rec. Max. Unit 

vPP PRELOAD Voltage 14.5 15.0 15.5 v 

VILP Input LOW Level During ProgNerify 0 0 0.5 v 

VIHP Input HIGH Level During Prag/Verify 3.0 4.0 Vee v 

VOL Verily LOW 0.2 0.5 v 

~H Verify HIGH 2.4 3.4 v 

Note: 
AC undershoot on any input should be limited to -1 V. 

Table 2. 

Pin 23 Pin 14 Pin 13 Pin 2 

Pre load L H H L 

Observe H L H H 

Table 3. Mode Pins 

PRELOAD AC ELECTRICAL CHARACTERISTICS (TA = 2S°C ± S°C) 

Parameter 
Symbol Parameter Description Min. Rec. Max. Unit 

tM Setup Before Applying Mode 50 50 µs 

1Ms Mode Setup Prior to Applying Data 1.0 1.o· µs 

IDS Data Setup Prior to Applying PRELOAD Latch Pulse 1.0 1.o· µs 

IH Data/Mode Hold After Latch Pulse 1.0 1.o· µs 

~ Data Latch Pulse Width 1.0 1.0· µs 

tltO 1/0 Valid After Pin 11 Drops from VPP to TTL Levels 100 µs 

dVr/dt ~Rising Slew Rate (Pin 11} 10 100 V/µs 

dVl/dt VPP Falling Slew Rate (Pin 11) 2.0 3.0 V/µs 

• Recommended value is as close to 1.0 µs plus tolerance as practical, but not less than 1.0 µs. 

Table 4. 

ENDURANCE CHARACTERISTICS 
All PALCE29MA16H devices are given multiple erase cycles (endurance cycles} at the factory. 

Parameter 
~mbol Parameter Descr.!.e!lon Value Unit Test Conditions 

!DR Minimum Pattern Data Retention Time 10 Years Maximum Storage Temperature 

N Minimum Reprogramming Cycles 100 Cycles Operating Conditions 
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POWER-UP RESET 
The registered devices in the AMO PAL Family have been 
designed with the capabi lily to reset during system power­
up. Following power-up, all registers will be reset to LOW. 
The output state will depend on the polarity of the output 
buffer. This feature provides extra flexibility to the de­
signer and is especially valuable in simplifying state 
machine initialization. A timing diagram and parameter 
table are shown below. Due to the asynchronous operation 
of the power-up reset, and the wide range of ways V cc can 
rise to its steady state, two conditions are required to 
ensure a valid power-up reset. These conditions are: 

from LOW to HIGH until all applicable input and feedback 
setup times are met. 

Parameter Parameter 
Symbol Description 

tPR 
Power-Up 
Reset Time 

ts 
Input or Feedback 
Setup Time 

1w Clock Width 

1. The V cc rise must be monotonic. tR V cc Rise Time 

2. Following reset, the clock input must not be driven 

..-~~~~~~~~~~~~~~~~~vcc 

POWER 4 V 

'R--.j fol~l------ lpR ------t•I 
REGISTERED 
ACTIVE LOW 

OUTPUT 

CLOCK 

's 

Figure 5. Power-Up Reset Waveform 
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Min. Max. UnH 

100 µs 

See Switching 
Characteristics table 

500 µs 
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-COM'L 

PAL32VX10/A 
24-Pin Versatile with XOR Programmable Array Logic 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Increased logic power 

- Up to 32 inputs and 10 outputs 

• Dual independent feedback paths allow buried 
state registers or Input registers 

• Programmable flip-flops allow J-K, S-R, Tor D 
types for efficient use of product terms 

• 10 input/output macrocells for flexibility 

• Programmable registered or combinatorial 
outputs 

• Individual user-programmable output polarity 

GENERAL DESCRIPTION 
The PAL32VX10/A is a high-density Programmable Ar­
ray Logic (PAL ®l device which implements a sum-of­
products transfer function via a user-programmable 
AND logic array and a fixed OR logic array. Featured are 
ten highly flexible input/output macrocells which are 
user-configurable for combinatorial or registered opera­
tion. Each flip-flop can be programmed to be either a 
J-K, S-R, T, or D-type for optimal design of state ma­
chines and other synchronous logic. In addition, a 
unique dual feedback architecture allows 110 capability 
for each macrocell in both combinatorial and registered 
configurations. This can be achieved even when regis­
ter feedback is present, and allows implementation of 
buried flip-flops while preserving the external macrocell 
input. The PAL32VX1 O/A is supplied in a space-saving 
300-mil-wide dual in-line package offering a powerful, 

BLOCK DIAGRAM 

l!Oo 
(17) 

VO, 
(19) 

9 .. 
(11) 

7 

'• (9) 

vo, 
(21) 

PAL, PALASM, and SKINNVOIP are registered trademarks of Advanced Micro Devices. 
This part Is oovered by various U.S. and foreign patents owned by Advanced Micro Devices. 
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• Global register asynchronous/synchronous 
preset/reset 

• Automatic register preset on power up 

• Preloadable output registers for testability 

• Varied product term distribution 
- Up to 16 product terms per output 

• 300-mll SKINNYDIP® or PLCC packages 

• Pin-compatible superset of PAL22V10 

space-saving alternative to SSl/MSI logic devices, while 
providing the advantage of instant prototyping. Security 
fuses defeat readout after programming and make pro­
prietary designs difficult to copy. 

The PAL32VX10/A is fabricated using Advanced Micro 
Devices' advanced oxide-isolated bipolar process for 
high speed and low power. TiW fuse links provide high 
reliability and programming yields. Preloadable output 
registers facilitate functional testing. 

The PAL32VX10/A can be programmed on standard 
PAL device programmers, fitted with appropriate pro­
gramming modules and configuration software. Design 
development is supported by AMD's PALASM® soft­
ware as well as by other programmable logic CAD tools 
available from third-party vendors. 

IJOo 
(24) 

vo. 
(26) 

1 
IQ/CLK 
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CONNECTION DIAGRAMS 

Top View 

SKINNYDIP 

10 /CLK Vee 

1, VO 1 

I 2 110 2 

I 3 110 3 

I' 1/0 4 

1, 110. 

1. vo. 

I' 1101 

1. 1/0 8 

1. 110. 

1,. 110,, 

GND 1,, 

13 

14 

15 

NC 

16 

17 

Is 

10290-002A 

PAL32VX10/A 

PLCC 

"' _J 

12 0 
0 

~ 
N 

_N ~ 5? 
0 2 z > 

25 1103 

24 1/04 

23 1105 

22 NC 

21 1105 

20 1/07 

19 I/Os 

12 13 14 15 16 17 1S 

..'!' 0 0 0 0 "" 10290-003A E z z - 2 2 Cl 

Note: 

Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK Clock 
GND Ground 
I Input 
1/0 Input/Output 
NC No Connect 
Vee Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 
AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

PAL 

a. FAMILY TYPE 
T 

PAL = Programmable Array Logic 

b. NUMBER OF 
ARRAY INPUTS 

c. OUTPUT TYPE 
VX = Versatile with XOR 

d. NUMBER OF OUTPUTS 

e. SPEED 
A= 25 ns tpo 

Blank = 30 ns tpo 

f. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 

l--'-P_A..;..L3....;;2 __ vx_1_0 __ --lJl CNS, CFN, 
PAL32VX10A CJS 

2-378 

b. Number of Array Inputs 
c. Output Type 
d. Number of Outputs 
e. Speed 
f. Operating Conditions 
g. Package Type 
h. Optional Processing 

32 VX 10 AC NS 

~· g. 

OPTIONAL PROCESSING 
Blank = Standard Processing 

PACKAGE TYPE 

PAL32VX10/A 

NS = 24-Pin 300-mil Plastic 
SKINNYOIP (P03024) 

FN 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 

JS 24-Pin 300-mil Ceramic 
SKINNYOIP (C03024) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with MMI logo. 



FUNCTIONAL DESCRIPTION 
The PAL32VX10/ A has twelve dedicated input lines and 
ten programmable 1/0 macrocells. Pin 1 serves either as 
an array input or as a clock for all flip-flops. Buffers for 
device inputs have complementary outputs to provide 
user-programmable input signal polarity. The fuse ma­
trix implements a programmable AND logic array, which 
drives a fixed OR logic array. 

The high level of flexibility built into each macrocell, 
shown in Figure 1, allows the PAL32VX10/A to imple­
ment over thirty different architecture options. Each 
macrocell can be individually programmed to implement 
a variety of combinatorial or registered logic functions. 

SR CK 

AP 10290-005A 

Figure 1. PAL32VX10/A Macrocell 

Dual Output Feedback 
Dual feedback paths associated with each macrocell 
provide independent feedback paths directly into the ar­
ray from both the flip-flop output and the output pin. Un­
like other devices which have a single feedback path, 
the PAL32VX1 O/A allows each output to ha ye full 1/0 ca­
pability when configured as either a combinatorial out­
put or a registered output, even if register feedback to 
the array is used. Thus registers can be loaded from 
their outputs. 

If a macrocell is configured as a dedicated input, by dis­
abling the three-state output buffer, the dual feedback 
architecture allows use of the associated register as an 

input register or as a "buried" state register, avoiding 
waste of the flip-flop, as shown in Figure 2. 

10290-006A 

Figure 2. Buried Flip-Flops With Dedicated Inputs 

Programmable Flip-flops 
Each output macrocell contains a unique programmable 
flip-flop consisting of a basic D-type flip-flop driven by an 
XOR gate. This allows the user to choose the optimal 
flip-flop for the design, since either J-K, S-R, or T-type 
flip-flops can be synthesized from such a structure with­
out wasting product terms. 

As indicated in the macrocell logic diagram, one input of 
the XOR gate is connected to a single product term, 
while the second input is connected to the output of the 
OR logic array. The XOR gate output feeds the input of 
the D flip-flop. The way in which the XOR gate is used to 
synthesize the different flip-flop types is described in de­
tail below. 

D Flip-Flop. The D flip-flop option is implemented di­
rectly. In this configuration, the XOR gate on the input of 
the flip-flop can be used to program the logic polarity of 
the transfer function. 

J-K Flip-Flop. The J-K flip-flop option can be easily syn­
thesized with a more sophisticated manipulation of the 
XOR gate inputs and the D flip-flop output. 
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The transfer function of a J-K flip-flop can be mapped in 
the Karna ugh map of Figure 3, where O+ represents the 
next state of the flip-flop: 

J 
0 (HOLD) 

(RESET) 
--+.>-+---! O+ 
0 

(TOGGLE) 

(SET) 

10290-007A 

Figure 3. J-K Flip-Flop Transfer Function 

Dropping the(+) for simplicity, the equivalent Boolean 
expression for Q+ is: 

0= R"·a +J*O 

In general, J and K can be sum-of-product expressions 
which are provided in the PAL architecture only in ac­
tive-high form. Thus, a direct implementation of K ex­
pressions must invoke a DeMorgan transformation, 
which can use excessive product terms. This can be 
avoided by rewriting the equation for Q without inversion 
on the J or K inputs. 

The XOR gate can be used to construct a logically 
equivalent expression without any inversions on the J or 
K inputs. The rewritten Boolean expression is: 

Q = Q :+: (J*Q + K*Q) 

To check that these expressions are logically equiva­
lent, change the XOR to its e3ui~lent sum-of-products 
form (remember A:+: B =A *B +A *B) and reduce (using 
DeMorgan's theorem): 

Q = Q*(J*Q + K*Q) + Q*(J*Q + K*Q) 

Q = Q*((J + Q)*(K + Q)) +a· J*Q + O*K*Q 

a= a•cJ·R' + J•a + a·R' + O*O) + J*O 

a = J•R"•a + K*O + J*O 

which simplifies to a= R"•a + J*O 

Since J and Kare, in general, sums of products, J and K 
in either expression can be substituted with (J1 + J2 + ... 
+ Jm) and (K1 + K2 + ... + Kn-m), where n is the total 
number of product terms associated with a given output 
macrocell. Thus, the total n-product term resource is 
shared between the J and K control inputs (Figure 4). 
Note that all J terms will contain Q and all K terms will 
contain a. 

P1 

Pn 

• • • 

n = 8, 10, 12, 14, 16 

10290-00BA 

Figure 4. J-K Flip-Flop Logic Equivalent; 
J and K can Also Be Active-Low 

The above discussions have assumed that it was most 
convenient to "group ones" in the Karnaugh map. Some­
times it takes fewer product terms to "group zeros'', i.e., 
implement the inversion of the desired function. The 
equations shown in Table 1 are equivalent and can be 
interchanged to optimize product term utilization. This 
can be readily proved through logic reductions similar to 
that above. 

J and K active high Q = Q :+: (J*Q + K*Q) 

J active high, K active low O=J*Q + K*Q 

J active low, K active high Q = J•a + K*Q 

J and K active low a = a :+: cJ·a + K*Ol 

Note: 
J = sum of products J1 + J2 + ... + Jm 

K = sum of products K1 + K2 + ... + Kn·m 

n = total number of available product terms for a given 
macrocell (8 to 16) 

Table 1. J-K Flip·Flop Transfer Functions 

S·R Flip-Flop. The S-R flip-flop has a truth table identi­
cal to that of the J-K flip-flop, with the exception that the 
J = K = 1 (toggle) condition is not allowed. The S-R flip­
flop implementation is identical to that of the J-Kflip-flop, 
with J-K replaced by S-R, and the S = R = 1 condition 
avoided. 
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T Flip-Flop. AT (toggle) flip-flop either holds its state or 
toggles, depending on the logic state of the T input. The 
T flip-flop is a subset of the J-K flip-flop and can be con­
sidered equivalent to a J-K type with J = K. The general 
transfer function and its active-low Tequivalent are both 
given in Table 2. 

0= 0 :+:T 
0= 0 :+:T 

Note: 

T = sum of products T1 + T2 + T3 + ... + Tn 

Table 2. J-K Flip-Flop Transfer Functions 

Flip-flop Summary 
The PAL32VX1 O/A can synthesize J-K, S-R, T, and D 
flip-flops, whichever is most convenient for the applica­
tion, without sacrificing product terms. Additionally, the 
synthesized equations can use the active-high or active­
low forms of the inputs, allowing the designer to mini­
mize product term requirements. 

Flip-flop Bypass 
Any output inthe PAL32VX1 O/A can be configured to be 
combinatorial by bypassing the output flip-flop. This is 
done by setting the output multiplexer to the appropriate 
state. The multiplexer is controlled by a product term 
which can be set unconditionally for a permanent combi­
natorial (all fuses opened, product term high) or regis­
tered (all fuses intact, product term low) output configu­
ration, or can be programmed to bypass the output flip­
flop "on the fly" allowing signals to be routed directly to 
output pins under user-specified conditions. 

Varied Product Term Distribution 
An increased number of product terms has been pro­
vided in the PAL32VX10/A over previous generation 
PAL devices. These terms are distributed among the ten 
macrocells in a varied manner, ranging from eight to six­
teen terms per output. The live output pairs have 8, 10, 
12, 14, or 16 product terms available for the OR gate 
within each macrocell. In addition, each macrocell has 
one XOR product term and two architecture control 
product terms. 

Programmable 1/0 
Each macrocell has a three-state output buffer with pro­
grammable three-state control. Control is implemented 
by a single product term, allowing specification of en­
able/disable functions controlled by any device input or 
output. Each macrocell can be configured as a dedi-

cated input by disabling the buffer drive capability. 
When this is done, the associated register can still be 
used as an input register or buried state register, due to 
the independent register feedback path. 

Programmable Preset and Reset 
The ten macrocell flip-flops share common programma­
ble preset and reset control for easy system initializa­
tion. The 0 outputs of the register will go to the logic 
LOW state following a LOW-to-HIGH transition on pin 1 
(lo/CLK) when the synchronous reset (SR) product term 
is asserted. The register will be forced to the logic HIGH 
state independent of the clock when the asynchronous 
preset (AP) product term is asserted. 

Programmable Polarity 
The polarity of each macrocell output can be set active 
high or active low. 

Combinatorial Outputs. The XOR gate provides polar­
ity control for combinatorial outputs, with the single 
product term to the XOR gate controlling the invert/not E 
invert function. With all fuses intact, there is no inversion 
through the XOR gate, creating an active-low output. 
Opening all fuses forces the product term high, inverting 
data and creating an active-high output. 

Registered Outputs. Output polarity for registered out­
puts can be determined in two ways. For 0-type regis­
tered outputs, polarity can be set by the XOR gate, as is 
the case with combinatorial outputs. Using this method 
to set polarity, preset and reset will not be affected. 

Polarity, as observed from the output pin, can also be 
determined by the flip-flop output multiplexer. Note that 
this does not affect the polarity of the register feedback 
signal, but does affect preset and reset. By changing the 
flip-flop output multiplexer, the preset and reset func­
tions are exchanged relative to the controlling product 
terms. 

With the multiplexer fuse intact, the Q output is routed to 
the output pin, configuring an active-low output. With the 
multiplexer fuse opened, 0 is routed to the output pin 
and synchronous reset becomes synchronous preset. 
Similarly, asynchronous reset becomes asynchronous 
preset. 

Polarity options for J-K, S-R, and T flip-flops have been 
discussed in the section on programmable flip-flops. 

Power-up Preset 
All flip-flops power up to a logic HIGH for predictable 
system initialization. Outputs of the PAL32VX10/A will 
be HIGH or LOW depending on the state of the register 
output multiplexers. 
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Register Preload 
The register on the PAL32VX10/A can be preloaded to 
facilitate functional testing of complex state machine de­
signs. This feature allows direct loading of arbitrary 
states, thereby making it unnecessary to cycle through 
long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by 
loading in illegal states and observing proper recovery. 

Security Fuse 
After programming and verification, a PAL32VX10/A 
design can be secured by programming the security 
fuses. Once programmed, these fuses defeat readback 
of the internal fuse pattern by a device programmer, 
making proprietary designs very difficult to copy. The ar­
ray will read as if every fuse is programmed. 

Quality and Testability 
The PAL32VX10/A offers a very high level of built-in 
quality. Special on-chip test circuitry provides a means 
of verifying performance of all AC and DC parameters 
prior to programming. In addition, these built-in test 
paths verify complete functionality of each device to pro­
vide the highest post-programming functional yields in 
the industry. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 1 so0 c 
Ambient Temperature with 
Power Applied -55°C to + 12s0 c 
Supply Voltage with 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) 
Respect to Ground -0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 
DC Input Voltage -1.5 V to +5.5 V 

DC Output or 1/0 Pin Voltage 5.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 

Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH =-3.2 mA V1N = V1H or V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL=16mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage hN = -18 mA, Vee= Min. -1.5 

l1H Input HIGH Current V1N = 2.4 V, Vee =Max. (Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee =Max. (Note 2) -250 

h Maximum Input Current V1N = 5.5 V, Vee = Max. 100 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee = Max. -100 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Current Vour = 0.5 V, Vee = Max. (Note 3) -30 -130 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 180 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of l1L and lozL (or hH and 10211). 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 

Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 v Vee= 5.0 V 6 

TA= +25°C pF 
CouT Output Capacitance VouT = 2.0 V I= 1 MHz 11 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

A 
Parameter 

Std 

Symbol Parameter Description Min. Max. Min. Max. Unit 

IPD Input or Feedback to Product Terms P1-Pn 25 30 
Combinatorial Output Product Term XOR 30 35 

ns 

Is Setup Time from Input, Product Terms P1-Pn, SR 25 30 
Feedback, or SP to Clock Product Term XOR 30 35 

ns 

IH Hold Time 0 0 ns 

!co Clock to Output 15 15 ns 

IAP Asynchronous Preset to Registered Output 25 30 ns 

IAPW Asynchronous Preset Width 25 30 ns 

IAPR Asynchronous Preset Recovery Time 25 30 ns 

ts RR Synchronous Reset Recovery Time 25 30 ns 

lcR Input or Feedback to Registered Output from 
Combinatorial Configuration (Product Term MUX 1---) 0) 90 90 ns 

IRC Input or Feedback to Combinatorial Output from 
Registered Configuration (Product Term MUX 0---) 1) 90 90 ns 

IWL Clock LOW 18 20 ns 

IWH Width HIGH 18 20 ns 

External 1/(ts +!co) Product Terms P...1.-P..n._ 25 22.5 MHz 
IMAX Maximum Feedback Product Term XOR 22.2 20 

Frequency 
(Note 3) No 

1 /(lwH + twL) 27.7 25 MHz 
Feedback 

IEA Input to Output Enable Using Product Term Control 25 30 ns 

tER Input to Output Disable Using Product Term Control 25 30 ns 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or ~ 

Feedback _____ ·_ i::~VTtpo _V_T __ _ 

Combinatorial 
Output 

Input or 
Feedback 

Registered 
Output 

12015-010A 

Combinatorial Output 

VT 

Clock ----------IA-P_R_,~ 
10290-007A 

Asynchronous Preset 

Feedback VT 
Input or t . 

-----~~-V-T~~ Registered/ 
Combinatorial 

Output 

Configuration Change 

Input or 
Feedback 

10290-009A 

tER 

Input or 
Feedback ___ _J '-V_T ____ _, 1 '-----

Clock VT 

--------~tco VT Registered 
Output _______ _ 

12015-012A 
Registered Output 

Clock VT 

---------~~o VT 
Registered 

Output 

10290-00SA 

Synchronous Reset 

Clock 

12015-011A 

Clock Width 

Output ).4.-_..;;;;.;.__-'-'~J- VT 
-----'-''-L:r 

Notes: 
1. VT• 1.5 V 
2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

007 

SWITCHING TEST CIRCUIT 

INPUTS 

Must be 
Steady 

May 
Change 
from Hto L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

sv 

Specification S1 CL R1 R2 

tpo, tco Closed 

tEA z~H: Open 50 pF 
Z~L:Closed 3000 3900 

trn H ~z: Open 5 pF 
L ~z: Closed 

PAL32VX10/A 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from Hto L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

12350-019A 

Measured 
Output Value 

1.5 v 
1.5 v 

H ~z: VoH-0.5 v 
L ~z: Vm + 0.5 v 

D 
KS000010-PAL 
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USE OF XOR PRODUCT TERM 
The speed of the PAL32VX10/A is specified according 
to the use of the Exclusive-OR (XOR) product term in 
the macrocell. Note that the rnacrocell data input is a 
function of the two-input XOR gate, whose inputs are the 
OR of the product terms P1-Pn and the single additional 
XOR product term (Figure 5). 

The specification for the path through the single XOR 
product term is 5 ns slower than through the P1-Pn prod­
uct terms and the OR gate. As a result, if the single XOR 
product term is changing, the macrocell data input will 
not be available until 5 ns later than if only the P1-Pn 
product terms were changing. 

This difference between paths affects lpo, ts and IMAx 
(feedback). As a result, these three parameters are 

Specification 

Product Terms P1-Pn 
tPO, ts, fMAX (feedback) 

Product Term XOR 

specified both for only the P1-Pn product terms chang­
ing ("Product terms P1-Pn") and with the single XOR 
product term changing ("Product term XOR") (See ta­
ble). 

10290-012A 

Figure 5. XOR Product Term 

Explanation 

If only the P1-Pn product terms are changing (XOR term 
is not changing) 

If XOR term is changing 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Typical Input 

Input 0---------1 

2·388 

ProgramNerify 
Circu~ry 

12350-020A 

Typical Output 

--------------<>Vee 

PAL32VX10/A 

40 n NOM 

Input, 
1/0 

Pins 

Program/Verify/ 
Test Circuitry 

Preload 
Circuitry 

12350-021A 



OUTPUT REGISTER PRELOAD 
The Preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure is as follows: 

1. Raise Vee to 4.5 V. 

2. Disable output registers by setting pin 2 to 
VHH(12V). 

3. Apply the desired value (V1LPNiHP) to all registered 
output pins. Leave combinatorial outputs floating. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 

V1LP Low-level input voltage 
V1HP High-level input voltage 

Pin 2 

Registered 
Outputs __ __, 

Pin 10 

4. Pulse pin 10 to VHH, then back to 0 V. 

5. Remove V1LPN1HP from all registered output pins. 

6. Remove high voltage from pin 2. 

7. Enable output registers per programmed pattern. 

8. Verify VOLNoo at all registered output pins. 

Min. Rec. Max. Unit 

11 11.5 12 v 
0 0 0.5 v 

2.4 5.0 5.5 v 

10290-01 lA 

Output Register Preload Waveform 
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POWER-UP PRESET 
The power-up preset feature ensures that all flip-flops 
will be preset to HIGH after the device has been pow­
ered up. The output state will depend on the pro­
grammed configuration. This feature is valuable in sim­
plifying state machine initialization. A timing diagram 
and parameter table are shown below. Due to the syn­
chronous operation of the power-up preset and the wide 
range of ways V cc can rise to its steady state, two condi-

Parameter 
Symbol 

tpp 

Is 

IWL 

Power 

Registered 
Active-Low 

Output 

Clock 

Parameter Descriptions 

Power-Up Preset Time 

Input or Feedback Setup Time 

Clock Width LOW 

lions are required to insure a valid power-up preset. 
These conditions are: 

1. The Vee rise must be monotonic. 
2. Following preset, the clock input must not be driven 

from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 

1000 ns 

See Switching Characteristics 

Vee 

'\ 10290-0tOA 
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.jji@i•Mf• COM'L 

PALCE610H-15/25 
EE CMOS High Performance Programmable Array Logic 

Advanced 
Micro 

Devic.es 

DISTINCTIVE CHARACTERISTICS 

• AMD's Programmable Array Logic (PAL®) 
architecture 

• Electrically-erasable CMOS technology 
providing half power (90 mA Ice) at high speed 
-15 = 15 ns !po 
-25 = 25 ns !po 

• Sixteen macrocells with configurable 1/0 
architecture 

• Registered or combinatorial operation 

• Registers programmable as D, T, J-K, or S-R 

GENERAL DESCRIPTION 
The PALCE61 O is a general purpose PAL device and is 
functionally and fuse map equivalent to the EP610. It 
can accommodate logic functions with up to 20 inputs 
and 16 outputs. There are 161/0 macrocells that can be 
individually configured to the user's specifications. The 
macrocells can be configured as either registered or 
combinatorial. The registers can be configured as D, T, 
J-K, or S-R flip-flops. 

The PALCE61 O uses the familiar sum-of-products logic 
with programmable-AND and fixed-OR structure. Eight 
product terms are brought to each macrocell to provide 
logic implementations. 

BLOCK DIAGRAM 

1/015 

CLK2 I/Os 1/05 I/Os 

PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part Is covered by various U.S. and foreign patents OW"ned by Advanced Micro Devices. 

• Asynchronous crocking via product term or 
bank register clocking from external pins 

• Register preload for testability 

• Power-up reset for lnltlallzatlon 

• Space-saving 24-pln SKINNYDIP® and 28-pln 
PLCC packages 

• Fully tested for 100% programming yield and 
high reliability 

• Easy design with PALASM® software 

The PALCE61 O is manufactured using advanced 
CMOS EE technology providing high density and low 
power consumption. Moreover, it is a high-speed de­
vice having a worst-case IPD of 15 ns. Space-saving 
24-pin SKINNYDIP and 28-pin PLCC packages are of­
fered. 

This device can be erased and reprogrammed at least 
100 times. Data retention is guaranteed for 20 years. 
Once a device is programmed the security bit can be 
used to provide protection from copying a proprietary 
design. 

1/011 1/010 l/Og CLK1 

l/01 12950-00IA 

Publication# 12950 Rev. A Amendment 10 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 
Top View 

SKINNYDIP PLCC 

CLK1 1• 24 Vee 

2 23 "' 
;;: () () 

~ ~ 
_, 

~ 
() 

ll()g 
(.) > 

3 22 1101 

21 1/02 

1/011 5 20 1/03 11010 1102 

1/012 6 19 1104 l/011 1/03 

1/013 7 18 I/Os 1/012 1104 
1/014 8 17 I/Os 

l/01s 9 16 l/07 
1/013 I/Os 

1/015 10 15 I/Os 1/014 I/Os 

I 11 14 l/01s 1/07 

GND 12 13 CLK2 NC NC 

<O Cl Cl C\I ., 

~ z z ~ ~ ...J (!) (!) (.) 

12950-002A 12950-003A 

Note: 
Pin 1 is marked for orientation 

PIN DESIGNATIONS 

CLK Clock 
GND Ground 
I Input 
1/0 Input/Output 
NC No Connect 
Vee Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: a. Family Type 

b. Technology 
c. Device Number 
d. Power 
e. Speed 
f. Package Type 
g. Operating Conditions 

PAL CE 610 H -15 P C 

L. T a. FAMILY TYPE 
PAL= Programmable Array Logic 

OPERATING CONDITIONS 
b. TECHNOLOGY~~~~~~__. C = Commercial (0°C to +75°C) 

CE = CMOS Electrically Erasable 

c. DEVICE NUMBER 
610. 600 Gates 

d. POWER ~~~~~~~~~~~__. 

H • HaH Power (90 mA Ice) 

e. SPEED 
-15=15 nstpo 
-25 = 25 ns tpo 

Valid Combinations 

PALCE610H-15 
PC,JC 

PALCE610H-25 

PALCE610H-15/25 

f. PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 

SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL 028) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMD logo. 

2-393 

E 



FUNCTIONAL DESCRIPTION 
The PALCE610 is a general purpose programmable 
logic device. It has 16 independently-configurable ma­
crocells. Each macrocell can be configured as either 
combinatorial or registered. The registers can be D, T, 
J-K, or S-R type flip-flops. The device has 4 dedicated 
input pins and 2 clock pins. Each clock pin controls 8 of 
the 16 macrocells. 

The programming matrix implements a programmable 
AND logic array which drives a fixed OR logic array. 
Buffers for device inputs have complementary outputs 
to provide user-programmable input polarity. Unused in­
put pins should be tied to Vee or ground. 

The array uses AM D's electrically erasable technology. 
An unprogrammed bit is disconnected and a pro­
grammed bit is connected. Product terms with all bits 
unprogrammed assume the logical-HIGH state and 
product terms with both the TRUE and Complement bits 
programmed assume the logical-LOW state. 

The programmable functions in the PALCE610 are 
automatically configured from the user's design specifi­
cations, which can be in a number of formats. The de­
sign specification is processed by development soft­
ware to verify the design and create a programming file. 
This file, once downloaded to the programmer, config­
ures the design according to the user's desired function. 

Macrocell Configurations 
The PALCE610 macrocell can be configured as either 
combinatorial or registered 1/0. Both the combinatorial 
and registered configurations have output polarity con­
trol. The register can be configured as a D, T, J-K, or 
S-R type flip-flop. Figure 1 shows the possible configu­
rations. 

Each macrocell can select as its clock either the corre­
sponding clock pin or the CLK/OE product term. If the 
clock pin is selected, the output enable is controlled by 
the CLK/OE product term. If the CLK/OE product term is 
selected, the output is always enabled. 

Combinatorial 1/0 
All 8 product terms are available to the OR gate. The 
output-enable function is performed by the CLK/OE 
product term. 

Registered Configurations 
There are 4 flip-flop types available: D, T, J-K and S-R. 

The registers can be configured as synchronous or 
asynchronous. In the synchronous configuration, the 
clock is controlled by the clock input pin. The output en­
able is controlled by the product term function. In the 
asynchronous configuration, the clock input is con­
trolled by the product term. The output is always en­
abled. 

D Flip-Flop 
All 8 product terms are available to the OR gate. The D 
input polarity is controlled by an exclusive-OR gate. For 
the D flip-flop, the output level is the D-input level at the 
rising edge of the clock. 

D an an+1 

0 0 0 

0 1 0 

1 0 1 

1 1 1 

T Flip-Flop 
All 8 inputs are available to the OR gate. The T-input po­
larity is controlled by an exclusive-OR gate. For the T 
register, the output level toggles when the T input is 
HIGH and remains the same when the T input is LOW. 

T an an+1 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

J-K Flip-Flop 
The 8 product terms are divided between the J and K in­
puts. N product terms go to the J input and 8-N product 
terms go to the K input, where N can range from Oto 8. 
Both the J and K inputs to the flip-flop have polarity con­
trol via exclusive-OR gates. The J-K flip-flop rules are 
shown below. 

J K an an+1 

0 0 0 0 

0 0 1 1 

0 1 0 0 

0 1 1 0 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 
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Combinatorial 

E1 

TRegister D Register 

J-K Register S-R Register 12950-004A 

Figure 1. Macrocell Configurations 
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S-R Flip-Flop 
The 8 product terms are divided between the S and R 
inputs. N product terms go to the S input and 8-N prod­
uct terms go to the R input, where N can range from 0 to 
8. Both the S and R inputs to the flip-flop have polarity 
control via exclusive-OR gates. The S-R flip-flop rules 
are shown below. 

s R QR QR+1 

0 0 0 0 

0 0 1 1 

0 1 0 0 

0 1 1 0 

1 0 0 1 

1 0 1 1 

1 1 Not Allowed 

Asynchronous Reset 
All flip-flops have an asynchronous-reset product-term 
input. When the product term is true, the flip-flop will re­
set to a logic LOW, regardless of the clock and data in­
puts. 

Power-Up Reset 
All flip-flops power up to a logic LOW for predictable sys­
tem initialization. Outputs of the PALCE610 depend on 
whether they are selected as registered or combinato­
rial. If registered is selected, the output will be LOW. If 
combinatorial is selected, the output will be a function of 
the logic. The Vee rise must be monotonic and the reset 
delay time is 1000 ns maximum. 

Register Preload 
The register on the PALCE610 can be preloaded from 
the output pins to facilitate functional testing of complex 

state machine designs. This feature allows direct load­
ing of arbitrary states, making it unnecessary to cycle 
through long test vector sequences to reach a desired 
state. In addition, transitions from illegal states can be 
verified by loading illegal states and observing proper 
recovery. 

Security Bit 
After programming and verification, a PALCE610 de­
sign can be secured by programming the security bit. 
Once programmed, this bit defeats readback of the in­
ternal programmed pattern by a device programmer, se­
curing proprietary designs from competitors. When the 
security bit is programmed, preload is disabled and the 
array is unreadable. 

Technology 
The PALCE610 is manufactured using AMD's ad­
vanced Electrically Erasable CMOS process. This tech­
nology uses an E2 cell to replace the fuse link in bipolar 
parts, and allows AMO to offer lower-power parts of high 
complexity. In addition, since the E2 cells can be erased 
and reprogrammed, these devices can be 100% factory 
tested before being shipped to the customer. 

Programming and Erasing 
The PALCE610 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 

The PALCE610 may be erased to reset a previously 
configured device back to its virgin state. Bulk erase is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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PALCE610 LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature 
with Power Applied 

-65°C to + 150°C 

-55°C to + 125°C 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground --0.5 V to +7.0 V with Respect to Ground +4.75 V to +5.25 V 

-0.5 V to Vee+ 0.5 V DC Input Voltage 

DC Output or 1/0 Pin Voltage -0.5 V to Vee+ 0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 2001 v 
Latchup Current 
(TA = 0°C to + 75°C) 100 rnA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage V1N = V1H or V1L l IOH = -4.0 mA 2.4 
Vee= Min. j IOH = -2.0 mA 3.84 

VOL Output LOW Voltage IOL = 8.0 rnA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage V1N = 5.25 V, Vee= Max. (Note 2) 10 
Current 

hL Input LOW Leakage V1N = 0 V, Vee= Max. (Note 2) -10 
Current 

lozH Off-State Output Leakage Vour = 5.25 V, Vee= Max. 10 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0 V, Vee= Max. -10 
Current LOW V1N = V1H or V1L (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max. (Note 3) -30 -150 
Current 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 
Vee= Max. 90 

Notes: 

Unit 

v 
v 
v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to device ground and all overshoots due to system and tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N = 2.0 V Vee= 5.0 V 8 

TA= +25°C pF 
Cour Output Capacitance Vour = 2.0 V I= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 
-15 -25 

Parameter 
Symbol Parameter Description Min. Max. Min. Max. Unit 

tpo Input or Feedback to Combinatorial Output 15 25 ns 

ts Setup Time from Input or Feedback to Clock 12 15 ns 

tH Hold Time 0 0 ns 

!co Clock to Output 10 12 ns 

tcF Clock to Feedback (Note 3) 8 10 ns 

tWL Clock LOW 8 10 ns 

tWH Width HIGH 8 10 ns 

Maximum External Feedback 1/(ts + tco) 45.5 37 MHz 

IMAX Frequency Internal Feedback 1/(ts + lcF) 50 40 MHz 
(Note4) No Feedback 1/(lwH + twL) 62.5 50 MHz 

tEA Input to Output Enable Using Product Term Control 15 25 ns 

tER Input to Output Disable Using Product Term Control 15 25 ns 

tSA Setup Time from Input or Feedback to Clock 
(Note5) 5 8 ns 

tHA Hold Time (Note 5) 9 12 ns 

tcoA Clock to Output (Note 5) 17 27 ns 

ICFA Clock to Feedback (Notes 3 and 5) 16 26 ns 

IWLA Clock 
LOW (Note5) 8 10 ns 

IWHA Width HIGH (Note 5) 8 10 ns 

Maximum External Feedback 1 /(tsA + tcoA) 45 28.6 MHz 

IMAXA Frequency Internal Feedback 1 /(lSA + !cFA) 48 29 MHz 
(Notes4 No Feedback 1/(twLA + twHA) 62.5 41.6 MHz 
and 5) 

Notes: 

2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 

5. These parameters are measured using the asynchronous product-term clock. 
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SWITCHING WAVEFORMS 

Input or 
Feedback 

Combinatorial 
Output 

Clock 

Clock 

Notes: 

1. Vr=1.5V 

12015-010A 

Combinatorial Output 

--- ts+ tcF --~ 

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

Vr 

12015-011A 

Clock Width 

2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 

Input or 
Feedback ___ __, ,,__v_r ____ _, ._ __ _ 

Clock --------

Registered 
Output _______ _ 

12015-012A 
Registered Output 

CLK 

r------------- -----, 
I I 
I I 
I ts I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
~-------------------~ 

12015-021A 

Input 

tER tEA 

Output >-+-+H----+-4!-1- Vr 
----...L.J~r-

12015-013A 

Input to Output Disable/Enable 
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SWITCHING WAVEFORMS (Continued) 

Product-Term 
Clock 

Product-Term 
Clock 

Notes: 

1.VT=1.5V 

..--- tsA+ tcFA ----i 

12950-00BA 

Clock to Feedback Using 
Product-Term Clock 

Clock Width Using 
Product-Term Clock 

VT 

12950-009A 

2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical. 

Input or 
Feedback ____ _, VT 

Product-Term VT 
Clock 

Registered ================~tcoA VT Output ________ _.. 

12950-010A 

Registered Output Using 
Product-Term Clock 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS 

Must be 
Steady 

\\\\\ May 
Change 
from H to L 

100 May 
Change 
from L to H 

SWITCHING TEST CIRCUIT 

Specification s, 
tpo, tco, lcF Closed 

1EA Z~H :Open 
Z~L: Closed 

1ER H~Z :Open 
L ~z: Closed 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

5V 

CL 

35 pF 

35 pF 

5pF 

R1 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from Hto L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

R2 

855n 340Q 

855Q 340Q 

a55n 340Q 

2·402 PALCE610H·15/25 

KS000010-PAL 

12950-012A 

Measured 
Output Value 

1.5 v 
1.5 v 

H ~z: VoH-0.5 v 
L~Z:VoL+0.5V 



ENDURANCE 

Symbol Parameter Description Test Conditions Min. Unit 

toR Pattern Data Retention Time Max. Storage Temperature 10 Years 
Max. Operating Temperature 20 Years 

N Reprogramming Cycles Normal Programming Conditions 100 Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

E 
ESD ProgramNerify 

Protection Circuitry 

Input 

Vee 

1 
Preload Feedback 
Circuitry Input 

Output 
12950-01 lA 
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OUTPUT REGISTER PRELOAD 
The preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. PLCC pin 
numbers are indicated in parentheses. 

1. Set pin 23 (27) to VHH· 

2. Set pin 2 (3) to V1HP· 

3. Apply the desired value (V1LPN1HP) to all registered 
output pins. Connect combinatorial output pins to 
ground. 

Parameter 
Symbol 

VHH 
V1LP 
V1HP 
VccH 
tRET 
tPRLD 
tpsu 

tPC 
tPH 

Pin23 
(27) 

Pin 2 
(3) 

Parameter Description 

Super-Level Input Voltage 
Low-Level Input Voltage 
High-Level Input Voltage 
Power Supply During Preload 
Pin 2 (3) Delay Time 
Preload Input Data Delay 
Preload Data Setup Time 
Preload Clock Width 
Preload Data Hold Time 

IRET 

IPRLD 

4. Clock pins 1 and 13 (2 and 16). 

5. Remove V1LPIV1HP from all registered outputs. 

6. Lower pin 23 (27) to V11.JV1H. 

7. Verify VOLNoH at all registered output pins. 

8. Toggle pin 2 (3). 

9. Enable per programmed pattern. 

Min. Rec. Max. 

8.5 9.0 9.5 

0 0 0.5 

2.4 5.0 5.25 

4.75 5.0 5.25 

200 

300 

100 

1000 1000 

100 

------- V1HP 
r----«r----- VoH Registered 

Output '"---------li-<-----·------=-------------- ~~~ 
tpe tPH 

Pin 1, 13 
(2, 16) 

------------ V1H 

Unit 

v 
v 
v 
v 
ns 
ns 
ns 
ns 
ns 

12950-0068 

Output Register Preload Waveform 
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Power-Up Reset 
The power-up reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered up. 
This feature is valuable in simplifying state machine in­
itialization. A timing diagram and parameter table are 
shown below. Due to the synchronous operation of the 
power-up reset and wide range of ways Vee can rise to 

Parameter 
Symbol Parameter Description 

IPR Power-up Reset Time 

Is Input or Feedback Setup Time 

IWL Clock Width LOW 

its steady state, two conditions are required to insure a 
valid power-up reset. These conditions are: 

1. The Vee rise must be monotonic. 

2. Following reset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 

1000 ns 

See Switching 

Characteristics 

Power 

4v~-------------------- Vee 

I~ ... ____ IPR ----~ 

Registered 
Output 

Clock 9-IWL 

Power-Up Reset Waveform 

PALCE610H-15/25 

12950-00?A 
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-COM'L 

PLS105-40, PLSCE1 OSH-37 Advanced 
Micro 

Devices 28-Pin TTL/CMOS Programmable Logic Sequencer 

DISTINCTIVE CHARACTERISTICS 

• Field-programmable replacement for 
sequential control logic 

• Advanced Mealy state machine/sequencer 
architecture 

• Programmable AND/programmable OR array 
for flexibility 

• Full drive: 24 mA loL, three-state outputs 

• Dedicated hardware features to enhance 
testability 

- Diagnostic Mode access to buried state register 
- Register Preload and Power-up Preset of all 

flip-flops 

GENERAL DESCRIPTION 
The PLS105 is a field-programmable replacement for 
sequential logic. The device functions as a Mealy state 
machine with a registered output. The PLS105 utilizes 
the familiar AND/OR PLA logic structure to implement 
sum-of-product equations. Both arrays are user-pro­
grammable to implement transition terms causing 
changes in the internal state register or output register. 
The PLS105-40 device is fabricated in Advanced Micro 
Devices' advanced oxide-isolated bipolar process. The 

BLOCK DIAGRAM 

• User-programmable pin for asynchronous 
flip-flop Preset/Output Enable 

• Automatic "Hold" state via S-R flip-flops 

II Security bit hides proprietary designs from 
competitors 

II Supported by PALASM®software and 
standard PLO programmers 

II Available In 28-pln plastic SKINNYDIP® and 
PLCC packages 

• Fabricated with high-performance bipolar and 
electrically erasable CMOS technology 

PLSCE105H-37 device is fabricated in a high-speed, EJ 
EE CMOS process; it offers significant power improve-
ment (Ice of 100 mA) over competing parts. 

The PLS105 device is fully supported by industry-stan­
dard CAD tools, including the PALASM design software 
package. Device programming is accomplished by us­
ing standard PLD programmers. 

lo- hs 

Programmable AND Array 
(45 X48) 

c 48 

Programmable OR Array 
(48 X29) 

p p 

CLK 

PALASM and SKINNYDIP are registered trademarks of Advanced Micro Devices. 
This part is oovered by various U.S. and foreign patents owned by Advanced Micro Devices 

6 
So -Ss 

10250-001A 

Publication# 10250 Rev. D Amendment IO 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 

SKINNYDIP PLCC 

~ () 

CLK Vee ..J g ..!!! .!9 ..!:: (.) .!9 2 

'7 la 
la lg l4 ho 
Is ho l3 
l4 h1 

111 

13 h2 12 112 

12 l,3 Ii h3 
h h4 lo 114 
lo hs 07 hs 

01 P!OE 
Os Oo 

Os P/OE 

Os 01 
04 02 "' 0 c 0 0 6 0 0 z 

(.!) 10250-003A 
GND 03 

10250-002A 

Note: Pin 1 is marked for orientation 

PIN DESIGNATIONS 
CLK OutpuUstate register clock 
GND Ground 
lo-hs Inputs to AND array 
P/OE Programmable asynchronous function pin; 

default is active-high Preset (all registers 
go HIGH), programmed is active-low 
Output Enable 

Oo-01 Output register outputs 
Vee Supply Voltage 
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ORDERING INFORMATION 
Commercial Products 

AMO programmable logic products for commercial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

a. Family Type 
b. Technology 
c. Device Number 
d. Power 
e. Speed 
f. Package Type 
g. Operating Conditions 
h. Optional Processing 

PLS CE 105 H ·37 

a. FAMILY TYPE T 
PLS = Programmable Logic Sequencer 

b. TECHNOLOGY 
CE = CMOS Electrically Erasable 
Blank = Bipolar 

c. DEVICE NUMBER 
1 05 = 16 x 48 x 8 PLS 

d. POWER 
H Half Power (100 mA Ice) 
Blank = Full Power (200 mA Ice) 

e. SPEED 
-40 = 40 MHz IMAX 
-37 = 37 MHz IMAX 

f. PACKAGE TYPE 
R = 28-Pin 300-mil Plastic SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
P = 28-Pin 600-mil Plastic DIP (PD 028) 

Valid Combinations 

PLSCE105H-37 J RC, JC, PC 
PLS105-40 1 

PLS105 

R C 

L h. OPTIONAL PROCESSING 
Blank =Standard Processing 

g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 
State Machine Implementation 
State machines contain conditional input logic, state 
memory and output generation logic. The PLS105 de­
vice is built around a programmable AND/OR logic array 
which serves as both conditional input and output gen­
eration logic. Forty-eight product or transition terms are 
found in the AND array. The AND array is driven from 
several sources: there are sixteen external inputs, six in­
ternal feedback signals from the buried state registers, 
and the complement term. 

The OR array drives the output registers, buried state 
registers, and the complement array term. The PLS105 
device offers eight output registers and six buried state 
registers. 

Architectural Details 

Part Number Pins Inputs Flip-Flops Outputs 

PLS105 28 16 14 8 

State and Output Registers 
The state and output registers are both implemented 
with edge-triggered S-R type flip-flops. If neither input is 
active, the flip-flop will retain its contents when clocked. 
This free "hold" state saves product terms. The registers 
may change only on the LOW-to-HIGH transition of the 
clock pulse. There are eight output registers and six bur­
ied state registers on the device. 

Logic Implementation 
All transition terms can include True, False, or Don't 
Care states of the controlling variables. The OR array 
merges one or more product terms to generate the de­
sired user logic functions for the output and next-stale 
registers. This sharing of OR-terms minimizes the over­
all logic required to implement complicated control func­
tions. 

Complement Array Term 
An internal variable (C) known as the complement array 
term directly implements the "else" logic clause at any 
state. This often reduces the number of product terms 
required for a conditional "else" transition . The comple­
ment array can also be used for illegal state recovery 
and designing modulo counters. 

Initialization 
Starting the state machine in a known state is facilitated 
by power-up preset circuitry which unconditionally loads 
a "1" into each flip-flop during power-up or by using the 
asynchronous Preset function. Synchronous transitions 
to the initial state can be made by having an input be an 
OR term on all the state register S inputs, and AN Ding its 
complement with all of the R logic terms. Whenever this 
input is active the machine will synchronously change to 
the state with all outputs high. 

Output Enable 
The Preset input can be converted to a three-state Out­
put Enable function by an architecture bit. Expansion to 
larger control functions can be accommodated by con­
necting several PLS devices to a control bus and selec­
tively enabling them to each handle a segment of the 
control algorithm. This user-programmable option is 
specified as an auxiliary equation in the design file or op­
tionally by use of a keyword. 

Typical Operation 
The details of device operation may be illustrated by the 
simple state transition indicated. The state register in­
itially contains 010 and will become 001 after the next 
clock. For this to occur, state bit 0 must be set, state bit 1 
must be reset and state bit 2 must hold its value. The 
transition term fragments listed produce this result. The 
So and R1 product terms detect the bit pattern for the 
current state (010) and produce a logic one. All other 
terms evaluate to a zero, producing the transition to 
state 001. 

LOGIC FUNCTION 

s2 s1 so 

~ 
STATE REGISTER 
SET so 
RESET s1 
HOLD s2 

PRESENT~ STATE Sn NEXT 
STATE 

Sn+1 

So= S2's 1 'sO+ ... 
Ro= O 

S1 = o 
R1 = S2's1 'sO+ ... 

S2 = O 
R2= O 

Typical State Transition 

12905-004A 

Security Bit 
A security bit is provided on the PLS105 as a deterrent to 
unauthorized copying of the array configuration pat­
terns. Once programmed, this bit defeats readback of 
the programmed pattern by a device programmer, 
securing proprietary designs from competitors. 

On the PLSCE105, programming and verification are 
also defeated by the security bit. The bit can only be 
erased in conjunction with the array during an erase cy­
cle. The security bit also prevents preload and obs­
ervability. 

Programming and Erasing 
The PLS 105 can be programmed on standard logic pro­
grammers. Approved programmers are listed in the Pro­
grammer Reference Guide. 
The PLSCE105 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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LOGIC DIAGRAM 

------------ProductTerms------------
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

Supply Voltage with Respect 
to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

0°c to +75°C 

+4.75 V to +5.25 v 
DC Input Voltage 

DC Input Current -30 mA to +5 mA Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output or 1/0 Pin 
Voltage -0.5 to Vee Max. 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min_ Max. 

VoH Output HIGH Voltage loo= -3.2 mA V1N = V1HOr V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

VtH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage l1N = -18 mA, Vee= Min. -1.2 

hH Input HIGH Current V1N = 2.4 V, Vee= Max. (Note 2) 20 

hL Input LOW Current V1N = 0.4 V, Vee = Max. (Note 2) -250 

h Maximum Input Current V1N = 5.5 V, Vee= Max. 25 

loZH Off-State Output Leakage Vour = 2.7 V, Vee= Max., 20 
Current HIGH V1N = V1L or V1H (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee= Max. -20 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max. (Note 3) -30 -130 
Current 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 200 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitancel CLK OE V1N= 2.0 V 12 
1-otbers_ Vee= 5.0 V, 7 

TA= +25°C, pF 

Gour Output Capacitance Voor = 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

ts Setup Time from Input or Feedback to Clock Without Complement Array 15 ns 

tsc Setup Time from Input or Feedback to Clock With Complement Array 30 ns 

tH Hold Time 0 ns 

tco Clock to Output 10 ns 

tcF Clock to Feedback (Note 3) 3 ns 

tAP Asynchronous Preset to Output 15 ns 

tAPW Asynchronous Preset Width 10 ns 

IAPR Asynchronous Preset Recovery Time 8 ns 

tWL LOW 8 ns 
Clock Width 

tWH HIGH 8 ns 

fMAX External Feedback Without 1/(ts + tco) 40 MHz 

Maximum 
Complement 

Internal Feedback Array 1/(ts + lcF) 55.5 MHz 
Frequency 

External Feedback With 1/(tsc +!co) 25 MHz fMAxc (Note 4) 

Internal Feedback 
Complement 

1/(tsc+ lcF) 30 MHz Array 

IPZx OE to Output Enable 15 ns 

lpxz OE to Output Disable 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

Supply Voltage with Respect 
to Ground 

DC Input Voltage 

-65°C to + 150°C 

-55°C to +125°C 

-0.5 v to +7.0 V 

-0.5 V to +7.0 V 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

0°c to +75°C 

+4.75 V to +5.25 V 

DC Output or 110 Pin 
Voltage -0.5 V to +7.0 V 

2001 v 

Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 

Latchup Current 
(TA= 0°C to +75°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max_ 

VoH Output HIGH Voltage loo =-3.2 mA V1N = V1HOr V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee= Max. (Note 2) 10 

l1L Input LOW Leakage Current V1N = 0 V, Vee= Max. (Note 2) -10 

loZH Off-State Output Leakage Vour = 5.25 V, Vee= Max., 10 
Current HIGH V1N = V1L or V1H (Note 2) 

lozL Off-State Output Leakage Vour = 0 V, Vee= Max. -10 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max. (Note 3) -30 -130 
Current 

Ice Supply Current V1N = 0 V, Outputs Open (lour= O mA) 100 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL {or hH and lozH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. UnH 

C1N Input Capacitance V1N= 2.0 V Vee= 5.0 V, 5 

TA= 25°C, pF 

Cour Output Capacitance Voor= 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modffied 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

ts Setup Time from Input or Feedback to Clock Without Complement Array 17 ns 

tsc Setup Time from Input or Feedback to Clock With Complement Array 30 ns 

tH Hold Time 0 ns 

tco Clock to Output 10 ns 

tcF Clock to Feedback (Note 3) 3 ns 

tAP Asynchronous Preset to Output 15 ns 

tAPW Asynchronous Preset Width 10 ns 

tAPR Asynchronous Preset Recovery Time 8 ns 

twt.. LOW 8 ns 
Clock Width 

tWH HIGH 8 ns 

fMAx External Feedback Without 1/(ts + tco) 37 MHz 

Maximum 
Complement 

Internal Feedback Array 1/(ts + tcF) 50 MHz 
Frequency 

External Feedback With 1 /(lsc + !co) 25 MHz fMAxc (Note4) 

Internal Feedback 
Complement 

1/(lsc+ lcF) 30 MHz Array 

tpzx OE to Output Enable 15 ns 

tpxz OE to Output Disable 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Calculated from measured IMAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Input or ___ ,.------ ,.----
Feedback 

(without 
Complement __ __, 

VT 

Array) 

Output 

12905-006A 

Registered Output (without Complement Array) 

Clock 

Clock 

Output 

Notes: 
1. VT= 1.5V 

----ts+ tcF ---

12149--0250 

Clock to Feedback (IMAX Internal) 
See Path at Right 

VT 

12015--011A 

Clock Width 

tpxz tpzx 

VT 

12905-00SA 
OE to Output Disable/Enable 

2. Input pulse amplitude O V to 3.0 V. 

3. Input rise and fall times 2-5 ns typical. 

Input or 
Feedback(wlth 

Complement 
Array) 

\ .J\ VT 

I-- tsc 

_}\.. 

.... tH 

_} 
VT 

111 tco 
Clock 

Output-------~ 

Preset 

Output 

Clock 

12905-007A 

Registered Output (with Complement Array) 

CLK 

r------------- -----, 
I I 
I ts I 
I I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
L-------------------~ 

12015--021A 

VT 

VT 

VT 

12905-009A 
Asynchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

0/0 

SWITCHING TEST CIRCUIT 

5V 

Specification 51 CL 

tco, tcF Closed 

tpzx z ~ H: Open 50pF 
Z ~ L: Closed 

lpxz H ~z: Open 5 pf 
L~Z: Closed 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

R1 

200!1 

PLS105 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

12350-019A 

R2 

390!1 

KS000010-PAL El 

Measured Output Value 

1.5 v 
1.5 v 

H ~z: Voo-0.5 v 
L ~z: VoL +0.5 v 
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ENDURANCE CHARACTERISTICS 
The PLSCE105 is manufactured using AM D's ad­
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

Endurance Characteristics 

Symbol Parameter 

toR Min. Pattern Data Retention Time 

N Min. Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 
CMOS 

Typical Input 

ProgramNerify 
Circuitry 

BIPOLAR 

Vee 

10205-012A 

Typical Input 

Vee 

ProgramNertty 
Circuitry 

10205-010A 

parts. As a result, the device can be erased and 
reprogrammed- a feature which allows 100% testing at 
the factory. 

Min. 

10 

20 

100 

Units Test Conditions 

Years Max. Storage 
Temperature (150°C) 

Years Max. Operating 
Temperature 
(Military; 125°C) 

Cycles Normal Programming 
Conditions 

Typical Output 

Vee 

Preload Observability 
Circuitry Circuitry 

Typical Output 

40 QNOM 

Program/ 
Verify/ 
Test 

Circuitry 

10205-006A 

Preload/ 
Observability 

Circuitry 

-::- 10205-011A 
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OUTPUT REGISTER PRELOAD 
(Bipolar Only) 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 5.0 V ± 0.5 v. 
2. Raise pin 23 to VHH· 

3. Disable output pins by raising P/OE to V1HP. 

4. Apply V1HPNiu> as desired to all output pins. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 
V1LP Low-level input voltage 

V1HP High-level input voltage 

to Delay time 
dVrldl VHH Rise Time Slew Rate 
dVr/dl VHH Fall Time Slew Rate 

Preload Data Preloaded Register 

Oo-01 
Do-D1 Oo-01 
Do-Ds,X, X So-Ss 

Pin 23 ~/ 
P!OE __ ___,/ 

5. Pulse pin 25 or pin 9 from V1LP to VHH and back to 
V1LP. Pin 25 will preload output registers while pin 9 
will preload buried state registers. 

6. Remove V1LPN1HP from output pins. 

7. Enable output pins by lowering P/OE pin to V1LP-

8. Lower pin 23 to V1LP. 

Min. Rec. Max. Unit 
11.5 12 12.5 v 

0 0 0.5 v 
2.4 5.0 5.5 v 
1 µs 

10 100 V/µs 
2.0 3.0 V/µs 

\....____~_---_-- V1HP 

Outputs --->-<~ _____ )-----< __ 

V1LP 

V1HP 
VoH 
VoL 
V1LP 

Pin 25 or 9 _ ____,/ 
\ ------------

V1LP 

10205-007A 

Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 
(CMOS Only) 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

5. Apply either V1HP or V1LP to all outputs. Use V1HP to 
preload a LOW in the flip-flop; use V1LP to preload a 
HIGH in the flop-flop. 

1. Set OE to V1HPtO disable outputs. 
6. Pulse hs from V1LP to V1HP to V1LP. 

2. With Mode pins LOW raise la to VHH. 
7. Remove preload data from outputs. 

8. Lower la to V1LP. 
3. Use Mode pins to select Preload Output or 

Preload State. 9. Lower OE to V1LP to enable the outputs. 

4. Raise CLK to V1HP. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 
V11.p Low-level input voltage 

V1HP High-level input voltage 

to Delay time 

dVrldt VHH Rise Time Slew Rate 
dVr/dt VHH Fall Time Slew Rate 

Mode Select Pins Preload Data 
lg 110 

0 1 
1 1 

'11 
1 
1 

Is 

Mode 
Pins 

CLK 

'12 Oo-01 
0 Do-D1 
0 Do-Ds,X, X 

to 

to 

10. Verify Vot./Va-i at all outputs. To verify state 
registers, use the observability mode. 

Min. Rec. Max. 
13.25 13.5 13.75 

0 0 0.5 
4.0 5.0 Vcc+1 
1 
10 100 

2.0 3.0 

Preloaded Register 

Oo-01 
So-Ss 

VHH 

to 

V1HP 
Preload Output or Preload State 

V1LP 

----------"'+----------------
to 

Oo-0, 

'1s 

to 

,.----------·+---------
Preload Data 

--------·+---------
to i--_..,._ to to 

1,.-----...1------------

V1HP 
VoH 
VoL 
V1LP 

V1HP 

V1LP 

Unit 
v 
v 
v 
µs 

V/µs 
V/µs 

10205-00BA 

Output Register Preload Waveform 
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OBSERVABILITY 
(Bipolar Only) 
The observability function allows the state register to be 
sent to the output pins. This feature aids functional test­
ing of sequential designs by allowing direct observation 
of the buried state register. The procedure for obser­
vability follows. 

Parameter Parameter Min. 
Symbol Description 

VHH Super-level input voltage 11.5 

tosu Delay time 250 

Pin 24 

tosu 

1. Apply VHH to pin 24. 

2. Observe So-Ss on pins Oo-Os. 

Rec. Max. Unit 

12 12.5 v 
ns 

"----- V1LP 

Outputs -------------.------- VoH 
____ .._ ____________ _....____ VoL 

Observability Waveforms 

PLS105 

10205-009A 

E 
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OBSERVABILITY 
(CMOS Only) 

2. With Mode pins LOW raise la to VHH. 

3. Use Mode pins to select Observability. 

The observability function allows the state register to be 
sent to the output pins. This feature aids functional test­
ing of sequential designs by allowing direct observation 
of the buried state register. The procedure for obser­
vability follows. 

4. Lower OE to V1tP to enable the state data to the 
outputs. 

1. Set OE to V1HP to disable outputs. 5. Lower la to V1LP. 

Mode Select Pins 

19 I ho I 111 I 1i2 
010 10 J1 

3-18 

la 

Mode 
Pins 

Oo-Or 

OUtput Data 
Oo-01 
So-Ss,X,X 

-{_ \_:: to=1 __ V1HP 
Observability -------"""""-!,______________ V1LP 

I-to\___.___ 
~1 

Observablllty Waveforms 

PLS105 

CVIHP 

-V1LP 

~ VoH State Data 
VOL 

12905-012A 



POWER-UP PRESET 
The power-up preset feature ensures that all flip-flops 
will be preset to HIGH after the device has been pow­
ered up. This feature is valuable in simplifying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 
of the power-up preset and the wide range of ways Vee 
can rise to its steady state, two conditions are required 
to ensure a valid power-up preset. These conditions are: 

Parameter 
Symbol Parameter Description 

tpp Power-up Preset Time 

ts Input or Feedback Setup Time 

IWL Clock Width LOW 

Power 

Output 

Clock 

1. The Vee rise must be monotonic. 

2. Following preset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 

1000 ns 

See Switching 
Characteristics 

Vee 

ts 

tWL 
12905-013A 

Power-Up Preset Waveform 
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-COM'L 

PLS167-33, PLSCE167H-33 
PLS168-33, PLSCE168H-33 
24-Pin TTL/CMOS Programmable Logic Sequencers 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• Field-programmable replacement for 
sequential control logic 

• Advanced Mealy state machine/sequencer 
architecture 

• Programmable AND/programmable OR array 
for flexibility 

• Full drive: 24 mA loL, three-state outputs 

• Dedicated hardware features to enhance 
testability 

- Diagnostic Mode access to buried state register 
- Register Preload and Power-up Preset of all 

flip-flops 

GENERAL DESCRIPTION 
The PLS167 and PLS168 are field-programmable re­
placements for sequential logic. The devices function as 
Mealy state machines with a registered output. The PLS 
utilizes the familiar AND/OR PLA logic structure to im­
plement sum-of-product equations. Both arrays are 
user-programmable to implement transition terms caus­
ing changes in the internal state register or output regis­
ter. The PLS167/8-33 devices are fabricated in Ad­
vanced Micro Devices' advanced oxide-isolated bipolar 
process. The PLSCE167/8H-37 devices are fabricated 

BLOCK DIAGRAM 

• User-programmable pin for asynchronous 
flip-flop Preset/Output Enable 

• Automatic "Hold" state via S-R flip-flops 

• Security bit hides proprietary designs from 
competitors 

• Supported by PALASM®software and 
standard PLO programmers 

• Available in 24-pln plastic SKINNYDIP® and 

28-pln PLCC packages 

• Fabricated with high-performance bipolar and 

electrically erasable CMOS technology 

in a high-speed, EE CMOS process; they offer signifi- E 
cant power improvement (Ice of 100 mA) over compet-
ing parts. 

The PLS devices are fully supported by industry-stan­
dard CAD tools, including the PALASM design software 
package. Device programming is accomplished by us­
ing standard PLD programmers. 

lo - 113 (167) 
lo- h1 (168) 

c 

p 

CLK 

Programmable AND Array 
(45 x 48) 

48 

Programmable OR Array 
(48 x 25, 167) (48 x 29, 168) 

Po-P1 (167) 

6 
So­
Ss 

Oo-03 (167) 
Oo-03 (168) Po- P3 (168) 14081-001A 

PALASM and SKlNNYDIP are registered trademarks of Advanced Micro Devices. Publication# 14081 Rev. A Amendment 10 

This part Is covered by various U.S. and foreign patents cmned by Advanced Micro Devices. 
Issue Date: January 1990 
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CONNECTION DIAGRAMS 

PLS167 PLS168 
SKINNYDIP SKINNYDIP 

CLK Vee CLK Vee 
Is 11 Is 16 
Is la l4 11 

l4 lg '3 la 

13 '10 12 lg 

12 111 '1 ho 
h '12 lo 111 
lo 113 Oo P/OE 

Oo P/OE 01 P3 

01 P1 02 P2 

02 Po 03 P1 

GND 03 GND Po 

14081-002A 14081-003A 

PLCC PLCC 

::.:: 
(.) ~ 

::.:: 
(.) 8 ...J ...J 

~ .!!I (.) z ,J:, .!!I .::! ~ (.) z > .!!I ,J:, 

l4 lg 13 la 

'3 lio 12 lg 

12 '11 h ho 

NC NC NC NC 

'1 '12 lo 111 

lo 113 Oo P/OE 

Oo P/OE 01 P3 

6 0 0 (.) 0 0: c[ "' 0 0 (.) 0 c[ OJ 

z z 0 z z a. a. 
(!) (!) 

PIN DESIGNATIONS 
CLK Output/state register clock 
GND Ground 
I Inputs to AND array 
p Programmable output/state register 
P/OE Programmable asynchronous function pin; 

default is active-high Preset (all registers 
go HIGH), programmed is active-low 
Output Enable 

Q Output register outputs 
Vee Supply Voltage 

3·22 PLS167/168 



ORDERING INFORMATION 
Commercial Products (Bipolar Only) 

AMD programmable logic products for commercial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

a. Family Type 
b. Device Number 
c. Speed 
d. Operating Conditions 
e. Package Type 
f. Optional Processing 

PLS 167 -37 C NS 

a. FAMILY TYPE T 
PLS= Programmable Logic Sequencer 

b. DEVICE NUMBER 
167 = 14 x 48 x 6 PLS 
168 = 12 x 48 x 8 PLS 

c. SPEED 
-37 = 37 MHz IMAX 

Valid Combinations 

PLS167-37 J 
PLS168·37 

1 CNS, CFN, CJS 

c· e. 

OPTIONAL PROCESSING 
Blank =Standard Processing 

PACKAGE TYPE 

PLS167/168 

NS 24-Pin 300-mil Plastic 
SKINNYDIP (PD3024) 

FN 24-Pin Plastic Leaded 
Chip Carrier (PL 028) 

JS 24-Pin 300-mil Ceramic 
SKINNYDIP (CD 3024) 

d. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with MMI logo. 
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ORDERING INFORMATION 
Commercial Products (CMOS Only) 

AMO programmable logic products for commercial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

a. Family Type 
b. Technology 
c. Device Number 
d. Power 
e. Speed 
f. Package Type 
g. Operating Conditions 
h. Optional Processing 

PLS CE 167 H ·33 P 

a. FAMILY TYPE T 
PLS = Programmable Logic Sequencer 

b. TECHNOLOGY 
CE = CMOS Electrically Erasabfe 

b. DEVICE NUMBER 
167= 14x48x6PLS 
168 = 12 x 48 x 8 PLS 

d. POWER 
H = Half Power (1 oo mA Ice) 

e. SPEED 
-33 = 33 MHz IMAX 

f. PA~KAGE TYPE 
P = 24-Pin 300-mil Plastic SKINNYDIP (PD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
D = 24-Pin 300-mil Ceramic SKINNYDIP (CD3024) 

Valid Combinations 

PLSCE 167H-33 J PC.JC, DC 
PLSCE168H-33 l 

3·24 PLS167/168 

c 

L h. OPTIONAL PROCESSING 
Blank = Standard Processing 

g. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

Valid Combinations 

The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMO logo. 



FUNCTIONAL DESCRIPTION 
State Machine Implementation 
State machines contain conditional input logic, state 
memory and output generation logic. The PLS device is 
built around a programmable AND/OR logic array which 
serves as both conditional input and output generation 
logic. Forty-eight product or transition terms are found in 
the AND array. The AND array is driven from several 
sources: there are twelve to fourteen external inputs, six 
internal feedback signals from the buried state registers. 
two to four progammable registers, and the complement 
term. 

The OR array drives the output registers, programmable 
registers, buried state registers, and the complement ar­
ray term. The PLS device offers six to eight output regis­
ters and six buried state registers. 

Architectural Details 

Part Number Pins Inputs Flip-Flops Outputs 

PLS167 24 14 12 6 

PLS168 24 12 14 8 

State and Output Registers 
The state and output registers are both implemented 
with edge-triggered S-R type flip-flops. If neither input is 
active, the flip-flop will retain its contents when clocked. 
This free "hold" state saves product terms. The registers 
may change only on the LOW-to-HIGH transition of the 
clock pulse. There are four output registers, two output/ 
buried registers and six buried state registers on the 
PLS167 device, and two additional output/buried regis­
ters on the PLS168 device. 

Logic Implementation 
All transition terms can include True, False, or Don't 
Care states of the controlling variables. The OR array 
merges one or more product terms to generate the de­
sired user logic functions for the output and next-state 
registers. This sharing of OR-terms minimizes the over­
all logic required to implement complicated control func­
tions. 

Complement Array Term 
An internal variable (C) known as the complement array 
term directly implements the "else" logic clause at any 
state. This often reduces the number of product terms 
required for a conditional "else" transition . The comple­
ment array can also be used for illegal state recovery 
and designing modulo counters. 

Initialization 
Starting the state machine in a known state is facilitated 
by power-up preset circuitry which unconditionally loads 
a "1" into each flip-flop during power-up or by using the 
asynchronous Preset function. Synchronous transitions 
to the initial state can be made by having an input be an 
OR term on all the state register S inputs, and ANDing its 
complement with all of the R logic terms. Whenever this 
input is active the machine will synchronously change to 
the state with all outputs high. 

Output Enable 
The Preset input can be converted to a three-state Out­
put Enable function by an architecture bit. Expansion to 
larger control functions can be accommodated by con­
necting several PLS devices to a control bus and selec­
tively enabling them to each handle a segment of the 
control algorithm. This user-programmable option is 
specified as an auxiliary equation in the design file or op­
tionally by use of a keyword. 

Typical Operation 
The details of device operation may be illustrated by the 
simple state transition indicated. The state register in­
itially contains 010 and will become 001 after the next 
clock. For this to occur, state bit 0 must be set, state bit 1 
must be reset and state bit 2 must hold its value. The 
transition term fragments listed produce this result. The 
So and R, product terms detect the bit pattern for the 
current state (010) and produce a logic one. All other 
terms evaluate to a zero, producing the transition to 
state 001. 

s2 s1 so 

~ 
LOGIC FUNCTION 

PRESENT~ STATE Sn NEXT 
STATE 

Sn+1 

STATE REGISTER So= S2·s1 ·so+ ... 
Ro= 0 SET so 

RESET s1 
HOLD s2 s, = 0 

R1 = S2·s1 ·so+ ... 

S2 = 0 

R2 = 0 12905-004A 

Typical State Transition 

Security Bit 
A security bit is provided on the PLS 167/8 as a deterrent 
to unauthorized copying of the array configuration pat­
terns. Once programmed, this bit defeats readback of 
the programmed pattern by a device programmer. 
securing proprietary designs from competitors. 

On the PLSCE167/8, programming and verification are 
also defeated by the security bit. The bit can only be 
erased in conjunction with the array during an erase cy­
cle. The security bit also prevents preload and obs­
ervability. 

Programming and Erasing 
The PLS167/8 can be programmed on standard logic 
programmers. Approved programmers are listed in the 
Programmer Reference Guide. 

The PLSCE167/8 may be erased to reset a previously 
configured device back to its virgin state. Erasure is 
automatically performed by the programming hardware. 
No special erase operation is required. 
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PLS167 LOGIC DIAGRAM 
DIP {PLCC) Pinout 
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1. All disconnected AND gate inputs float to a logic "1." 
2. All disconnected OR gate inputs float to a logic "O. • 
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PLS168 LOGIC DIAGRAM 
DIP (PLCC) Pinout 
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1. All disconnected AND gate inputs float to a logic "1." 
2. All disconnected OR gate inputs float to a logic "O." 

PLS167/168 

]( ll 

t-t--1 
' 

n 
Preset 

-0 RP 

-r PIO!: 

J (20) 

Oulpul 
Enable 

--.,- -w CU< 
(2) 

..i:-{ill GNO = (14) 

14081-00?A 

3-27 

E 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

Supply Voltage with Respect 
to Ground 

DC Input Voltage 

-65°C to +150°C 

-55°C to + 125°C 

-0.5 V to +7.0 v 
-0.5 v to +5.5 V 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

0°c to +75°C 

+4.75 V to +5.25 v 

DC Output or 1/0 Pin 
Voltage -0.5 V to +5.5 V 

+16mA 

Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output Current 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage loH =-3.2 mA V1N = V1Hor V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

V1 Input Clamp Voltage liN = -18 mA, Vee= Min. -1.2 

iiH Input HIGH Current V1N = 2.4 V, Vee= Max. (Note 2) 20 

IJL Input LOW Current V1N = 0.4 V, Vee= Max. (Note 2) -250 

h Maximum Input Current V1N = 5.5 V, Vee= Max. 25 

lozH Off-State Output Leakage Vour = 2.7 V, Vee= Max., 20 
Current HIGH V1N = V1L or V1H (Note 2) 

lozL Off-State Output Leakage Vour = 0.4 V, Vee= Max. -20 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max. (Note 3) -30 -130 
Current 

Ice Supply Current V1N = 0 V, Outputs Open (lour= 0 mA) 160 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

.µA 

µA 

µA 

µA 

rnA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of IJL and lozL (or IJH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0 V Vee= 5.0 V, 5 
TA= +25°C, pF 

CouT Output Capacitance VouT = 2.0 V f= 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacnance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

ts Setup Time from Input or Feedback to Clock l Without Complement Array 17 ns 

tsc Setup Time from Input or Feedback to Clock J With Complement Array 30 ns 

tH Hold Time 0 ns 

!co Clock to Output or Feedback 13 ns 

tAP Asynchronous Preset to Output 15 ns 

tAPW Asynchronous Preset Width 10 ns 

IAPR Asynchronous Preset Recovery Time 8 ns 

twL 
Clock Width 

LOW 10 ns 

twH HIGH 10 ns 

IMAX External Feedback Without Complement 1/(ts +!co) 33 MHz 
Maximum Array 
Frequency 

fMAXC (Note 3) External Feedback With Complement 1 /(tsc + !co) 23 MHz 
Array 

lpzx OE to Output Enable 12 ns 

tpxz OE to Output Disable 10 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

Supply Voltage with Respect 
to Ground 

DC Input Voltage 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

-0.5 V to +7.0 v 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

0°c to +75°C 

+4.75 v to +5.25 v 

DC Output or 1/0 Pin 
Voltage -0.5 V to +7.0 v 

2001 v 

Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage 

Latchup Current 
(TA= 0°C to +75°C) 100 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

VoH Output HIGH Voltage IOH =-3.2 mA V1N = V1Hor V1L 2.4 
Vee= Min. 

VoL Output LOW Voltage IOL = 24 mA V1N = V1H or V1L 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage Current V1N = 5.25 V, Vee= Max. (Note 2) 10 

hL Input LOW Leakage Current V1N = 0 V, Vee= Max. (Note 2). -10 

lozH Off-State Output Leakage VouT = 5.25 V, Vee= Max., 10 
Current HIGH V1N = V1L or V1H (Note 2) 

lozL Off-State Output Leakage Vour = 0 V, Vee= Max. -10 
Current LOW V1N = V1L or V1H (Note 2) 

lsc Output Short-Circuit Vour = 0.5 V, Vee= Max. (Note 3) -30 -130 
Current 

Ice Supply Current V1N = 0 V, Outputs Open (louT= O mA) 100 
Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = O.SV has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Untt 

C1N Input Capacitance V1N= 2.0 v Vee =5.0 V, 5 
TA= 25°C, pF Cour Output Capacitance Voor= 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modffied 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min. Max. Untt 

ts Setup Time from Input or Feedback to Clock Without Complement Array 17 ns 

tsc Setup Time from Input or Feedback to Clock With Complement Array 30 ns 

tH Hold Time 0 ns 

tea Clock to Output 13 ns 

tcF Clock to Feedback (Note 3) 10 ns 

tAP Asynchronous Preset to Output 15 ns 

tAPW Asynchronous Preset Width . 10 ns 

tAPR Asynchronous Preset Recovery Time 8 ns 

IWL LOW 10 ns 
Clock Width 

tWH HIGH 10 ns 

fMAJ( External Feedback Without 1/(ts + tco) 33 MHz 

Maximum 
Complement 

Internal Feedback Array 1/(ts + tcF) 37 MHz 
Frequency 

External Feedback With 1/(tsc +tea) 23 MHz fMAxc (Note 4) 

Internal Feedback 
Complement 

1/(tsc+ tcF) 25 MHz Array 

tpzx OE to Output Enable 12 ns 

tpxz OE to Output Disable 10 ' ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Calculated from measured fMAx internal. 

4. These parameters are not 100% tested, but are calculated at inltial characterization and at any time the design is modified 
where frequency may be affected. 

PLSCE167H-133, PLSCE168H·33 (Com'I) 3·31 
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SWITCHING WAVEFORMS 

Input or 
Feedback Vr (without 

Complement 
Array) ts tH 

Clock Vr 

ZZXk Output 

12905-00GA 

Registered Output (without Complement Array) 

Clock 

Clock 

Output 

Notes: 

1. Vr = 1.5 V 

Vr 

12149-0259 

Clock to Feedback (fMAX Internal) 
See Path at Righi 

12015-011A 

Clock Width 

12905-00SA 

OE to Output Disable/Enable 

2. Input pulse amplitude o V to 3.0 V. 

3. Input rise and fall times 2-5 ns typical. 

Input or 
Feedback (with Vr Complement 

Array) 

Cloc.k 

Output 

Preset 

Output 

Clock 

12905-00?A 

Registered Output (with Complement Array) 

CLK 

r------------- -----, 
I I 
I ts I 
I I 
f LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
~-------------------~ 

12015-021A 

Vr 

Vr 

Vr 

12905-009A 
Asynchronous Preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

IOI! 

SWITCHING TEST CIRCUIT 

Specification s, 
tco, tcF Closed 

CL 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

R1 

tPZx Z~H:Open 50pF 2000 
Z~L: Closed 

tpxz H~Z:Open 5pF 
L~Z:Closed 

PLS167/168 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

Test Point 

12350-019A 

R2 

3900 

KS000010-PAL El 

Measured Output Value 

1.5 v 
1.5 v 

H ~z: VOH-0.5 V 
L ~z: VoL +0.5 v 
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ENDURANCE CHARACTERISTICS 
The PLSCE167/8 is manufactured using AM D's ad­
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 

Endurance Characteristics 

Symbol Parameter 

toR Min. Pattern Data Retention Time 

N Min. Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 
CMOS 

Typical Input 

PrograrnNerify 
Circuitry 

BIPOLAR 

Vee 

10205-012A 

parts. As a result, the device can be erased and 
reprogrammed- a feature which allows 100% testing at 
the factory. 

Min. 

10 

20 

100 

Units Test Conditions 

Years Max. Storage 
Temperature 

Years Max. bperating 
Temperature (125°C) 

Cycles Normal Programming 
Conditions 

Typical Output 

Vee 

Preload Observability 
Circuitry Circuitry 

10205-006A 

Typical Output Typical Input 

Vee ---------------<>Vee 

3-34 

PrograrnNerify 
Circuitry 

10205-010A 

PLS167/168 

40 QNOM 

Program/ 
Verify/ 
Test 

Circuitry 

Preload/ 
Observability 

Circuitry 

-:::- 10205-011A 



OUTPUT REGISTER PRELOAD 
(Bipolar Only) 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 

2. Raise pin 19 to VHH. 

3. Disable output pins by raising P/OE pin to V1HP. 

4. Apply V1HPNiLP as desired to all output pins. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 

VILP Low-level input voltage 

V1HP High-level input voltage 

to Delay time 

dVrldt VHH Rise Time Slew Rate 

dWdt VHH Fall Time Slew Rate 

PLS167 

Preload Data Pulse Preloaded Register 

Oo-Q3, Po-P1 

Do-Ds Pin21 Oo-03, Po-P1 

Do-Ds Pina So-Ss 

Pin 19 

_J 
P!Ot: 

____ / 

5. Pulse pin 21 or pin 817 from V1LP to VHH and back to 
V1LP. Pin 21 will preload output registers while pin 
817(167/168) will preload buried state registers. 

6. Remove V1LPN1HP from output pins. 

7. Enable output pins by lowering P/OE pin to V1LP· 

8. Lower pin 19 to V1LP. 

Min. 

11.5 

0 

2.4 

1 

10 

PLS168 

Preload Data Pulse 

Oo-03, Po-P3 

Do-D1 Pin 21 

X,X.Dz-D1 Pin 7 

Rec. Max. Unit 

12 12.5 v 
0 0.5 v 

5.0 5.5 v 
µs 

100 V/µs 

2.0 3.0 V/µs 

Preloaded Register 

Oo-03, Po-P3 

So-Ss 

\~-VVHH 
- ILP 

\,____--_---
-----------.......... -------- V1HP _____ __,>--{ )>---_-_-1< .... ____________ ~~~ Outputs 

V1LP 

VHH 

Pin 21 or Bfl 
_---JI \ -----------

14081-00BA 

Output Register Preload Waveform 
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OUTPUT REGISTER PRELOAD 
(CMOS Only) 
The preload function allows the register to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

5. Apply either V1HP or V1LP to all outputs. Use V1HP to 
preload a LOW in the flip-flop; use V1LP to preload a 
HIGH in the flop-flop. 

1. Set OE to V1HP to disable outputs. 

2. With Mode pins LOW raise Vpp to VHH-

3. Use Mode pins to select Preload Output or 
Preload State. 

4. Raise CLK to V1HP. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 

V1LP Low-level input voltage 

V1HP High-level input voltage 

to Delay time 

dV,/dt VHH Rise Time Slew Rate 

dWdt VHH Fall Time Slew Rate 

Mode Select Pins 

MDo MD1 MD2 MD3 

0 1 1 0 
1 1 1 0 

6. Pulse MCLK from V1LP to V1HP to V1LP. 

7. Remove preload data from outputs. 

8. Lower Vpp to V1LP. 

9. Lower OE to V1LP to enable the outputs. 

10. Verify VoLIVOH at all outputs. To verify state 
registers, use the observability mode. 

Min. Rec. Max. 

13.25 13.5 13.75 

0 0 0.5 

4.0 5.0 Vcc+1 

1 

10 100 

2.0 3.0 

-------------------------....,-------- V1HP 

Vpp 

Mode 
Pins 

CLK 

to 

------V1LP 

-------VHH 

to 

-------- V1LP 

'"lr-------------------t------ V1HP 
Preload Output or Preload State 

,.----------------;------- V1HP 

------- V1LP 
to 

Unit 

v 
v 
v 
µs 

V/µs 

V/µs 

to v ,----------....-t---------- IHP VoH 
a Preload Data VoL ----------vlLP 

--------------to__,:f= ID =t~to--t-o ___ -_-_-_-_-_- ~::: 
MCLK 

14081-009A 

Output Register Preload Waveform 
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OBSERVABILITY 
(Bipolar Only) 

1. Apply Vtttt to pin 20. The observability function allows the state register to be 
sent to the output pins. This feature aids functional test­
ing of sequential designs by allowing direct observation 
of the buried state register. The procedure for obser­
vability follows. 

2. Observe So-Ss on pins Qo--03, Po-P1 (167) or 
02--Ch Po--P3 (168). 

Parameter Parameter Min. Rec. Max. Unit 
Symbol Description 

VHH Super-level input voltage 11.5 12 12.5 v 
tosu Delay time 250 ns 

,----------------------- VHH 

Pin 20 

1~---------- ------- VoH 
Outputs 

VoL 

14081-010A 

Observability Waveforms 
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OBSERVABILITY 
(CMOS Only) 
The observability function allows the state register to be 
sent to the output pins. This feature aids functional test­
ing of sequential designs by allowing direct observation 
of the buried state register. The procedure for obser­
vability follows. 

1. Set OE to V1HP to disable outputs. 

Mode Select Pins 

Vpp 

Mode 
Pins 

a 

2. With Mode pins LOW raise Vpp to VHH· 

3. Use Mode pins to select Observability. 

4. Lower OE to V1LP to enable the state data to the 
outputs. 

5. Lower Vpp to V1LP. 

14081-011A 

Observability Waveforms 
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POWER-UP PRESET 
The power-up preset feature ensures that all flip-flops 
will be preset to HIGH after the device has been pow­
ered up. This feature is valuable in simplifying state ma­
chine initialization. A timing diagram and parameter ta­
ble are shown below. Due to the synchronous operation 
of the power-up preset and the wide range of ways Vee 
can rise to its steady state, two conditions are required 
to ensure a valid power-up preset. These conditions are: 

Parameter 
Symbol Parameter Description 

!pp Power-up Preset Time 

ts Input or Feedback Setup Time 

IWL Clock Width LOW 

1. The Vee rise must be monotonic. 

2. Following preset, the clock input must not be driven 
from LOW to HIGH until all applicable input and feed­
back setup times are met. 

Max. Unit 
1000 ns 

See Switching 
Characteristics 

Power 
-------4-V !f,..,._ __ lpp ----

Vee 

Output 

Is 

Clock 

IWL 
12905-013A 

Power-Up Preset Waveform 
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-COM'L 6:1 
PLS30S16-40 
28-Pin Universal Programmable Logic Sequencer 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Field-programmable replacement for 

sequential loglc 
- Eases design and speeds time to market 

• Advanced Mealy state machine architecture 
- Programmable AND and OR arrays for 

increased logic capability 
- S-R flip-flops provide automatic hold state 

• 64 product terms and 12 state registers allow 
many states 

• Up to 12 registered outputs or up to 8 
combinatorial outputs 

• 17 Inputs Including four with synchronizing 
D-type flip-flops 

GENERAL DESCRIPTION 
The PLS30S16 is an advanced 28-pin field-programma­
ble logic sequencer (PLS). It is a flexible superset of 
other 28-pin PLS devices with additional logic and addi­
tional flexibility. The device functions as a Mealy state 
machine with either registered or combinatorial outputs. 
The PLS30S16 utilizes the familiar AND/OR PLA logic 
structure (17x71x12) to implement Boolean sum-of­
product equations. 

Up to 17 external inputs drive the AND array, four of 
which may be registered. Both AND and OR logic arrays 
are programmable, eliminating redundant terms and re­
strictions on terms per output. The AND array creates 
transition terms and the OR array merges terms for state 
transitions and output logic. Two complement array 
logic terms are provided to create multiple-pass logic 
functions. These terms are commonly used to generate 
the "else" branches for undecoded default transitions. 

AMO PLS FAMILY 

• Two clock Inputs and two complement arrays 
for dual state machines In one device 

• Enhanced testablllty 
- Observability of all buried registers 
- Register Preload of all flip-flops 
- On-chip test array for 100% testability 

• Supponed by PALASM® software and 
standard PLO programmers 

• Available In 28-pln plastic SKINNYDIP® and 
PLCC packages 

• High performance at 40 MHz IMAX 

The PLS30S16 has 16 S-R flip-flops, 12 of which drive 
the AND array as state bits. Four of these flip-flops are 
part of dual-feedback 1/0 macrocells; four other macro­
cells function as either registered or combinatorial out­
puts. The other two banks of four flip-flops act as dedi­
cated buried register state bits and registered outputs. 
The clock function is individually selectable for the four 
banks of flip-flops. Up to 12 outputs can be configured, 
all of which have three-state buffers controlled by prod­
uct terms. 

The PLS30S16 utilizes AM D's high-speed bipolar proc­
ess for the best perlormance. The entire PLS family is 
fully supported by PALASM design software, enabling 
verification of the design and conversion to the JEDEC 
standard programming format. The device is supported 
by industry-standard programming and development 
tools. 

Product State Output 
Pan Number Pins Inputs Terms Registers Registers IMAX 

PLS30S16 28 
PLS105 28 
PLS167 24 
PLS168 24 

PAL PALASM and SKINNYDIP are registered ~ademarks of Advanced Micro Devices. 
IMOX is a trademark of Advanced Micro Devices. 

12-17 
16 
14 
12 

This part Is covered by various U.S. and foreign patents ownsd by Advanced Miao Devices. 
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BLOCK DIAGRAM 

Program- Program-
mable mable 
AND OR 
Array Array 

(60x71) (64x46) 

6 

CLK9 

4 
Clock 
Mux 

Internal Signals 

01101-01/04 Registered feedback associated with 
1/01-1/04 

001-004 Registered feedback associated with 
01-04 

01-04 Buried registers 

CLKo Clock for IR1-IR4 

CLK1 Clock for 01/01-01/04 

CLK2 Clock for OR1-0R4 and 01-04 

Co-C1 Complement array sum terms 

OBS Observability product term 

OE1-0E4 Output enable product terms for 
1/01-1/04 

OEo Output enable product term for 01-04 

OER Output enable product term for 
OR1-0R4 

Buried 
Registers 

Dual-
Feedback 
Macrocells 

Single-
Feedback 
Macrocells 

Output 
Registers 

4 
Initialize 

Enables 

Observability 

Clocks 

PLS30S16-40 

4 4 4 

110., -1104 

01-04 

OR 1 - OR4 

E 

12149-001A 
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CONNECTION DIAGRAMS 
Top View 

SKINNYDIP® 

eLKA Vee 

'1 la 

12 17 

eLK0!1 0 15 

13 IR4 13 

14 IR3 '4 
15 IR2 

15 

vo 1 IR1 
VCJi 

V02 1104 
1102 

OR1 1103 

o~ 04 OR1 

OR3 03 OR2 

OR4 02 

GND 01 

12149-002A 

Note: Pin 1 is marked for orientation 

PIN DESIGNATIONS 

h - Is 
IR1-IR4 
1101-1/04 

01-04 
OR1-0R4 
CLKA 
CLKs!lo 
Vee 
GND 

3·42 

Inputs 
Registered inputs with bypass 
Registered or combinatorial 1/0 with 
dual feedback 
Registered or combinatorial outputs 
Registered outputs 
Clock input; clock for 01-04 
Clock and/or array input 
Supply Voltage 
Ground 

PLS30S16·40 

PLCC 
0 

""m < ~ ~ 0 
..J .::! ~ ..J ~ CD ... 
0 - 0 - -

4 3 2 28 27 26 

• Is 

IR4 

IR3 

IR2 

21 IR1 

V04 

V03 

12 13 14 15 16 17 18 

"' ~ 0 cf o"' "' o" IC z 0 
0 0 <!) 

12149--003A 



ORDERING INFORMATION 
Commercial Products 

AMD commercial programmable logic products are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

a. Family Type 
b. Number of Array Inputs 
c. Feature 
d. Number of Fllp-flops 
e. Speed 
f. Package Type 
g. Operating Conditions 
h. Optional Processing 

PLS 30 s 16 -40 p c 
a.FAMILYTYPE ~T 

PLS = Programmable Logic Sequencer 

b. NUMBER OF ARRAY INPUTS L h. OPTIONAL PROCESSING 
Blank = Standard Processing 

c. FEATURE 
S = Sequencer 

d. NUMBER OF FLIP-FLOPS ---------~ 

e. SPEED 
- 40 = 40 MHz IMAX 

f. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 

SKINNYDIP (PD3028) 
J = 28-Pin Plastic Leaded 

Chip Carrier (PL028) 

Valid Combinations 

PLS30S16-40 PC,JC 

PLS30S16·40 

g. OPERATING CONDITIONS 
C =Commercial (0°C to +75°C) 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations, to 
check on newly released combinations, and to 
obtain additional data on AMD's standard military 
grade products. 

Note: Marked with AMD logo. 
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FUNCTIONAL DESCRIPTION 
State Machine Implementation 
State machines contain conditional input logic, state 
memory and output generation logic. The PLS30S16 is 
built around a programmable AND/OR logic array which 
serves as both conditional input and output generation 
logic. 64 product or transition terms are found in the 
AND array. It is driven from several sources: 17 external 
inputs, 12 internal feedbacks from the state registers, 
and 2 complement terms. 

All transition terms can include True, False, or Don't 
Care conditions of the controlling variables. The OR ar­
ray merges one or more product terms to generate the 
desired logic functions for the output and state regis­
ters. This sharing of OR terms minimizes the overall 
logic required to implement complicated control func­
tions. The two internal variables Co - C1 are known as 
the complement array terms, and can directly imple­
ment a default branch (the "else" branch) from any state. 
Two complement arrays allow the integration of two in­
dependent state machines. 

Inputs 
The device inputs include the eight dedicated inputs 
1,-ls, optionally registered inputs IR1-IR4, CLKe, and 1/0 
pins 1101-1/04. All signals are complemented on-chip, 
allowing either true or complement versions in equa­
tions. If any input pin is not used, it should be tied to GND 
or Vee. 

lnputs.IR1-IR4 have synchronizing D-type flip-flops to 
capture transient signals or eliminate potential register 
setup time violations. The flip-flop is a simple D-type that 
is loaded on the rising edge of CLKo (Figure 1 ). CLKo 
can be either polarity of either clock input, allowing the 
input register to be clocked on the opposite phase of the 
output register clock, or independently of the output reg­
ister. Each flip-flop can be individually bypassed by pro­
gramming the multiplexer fuse (SI). 

0 

IR 

CLKo-----t 

12149-00SA 

Figure 1a. Input Register 

CLl<A, 
ICLl<A, 
CLKe, 
ICLKe 12149-006A 

Figure 1b. Input Raglater Configuration; 
Registered Input (SI= 1) 

D-____,[:a>_ 

12149-007A 

Figure 1c. Input Register Configuration; 
Combinatorial Input (SI = 0) 

CLKe can be used as a standard array input if not 
needed as a clock input. If CLKe is to be used both as a 
logic input and as a clock, great care should be taken to 
avoid setup time violations. 

S-R Flip-flops 
The 16 state and output registers are implemented with 
rising-edge triggered, clocked S-R type flip-flops (Figure 
2). The flip-flop goes HIGH after the clock edge if the S 
(Set) input is HIGH, and LOW if the R (Reset) input is 
HIGH. If neither input is HIGH, the flip-flop will retain its 
contents when clocked. This free "hold" state saves 
product terms.Sand R may not be HIGH at the same 
time. The registers may change only on the LOW-to­
HIGH transition of the clock input, which depends on the 
selection of the clock source. 

_n 
CLKLJ 

s 
0 

0 

1 
1 

R 

0 

1 
0 

1 

CLK Q+ 

+ a (hold) .. 0 (resat) 
j 1 (set) 

j not allowed 

+ = rising edge transition 

12149-00BA 

Figure 2. S-R Flip-flop Logic 
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Typical Operation 
The details of device operation may be illustrated by the 
simple state transition indicated in Figure 3. The state 
register initially contains 010 and will become 001 after 
the next clock. In order for this to occur, state bit 00 must 
be set, state bit 01 must be reset and state bit 02 must 
hold its value. For the S-R type flip-flops, the equation 
fragments listed (in PALASM syntax) produce this re­
sult. The 00.S and 01 .R product terms detect the bit 
pattern for the current state (010) and produce a logic 
one, setting 00 and resetting 01. All other terms evalu­
ate to a zero, producing the transition to state 001. 

Staten 

State n+1 

02 01 00 

~ 
~ 

State Register 
Set 00 
Reset 01 
Hold 02 

Present 
State 

oo.s = 102·01·100 + ... 
00.R= .. . 

01.S= .. . 
01.R = /02'01'/QO + ... 

02.S= .. . 
02.R= .. . 

12149-004A 

Figure 3. Typical State Transition 

Burled Registers 
01-04 are the four dedicated buried registers (Figure 4). 
They can be used as state bits, storing the current state 
and using feedback to the AND array to help determine 
the next state. All four flip-flops are clocked by CLK2, 
which can be either CLKA or CLKe according to the 
Clock Mux. 

Figure 4. Burled Register 

To Output 
Register Pin 

12149-009A 

The buried registers 01-04 can be preloaded to any E 
value (see "Register Preload"). Data to be preloaded is 
placed on pins 1101-1/04, pin 2 is raised to a supervol-
tage, and CLKe is raised. The value in the registers can 
be examined by Observability (see "Register Obser­
vability"). Observability mode is entered either by a su­
pervoltage on pin 21 or assertion of the Observability 
product term. The data in the buried registers is then 
sent to output pins OR1-0R4. 

The initialization logic shown, controlled by fuse SA, is 
discussed later for all registers. 
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Dual-Feedback Macrocells 
1/01-1/04 are the four dual-feedback macrocells (Figure 
5). Register bypass is controlled by fuse SO for each 
macrocell. Feedback from both the flip-flop and the pin 
allows the same macrocell to function as both a buried 
state register and a combinatorial 1/0 or dedicated input. 

SA 

Note that the combinatorial path is fed by a separate 
NOR gate, allowing completely independent combina­
torial and buried register functions. The buried register 
signals are named 01/01-01/04. The flip-flops are 
clocked by CLK 1, which can be either CLKA or CLKe ac­
cording to the Clock Mux. 

s Q 11----a Ql/O 

>--+-t----tR 

3·46 

1 x 
0 0 

Figure Sa. Dual-Feedback Macrocell 

PLS30S16-40 

VO 
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s Q ___ _, 

CLKA or CLKs ------1 

OE (independent) 

Figure 5b. Dual-Feedback Macrocell Configuration; 
Burled Register and Combinatorial 110 

Q 

CLKA or CLKs -------1 

>------t R 

Figure 5c. Dual-Feedback Macrocell Configuration; 
Registered 1/0 

12149-01 lA 

12149-012A 

Each dual-feedback macrocell output has independent 
output enable control; the outputs 1/01-1/04 are con­
trolled by enable terms OE1-0E4, respectively. With the 
output disabled, the pin can be used as an additional 
dedicated input. Dynamic enable control allows the pin 
to be connected to a bus. 

The four llip-llops can be preloaded from the associated 
pins by raising pin 2 and clocking CLKA (see "Register 
Preload"). The state of the flip-flops can be observed on 
the pins in Observability mode, even if buried (see "Reg­
ister Observability"). 

PLS30S16-40 3-4 7 
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Single-Feedback Macrocells 
Pins 0,-04 provide four additional state registers with 
either registered or combinatorial outputs (Figure 6). 
The combinatorial path is independent of the registered 

s 

CLl<A 

J--+-1----1 R 

path, allowing separate equations for the state bits and 
the combinatorial outputs. The flip-flops are clocked by 
the CLKA input. Register bypass is controlled by fuse SO 
for each macrocell. 

SA 

a ---.. ao 

1 x 
0 0 

0 

Figure 6a. Single-Feedback Macrocell 
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CLl<A 

s Q ----

CLl<A -----1 
-----A 

Figure 6b. Single-Feedback Macrocell Configuration; 
Burled Register and Combinatorial output 

------1R 

Figure 6c. Single-Feedback Macrocell Configuration; 
Registered output wHh Feedback 

D 
12149-014A 

12149-015A 

All four outputs are controlled by a common output en­
able term, OEo. The enable allows connection to a bus. 

The associated buried register signals 001-004 can be 
preloaded or observed similarly to 01-Q4 (see "Regis­
ter Pre load"). 

PLS30S16-40 3.49 
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>--t-t----t s 

CLK2 ------t 
>--t-1----f R 

OER OBS 

From Buried 
Register 

OR 

12149-016A 
Figure 7. OUtput Register 

Output Registers 
Pins OA1-0R4 are dedicated registered outputs (Figure 
7). These four flip-flops are clocked on the rising edge of 
CLK2, which can be either CLKA or CLKe. 

The registered outputs are enabled by product term 
OER, allowing connection to a bus. 

The register can be preloaded by placing the data on the 
pins, raising pin 2, and clocking CLKe (see "Register 
Preloadj. Observability is not necessary since the reg­
isters cannot be buried. During observability mode, the 
outputs are replaced with the buried register values 
01""'°4. 

to AND 
array 

---0 

Clock Multiplexer 
The clock multiplexer takes the two clock inputs CLKA 
and CLKe and creates four separate clocks for the five 
banks offlip-flops (Figure 8). CLKo can be either polarity 
of CLKA or CLKe, and is used to clock the input register. 
CLK1 can be the rising edge of either clock input, and is 
used to clock the dual-feedback macrocell register 
(01101-01/04). CLK2 also can be either CLKA or CLKe 
and is used to clock both the buried register 01-04 and 
the output register OR1-0R4. CLKA is directly used to 
clock the single-feedback macrocell register 001-004. 
The source for each clock signal is independently con­
trolled by the fuses in the clock mux, SC1-SC4(Table 1). 

0 0 

Figure 8. Clock Multiplexer 12149-017A 
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Table 1. Clock Mux Logic 

SC1 SC2 SC3 SC4 CL Ko CLK1 CLK2 
(IR1-IR4) (Ql/01-01/04) (OR1-0R4, 01-Q4) 

0 0 x x CLKA 

0 1 x x /CLKA 

1 0 x x CLKs 

1 1 x x /CLKs 

x x 0 x 
x x 1 x 
x x x 0 

x x x 1 

The two clock inputs and clock multiplexer allow two 
state machines in one device. CLKA can be used to 
clock one state machine consisting of at least QO,-Q04 
while the other state machine can consist of any of the 
other register groups. The two clock inputs also allow 
the input registers to be clocked independently of the 
output/buried registers if CLKo is made a function of 
CLKs, and CLK1 and CLK2 are tied to CLKA. The user­
selectable polarity option on CLKo allows the input regis­
ters to be clocked on the opposite edge of the same 
clock input for the output/state registers. 

Output Enable 
All outputs of the device have three-state buffers. The 
1/01-1/04 pins have individual OE product terms, 

CLKA 

CLKs 

CLKA 

CLKs 

OE1-0~. allowing the user to individually select the re­
quired number of outputs and inputs. The 01-04 regis­
tered or combinatorial outputs have a single OE product 
term for the bank, OEo. Registered outputs OR1-0R4 
are bank enabled by product term OER. 

Expansion to larger control functions can be accommo­
dated by connecting several PLS devices to a control 
bus and selectively enabling them to each handle a seg- E 
ment of the control algorithm. Since the product terms 
are O when unprogrammed, all twelve outputs will be 
disabled in the unprogrammed state. 
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Figure 9. Complement Array - Implementing Default Transitions 

Complement Array Terms 
The two complement array terms (Co-C1) are simply In­
verted feedback signals from the OR afray to the AND 
array. The complement array can be used to conserve 
p~uct terms, especially by implementing default tran­
sitions. 

For local default transitions, or"else" branches, the input 
to the complement array term is connected to all of the 
potential transition product terms (TA1-TAa) from the 
given state (A) (Figure 9). When none of these terms is 
TRUE or HIGH, the Co or C1 signal will be LOW and the 
inverted feedback will be HIGH. This feedback signal 
can be connected to a product term that implements the 
default transition (DA). Since the default product term 
can also be connected to the state bits that define the 
present state, the complement array term can be re-

used for every default transition. As a universal default 
term, the complement array term can be used as an ille­
~al state recovery term. Wrth two complement arrays, it 
1s easier to define two state machines in one device. 

Logic Optimization 
The flexibility of the programmable OR array allows two 
primary advantages over the architecture found in 
PAL® devices. First, no duplication of product terms is 
required, since the same product term can be part of 
multiple output equations. In effect, all 64 product terms 
are available for all equations. In addition, programma­
ble polarity is not needed, since any equation can be 
DeMorganized to its opposite polarity. Note that regis­
tered outputs are active high with respect to the sum 
term, and combinatorial outputs are active low with re­
spect to the sum term. 
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Figure 10a. lnitializ:ation 

Initialization 

AR 
s Q 

R 

Figure 10b. Initialization; 
Asynchronous Reset (SA = 0) 

Starting the state machine in a known state is facilitated 
by circuitry which unconditionally loads a value into 
each flip-flop using the asynchronous initialization func­
tion, provided by a sum term for each nibble of registers. 
Individual fuses for each flip-flop (SA) dictate this initial 
value, either LOW or HIGH (Figure 10). The initialization 
control can be thought of as a 1 :2 demultiplexer that se­
lects Asynchronous Reset (AR) in the unprogrammed 
state (SA= 0), and Asynchronous Preset (AP) when SA 
is programmed (SA= 1) (Table 2). 

Table 2. Initialization Logic 

SA OR TERM a 
x 0 a 
0 1 0 

1 1 1 

Synchronous transitions to the initial state can be made 
by a suitably programmed product term connected to 
the flip-flops' Sor R inputs, as dictated by the state map­
ping. Whenever this input is active the machine will syn­
chronously transition to the initial state, on the active 
edge of the appropriate clock signals. 

The initialization terms should not be dependent on the 
110 pins, since these signals change during preload and 
observability. 

AP 
s Q 

R 

Figure 10c. Initialization; 
Asynchronous Preset (SA = 1) 

Test Features 

12149-019A E 
Testing of the PLS30S16 is enhanced by the dedicated 
hardware features of registerpreload and observability. 
Register preload allows use of an arbitrary test vector 
set to fully exercise all state transitions and guard 
against unreachable states and dead-lock loops. Obser­
vability provides visibility of the internal state register 
outputs when strobed by a supervoltage control signal 
or enabled by the observability product term. 

The added features allow complete functional testing; 
AMD fully guarantees all AC specifications and timing 
margins. 

Register Preload 
All registers on the PLS30S16 can be preloaded from 
the output pins to facilitate functional testing of complex 
state machine designs. This feature allows direct load­
ing of arbitrary states, thereby making it unnecessary to 
cycle through long test vector sequences to reach a de­
sired state. In addition, transitions from illegal states can 
be verified by loading illegal states and observing proper 
recovery. 

The preload function provides for loading of macrocell 
registers 001-Q04 and Ql/01-01/04 using CLKA, and 
input registers IR1-IR4 and output registers OR1-0R4 
and the buried state registers 01-Q4 using CLKs. Data 
is placed on the pins associated with the register (buried 
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state registers are loaded using the pins associated with 
1/01-1/04), and the appropriate pin is clocked. 

Preload mode is entered by placing a supervoltage sig­
nal on pin 2 (see "Register Preload"). All outputs imme­
diately enter a high-impedance state. Data to be 
preloaded should be established on the appropriate pins 
and either CLKA or CLKe pulsed. Following this, data is 
removed (high-impedance state) and the preload super­
voltage removed. 

Device Observability 
In addition to the control offered by preload, testing re­
quires observability of the internal state of the device fol­
lowing a sequence of vectors. The PLS30S16 offers an 
observability feature that allows the user to send the hid­
den buried register values to observable output pins. 

The PLS30S 16 observability can be activated either by 
a supervoltage level applied to pin 21 or by the OBS 
product term. The contents of buried registers 
001-004, 01/01-01/04 and 01-04 are placed on the 
output pins 01-04, 1/01-1/04, and OR1-0R4, respec­
tively (see "Register Observability'). 

For macrocells that are configured as combinatorial, the 
observability product term suppresses the selection of 
the combinatorial output by asserting the macrocell out­
put mux into registered output mode. The observability 
product term allows the observation of the associated 
registers by overriding the output enable term and ena­
bling the output buffer. 

Note that when the register contents are directed to the 
pins 1/01-1/04, the signals on the pins fed back to the ar­
ray can change value. If this happens to satisfy the logic 

terms associated with device initialization, the contents 
of some flip-flops may change state. The user is cau­
tioned against using initialization terms involving 
l/Orl/04 when device observability is desired. 

Security Fuse 
One security fuse in the PLS30S 16 is provided to hide 
proprietary designs from examination by competitors. 
The security fuse, when programmed, blocks reading of 
the fuse array, preloading of the registers, and both su­
pervoltage and product-term controlled observability of 
buried registers. The security fuse is verified by verifying 
the array as if every fuse were programmed. This secu­
rity feature gives the user a proprietary circuit which is 
very difficult to copy. 

Technology 
The PLS30S16 utilizes AM D's oxide-isolated IMOX™ 
process for the highest speed. The fuses are composed 
of proven Platinum-Silicide ( PtSi) for high programming 
yields and high reliability. On-chiptestfuses and test cir­
cuitry allow factory testing of programmability and all DC 
and switching characteristics. 

Fuses are connected in the unprogrammed state and 
selectively disconnected during programming. AND 
gates with all inputs connected are permanently LOW 
while OR gates with all inputs connected are perma­
nently HIGH. A disconnected fuse floats to a logic one in 
the AND array and a zero in the OR array. AND gates 
with all inputs disconnected are permanently HIGH 
while OR gates with all inputs disconnected are perma­
nently LOW. 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power.Applied 

Supply Voltage with Respect 
to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

0°Cto +75°C 

+4.75 V to +5.25 V 
DC Input Voltage 

DC Output or 1/0 Pin 
Voltage 

-1.2VtoVcc+0.5V 

-0.5 V to Vee +0.5 V 

2001 v 

Operating Ranges define those limits between which the func­

tionality of the device is guaranteed. 

Static Discharge Voltage 
Stresses above those fisted under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. 

Voo Output HIGH Voltage IOH = -3.2 mA V1N = V1H or V1L, 2.4 
Vee= Min. 

VOL Output LOW Voltage loL = 16 mA V1N = V1H or V1L, 0.5 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for all Inputs {Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 
Voltage for all Inputs {Note 1) 

V1 Input Clamp Voltage l1N =-18 mA, Vee= Min. -1.2 

hH Input HIGH Current V1N = 2.7 V, Vee= Max. {Note 2) 25 

hL Input LOW Current V1N = 0.4 V, Vee = Max. {Note 2) -250 

h Maximum Input Current V1N= 5.5 V, Vee= Max. 1 

lozH Off-State Output Leakage VouT = 2.7 V, Vee= Max., 100 
Current HIGH V1N = V" or V1H (Note 2) 

lozL Off-State Output Leakage VouT = 0.4 V, Vee = Max., -100 
Current LOW V1N = V,L or V1H (Note 2) 

lsc Output Short-Circuit VouT = 0.5 V, Vee= Max. {Note 3) -30 -130 
Current 

Ice Supply Current V1N = 0 V, Outputs Open 225 
{louT = 0 mA), Vee= Max. 

Notes: 

Unit 

v 

v 

v 

v 

v 
µA 

µA 

mA 

µA 

µA 

mA 

mA 

1. These are absolute values with respect to the device ground and all overshoots due to system and/or tester noise are included. 
2. 110 pin leakage is the worst case of hL and lozL (or liH and loZH). 
3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

VoUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE (Note 1) 

Parameter 
Symbol Parameter Description Test Conditions Typ. Unit 

C1N Input Capacitance V1N= 2.0 v Vee= 5.0 V, 5 

TA= +25°C, pF 

Cour Output Capacitance VouT= 2.0 V f = 1 MHz 8 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tpo Input or Feedback to Combinatorial Output 20 ns 

ts Setup Time from Input or Feedback to Cloek Without Complement Array 15 ns 

lsc Setup Time from Input or Feedback to Clock With Complement Array 30 ns 
(Note 3) 

ts1 Setup Time from Input to Clock (Input Register) 3 ns 

IH Hold Time 0 ns 

IHI Hold Time (Input Register) 2 ns 

tco Clock to Output 10 ns 

tcF Clock to Feedback (Note 4) 5 ns 

lei Clock to Input (Input Register) 5 ns 

t1 Asynchronous Initialize to Registered Output 25 ns 

liw Asynchronous Initialize Width 20 ns 

llR Asynchronous Initialize Recovery Time 20 ns 

lwt LOW 10 ns 
Clock Width 

IWH HIGH 10 ns 

fMAX External Feedback Without 1/(t. + lco) 40 MHz 

Maximum 
Complement 

Internal Feedback Array 1/(ls +le,) 50 MHz 
Frequency 

External Feedback With 1 /(lsc + leo) 25 MHz fMAxc (Note 5) 

Internal Feedback 
Complement 

1 /(lsc+ le,) 28.5 MHz Array 

IEA Input to Output Enable 20 ns 

tER Input to Output Disable 20 ns 

Notes: 
2. See Switching Test Circuit for test conditions. 

3. Add 15 ns to any path for complement array. 

4. Calculated from measured IMAX internal. 

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 

Feedback Vr 
Input or i§ 

-X>&x1tpo -VT Combinatorial 
Output 

12015-010A 

Combinatorial Output 

Input or -----.. i,.-------.. 1,---­
Feedback 

(without 
Complement ___ __, 

Array) 

Clock 

Registered 
Output ________ ~ 

12015-012A 

Registered Output without Complement Array 

Clock 

Clock 

Input 

Output 

Notes: 
1. Vr = 1.5 V 

•---- ts+ tcF ----<"'! 

12149-025A 

Clock to Feedback (fMAX Internal) 
See Path at Right 

12015-011A 

Clock Width 

IER IEA 

Vr 

12015-013A 
Input to Output Disable/Enable 

2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and tall times 2-5 ns typical. 

Input Vr 

Clock 

Registered 

Input-----------~-

Inputer----~ 
Feedback (with 

Complement 
Array) -----' 

Clock 

Registered 

Registered Input 

Vr 

Output ________ __. 

12149-024A 

12149-023A 

Registered Output (with Complement Array) 

CLK 

r------------- -----, 
I I 
I ts I 
I I 
I LOGIC REGISTER I 
I I 
I I 
I tcF I 
I I 
L-------------------~ 

Input 

Registered 
Output 

Clock 

12015-021A 

Vr 

12149-028A 
Asynchronous Initialization 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

Olli 

SWITCHING TEST CIRCUIT 

Output 

Specif lcatlon SwHchS1 CL 

tPQ, tco. tcF Closed 

IEA Z~H:Open 50pF 
Z ~L: Closed 

IER H~Z:Open 5pF 
L~Z:Closed 

INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

May 
Change 
from Htol 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

R1 

3000 

sv 

Will be 
Changing 
from Hto L 

Will be 
Changing 
from Lio H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010-PAL 

Test Point 

t2351-032A 

R2 Measured Output Value 

1.5 v 
3900 1.5 v 

H~Z:VOH-0.5V 

L ~z: VOL+ 0.5 V 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Typical Input Typical Output 

---------4-----o Vee 

3-60 

Input 0-----e----1 

ProgramNerify 
Circuitry 

12350-020A 

PLS30S16-40 

40QNOM 

Input, 
110 

Pins 

ProgramNerify/ 
Test Circuitry 

Pre load 
Circuitry 

12721-00SA 



REGISTER PRELOAD 
The Preload function allows the registers to be loaded 
from the output pins. This feature aids functional testing 
of sequential designs by allowing direct setting of output 
states. The procedure for preloading follows. 

1. Raise Vee to 5.0 V ± 0.5 V. 

2. Raise pin 2 to VHH (11 V) to disable outputs. 

3. Apply the desired value (V1LPN1HP) to outputs. 
Note that a preloaded HIGH will set the flip-flop 
HIGH. 

Parameter 
Symbol Parameter Description 

VHH Super-level input voltage 
V1LP Low-level input voltage 

V1HP High-level input voltage 
VeeH Supply voltage during preload 

lo Del'!ttime 

Register to Preload Data Input CLKA 
01101-01104 
001-004 
OR1-0R4 
01-04 
IR1-IR4 

Pin 1 
(CLK Al 

Pin4 
(CLK Bl 

1101-1104 _n_ 
01-04 _n_ 
OR1-0R4 L 
1101-1104 L 
IR1-IR4 L 

•o •o •o 

4. Pulse the appropriate pin (pin 1 or4)fromV1LPtO V1HP 
to V1LP· 

5. Repeat steps 3 and 4 for second set of flip-flops. 

6. Remove V1LPNiHP from all outputs. 

7. Lower pin 2 to V1LP. 

8. Enable outputs per programmed pattern. 

9. Verify for Va.NOH at all output pins. 

Min. Rec. Max. Unit 

10 11 12 v 
0 0.3 0.5 v 

2.4 5.0 5.5 v 
4.5 5.0 5.5 v 
0.1 1 15 ms 

CLKB 
L 
L 

_n_ 
_n_ 
_n_ 

- VIHP 

•o •o 

12149-032A 

Preload Waveform 
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REGISTER OBSERVABILITY 
The Observability function allows the registers to be 
viewed at the output pins. This feature aids functional 
testing of sequential designs by allowing direct observa­
tion of register states. 

During observability, pins 1 and 4 (the clock pins) should 
remain LOW. If either pin goes HIGH, the registers will 
be clocked and the previous data may be lost. As long as 
these pins remain LOW and asynchronous initialization 
is not asserted, the data in the registers will not change 
during Observability. Note that when register data is 

Parameter 
Symbol Parameter Description 

VHH Su~r-level il'!Q!Jt voltl!9._e 
V1LP Low-level i!]Q_ul volt~ 
V1HP High-level input voltage 

Register to Observe Data Output 

01/01-01/04 1/01-1/04 

001-004 01-04 
01-04 OR1-0R4 

Pin 21 J 
Outputs ~ 

sent to pins 1101-1/04, the data will also affect the pin 
feedback. Care must be taken that this does not assert 
asynchronous initialization. 

The procedure for observability follows. 

1. Raise pin 21 to VHH (11 V), or assert Observability 
term OBS per programmed pattern. 

2. Register values will be sent to appropriate outputs. 

3. Lower pin 21 or remove OBS term. 

Min. Rec. Max. Unit 

10 11 12 v 
0 0.3 0.5 v 

2.4 5.0 5.5 v 

\-------- VHH 

V1LP 

VoH 

~ VOL 

12149-033A 

Supervoltage Observability 

=x x V1HP 
Input asserting 

OBS term 
V1LP 

VOH 
Outputs ~ ~ Va_ 

Product Term Observability 
12149-034A 
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- COM'L: ·25/33 MIL: ·25 

Am29CPL 151 H-25/33 
CMOS 64-Word Field-Programmable Controller (FPC) 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Implements complex state machines 

• High-speed, low-power CMOS EPROM 
technology 

• Functionally equivalent to the blpolar 
Am29PL141 

• Seven condltlonal Inputs (each can be 
registered as a programmable option), 
16 outputs 

GENERAL DESCRIPTION 
The Am29CPL151 is a CMOS, single-chip Field Pro­
grammable Controller (FPC). It allows implementation 
of complex state machines and controllers by program­
ming the appropriate sequence of instructions. Jumps, 
loops, and subroutine calls, conditionally executed 
based on the test inputs, provide the designer with pow­
erful control flow primitives. 

Intelligent control may be distributed throughout the sys­
tem by using FPCs to control various self-contained 
functional units, such as registerfile/ALU, 1/0, interrupt, 
diagnostic, and bus control units. An address sequen­
cer, the heart of the FPC, provides the address to an in­
ternal 64-word by 32-bit EPROM. 

SIMPLIFIED BLOCK DIAGRAM T[5:0], CC 

• Up to 33-MHz maximum frequency 

• 64-word by 32-bit CMOS EPROM 

• Space-saving 28-pln OTP plastic SKINNYDIJ>e 
and PLCC packages and windowed ceramic 
SKINNYDIP package 

• 29 Instructions 
- Conditional branching, conditional looping, 

conditional subroutine call, multiway branch 

The Am29CPL 151 is functionally equivalent to the 
Am29PL 141 but is manufactured in CMOS technology 
and offers a space-saving 300-mil SKINNYDIP pack- E 
age. A pin-compatible larger FPC is offered as the 
Am29CPL154 with a deeper 512 x 36 memory and 
added flexibility. 

This UV-erasable and reprogrammable device utilizes 
proven floating-gate CMOS EPROM technology to en­
sure high reliability, easy programming, and better than 
99.9% programming yields. The Am29CPL151 is of­
fered in both windowed and One-Time Programmable 
(OTP) packages. OTP plastic SKINNYDIP and PLCC 
devices are ideal for volume production. 

l1 IRESIT y_t_ __ , 
: Input Registers ""• ---~ 

t----~ZERO 

10135-0018 

SKINNYOIP and SSR are raglslored lrademarks d Advanced Micro Devices, Inc. Publication# 10135 Rev. D Amendment IO 

lssue Date: November 1989 

3-63 



CONNECTION DIAGRAMS 
Top View 

SKINNVDIP PLCC/LCC 

Z'Ef'IDISDO 1• 28 Vee 

P[O]/A[O] 2 27 CLK 

P[1]/A[1] 3 26 CC/SDI 

P[2]/A[2] 4 25 T[O] 
P[3]/A[3] 

P[3]/A[3] 5 24 T[1] P[4]/A[4] 

P[4]/A[4] 6 23 T[2] 
P[5]iA[5] 

P[6]iMODE 
P[5]iA[5] 7 22 T[3] P[7]/DCLK 

P[6]/MODE 8 21 T[4] P[B] 

P[7]/DCLK 9 20 T[5] 
P[9] 

P[B] 10 19 RESET 

P[9] 11 18 P[15] 

P[10] 12 17 P[14] 

P[11] 13 16 P[13] 

GND 14 15 P[12] 
10135-0028 10135-0038 

Note: 

Pin 1 is marked for orientation. 

LOGIC SYMBOLS 

Normal Configuration SSR® Diagnostics Configuration 

T[O] P[O]/A[O] 
T[1] P[1]/A[1] 

T[O] P[O]/A[O] 
T[1] P[1]iA[1] 

T[2] P[2]/A[2] T[2] P[2]/A[2] 
T[3] P[3]/A[3] T[3] P[3]/A[3] 
T[4] P[4]/A[4] 
T[5] P[5]/A[5] 

T[4] P[4]/A[4] 
T[5] P[5]/A[5] 

cc P[6] CC/SDI 
P[7] 

RESET P[B] 
P[9] RESET 

P[B] 
P[9] 

P[10] P[10] 

CLK P[11] 
P[12] 

CLK P[11] 
P[12] 

P[13] P[13] 
P[14] P[14] 
P[15] P[15] 

DCLK 
MODE 

SDO 

10135-004A 10135-00SA 
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ORDERING INFORMATION 
Commercial Products 

AMO products for commercial applications are available with several ordering options. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

H .33 D 

a. DEVICE NUMBER 
Am29CPL151 

c 

1 

b. Power 
c. Speed 
d. Package Type 
e. Operating Conditions 
f. Optional Processing 

T 
f. OPTIONAL PROCESSING 

Blank a Standard Processing 

e. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

d. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 

SKINNYDIP (P03028) 
D = 28-Pin 300-mil Windowed 

Ceramic SKINNYDIP (CDE028) 
J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) 

c. SPEED 
-33 = 33 MHz IMAX 
·25 = 25 MHz IMAX 

b. POWER 
H = Half Watt (115 mA Ice) 

CMOS 64-Word Field Programmable Controller (FPC) 

Valid Combinations 

Am29CPL151H-33 j 
Am29CPL 151H-25 } 

PC, DC.JC 

Am29CPL151 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMO logo. 
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ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available with several ordering options. APL (Approved Prod­
ucts List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 

H -25 /B 

a. DEVICE NUMBER 
Am29CPL151 

b. Power 
c. Speed 
d. Device Class 
e. Package Type 
f. Lead Finish 

x A 

1 T f. LEAD FINISH 
A = Hot Solder Dip 

e. PACKAGE TYPE 
X 28-Pin 300-mil Windowed 

Ceramic SKINNYDIP (CDE028) 
3 = 28-Pin Windowed Ceramic 

Leadless Chip Carrier (CLV 028) 

d. DEVICE CLASS 
18 = Class B 

c. SPEED 
-25 = 25 MHz IMAX 

b. POWER 
H = Half Watt (130 mA Ice) 

CMOS 64-Word Field Programmable Controller (FPC) 

Valid Combinations 

Am29CPL 151H-25 /BXA, /B3A 
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Valid Combinations 
The Valid Combinations tabla lists configurations 
planned to be supported in volume for this device. 
Consult the local AMD sales office to confirm avail­
ability of specific valid combinations, and to check on 
newly released combinations. 

Nola: Marked with AMO logo. 

Group A Tests 
Group A tests consists of Subgroups 1, 2, 3, 7, 8, 
9, 10, 11. 



PIN DESCRIPTION 
CC [SDI] 
Optionally Registered Condition Code Test Input 

When the TEST (P(24 :22]) field of the executing instruc­
tion is set to 6(binary110), CC is selected to be the con­
ditional input. In SSR diagnostic configuration, CC is 
also the Serial Data Input (SDI). An EPROM bit associ­
ated with this input may be programmed to make this in­
put a registered input. The default state of this input is 
unregistered. 

CLK 
Clock Input 

The rising edge of the clock latches the program 
counter, count register (CREG), subroutine register 
(SREG), pipeline register, and EQ flag. The rising edge 
of the clock also latches the test input registers, CC reg­
ister, and the RESET register if their respective configu­
ration bits are set to enable internal synchronizing regis­
ters. 

P[15:8] 
Outputs 

The upper eight general-purpose control outputs are en­
abled by the OE signal from the pipeline register. When 
OE is HIGH, P(15:8] are enabled, and when LOW, 
P[15:8] are disabled. 

P[7:6], P[5:0]/A[5:0] [DCLK, MODE] 
Outputs 

The lower eight general-purpose control outputs are 
permanently enabled. In the SSR diagnostic configura­
tion, P[7] becomes the diagnostic clock input DCLK and 
P(6] becomes the diagnostic control input MODE. In ex­
pand mode (when the EXP bit is programmed) bits 
P(5:0) become the Program Memory address outputs 
A[5:0]. 

RESET 
Optionally Registered Reset Input; Active LOW 

When the reset input is LOW, the output of the PC MUX 
is forced to the uppermost program address (63). On the 
next rising edge of the clock, this address (63) is loaded 
into the program counter; the instruction at location 63 is 
loaded into the pipeline register, and the EQ flag is 
cleared. A programmable configuration bit allows the 
option of making this a registered input. If RESET is inter­
nally registered, the first rising edge of the clock latches 
it. On the next rising edge of the clock, the EQ flip-flop is 
cleared and the contents of memory location 63 are 
loaded into the pipeline register. The default state of this 
input is unregistered. 

T[5:0] 
Optionally Registered Test Inputs 

In conditional instructions, the TEST inputs can be used 
as individual condition codes selected by the TEST field 
in the pipeline register. The T[5:0] inputs can also be 
used as a branch address when performing a program 
branch or as a count value to be loaded into the GREG. 
Each of these inputs has an EPROM bit associated with 
it. This bit may be programmed such that the corre- IE 
sponding input becomes a registered input. The default 
state of these inputs is unregistered. 

ZERO [SDO] 
Zero Output; Active LOW 

A LOW state on the ZERO output indicates that the 
GREG value is zero. In the SSR diagnostic configura­
tion, ZERO becomes the Serial Data Output (SDO). This 
change is only on the output pin; internally, the zero-de­
tect function is unchanged. 
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Condition Code 
Select Logic 

3 

5 

Internal 
Reset 

6 

7 12 

Instruction 
Decode Logic 

I -Add;ss-
1 Control Logic 

I_ 

15 

•These pins available only in SSR mode. 
••These pins available only in normal mode. 

r 

ZE'RQ·· SDI" DCLK• 

PCMUX 

Program Memory 
(64 x 32) 

P(15:8] P[?:sr· P(5:0VA[5:0] 

Outputs 

6 

EXP 

10135-0068 

••• Each of the T[5:0], RESET, and CC inputs can be individually registered or left unregistered as a programmable option. 

10135-0069 

Figure 1. Am29CPL151 Detailed Block Diagram 
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FUNCTIONAL DESCRIPTION 
Figure 1, the detailed block diagram of the 
Am29CPL 151, shows logic blocks and interconnecting 
buses that permit parallel performance of different op­
erations in a single instruction. The FPC consists of lour 
main logic blocks: the program memory. address control 
logic, condition code selection logic, and instruction de­
code. A fifth optional block is the Serial Shadow Register 
(SSR). 

The program memory contains the user-defined instruc­
tion flow and output sequence. The address control 
logic addresses the program memory. This control logic 
supports high-level instruction functions including con­
ditional branches, subroutine calls and returns, loops, 
and multiway branches. The condition code selection 
logic selects the condition code input to be tested when 
a conditional instruction is executed. The polarity of the 
selected condition code input is controlled by the POL 
bit in the microword. The instruction decode generates 
the control signals necessary to perform the instruction 
specified by the instruction part (P[31 :16]) of the 
microword. The SSR enables in-system testing to iso­
late problems down to the IC level. 

Program Memory 
The FPC program memory is a 64-word by 32-bit 
EPROM with a 32-bit pipeline register at its output. The 

CLK.-----~> 

upper 16 bits (P[31 :16)) of the pipeline register are inter­
nal to the FPC and form the instruction to control ad­
dress sequencing. The format for instructions is: a one­
bit synchronous Output Enable OE, a five-bit OPCODE, 
a one-bit test polarity select POL, a three-bit TEST con­
dition select field. and a six-bit immediate DATA field. 
The DATA field is used to provide branch addresses, 
test input masks, and counter values. 

The lower 16 bits (P[15:0]) of the pipeline register are 
brought out as user-defined, general-purpose control 
outputs. The upper eight control outputs (P[15:8]) are 
disabled when OE is programmed as a LOW. The lower 
eight control bits (P(7:0]) are always enabled. Outputs 
P[5:0] will contain the next instruction address when the 
optional EXP EPROM cell is programmed. 

Controlling External PROM 
By programming the EXP bit, PC MUX is output over 
pins P[5:0]/A(5:0]. This feature can be used to extend 
the width of the output control word when external regis­
tered memories are used. In the diagram below, the 
Am29CPL 151 controls external registered PROMs to 
provide an output control word (1 O + N) bits wide (where 
N is the bit width of the PROMS). 

Am29CPL151 

Pl15:6] 

10 

10135-0388 

Figure 2. Controlling External PROM 
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Address Control Logic 
The address control logic consists of five smaller logic 
blocks. These are: 

PC MUX -Program counter multiplexer 

P CNTR -Program counter (PC) and incrementer 
(PC+ 1) 

SUBREG -Subroutine register (SREG) with subrou­
tine mux (S MUX) 

CNTR 

GOTO 

-Count register (CREG) with counter mux 
(C MUX), decrementer (CREG-1), and 
zero detect 

-Specialized branch control logic 

The PC MUX is a six-bit, four-to-one multiplexer. It se­
lects either the PC, PC + 1, SREG, or GOTO output as 
the next microaddress input to the Program Memory 
and to the PC. The PC thus always contains the address 
of the instruction in the pipeline register. During a Reset, 
the PC MUX output is forced to all ones, selecting loca­
tion 63 from Program Memory. 

The P CNTR block consists of a six-bit register (PC) 
driving a six-bit combinatorial incrementer (PC + 1). 
Either the present or the incremented values of PC can 
address the Program Memory. The incremented value 
of PC can be saved as a subroutine return address. The 
present PC value can address the Program Memory 
when waiting for a condition to become valid. PC+ i ad­
dresses the Program Memory for sequential program 
flow, for unconditional instructions, and as a default for 
conditional instructions. 

The SUBREG block consists of a six-bit, three-to-one 
multiplexer (S MUX) driving a six-bit register (SREG). 
The three possible SREG inputs are PC+ 1. CREG, and 
SREG. SREG normally operates as a one-deep stack to 
save subroutine return addresses. PC + 1 is the input 
source when performing subroutine calls, and PC MUX 
is the output destination when performing return from 
subroutine. 

The CNTR block consists of a six-bit, four-to-one multi­
plexer (C MUX), driving a six-bit register (CREG); a six­
bit combinatorial decrementer (CREG-1); and a zero­
detection circuit. The CNTR logic block is typically used 
for timing functions and iterative loop counting. 

The SUBREG and CNTR can be considered as one 
logic block because of their unique interaction. Both 
have the other as an additional input source and output 
destination. The CREG can therefore be an additional 
stack location when not used for counting, and the 
SREG can be a nested-count location when not used as 
a stack location. Thus the SREG and CREG can oper­
ate in three different modes: 

1. As a separate one-deep stack and counter 
2. As a two-deep stack 
3. As a two-deep nested counter 

The GOTO logic block serves three functions: 

1. It provides a six-bit count value from the DATA field 
in the pipeline register (P[21 :16]) or from the TEST 
inputs T[S:O] masked by the DATA field P[21:16]. 
This is represented by T*M. 

2. It provides a branch address from the DATA field in 
the pipeline register P(21 :16] or from the TEST in­
puts T[S:O] masked by the DATA field P[21 :16]. This 
is represented by T*M. 

3. It compares T[S:O] masked by the MASK field 
P[21 :16], called T*M, to the CONSTANT field from 
the pipeline register P[27:22]. If a match occurs, the 
EQ flip-flop is set. EQ remains unchanged if there is 
no match. Constant field bits that correspond to 
masked test bits must be zero. 

The EQ flag can be tested by the condition code selec­
tion logic. Multiple tests of any group of T inputs in a 
manner analogous to sum-of-products can be per­
formed since a no-match comparison does not reset the 
EQ flag. Any conditional branch on EQ will reset the EQ 
flag. Conditional returns on EQ will not change the EQ 
flag. RESET input LOW will reset the EQ flag. 

Note: A zero in the MASK field blocks the corresponding 
bit in the TEST field; a one activates the corresponding 
bit. 

The constant field bits that correspond to masked test 
field bits must be zero. A zero is substituted for masked 
test field bits. The "POL" bit is a "don't care" when using 
test inputs to load registers. 

Note that when the inputs are internally registered (pro­
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 

Condition Code Selection logic 
The condition code selection logic consists of an eight­
to-one multiplexer. The eight test condition inputs are 
the device inputs CC, T[S:O], and the EQ flag. The TEST 
field P[24:22] selects one of the eight conditions to test. 

The polarity bit POL in the instruction allows the user to 
test for either a pass or fail condition. Refer to table1 for 
details. 

Note that when the inputs are internally registered (pro­
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 

Instruction Decode 
The instruction decoder is a PLA that generates the con­
trol for 29 different instructions. The decoder inputs in­
clude the OPCODE field P[30:26], the zero detection 
output from the CNTR, and the selected test condition 
code from the condition code selection logic. 
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Operational Modes ries. The SSR bit allows on-chip diagnostic capabilities 
for in-system testing. The remaining bits serve to indi­
vidually select whether the input pins will be un­
synchronized or not. The default setting of these bits 
(unprogrammed, 1) will cause each pin to be un­
synchronized, and so programming a given bit (to 0) will 
cause that corresponding input to become internally 
synchronized. 

The Am29CPL 151 operates as a six-bit microcontroller 
in normal mode, and there are several configuration bits 
that can be programmed to modify this normal opera­
tion. The EXP bit allows the six program address lines 
from the PC MUXto be output on the lowersixbitsofthe 
output pins (P(S:O)) so that a user can expand the width 
of the control lines by using external registered memo-

Am29CPL 151 General Instruction Format 

30 26 24 22 21 16 

[OPCODE] [TEST J [DATA J 
WHERE: 

= Synchronous Output Enable for P[15:8]. 

15 0 

[ USER-DEFINEDl 
OUTPUTS j 

10135-0078 

OE 
OPCODE 
POL 
TEST 

= A five-bit opcode field for selecting one of the 28 single-data-field instructions. 
= A one-bit test condition polarity select (refer to table 1 ). 

A three-bit test condition select. 

TEST[24:22] UNDER TEST 

000 T[O] 
001 T[1] 
010 T[2] 
011 T[3] 
100 T[4] 
101 T[S] 
110 cc 
111 EQ 

DATA = A six-bit conditional branch address, test input mask, or counter value field designated as 
PL in instruction mnemonics. 

31 

Table 1 

Input Condition Test 
Being Tested POL Result 

0 0 Fail 

0 1 Pass 

1 0 Pass 

1 1 Fail 

Am29CPL 151 Comparison Instruction Format 

30 28 

[OPCODE] 

27 22 

[CONSTANT] 

21 16 

[MASK J 
15 0 

[ USER-DEFINEDl 
OUTPUTS j 

10135-00BB 

WHERE: 
OE = Synchronous Output Enable for P[15:8]. 
OPCODE = Compare instruction (binary 100). 
CONSTANT = A six-bit constant for equal-to comparison with rM. 
MASK = A six-bit mask field for masking the incoming T[S:O] inputs. 
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Am29CPL 151 INSTRUCTION SET DEFINITION 

• = Other instruction 

0 = Instruction being described 

0 = Register in part 

P =Test Pass 

F =Test Fail 

X,Y are arbitrary values in the CREG or SREG 

Opcode Mnemonic Description Execution Example 
Register Transfer 
Description 

19 

OB 

OF 

18 

3·72 

GOTOPL IF (cond) THEN GOTO 
PL (data) 
Conditional branch to the 
address in the Pl (DATA field). 
The EQ flag will be reset if the 
test field selects it and the 
condition passes. 

GOTOPLZ IF (CREG = 0) THEN 
GOTO PL (data) 
Conditional branch to 1he 
address in the Pl (DATA field) 
when CREG is equal to zero. 
This instruction does not depend 
on the pass/fail condition. The 
EQ flag will be reset if the test 
field selects it and the CREG is 
equal to zero. 

GOTOTM IF (cond) THEN GOTO 
TM(data) 

FORK 

Conditional branch to the address 
defined by the T"M (T[5:0] under 
bitwise mask from the DATA field). 
This instruction is intended for 
multiway branches. The EQ flag 
will be reset if the test field selects 
it and the condition passes. 

IF (cond) THEN GOTO PL (data) 
ELSE GOTO (SREG) 
Conditional branch to the address 
in the Pl (DATA field) or the 
SREG. A branch to Pl is taken if 
the condition is true and a branch 
to SREG if false. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 

Am29CPL151 

41 

10135-009A 

30 

GREG =0 
31 •l-----'I ..... 

PL (DATA) 40 

GREG ,;.O 
32 41 

33 42 

10135-010A 

30 

31 

40 21 12 
32 4t 

10135-011A 

30 

31 

p 

PL (DATA) 40 51 

41 

10135-012A 

If (cond =true) Then 
PC = Pl(data) 

Else 
PC= PC+ 1 

If (CREG = 0) Then 
PC = Pl(data) 

Else 
PC= PC+ 1 

If (cond =true) Then 
PC= T•M 

Else 
PC= PC+ 1 

If (cond =true) Then 
PC = Pl(data) 

Else 
PC= SREG 



Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic Description 

1C 

1D 

1E 

1F 

CALPL IF {cond} THEN CALL PL {data} 
Conditional jump to subroutine 
at the address in the PL (DATA 
field). The PC + 1 is pushed into 
the SREG as the return address. 
The EQ flag will be reset if the 
test field selects it and the 
condition passes. 

CALPLN IF (cond} THEN CALL PL (data), 
NESTED 

CAL TM 

Conditional jump to subroutine 
at the address in the PL (DATA 
field) nested. The SREG and 
GREG are treated as a two-deep 
stack, the PC + 1 is pushed into 
the SREG as the return address, 
and the previous SREG value is 
transferred into the GREG as a 
nested return address. The EQ 
flag will be reset of the test field 
selects it and the condition passes. 

IF (cond) THEN CALL TM (data} 
Conditional jump to subroutine at 
the address specified by the T"M 
(T[5:0] under bitwise mask from 
the DATA field). The PC+ 1 is 
pushed into the SREG as the 
return address. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 

CAL TMN IF (cond) THEN CALL TM (data), 
NESTED 
Conditional jump to subroutine 
at the address specified by the T'M 
(T[5:0] under bitwise mask from the 
DATA field) nested. The PC+ 1 
is pushed into the SREG as the 
return address, and the previous 
SREG value is transferred into 
the GREG as a nested return 
address. The EQ flag will be 
reset of the test field selects it 
and the condition passes. 

Execution Example 
Register Transfer 
Description 

SREG 

•• ~PC+1 

32 

II (cond =true) Then 
SREG =PC+ 1 
PC = PL(data) 

Else 
PC= PC+ 1 

33 42 

30 

31 

32 

33 

30 

31 

32 

33 

10135-013A 

SREG 

--~ PC+1 

GREG SREG 

If (cond =true) Then 
GREG= SREG 
SREG =PC+ 1 
PC = PL(data) 

Else 
PC= PC+ 1 

~PC+1 
, , 32 43 

22 10135-014A 

42 10135-015A 

SREG 
~PC+1 

-- 32 

GREG SREG 

If (cond =true) Then 
SREG =PC+ 1 
PC=T"M 

Else 
PC= PC+ 1 

II (cond =true) Then 
GREG= SREG 
SREG =PC+ 1 
PC=T"M 

Else 
PC= PC+ 1 

~PC+1 
-- 32 43 

50 

52 10135-016A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 
Register Transfer 

Opcode Mnemonic Description Execution Example Description 

04 LDPL IF (cond) THEN LOAD PL (data) If (cond •true) Then 
Conditional load the CREG from 30 CREG • PL(data) 
the PL (DATA field). PC.PC+ 1 

Else 
31 CREG PC=PC+1 

.-O+x PL(DATA) 

32 

33 

10135-017A 

05 LDPLN IF (cond) THEN LOAD PL (data), If (cond. true) Then 
NESTED 30 SREG-CREG 
Conditional load the CREG from CREG = PL(data) 
the PL (DATA field) nested. The PC-PC+1 
CREG and SREG are treated as 31 SREG CREG Else 
a two-<leep nested count register, ~PL(DATA) PC= PC+ 1 
the previous CREG value is • • • y x 
pushed into the SREG as a 
nested count, and the CREG is 32 
loaded from PL. 

33 

10135-018A 

06 LDTM IF (cond) THEN LOAD TM (data) If (cond =true) Then 
Conditional load the CREG from 30 CREG=T*M 
the T*M (Tl5:0} inputs under bit- PC=PC+1 
wise mask from the DATA field). Else 

31 CREG 
PC· PC+ 1 

~T*M , "", x 
32 

33 

10ta5-019A 

07 LDTMN IF (cond) THEN LOAD TM (data) If (cond =true) Then 
NESTED 30 SREG=CREG 
Conditional load the CREG from CREG =T*M 
the T*M (T[S:O) inputs under bit- PC=PC+t 
wise mask from the DATA field) 31 SREG CREG 
nested. The SREG and CREG 

~T*M are treated as a two-deep nested • • • y x 
count register, the previous CREG 
value is transferred into the 32 
SREG, and the CREG is loaded 
from T*M. 

33 

10135-020A 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic Description Execution Example 
Register Transfer 
Description 

15 PSH IF (cond) THEN PUSH If (cond =true) Then 
Conditional push the PC + 1 SREG =PC+ 1 
into the SREG. PC= PC+ 1 

Else 
PC= PC+ 1 

SREG 
3t . ----~ PG+1 

p 32 

32 
10t35-021A 

17 PSHN IF (cond) THEN PUSH, If (cond =true) Then 
NESTED CREG = SREG 
Conditional push the PC + 1 SREG =PC+ 1 
into the SREG nested. This PC= PC+ 1 
microinstruction treats the Else 
SREG and CREG as a two- GREG SREG PC= PC+ 1 
deep stack, PC + 1 is pushed 

31 • ----~PG+1 into SREG, and the previous 
value in SREG is transferred 

p x 32 

into the CREG. 32 
10135-022A 

E 
14 PSHPL IF (cond) THEN PUSH, LOAD If (cond =true) Then 

PL(data) CREG = PL(data) 
Conditional push the PC + 1 SREG SREG =PC+ 1 
into the SREG and load the ~PG+1 PC= PC+ 1 
CREG from the PL (DATA field). , 32 Else 

GREG PC= PC+ 1 

31 • ,_ - - -~ PL(DATA) 
p x 

32 
10135023A 

16 PSHTM IF {cond) THEN PUSH, LOAD If (cond =true) Then 
TM (data) CREG =T°M 
Conditional push the PC+ 1 SREG SREG =PC+ 1 
into the SREG and load the (}4f-- PG+1 PC= PC+ 1 
CREG from the T'M (T[5:0] under 32 Else 
bitwise mask from the DAT A field). PC= PC+ 1 

GREG 
31 • ,_ - - - -0---- T'M 

p x 

32 

10135-024A 
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Am29CPL 151 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic 

02 RET 

03 RETN 

00 RETPL 

01 RETPLN 

3-76 

Description Execution Example 

IF (cond) THEN RET 
Conditional return from sub-
routine. The SREG provides 
the return from subroutine 
address. 

IF (cond} THEN RET, 
NESTED 
Conditional return from nested 
subroutine. This instruction treats 
the SREG and GREG as a two-
deep stack providing the SREG 
value as a return address, and 
the GREG value as a nested 
return address that is transferred 
into the SREG. 

IF (cond) THEN RET, LOAD 
PL (data} 
Conditional return from sub­
routine and load the GREG 
from the PL (DATA field). 
The SREG provides the 
return from subroutine 
address. 

IF (cond) THEN RET NESTED, 
LOAD PL {data) 
Conditional return from nested 
subroutine and load the GREG 
from the PL (DATA field). This 
instruction treats the SREG and 
GREG as a two-deep stack pro­
viding the SREG value as a 
return address, and the GREG 
value as a nested return address 
that is transferred into the SREG. 

30 

31 

32 

33 

30 

31 

32 

30 

31 

32 

33 

30 

31 

32 

33 

Am29CPL151 

SREG 
~PC+1 

• • • 32 

10135-025A 

SREG 
Q<lif-;;:; PC+ 1 

• • • 32 

CREG SREG 

•• -~2PC+1 

F 

10135-026A 

SREG 
~PC+1 

- • • 32 

CREG 
- - -~ PL(DATA) 

10135-027A 

SREG 

• .{)4f-:: PC+ 1 
- • • 32 

CREG SREG 
.~PC+1 

• - - 32 42 

F 

10135-028A 

Register Transfer 
Description 

If (cond =true) Then 
PC- SREG 

Else 
PC=PC+1 

If (cond =true) Then 
PC= SREG 
SREG =GREG 

Else 
PC-PC+1 

If (cond =true) Then 
GREG = PL(data) 
PC= SREG 

Else 
PC-PC+1 

If (cond =true) Then 
PC= SREG 
SREG =GREG 
GREG = PL(data) 

Else 
PC= PC+ 1 



Am29CPL 151 INSTRUCTION SET DEFINITION (Continued} 

Opcode 

09 

oc 

OE 

18 

Mnemonic Description 

DEC IF (cond) THEN DEC 
Conditional decrement of 
the CREG. 

DE CPL 

Execution Example 

30 

GREG DEGREMENTER 

32• ---~ 
p ~ 

x 
10135-029A 

Register Transfer 
Description 

If (cond =true) Then 
CREG = CREG-1 
PC= PC+ 1 

Else 
PC= PC+ 1 

WHILE (CREG < > 0) WAIT 
ELSE LOAD PL (data) GREG DECREMENTER 

DECTM 

DECGOPL 

Conditional Hold until the counter 30 
is equal to zero, then load CREG 
from the PL (DATA field). This 
instruction is intended for timing 
waveform generation. If the CREG 
is not equal to zero, the same 
instruction is refetched while CREG 32 
is decremented. Timing is complete 
when the CREG is equal to zero, 
causing the next instruction to be 
fetched and the CREG to be re-
loaded from PL. This instruction 
does not depend on the pass/fail 
condition. 

WHILE (CREG <>OJ WAIT 
ELSE LOAD TM (data) 
Conditional Hold until the counter 
is equal to zero, then load GREG 
from the T'M (T[5:0] under bitwise 
mask from the DATA field). This 
instruction is intended for timing 
waveform generation. If the CREG 
is not equal to zero, the same 
instruction is refetched while the 
CREG is decremented. Timing is 
complete when the CREG is 

30 

31 

.. ··~ 
x 

While (CREG < > 0) 
CREG = CREG -1 
PC= PC 

End While 
CREG = PL(data) 
PC= PC+ 1 GREG=O - - __ ~ 

y 
PL (DATA) 

10135-030A 

While (CREG < > 0) 
CREG = CREG -1 
PC= PC 

End While 
GREG= T'M 
PC= PC+ 1 

CREG DEGREMENTER 

--;~:G~ 
CREG equal to zero, causing the next 

instruction to be fetched and the 
GREG to be reloaded from T'M. 
This instruction does not depend 
on the pass/fail condition. 

32 GREG=O- - - -~ T'M 

II (cond) THEN GOTO PL (data) 
ELSE WHILE (CREG < > 0) WAIT 
Conditional Hold/Count. The current 
instruction will be refetched and the 
CREG decremented until the condition 
under test becomes true or the 
counter is equal to zero. If the 
condition becomes true, a branch 
to the address in the PL (DATA 
field) is executed. If the counter 
becomes zero without the 
condition becoming true. a 
CONTINUE is executed. The 
EQ flag will be reset if the 
test field selects it and the 
condition passes. 

30 

Am29CPL151 

10135-031A 

GREG DEGREMENTER 

./~ 
x 

F and GREG;eO 

40 

41 
10135-032A 

While (cond =false) 
If (CREG < > O} 
CREG = CREG -1 
PC= PC 
Else 
PC= PC+ 1 

End While 
PC= PL (data) 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 
Reg I st er Transfer 

Opcode Mnemonic Description Execution Example Description 

1A WAIT IF (cond) THEN GOTO PL (data) If (cond =true) Then 
ELSE WAIT ' PC = PL (data) 
Condttional Hold. The current 30 Else 
instruction will be refetched and PC=PC 
executed until the condition under 
test becomes true. When true, a 
branch to the address in the PL 
(DATA field) is executed. The EQ 
flag will be reset if the test field 
selects it and the condttion 
passes. 

10135-033A 

08 LPPL WHILE (CREG c > 0) LOOP While (CREG < > 0) 
TO PL(data) CREG = CREG -1 
Conditional loop to the address 30 PC= PL (data) 
in the PL (DATA field). This End While 
instruction is intended to be PC= PC+ 1 
placed at the bottom of an 31 
tterative loop. If the CREG is 
not equal to zero, it is decre- 32 mented (signifying completion 

CREG DECREMENTER of an iteration), and a branch 33 
0 CREG;<O ~ 

to the PL (DATA field) (top of the 
PL(DATA) X-1 loop) is executed. If the CREG is 

equal to zero, looping is complete 34 CREG=O x 
and the next sequential instruction 
is executed. This instruction 
does not depend on the pass/fail 10135-034A 

condition. The EQ flag will be 
reset ff the test field selects it 
and CREG is not equal to zero. 

OA LPPLN WHILE (CREG c > 0) LOOP While (CREG < > 0) 

TO PL (data) ELSE NEST CREG = CREG -1 

Conditional loop to the address 30 PC = PL(data) 

in the PL (DATA field) nested. End While 

The SREG and CREG are 31 
CREG = SREG 

treated as a two-deep nested PC= PC+ 1 

count register, and the instruction 
is intended to be placed at the 32 
bottom of an "inner-nested" 

33 
CREG DEC REMENTER 

tterative loop. If the CREG is • CREG>!O ~ 
not equal to zero, the CREG is PL (DATA) X-1 
decremented (signifying com-

34 CREG=O pletion of an iteration), and a x 
branch to the PL (DATA field) 

. •, CREG SREG 

(top of the inner loop) is executed. ·04-::--0 
H the CREG is equal to zero, the 

y 

inner loop is complete, and the 
10135-035A count value for the outer loop is 

transferred from the SREG into 
the CREG. This instruction does 
not depend on the pass/fail 
condition. The EQ flag will be 
reset ~ the test field selects it 
and CREG is not equal to zero. 
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Am29CPL151 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic 

OD CONT 

10-13 CMP 
(100XX 
binary) 

Description 

CONTINUE 
The next sequential instruction 
is fetched unconditionally. 

CMP TM (mask) TO PL (constant) 
This instruction performs bitwise 
Exclusive-OR of T*M (T[S:O] under bit­
wise mask from the MASK field) with 
CONSTANT (P[27:22]). If T*M equals 
CONSTANT, the EQ flag is set to 
one, which may be branched on in a 
following instruction. If not equal, the 
EQ flag is unaffected. This allows 
sequences of compares, in a manner 
analogous to sum-to-products, to be 
performed which can be followed 
by a single conditional branch if one 
or more of the comparisons are true. 
Note: The EQ flag is set to zero on 
reset or when EQ is selected as the 
test condition in a branch. Conditional 
returns on EQ leave the flag un­
changed. Constant field bits that corre­
spond to masked test field bits must 
be zero. This instruction does not 
depend on the pass/fail condition. 

Execution Example 

10135-036A 

30 

31 • T"M;tCONST 
Q SETEQFLAG 

r·M=CONST 

33 
10135-037A 

Am29CPL151 

Reg I st er Transfer 
Description 

PC= PC+ 1 

Compare T*M and 
CONSTANT 

Ea= ((T (5:0] .AND. 
MASK) 
.XNOR. CONSTANT) 
.OR. Ea 

PC= PC+ 1 
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INSTRUCTIONS BASED ON TEST CONDITIONS 

Condition Pass Condition Fail 

Op- Assembler PC EQ PC EQ 
code Mnemonic Statement MUX SREG CREG FLAG MUX SREG CREG FLAG Notes 

00 RETPL IF (cond) THEN RET, SREG Hold Load NC PC+ 1 Hold Hold NC 
LOAD PL (data) PL 

01 RETPLN IF (cond) THEN RET SREG Load Load NC PC+ 1 Hold Hold NC 
NESTED, LOAD PL GREG PL 
(data) 

02 RET IF (cond) THEN RET SREG Hold Hold NC PC+ 1 Hold Hold NC 

03 RETN IF (cond) THEN RET, SREG Load Hold NC PC+ 1 Hold Hold NC 
NESTED GREG 

04 LDPL IF (cond) THEN LOAD PC+ 1 Hold Load NC PC+ 1 Hold Hold NC 
Pl (data) PL 

05 LDPLN IF (cond) THEN LOAD PC+ 1 Load Load NC PC+ 1 Hold Hold NC 
PL (data), NESTED GREG PL 

06 LDTM IF (cond) THEN LOAD PC+ 1 Hold Load NC PC+ 1 Hold Hold NC 
TM(data) TM 

07 LDTMN IF (cond) THEN LOAD PC+ 1 Load Load NC PC+ 1 Hold Hold NC 
TM (data), NESTED GREG TM 

09 DEC IF (cond) THEN DEC PC+ 1 Hold DEC NC PC+ 1 Hold Hold NC 

OF GOTO TM IF (cond) THEN TM Hold Hold Reset PC+ 1 Hold Hold NC 1 
GOTO TM (data) 

14 PSHPL IF (cond) THEN PUSH, PC+ 1 PC+ 1 Load NC PC+ 1 Hold Hold NC 
LOAD PL (data) PL 

15 PSH IF (cond) THEN PUSH PC+ 1 PC+ 1 Hold NC PC+ 1 Hold Hold NC 

16 PSHTM IF (cond) THEN PUSH, PC+ 1 PC+ 1 Load NC PC+ 1 Hold Hold NC 
LOAD TM (data) TM 

17 PSHN IF (cond) THEN PUSH, PC+ 1 PC+ 1 Load NC PC+ 1 Hold Hold NC 
NESTED SREG 

18 FORK IF (cond) THEN GOTO PL Hold Hold Reset SREG Hold Hold NC 1 
PL (data) ELSE GOTO 
(SREG) 

19 GOTOPL IF (cond) THEN GOTO PL Hold Hold Reset PC+ 1 Hold Hold NC 1 
PL (data) 

1A WAIT IF (cond) THEN GOTO PL Hold Hold Reset PC Hold Hold NC 1 
PL (data) ELSE WAIT 

1C CALPL IF (cond) THEN CALL PL PC+ 1 Hold Reset PC+ 1 Hold Hold NC 1 
PL (data) 

1D CALPLN IF (cond) THEN CALL PL PC+ 1 Load Reset PC+ 1 Hold Hold NC 1 
PL (data), NESTED SREG 

1E CAL TM IF (cond) THEN CALL TM PC+ 1 Hold Reset PC+ 1 Hold Hold NC 1 
TM(data) 

1F CALTMN IF (cond) THEN CALL TM PC+ 1 Load Reset PC+ 1 Hold Hold NC 1 
TMJ9ataj, NESTED SREG 

Key: PC Notes: 
SREG 

GREG 

PL 

= Program Counter 

= Stack Register 1. If COND = EQ and condition PASSES, reset EQ flag. 

3·80 

= Counter Register 

= Pipeline (data) Field 

TM (data) = Test Inputs Masked by DATA Field 

TM (mask) = Test Inputs Masked by MASK Field 

DEC Decrement 

NC = No Change 

2. If COND = EO and GREG * 0, reset EQ flag. 

3. If COND = EQ and GREG = 0, reset EQ flag. 

4. Set EQ flag if CONST field = T*M. 

Am29CPL151 



INSTRUCTIONS DEPENDENT ON CREG 

CREG :0 CREG"O 

Op- Assembler PC EQ PC 
code Mnemonic Statement MUX SREG CREG FLAG MUX SREG CREG 

08 LPPL WHILE (CREG < > 0) PC+ 1 Hold Hold NC PL Hold DEC 
LOOP TO PLJ_dataj_ 

OA LPPLN WHILE (CREG < > 0) PC+1 Hold Load NC PL Hold DEC 
LOOP TO PL (data), SREG 
ELSE NEST 

OB GOTOPLZ IF (CREG = 0) THEN PL Hold Hold Reset PC+ 1 Hold Hold 
GOTO PL (data) 

oc DE CPL WHILE (CREG < > 0) PC+ 1 Hold Load NC PC Hold DEC 
WAIT ELSE LOAD PL 
PL (data) 

OE DEC TM WHILE (GREG < > 0) PC+ 1 Hold Load NC PC Hold DEC 
WAIT ELSE LOAD TM 
TM (data) 

INSTRUCTIONS DEPENDENT ON TEST CONDITION AND CREG VALUE 

Condition Pass 

Op- Assembler CREG PC 
code Mnemonic Statement Content MUX SREG 

IF (cond) 
THEN GOTO "0 PL Hold 

1B DECGOPL PL (data) 
ELSE WHILE =0 PL Hold 
(GREG<> 0) 
WAIT 

UNCONDITIONAL INSTRUCTIONS 

Opcode Mnemonic Assembler Statement 

OD CONT CONTINUE 

10-13 
(Binary CMP CMP TM (mask) TO PL (constant) 
100XX_l 

Key: PC 

SREG 

= Program Counter 

= Stack Register 

CREG =- Counter Register 

PL = Pipeline (data) Field 

TM (data) = Test Inputs Masked by DATA Field 

TM (mask) = Test Inputs Masked by MASK Field 

DEC = Decrement 

NC = No Change 

Notes: 
1. If COND = EQ and condition PASSES, reset EQ flag. 

2. If COND = EQ and CREG "0, reset EQ flag. 

3. If COND = EQ and CREG = 0, reset EQ flag. 

4. Set EQ flag if CONST field = T*M. 

CREG 

Hold 

Hold 

PC 
MUX 

PC+ 1 

PC+ 1 

Am29CPL151 

EQ PC 
FLAG MUX 

Reset PC 

Reset PC+ 1 

SREG 

Hold 

Hold 

Condition Fall 

SREG CREG 

Hold DEC 

Hold Hold 

EQ 
CREG FLAG 

Hold NC 

Hold Set 

EQ 
FLAG Notes 

Reset 2 

Reset 2 

NC 3 

NC 

NC 

EQ 
FLAG Notes 

NC 
1 

NC 
E 

Notes 

4 
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Am29CPL151 SSR Diagnostics Option 
As a programmable option, the Am29CPL 151 FPC may 
b~ configured to contain Serial Shadow Register (SSA) 
dra~nostics capability. SSA diagnostics is a simple, 
straightforward method of in-system testing to isolate 
problems down to the IC level. 

The SSA diagnostics configuration activates a 32-bit­
wide D-type register called a "shadow" register, on the 
pipeline register inputs. The shadow register can be 
serially loaded from the SDI pin, parallel loaded from the 
pipeline register, or held. The pipeline register can be 
loaded from the Program Memory in normal mode or 
from the shadow register during diagnostics. A redefini­
tion of four device pins is required to control the different 

diagnostics functions. CC also functions a~ the Serial 
Data Input (SDI), ZERO becomes the Serial Data Output 
(SDO), P(7] becomes the diagnostic clock (DCLK), and 
P(S] becomes the diagnostic mode control (MODE). The 
various diagnostic and normal modes are shown in table 
2. 

Serially loading a test instruction into the shadow regis­
ter and parallel loading the shadow register contents 
into the pipeline register forces execution of the test in­
struction. The test result can then be clocked into the 
pipeline register as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out 
for system diagnostics. 

Table 2 

Inputs Outputs 

SDI 
Shadow Pipeline Operation MODE DCLK CLK SDO Register Register 

x L i H, L, ,j.. So Si-1rS; Hold Serial Right-Shift 
&1rSDI Shadow Register 

cc L H, L, ,j.. i So Hold P;rEPROM; Normal Operation; 
(Note 1) Load Pipeline 

Register from EPROM 

L H i H, L, ,j.. L S;rP; Hold Load Shadow Register 
from Pipeline Register 
(Note2) 

x H H,L,i i SDI Hold P;rS; Load Pipeline Register 
from Shadow Register 

H H i H, L, ,J.. H Hold Hold Hold Shadow Register 

Notes: 
1. During normal operation, this pin behaves as the CC input. 

2. 57, 56 are undefi~ed .. 5[15:~] loadfromth? sourc~ driving pins P[15:8). If P[31) in the microword is a ONE, 5[15:8] are 
loaded from the pipeline register. If P[31) m the microword is a ZERO, 5[15:8) are loaded from an external source. 

Key: H = HIGH 
L. LOW 
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X - Don't Care 
i = LOW-to-HIGH transition 
J. = HIGH-to-LOW transition 
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DCLK 

SDI 
SSR 

Register 

Mode ----------... 

32 

EPROM 

32 

30 
0 

CLK--------1 Pipeline Register 

6 

P(15:8] P[S:O] 
10135-052A 

Figure 3. SSR Diagnostics Logic 

Erasure 
In order to fully erase all memory locations, it is neces­
sary to expose the memory array to a standard ultravio­
let light source having a wavelength of 2537 angstroms. 
The minimum recommended dose (UV intensity x expo­
sure time) is 15 Wsec/crrf-. For a UV lamp with a 12 mW/ 
cm2 power rating, the exposure time would be about 30 
minutes. The device should be located one inch from the 
source in a direct line. 

It should be noted that erasure will begin with exposure 
to light having wavelengths less than 4000 angstroms. 
To prevent exposure to sunlight or fluorescent lighting, 
an opaque label should be affixed over the window after 
programming. 

OTP(One-Time Programmable) Am29CPL 151 devices 
are available in plastic and are ideal for volume produc­
tion. They can be inventoried unprogrammed and used 
with current software revisions; there is no window to be 
covered to prevent light from changing data. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ambient Temperature with 
Power Applied 
Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Operating in Free Air 0°C to +75°C 
Supply Voltage (Vee) 
with Respect to Ground +4.5 V to +5.5 V 

DC Input Voltage -0.5 V to Vee + 0.5 V 
DC Output or 1/0 Pin Voltage -0.5 V to Vee + 0.5 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Current -10 mA to +10 mA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH =-3.0 mA V1N =Vitt or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage IOL = 16 mA V1N =Vitt or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

htt Input HIGH Leakage V1N =Vee - 0.5 V, Vee = Max. 10 µA 
Current (Note2) 

hL Input LOW Leakage V1N = 0.5 V, Vee = Max. (Note 2) -10 µA 
Current 

lozH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 10 µA 
Current HIGH V1N =Vitt or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.5 V, Vee = Max. -10 µA 
Current LOW V1N = Vitt or V1L (Note 2) 

Ice Supply Current Outputs Open 
CMOS V1N = GND or Vee 105 (lour= 0 mA) mA 

Vee= Max. TTL V1N = 0.5 V or 2.4 V 115 

Cpo Power Dissipation Vee= Max. 
Capacitance TA= 25°C 100 pF Typical 
(Note3) No Load 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or htt and loZH). 
3. The dynamic current consumption is: 

Ice (Total) = Ice (Static) + (Cpo + nCL) Vee (f/2), where f is the clock frequency, CL =the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Max. Unit 

C1N Input Capacitance 1 RESET V1N= 2.0 V Vee= 4.5 V to 5.5 V 25 
l Others TA= -55°C to +125°C 15 pF 

CouT Output Capacitance Vour = 2.0 V I= 1 MHz 15 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 2) 

Parameter 
H-33 H-25 

No. Symbol Parameter Description Min. Max. Min. Max. Unit 

1 tco CLK to P[15:0] 12 14 ns 

2 CLK to A[5:0] 28 36 ns 

3 CLK!o ZERO 21 29 ns 

4 Is T[3:0) to CLK, Registered 8 8 ns 

5 T[5:4] to CLK, Registered 10 10 ns 

6 T[5:0] to CLK, Asynchronous 30 40 ns 
(Note3) 

7 CC to CLK, Registered 8 8 ns 

8 CC to CLK, Asynchronous 30 40 ns 
(Note3) 

9 RESET to CLK, Registered 12 12 ns 

10 RESET to CLK, Asynchronous 26 40 ns 
(Note 3) 

11 tH CLK to T[5:0] 0 0 ns 

12 (Note 4) CLKto CC 0 0 ns 

13 CLKto RESET 0 0 ns 

14 lpzx CLK to P[15:8] Enable 30 40 ns 

15 lpxz CLK to P[15:8] Disable 30 40 ns 

16 tWL 
CLK Width 

lLOW 12 16 ns 

17 IWH lHIGH 12 16 ns 

18 Ip CLK Period (Note 3) 30 40 ns 

19 IMAX Maximum Frequency (1/tp) 33 25 MHz 

Note: 

2. See Switching Test Circuit for test conditions. 
3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 

a. Measure delay from input (CC, T[5:0], RESET, or CLK) to EPROM address out in test mode. This will measure the 
delay through the sequence logic. 

b. Measure setup time from T[5:0] input through EPROM lest columns to pipeline register in verify test column mode. 
This will measure the delay through the EPROM and register setup. 

c. Measure delay from T[5:0] input to EPROM address out in verify test column mode. This will measure the delay 
through the logic and P[15:0] outputs. 
To calculate the desired parameter measurement, the loliowing formula is used: 
Measurement (a)+ Measurement (b) - Measurement (c) 
CLK PERIOD: 

CLK (a)+ (b) - (c) = CLK PERIOD 
CC to CLK setup time: 

T[5:0] to CLK setup time: 
~OJ (a)+ (b) - (c) = T[5:0] to CLK setup time 
RESET to CLK setup time: 

CC (a)+ (b)- (c) =CC to CLK setup time RESET (a)+ (b) - (c) =RESET to CLK setup time 
4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 

Parameter 
H-33 H-25 

No. Symbol Parameter Description Min. Max. Min. Max. Unit 

SSR Configuration 

20 tpo ModetoSDO 20 30 ns 

21 SDltoSDO 20 30 ns 

22 tco DCLKtoSDO 28 36 ns 

23 ts Mode to CLK 11 15 ns 

24 Mode to DCLK 11 15 ns 

25 SDI to DCLK 11 15 ns 

26 P(15:8] to DCLK 11 15 ns 

27 tH CLKto Mode 6 6 ns 

28 (Note 1) DCLKtoMode 0 0 ns 

29 DCLKtoSDI 0 0 ns 

30 DCLK to P[15:8] 0 0 ns 

31 tWL DCLK Width l LOW 15 20 ns 

32 tWH jHIGH 15 20 ns 

33 Ip DCLK Period 30 40 ns 

Notes: 
1. These hold time parameters are tested on a sample basis. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature -65°C to + 150°C 

Ambient Temperature with 
Power Applied -55°C to + 125°C 

Supply Voltage with 
Respect to Ground -0.5 v to +7.0 V 

OPERATING RANGES 
Military (M) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

-55°C to + 125°C 

+4.5 V to +5.5 V 

DC Input Voltage -0.3 V to Vee+ 0.3 V 

DC Output or 1/0 Pin Voltage -0.3 V to Vee + 0.3 V 
Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Current -10 mA to +10 mA 
Note: Stresses above those listed under Absolute Maximum Rat­

ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc= 2S"C, 12S"C, and 

--55°C. 

DC CHARACTERISTICS over MILITARY operating range unless otherwise specified 
Parameter 

Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH = -1.0 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage loL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

liH Input HIGH Leakage V1N =Vee - 0.5 V, Vee = Max. 10 µA 
Current (Note 2) 

l1L Input LOW Leakage V1N = 0.5 V, Vee = Max. (Note 2) -10 µA 
Current 

lozH Off-State Output Leakage Vour = 2.4 V, Vee =Max. 10 µA 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage Vour = 0.5 V, Vee = Max. -10 µA 
Current LOW V1N = V1H or V1L (Note 2) 

lee Supply Current Outputs Open 
CMOS V1N = GND or Vee 120 

(lour= 0 mA) mA 

Vee= Max. 
TTL V1N = 0.5 V or 2.4 V 130 

Cpo Power Dissipation Vee= Max. 
Capacitance TA= 25°C 100 pF Typical 
(Note3) No Load 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 1/0 pin leakage is the worst case of hL and lozL (or liH and loZH). 

3. The dynamic current consumption is: . 
Ice (Total)= Ice (Static)+ (Cpo + nCL) Vee (112), where f is the clock frequency, CL= the output load capacitance, and n is 
the number of loads. , 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Max. Unit 

C1N Input Capacitance l RESET V1N = 2.0V Vee= 4.5 V to 5.5 V 25 
J Others TA= -55°C to +125°C 15 pF 

Cour Output Capacitance Vour = 2.0 V f = 1 MHz 15 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacttance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, 
Group A, Subgroups 9, 1 O, 11 are tested unless otherwise noted) (Note 2) 

Parameter 
H-25 

No. Symbol Parameter Description Min. Max. Unit 

1 tco CLK to P[15:0] 20 ns 

2 CLK to A[5:0] 40 ns 

3 CLKto ZERO 30 ns 

4 Is T{3:0] to CLK, Registered 10 ns 

5 T[5:4] to CLK, Registered 12 ns 

6 T[5:0] to CLK, Asynchronous (Note 3) 40 ns 

7 CC to CLK, Registered 10 ns 

8 CC to CLK, Asynchronous (Nole3) 40 ns 

9 RESET to CLK, Registered 16 ns 

10 RESET to CLK, Asynchronous (Note 3) 40 ns 

11 IH CLK toT[5:0] 0 ns 

12 (Note4) CLKto CC 0 ns 

13 CLKto RESET 0 ns 

14 lpzx CLK to P[15:8] Enable 40 ns 

15 tpxz CLK to P[15:8] Disable 35 ns 

16 !wt. CLK Width l LOW 15 ns 

17 IWH lHIGH 15 ns 

18 Ip CLK Period (Note 3) 40 ns 

19 fMAX Maximum Frequency (1/tp) 25 MHz 

Note: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are measured indirect~nprogrammed devices. They are determined as follows: 
a. Measure delay from input (CC, T[5:0], RESET, or CLK) to EPROM address out in test mode. This will measure the delay 

through the sequence logic. 

b. Measure setup time from T[5:0] input through EPROM test columns to pipeline register in verify test column mode. This will 
measure the delay through the EPROM and register setup. 

c. Measure delay from T[5:0] input to EPROM address out in vertty test column mode. This will measure the delay through 
the logic and P[15:0] outputs. 

To calculate the desired parameter measurement, the following formula is used: 
Measurement (a)+ Measurement (b) - Measurement (c) 
CLKPERIOD: RESETto CLK setup time: 

CLK (a)+ (b) - (c) = CLK PERIOD RESET(a) + (b)- (c) = RESETto CLK setup time 

T[5:0] to CLK setup time: 
T[5:0] (a)+ (b) - (c) = T[5:0] to CLK setup time 

CC to CLK setup time: 
CC (a)+ (b) - (c) =CC to CLK setup time 

4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over MILITARY operating range (Continued) 

Parameter H·25 

No. Symbol Parameter Description Min. Max. Unit 

SSR Configuration 

20 tpo Mode to SDO 30 ns 

21 SDltoSDO 30 ns 

22 tco DCLKto SDO 30 ns 

23 Mode to CLK 25 ns 

24 Mode to DCLK 25 ns 

25 
ts 

SDI to DCLK 25 ns 

26 P[15:8) to DCLK 25 ns 

27 CLKto Mode 6 ns 

28 lH DCLKto Mode 0 ns 

29 (Note 1) DCLKto SDI 0 ns 

30 DCLK to P[15:8) 0 ns 

31 IWL DCLK Width l LOW 25 ns 

32 lWH jHIGH 25 ns 

33 Ip DCLK Period 60 ns 

Notes: 
1. These hold time parameters are tested on a sample basis. 

E 
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SWITCHING WAVEFORMS 
Normal Configuration 

3-90 

T[3:0], Vr 
Registered ___ _,, 1 ,__ __ __, '-------------------

T[5:4], Vr 
Registered ___ ----- '-------------------

CC, 

Registered ___ __, '---+----' '-------------------

T[S:O], 
Async 

CC, 
Async 

CLK 

P[15:0] 

A[S:O] 

Registered Test Inputs 

Vr 

\5(6) 
IHI"> 

Vr 

ts(•) 
tH(121 

Vr 

XXXXX* .... v_r __ 

Asynchronous Test Inputs 

Am29CPL151 

10135-055A 

10135-0SGA 



SWITCHING WAVEFORMS (Continued) 
Normal Configuration 

RESET. 
Registered 

ts<91 

CLK 

P[15:0] 

Vr 

Registered FIESET 

RESET, 
Async 

CLK 

P[15:0] xxxm~v_r __ _ 
Asynchronous RESET 

CLK 

__ ___.( tpxz<••1 \ ..... ____ ~{: tpzx"" 

P[15:8] 

CLK to Output Disable/Enable 

CLK Vr 

14----- lpi18) -------<~ 

Clock Width/Period 

Am29CPL151 

10135--057A 

10135-0SSA 

10135~059A 

10135-060A 
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SWITCHING WAVEFORMS (Continued) 
SSR Configuration 

MODE 

-------t5!23) ---------.c 

SDI 

SDO Vr 

CLK Vr 

Vr 

P[15:8, 5:0] 
-------------------.~ 

Load Plpellne Register from Shadow Register 

MODE Vr 
!5124) 

SDI Vr 

IH129> 

SDO Vr 

DCLK 

P[15:8] 

Load Shadow Register from Pipeline Register and/or Pins 

3·92 Am29CPL151 
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SWITCHING WAVEFORMS (Continued) 
SSR Configuration 

MODE 

SDI 

DCLK 

SDO 

Shift Shadow Register 

DCLK 

14----- tp<33) -----"'4 

DCLK Width/Period 

Am29CPL151 

10135-063A 

E 
10135-064A 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

010 

SWITCHING TEST CIRCUIT 

sv 

r 

INPUTS 

Must be 
Steady 

May 
Change 
from Hto L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

10135-053A 

Three-State Outputs 

Commercial 

Specification S1 CL R1 R2 

tpo, tco Closed 

lPZX Z~H: Open 50 pF 

Z ~L: Closed 6670 5kQ 

tpxz H ~z: Open 5 pF 
L~Z: Closed 

Note: 

Pulse generator for all pulses: Rates 1.0 MHz; Zo = 50 n: Ir s 2.5 ns. 

3.94 Am29CPL151 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

r 

KS00001 0-PAL 

10135-054A 

Two-State Outputs 

Military 
Measured 

R1 R2 Output Value 

1.5 v 

1.5 v 
6670 5kQ 

H ~z: VoH-0.5 v 
L ~z: VoL + 0.5 v 



TEST PHILOSOPHY AND METHODS 
The following eight points describe AMD's philosophy 
for high volume, high speed automatic testing. 

1. Ensure that the part is adequately decoupled at the 
test head. Large changes in Vee current as the de­
vice 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 output transition, ground cur­
rent may change by as much as 400 mA in 5--8 ns. 
Inductance in the ground cable may allow the ground 
pin at the device to rise by hundreds of millivolts mo­
mentarily. 

4. Use extreme care in defining point 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 V1L or V1H until the noise has 
settled. AMO recommends using V1L ~ 0 V and 
V1H ~ 3.0 V for AC tests. 

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

6. Capacitive Loading for AC Testing 

Automatic testers and their associated hardware 
have stray capacitance that varies from one type of 
tester to another but is generally around 50 pF. This, 
of course, makes it impossible to make direct meas­
urements of parameters which call for smaller ca­
pacitive load than the associated stray capacitance. 
Typical examples of this are the so-called '11oat de­
lays,"which measure the propagation delays into the 
high-impedance state and are usually specified at a 
load capacitance of 5.0 pF. In these cases, the test is 
performed at the higher load capacitance (typically 
50 pF), and engineering correlations based on data 
taken with a bench setup are used to predict the re­
sult at the lower capacitance. 

7. Threshold Testing 

The noise associated with automatic testing (due to 
the long, inductive cables) and the high gain of the 
tested device when in the vicinity of the actual device 
threshold, frequently give rise to oscillations when 
testing high-speed circuits. These oscillations are 
not indicative of a reject device but instead of an 
overtaxed test system. To minimize this problem, 
thresholds are tested at least once for each input pin. 
Thereafter, "hard" high and low levels are used for 
other tests. Generally this means that function and 
AC testing are performed at "hard" input levels rather 
than at V1L Max. and V1H Min. 

8. AC Testing 

Occasionally, parameters are specified that cannot 
be measured directly on automatic testers because 
of tester limitations. Data input hold times often fall 
into this category. In these cases, the parameter in 
question is guaranteed by correlating these tests 
with other AC tests that have been performed. These 
correlations are arrived at by the cognizant engineer 
by using precise bench measurements in conjunc­
tion with the knowledge that certain DC parameters 
have already been measured and are within spec. 

In some cases, certain AC tests are redundant, since 
they can be shown to be predicted by some other 
tests which have already been performed. In these 
cases, the redundant tests are not performed. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

_) 
Driven Input \.>-----• 

I 1H-o::---t-::.-

Thermal Impedance Values (0JA), Typical 
28-Pin Plastic SKINNYDIP {PD3028) 

10135-050A 

28-Pin Windowed Ceramic SKINNYDIP (CDE028) 
28-Pin Plastic Leaded Chip Carrier (PL 028) 
28-Pin Windowed Ceramic Leadless Chip Carrier (CL V028) 

3·96 Am29CPL151 

50°C/W 
40°C/W 
55°C/W 
55°C/W 

- - -I 

10135-051A 
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•Wi'i.J,i• COM'L: ·25/30 MIL: -25 ~ 
Am29CPL 154H-25/30 
CMOS 512-Word Field-Programmable Controller (FPC) 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• lmJ)lements complex state machines 

• High-speed, low-power CMOS EPROM 
technology 

• Funetlonal upgrade from the Am29CPL 151 

• Eight condHlonal Inputs (each can be 
registered as a programmable option), 
16outputs 

• Up to 30-MHz maximum frequency 

GENERAL DESCRIPTION 
The Am29CPL154 is a CMOS, single-chip Field Pro­
grammable Controller (FPC). It allows implementation 
of complex state machines and controllers by program­
ming the appropriate sequence of instructions. Jumps, 
loops, and subroutine calls, conditionally executed 
based on the test inputs, provide the designer with pow­
erful control flow primitives. 

Intelligent control may be distributed throughout the sys­
tem by using FPCs to control various self-contained 
functional units, such as register file/ ALU, 1/0, interrupt, 
diagnostic, and bus control units. An address sequen­
cer, the heart of the FPC, provides the address to an in­
ternal 512-word by 36-bit EPROM. 

• 512-word by 36-blt CMOS EPROM 

• Space-saving 28-pln OTP plastic SKINNYDIP® 
and PLCC packages and windowed ceramic 
SKINNYDIP package 

11 28 Instructions 
- Conditional branching, conditional looping, 

conditional subroutine call, multiway branch 

The Am29CPL 154 is manufactured in CMOS technol­
ogy and offers a space-saving 300-mil SKINNYDIP 
package. A pin-compatible smaller FPC is offered as the 
Am29CPL 151witha64 x 32 memory. 

This UV-erasable and reprogrammable device utilizes 
proven floating-gate CMOS EPROM technology to en­
sure high reliability, easy programming, and better than 
99.9% programming yields. The Am29CPL154 is of­
fered in both windowed and One-Time Programmable 
(OTP) packages. OTP plastic SKINNYDIP and PLCC 
devices are ideal for volume production. 

SIMPLIFIED BLOCK DIAGRAM T[7:0] 

IJRESIT 

Y~--. 

10136-001A 

SKINNYOIP and SSR are registored trademarks d Advanced Micro Devices. Inc. Publication# 10136 Rev. C Amendment to 

3-98 
Issue Date: January 1989 



CONNECTION DIAGRAMS 
Top View 

SKINNYDIP PLCC/LCC 

T[6] 1• Vee ~o 
Ci 28 c:o Cl 

~~~~u::.: (,Q 
P[O]/SDO 2 27 CLK C\I ,.... 0 <O (.) ....J F:' 

ii:'ii:'ii:'l='>0 I=' 
P[1]/A[8] 3 26 T[7]/SDI 

P[2] 4 25 T[O] 
P[3] • 25 T[O] 

P[3] 5 24 T[1] P[4] 24 T[1] 

T[2] 
P[5] 23 T[2] 

P[4] 6 23 
P[6]/MODE 22 T[3] 

P[5] 7 22 T[3] P(7]/DCLK 21 T[4] 

P[6]/MODE 8 21 T[4] P[8]/A[O] 20 T[5] 

P[9]/A[1] 11 19 RESET 
P[7]/DCLK 9 20 T[5] 12 13 14 15 16 17 18 

P[8]/A[O] 10 19 RESET 
N'M'o ~ in co F:' 

P[9]/A[1] 11 18 P(15]/A[7] ;[ ;[ ~ ;[ ;[ ;[ ;[ 
0 ;:' N' M' ~in 
~ ~ T""" ,.... ,.... ,.... 

E P[10]/A[2] 12 17 P[14]/A[6] ii:' ii:' ii:' ii:' ii:' ii:' 

P[11]/A(3] 13 16 P[13]/A[5] 

GND 14 15 P[12]/A[4] 
10136-003A 

10136-002A 
Note: 
Pin 1 is marked for orientation. 

LOGIC SYMBOLS 

Normal Configuration SSR® Diagnostics Configuration 

T[O] P[O] T[O] 
T[1] P[1]/A[8] T[1] P[1]/A[8] 
T[2] P[2] T[2] P[2] 
T[3] P[3] T[3] P[3] 
T[4] P[4] T[4] P[4] 
T[5] P[5] T[5] P[5] 
T[6] P[6] T[6] 
T[7] P[7] T[7]/SDI 
RESET P[8]/A[O] P[8YA[O] 

P[9]/A[1] -- P[9YA[1] 
P[10]/A[2] RESET P[10YA[2] 

CLK P[11]/A[3] CLK P[11YA[3] 
P[12]/A[4) P[12YA[4] 
P[13]/A[5] P[13YA[5] 
P[14]/A[6] P[14YA[6] 
P[15]/A[7] P[15YA[7] 

DCLK 
MODE 

SDO 

10136-004A 10136-00SA 
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ORDERING INFORMATION 
Commercial Products 

AMO products for commercial applications are available with several ordering options. The order number {Valid Combination) 
is formed by a combination of: a. Device Number 

Am29CPL154 H -30 D 

a. DEVICE NUMBER 
Am29CPL154 

b. Power 
c. Speed 
d. Package Type 
e. Operating Conditions 
f. Optional Processing 

c 

1 T 
f. OPTIONAL PROCESSING 

Blank = Standard Processing 

e. OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 

d. PACKAGE TYPE 
P = 28-Pin 300-mil Plastic 

SKINNYDIP {PD3028) 
D = 28-Pin 300-mil Windowed Ceramic 

SKINNYDIP {CDE028) 
J = 28-Pin Plastic Leaded Chip 

Carrier (Pl 028) 

c. SPEED 
-30 = 30 MHz IMAX 
-25 = 25 MHz fMAx 

b. POWER 
H = HaH Watt (125 mA Ice) 

CMOS 512-Word Field Programmable Controller (FPC) 

Valid Combinations 

Am29CPL 154H-30 j 
Am29CPL154H-25 1 

3·100 

PC, OC,JC 

Am29CPL154 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm 
availability of specific valid combinations, and to 
check on newly released combinations. 

Note: Marked with AMD logo. 



ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available with several ordering options. APL (Approved Prod­
ucts List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 

H ·25 /8 

a. DEVICE NUMBER 
Am29CPL154 

b. Power 
c. Speed 
d. Device Class 
e. Package Typa 
f. Lead Finish 

x A 

1 T f. LEAD FINISH 
A - Hot Solder Dip 

e. PACKAGE TYPE 
X - 28-Pin 300-mil Windowed Ceramic 

SKINNYDIP (CDE028) 
3 = 28-Pin Windowed Ceramic Leadless Chip 

Carrier (CLV 028) 

d. DEVICE CLASS 
IB- Class B 

c. SPEED 
-25 = 25 MHz IMAX 

b. POWER 
H = Hatt Watt (140 mA Ice) 

CMOS 512-Word Field Programmable Controller (FPC) 

Valld Combinations 

Am29CPL 154H-25 /BXA, /B3A 

Am29CPL154 

Valid Combinations 
The Valid Combinations table lists configurations 
planned to be supported in volume for this device. 
Consult the local AMO sales office to confirm avail­
ability of spec~ic valid combinations, and to check on 
newly released combinations. 

Note: Marked with AMO logo. 

Group A Tests 
Group A tests consists of Subgroups 1, 2, 3, 7, 8, 
9, 10, 11. 
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8 

Internal 
Reset 

8 

Condition Code 
Select Logic 

r 
4 

POL 

I 
r 

5 

Instruction 
Decode Logic 

r 'Add,;; -
I Control Logic 

Branch Control 
Logic (GOTO) 

19 

•These pins available only in SSR mode. 
•• These pins available only in nonnal mode. 

-------------

Program Memory (512 x 36) 

SDI" DCLK" P[15:8] P[7:6] .. P(5:1] P[O} .. 

Outputs 

••• Each of the T[7:0] and m;stf Inputs can be individually registered or left unregistered as a programmable option. 

10136-007A 

Figure 1. Am29CPL 154 Detailed Block Diagram 
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PIN DESCRIPTION 
CLK 
Clock Input 
The rising edge of the clock latches the program 
counter, count register (CAEG), subroutine register 
(SAEG), pipeline register, and EQ flag. The rising edge 
of the clock also latches the test input registers and the 
RESET register if their respective configuration bits are 
set to enable internal synchronizing registers. 

P[15:8]/A(7:0] 
Outputs 
The upper eight general-purpose control outputs are en­
abled by the OE signal from the pipeline register. When 
OE is HIGH, P(15:8] are enabled and when LOW, 
P(15:8) are disabled. 

A controller Expansion (EXP) cell can be programmed 
to set pins P(1) and P(15:8) to output the program ad­
dress A(8) and A(7:0) from the PC MUX. These can be 
used to address external registered memories to pro­
vide more control outputs. 

The contents of the internal count register (CAEG) can 
also be routed to the control output pins P(1) and 
P(15:8), using the OUTPUT instruction. Thus, the con­
trol outputs can be changed dynamically. 

P(7:0] [DCLK, MODE, SDO] 
Outputs 

The lower eight general-purpose control outputs are 
permanently enabled. In the SSA diagnostic configura­
tion, P(7] becomes the diagnostic clock input DCLK, 
P(6] becomes the diagnostic control input MODE, and 
P(OJ becomes the serial Data Output (SDO). 

RESET 
Optlonally Registered Reset Input; Active LOW 

When the reset input is LOW, the output of the PC MUX 
is forced to the uppermost program address (511). On 
the next rising edge of the clock, this address (511) is 
loaded into the program counter; the instruction at loca­
tion 511 is loaded into the pipeline register, and the EQ 
flag is cleared. A programmable configuration bit allows 
the option of making this a registered input. If Rmtl' is 
internally registered, the first rising edge of the clock 
latches it. On the next rising edge of the clock, the EQ 
flip-flop is cleared and the contents of memory location 
511 are loaded into the pipeline register. The default 
state of this input is registered. 

T[7:0] [SDI] 
Optionally Registered Test Inputs 
In conditional instructions, the TEST inputs can be used 
as individual condition codes selected by the TEST field 
in the pipeline register. The T(7:0) inputs can also be 
used as a branch address when performing a program 
branch or as a count value to be loaded into the CAEG. 
When this is done, a ninth bit from the microword is 
added as the MSB of the test inputs to yield a nine-bit ~ 
value. Each of these inputs has an EPAOM bit associ- lli:iii 
ated with it. This bit may be programmed such that the 
corresponding input becomes an unregistered input. 
The default state of these inputs is registered. In SSA di­
agnostics mode, T(7] becomes the Serial Data Input 
(SDI). 
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FUNCTIONAL DESCRIPTION 
Figure 1, the detailed block diagram of the 
Am29CPL 154, shows logic blocks and interconnecting 
buses that permit parallel performance of different op­
erations in a single instruction. The FPC consists of four 
main logic blocks: the program memory, address control 
logic, condition code selection logic, and instruction de­
code. A fifth optional block is the Serial Shadow Register 
(SSA). 

The program memory contains the user-defined instruc­
tion flow and output sequence. The address control 
logic addresses the program memory. This control logic 
supports high-level instruction functions including con­
ditional branches. subroutine calls and returns, loops, 
and multiway branches. The condition code selection 
logic selects the condition code input to be tested when 
a conditional instruction is executed. The polarity of the 
selected condition code input is controlled by the POL 
bit in the microword. The instruction decode generates 
the control signals necessary to perform the instruction 
specified by the instruction part (P[35:16]) of the 
microword. The SSA enables in-system testing to iso­
late problems down to the IC level. 

Program Memory 
The FPC program memory is a 512-word by 36-bit 
EPROM with a 36-bit pipeline register at its output. The 
upper20 bits (P[35:16]) ofthe pipeline register are inter­
nal to the FPC and form the instruction to control ad­
dress sequencing. The format for instructions is: a one­
bit synchronous Output Enable OE, a five-bit OPCODE, 

a one-bit test polarity select POL, a four-bit TEST condi­
tion select field, and a nine-bit immediate DATA field. 
The DATA field is used to provide branch addresses, 
test input masks, and counter values. 

The lower 16 bits (P[15:0]) of the pipeline register are 
brought out as user-defined, general-purpose control 
outputs. The upper eight control outputs (P[15:8]) are 
disabled when OE is programmed as a LOW. The lower 
eight control bits (P(7:0]) are always enabled. 

Outputs P[1] and P[15 :8) will contain the next instruction 
address when the optional bit EXP is set. The contents 
of the count register are also available at P(1] and 
P[15:18] by using the OUTPUT instruction regardJess of 
whether the EXP bit is set. 

Controlling External PROM 
By programming the EXP bit, PC MUX is output over 
pins P[1, 15:8]/A(8:0]. This feature can be used to extend 
the width of the output control word when external regis­
tered memories are used. In the diagram below, the 
Am29CPL 154 controls external registered PROMs to 
provide an output control word (7 + N) bits wide (where 
N is the bit width of the PROMS). 

When the OUTPUT instruction is executed, the CREG 
contents are output over pins P(1], P[15:8)/A(8), A(7:0] 
on the following cycle. Consequently, if the CREG con­
tents must be read after programming the EXP cell, the 
system design should be modified to handle this excep­
tion. 

Am29CPL154 
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CLK----.--11 .. L> 
P[7:2,0] P[1, 15:8)/A[8:0] 

7 9 

Registered 
PROM 

N 

Figure 2. Controlling External PROM 

Am29CPL154 
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Address Control Logic 
The address control logic consists of four smaller logic 
blocks. These are: 

PC GAP - Program counter multiplexer (PCMUX), 
program counter register (PC) and 
combinatorial incrementer (PC+ 1) 

STACK -17-word by 9-bit-wide stack with subrou-
tine mux (S MUX) 

CNTR - Count register (CREG) with counter rnux 
(C MUX), combinatorial decrementer 
(CREG-1), and zero detect 

GOTO - Multifunction branch control logic 

PCGRP 
The PC GAP consists of a 4:1 multiplexer, a program 
counter (PC) register, and a 9-bit combinatorial in­
crementer (PC+ 1 ). It selects the PC, PC+ 1, the branch 
address, or the top of stack as the next instruction ad­
dress input to the program memory and the PC. 

When RESET is internally registered, the first clock edge 
after RESET goes LOW latches RESET internally. The 
next clock edge loads the contents of location 511 deci­
mal into the instruction-pipeline register and clears the 
EQ flag. A programmable configuration bit allows the 
option of bypassing the synchronizing register. In this 
case, after RESET goes LOW, the output of the PC MUX 
is forced to all "1"s (address 511 decimal) during the 
setup time, and the first clock edge loads the contents of 
location 511 decimal into the instruction-pipeline re~is­
ter and clears the EQ flag. Note: by default, the RE ET 
input is registered. 

STACK 
This 17-deep, 9-bit-wide stack block consists of a 3:1 
multiplexer (S MUX) that stores the data into the top­
most location of the stack. The ST ACK register is incre­
mented by one after an item is written onto the STACK 
(post-incremented) and decremented by one before an 
item is read from the STACK (pre-decremented). The S 
MUX chooses from three sources: PC+ 1 , count regis­
ter, and the top of the stack (for holding). PC + 1 is the 
input source when doing subroutine calls. PC MUX is 
the output destination when a return-from-subroutine in­
struction is performed. The PSHCNTR and POPCNTR 
instructions can be used for nested counts up to the 
depth of the STACK. Table 1 shows how the stack oper­
ates when more than 17 values are pushed. Table 2 
shows how the stack operates when more than 17 val­
ues are popped. 

CNTR 
The CNTR block consists of a nine-bit, four-to-one multi­
plexer (C MUX), driving a nine-bit register (CREG); a 
six-bit combinatorial decrementer (CREG-1); and a 
zero-detection circuit. The CNTR logic block is typically 
used for timing functions and iterative loop counting. 

The CMUX has the following input sources: top of stack, 
the branch-logic output, CREG - 1, and the CREG (for 
holding). 

GOTO 
The GOTO logic block serves three functions: 

1. It provides a nine-bit count value from the DATA field 
in the pipeline register (P(24:16]) or from the TEST 
inputs T(7:0] masked by the DATA field P[23:16). 
This is represented by T*M. 

2. It provides a branch address from the DATA field in 
the pipeline register P[24:16) or from the TEST in­
puts T{7:0) masked by the 8 LSBs of the DAT A field 
P[23:16). This is represented by T*M. The MSB or 
ninth bit of the branch address will be the MSB of the 
DATA field. 

3. It compares T{7:0] masked by the MASK field 
P[23:16], called T*M, to the CONSTANT field from 
the pipeline register P(31 :24]. If a match occurs, the 
EQ flip-flop is set. EQ remains unchanged if there is 
no match. Constant field bits that correspond to 
masked test bits must be zero. 

The EQ flag can be tested by the condition code selec-
tion logic. Multiple tests of any group of T inputs in a ~ 
manner analogous to sum-of-products can be per- ~ 
formed since a no-match comparison does not reset the 
EQ flag. Any conditional branch on EQ will reset the EQ 
flag. Conditional returns on EQ will not change the EQ 
flag. RESET input LOW will reset the EQ flag. 

Note: A zero in the MASK field blocks the corresponding 
bit in the TEST field; a one activates the corresponding 
bit. 

The constant field bits that correspond to masked test 
field bits must be zero. A zero is substituted for masked 
test field bits. The "POL" bit is a "don't care· when using 
test inputs to load registers. 

Note that when the inputs are internally registered (pro­
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 

Condition Code Selection Logic 
The condition code selection logic consists of a 16:1 
multiplexer. The 16 condition inputs are the eight test 
bits, the EQflag, CREG ZERO status, and six UNCOND 
test conditions connected to zero for the unconditional 
mode. The TEST field in the pipeline register (P(28:25)) 
selects one of the 16 conditions. If one of the UNCOND 
is chosen, and the POL bit is a one, the instruction is 
executed with a "forced PASS" condition. If one of the 
UNCOND is chosen, and the POL bit is zero, the instruc­
tion is executed with a "forced FAIL" condition. See op­
code descriptions for more details. 
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The polarity bit POL in the instruction allows the user to 
test for either a pass or fail condition. Refer to Table 3 for 
details. 

Note that when the inputs are internally registered (pro­
grammable option) they must meet the register setup 
time on the cycle preceding the one in which they are to 
be used. 

Instruction Decode 
The instruction decoder is a PLA that generates the con­
trol for 28 different instructions. The decoder inputs in­
clude the OPCODE field P[34:30], the zero detection 
flag from the CNTR, and the selected test condition 
code from the condition code selection logic. 

Operational Modes 
The Am29CPL 154 operates as a nine-bit 
microcontroller in normal mode, and there are several 
configuration bits that can be programmed to modify this 
normal operation. The EXP bit allGws the nine program 
address lines from the PC MUX to be output on the out­
put pins (P[1, 15:8]) so that a user can expand the width 
of the control lines by using external registered memo­
ries. The SSR bit allows on-chip diagnostic capabilities 
for in-system testing. The remaining bits serve to indi­
vidually select whether the input pins will be synchro­
nized or not. The default setting of these bits (un­
programmed, 1) will cause each pin to be synchronized, 
and so programming a given bit (to 0) will cause that cor­
responding input to become internally unsynchro_nized. 

TABLE 1. 

STACK 
PSH PSH PSH PSH PSH PSH 

LOCATION 
PSH PSH PSH PSH PSH PSH PSH PSH PSH PSH PSH PSH PSH 

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

2 x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

3 x x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

4 x x x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

5 x x x x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

6 x x x x x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

7 x x x x x x 1 2 3 4 5 6 7 8 9 10 11 12 13 

8 x x x x x x x 1 2 3 4 5 6 7 8 9 10 11 12 

9 x x x x x x x x 1 2 3 4 5 6 7 8 9 10 11 

10 x x x x x x x x x 1 2 3 4 5 6 7 8 9 10 

11 x x x x x x x x x x 1 2 3 4 5 6 7 8 9 

12 x x x x x x x x x x x 1 2 3 4 5 6 7 8 

13 x x x x x x x x x x x x 1 2 3 4 5 6 7 

14 x x x x x x x x x x x x x 1 2 3 4 5 6 

15 x x x x x x x x x x x x x x 1 2 3 4 5 

16 x x x x x x x x x x x x x x x 1 2 3 4 

17 x x x x x x x x x x x x x x x x 1 2 3 

TABLE 2. 

STACK 
POP POP POP POP POP POP POP POP 

LOCATION 
POP POP POP POP POP POP POP POP POP POP POP 

1 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 18 17 

2 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 18 17 16 

3 1"I 16 15 14 13 12 11 10 9 8 7 6 5 4 3 18 17 16 15 

4 16 15 14 13 12 11 10 9 8 7 6 5 4 3 18 17 16 15 14 

5 15 14 13 12 11 10 9 8 7 6 5 4 3 10 17 16 15 14 13 

6 14 13 12 11 10 9 8 7 6 5 4 3 18 17 16 15 14 13 12 

7 13 12 11 10 9 8 7 6 5 4 3 18 17 16 15 14 13 12 11 

8 12 11 10 9 8 7 6 5 4 3 16 17 16 15 14 13 12 11 10 

9 11 10 9 8 7 6 5 4 3 18 17 16 15 14 13 12 11 10 9 

10 10 9 8 7 6 5 4 3 18 17 16 15 14 13 12 11 10 9 8 

11 9 8 7 6 5 4 3 18 17 16 15 14 13 12 11 10 9 8 7 

12 8 7 6 5 4 3 18 17 16 15 14 13 12 11 10 9 8 7 6 

13 7 6 5 4 3 18 17 16 15 14 13 12 11 10 9 8 7 6 5 

14 6 5 4 3 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 

15 5 4 3 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 

16 4 3 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 18 

17 3 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 18 17 
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Am29CPL 154 General Instruction Format 

34 30 29 28 25 24 16 

[OPCODE] [ POL J [TEST J [DATA J 
WHERE: 

- Synchronous Output Enable for P(15:8]. 

15 0 

[ USER-DEFINEDl 
OUTPUTS j 

10136-00BA 

OE 
OPCODE 
POL 
TEST 

= A five-bit opcode field for selecting one of the 27 single-data-field instructions. 
• A one-bit test condition polarity select (refer to Table 3). 
= A four-bit test condition select. 

TEST[28:25) 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010-1111 

UNDER TEST 

T[O] 
T(1] 
T[2] 
T[3] 
T[4] 
T[S] 
T[6] 
T[7] 
EQ 
CREGZERO 
UNCONDITIONAL (OJ 

DATA = A nine-bit conditional branch address, test input mask, or counter value field designated as 
PL in instruction mnemonics. 

Table3 

Input Condition Test 
Being Tested POL Result 

0 0 Fail 

0 1 Pass 

1 0 Pass 

1 1 Fail 

Am29CPL 154 Comparison Instruction Format 

34 32 

[OPCODE] 

31 24 

[CONSTANT] 

23 16 

[MASK J 
15 0 

[ USER-DEFINEDl 
OUTPUTS j 

10136-009A 

WHERE: 
OE = Synchronous Output Enable for P[15:8]. 
OPCODE = Compare instruction (binary 100). 
CONSTANT = An eight-bit constant for equal-to comparison with T'M. 
MASK - An eight-bit mask field for masking the incoming T[7:0] inputs. 
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Am29CPL 154 INSTRUCTION SET DEFINITION 

• • Other instruction 

0 = Instruction being described 

0 • Register in part 

P-TestPass 

F. Test Fail 

X, Y are arbitrary values i11 the CREG or STACK 

Opcode Mnemonic Description Execution Example 
Register Transfer 
Description 

19 GOTOPL IF {cond) THEN GOTO 

IF 

03 

18 

PL {data) 
Conditional branch to the 
address in the PL (DATA field). 
The EQ flag will be reset if the 
test field selects it and the 
condition passes. The instruction is 
executed with a forced PASS con­
dition if the test field is UNCOND 
and POL = 1. The instruction is 
executed with a forced FAIL con­
dition if the test field is UNCOND 
and POL-o. 

GOTOTM IF {cond) THEN GOTO 
TM(data) 
Conditional branch to the address 
defined by the T*M (T[7:0) under 
bitwise mask from the 8 LSBS of 
the DATA field). This instruction is 
intended for multiway branches. The 
EQ flag will be reset if the test field 
selects it and the condition 
passes. The instruction is executed 
with a forced PASS condition if the 
test field is UNCOND and POL • 1. 
The instruction is executed with a 
forced FAIL condition if the test field 
is UNCOND and POL = 0. The MSB 
of the branch address will be the 
MSB of the DATA field. 

GOTOSTK IF {cond) THEN GOTO {STACK) 
Conditional branch to the address at 
the top of the stack, or else continue. 
The EQ flag will be reset if the test field 
selects it and the condition passes. The 
instruction is executed with a forced 
PASS condition if the test field is 
UNCOND and POL • 1. The instruction 
is executed with a forced FAIL condition 
if the test field is UNCOND and 
POL=O. 

FORK IF {cond) THEN GOTO PL 
(data) ELSE GOTO {STACK) 
Conditional branch to the address in the 
PL (DATA field) or the TOS. A branch to 
PL is taken if the condition is true and a 
branch to TOS if false. The EQ flag will be 
reset if the test field selects it and the con­
dition passes. The instruction is executed 
with a forced PASS condition if the test 
field is UNCOND and POL • 1. The in­
struction is executed with a forced FAIL 
condition if the test field is UNCOND and 
POL-0. 

30 

31 

32 

30 

31 

30 
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41 

40 21 12 

41 

41 

TOS 

40 

41 

50 

51 

H (cond - true) Then 
PC = PL(data) 

Else 
PC=PC+1 

10135-009A 

H (cond •true) Then 
PC-T*M 

Else 
PC= PC+ 1 

10135-011A 

If (cond =true) Then 
PC.TOS 

Else 
PC=PC+1 

10136-010A 

H (cond •true) Then 
PC • PL(data) 

Else 
PC-TOS 

10136-011A 



Am29CPL 154 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic Description Execution Example 
Register Transfer 
Description 

1C CAL PL IF (cond) THEN CALL PL (data) 
STACK TOS 

II (cond =true) Then 
Conditional jump to subroutine 

~PC+1 
STACK =TOS 

at the address in the PL (DATA TOS =PC+ 1 
field). The PC + 1 is pushed into ,. , x 32 PC = PL(data) 
the TOS as the return address. Else 
The EQ flag will be reset if the PC= PC+ 1 
test field selects it and the 
condition passes. The instruction is 32 
executed with a forced PASS con-
dition if the test field is UNCOND 
and POL • 1. The instruction is exe 
cuted with a forced FAIL condition if 33 
the test field is UNCOND and POL = 0. 10136-012A 

1E CAL TM IF (cond) THEN CALL TM (data), tt (cond =true) Then 
Conditional jump to subroutine at STACK-TOS 
the address specified by the T'M 30 • TOS =PC+ 1 
(T[7:0] under bitwise mask from the F SREG TOS PC= T'M 
8 LSBs of the DATA field). The •• ~PC+1 Else 
PC + 1 is pushed into the TOS as the 31 - - • x 32 PC= PC+ 1 
return address. The EQ flag will be T'M 
reset if the test field selects it and the 
condition passes. The instruction is 32 
executed with a forced PASS cond-
ition if the test field is UNCOND and 33 
POL = 1. The instruction is executed 42 10136-013A 
with a forced FAIL condition if the 
test field is UNCOND and 
POL = O.The MSB of the branch ad-
dress will be the MSB of the DATA 
field. 

02 RET IF (cond) THEN RET STACK TOS If (cond =true) Then 
Conditional return from sub- .~PC+1 PC= TOS 
routine. The TOS provides 30 x 32 TOS =STACK 
the return from subroutine Else 
address and the stack is 31 

PC= PC+ 1 
popped. The instruction is exe-
cuted with a forced PASS con-
dition if the test field is 32 
UNCOND and POL= 1. The 
instruction is executed with a 33 TOS STACK 
forced FAIL condition if the test -~ field is UNCOND and POL = 0. x 

10136-014A 

00 RETPL IF (cond) THEN RET, LOAD STACK TOS 
II (cond =true) Then 

PL (data) 
--~PC+1 

PC =TOS 
Conditional return from sub- 30 TOS -STACK 
routine and load the CREG x 32 GREG = PL(data) 
from the PL (DATA field). 

31 
Else 

The TOS provides the PC=PC+1 
return from subroutine 
address and the STACK is 32 TOS STACK popped. The instruction is exe-

,.a.--0 cuted with a forced PASS con-
dition if the test field is , , x 
UNCOND and POL = 1. The 

33 

instruction is executed with a 
forced FAIL condition if the test 10136-015A 
field is UNCOND and POL = 0. 10136-015A 
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Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic 

04 LDPL 

06 LDTM 

15 PSH 

14 PSHPL 

3·110 

Description 

IF (cond) THEN LOAD PL (data) 
Conditional load the CREG from 
the PL (DATA field). The instruc-
tion is executed with a forced 
PASS condition tt the test field is 
UNCOND and POL • 1. The in-
struction is executed with a forced 
FAIL condition if the test field is 
UNCOND and POL = 0. 

IF (cond) THEN LOAD TM (data) 
Conditional load the CREG from 
the T*M (T[7:0] inputs under bit-
wise mask from the 8 LSBS of the 
DA TA field). The instruction is 
executed with a forced PASS con-
dition tt the test field is UNCOND 
and POL = 1. The instruction is 
executed with a forced FAIL con-
dition tt the test field is UNCOND 
and POL = 0. The MSB of the 
branch address will be the MSB of 
the DATA field. 

IF (cond) THEN PUSH 
Conditional push the PC + 1 
into the TOS. The instruction is 
executed with a forced PASS 
condition tt the test field is 
UNCOND and POL = 1. The in-
struction is executed with a 
forced FAIL condition tt the test 
field is UNCOND and POL = 0. 

IF (cond) THEN PUSH, LOAD 
PL (data) 
Conditional push the PC + 1 
into the TOS and load the 
CREG from the PL (DATA field). The 
instruction is executed with a forced 
PASS condition tt the test field is 
UNCOND and POL = 1. The in­
struction is executed with a 
forced FAIL condition if the test 
field is UNCOND and POL= 0. 

Execution Example 

30 

31 

32 

33 

30 

31 

32 

33 

31 • 
32 

p 

CREG 

-·~ PL(DATA) 

CREG 
.{)41-::- T*M 

••• x 

STACK TOS 

----~ PC+1 
x 32 

STACK TOS 
~PC;i-1 

• • • y 32 

• CREG 
31 • ----~ PL(DATA) 

p x 
32 

Am29CPL154 

Register Transfer 
Description 

If (cond =true) Then 
CREG = PL(data) 
PC= PC+ 1 

Else 
PC= PC+ 1 

10135-017A 

If (cond =true) Then 
CREG = T*M 
PC= PC+ 1 

Else 
PC= PC+ 1 

10135-019A 

If ( cond = true) Then 
STACK= TOS 
TOS =PC+ 1 
PC= PC+ 1 

Else 
PC= PC+ 1 

10136-017A 

II ( cond = true) Then 
CREG = PL(data) 
STACK =TOS 
TOS =PC+ 1 
PC= PC+ 1 

Else 
PC= PC+ 1 

10136-01BA 



Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic Description Execution Example 
Register Transfer 
Description 

16 PSHTM IF (cond) THEN PUSH, LOAD If (cond •true) Then 
TM(data) CREG-T"M 
Conditional push the PC + 1 STACK=TOS 
into the TOS and load the TOS-PC+ 1 
CREG from the T"M (T[7:0) under PC=PC+1 
bitwise mask from the 8 LSBs of the STACK TOS Else 
DATA field). The instruction is ~PC+1 PC-PC+1 
executed with a forced PASS con- • • y 32 
dition if the test field is UNCOND 

CREG and POL • 1. The instruction is 
• ·----~ T"M executed with a forced FAIL con- 31 

dition if the test field is UNCOND p x 
and POL • 0. The MSB of the 
branch address will be the MSB of 

32 

the DATA field. 10136--019A 

07 POP IF (cond) THEN POP If (cond =true) Then 
Conditional Pop the TOS. The TOS =STACK 
instruction is executed with a forced PC= PC+ 1 
PASS condition, if the test field is Else 
UNCOND and POL - 1. The instruc- PC= PC+ 1 
tion is executed with a forced FAIL 

E condition, if the test field is UNCOND 
and POL =0. TOS STACK 

31 • - - - - -04-:-0 
p x 

32 

10136--020A 

05 PSHCNTR IF (cond) THEN PUSH (CREG) If (cond •true) Then 
Conditional push CREG contents to STACK-TOS 
top of stack. The instruction is exe- TOS =CREG 
cuted with a forced PASS condition if PC=PC+1 
the test field is UNCOND and POL = 1. Else 
The instruction is executed with a PC=PC+1 
forced FAIL condition if the test field 

STACK TOS CREG is UNCOND and POL • 0. 
31 . -----~ 

p y x 
32 

10136--021A 

17 POPCNTR IF (cond) THEN POP TO (CREG) If (cond •true) Then 
Conditional pop TOS into CREG. The CREG =TOS 
instruction is executed with a forced TOS =STACK 
PASS condition, if the test field is CREG TOS STACK PC= PC+1 
UNCOND and POL - 1. The instruc- .. o.--fJ-+-fJ Else 
lion is executed with a forced FAIL PC= PC+ 1 
condition, ff the test field is UNCOND . . 
and POL-0. . . 

P. 

32 10136-022A 
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Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic Description Execution Example 
Register Transfer 
Description 

OB DEC IF (cond) THEN DEC 
Conditional decrement of 

30 If (cond =true) Then 
CREG = CREG-1 
PC=PC+1 

oc 

OE 

10 

3-112 

Else 
PC= PC+ 1 

the CREG. The instruction is 
executed with a forced PASS 
condition if the test field is UN­
COND and POL • 1. The in­
struction is executed with a 
forced FAIL condition if the test 
field is UNCOND and POL = 0. 

CREG DECREMENTER 
32• ---~ 

p ~ 
33 x 

10135-029A 

DE CPL WHILE (CREG c > 0) WAIT 
ELSE LOAD PL (data) 
Conditional Hold until the counter 
is equal to zero, then load CREG 
from the PL (DATA field). This 
instruction is intended for timing 
waveform generation. If the CREG 
is not equal to zero, the same 
instruction is refetched while CREG 30 
is decremented. Timing is complete 
when the CREG is equal to zero, 
causing the next instruction to be 
fetched and the CREG to be re­

While (CREG < > 0) 
CREG • CREG -1 
PC= PC 

End While 
GREG= PL(data) 
PC= PC+ 1 

CREG DECREMENTER 

.... ~ 
• x 

CREG..O 

loaded from PL. This instruction 
does not depend on the pass/fail 
condition. 

32 CREG=O- - - -~ PL (DATA) 
y 

10135-030A 

DECTM WHILE (CREG c > 0) WAIT 
ELSE LOAD TM (data) 

30 

31 

While (GREG< > 0) 
CREG = CREG -1 
PC= PC 

End While 
GREG =T*M 
PC= PC+ 1 

CREG DECREMENTER 

-·c~;~~ x 
CREG 

Conditional Hold until the counter is 
equal to zero, then load CREG from 
the T"M (TI7:0) under bitwise mask 
from the 8 LSBs of the DATA field). 
This instruction is intended for timing 
waveform generation. If the CREG is 
not equal to zero, the same instruct­
tion is refetched while the CREG is 
decremented. Timing is complete 
when the CREG is equal to zero, 
causing the next instruction to be 
fetched and the CREG to be re­
loaded from T*M. This instruction 
does not depend on the passlfail 
condition. The MSB of the branch 
address will be the MSB of the DATA 
field. 

32 CREG=O- - - -~ T*M 

DECGOPL If (concl) THEN GOTO PL (data) 
ELSE WHILE (CREG c > 0) WAIT 
Conditional Hold/Count. The current 
instruction will be refetched and the 
CREG decremented until the condi­
tion under test becomes true or the 
counter is equal to zero. H the condi-
tion becomes true, a branch to the 
address in the PL (DATA field) is 
executed. If the counter becomes 

30 

zero without the condition becoming 31 • 
true, a CONTINUE is executed. The F and 
EQ flag will be reset if the test field CREG= 
selepts it and the condition passes. 
The instruction is executed with a 
forced PASS condition if the test 
field is UNCOND and POL = 1. The 
instruction is executed with a forced 
FAIL condition if the test field is 
UNCOND and POL. 0. 

Am29CPL154 

10135-031A 

While (cond =false) 
If (GREG < > 0) 
GREG= GREG -1 
PC= PC 
Else 
PC= PC+ 1 

CREG DECREMENTER End While 
/~ PC=PL(data) 

x 
F and CREG..O 

PL(DATA) 
40 

10135-032A 

41 



Am29CPL154 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic 

1A WAITPL 

18 WAITTM 

08 LPPL 

Description 

IF (cond) THEN GOTO PL (data) 
ELSE WAIT 
Conditional Hold. The current 
instruction will be refetched and 
executed until the condition under 
test becomes true. When true, a 
branch to the address in the PL 
(DATA field) is executed. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. The instruction is exe­
cuted with a forced PASS con­
dition tt the test field is UNCOND 
and POL = 1. The instruction is 
executed with a forced FAIL con­
dition tt the test field is UNCOND 
and POL= 0. 

IF (cond) THEN GOTO TM (data), 
ELSE WAIT 
Conditional Hold. The current 
instruction will be refetched and 
executed until the condition under 
test becomes true. When the 
condition is true, a branch to the 
T•M address (T[7:0] under bitwise 
mask from the eight LSBs of the 
DATA field) is executed. The EQ 
flag will be reset if the test field 
selects it and the condition passes. 
The instruction is executed with a 
forced PASS condition, if the test 
field is UNCOND and POL = 1. The 
instruction is executed with a 
forced FAIL condition, if the test 
field is UNCOND and POL = 0. The 
MSB of the branch address will be 
the MSB of the DATA field. 

WHILE (CREG < > 0) LOOP 
TO PL (data) 

Execution Example 

31 

30 

31 

32 

Register Transfer 
Description 

If ( cond = true) Then 
PC = PL (data) 

Else 
PC= PC 

10135-033A 

If (cond =true) Then 
PC=T°M 

Else 
PC= PC 

10136-023A 

While (CREG < > 0) 
CREG = CREG-1 
PC = PL (data) 

End While 
PC= PC+ 1 

Conditional loop to the address 
in the PL (DATA field). This 
instruction is intended to be 
placed at the bottom of an 
iterative loop. If the CREG is 
not equal to zero, it is decre­
mented (signifying completion 
of an iteration), and a branch 33 CREG;<O CREG DECREMENTER 

• PL(DATA)----~ to the PL (DAT A field) (top of the 
loop) is executed. If the CREG is 
equal to zero, looping is complete 
and the next sequential instruction 
is executed. This instruction does 
not depend on the pass/fail con­
dition. The EQ flag will be reset if 
the test field selects it and CREG is 
not equal to zero. 

34 CREG = 0 X 

Am29CPL154 

10135-034A 
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Am29CPL 154 INSTRUCTION SET DEFINITION (Continued} 

Opcode Mnemonic 

OA LPTM 

OF LPSTK 

OD CONT 

3-114 

Description 

WHILE (CREG < > 0) LOOP 
TOTM(data) 
Conditional loop to the address 
T*M (T(7:0] under bitwise mask 
from the eight LSBs of the DATA 
field). This instruction should be 
placed at the bottom of an iterative 
loop. H CREG is not equal to zero, 
it is decremented (signifying com­
pletion of an iteration), and a 
branch to the address specnied by 
T*M (top of the loop) is executed. If 
CREG is equal to zero, looping is 
complete and the next sequential 
instruction is executed. This does 
not depend on the pass/fail cond­
ition. The EQ flag will be reset n 
the test field selects it and CREG is 
not equal to zero. The MSB of the 
branch address will be the MSB of 
the DATA field. 

WHILE (CREG < > 0) LOOP TO 
(STACK) 
Conditional loop to the address in 
the TOS. If CREG ~ 0, the CREG 
is decremened and a branch to 
the TOS address is executed. If the 
CREG = 0, looping is complete, 
the stack is popped, and the next 
sequential instruction is executed. 
This instruction does not depend 
on the pass/fail condition. The EQ 
flag will be reset if the test field 
selects it and CREG is not equal to 
zero. 

CONTINUE 
The next sequential instruction 
is fetched unconditionally. This 
instruction can be used to 
reset the EQ flag by selec­
ting EQ in the TEST field. 

30 

Execution Example 
Register Transfer 
Description 

While (CREG < > 0) 
CREG = CREG -1 
PC= T*M 

End While 
PC= PC+ 1 

CREG DECREMENTER 

----~ 

CREG=O y 

10136-024A 

While (CREG < > 0) 
CREG = CREG -1 
PC=TOS 

End While 
TOS -STACK 
PC-PC+1 

CREG DECREMENTER 

----~ 

CREG=O• Y 
', TOS STACK 

'Q+-::--0 x 10136-025A 

PC= PC+ 1 

10135-036A 
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Am29CPL 154 INSTRUCTION SET DEFINITION (Continued) 

Opcode Mnemonic Description 

01 OUTPUT IF {cond) THEN OUTPUT 

10-13 CMP 
{100XX 
binary) 

The CREG contents will be 
output on pins P[1] and P[15:8] 
during the next clock cycle. 
Care should be taken to ensure 
that the outputs are enabled for 
the next sequential instruction 
by setting the microcode bit OE 
= 1. The instruction is executed 
with a forced PASS condition, if 
the test field is UNCOND and 
POL = 1. The instruction is exe­
cuted with a forced FAIL con­
dition, if the test field is 
UNCOND and POL = 0. 

CMP TM {mask) TO PL (constant) 
This instruction performs bitwise 
Exclusive-OR of T*M (T[7:0] under bit­
wise mask from the MASK field) with 
CONSTANT (P[31:24]). If T*M equals 
CONSTANT, the EQ flag is set to 
one, which may be branched on in a 
following instruction. If not equal, the 
EQ flag is unaffected. This allows 
sequences of compares, in a manner 
analogous to sum-to-products, to be 
performed which can be followed 
by a single conditional branch if one 
or more of the comparisons are true. 
Note: The EQ flag is set to zero on 
reset or when EQ is selected as the 
test condition in a branch. Conditional 
returns on EQ leave the flag un­
changed. Constant field bits that corre­
spond to masked test field bits must 
be zero. This instruction does not 
depend on the pass/fail condition. 

Execution Example 
Register Transfer 
Description 

30 

If (cond =lure) Then 
P[1] and P[15:8] = CREG 
PC =PC+ 1 

Else 
PC =PC+ 1 

Pipeline Register 

GREG 

P[1) and P[15:8] ...-a 
x 

10136-026A 

Compare T*M and 
CONSTANT 

EQ = ((T [7:0] .AND. 
MASK) 

31 • T"M>"CONST 

.XNOR. CONSTANT) 

.OR. EQ 

. Q SET EO FLAG PC= PC+ 1 

T*M=CONST 

33 

10135-037A 
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INSTRUCTIONS BASED ON TEST CONDITIONS 

Op· 
code 

00 

01 

02 

03 

04 

05 

06 

07 

08 

14 

15 

16 

17 

18 

19 

1A 

18 

1C 

1E 

1F 

Key: 

Condition Pass Condition Fail 

Assembler PC EQ PC EQ 
Mnemonic Statement MUX STACK CREG FLAG MUX STACK CREG FLAG Notes 

RETPL IF (cond) THEN RET, TOS Pop Load NC PC+1 Hold Hold NC 5 
LOAD PL (data) PL 

OUTPUT IF (cond) THEN PC+ 1 Hold Hold NC PC+1 Hold Hold NC 1 
OUTPUT 

RET IF (cond) THEN RET TOS Pop Hold NC PC+ 1 Hold Hold NC 5 

GOTOSTK IF (cond) THEN TOS Hold Hold Reset PC+ 1 Hold Hold NC 3 
GOTO (STACK) 

LDPL IF {cond) THEN LOAD PC+ 1 Hold Load NC PC+1 Hold Hold NC 
PL(data) PL 

PSHCNTR IF (cond) THEN PC+ 1 Push Hold NC PC+ 1 Hold Hold NC 6 
PUSH (CREG) GREG 

LDTM IF (cond) THEN LOAD PC+ 1 Hold Load NC PC+ 1 Hold Hold NC 
TM (data) TM 

POP IF (cond) THEN PC+ 1 Pop Hold NC PC+ 1 Hold Hold NC 5 
POP 

DEC IF (cond) THEN DEC PC+ 1 Hold DEC NC PC+ 1 Hold Hold NC 

PSHPL IF (cond) THEN PUSH, PC+ 1 Push Load NC PC+ 1 Hold Hold NC 6 
LOAD PL (data) PC+ 1 PL 

PSH IF (cond) THEN PUSH PC+ 1 Push Hold NC PC+1 Hold Hold NC 6 
PC+ 1 

PSHTM IF (cond) THEN PUSH, PC+ 1 Push Load NC PC+ 1 Hold Hold NC 6 
LOAD TM (data) PC+ 1 TM 

POPCNTR IF (cond) THEN PC+ 1 Pop Load NC PC+1 Hold Hold NC 5 
POP TO (GREG) TOS 

FORK IF (cond) THEN GOTO PL Hold Hold Reset TOS Hold Hold NC 3 
PL (data) ELSE GOTO 
(STACK) 

GOTOPL IF (cond) THEN GOTO PL Hold Hold Reset PC+ 1 Hold Hold NC 3 
PL (data) 

WAITPL IF (cond) THEN GOTO PL Hold Hold Reset PC Hold Hold NC 3 
PL (dat& ELSE WAIT 

WAITTM IF (cond) THEN GOTO TM Hold Hold Reset PC Hold Hold NC 3 
TM (data), ELSE 
WAIT 

CALPL IF (cond) THEN CALL PL Push Hold Reset PC+ 1 Hold Hold NC 3,6 
PLJ..dat& PC+ 1 

CAL TM IF (cond) THEN CALL TM Push Hold Reset PC+1 Hold Hold NC 3,6 
TM(data) PC+ 1 

GOTO TM IF (cond) THEN GOTO TM Hold Hold Reset PC+ 1 Hold Hold NC 3 
TM (data) 

PC = Program Counter Notes: 
TOS = Top of Stack 1. If condition Passes, Output CREG contents on next 
CREG = Counter Register clock cycle. 

PL = Pipeline (data) Field 2. H Condition = EQ, reset EQ flag. 

TM (data) = Test Inputs Masked by DATA Field 

TM (mask) = Test Inputs Masked by MASK Field 

3. If Condition= EQ and Conditon Passes, reset EQ flag. 

4. If Condttion = EQ and GREG* 0, reset EQ flag. 

DEC = Decrement 

NC = No C,hange 

5. When Stack is popped, the next value in the Stack is 
transferred to TOS. 

6. When Stack is pushed, TOS is transferred to next available 
Stack location before value is written into TOS. 

7. Set EQ Flag if CONST field = T*M. 
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INSTRUCTIONS DEPENDENT ON CREG 

CREG:O CREG"'O 

Op· A888mbler PC EQ PC 
coda Mnemonic Statement MUX STACK CREG FLAG MUX STACK CREG 

08 LPPL WHILE {CREG < > 0) PC+ 1 Hold Hold NC PL Hold DEC 
LOOP TO PLJ_dataj_ 

OA LPTM WHILE {CREG < > 0) PC+ 1 Hold Hold NC TM Hold DEC 
LOOP TO TM (data) 

oc DE CPL WHILE {CREG < > 0) PC+ 1 Hold Load NC PC Hold DEC 
WAIT ELSE LOAD PL 
PL{data) 

OE DECTM WHILE {CREG < > 0) PC+1 Hold Load NC PC Hold DEC 
WAIT ELSE LOAD TM 
TM(data) 

OF LPSTK WHILE (CREG < > 0) PC+ 1 Pop Hold NC TOS Hold DEC 
LOOP TO (STACK) 

INSTRUCTIONS DEPENDENT ON TEST CONDITION AND CREG VALUE 

Condition Pass 

Op· A888mbler CREG PC 
code Mnemonic Statement Content MUX STACK 

IF {cond) 
THEN GOTO .. o PL Hold 

1D DECGOPL PL (data) 
ELSE WHILE =0 PL Hold 
(CREG<> 0) 
WAIT 

UNCONDITIONAL INSTRUCTIONS 

Opcode Mnemonic Assembler Statement 

OD CONT CONTINUE 

10-13 
(Binary CMP CMP TM (mask) TO PL (constant) 
1oox'9 

Key: PC 

SREG 

CREG 

PL 

= Program Counter 

= Stack Register 

= Counter Register 

= Pipeline (data) Field 

TM (data) - Test Inputs Masked by DATA Field 

TM (mask)= Test Inputs Masked by MASK Field 

DEC = Decrement 

NC = No Change 

Notes: 

CREG 

Hold 

Hold 

PC 
MUX 

PC+ 1 

PC+1 

1. ti condition Passes, Output CREG contents on next clock cycle. 

2. If Condnion = EQ, reset EQ flag. 

3. If Condnion = EQ and Conditon Passes, reset EO flag. 

4. If Condnion = EO and CREG"' 0, reset EO flag. 

5. When Stack is popped, the next value in the Stack is 
transferred to TOS. 

6. When Stack is pushed, TOS is transferred to next available 
Stack location before value is wrnten into TOS. 

7. Set EO Flag if CONST field = T*M. 

Am29CPL154 

EQ PC 
FLAG MUX 

Reset PC 

Reset PC+ 1 

STACK 

Hold 

Hold 

Condition Fail 

STACK CREG 

Hold DEC 

Hold Hold 

EQ 
CREG FLAG 

Hold NC 

Hold Set 

EQ 
FLAG Notes 

Reset 4 

Reset 4 

NC 

NC 

Reset 4 

EQ 
FLAG Notes 

NC 
3 

NC E 

Notes 

2 

7 
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Am29CPL 154 SSR Diagnostics Option 
As a programmable option, the Am29CPL 154 FPC may 
be configured to contain Serial Shadow Register (SSA) 
diagnostics capability. SSA diagnostics is a simple, 
straightforward method of in-system testing to isolate 
problems down to the IC level. 

The SSA diagnostics configuration activates a 36-bit­
wide D-type register called a "shadow" register, on the 
pipeline register inputs. The shadow register can be 
serially loaded from the SDI pin, parallel loaded from the 
pipeline register, or held. The pipeline register can be 
loaded from the Program Memory in normal mode or 
from the shadow register during diagnostics. A redefini-

tion of four device pins is required to control the different 
diagnostics functions. T[7] also functions as the Serial 
Data Input (SDI), P[O] becomes the Serial Data Output 
(SDO), P[7] becomes the diagnostic clock (DCLK), and 
P[6] becomes the diagnostic mode control (MOD~). The 
various diagnostic and normal modes are shown m table 
4. 

Serially loading a test instruction into the shadow regis­
ter and parallel loading the shadow register contents 
into the pipeline register forces execution of the test in­
struction. The test result can then be clocked into the 
pipeline register as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out 
for system diagnostics. 

Table 4 

Inputs Outputs 

Shadow Pipeline 
Operation 

SDI MODE DCLK CLK SDO Register Register 

x L t H, L,i So S;...1 ~s; Hold Serial Right Shift 
Sas~SDI Shadow Register 

T [7] L H, L, i t So Hold P;~EPROM; Normal Operation; 
(Note 1) Load Pipeline 

Register from EPROM 

L H t H,L,i L S;~P; Hold Load Shadow Register 
from Pipeline Register 
(Note 2) 

x H H,L,i t SDI Hold P;~S; Load Pipeline Register 
from Shadow Register 

H H t H, L, i H Hold Hold Hold Shadow Register 

Notes: 

1. During normal operation, this pin behaves as the T[7] test input. 

2. S7, SS are undefined. S[15:8] load from the source driving pins P[15:8]. If P[35] in the microword is a ONE, S[15:8] are 
loaded from the pipeline register. If P[35] in the microword is a ZERO, S[15:8] are loaded from an external source. 

Key: H = HIGH 
L =LOW 
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X • Don't Care 
i = LOW-to-HIGH transition 

J. • HIGH-to-LOW transition 
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DCLK ---u• 
SDI -----1~ 

Mode -------~ 

EPROM 

36 

soo 

34 

.._ __ ..... 
CLK -------. 

P(15:8] P[5:0] 

10136-027A 

Figure 3. SSR Diagnostics Logic 

Erasure 
In order to fully erase all memory locations, it is neces­
sary to expose the memory array to a standard ultravio­
let light source having a wavelength of 2537 angstroms. 
The minimum recommended dose (UV intensity x expo­
sure time) is 15 Wsec/cm2• For a UV lamp with a 12 mW/ 
cm2 power rating, the exposure time would be about 30 
minutes. The device should be located one inch from the 
source in a direct line. 

It should be noted that erasure will begin with exposure 
to light having wavelengths less than 4000 angstroms. 

To prevent exposure to sunlight or fluorescent lighting, 
an opaque label should be affixed over the window after 
programming. 

OTP (One-Time Programmable) Am29CPL 154devices 
are available in plastic and are ideal for volume produc­
tion. They can be inventoried unprogrammed and used 
with current software revisions; there is no window to be 
covered to prevent light from changing data. 
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ABSOLUTE MAXIMUM RA TINGS 
-65°C to + 1 so0c 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
Storage Temperature 
Ambient Temperature with 
Power Applied -55°C to + 125°C Operating in Free Air 0°c to +75°C 

Supply Voltage (Vee) Supply Voltage with 
Respect to Ground -0.5 v to +7.0 v with Respect to Ground +4.5 V to +5.5 V 
DC Input Voltage 
DC Output or 110 Pin Voltage 
DC Input Current 

-0.3 V to Vee+ 0.3 V 
-0.3 V to Vee + 0.3 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

-10 rnA to +10 rnA 

Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. 

DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH = -3.0 rnA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VOL OUtput LOW Voltage l0t. = 16 rnA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

VtL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

hH Input HIGH Leakage V1N = Vee - 0.5 V, Vee = Max. 10 µA 
Current (Note2) 

ht. Input LOW Leakage V1N = 0.5 V, Vee = Max. (Note 2) -10 µA 
Current 

loZH Off-State Output Leakage Vour = 2.4 V, Vee = Max. 10 µA 
Current HIGH V1N = V1H or V11. (Note 2) 

lozL Off-State OUtput Leakage Vour = 0.5 V, Vee = Max. -10 µA 
Current LOW V1N = V1H or V11. (Note 2) 

Ice Supply Current Outputs Open 
CMOS V1N = GND or Vee 115 (lour= 0 rnA) rnA 

Vee= Max. TTL V1N = 0.5 V or 2.4 V 125 

Cpo Power Dissipation Vee= Max. 
Capacitance TA= 25°C 1 oo pF Typical 
(Note 3) No Load 

Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. VO pin leakage is the worst case of 111. and lozL (or hH and loZH). 

3. The dynamic current consumption is: 
Ice (Total)• Ice (Static)+ (CPO+ nCL) Vee (112), where I is the clock frequency, Ct. - the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Max. Unit 

C1N Input Capacitance l RESET V1N= 2.0 V Vee= 4.5 V to 5.5 V 25 
J Others TA= -55°C to +125°C 15 pF 

Cour Output Capacitance Voor= 2.0 V f = 1 MHz 15 

Note: 

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 2) 

Parameter 
H·30 H·25 

No. Symbol Parameter Description Min. Max. Min. Max. 

1 tco CLK to P[15:0] 18 20 

2 CLK to A[8:0] 30 36 

3 ts T[7:0] to CLK, Registered 8 8 

4 T[7:0] to CLK, Asynchronous 33 40 
J.Note ~ 

5 RESET to CLK, Registered 12 12 

6 RESET to CLK, Asynchronous 30 40 
(Note 3) 

7 tH CLK to T[7:0) 0 0 

8 (Note4) CLKto RESET 0 0 

9 tPZX CLK to P[15:8] Enable 33 40 

10 tpxz CLK to P[15:8] Disable 33 40 

11 twt. T LOW 14 16 

12 tWH CLK Width l HIGH 14 16 

13 tp CLK Period (Note 3) 33 40 

14 fMAX Maximum Frequency (1/tp) 30 25 

Note: 

2. See Switching Test Circuit for test conditions. 

3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 

a. Measure delay from input (T[7:0), RESET, or CLK) to EPROM address out in test mode. This will measure the 
delay through the sequence logic. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

b. Measure setup time from T[7:0] input through EPROM test columns to pipeline register in verily test column mode. 
This will measure the delay through the EPROM and register setup. 

c. Measure delay from T[7:0) input to EPROM address out in verify test column mode. This will measure the delay 
through the logic and P[15:0) outputs. 
To calculate the desired parameter measurement, the following formula is used: 
Measurement (a) + Measurement (b) - Measurement (c) 

CLK PERIOD: RESET to CLK setup time: 
CLK (a)+ (b) - (c) = CLK PERIOD RESET (a) + (b) - (c) = RESET to CLK setup time 

T[7:0) to CLK setup time: 
T[7:0] (a)+ (b) - (c) = T[7:0) to CLK setup time 

4. These hold time parameters are tested on a sample basis. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 

Parameter 
H-30 H-25 

No. Symbol Parameter Description Min. Max. Min. Max. Unit 

SSA Configuration 

15 1PD Mode to SDO 25 30 ns 

16 SDI to SDO 25 30 ns 

17 tco DCLKto SDO 32 36 ns 

18 ts Mode to CLK 25 30 ns 

19 Mode to DCLK 25 30 ns 

20 SDI to DCLK 25 30 ns 

21 P[15:8] to DCLK 25 30 ns 

22 IH CLKto Mode 6 6 ns 

23 (Note 1) DCLKto Mode 0 0 ns 

24 DCLKto SDI 0 0 ns 

25 DCLK to P[15:8] 0 0 ns 

26 IWL DCLK Width 1 LOW 20 25 ns 

27 1WH lHIGH 20 25 ns 

28 Ip DCLK Period 40 50 ns 

Note: 
1. These hold time parameters are tested on a sample basis. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 

Ambient Temperature with 
Power Applied 

Supply Voltage with 
Respect to Ground 

-65°C to + 150°C 

-55°C to + 125°C 

-0.5 V to +7.0 V 

OPERATING RANGES 
Miiitary (M) Devices 

Ambient Temperature (TA) 
Operating in Free Air 

Supply Voltage (Vee) with 
Respect to Ground 

-55°C to +125°C 

+4.5 V to +5.5 V 

DC Input Voltage -0.3 V to Vee+ 0.3 V 

DC Output or 1/0 Pin Voltage -0.3 V to Vee + 0.3 V 
Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Input Current -10mAto+10mA 

Note: Stresses above those listed under Absolute Maximum Rat­
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliabil­
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 

1. Military products are tested at Tc = 25°C, 125°C and 

-55°C. 

DC CHARACTERISTICS over MILITARY operating range unless otherwise specified 
Parameter 

Symbol Parameter Description Test Conditions Min. Max. Unit 

VoH Output HIGH Voltage IOH = -1.0 mA V1N = V1H or V1L 2.4 v 
Vee= Min. 

VoL Output LOW Voltage ioL = 12 mA V1N = V1H or V1L 0.5 v 
Vee= Min. 

V1H Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v 
Voltage for all Inputs (Note 1) 

V1L Input LOW Voltage Guaranteed Input Logical LOW 0.8 v 
Voltage for all Inputs (Note 1) 

iJH Input HIGH Leakage V1N = Vee - 0.5 V, Vee = Max. 10 µA 
Current (Note 2) 

iJL Input LOW Leakage V1N = 0.5 V, Vee =Max. (Note 2) -10 µA 
Current 

lozH Off-State Output Leakage VouT = 2.4 V, Vee = Max. 10 µA 
Current HIGH V1N = V1H or V1L (Note 2) 

lozL Off-State Output Leakage VouT = 0.5 V, Vee = Max. -10 µA 
Current LOW V1N = V1H or V1L (Note 2) 

Ice Supply Current Outputs Open 
CMOS V1N = GND or Vee 130 

(louT= 0 mA) mA 

Vee= Max. 
TTL V1N = 0.5 V or 2.4 V 140 

Cpo Power Dissipation Vee= Max. 
Capacitance TA= 25°C 100 pF Typical 
(Note 3) No Load 

Notes: 

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 

2. 110 pin leakage is the worst case of hL and lozL (or hH and loZH). 

3. The dynamic current consumption is: 
lee (Total)= Ice (Static)+ (Cpo + nCL) Vee (112), where I is the clock frequency, CL= the output load capacitance, and n is 
the number of loads. 
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CAPACITANCE (Note 1) 
Parameter 
Symbol Parameter Description Test Conditions Max. Unit 

CrN Input Capacitance I RESET V1N=2.0 v Vee= 4.5 Vto 5.5 V 25 
l Others TA= -55°C to +125°C' 15 pF 

Coor Output Capacitance Vour = 2.0 V f = 1 MHz 15 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 

where capacitance may be affected. 

SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Group 
A, Subgroups 9, 1 O, 11 are tested unless otherwise noted) (Note 2) 

Parameter 
H-25 

No. Symbol Parameter Description Min. Max. 

1 tco CLK to P(15:0] 25 

2 CLK to A[8:0] 40 

3 ts T[7:0] to CLK, Registered 10 

4 T[7:0) to CLK, Asynchronous 40 
(Note3) 

5 RESET to CLK, Registered 16 

6 RESET to CLK, Asynchronous 40 
(Note 2) 

7 tH CLK to T[7:0) 0 

8 (Note 4) CLKto RESET 0 

9 tPZX CLK to P[15:8) Enable 40 

10 tpxz CLK to P(15:8] Disable 35 

11 lwt CLK Width l LOW 20 

12 tWH j HIGH 20 

13 tp CLK Period (Note 3) 40 

14 fMA)( Maximum Frequency (1/tp) 25 

Note: 
2. See Switching Test Circuit for test conditions. 

3. These parameters are measured indirectly on unprogrammed devices. They are determined as follows: 

a. Measure delay from input (117:0), RES£i', or CLK) to EPROM address out in test mode. This will measure the 
delay through the sequence logic. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

b. Measure setup time from T[7:0) input through EPROM test columns to pipeline register in verify test column mode. 
This will measure the delay through the EPROM and register setup. 

c. Measure delay from T[7:0] input to EPROM address out in verify test column mode. This will measure the delay 
through the logic and P[15:0] outputs. 

To calculate the desired parameter measurement, the following formula is used: 
Measurement (a) + Measurement (b) - Measurement (c) 

CLKPERIOD: 
CLK (a)+ (b) - (c) • CLK PERIOD 

T[7:0] to CLK setup time: 
T[7:0] (a) + (b) - (c) = T[7:0] to CLK setup time 

4. These hold time parameters are tested on a sample basis. 

RES£i'to CLK setup time: 
RffiEi (a) + (b) - (c) =~to CLK setup time 

3-124 Am29CPL154H-25 (Mii) 



SWITCHING CHARACTERISTICS over MILITARY operating range (Continued) 

Parameter 
H·25 

No. Symbol Parameter Description Min. Max. Unit 

SSA Configuration 

15 !po Mode to SDO 30 ns 
16 SDltoSDO 30 ns 
17 !co DCLKtoSDO 30 ns 
18 Is Modelo CLK 30 ns 
19 Mode to DCLK 30 ns 
20 SDI to DCLK 30 ns 
21 P[15:8) to DCLK 30 ns 
22 IH CLKto Mode 6 ns 
23 (Note 1) DCLKto Mode 0 ns 
24 DCLKto SDI 0 ns 
25 DCLK to P[15:8] 0 ns 
26 IWL DCLK Width l LOW 30 ns 
27 IWH lHIGH 30 ns 
28 Ip DCLK Period 60 ns 

Note: 
1. These hold time parameters are tested on a sample basis. 

E 
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SWITCHING WAVEFORMS 
Normal Configuration 

T[7:0], VT 

Registered---~ ~---J ~----------------

3-126 

CLK 

P[15:0] 

A[B:O] 

T(7:0], 
Async 

CLK 

P[15:0] 

A[B:O] 

ts 131 _t.;.;.H_m_,... 

Registered Test Inputs 

---- t5(4) ----•,-H(-7)9'1 

VT 

Asynchronous Test Inputs 

Am29CPL154 

VT 

10136-028A 

VT 

10136-029A 



SWITCHING WAVEFORMS (Continued) 
Normal Configuration 

RESET, 
Registered 

CLK 

P[15:0] 

Vr 

Registered RESET 

RESET, 
Async 

CLK 

Vr 

P[15:0] mm .... v_r __ _ 

Asynchronous RESET 

CLK --~( tpxz''0' \ ... ____ _.fm lpzx '~ 
P[15:8] 

CLK to Output Disable/Enable 

CLK Vr 

------ !p1'3J -----~ 

Clock Width/Period 

Am29CPL154 

10136-030A 

E 
10136-031A 

10136-032A 

10136-033A 
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SWITCHING WAVEFORMS (Continued) 
SSR Configuration 

MODE 

------ tsi••> --------.t 

SDI 

SDO Vr 

CLK Vr 

Vr 

P[15:8, 5:0] 
------------------~ 

Load Pipeline Register from Shadow Register 

MODE Vr 
.,... _____ tgl•O) ------i-.... 

SDI 

SDO Vr 

DCLK Vr 

P[15:8] 

Load Shadow Register from Pipeline Register and/or Pins 
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SWITCHING WAVEFORMS (Continued) 
SSR Configuration 

MODE 

--- !5110) __ ...,._ ttt<23) 

SDI 

DCLK 

SDO 

Shift Shadow Register 

DCLK 

---- tp128) -----

DCLK Width/Period 

Am29CPL154 

Vr 

Vr 

10136-036A 

E 
10136-037A 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

ill// 

SWITCHING TEST CIRCUIT 

r 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from Lio H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

10135-053A 

Three-State Outputs 

Commercial 

Specification S1 CL R1 R2 

tpo, tco Closed 

tpzx Z-+ H: Open 50 pF 
Z --+ L: Closed 66Hl 5k0 

tpxz H~Z:Open 5pF 
L-+Z: Closed 

Note: 

Pulse generator for all pulses: Rate s 1.0 MHz; Zo - 50 n: Ir s 2.5 ns. 

3-130 Am29CPL154 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

r 

KS000010-PAL 

SV 

10135-054A 

Two-State Outputs 

Miiitary 
Measured 

R1 R2 Output Value 

1.5 v 
1.5 v 

6670 5k0 

H -+Z: VoH- 0.5 V 
L -+Z: VoL + 0.5 V 



TEST PHILOSOPHY AND METHODS 
The following eight points describe AMD's philosophy 
for high volume, high speed automatic testing. 

1. Ensure that the part is adequately decoupled at the 
test head. Large changes in Vee current as the de­
vice 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 output transition, ground cur­
rent may change by as much as 400 mA in 5-8 ns. 
Inductance in the ground cable may allow the ground 
pin at the device to rise by hundreds of millivolts mo­
mentarily. 

4. Use extreme care in defining point 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 V1L or V1H until the noise has 
settled. AMO recommends using V1L s 0 V and 
V1H ~ 3.0 V for AC tests. 

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

6. Capacitive Loading for AC Testing 

Automatic testers and their associated hardware 
have stray capacitance that varies from one type of 
tester to another but is generally around 50 pF. This, 
of course, makes it impossible to make direct meas­
urements of parameters which call for smaller ca­
pacitive load than the associated stray capacitance. 
Typical examples of this are the so-called '11oat de­
lays," which measure the propagation delays into the 

high-impedance state and are usually specified at a 
load capacitance of 5.0 pF. In these cases, the test is 
performed at the higher load capacitance (typically 
50 pF), and engineering correlations based on data 
taken with a bench setup are used to predict the re­
sult at the lower capacitance. 

7. Threshold Testing 

The noise associated with automatic testing (due to 
the long, inductive cables) and the high gain of the 
tested device when in the vicinity of the actual device 
threshold, frequently give rise to oscillations when 
testing high-speed circuits. These oscillations are 
not indicative of a reject device but instead of an 
overtaxed test system. To minimize this problem, 
thresholds are tested at least once for each input pin. 
Thereafter, "hard" high and low levels are used for 
other tests. Generally this means that function and 
AC testing are performed at "hard" input levels rather 
than at V1L Max. and V1H Min. 

8. AC Testing 

Occasionally, parameters are specified that cannot 
be measured directly on automatic testers because ~ 
of tester limitations. Data input hold times often fall ~ 
into this category. In these cases, the parameter in 
question is guaranteed by correlating these tests 
with other AC tests that have been performed. These 
correlations are arrived at by the cognizant engineer 
by using precise bench measurements in conjunc-
tion with the knowledge that certain DC parameters 
have already been measured and are within spec. 

In some cases, certain AC tests are redundant, since 
they can be shown to be predicted by some other 
tests which have already been performed. In these 
cases, the redundant tests are not performed. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS 

_) 
Driven Input 

Thermal lnpedance Values (0JA), Typical 

28-Pin Plastic SKINNYDIP (PD3028) 

10135-0SOA 

28-Pin Windowed Ceramic SKINNYDIP (CDE028) 
28-Pin Plastic Leaded Chip Carrier (PL 028) 
28-Pin Windowed Ceramic Leadless Chip Carrier (CL V028) 
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50°C/W 
40°C/W 
55°C/W 
55°C/W 

--~ 

Output 

10135-051A 



- ~ 
Am2971A 
Enhanced Programmable Event Generator (PEG)™ 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• Generates arbitrarily defined output 

sequences on 12 parallel outputs 

• Timing resolution down to 10 ns 

• Internal frequency-multlplylng Phase-Locked 
Loop (PLL) 

GENERAL DESCRIPTION 
The PEG is a versatile source of 12 simultaneous timing 
sequences. It can act as a digital substitute for multiple 
tapped delay lines or as a general-purpose user-pro­
grammable waveform generator. 

Timing is derived from an external TTL source or a 
chip crystal oscillator, combined with an on- · 

BLOCK DIAGRAM 

Ao 

A1--­

A2---

TRIG---
Control 
Logic 

(2 Fuses) 
STOP 

FLTR -----. START/STOP 

CLKIX 1 ---

X2-----1 

Clock 
Control 

(5 Fuses) ...._ __ __. 
CLKOUT ---------' 

CLOCK 

PAL Is a registered trademark of Advanced Micro Devic.es, Inc.; 
PEG and AmPEGASUS are trademarks of Advanced Micro Devices, inc. 

• Crystal-controlled on-chip oscillator 

• Programmable trigger polarity and STOP 
function 

ing PLL and clock di­
ming resolution, down to 

frequency sources of 10 
uses platinum-silicide fuse tech­

ogrammed similar to any other AMO 

05280-001A 

Publication # 05280 Rev. E Amendment JO 

Issue Date: January 1990 
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CONNECTION DIAGRAMS 

DIP LCC* 

0 0 (.) ., (.) .... 
PLLGND PLL Vee 

z z 9 .y ~ :> 
a: Cl Cl 

~ .... ::l ::l j 12 (.) (.) !::; .... j a: .... 
FLTR TRIG z z u. 0.. 0.. 0.. 0.. 0.. ... (.) 

X2 eLKOUT 
NC NC 

eLK/X 1 T11 
X2 NC 

A2 T10 CLKIX1 T11 

A 1 T9 A2 T10 

Ao Ta A1 Tg 

To T7 
NC NC 

Ao Ta 
T1 Ts 

To T7 

T2 TS 
T1 Ts 

T3 T4 NC NC 

TTLGND TTL Vee NC NC 

(.) (.) "' ., 0 0 (.) (.) 
.:!' 1-1.0 

(.) z z ... ... z z .y (.) 
Cl Cl > z 

05280-002A i= .... .... 
~ 05280-003A 

I= ... ... ... 
• Top View, JEDEC type-C package (NC = No Connection) 

LOGIC SYMBOL 

Ao-2 T 0-11 

eLKOUT 

TRIG 

FLTR 

Approximate Gate Count: 1 00 Die Size: 0.173" x 0.257" 
05280-004A 

THERMAL CHARACTERISTICS 

24-pln 44-pin 
Ceramic Ceramic 

DIP LCC Unit 

BJc Max. 11 15 °C/W 

9JA Max. 49 75 °C/W 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

AM2971 A D 

b. Speed Option (If applicable) 
c. Package Type 
d. Temperature Range 
e. Optional Processing 

c 

T e. OPTIONAL PROCESSING 
Blank = Standard processing 

d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 

c. PACKAGE TYPE 
D = 24-Pin Ceramic DIP (CD 024) 
L = 44-Pin Square Ceramic Lsadless 

Chip Carrier (CL 044) 
X =Dies 

b. SPEED OPTION 
A = 100 MHz 

'------- a. DEVICE NUMBER/DESCRIPTION 
Am2971A 
Enhanced Programmable Event Generator 

Valid Combinations 

AM2971A l DC, LC, XC 

Am2971A 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations, to check on newly re­
leased combinations, and to obtain additional 
data on AMD's standard military grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. 
APL (Approved Products List) products are fully compliant wtth MIL-STD-883C requirements. The order number 
(Valid Combination} is formed by a combination of: a. Device Number 

b. Speed Option {if applicable) 
c. Package Type 
d. Temperature Range 
e. Optional Processfng 

AM2971 A /B J A 

3-136 

c e. LEAD FINISH 
A = Hot Solder Dip 

d. PACKAGE TYPE 

~---- a. DEVICE NUMBER/DESCRIPTION 
Am2971A 

J = 24-Pin Ceramic DIP (CD 024) 
U = 44-Pin Square Ceramic Leadless Chip 

Carrier (CL 044) 

c. DEVICE CLASS 
18 =Class B 

b. SPEED OPTION 
A= 100 MHz 

Enhanced Programmable Event Generator 

Valid Combinations 

AM2971 A I /BJA, /BUA 

Am2971A 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re­
leased combinations. 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 



PIN DESCRIPTION 
AirA2 
Addresses (Inputs) 

These three bits access the Start Address Generator 
which contains eight user-programmed start locations. 
Each cycle starts at the location pointed to by the Start 
Address Generator word selected by the Ac-A2 inputs. 
In the Program Mode, these inputs are unused and may 
be allowed to float. 

CLK/X, and X2 
Clock/Crystal (Input/Output) 

A TTL-level clock may be applied to the CLKIX1 input, 
with the X2 output left floating, or an AT-cut parallel reso­
nant crystal may be connected between these two pins. 

CLKOUT 
Output Clock (Output) 

CLKOUT is a clock output pin which may be used for 
system reference. The output frequency for CLKOUT 
(fo) is fuse-programmable to be either 0.5, 1, or 2 times 
the input frequency. This output is not valid in the By­
pass Mode. In the Program Mode a high-voltage pulse is 
applied to CLKOUT to blow selected fuses. 

FLTR 
Fiiter 

This pin is used to connect a 0.47-µF filter capacitor be­
tween the Phase-Locked Loop and ground when an ex­
ternal crystal is used or the PLL is selected. When clock­
ing the PEG with an external TTL source greater than 1 O 
MHz in the Bypass Mode, this pin should be tied LOW. 

FUNCTIONAL DESCRIPTION 
The leading edge of the trigger pulse (polarity is fuse­
programmable) causes the continuously running inter­
nal clock to step through the on-chip PROM addresses, 
starting at one of eight fuse-programmed locations se­
lected by the ~2 inputs. 

Each addressed PROM location generates a fuse-pro­
grammed 12-bit pattern on the T 0-11 outputs, and inter­
nally generates the fuse-programmable next PROM ad­
dress as well as a fuse-programmable STOP bit, if de­
sired. Since there is no program counter, there is an al­
most infinite number of ways of programming the PEG 
for any desired output pattern. The user will most likely 
choose an ascending address sequence, but this is only 
one of many arbitrary choices. 

The address sequence can loop but cannot execute 
conditional jumps. 

The sequence of operations stops either as a result of 
the trailing edge of the trigger pulse (if so enabled by a 
fuse) or by the programmable STOP bit. A new se­
quence can only be started after the previous sequence 
has stopped. 

The internal clock frequency, fc (see Operational De­
scription for an explanation of all internal and external 

See Figure 8 for proper device decoupling with the PLL 
Bypassed. 

To-T11 
Timing Outputs (Outputs; Active HIGH) 
These are the twelve timing outputs which follow a user­
programmed timing pattern. They are registered for 
glitch-free operation. In the Program and Verify Modes, 
T o-T10 function as address inputs to access each indi­
vidual fuse. To-Ts serve as Row Address inputs, and 
T6-T10 serve as Column Address inputs (see Table 6). 
After power-up, these outputs are all LOW. T11 functions 
as data input in the Program Mode and as data output in 
the Verify Mode. 

TRIG 
Trigger (Input) 
The timing cycle of the PEG can be started by either the 
rising or falling edge of the start (TRIG) pulse; the polar­
ity is defined as a fuse option (fuse #621) in the TRIG­
GER POLARITY block. The trailing edge of the start 
(TRIG) pulse stops the timing sequence if the STOP 
TRIG fuse (fuse #622) is left unprogrammed (0). 

POWER, GROUND El 
TTUPLL Power Pair 
There are two sets of Vee and ground pins. One power 
pair is used by the PLL (Phase-Locked Loop) and the in­
ternal ECL circuitry. The other power pair is used by the 
remainder of the chip (TTL). Surface-mount packages 
have additional supply connections. All power and 
grounds must be connected regardless of mode of op­
eration. 

signal frequencies), is derived from and is proportional 
to the frequency on the X1 input, which is either an exter­
nal TTL signal or the resonant frequency of a crystal 
connected between X1 and X2. Controlled by program­
mable fuses, the frequency on X1 is either used directly 
or is first multiplied by a factor of 1.25, 2.5, 5, or 10 to 
generate the internal clock frequency. A clock output Is 
available; its frequency (fuse-programmable) is either 
half, double, or equal to the frequency on X1. This output 
is not valid in the Bypass Mode. 

Operational Description 

Frequency Definitions 
To avoid confusion, the definitions of the various fre­
quencies associated with the PEG are given below: 

11 = This is the user's Input Frequency into the 
CLK/X1 pin. 

fo = This is the PEG's Output Frequency at the 
CLKOUT pin. A CLKOUT signal is valid only 
when the PLL is used. 

le = This is the Internal Clock Frequency, which is 
gated into the event generator state machine. 
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When a timing sequence has been stopped, 
there is no fc. 

fA This is the Internal Altered Input Frequency, 
which is equivalent to fc in value. This fre­
quency is always generated, but it is not gated 
to the state machine (thus becoming fc) un­
less a sequence is started. 

f PLL = This is the Phase-Locked Loop Frequency 
(fix 5 orf1x10). 

TRIG-to-Output Delay 
Operation of the PEG is initiated by a transition (of pro­
grammed polarity) on the TRIG input. This transition 
starts a series of internal events which lead to the clock­
ing of the T o-T11 output registers and to programmed 
changes on these outputs. 

There are two possible conditions: 

If the TRIG transition is synchronous with the frequency 
on x, (i.e., x, is a TTL clock signal and TRIG is synchro­
nized with it), then the TRIG-to-output delay can be well­
controlled, but the designer must analyze the timing and 
programming relationship carefully, as described be­
low. 

In the more normal case where TRIG is asynchronous to 
the frequency on X1, the TRIG-to-output delay can be 
described very simply, but has an unavoidable uncer­
tainty of one internal clock period. 

Trigger Asynchronous 

Stan Delay 
The delay from the active trigger edge to the first possi­
ble change of output pattern on T o-T11 is the sum of: 

1) Propagation delays in the trigger circuit plus 
output driver, 

2) Up to one clock period of fA due to the asyn­
chronous relationship between TRIG and fA, 
and 

3) One clock period of fA (used internally to pre-
vent metastable operation). 

Stop Delay 

A timing sequence can be stopped either by the traHing 
edge of the start (TRIG) pulse (if so enabled by leaving 
fuse #622 unprogrammed) or by a programmed STOP 
bit in the Next Address/Event Generator fuse block. 

Thetiming sequence stops when it detects either or both 
of these conditions. If stopped by a programmed STOP 
bit, the outputs remain at the level that is programmed in 
the Bm!t address location as the STOP bit. If stopped 
from the TRIG input, there is a delay equivalent to the 
starting delay. 

Trigger Synchronous 

Detailed Analysis of the Stan and Stop Timing Se­
quences 
The operation of the TRIG function can best be de­
scribed by a synchronous state machine which uses fA 
as the clock. All transitions occur on the rising clock 
edge. Figure 1 is the state diagram, Figure 2 the equiva­
lent timing diagram. The state diagram uses the terms 
"active" and "inactive" edges of TRIG, since the actual 
polarity of TRIG is user-programmable. 

State A is the idle state, after a reset or after operation 
has stopped for more than two periods of fA. In state A, 
Select and fc are HIGH (i.e., the Next Address/Event 
Generator PROM is addressed from the Start Address 
Generator PROM), but the output registers are not 
clocked; they retain their previous value. 

When TRIG goes active, the next rising edge Off A forces 
the state machine into state 8 and causes fc to be equal 
to fA. The output registers are still not clocked. 

The next rising edge of fA forces the state machine into 
state C, clocks the output from the Next Address/Event 
Generator PROM into the output register and forces Se­
lect LOW. Subsequent cycles use the registered "next 
address" output as an address to the Next Address/ 
Event Generator PROM. State C lasts until a STOP con­
dition is encountered. 

When a STOP condition is encountered, the next rising 
edge of fc forces th~ state machine into state D. If TRIG 
goes active while the state machine is in state D, the 
next rising edge of fA will cause it to go to state 8; other­
wise it will go to state A. 

The shortest possible sequence is A-8-C-D-A, staying 
one fA period in states 8, C, D. 

The fastest possible retrigger goes C-D-8-C, staying 
one fA period in states D and 8, at frequencies below 
50 MHz. At frequencies greater than 50 MHz, the PEG 
will stay two clock periods in state D. 
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START 

TRIG 
inactive 

STOP 
inactive 

05280-00SA 

Figure 1. State Machine Diagram 

Start And Stop Timing Synchronous 
Withf1 
The following paragraphs describe in detail the timing 
relationship and requirements between TRIG and the 
output changes on T o-T,,, provided that TRIG is syn­
chronous with 11. 

Bypass Mode (fc = f1) 

TRIG must change from inactive to active for a specified 
setup time before the rising edge on X1 and must stay 
active at least until 5 ns after the next subsequent rising 
edge on X1. If the inactive-going edge of TRIG is pro­
grammed as a STOP condition, the shortest legitimate 
TRIG pulse will cause the state machine to cycle from 
state A to B to C to D, clocking the output register twice 
(first with the code accessed by the start address, then 
with the code accessed by the "next address" bits). If 
TRIG lasts additional X1 clock periods, the state ma­
chine will spend this additional time in state C and the 
PEG will step through more codes. 

PLL x5 or x10 Mode 

When the f PLL output is used as IA, either 5 or 10 internal 

CLK/X1 ____ _, 

STATE A B 

T 0-11 PREVIOUS 

CLKIX1 

TRIG t 
t t t t t 

tc~~ 
STATE 

To-11 PREVIOUS I START I NEXT I LAST 

05280-006A 

Figure 2. State Machine Timing (Bypass Mode) 

clock cycles occur for every ft clock cycle. Since IA is 
phase-synchronized to the rising edge of X1, the timing 
analysis is very similar to the previous one, with IA sub­
stituted for periods on X1. The setup times associated 
with ft also apply to fA, since IA is in phase with ft. If the 
TRIG setup time with respect to X1 exceeds one f PLL pe­
riod, then the state machine may trigger on the earlier 
internal clock. Because of the spread of guaranteed de­
vice parameters, an uncertainty is introduced. Thus, us­
ing the "STOP-from-TRIG" feature to generate a prede­
termined number of output sequences could result in an 
incorrect number of transitions (either more or less). 

+2 or+4 Mode 

In this mode the rising transitions of fA are no longer 
uniquely related to the rising transitions of ft orf PLL, since 
the +2 counter can be in either of two starting states and 
the +4 counter can be in any one of four possible starting 
states. 

The START and STOP sequences, therefore, have an 
additional unpredictable delay of either a 0 or 1 /2 period 
of IA (if +2 is chosen), or either a O, 1/4, 1/2, or 3/4 period 
of IA (if +4 if chosen). 

c c D 

START I NEXT LAST 

Figure 3. PLL Mode 05280-00?A 
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A Two possible <'2 Counter 
outputs. One will be used 
as the internal Clock (fA), 

B resulting in an unpredictable 
extra delay of 0 or 112 I A 
periods. 

Figure 4. +2 Mode 05280-00BA 

A 
Four possible +4 Counter ··:F ---~ 
as the Internal Clock (IA), 
resulting in an unpredictable 

: ~ 
B outputs. One will be used 

: delay of 0, 1/4, 112, or 3/4 fA periods. 

Extra Delay 

Figure 5. +4 Mode 05280-009A 

Output Skew and Jitter 
The twelve timing waveform outputs (T o-T11) are syn­
chronized internally in an output register in order to mini­
mize output skew. 

The guaranteed maximum value for the remaining skew 
is specified by parameters 6-1 O in the Switching Char­
acteristics Table (depending upon the PEG version 
used and the number and type of transitions). 

See Switching Characteristics for tighter skew specifi­
cations of certain outputs. More closely matched out­
puts should be used for more critical timing. 

Any oscillator, and especially a Phase-Locked Loop, ex­
hibits a certain amount of jitter - random phase modu­
lation of the internal clock. Such jitter affects all outputs 
together (synchronously). 

Jitter is typically less than ±1.0 ns for the ceramic DIP 
and Flatpack, and less than ±0.5 ns for the LCC pack­
age. 

Output Event Resolution 
Each of the twelve timing waveform outputs (To-T11) 
can be programmed to change on any rising edge of the 
internal clock frequency (fc), with the following restric­
tions: 

The Am2971A has a maximum operating frequency of 
100 MHz with a TTL source, all outputs in use. An output 
resolution of 10 ns for transitions of the same output or 
between transitions of different outputs is obtainable 
when a maximum of nine outputs (any nine) are 
switched simultaneously. If more than nine outputs are 
used, resolution within the same output is 20 ns, and 10 
ns between outputs. If a crystal is used to clock the 
Am2971 A, all outputs may be used, but only six outputs 
(any six) can be programmed to switch simultaneously. 
The output resolution with six outputs switching can be 
10 ns within or between outputs. At internal frequencies 
less than85 MHz, there are no programming restrictions 
(all outputs can switch simultaneously). 
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Table 1. Output Resolution 
(Between Successive Transitions of the Same Output) 

Number of outputs switching 
simultaneously 

12, 11, 10 9,8, 7 6,5,4,3,2, 1 

TTL Clock Source 
PLL 

20 ns 10 ns 10 ns 
Bypass 

Crystal Clock Source Not Allowed Not Allowed 10 ns 

Oscillator 

The Am2971A contains an inverting linear amplifier 
which can be used as a crystal oscillator. Various types 
of crystals are available, and the manufacturers· litera­
ture should be consulted to determine the appropriate 
type. 

Crystal frequency varies with load capacitance. It is 
therefore important to match the load specified by the 
crystal manufacturer for a standard crystal (usually 32 
pF), or to specify the load when ordering a special crys­
tal. 

The circuit of a typical 1st-harmonic oscillator is shown 
in Figure 6. The crystal load is comprised of the two 
68-pF capacitors effectively in series. This 34 pF ap­
proximates the standard 32-pF crystal load. If a closer 
match is required, one of the capacitors should be re­
placed with a parallel combination of a fixed capacitor 
and a trimmer. 

A typical crystal specification for use in this circuit is: 

Frequency Range: 2-20 MHz 
Resonance: AT, Parallel Resonant Mode 
Load: 32 pF 
Stability: to match system requirements 

In order to eliminate stray pick-up, it is good practice to 
ground the case of the crystal and to keep all connec­
tions as short as possible. 

At fundamental frequencies below 6 MHz, the crystal 
might accidently operate in 3rd-harmonic mode. To pre­
vent this, a resistor should be added in series with the X2 

pin as shown in the circuit diagram (Figure 6). 

The resistor value should equal the impedance of C: 

1 2342 o Example: R = 390 o 
R = XC = 21tf*C = f(MHz) for 6 MHz 

Design Considerations 

1) 

2) 

3) 

Oscillator external connections must be less 
than 1" long-wirewrap is not recommended. 

Vee and GND connections to power plane 
should be less than 1/2" long. 

Effective supply decoupling over a broad fre­
quency range is mandatory (Reference Figures 
7 and 8). 

05280-010A 

Figure 6. Am2971A Crystal Oscillator Circuit 
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1000 pF 

1 µF 
05280-011A 

Figure 7. Am2971A Recommended Layout and 
Decoupling (Crystal Input) 

Bypass Mode Decoupling 

When using the PEG with a direct TTL source above 
10 MHz with the PLL bypassed, the decoupling shown in 
Figure 8 is mandatory. 

The decoupling of the FL TR (filter) pin is necessary at 
frequencies higherthan 10 MHz because the PLL will at­
tempt to lock onto the incoming clock signal at CLK/X1. 
This can cause anomalies in device operation and in­
crease device jitter. Grounding the FL TR pin will isolate 
the PLL from the incoming clock and permit proper op­
eration of the PEG. 
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1 µF 
~----1 

PLL Vee 

1000 pF 

1 µF 
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Figure 8. PEG Decoupling With PLL Bypassed 



PEG SUPPORT 
Am PEGASUS 

AMD's PEG Adaptor Socket and Universal Software 
(Am-PEGASUS) is a passive programmer adaptor 
socket made for use in conjunction with Data 1/0 Corpo­
ration's Model 29/29A/29B Universal Programmer 
equipped with a UniPak 2/2A/2B adaptor. This passive 
unit makes use of the generic 2K x 8 PROM socket by 
reassigning the PROM configuration into a PEG pin 
configuration and programming algorithm. The socket 
draws its power from the Model 29 and contains protec­
tive circuitry to provide additional safeguards for the 
UniPak. Additional information can be obtained from the 
AmPEGASUS User's Manual, PIO# 09241 A. 

AmPEGPDS 

AMD's PEG Programming Development Software (Am­
PEGPDS) is a software tool designed to aid the user in 
creating fuse map in the JEDEC standard for program­
ming a PEG device. The main purpose of the software is 
to create and translate the input specification into a for­
mat that can be accepted by the programmer. The input 
specification is created by the designer using Am­
PEGPDS as an editor. AmPEGPDS is available on a 

standard 5-1 /4" floppy disk, included in both of the PEG 
Application Kits described as follows. 

PEG Appllcatlon Kits 
The PEG Starter Kit includes: 

Am2971A PEG Data Sheet 
AmPEGPDS 
AmPEGPDS Software User's Manual 
Two PEG Unprogrammed Samples 

Applications Articles 
Am2971 A Product Description 

The PEG Starter Kit is available free of charge from any 
AMO Sales Representative. 

The PEG Design Kit includes the PEG Starter Kit plus: 

AmPEGASUS Programming Adaptor Socket 
(customer to specify DIP or LCC) 

AmPEGASUS Translation Software 
AmPEGASUS User's Manual 

Consult your AMO Sales Representative for pricing in­
formation on the PEG Design Kit. 
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ECL/PGA Data Sheets 

ECL PAL Devices 
20EG8 PAL 1 OH20EG8-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3 

PAL10020EG8-6 ............................................................ 4-3 

20EV8 PAL10H20EV8-6 ........................................................... 4-17 
PAL10020EV8-6 ........................................................... 4-17 

Programmable Gate Array (PGA) 
Am2000 Am2064 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-31 
Serles Am2018 .................................................................. 4-31 
(condensed) 

Am3000 Am3020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-43 
Serles Am3030 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-43 
(condensed) Am3042 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-43 
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-PAL 1OH20EG8-6/PAL10020EG8-6 
ECL Latched Programmable Array Logic 

. Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• High-performance; tpo = 6 ns 
• Eight user-Programmable output logic macrocells for 

latched or combinatorial operation 
• A registered version of the device is available as 

PAL10H20EV8 or PAL10020EV8 (see AMO Publication 
No. 08176) 

• Up to twenty inputs and eight outputs 
• Individually user-programmable output polarity 
• Varied product-term distribution for increased design 

flexibility 
• Individual product term for output enable 
• Asynchronous-RESET and PRESET capability 

• Power-up RESET capability 
• PRELOAD for improved testability 
• Special designed-in test features for factory AC and DC 

testing 
• Proven fuses ensure high programming yield, fast pro-

gramming and unsurpassed reliability 
• 1OKH/1 OOK ECL options 
• 50-ohm drive with wired-OR capability 
• 24-pin 300-mil SKINNYDIP® and 28-pin chip carrier 

packages 
• Supported by PALASM® software 

GENERAL DESCRIPTION 

The PAL 10H20EG8/PAL 10020EG8 is an advanced bipolar 
ECL Programmable Array Logic (PAL®> device. It uses the 
familiar sum-of-products (AND-OR) single array logic struc­
ture, allowing users to program custom logic functions. 
Fabricated with AMO' s new advanced bipolar oxide-isolation 
process technology, and utilizing the innovative archttectural 
features of the PAL22V10, the PAL10H20EGB/ 
PAL10020EG8 represents the most advanced ECL PAL 
device available on the market today. 

The PAL 10H20EG8/PAL 10020EG8 contains up to twenty 
inputs and eight outputs. It incorporates AMO' s unique outpu1 
logic macrocell (as in the PAL22V10), which allows the user 
to define and program the archttecture of each output on an 
individual basis. Each output is user-programmable for etther 
latched or combinatorial operation. Each output also has 
user-PrQgrammable output-polarity control, further simplifying 
the design. The flexibility of the programmable output logic 

macrocells permits the system designer to tailor the device 
to particular application requirements. 

Increased logic power has been built into the PAL 10H20EG8 
/PAL 10020EGB by providing a varied number of logical 
product terms per output. Four outputs have twelve logical 
product terms each, and the other four have eight logical 
product terms each. This varied allocation of logical product 
terms allows complex functions to be implemented in a 
single ECL PAL device. Each ou1pU1 also has a separate 
output-enable product term. 

System operation has been enhanced by the addition of 
asynchronous-PRESET and RESET product terms for the 
PAL10H20EGB/PAL10020EG8. These product terms are 
common to all latched ou1puts. 

The PAL10H20EG8/PAL10020EG8 incorporates power-up 
RESET on all latched outputs. It also has the ability to 
PRELOAD latches to any desired state during testing. 
PRELOAD permtts full logical verification during testing. 

BLOCK DIAGRAM 

ill12 

80011871 

PAL. PALASM, and SKINNYDIP ll8 reglstera:f lrademal'ka of Advanced Mlcto Devtces. Inc. 
This pwt Is CIOV8Ald by various US and Foreign -·owned by Advanced Micro DevicM. 

Publication # 08545 Rev. C Amendmenl/O 

Issue Data: January 1990 
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CONNECTION DIAGRAMS 
Top View 

SKINNYDIP PLCC 

~ 
0 8 ~ 

•1 Vee .a .!" .: z > -
•2 111 

Wl12 110 
l/01 llOa 25 

l/01 VO a 
ll02 ll07 

l/02 24 ll07 

Vco1 VC02 Vco1 23 VC02 

ll03 l/06 NC 22 NC 

l/04 ll05 ll03 21 l/06 

13 19 ll04 20 ll05 

14 •a 13 19 lg 

15 17 

Vee •s _ ... 
-"' ltl ~ -"' ..!:- -"' > 08545C-002A 

CD011850 
CD011860 

Note: Pin 1 is marked for orientation. 

PIN DESCRIPTION 

11-111 Dedicated Input Pins (11) Yee Circuit Ground 

1101-1/0a Bidirectional Input/Output Pins (8) 
Veo1, Veo2 Circuit Ground Pins for Outputs (2) 

G/112 Gate or Input Pin 

NC No Connect VEE Negative Supply Voltage 
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ORDERING INFORMATION 

PAL Products 

AMO PAL products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Family Type 

a. FAMILY TYPE--­

b. Technology 
c. Number of Array Inputs 
d. Output Type 
e. Number of Outputs 
f. Speed 
g. Package Type 
h. Operating Conditions 
I. Optional Processing 

PAL = Programmable Array Logic 

b. TECHNOLOGY--------~ 
10H =EGL 10KH 
100 =EGL 100K 

c. NUMBER OF ARRAY INPUTS-----~ 

d. OUTPUT TYPE--------------' 
EG = EGL Latched 

e. NUMBER OF OUTPUTS------------~ 

f. SPEED 
-6=6nstpo 

Valid Combinations 

PAL1 OH20EG8·6 j 
PAL10020EG8·6 } PC, DC, JC 

L~,~~~ 
Blank = Standard Processing 

'----h. OPERATING CONDITIONS 
C = Commercial 

(EGL , OKH = 0 to + 75•c, 
ECL 100K = 0 to + ss·q 

'------g. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic SKINNYOIP 
0 = 24-Pin (300-Mil) Ceramic SKINNYDI P 
J = 28-Pin Plastic Leaded Chip Carrier 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMO's standard military grade 
products. 

Note: marked with AMD logo 
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FUNCTIONAL DESCRIPTION 

The PAL 10H20EG8/PAL 10020EG8 is an advanced bipolar 
ECL PAL device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 

The block diagram in Figure 1 illustrates the basic architecture 
of the PAL 10H20EG8/PAL 10020EG8. There are up to twenty 
external inputs and eight outputs. The inputs are connected to 
a programmable-AND array. Initially, the AND gates are 
connected, via fuses, to both the true and complement of 
every input. By selective programming of the fuses, the AND 

<i112 

gates may be "connected" to only the true inputs, the 
complement inputs, or to neither type of input. When both the 
true and complement fuses are left intact, a logical-FALSE 
results at the output of the AND gate. An AND gate with all the 
fuses programmed will assume the logical-TRUE state. The 
outputs of the AND gates are connected to fixed-OR gates. 

There are an average of ten product terms per OR gate 
(output), distributed in a varied fashion. Four outputs have 
eight product terms each while the other four have twelve 
product terms each. This varied distribution of product terms 
allows more complex logic functions to be implemented. 

Programmable AND Array 
(40x 90) 

80011871 
Figure 1. Block Diagram 

Output Logic Macrocells 

A useful feature of the PAL 10H20EG8/PAL 10020EG8 is its 
versatile programmable output logic macrocell. It allows the 
user to program the outputs on an individual basis in a very 
flexible manner. 

The PAL 10H20EG8/PAL 10020EG8 output logic macrocell 
incorporates a latch that is transparent when G is LOW. As 
shown in the output logic macrocell diagram, each macrocell 

I/On 

LS003440 

contains two programmable fuses (So and S1) for program­
ming the output functions. S1 controls whether the output will 
be latched or combinatorial. So controls the output polarity 
(active-HIGH or active-LOW). Depending on the states of 
these two fuses, an individual output operates in one of four 
modes: Latched/ Active-LOW, Latched/ Active-HIGH, Combi­
natorial/Active-LOW, and Combinatorial/ Active-HIGH. Each 
output is also provided with a separate output enable product 
term. 

Enable Active-HIGH 
term G D Output 

L x x L (disable) 
H L L L (transparent) 
H L H H (transparent) 
H H x Q (latch) 

Figure 2. PAL 10H20EG8/PAL 10020EG8 Output Logic Macrocell 
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08545-020A 

LS003380 
LS003450 

Figure 3-1. Latched/ Active-LOW Figure 3-3. Combinatorial/ Active-LOW 

08545C·005A O&M5C-007A 

LS003370 LD001530 

Figure 3-2. Latched/ Active-HIGH Figure 3-4. Combinatorial/ Active-HIGH 

81 So Output Configuration 

0 0 Latched/ Active-LOW 

0 1 Latched/ Active-HIGH 

1 0 Combinatorial/ Active-LOW 

1 1 Combinatorial/ Active-HIGH 

Feedback 

0 = Unprogrammed Fuse 
1 = Programmed Fuse 

Another feature of the PAL 1OH20EG8/PAL10020EG8 output 
macrocell structure is the flexibility of its feedback selection. 
The feedback can be from either the 110 line or the latched 
output. The feedback multiplexer is also controlled by the S1 
fuse. The feedback path changes with the output-mode 
selection. If the output is selected to be latched, the feedback 
is latched. If the output is combinatorial, the feedback is from 
the 1/0 line. This feature enables the designer to optimally use 
the device to meet precise application requirements. Addition­
ally, it allows the device to perform control tasks, such as 
arbitration functions, easily. 

Output Enable 

Each of the eight output logic macrocells of the 
PAL10H20EG8/PAL 10020EG8 contains a dedicated product 
term for the output-enable function. When this product term is 
asserted LOW, the output is forced into a LOW state, where it 
remains until the output-enable product term goes HIGH. 

PRESET and RESET 

To improve in-system functionality, the PAL 10H20EG8/ 
PAL 10020EG8 has additional PRESET and RESET product 
terms. Common asynchronous RESET and PRESET are 
provided for all the latches of the PAL1 OH20EG8/ 
PAL10020EG8. When the asynchronous PRESET product 

term is asserted HIGH the output latches are loaded with a 
HIGH and when the RESET product term is asserted HIGH the 
output latches are loaded with a LOW. For the RESET I 
PRESET to work the latches should be in latched and not 
transparent mode. These functions are particularly useful for 
system power-on and reset. The latches automatically reset at 
power-up. 

PRELOAD 

To simplify testing, the PAL1OH20EGB/PAL10020EG8 is de­
signed with PRELOAD.circuitry that provides an easy method 
for testing logic functionality. PRELOAD allows any arbitrary 
values to be loaded into the PAL device's output latches. 

A typical functional-test sequence would be to verify all 
possible outputs for the device being tested. To verify these 
transitions requires the ability to set the latches to an arbitrary 
"present state" value and to set the device inputs to any 
arbitrary "present input" value. Once this is done, the latch 
enable is driven transparent to allow logic to determine the 
"new state" of the outputs. These outputs can then be 
checked to validate the design. 

Without PRELOAD capability, it is difficult and in some cases 
impossible to load an arbitrary value into the latches. This can 
lead to logic verification sequences which are either incom­
plete or excessively long. With PRELOAD capability, logic 
verification sequences can be greatly shortened, reducing the 
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test time and the development costs, and guaranteeing proper 
in-system operation. 

Security Fuse 

A security fuse is provided on each PAL 10H20EG8/ 
PAL 10020EG8 to protect proprietary logic designs. It is 
programmed at the same time the array is programmed. The 
security fuse disables the pattern verification circuitry, and is 
verified by verifying the whole fuse array as if every fuse were 
programmed. The security fuse also disables preload. 

Fabrication 

The PAL 10H20EG8/PAL10020EG8 is manufactured using 
Advanced Micro Devices' new oxide-isolation process. This 
advanced process offers increased density and reduced 
internal capacitance resulting in the fastest possible program­
mable logic devices. 

The PAL10H20EG8/PAL10020EG8 is fabricated with AMD's 
fast-programming and highly-reliable fuse technology. Utilizing 
an easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. 

Testing 

The PAL10H20EG8/PAL10020EG8 contains many internal 
test features, including circuitry and extra fuses which allow 
AMO to test each part before shipping. This ensures extremely 
high post-programming functional yields. The test fuses are 
programmed to assure the ability of each part to perform 
correct programming. There are extra test words which are 
preprogrammed during manufacturing and tested to ensure 
correct logic operation and parametric integrity. 

Using the PAL 10H20EG8/PAL 10020EG8 Device 
as a State Machine 

Latches can be used in the implementation of state machines, 
but care must be taken in their use. They cannot be treated as 
if they were registers, which are more common in the TTL PAL 
devices. Since a latch is a level-sensitive storage device, it is 
more difficult to control the sequencing of states. In theory, 
when the gate pin is lowered, the latch can assume a new 
state. After waiting for the state to stabilize and for the 
feedback signal to propagate, the new state can be latched. 
Latching the state delays any further state changes until the 
next time the gate signal G goes LOW. 

Latches Are Not Registers 

The danger in treating a latch just like a register is that a 
feedback race condition will be explicitly built into the circuit. 
Enough setup time must be allowed for latching new data, yet 
if too much delay is allowed, the transparent latch may actually 
change state twice before being latched. For example, a 
divide-by-two counter (Figure 4a) may oscillate until the gate 
pin is raised if too much setup time is provided. The final state 
will depend on how fast the output was oscillating (Figure 4b), 
and will be unpredictable. 

Use a Dual-Phase Clock 

The usual method of dealing with this problem is to use a dual­
phase clock, with two sets of latches. Implementation in the 
PAL10H20EG8/PAL10020EG8 would require a second de­
vice for the opposite phase. The logic must be partitioned 
such that all latches that are enabled on one phase of the 
clock feed only latches that are enabled on the opposite 
phase. This allows operation in a master-slave mode. The 
implementation can be made by providing one latch merely as 
a holding element, which can pass the data unchanged to 
another latch; this is essentially a master-slave register. In 
such a situation, two latches are needed for each state bit. 
The divide-by-two counter using a master and a slave is shown 
in Figure 4c. 

If the entire state machine can be partitioned into two groups 
of state bits such that group 1 states only feed group 2 states 
and vice versa, then it becomes possible to place logic 
between the master latch and the slave latch. At that point the 
terms "master" and "slave" lose significance; each latch may 
implement a state bit by itself. 

Greater System Speed And Efficiency 

This kind of arrangement can sometimes be used to obtain a 
greater overall system speed than would be possible using 

RISKY 

a. 

o~ 
Wondow is too large-output oscillates, 

final -· is unpradlc!able 

b. 

PREFERRED 

c. 

WF027070 

Figure 4. Using a Dual-Phase Clock 

registers instead of latches. Since a register is essentially 
made up of two latches, it can also provide for a more efficient 
design with latches. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ......................... -65°C to + 15o•c 
Supply Voltage (Vee) 

OPERATING RANGES 
Commercial (CJ Devices - 10KH Devices 

Ambient Temperature (T Al Operating 
with Respect to Ground ......................... -8 V to 0 V Air Flow 500 lfpm ........................... o•c to + 75°C 

DC Input Voltage Supply Voltage tveel .....•............. -5.46 v to -4.94 V 
with Respect to Ground ........................... Vee to o V 

Output Current 
Commercial (C) Devices - 1 OOK Devices 

Ambient Temperature (T Al Operating 
-Continuous ................................................. 35 mA 
-Surge ...................................................... 100 mA 

Air Flow 500 lfpm ..................•...•.... o•c to + 85°C 
Supply Voltage tveel ...................... -4.8 V to -4.2 V 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. Programming conditions may differ. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

DC CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 

PAL 10H20EG8 (10KH) Devices 

Parameter Parameter 
Symbols Description Test Conditions Min. Max. Unit 

TA= o•c -1020 -840 

VoH Output HIGH Voltage TA= +25'C -980 -810 mV 

Loading is TA•+ 75'C -920 -735 
V1N = V1H (Max.) or V1L (Min.) son to -2.0 v TA= o•c -1950 -1630 

VOL Output LOW Voltage TA• +25'C -1950 -1630 mV 

TA= +75'C -1950 -1600 

TA= O'C -1170 -840 

V1H Input HIGH Voltage 
Guaranteed Input HIGH Voltage 

TA=+25'C -1130 -810 mV 
(Note 3) 

TA= +75°C -1070 -735 

TA= o•c -1950 -1480 

V1L Input LOW Voltage 
Guaranteed Input LOW Vottage 

TA• +25'C -1950 -1480 mV 
(Note 3) 

TA• +75'C -1950 -1450 

TA -o·c 300 

l1H Input HIGH Current V1N • V1H (Max.) TA=+25°C 300 µA 

TA=+75°C 300 

TA= O'C 0.5 

l1L Input LOW Current V1N • V1L (Min.) TA= +25'C 0.5 µA 

TA= +75'C 0.3 

TA= o·c -260 

lee Power Supply Current All Inputs and Outputs Open TA= +25'C -260 mA 

TA= +75'C -280 

Notes: 1. Designed to meet specifications shown after thermal equiUbrium has been established. Guarenteed with transverse air flow exceeding 
500 linear feet per minute. 

4·10 

2. The relative values of the specttied condttions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
"Max." the value c~sest to positive infinity. 
"Min." the value closest to negative infinity. 

3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/ or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 
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DC CHARACTERISTICS over COMMERCIAL operating ranges (Cont'd.) (Notes 1, 2) 

PAL 10020EG8 (100K) Devices 

Parameter Parameter 
Symbols Description Test Conditions Min. Max. UnH 

Vee= -4.2 v -1025 -880 

VQH Output HIGH Voltage Vee= -4.5 v -1025 -880 mV 

Loading is Vee= -4.8 v -1035 -880 
V1N = V1H (Max.) or V1L (Min.) 50 n to -2.0 v Vee= -4.2 v -1810 -1605 

VoL Output LOW Voltage Vee= -4.5 v -1810 -1620 mV 

Vee= -4.8 v -1810 -1620 

Vee= -4.2 v -1150 -660 

V1H Input HIGH Voltage Guaranteed Input HIGH Voltage (Note 3) Vee= -4.5 v -1165 -880 mV 

Vee= -4.6 v -1165 -880 

Vee= -4.2 v -1810 -1475 

V1L Input LOW Voltage Guaranteed Input LOW Voltage (Note 3) Vee= -4.5 v -1810 -1475 mV 

Vee= -4.8 v -1810 -1490 

Vee· -4.2 v 300 

l1H Input HIGH Current V1N = V1H (Max.) Vee= -4.5 v 300 µA 

Vee· -4.8 v 300 

Vee= -4.2 v 0.5 

l1L Input LOW Current V1N = V1L (Min.) Vee - -4.5 v 0.5 µA 

Vee - -4.8 v 0.5 

Vee - -4.2 v -285 

IEE Power Supply Current All Inputs and Outputs Open Vee= -4.5 v -285 mA 

Vee= -4.8 v -285 

Notes: 1. Designed to meet specifications shown after thermal equilibrium has been established. Guaranteed with transverse air flow exoeeding 
500 linear feet per minute. 

2. The relative values of the specified conditions and limHs will be referenced to an algebraic scale. The extremities of the scale are: 
"Max." the value closest to positive infinity. 
"Min." the value ctosest to negative infinity. 

3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tpo Input or Feedback to Output 6 ns 

ts Input or Feedback Setup Time 4 ns 

tH Hold Time 0 ns 

IG Gate to Output or Feedback 4 ns 

tARilAP Asynchronous RESET /PRESET to Latched Output 8 ns 

tARWilAPW Asynchronous RESET /PRESET Width 6 ns 

tARRilAPR Asynchronous RESET /PRESET Recovery Time 6 ns 

IWL Gate Width LOW 3 ns 

tEA Input to Output Enable 7 ns 

leR Input to Output Disable 7 ns 

tRO Output Rise nme (20% -80%) 0.7 2.2 ns 

tFo Output Fall Time (60% - 20%) 0.7 2.2 ns 

1. Designed to meet specifications shown after thermal equilibrium has been established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 linear fpm is maintained. 

2. Test conditions: see Setup for Testing SwHching Characteristics. 
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Definitions of Switching Parameters 

tpo: 

ts: 

Signal propagation delay from an input or an 
110 pin through the array to a combinatorial 
ouput or a latched output while G is LOW. 

Time that input data must be valid before G 
goes HIGH in order to latch data. 

Time that input data must be valid after G 
goes HIGH in order to latch data. 

Delay between lowering G and data appearing 
at the output. 
Note: In order for a signal to appear at the 

output at a time IG after lowering G, the 
signal must be set up a time ts before 
G is lowered. If this amount of time is 
not allowed, then the output will change 
at a time tpo after the inputs were 
changed. The ts needed is illustrated in 
the waveforms. 

twL: The minimum gate LOW pulse width needed to 
latch new data. 

Delay from an input or 1/0 pin activating 
asynchronous reset or preset to data appearing 
at a latched output. 

IARWllApw: The minimum input or 110 pin pulse width 
needed to activate asynchronous reset or 
preset. 

IARRltAPR' Time that input or 1/0 pin must inactivate 
asynchronous reset or preset before G goes 
LOW in order to pass data. 

Delay between input or 110 pin activating 
enable term and data appearing at outputs. 

Delay between input or 1/0 pin deactivating 
enable term and outputs going LOW. 

Time taken for an output signal voltage to 
swing from 20% to 80% of the full logic 
swing. 
Time taken for an output signal voltage to 
swing from 80% to 20% of the full logic 
swing. 

I, l/O 

0 

ENABLE 
TERM 

0 

0 -41 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

MUST SE 
STEADY 

OUTPUTS 

WILL BE 

\\Th\ MAY CHANGE 
WILL BE 
CHANGING 

FROM H TO L FROMHTOL 

JJJlff MAY CHANGE 
WILL SE 
CHANGING FROMLTOH 
FROML TOH 

DON"T CARE. CHANGING FJl1 ANY CHANGE STATE 
PERMITTED 

Setup for Testing Switching Characteristics 

25 µF .I. 

Oscilloscope 

COAX 

COAX 

Pulse 
Generator 

10 

111 

1/00 

1/07 

vcc 

25µF .I. 

+2.0V 

VC01 

VEE 

UNKNOWN 

KS000012 

.I. 0.47µF 

Oscilloscope 

j~ 
VC02 

voo 

TPaut 

V07 

.I. 0.47 µF 
06176-015A 

Vee+2.0V 

Each oscilloscope channel input should have a 50 .Q termina­
tion to ground. Oscilloscope bandwidth should be a least 1 GHz. 

The pulse generator should be capable of providing 1.5 ns rise 
and fall times (20% to 80%). 

All input and output cables should be equal lengths of matched 
50 n coaxial cable. Wire lengths between input (or 110) pins 
and TPin or between output pins and TPout should be less than 
1I4 in. long. Stubs should be avoided if possible; unavoidable 
stubs should be less than 2 in. long. 

LS003460 

Used inputs that are not switching should be forced to V1L or 
V1H-

Outputs that are switching but not sensed should be terminated 
through 50 n to ground. 

Unused inputs and outputs may be left open. 

Note that all voltages are shifted by + 2.0 V with respect to 
normal ECL operating conditions in order to take advantage of 
the input terminations of the oscilloscope. 

Timing thresholds in this configuration are taken to be + 0. 7 V. 
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Input and Output Equivalent Schematics 

~J 
VEE VEE 

Input 

vcc 

SOkO 

VEE VEE 

Feedback Input 

VBB 

VEE 

SWITCHING TEST WAVEFORM 

INPUT PULSE 

·0.9V 

·1.7V i--i --- 20% 

1R...._ IF 

IA • IF m 2.2 ns Max. for 1 OKH 
IA= IF= 1.0 ns Max. for 100K 

Ol179C-019A 

TC004760 

06176C-014A 

WF023060 

PRELOAD OF LATCHED OUTPUTS necessary to perform the PRELOAD funciion are detailed 
below. 

The PAL10H20EG8/PAL10020EGB latched outputs are pro­
vided with circuitry to allow loading each latch to either a HIGH 
or LOW state. This simplifies testing since any state can be 
loaded into the latches to control outputs. The pin levels 

Parameter Parameter 
Symbol Deacrlptlon 

V1H 
Input HIGH Level During 
PRELOAD and Verily 

V1L 
Input LOW Level During 
PRELOAD and Verify 

Vpp Voltage Applied to Pins 1 1 and 
23 (DIP) 

PRELOAD is accessed by applying Vpp on pin 23. The data to 
be preloaded is set on the output pins. Bringing pin 23 back to 
a logic-LOW level latches the data into the output latches. 
During PRELOAD the outputs are disabled by a supervoltage 
on pin 11. 

Min. Typ. Max. Unit 

-1.1 -0.9 -0.7 v 

-1.85 -1.65 -1.45 v 

1.8 2.0 2.2 v 
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VIH 

Pin3 

Pin 11 

Pin23 

VOil 

Outputs VOl 

Disable Outputs 

Enable 
PRELOAD 

VIH 

v._ 

Apply Extemal 
Inputs to be 
PRELOADed 

Data PRELOADed Remove External 
and PRELOAD Inputs 

Disabled 

06178..()18A 

WF027121 

PRELOAD Timing Waveform 

POWER-UP RESET 

The latches in the PAL10H20EG8/PAL10020EG8 have been 
designed with the capability to RESET during system power­
up. Following power-up, all latches will be LOW. The output 
state will depend upon the state of the output buffer and the 
polarity fuse. This feature provides extra flexibility to the 
designer. A timing diagram and a parameter table are shown 
below. Due to the asynchronous operation of the power-up 

RESET and the wide range of ways Vee can fall to steady 
state, two conditions are required to insure a valid power-up 
RESET. These conditions are: 

1. The Vee fall must be monotonic. 

2. Following RESET, the gate pin must not be driven LOW 
until all applicable input and feedback setup times are 
met. 

1~·----tpR----~->I 
Latched 

Active-LOW ------------------~ ts~ Output Pin -

~ ~tWL 
0854SC-018A 

WF027130 

Parameter Parameter 
Symbol Description Min. Typ. Max. Unit 

tpR 
Power-Up 600 1000 ns 
RESET Time 

ts 
Input or Feedback 
Setup Time See Switching Characteristics 

twL Gate Width LOW 
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PAL 1OH20EV8-6/PAL10020EV8-6 Advanced 

Micro 
Devices ECL Registered Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

• High-performance; tpo = 6 ns, IMAX - 125 MHz 
• Eight user-programmable output logic macrocells for 

registered or combinatorial operation 
• A latched version of the device is available as 

PAL 1 OH20EG8 or PAL 10020EG8 (see AMO Publication 
No. 08545) 

• Up to twenty inputs and eight outputs 
• Individually user-programmable· output· polarity 
• Varied product-term distribution for increased design 

flexibility 
• Individual product term for output enable 
• Asynchronous-RESET and PRESET capability 

• Power-up RESET capability 
• PRELOAD for improved testability 
• Special designed-in test features for factory AC and DC 

testing 
• Proven fuses ensure high programming yield, fast pro-

gramming and unsurpassed reliability 
• 10KH/100K ECL options 
• 50-ohm drive with wired-OR capability 
• 24-pin 300-mil SKINNYDIP® and 28-pin plastic chip 

carrier package 
• Supported by PALASM® software 

GENERAL DESCRIPTION 

The PAL1OH20EV8/PAL10020EV8 is an advanced bipolar 
ECL Programmable Array Logic (PAL®> device. It uses the 
familiar sum-of-products (ANO-OR) single array logic struc­
ture, allowing users to program custom logic functions. 
Fabricated with AMD's new advanced bipolar oxide-isolation 
process technology, and utilizing the innovative architectural 
features of the PAL22V10, the PAL 1OH20EV8/PAL10020EV8 
represents the most advanced ECL PAL device available on 
the market today. 

The PAL10H20EV8/PAL 10020EV8 contains up to twenty 
inputs and eight outputs. It incorporates AMO's unique output 
logic macrocell (as in the PAL22V10), which allows the user to 
define and program the architecture of each output on an 
individual basis. Each output is user-programmable for either 
registered or combinatorial operation. Each output also has 
user-programmable output-polarity control, further simplifying 
the design. The flexibility of the programmable output logic 

macrocells permits the system designer to tailor the device to 
particular application requirements. 

Increased logic power has been built into the PAL 1 OH20EV8/ 
PAL 10020EV8 by providing a varied number of logical product 
terms per output. Four outputs have twelve logical product 
terms each, and the other four have eight logical product 
terms each. This varied allocation of logical product terms 
allows complex functions to be implemented in a single ECL 
PAL device. Each output also has a separate output-enable 
product term. 

System operation has been enhanced by the addition of 
asynchronous-PRESET and RESET product terms for the 
PAL 1OH20EV8/PAL10020EV8. These product terms are 
common to all registered outputs. 

The PAL 1OH20EV8/PAL10020EV8 incorporates power-up 
RESET on all registered outputs. It also has the ability to 
PRELOAD registers to any desired state during testing. 
PRELOAD permits full logical verification during testing. 

BLOCK DIAGRAM 

PAL. PALASM, and SKINNVOIP are registered tradematks of Advanced Micro Devices, Inc. 
This part is covered by various US and Foteign patents owned by Advanced Micro Devices. 

80007871 
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CLKA 12 

l/01 

V02 

Voo1 

V03 
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13 

14 

15 

VEE 

SKINNYDIP 

CONNECTION DIAGRAMS 
Top View 

PLCC 

~ 
~ (,) 8 _J -"" : Vee (,) z > 

111 

110 1101 
V0 8 

l/02 
1107 

Voo1 
VC02 

I/Os 
NC 

1105 1103 

19 llO 4 

•e 13 

17 12 13 14 15 16 

Is -· -"' tlJ (,) _co z > 
eD011400 

Note: Pin 1 is marked for orientation. 

PIN DESCRIPTION 

11-111 Dedicated Input Pins (11) 
1101 -I/Os Bidirectional Input/Output Pins (8) 

CLK/112 = Clock or Input Pin 
NC No Connect 

Vee Circuit Ground 
Veo1. Veo2 Circuit Ground Pins for Outputs (2) 

VEE Negative Supply Voltage 

PAL 1OH20EV8-6/PAL10020EV8·6 

~ -

25 I/Os 

24 V07 

23 VC02 

22 NC 

21 l/06 

ll05 

19 

17 18 

.!- -"' 
0011'9C-002A 

eD011410 



ORDERING INFORMATION 

PAL Products 

AMO PAL products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Family Type 

a. FAMILY TYPE--­

b. Technology 
c. Number of Array Inputs 
d. Output Type 
e. Number of Outputs 
f. Speed 
g. Package Type 
h. Operating Conditions 
I. Optional Processing 

PAL = Programmable Array Logic 

b.TECHNOLOGY--------~ 
1 OH = EGL 10KH 
100 =EGL 100K 

c. NUMBER OF ARRAY INPUTS------~ 

d. OUTPUT TYPE--------------~ 
EV = ECL Versatile Registered 

e. NUMBER OF OUTPUTS--------------

l, ~'~~ ·~"' 
Blank = Standard Processing 

~--- h. OPERATING CONDITIONS 
C = Commercial 

(EGL 1 OKH = 0 to + 75'C. 
EGL 100K = 0 to + 85'C) 

g. PACKAGE TYPE 

f.SPEEo----------------------

P = 24-Pin (300-Mil) Plastic SKINNYDIP 
D = 24-Pin (300-Mil) Ceramic SKINNYDIP 
J = 28-Pin Plastic Leaded Chip Carrier 

-6=6 ns tpo 

Valid Combinations 

PAL 1 OH20EV8-6 ] 
PAL10020EV8-6 ] PC. DC. JC 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMO's standard military grade 
products. 

Note: Marked with AMO logo. 
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FUNCTIONAL DESCRIPTION 

The PAL10H20EV8/PAL 10020EV8 is an advanced bipolar 
ECL PAL device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 

The block diagram in Figure 1 illustrates the basic architecture 
of the PAL10H20EV8/PAL10020EV8. There are up to twenty 
external inputs and eight outputs. The inputs are connected to 
a programmable-AND array. Initially, the AND gates are 
connected, via fuses, to both the true and complement of 
every input. By selective programming of the fuses, the AND 

gates may be "connected" to only the true inputs, the 
complement inputs, or to neither type of input. When both the 
true and complement fuses are left intact, a logical-FALSE 
results at the output of the AND gate. An AND gate with all the 
fuses programmed will assume the logical-TRUE state. The 
outputs of the AND gates are connected to fixed-OR gates. 

There are an average of ten product terms per OR gate 
(output), distributed in a varied fashion. Four outputs have 
eight product terms each while the other four have twelve 
product terms each. This varied distribution of product terms 
allows more complex logic functions to be implemented. 

Programmable ANO /vray 
(40x90) 

80007871 

Figure 1. Block Diagram 

Output Logic Macrocells 

A useful feature of the PAL10H20EV8/PAL 10020EV8 is its 
versatile programmable output logic macrocell. It allows the 
user to program the outputs on an individual basis in a very 
flexible manner. 

The PAL10H20EV8/PAL10020EV8 output logic macrocell 
incorporates an edge-triggered register. As shown in the 
output logic macrocell diagram, each macrocell contains two 

programmable fuses (So and s,) for programming the output 
functions. S, controls whether the output will be registered or 
combinatorial. So controls the output polarity (active-HIGH or 
active-LOW). Depending on the states of these two fuses, an 
individual output operates in one of four modes: Registered/ 
Active-LOW, Registered/ Active-HIGH, Combinatorial/ Active­
LOW, and Combinatorial/Active-HIGH. Each output is also 
provided with a separate output enable product term. 

VOn 

LD001650 

Figure 2. PAL 10H20EV8/PAL 10020EV8 Output Logic Macrocell 
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081 76C-004A 08176C-006A 

LD001550 LD001560 

Figure 3-1. Registered/Active-LOW Figure 3-3. Combinatorial/ Active-LOW 

06176C-005A 06176C-007A 

LD001590 LD001570 

Figure 3-2. Registered/ Active-HIGH Figure 3-4. Combinatorial/ Active-HIGH 

S1 So Output Configuration 

0 0 Registered/ Active-LOW 

0 1 Registered/ Active-HIGH 

1 0 Combinatorial/ Active-LOW 

1 1 Combinatorial/ Active-HIGH 

Feedback 

O = Unprogrammed Fuse 
1 = Programmed Fuse 

Another feature of the PAL10H20EV8/PAL10020EV8 output 
macrocell structure is the flexibility of its feedback selection. 
The feedback can be from either the 1/0 line or the registered 
output. The feedback multiplexer is also controlled by the S1 
fuse. The feedback path changes with the output-mode 
selection. If the output is selected to be registered, the 
feedback is registered. If the output is combinatorial, the 
feedback is from the 1/0 line. This feature enables the 
designer to optimally use the device to meet precise applica­
tion requirements. Additionally, it allows complex control state 
machines for particular design requirements. 

Output Enable 

Each of the eight output logic macrocells of the 
PAL 1OH20EV8/PAL10020EV8 contains a dedicated product 
term for the output-enable function. When this product term is 
asserted LOW, the output is forced into a LOW state where it 
remains until the output-enable product term goes HIGH. 

PRESET and RESET 

To improve in-system functionality, the PAL 10H20EV8/ 
PAL 10020EV8 has additional PRESET and RESET product 
terms. Common asynchronous RESET and PRESET are 
provided for all the registers of the PAL 1 OH20EV8/ 
PAL 10020EV8. When the asynchronous PRESET product 

term is asserted HIGH the output registers are loaded with a 
HIGH; when the RESET product term is asserted HIGH the 
output registers are loaded with a LOW, both independent of 
the clock. These functions are particularly useful for system 
power-on and reset. The registers automatically reset at 
power-up. 

PRE LOAD 

To simplify testing. the PAL 1OH20EV8/PAL10020EV8 is de­
signed with PRELOAD circuitry that provides an easy method 
for testing logic functionality. PRELOAD allows any arbitrary 
values to be loaded into the PAL device's output registers. 

A typical functional-test sequence would be to verify all 
possible outputs for the device being tested. To verify these 
transitions requires the ability to set the state registers to an 
arbitrary "present state" value and to set the device inputs to 
any arbitrary "present input" value. Once this is done, the 
state machine is then clocked into a "next state." The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 

Without PRELOAD capability, it is difficult and in some cases 
impossible to load an arbitrary present state value into the 
registers. This can lead to logic verification sequences which 
are either incomplete or excessively long. With PRELOAD 
capability, logic verification sequences can be greatly short-
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ened, reducing the test time and the development costs, and 
guaranteeing proper in-system operation. 

Security Fuse 

A security fuse is provided on each PAL10H20EV8/ 
PAL 10020EV8 to protect proprietary logic designs. It is pro­
grammed at the same time the array is programmed. The 
security fuse disables the pattern verification circuitry, and is 
verified by verifying the whole fuse array as if every fuse were 
programmed. The security fuse also disables preload. 

Fabrication 

The PAL10H20EV8/PAL10020EV8 is manufactured using 
Advanced Micro Devices' new oxide-isolation process. This 
advanced process offers increased density and reduced 

internal capacitance resulting in the fastest possible program­
mable logic devices. 

The PAL10H20EV8/PAL10020EV8 is fabricated with AMD's 
fast-programming and highly-reliable fuse technology. Utilizing 
an easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. 

Testing 

The PAL10H20EV8/PAL10020EV8 contains many Internal 
test features, including circuitry and extra fuses which allow 
AMO to test each part before shipping. This ensures extremely 
high post-programming functional yields. The test fuses are 
programmed to assure the ability of each part to perform 
correct programming. There are extra test words which are 
preprogrammed during manufacturing and tested to ensure 
correct logic operation and parametric integrity. 
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Figure 4. Logic Diagram for PAL 10H20EV8/PAL 10020EV8 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .......•................. -65°C to + 150°C 
Supply Voltage (Yee) 

OPERATING RANGES 
Commercial (C) Devices - 1 OKH Devices 

Ambient Temperature (TA) Operating 
with Respect to Ground •........•...•...•......• -8 Y to 0 Y 

DC Input Voltage 
Air Flow 500 lfpm .•......................... o•c to + 75•c 

Supply Voltage (Yee) ................... -5.46 v to -4.94 v 
with Respect to Ground .....................•....• Yee to O Y 

Output Current 
Commercial (C) Devices - 1 OOK Devices 

Ambient Temperature (TA) Operating 
-Continuous ................•......•................•........ 35 mA 
-Surge ......•............................................... 100 mA 

Air Flow 500 ltpm .............•............. o•c to + 85°C 
Supply Voltage (Yee) ...................... -4.8 v to -4.2 v 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent d6vice failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. Programming conditions may differ. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

DC. CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 

PAL 10H20EV8 (10KH) Devices 
Parameter Parameter 
Symbols Description Test Conditions Min. Max. Unit 

TA= o•c -1020 -840 

VQH Output HIGH Voltage TA= +25°C -980 -810 mV 

Loading Is TA• +75°C -920 -735 
V1N • Y1H (Max.) or V1L (Min.) 

50 n to -2.0 v TA m0°C -1950 -1630 

VOL Output LOW Voltage TA= +25"C -1950 -1630 mV 

TA= +75°C -1950 -1800 

TA= o•c -1170 -840 

V1H Input HIGH Voltage Guaranteed Input HIGH Voltage TA= +25°C -1130 -810 mV (Note 3) 
TA= +75°C -1070 -735 

TA·o•c -1950 -1480 

V1L Input LOW Voltage Guaranteed Input LOW Voltage TA= +25°C -1950 -1480 mV (Note 3) 
TA• +75°C -1950 -1450 

TA=o•c 300 

l1H Input HIGH Current V1N = V1H (Max.) TA= +25°C 300 µA 

TA• +75°C 300 

TA= o•c 0.5 

l1L Input LOW Current V1N • V1L (Min.) TA m +25°C 0.5 µA 

TA= +75°C 0.3 

TA=O"C -260 

lee Power Supply Current All Inputs and Outputs Open TA= +25°C -260 mA 

TA= +75°C -260 

Notes: 1. Designed to meet specifications shown after thennal equilibrium hes been established. Guaranteed wt1h transverse air flow exceeding 
500 linear feet per minute. 

2. The relative values of the specifled conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
"Max." the value closest to positive lnflnlty. 
"Min." the value closest to negative infinity. 

3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values wt1hout suitable equipment and fixturing. 
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DC CHARACTERISTICS over COMMERCIAL operating ranges (Cont'd.) (Notes 1, 2) 

PAL 10020EVB (100K) Devices 

Parameter Parameter 
Symbol Description Test Conditions Min. Max. Unit 

VEE= - 4.2 V -1025 -880 

VoH Output HIGH Voltage VEE= - 4.5 V -1025 -880 mV 

Loading is VEE= -4.8 V -1035 -880 
V1N = V1H (Max.) or V1L (Min.) 50 !1 to -2.0 V VEE= - 4.2 V -1810 -1605 

VOL Output LOW Voltage VEE= -4.5 V -1810 -1620 mV 

VEE= -4.8 V -1810 -1620 

VEE= -4.2 V -1150 -880 

V1H Input HIGH Voltage Guaranteed Input HIGH Voltage (Note 3) VEE= -4.5 V -1165 -880 mV 

VEE= -4.8 V -1165 -880 

VEE= - 4.2 V -1810 -1475 

V1L Input LOW Voltage Guaranteed Input LOW Voltage (Note 3) VEE= -4.5 V -1810 -1475 mV 

VEE= - 4.8 V -t810 -1490 

VEE= - 4.2 V 300 

l1H Input HIGH Current V1N = V1H (Max.) VEE= -4.5 V 300 µA 

VEE= -4.8 V 300 

VEE= -4.2 V 0.5 

l1L Input LOW Current V1N = V1L (Min.) VEE= -4.5 V 0.5 µA 

VEE= -4.8 V 0.5 

VEE= -4.2 V -285 

IEE Power Supply Current All Inputs and Outputs Open VEE= - 4.5 V -285 mA 

VEE= -4.8 V -285 

Notes: 1. Designed to meet specifications shown after thermal equilibrium has been estabhshed. Guaranteed with transverse air flow exceeding 
500 linear feet per minute. 

2. The relative values of the specified conditions and limits will be referenced to an algebraic scale. The extremities of the scale are: 
"Max." the value closest to positive infinity. 
"Min." the value closest to negative infinity. 

3. These are absolute voltages with respect to the device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment and fixturing. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Notes 1, 2) 

Parameter 
Symbol Parameter Description Min. Max. Unit 

tPO Input or Feedback to Output 6 ns 

ts Input or Feedback Setup nme 4.5 ns 

tH Hold Time 0 ns 

tco Clock to Output or Feedback 3.5 ns 

tARflAP Asynchronous RESET/PRESET to Registered Output 8 ns 

tARW/IAPW Asynchronous RESET/PRESET Width 6 ns 

tARRflAPR Asynchronous RESET/PRESET Recovery Time 6 ns 

tWL 
Clock Width 

LOW 2.5 ns 

tWH HIGH 2.5 ns 

External Feedback 1/(ts+tco) 125 MHz 

IMAX Maximum Internal Feedback 195 MHz 
Frequency 

No Feedback 200 MHz 

tEA Input to Output Enable 7 ns 

IER Input to Output Disable 7 ns 

tRO Output Rise Time (20% - 80%) 0.7 2.2 ns 

tFo Output Fall Time (80% - 20%) 0.7 2.2 ns 

Notes: 
1. Designed to meet specHications shown after thermal equilibrium has been established. The circuit is in a test socket or 

mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 

2. Test conditions: see Setup for Testing Switching Characteristics. 
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Definitions of Switching Parameters 

tpo: 

ts: 

Signal propagation delay from an input or an 
1/0 pin through the array to a combinatorial 
ouput. 

Time that input data must be valid before CLK 
edge. 

Time that input data must be valid after CLK 
edge. 

tco: Delay between clock edge and data appearing 
at the output. 

Delay from an input or 1/0 pin activating 
asynchronous reset or preset to data appearing 
at a registered output. 

tARwltApw: The minimum input or 1/0 pin pulse width 
needed to activate asynchronous reset or 
preset. 

tARRltAPR' Time that input or 1/0 pin must inactivate 
asynchronous reset or preset before CLK edge. 

twL: The minimum LOW clock width. 

The minimum HIGH clock width. 

Delay between input or 1/0 pin activating 
enable term and data appearing at outputs. 

Delay between input or 1/0 pin deactivating 
enable term and outputs going LOW. 

Time taken for an output signal voltage to 
swing from 20% to 80% of the full logic 
swing. 
Time taken for an output signal voltage to 
swing from 80% to 20% of the full logic 
swing. 

I, liO 

CLK 

0 

AR/AP 
---~· 

0 

CLK 

CLK 

PAL 10H20EV8-6/PAL 10020EV8-6 

06176-0lSA 

WF027020 

06176-009A 

WF027030 

IARRllAPR 

06176-012A 

06176-011A 

WF027050 

WF026800 

~-20% 

06176-010A 

WF027060 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL Bf 
STEADY STEADY 

\\\\\\_ MAY CHANGE 
Wlll8E 
CHANGING FROMHTOL FROMH TO L 

JJJJJJ MAY CHANGE WILL BE 
CHANGING FROML TOH FAOML TOH 

OO~fTCARE; CHANGING. 

~ ANY CHANGE STATE 
PERMITTED UNKNOWN 

KS000012 

Setup for Testing Switching Characteristics 

+2.0V 

25µF 0.47µF 

0$Cillosoope Oscillosccpe 

=~ 
VCC VC01 VC02 j= IO 

TPin 

COAX 111 

LOO 
Pulse 

Generator 

l/07 

VEE 

25µF f 
Vee+2.0 V 

Each oscilloscope channel input should have a 50 n termina­
tion to ground. Oscilloscope bandwidth should be a least 1 GHz. 

The pulse generator should be capable of providing 1.5 ns rise 
and fall times (20% to 80%). 

All input and output cables should be equal lengths of matched 
50 n coaxial cable. Wire lengths between input (or 1/0) pins 
and TPin or between output pins and TP out should be less than 
1/4 in. long. Stubs should be avoided if possible; unavoidable 
stubs should be less than 2 in. long. 

Input and Output Equivalent Schematics 

~J 
VEE VEE 

LOO 

TPout 

l/07 

f 0.47µF 
Ol1'M-0115o\ 

LS003460 

Used inputs that are not switching should be forced to V1L or 
VIH· 

Outputs that are switching but not sensed should be terminated 
through 50 n to ground. 

Unused inputs and outputs may be left open. 

Note that all voltages are shifted by + 2.0 V with respect to 
normal EGL operating conditions in order to take advantage of 
the input terminations of the oscilloscope. 

Timing thresholds in this configuration are taken to be + 0.7 V. 
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-0.9V 

-1.7V 

SWITCHING TEST WAVEFORM 

INPUT PULSE 

£-;Ji - - 20% 

IR- IF 

IA= IF= 2.2 ns Max. for 10KH 
IA= IF= 1.0 ns Max. for 100K 

08176C-014A 

WF023080 

PRELOAD OF REGISTERED OUTPUTS levels necessary to perform the PRELOAD function are 
detailed below. 

The PAL10H20EV8/PAL10020EV8 registered outputs are 
provided with circuitry to allow loading each register to either a 
HIGH or LOW state. This simplifies testing since any state can 
be loaded into the registers to control test sequencing. The pin 

Parameter Parameter 
Symbol Description 

V1H 
Input HIGH Level During 
PRELOAD and Verify 

V1L 
Input LOW Level During 
PRELOAD and Verify 

PRELOAD is accessed by applying Vpp on pin 23. The data to 
be preloaded is set on the output pins. Bringing pin 23 back to 
a logic-LOW level loads the data into the output registers. 
During PRELOAD the outputs are disabled by a supervoltage 
on pin 11. 

Min. Typ. Max_ Unit 

-1.1 -0.9 -0.7 v 

-1.85 -1.65 -1.45 v 

Vpp Voltage Applied to Pins 11 and 1.8 2.0 2.2 v 23 (DIP) 

Pin3 

Pin 11 

Vpp 

Pin23 

VOH 

Outputs VOL 

Disable Outputs 

Enable 
PAE LOAD 

VIH 

v .. 

Apply External 

~~~~g'A~"eci 
Data PAELOADed Remove External 

and PAELOAD Inputs 
Disabled 

06176-016A 

WF027121 

PRELOAD Waveform 
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POWER-UP RESET 

The registers in the PAL 10H20EV8/PAL 10020EVB have been 
designed with the capability to RESET during system power­
up. Following power-up, all registers will be LOW. The output 
state will depend upon the state of the output buffer and the 
polarity fuse. This feature provides extra flexibility to the 
designer. A timing diagram and a parameter table are shown 
below. Due to the asynchronous operation of the power-up 

RESET and the wide range of ways VEE can fall to steady 
state, two conditions are required to insure a valid power-up 
RESET. These conditions are: 

1. The VEE fall must be monotonic. 

2. Following RESET, the CLK input must not be driven from 
LOW-to-HIGH until all applicable input and feedback 
setup times are met. 

Registered tpR----t->I 
Output Pin ----------------'"-Activ•·LOW tsd= 

CLK '\ 

~tWL 
06176C·017A 

WF026070 

Parameter Parameter 
Symbol Description Min. Typ. Max. Unit 

tpR 
Power-Up 600 1000 ns RESET Time 

ts 
Input or Feedback 
Setup Time 

See Switching Characteristics 
twL Clock Width 
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Am2064/ Am2018 
Programmable Gate Array 

DISTINCTIVE CHARACTERISTICS 
Up to 1800 usable gate equivalence for higher 
board densities 

• TIL or CMOS input threshold levels allow for more 
board flexibility 

• Field programmable gate array means easy and 
quick design modifications 

GENERAL DESCRIPTION 

The Logic Cell Array'" (LCA)'" is a high density, CMOS 
programmable gate array. It is composed of an interior 
array of logic blocks, surrounded by a ring of 1/0 interface 
blocks. Unlike conventional gate arrays, however, the 
definition of logic functions and interconnections in an LCA 
device does not require any custom factory fabrication. The 
configurable logic blocks (CLBs), 1/0 blocks (IOBs), and 
interconnection resources of the device are completely 
user-configurable. Each device is identical until it is config­
ured. When configured, the LCA then begins operating 
according to the logic defined by the user. An LCA can 
either load its configuration data automatically from an 
external EPROM or have the data loaded under micropro­
cessor control. The LCA is configured each time it is 
powered up, and offers the user the unique benefit of being 
able to reconfigure in-system at any time during operation. 

The Logic Array is a CMOS, static RAM-based device. 
Static RAM technology is a mature technology that has 
been in production for years, with millions of operating 
device hours. Compared to other programming alterna-

XILINX'"· XACT"' · XACTOR "'· Logic Cell'" Array and LCA'" are 
trademarks of XILINX Inc. IBM ® is a registered trademark of 
International Business Machines Corporation. PC-AT'" is a trade­
mark of International Business Machines Corporation. Daisy'" is 
a trademark of Daisy Corporation. Mentor "' is a trademark of 
Mentor Corporation. 

Portion of this Data Sheet reproduced with the permission of 
XILINX Inc. 

~ 
Advanced 

Micro 
Devices 

• Reconfigurable device for multiple in-system 
patterns 

• Readback feature allows you to check 
configuration data 

tives, static memory provides the best combination of high 
density, high performance, high reliability, and comprehen­
sive testability. The LCA is the first device to apply the 
benefits of static RAM technology to overcome the disad­
vantages of conventional gate arrays. The static memory 
cells used for the configuration memory of the LCA have ... 
been designed specifically for high reliability and noise ~ 
immunity. The memory cell of the LCA is much more stable 
than a typical high-speed conventional memory cell. 

PGA development system software is available for all 
phases of the design cycle. From design entry through 
simulation, both logic and timing, automatic placement and 
routing, and in-circuit emulation, software that operates on 
an IBM®-PC-AT'" or compatible system speeds the design 
process. For users of Daisy'" or Mentor'" workstations, 
interfaces for PGA design are also available from AMO. A 
valid workstation interface is available from Valid Logic 
Systems. 

Logic Config· Conflg· Config-
Part Capacity urable urable uration 

Number (Usable Logic 1/0 Program 
Gates) Blocks Blocks (Bits) 

Arn2064 1200 64 58 12,048 

Arn2018 1800 100 74 17,888 

I Publication# ~ ~I 
10352 B 10 

Issue Date: May 1989 
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ORDERING INFORMATION 

Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 

b. Speed Option (if applicable) 
c. Package Type 
d. Temperature Range 
e. Number of Pins 

PACKAGE AVAILABIL TV 

PART 28-PIN 
NUMBER PLCC 

Am2064 x 
·Am2018 

4-32 

Am2018- 50 J c 068 

Le. NUMBER OF PINS 
028 (28 Pins) 
044 (44 Pins) 
048 (48 Pins) 
068 (68 Pins) 
084 (84 Pins) 

~--- d. TEMPERATURE RANGE 
C = Commercial 
I = Industrial 

~-----c. PACKAGE TYPE 
P = Plastic DIP 
J = Plastic Leaded Chip Carrier 
G = Pin Grid Array 

-------- b. SPEED OPTION 
-33 (33 MHz Toggle Rate) 
-50 (50 MHz Toggle Rate) 
-70 (70 MHz Toggle Rate) 
-100 (100 MHz Toggle Rate) 

~-----------a. PART NUMBER 
2064 (1200 Gates) 
2018 (1800 Gates) 

44-PIN 
48-PIN 

68-PIN 68-PIN 84-PIN 
PLASTIC 

PLCC 
DIP 

PLCC PGA PLCC 

x x x 
x x x x 

Am2064/Am2018 

84-PIN 
PGA 

x 



MILITARY ORDERING INFORMATION 

APL Products 
AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by a 
combination of: a. Device Number 

b. Speed Option (ii applicable) 
c. Device Class 
d. Package Type 
e. Lead Finish 

Am2018 • 50 /B T C C e. LEAD FINISH 
C =Gold 

d. PACKAGE TYPE 
Z = 68-pin PGA (Am2064) 
T = 84-pin PGA (Am2018) 

>------- c. DEVICE CLASS 
/B =Class B 

~------- b. SPEED OPTION 
-20 (20 MHz Toggle Rate) 
-33 (33 MHz Toggle Rate) 
-50 (50 MHz Toggle Rate) 
-70 (70 MHz Toggle Rate) 

'-------------a. DEVICE NUMBER 
Am2064 1200 Gates, 58 l/OBs 
Am20181800 Gates, 741/0Bs 

Valld Combinations Valid Combinations 
Am2064-20 
Am2064-33 /BZC 
Am2064-50 

Am2018-20 
Am2018-33 /BTC 
Am2018-50 
Am2018-70 

SILICON MENU 
AMO Organ- Equiva-
Part ization lent 

Gate 
Count 

Am2064-20 8x8 1200 
Am2018-20 10x10 1800 

Am2064-33 8x8 1200 
Am2018-33 10x10 1800 

Am2064-50 8x8 1200 
Am2018-50 10x10 1800 

Am2018-70 10x10 1800 

Valid Combinations list configurations planned to be supported in volume for this 
device. Consult the local AMO sales office to confirm availability of specific valid 
combinations, or to check on newly released valid combinations, and to obtain 
additional data on AMD's standard military grade products. 

Group A Tests 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11. 

Configu- User Configu- Max Max Packages 
rable I/Os ration Standby Standby 
Logic Program Current Current 
Block Bits (CMOS (TTL 

Inputs) Inputs) 

64 58 12048 10mA 10 mA 68PGA 
100 74 17888 15mA 10 mA 84PGA 

64 58 12048 10mA 10 mA 68PGA 
100 74 17888 15 mA 10mA 84PGA 

64 58 12048 10mA 10mA 68PGA 
100 74 17888 15mA 10mA 84PGA 

100 74 17888 15mA 10 mA 84PGA 

Am2064/Am2018 

Max 
Toggle 

Rate 
Between 

CLBs 

20 MHz 
20 MHz 

33 MHz 
33 MHz 

50 MHz 
50 MHz 

70 MHz 

4.33 
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FUNCTIONAL DESCRIPTION 
The general structure of a Logic Cell Array is shown in Figure 1 . 
The elements of the array include three categories of user­
programmable elements: 1/0 Blocks, Configurable Logic 
Blocks and Programmable Interconnections. The 1/0 Blocks 
provide an interface between the logic array and the device 
package pins. The Configurable Logic Blocks perform user­
specified logic functions, and the interconnect resources are 

CONFIGURABLE 

LOGIC BLOCK~ 

0 0 

programmed to form networks that carry logic signals among 
blocks. 
Configuration of the Logic Cell Array is established through a 
distributed array of memory cells. The PGA Development System 
generates the program used to configure the Logic Cell Array. The 
Cell Array includes logic to implement automatic configuration. 

0 0 
0 oro 0 

INTERCONNECT AREA 

0 010 0 
0 0 0 0 

Figure 1. Logic Cell Array Structure 

Configuration Memory 

The configuration of the Advanced Micro Devices' Logic Cell 
Array is established by programming memory cells which 
determine the logic functions and interconnections. The 
memory loading process is independent of the user logic 
functions. 

The static memory cell used for the configuration memory in 
the Logic Cell Array has been designed specifically for high 
reliability and noise immunity. Based on this design, integrity of 
the LCA configuration memory is assured even under adverse 
conditions. Compared with other programming alternatives, 
static memory provides the best combination of high density, 
high performance, high reliability and comprehensive 
testability. As shown in Figure 2, the basic memory cell 
consists of two CMOS inverters plus a pass transistor used for 

writing data to the cell. The cell is only written during 
configuration and only read during readback. During normal 
operation the pass transistor is "off" and does not affect the 
stability of the cell. This is quite different from the normal 
operation of conventional memory devices, in which the cells 
are continuously read and written. 

The outputs Q and Q control pass-transistor gates directly. 
The absence of sense amplifiers and the output capacitive 
load provide additional stability to the cell. Due to the structure 

of the configuration memory cells, they are not affected by 
extreme power supply excursions or very high levels of alpha 
particle radiation. In reliability testing no soft errors have been 
observed, even in the presence of very high doses of alpha 
radiation. 
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READ or WRITE 

DATA 

CONFIGURATION 
CONTROL 

!-----~,,...- Q 

Figure 2. Configuration Memory Cell 

Input/Output Block 

Each user-configurable 1/0 block (108) provides an interface 
between the external package pin of the device and the 
internal logic. Each 1/0 block includes a programmable input 
path and a programmable output buffer. It also provides input 
clamping diodes to provide protection from electrostatic 
damage, and circuits to protect the LCA from latch-up due to 
input currents. Figure 3 shows the general structure of the 1/0 
block. 

The input buffer portion of each 1/0 block provides threshold 
detection to translate external signals applied to the package 
pin to internal logic levels. The input buffer threshold of the 1/0 
blocks can be programmed to be compatible with either TTL 
(1.4 V) or CMOS (2.2 V) levels. The buffered input signal drives 
both the data input of an edge-triggered 0-type flip-flop and 
one input of a two-input multiplexer. The output of the flip-flop 

D Qo----~ 

provides the other input to the multiplexer. The user can select 
either the direct input path or the registered input, based on the 
content of the memory cell controlling the multiplexer. The 1/0 
blocks along each edge of the die share common clocks. The 
flip-flops are reset during configuration as well as by the 
active-low chip RESET input. 

Output buffers in the 1/0 blocks provide 4-mA drive for high 
Ian-out CMOS or TTL-compatible signal levels. The output data 
(driving 1/0 block pin 0) is the data source for the 1/0 block 
output buffer. Each 1/0 block output buffer is controlled by the 
contents of two configuration memory cells which turn the E 
buffer ON or OFF or select logical three-state buffer control. 
The user may also select the output buffer three-state control 
(1/0 block pin TS). When this 1/0 block output control signal is 
HIGH (a logic "1") the buffer is disabled and the package pin is 
high-impedance. 

TS (OUTPUT ENABLE) 

OUT 

IN 

l/OCLOCK 
PROGRAM-CONTROLLED 

- MULTIPLEXER 

Figure 3. 1/0 Block 
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Configurable Logic Block 

An Array of Configurable Logic Blocks (CLBs) provides the 
functional elements from which the user's logic is constructed. 
The logic blocks are arranged in a matrix in the center of the 
device. The Am2064 has sixty-four such blocks arranged in an 
eight-row by eight-column matrix. The Am2018 has one hundred 
logic blocks arranged in a ten by ten matrix. Each logic block has 

a combinatorial logic section, a storage element, and an internal 
routing and control section. Each CLB has four general-purpose 
inputs; A, B, C, and D; and a special clock input (K), which may be 
driven from the interconnect adjacent to the block. Each CLB also 
has two outputs, X and Y, which may drive interconnect networks. 
Figure 4 shows the resources of a Configurable Logic Block. 

INPUTS 

A 
B 
c 
D 

COMB. 
LOGIC 

K 

CLOCK 

Figure 4. Configurable Logic Block 

x 

OUTPUTS 

y 

The logic block combinatorial logic uses a table look-up 
memory to implement Boolean functions. This technique can 
generate any logic function of up to four variables with a high­
speed sixteen-bit memory. The propagation delay through the 
combinatorial network is independent of the function 

generated. Each block can perform any function of four 
variables or any two functions of three variables each. The 
variables may be selected from among the four inputs and the 
block's storage element output "Q". Figure 5 shows various 
options which may be specified for the combinatorial logic. 

A-'---~ 
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mv 
FUNCTION 

OF4 
VARIABLES 

OPTION1 

1 FUNCTION OF 4 
VARIABLES 

A 

B 

F C 

mv 
FUNCTION 

OF3 
VARIABLES 

mv 
FUNCTION 

OF3 
VARIABLES 

OPTION2 

2 FUNCTIONS OF 3 
VARIABLES 

0 

A-----' 

e-:----' mv 
FUNCTION 

OF3 
VARIABLES 

mv 
FUNCTION 

OF3 
VARIABLES 

OPTION 3 

DYNAMIC SELECTION OF 
2 FUNCTIONS OF 3 

VARIABLES 

Figure 5. CLB Combinatorial Logic Options 

Am2064/Am2018 

B 

I 



If the single four-variable configuration is selected (Option 1 ), 
the F and G outputs are identical. If the two-function 
alternative is selected (Option 2), logic functions F and G may 
be independent functions of three variables each. The three 
variables can be selected from among the four logic block 
inputs and its storage element output Q. A third form of the 
combinatorial logic (Option 3) is a special case of the two­
function form in which the B input dynamically selects between 
the two function tables providing a single merged logic function 
output. This dynamic selection allows some five-variable 
functions to be generated from the four block inputs and 
storage element Q. Combinatorial functions are restricted in 
that one may not use both its storage element output Q and the 
input variable of the logic block pin D in the same function. 

If used, the storage element in each Configurable Logic Block 
(Figure 6) can be programmed to be either an edge-sensitive 
D-type flip-flop or a level-sensitive D latch. The clock or enable 
for each storage element can be selected from: 

• The special-purpose clock input K 

• The general-purpose input C 

• The combinatorial function G 

SET 

F----------tD Q 

K-•••---f-...., 
c-~•~---1 

RES 

Figure 6. CLB Storage Element 

The user may also select the clock active sense within each 
logic block. This programmable inversion eliminates the need 
to route both phases of a clock signal throughout the device. 

The storage element data input is supplied from the function F 
output of the combinatorial logic. Asynchronous SET and 
RESET controls are provided for each storage element. The 
user may enable these controls independently and select their 
source. They are active-high inputs and the asynchronous 
reset is dominant. The storage elements are reset by the 
active-low chip RESET pin as well as by the initialization phase 
preceding configuration. If the storage element is not used, it 
is disabled. 

The two block outputs, X and Y, can be driven by either the 
combinatorial functions, F or G, or the storage element output 
Q (Figure 4). Selection of the outputs is completely 
interchangeable and may be made to optimize routing 
efficiencies of the networks interconnecting the logic blocks 
and 1/0 blocks. 

Programmable Interconnect 

Programmable Interconnection resources in the Logic Cell Array 
provide routing paths to connect inputs and outputs of the 1/0 and 
logic blocks into desired networks. All interconnections are 
composed of metal segments, with programmable switching 
points provided to implement the necessary routing. Three types 
of resources accommodate different types of networks: 

• General purpose interconnect 

Long lines 

• Direct connection 

General-Purpose Interconnect 

General-purpose interconnect, as shown in Figure 7a, is 
composed of four horizontal metal segments between the rows 
and five vertical metal segments between the columns of logic 
and 1/0 blocks. Each segment is only the "height" or "width" of 
a logic block. Where these segments would cross at the 
intersections of rows and columns, switching matrices are 
provided to allow interconnections of metal segments from the 
adjoining rows and columns. Switches in the switch matrices 4 and on block outputs are specially designed transistors, each 
controlled by a configuration bit. 

B 

c 
K 

D 

y 

I 
I 

_.J SEE FIG. 7b 

e 

Figure 7a. General-Purpose Interconnect 
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Logic block output switches provide contacts to adjacent general 
interconnect segments and therefore to the switching matrix at 
each end of those segments. A switch matrix can connect an 
interconnect segmentto other segments to form a network. Figure 
7a shows the general interconnect used to route a signal from one 
logic block to three other logic blocks. As shown, combinations of 
closed switches in a switch matrix allow multiple branches for 
each network. The inputs ofthe logic or 1/0 blocks are multiplexers 
that can be programmed with configuration bits to select an input 
network from the adjacent interconnect segments. Since the 
switch connections to block inputs are unidirectional (as are block 
outputs) they are usable onlyfor input connections. The develop­
ment system software provides automatic routing of these inter­
connections. Interactive routing is also available for design 
optimization. This is accomplished by selecting a network and 
then toggling the states of the interconnect points by selecting 
them with the "mouse". In this mode, the connections through the 
switch matrix may be established by selecting pairs of matrix pins. 
The switching matrix combinations are indicated in Figure 7b. 

Special buffers within the interconnect area provide periodic 
signal isolation and restoration for higher general interconnect 
fan-out and better performance. The repowering buffers are 
bidirectional, since signals must be able to propagate in either 
direction on a general interconnect segment. Direction controls 
are automatically established by the Logic Cell Array develop­
ment system software. Repowering buffers are provided only for 
the general-purpose interconnect since the direct and long-line 
resources do not exhibit the same R-C delay accumulation. The 
Logic Cell Array is divided into nine sections with buffers automati­
cally provided for general interconnect at the boundaries of these 
sections. These boundaries can be viewed with the development 
system. For routing within a section, no buffers are used. The 
delay calculator of the PGA Development System automatically 
calculates and displays the block, interconnect, and buffer delays 
for any selected paths. 

5-VERTICAL GENERAL INTERCONNECT 

8 

7 
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2 

FROM 
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2 3 4 

1 = VALID CONNECTION 
0 = INVALID CONNECTION 

Figure 7b. Interconnection Switching Matrix 
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Long lines 

Long lines, shown in Figure Sa, run both vertically and 
horizontally the height or width of the interconnect area. Each 
vertical interconnection column has two long lines; each 
horizontal row has one, with an additional long fine adjacent to 
each set of 110 blocks. The long lines bypass the switch 
matrices and are intended primarily for signals that must travel 
a long distance or must have minimum skew among multiple 
destinations. 

B 
J SWITCH1 

MATRIX 
L I 

~e 
I SWITCH 1 
1 MATRIX J 

B 
TWO VERTICAL 

LONG LINES 

A global buffer in the Logic Cell Array is available to drive a 
single signal to all B and K inputs of logic blocks. Using the 
global buffer for a clock provides a very low skew, high fan-out 
synchronized clock for use at any or all of the logic blocks. At 
each block, a configuration bit for the K input to the block can 
select this global line as the storage element clock signal. 
Alternatively, other clock sources can be used. 

B 
B 
B 

GLOBAL 
LONG LINE 

HORIZONTAL 
LONG LINE 

Agure Sa. Long Line Interconnect 

A second buffer below the bottom row of the array drives a 
horizontal long fine which, in turn, can drive a vertical long line 
in each interconnection column. This alternate buffer also has 
low skew and high fan-out capability. The network formed by 
this alternate buffer's long fines can be selected to drive the 8, 

C or K inputs of the logic blocks. Alternatively, these long lines 
can be driven by a logic or 1/0 block on a column-by-column 
basis. This capability provides a common, low-skew clock or 
control fine within each column oi logic blocks. Interconnec­
tions of these long lines are shown in Figure Sb. 
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Figure Sb. Am2064 Long Lines, 110 Clocks, 110 Direct Interconnect 
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Direct Interconnect 

Direct interconnect, shown in Figure 9, provides the most 
efficient implementation of networks between adjacent logic or 
110 blocks. Signals routed from block to block by means of 
direct interconnect exhibit minimum interconnect propagation 
and use minimum interconnect resources. For each CLB, the X 
output may be connected directly to the C or D inputs of the 
CLB above and to the A or B inputs of the CLB below it. The Y 

output can use direct interconnect to drive the B input of the 
block immediately to its right. Where logic blocks are adjacent 
to 1/0 blocks, direct connect is provided to the 1/0 block input 
(I) on the left edge of the die, the output (0) on the right edge, 
or both on 1/0 blocks at the top and bottom of the die. Direct 
interconnections of 1/0 blocks with CLBs are shown in Figure 
8b. 

A 

Figure 9. Direct Interconnect 

Crystal Oscillator 

An internal high-speed inverting amplifier is available to 
implement an on-chip crystal oscillator. II is associated with 
the auxiliary clock buffer in the lower right corner of the die. 
When configured to drive the auxiliary clock buffer, two special 
adjacent user 1/0 blocks are also configured to connect the 
oscillator amplifier with external crystal oscillator components, 
as shown in Figure 10. This circuit becomes active before 
configuration is complete in order to allow the oscillator to 
stabilize. Actual internal connection is delayed until completion 
of configuration. The feedback resistor R1 between output and 
input, biases the amplifier at threshold. It should be as large a 
value as practical to minimize loading of the crystal. The 
inversion of the amplifier, together with the R-C networks and 
crystal, produces the 360-degree phase shift of the Pierce 
oscillator. 

A series resistor R2 may be included to add to the amplifier 
output impedance when needed for phase-shift control or 
crystal resistance matching or to limit the amplifier input swing 
to control clipping at large amplitudes. Excess feedback 
voltage may be adjusted by the ratio of C2/C1. The amplifier is 
designed to be used over the range from 1 MHz up to one-half 
the specified CLB toggle frequency. Use at frequencies below 
1 MHz may require individual characterization with respect to a 
series resistance. Operation at frequencies above 20 MHz 
generally requires a crystal to operate in a third overtone 
mode, in which the fundamental frequency must be 
suppressed by the R-C networks. When the amplifier does not 
drive the auxiliary buffer, these 1/0 blocks and their package 
pins are available for general user 1/0. 
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ALTERNATE 
CLOCK BUFFER 

SUGGESTED COMPONENT VALUES 
R1 1-4MC 
R2 0-1 Kn 

(may be required for low frequency, phase 
shift and/or compensation level for crystal Q) ¢ C1 

C1,C2 5-20pl 
Y1 1-10MHzATcut 

Power 
Power Distribution 

ON-CHIP 
x 

~EXTERNAL 

~ 

I 
~ 

Figure 1 O. Crystal Oscillator 

XTAL1 XTAL2 

28 PLCC 20 17 

44 PLCC 29 26 

48 DIP 33 30 

68 PLCC 46 43 

68PGA J10 L10 

84 PLCC 56 53 

84PGA K11 L11 

Power for the LCA is distributed through a grid to achieve high 
noise immunity and isolation between logic and 1/0. For packages 
having more than forty-eight pins, two Vee pins and two ground 
pins are provided (see Figure 11 ). Inside the LCA, a dedicated 
V cc and ground ring surrounding the logic array provides power 
to the 1/0 drivers. An independent matrix of V cc and ground lines 
supplies the interior logic of the device. This power distribution 
grid provides a stable supply and ground for all internal logic, 
providing the external package power pins are appropriately 

Vee and ground pins near the package will provide adequate 
decoupling. 

• decoupled. Typically a 0.1-µF capacitor connected between the 

Output buffers capable of driving the specified 4-mA loads 
under worst-case conditions may be capable of driving 25 to 30 
times that current in a best case. Noise can be reduced by 
minimizing external load capacitance and reducing 
simultaneous output transitions in the same direction. It may 
also be beneficial to locate heavily-loaded output buffers near 
the ground pads. Multiple VCC and ground pin connections are 
required for package types which provide them. 

GND 

+--+- -+- -+--+- -+--+--+ 
I I I I I I I I 
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I I I I I I I I 
I I I I I I I I 

+--+- -+- -+--+- -+--+- -+ 
I I I I I I I 
I I I I I I I 

+--+- -+- -+--+- -+--+- -+ 
Vee I I I I I I I I 

I I I I I I I I 

+--+--+- -+--+- -+--+--+ 
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• I I I 
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GND 

Figure 11. LCA Power Distribution 
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Am3020/3030/3042/3064/3090 Advanced 

Micro 
Devices Am3000 Series Family of Programmable Gate Arrays 

DISTINCTIVE CHARACTERISTICS 

• Second generation user-programmable gate 
array 

• Flexible array architecture 

• High performance 
-50, 70, 100 MHz commercial products 
- 50, 70 MHz military products 

• Improved Interconnection resources 

• Density of up to 9000 gates 

GENERAL DESCRIPTION 
The Am3000 Series Logic Cell™ Array (LCA) is a high­
perlormance, second generation user-programmable 
gate array. The array contains three types of configur­
able elements that are customized in accordance with 
the user-defined system design; a perimeter of Input/ 
Output Blocks (IOBs), a core array of Configurable 
Logic Blocks (CLBs), and interconnection resources. 

The final configuration of the three main programmable 
elements is determined by the user and easily 

BLOCK DIAGRAM 

• 100".4 factory pre-tested 

• Selectable configuration modes 

• 100".4 compatlblllty with AMO PGA 
development tools 

• Standard PROM file Interface 

• Off the shelf availability 

implemented by AMO user-programmable gate array 
design tools. 

AM D's development tools let users produce a complete 
design, from schematic capture through device 
customization, on an IBM PC-AT™ compatible 
computer. LCA macro libraries and interlace software IJ 
are also available to support schematic capture and 
simulation on popular CAE workstations. 

ThrBB-StatB BuffBrs with AccBss Configurab/B 
to Horizontal Long LinBs Logic Blocks 

p v· v·/ ~v- /v- \ v-

LJ 0 0 lJ .- .- f .- ... 
----lntBtconnBCtion At'Ba ----

r:t I 
p 

4-

Logic CeU Is a trademark of Xilinx, Inc. Publication# 10642 Rev. B Amendment /0 

IBM PC-AT Is a trademark of International Business Machines Corp. 
Issue Date: August 1989 

4-43 



PRODUCT SELECTOR GUIDE 

BASIC LOGIC CAPACITY 
ARRAY (USABLE GATES) 

Arn3020 2000 

Am3030 3000 

Am3042 4200 

Am3064 6400 

Arn3090 9000 

ORDERING INFORMATION 
Standard Products 

CONFIGURABLE USER 
LOGIC BLOCKS I/OS 

64 64 

100 80 

144 96 

224 120 

320 144 

AMO standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

AM3020 -50 J 

b. Speed Option (If applicable) 
c. Package Type 
d. Temperature Range 
e. Number of Pins 

c 068 

T.__ ____ e. NUMBER OF PINS 

068 (68 pins) 
084 (84 pins) 
132 (132 pins)' 
175 (175 pins) 

'--------- d. TEMPERATURE RANGE 
C = Commercial (0°C to 70°C) 
I= Industrial (-40°C to +85°C) 

~---------~c.PACKAGETYPE 
J = Plastic Leaded Chip Carrier 
G = Pin Grid Array 

-------------- b. SPEED OPTION 

a. DEVICE NUMBER/DESCRIPTION 
Am3000 Series of Programmable Gate Arrays 
Am3020 (2000 gates) 
Am3030 (3000 gates) 
Am3042 (4200 gates) 
Am3064 (6400 gates) 
Am3090 (9000 gates) 

-50 (50 MHz toggle rate) 
-70 (70 MHz toggle rate) 
-100 (100 MHz toggle rate) 

Package Availablllty Gulde 

PROGRAM 
DATA(BITS) 

14779 

22176 

30784 

46064 

64160 

68-..J!!n PLCC 68-..J!!n PGA 84-_IDn PLCC 84-..J!!n PGA 175::2!n PGA 

3020 x x x x 
3030 x x 
3042 x x 
3064 .. .. .. .. .. 
3090 x 

*In development •• Pa<tage types for the Am3064 are to be determined 
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ORDERING INFORMATION 
Military APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Ap­
proved Products List products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for 
APL products is formed by a combination of: a. Device Number 

AM3020 

Miiitary Burn-In 

b. Speed/Power Option (If applicable) 
c. Device Class 
d. Package Type 
e. Lead Finish 

-50 /B z c 

I T~--- e. LEAD FINISH 
C =Gold 

'---------d.PACKAGETVPE 
Z = 84-pin PGA (Am3020) 
Z = 84-pin PGA (Am3030) 
Z = 132-pin PGA (Am3042)' 
Z = 132-pin PGA (Am3064)' 
Z = 175-pin PGA (Am3090) 

'------------- c. DEVICE CLASS 
/8 =Class 8 

'--------------- b. SPEED/POWER OPTION 
-50 = 50 MHz Toggle Rate 
-70 = 70 MHz Toggle Rate 

AM3000 Series of Programmable Gate Arrays 
Am3020 (2000 Gates) 
Am3030 (3000 Gates) 
Am3042 (4200 Gates) 
Am3064 (6400 Gates) 
Am3090 (9000 Gates) 

Valid Combinations 

Am3020-50 

Am3020-70 

Am3030-50 

Am3030-70 

Am3042-50 

Am3042-70 IBZC 

Am3064-50 

Am3064-70 

Am3090-50 

Am3090-70 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re­
leased combinations, and to obtain additional 
data on AMD's standard military grade products. 

Group A Tests 

Group A Tests consist of Subgroups 1, 2, 3, 7, 8, 
9, 10, 11. 

Military burn-in is in accordance with the current revision of MIL-STD--883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 

'In development 
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ARCHITECTURE 
Functional Description 
The perimeter of configurable IOBs provides a 
programmable interface between the internal logic array 
and the device package pins. The array of CLBs 
performs user-specified logic functions. The 
interconnections are programmed to form networks, 
carrying logic signals among blocks. This is analogous 
to printed circuit board traces connecting MSl/SSI 
packages. 

The logic functions of these blocks are determined by 
programmed look-up tables. Functional options are 
performed by program-controlled multiplexers. 
Interconnecting networks between blocks are 
composed of metal segments joined by 
program-controlled pass transistors. These LCA 
functions are activated by a configuration bit stream that 
is loaded into an internal, distributed array of 
configuration memory cells. The configuration bit 
stream is loaded into the LCA device at power-up and 
can be reloaded on command. The LCA device includes 
logic and control signals for automatic or passive 
configuration. Configuration data can be either bit serial 
or byte parallel. The PGA Development System 
generates the configuration bit stream used to configure 
the LCA device. The memory loading process is 
independent of the user logic functions. 

Configuration Memory 
The static memory cell used for the LCA's configuration 
memory has been designed specifically for high 
reliability and noise immunity, ensuring integrity even 
under adverse conditions. Static memory provides the 

best combination of high density, high performance, 
high reliability, and comprehensive testability. As shown 
below, the basic memory cell consists of two CMOS 
inverters and a pass transistor, which is used for writing 
and reading cell data. The cell is only written during 
configuration and only read during readback. During 
normal operation, the pass transistor is off and does not 
affect the stability of the cell. This is quite different from 
the operation of conventional memory devices, in which 
the cells are frequently read and re-written. 

A static configuration memory cell is loaded with one bit 
of the configuration bit stream and controls one data 
selection in the LCA device. The memory cell outputs 0 
and Q use full Ground and Vee levels and provide 
continuous, direct control. The additional capacitive 
load, together with the absence of address decoding 
and sense amplifiers, gives the cell high stability. 

Due to the structure of the configuration memory cells, 
they are not affected by extreme power supply 
excursions or very high levels of alpha particle radiation. 
No soft errors have been observed in reliability testing, 
even in the presence of very high doses of alpha 
radiation. 

The method of loading the configuration data is 
selectable. Two methods use serial data, while three 
use byte-wide data. The internal configuration logic 
uses framing information, which is embedded in the 
configuration data by the PGA Development System, to 
direct memory cell loading. The serial data framing and 
length count preamble provide synchronous, serial, or 
daisy-chained compatibility with various AMO 
programmable gate arrays. 

------... -a 

READ or WRITE 

DATA 
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Figure 1. Basic Memory Cell 
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Input/Output Blocks 
Each user-configurable IOB, shown below, provides an 
interlace between the device's external package pin and 
the internal user logic. Each IOB includes both 
registered and direct input paths and each provides a 
programmable three-state output buffer that can be 
driven by a registered or direct output signal. 
Configuration options allow a choice of polarity on the 
output and three-state control signals, a controlled slew 
rate, and a high impedance pull-up. Each input circuit 
provides input clamping diodes for electrostatic 
protection, and circuits to inhibit latch-up produced by 
input currents. 

The input buffer portion of each IOB provides threshold 
detection to translate external signals applied to the 
package pin to internal logic levels. The global 
input-buffer threshold of the IOBs can be programmed 
f~r TTL _or CMOS voltage levels. The buffered input 
signal dnves the data input of a storage element that can 
be configured as a positive edge-triggered D flip-flop, or 
a level-transparent latch. The sense of the clock can be 

inverted (negative edge/high transparent) as long as all 
IOBs on the same clock net use the same clock sense. 
Clock/load signals, IOB pins .ik and .ok, can be chosen 
from either of two available metal lines along each die 
edge. 1/0 storage elements are reset during 
configuration or by the active low chip RESET input. 
Both direct input from IOB pin .i, and registered input 
from IOB pin .q signals are available for interconnect. 

For reliable operation, inputs should have transition 
times less than 100 ns and should not be left undriven 
or floating. Unused CMOS input-pin circuits can be ai 
threshold and produce oscillations. This produces 
additional power dissipation and system noise. A typical 
hysteresis of about 300 mV reduces input noise 
sensitivity. Each user IOB includes a programmable 
high i_mpedance pull-up resistor that can be selected by 
the bit stream and which provides a constant HIGH for 
otherwise undriven package pins. Although the LCA 
device provides circuitry for input protection against 
electrostatic discharge, normal CMOS handling 
precautions should be observed. 

CONFIGURATION MEMORY CELLS 

~--------_......__-~------~ 

THREE-STATE -;i"1. m--J-------IL..../..._..__ __ 
(OlITPlIT ENABLE) j 

OlIT _j:,_! ·0-----/L.-/ 

DIRECTIN _l,1~ -----+-----~ 
REGISTERED IN -\:--' .q'------4-----1 

Flip 
Flop 

.ok 

m 
Latcl> 

TILm 
CMOS 
INP\Jf 

TlffiESHOLD 

CKl 

CK2 

Vee 

=D- PROGRAM 
CONTROLLED 
MULTIPLEXER Q : PROGRAMMABLE INIBRCONNECTION POINT (PIP) 

Figure 2. Input/Output Block 

Am3020/3030/3042/3064/3090 

10642-001A 

4.47 



Rip-flop loop delays for the 108 and logic block flip-flops 
are about 3 ns. This increases reliability, especially for 
asynchronous clock and data conditions. Short loop de­
lays minimize the probability of a metastable condition, 
which can result from assertion of the clock during data 
transitions. Because of the short loop delay in LCA de­
vices, the 1/0 flip-flops can be used to synchronize ex­
ternal signals applied to the device. Once synchronized 
in the 108, the signals can be used internally without re­
gard to their clock-relative timing, except as it applies to 
the internal logic and routing path delays. 

Output buffers of the IOBs provide CM05-compatible 4 
mA source-or-sink drive for high fan-out CMOS or TTL 
compatible signal levels. The network driving 108 pin .o 
becomes the registered or direct data source for the 
output buffer. The three-state control signal, 108 pin .ts, 
can control output activity. An open-drain type output 
can be obtained by using the same signal for driving the 
output and three-state signal nets, so that the buffer 
output is enabled only for a LOW. 

The configuration memory cells, shown in Figure 2, 
control the optional output register and logical signal 
inversion, as well as the three-state and slew rate 
configuration bits. A choice of two clocks is available on 
each die edge. All user inputs are programmed for TTL 
or CMOS thresholds. 

The 108 includes input and output storage elements 
and the following 1/0 options selected by configuration 
memory cells. 

- Logical Inversion of the output is controlled by 
one configuration bit per 108. 

- Logical three-state control of each 108 output 
buffer is determined by the states of the 
configuration data bits that turn the buffer on/off or 
select the output buffer three-state control 
interconnection, 108 pin .ts. When this 108 output 
control signal is HIGH, or logic 1, the buffer is 
disabled and the package pin is high impedance. 
Inversion of the buffer three-state control logic 
sense, output enable, is controlled by an additional 
configuration data bit. 

- Direct pr registered output is selectable for each 
IOB. The register uses a positive-edge, clocked 
flip-flop. The clock source, 108 pin .ok, can be 
supplied by either of two metal lines, which are 
available along each die edge. Each of these lines 
is driven by an invertible buffer. 

- Increased output transition speed can be 
selected to satisfy critical nets. Slower transitions 
reduce capacitive load peak currents of non-critical 
outputs and minimize system noise. 

- A high impedance pull-up resistor can be used to 
prevent floating, unused inputs. 

The table below summarizes the 1/0 options. 

INPUTS 

Direct 
Flip-flop/latch 
CMOSfTTL threshold 

(chip inputs) 
Optional pull-up 

resistor 

OUTPUTS 

Direct/registered 
Inverted/true 

Full speed/slew limited 
Optional three-state control 

Configurable Logic Blocks 
CL8s are the functional elements from which the user's 
logic is constructed. The logic blocks are arranged in a 
matrix within the perimeter of 108s. The Am3020 has 64 
such blocks arranged in eight rows and eight columns. 
The PGA Development System compiles the 
configuration data, which defines the operation and 
interconnection of each block. Users can define CL8s 
and their interconnecting networks by automatic 
translation from a schematic capture logic diagram or, 
optionally, by installing library or user macros. 

Each CLB has a combinational logic section, two 
flip-flops, and an internal control section. As shown in 
the following figure, there are five logic inputs (.a, .b, .c, 
.d, and .e), a common clock input (.k), an asynchronous 
direct reset input (.rd), and a clock enable (.ec). All can 
be driven from the interconnection resources adjacent 
to the blocks. Each CLB also has two outputs (.x and .y) 
that can drive interconnection networks. 

Data input for either flip-flop within a CLB is supplied 
from the F or G function outputs of the combinational 
logic, or the direct data input, .di. Both flip-flops in each 
CLB share the asynchronous reset, .rd, which, when 
enabled and HIGH, is dominant over clocked inputs. All 
flip-flops are reset by the active-LOW chip input, 
RESET, or during the configuration process. The 
flip-flops share the clock enable (.ec), which, when 
LOW, recirculates the present states of the flip-flops and 
inhibits response to the data-in or combinational 
function inputs on a CLB. The user can enable these 
control inputs and select their sources. The user also 
can select the clock net input (.k) and its active sense in 
each logic block. This programmable inversion 
eliminates the need to route both phases of a clock 
signal throughout the device. Flexible routing allows use 
of common or individual CL8 clocking. 

The combinational logic portion of the CLB uses a 
32-by-1 look-up table to perform Boolean functions. 
Variables selected from the five logic inputs and two 
internal block flip-flops are used as table address inputs. 
The combinational propagation delay through the 
network is independent of the logic function generated 
and is spike free for changes in single input variables. 

4-48 Am3020/3030/3042/3064/3090 



.di 
DATA IN-..;!--------------, 

LOGIC __,,,...=.----i COMBINATIONAL 

VARIABLES .d FUNCTION 

QY 

!1l .rd 
RESET --4---------------1 

"O" ONIIlBIT) ------i 

(GLOBAL RESET)------~ 

Figure 3. Configurable Logic Block 

This technique can generate a single function of five 
variables, as shown below. 

A~:-~~~~~-4°~~~---, 

B-'-----•--. 
ANY FUNCI10N 

OFUPTOS 
VARIABLES 

F 

G 

10642-002A 

Figure 4. Combinatorial Logic Option 1 

It can also generate any two logic functions of up to four 
variables each. 

ANY FUNCI10N 
OFUPT04 
VARIABLES 

ANY FUNCI10N 
OFUPT04 
VARIABLES 

F 

G 

10642-003A 

Figure 5. Combinatorial Logic Option 2 
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It can also generate some functions of seven variables, 
as shown in the next figure. 

~i~"'" ~,~.~~--~~~~--' "'""'=-----~-·~~--'-"""-'"! 

l FUNCI10N 1 
C~ OFUPT04 ~ 

~i,.:" ~= : I 
OFUPT04 • 

VARIABLES ! 
D-t~;-------f.__ ___ ~ i 
E~~:--------------' ! 

t.:-:·.·.·:·: .. ; :·;·:·:·:·:>.':«.;.;o;•:-;o;·:.:•:·x·:·:-:.;o:-;.;.;-;;.;.;-:•:•:-:•:-.':.;.;..,:-. ... -...:,.._Y.•,•:>:-.•:-.-.;.:.;.;-x.,.;..,,.;..v.-;.:-...,...:.;:.;.;•;•:-:•:>:·:~ 
Figure 6. Combinatorial Logic Option 3 

10642-004A 

The partial functions of six or seven variables are 
generated by the input variable, .e, which dynamically 
selects between two functions of four different variables. 
For the two functions of lour variables each, the 
independent results, F and G, can be used as data 
inputs to either flip-flop or either logic block output. For 
the single function of five variables and merged 
functions of ~ix or seven variables, the F and G outputs 

are identical. Symmetry of the F and G functions and the 
flip-flops helps optimize the routing of the networks 
connecting the logic blocks and IOBs. 
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The next figure shows a modulo 8 binary counter with 
parallel enable. It uses one CLB of each type. 

:-:-:•:-.»:.;.;.;-:-:-;-;.;-;.;-;.:-:·:.;:-.»..-.: 

' CLOCKENABLE=Ji'~l~~~~~a:)-----jL TERMINAL 
PARALLEL E~~ ! COUNT 

DUAL FUNCTION OF 4 VARIABLES ;; 

-·~-~~ DO-Hitt~><•---~ I 
!v:-:-.-.;.;.;.;-:-:-:-:-::-:-:-:-:-:•:w:.::-;.:-:-.".-.:·:·:-."».»."»:-»»:->:-:.;.:.:-:-."«.:.:-:·:·:v:-:-:-:-:-xJ 

D2 

QI 

* FUNCTION OF 5 VARIABLES ! 
~: ............................................... ._.,.,•.•.•.-.•.·.-.·.·.-.·.·.-.·.-,-.-.-.·.-.·.v.-.w.-.v.•.-. ............... ); 

r·:-.·:-:-:-:-:·:-:-;-;-;-;-;-;..;.;-:·:·:-:-... ~»:-:·;-:·:-:-:-:-:-;..;o:·:-:·:-:-:-:-»:-:·:-:-:-;..;.:-:-:·:-:-:-»:-:-:-:·~:-:-% 

~ FUIW 
~ FUNCTION OF 6 VARIABLES 1 
~..-.·.-.·.·.-.·.-.w.•.•.-.v.-.-.-.·.-.-.•.-.·.v.·.v.v.-.·.-...·.·.-.·.···~u.-.·.-.-.-.v.-.v.....-_.-.v.-.-.·.-.l 

Figure 7. CSBCP Macro (modulo 8 binary counter with parallel enable and clock enable) 
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INTERCONNECTIONS 
Programmable Interconnections 
Programmable interconnection resources in the LCA 
device provide routing paths to connect inputs and 
outputs of the 1/0 and logic blocks into logical networks. 
Interconnections between blocks are composed of 
two-layer grid of metal segments. Specially designed 

Configurable 
Logic Block 

Interconnection 
'"P/Ps" 

pass transistors, each controlled by a configuration bit, 
for~ ~rogramf!lable interconnect points (PIPs) and 
switching matrices used to implement the necessary 
connections between selected metal segments and 
block pins. The figure below provides an example of a 
routed net. 

Switching 
Matrix 

t-

o 
~-

Interconnection 
Buffer 

Figure 8. Routing Resources 
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The PGA Development System automatically routes 
these interconnections. Interactive routing can also be 
done to optimize the design. The inputs of the CLB or 
IOB are multiplexers that can be programmed to select 
an input network from the adjacent interconnection seg­
ments. 

Note: The switch connections to clock inputs are usable 
only for input connection, and not for routing, because 
they are unidirectional (as are block outputs). 

t-

o 
•· 

t· 

0 
·- CLB Control Inputs 

0 
•· 

t· 

0 
·-

The figure below illustrates routing access to logic block 
input variables, control inputs, and block outputs. 

Three types of metal resources are available for network 
interconnections. 

- General-Purpose Interconnection 

- Direct Connection 

- Long Lines 

t· 

Horiz ntal Long Lines 
,_ 

t· 

CLB Logic Inputs 

,_ 

t5 
t· 

•· •· 

(1 t1 
10642-00SA 

Figure 9. Routing Access to Inputs, Outputs 
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General-Purpose Interconnections 
A general-purpose interconnection, as shewn below, 
consists of a grid of five horizontal and five vertical metal 
segments located between the rows and columns of 
CLBs and IOBs. These segments can be connected 
through switch matrices to form networks for CLB ::ind 
IOB inputs and outputs. 

Grid Of General Interconnection 
Metal Segments 

Switching 
Matrix 

Figure 10. General Purpose Interconnections 

Each segment is the height or width of a logic block. 
Switching matrices join the ends of these segments and 
allow programmed interconnections between the metal 
grid segments of adjoining rows and columns. The 
switches of an unprogrammed device are all non-con­
ducting. The connections through the switch matrix can 
be made by automatic routing, or by using Editnet to se­
lect the desired pairs of matrix pins that are to be con­
nected or disconnected. The legitimate switching matrix 
combinations for each pin are shown in the next figure, 
and may be highlighted by the use of the SHOW MA­
TRIX command. 

v ~ ~ ~ i} -
I I I 

I 2 3 4 5 

~~ ~ ~ ~ Q -
I I I 

6 7 8 9 10 

~ I = ~ ~ ~ ~ 
II 12 13 14 15 

~~ =~ ~ e 0 --
I 

16 17 18 19 20 

Figure 11. Switch Matrix Interconnection Options 

Special buffers in the general interconnection areas are 
inserted automatically to provide periodic signal isola-
tion and restoration, thus improving performance of 
lengthy nets. The interconnection buffers can propagate 
signals in either direction on a general interconnection 
segment. These bidirectional buffers are above and to ... 
the right of the switching matrices, and can be high- ~ 
lighted by the use of the SHOW MATRIX command. The 
other Pl Ps adjacent to the matrices are gateways to and 
from long lines. 

The PGA Development System automatically defines 
the buffer direction based on the location of the 
interconnection network source. The delay calculator of 
the PGA Development System automatically calculates 
and displays the block, interconnection, and buffer 
delays for the selected paths. It can also generate the 
simulation net list with a worst-case delay model. 
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Direct Interconnections 
A direct interconnection, shown below, provides the 
most efficient implementation of networks between 
adjacent CLBs or IOBs. The .x and .y outputs of each 
CLB have single contact, direct access to inputs of 
adjacent CLBs. 

0 
d 

0 
t· t· t· 

0 0 
J- J- J-

t· t· 

0 
J- J-

el 0 
·- ·- J-

Figure 12. Direct Interconnection 

Signals routed from block to block by direct interconnec­
tion show minimum interconnection propagation and 
use no general interconnection resources. For each 
CLB, the .x output can be connected directly to the .bin­
put of the CLB to its right, and to the .c input of the CLB to 
its left. The .y output can use a direct interconnection to 
drive the .d input of the block above, and the .a input of 
the block below. 

Direct interconnection should be used to maximize the 
speed of high performance portio~s of logic. "'."he~e 
CLBs are adjacent to IOBs, a direct connection 1s 
provided alternately to the IOB inputs (.i) and outputs 
(.o) on all four edges of the die. The right edge pr~vides 
additional connections from CLB outputs to ad1acent 
IOBs. Direct interconnections of IOBs and CLBs are 
shown in the next figure. 
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Global Buffer Direct Input Global Buffer Interconnection 

t· t· t· t· t· t· 
+P +P +9 +P +P +P 

000000 
t· t· t· t· t· t· 
+P +P +9 +P +P +P 

000000 
t· t· t· t· t· t· 
+P +P +9 +P +P +P o o o o o a r="---11 

Auxiliary Buffer Direct Input 

Figure 13. IOB and CLB Direct Interconnections 
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Long Lines 
Long lines, which bypass the switch matrices are 
i~tended primarily for signals that must travel a' long 
d1st~nce, or. thB:t must have minimum skew among 
m~lt1ple dest~nat1ons. Long lines, shown below, run the 
~eight or ~1dth of the interconnection area. Each 
interconnection column has three vertical long lines, 

On-Chip 
Three-State 

Buffers 

Pull-Up 
Resistors 

For On-Chip 
Open Drain 

Signals 

and each interconnection row has two horizontal long 
lines. Two additional long lines are adjacent to the outer 
sets of switching matrices. On the Am3020 the 
outermost long lines are connectable haH-length iines. 
In all other devices, the vertical long lines in each 
column are also connectable half-length. 

3 Vertical Lines 

t· 

2 Horizontal Long Lines 

t· t· t· t· 

Figure 14. Long Lines 
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Horizontal and vertical long lines provide high fan-out, 
low-skew signal distribution in each row and column. 
The programmable interconnection of long lines is pro­
vided at the edges of the routing area. Long lines can be 
driven by a CLB or 108 output on a column-by-column 
basis. This provides a common low skew control or 

clock line within each column of logic blocks. Intercon­
nections of these long lines are shown in the following 
figure. Isolation buffers are provided at each input to a 
long line and are enabled automatically by the PGA De­
velopment System when a connection is made. 

/10 Block Clock Nets (2 Per Die Edge)-....._ 
..---- ~ 

D c::cio09:f;;ic;H?c:i~ o~g o~oo DI 
R lb- lr:f lrf lr:f 10. lrf lrf ILf ·P 
D,[ :o :b :i::J :o :iJ :iJ :i: - Jo 
p Lf. ~- ~ ~- ~ T" T• T• T" p 

RL!.QQQQQQQS 
, ,( :o Tl :lJ .U .U :CJ .l Jo• 

R 6 6 6 i:l 6 6 6 o· o~ 
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Honzontal Long Lme Three-State Buffers • Four Outer Long Lmes Are 
Connectible Half-Length Lines 

Figure 15. Interconnection of Long Lines 
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A buffer in the upper left corner of the LCA chip drives a 
global net available to all .k inputs of logic blocks. Using 
this global buffer for a clock signal provides a skew free, 
high fan-out, synchronized clock for use at any, or all, of 
the 1/0 and logic blocks. Configuration bits for the .k in­
put to each logic block can select this global line or an­
other routing resource as the clock source for its flip­
flops. This net can also be programmed to drive the die 
edge clock lines for 108 use. TCLKIN is an enhanced 
speed, CMOS threshold, direct access to this buffer that 
is available at the second pad from the top of the left die 
edge. 

shown below. In this case, care must be used to prevent 
contention through multiple active buffers of conflicting 
levels on a common line: 

Z = D. •A+ 0 8 • B + De• C + ... + D. •iii 

0;§1 0;§1 ~§1 o~§:,,.,,, 

A buffer in the lower right corner of the array drives a 
horizontal long line, which can drive programmed 
connections to a vertical long line in each 
interconnection column. This alternate buffer also is low 
skew and high fan-out. The network formed by this 
alternate buffer's long lines can be selected to drive the 
. k inputs of the logic blocks. The CMOS threshold, 
high-speed access to this buffer, BCLKIN, is at the third 
pad from the bottom of the right die edge. 

Figure 16. Three-State Buffers Implement a Multiplexer 

Control of the three-state input by the same signal that 
drives the buffer input creates an open drain wired-AND 
function, as shown below. A logical HIGH on both buffer 
inputs creates a high impedance with no contention. A 
logical LOW enables the buffer to drive the long line low. 
Pull-up resistors are available at each end of the long 
line to provide a HIGH output when ail connected buffers 
are non-conducting . 

Internal Busses 

o. A pair of three-state buffers are located adjacent to each 
CLB. These let logic drive the horizontal long lines. Any 
three-state buffer input can be selected to drive the hori­
zontal long line bus by applying a low logic level on its 
three-state control line. Logical operation of the three­
state buffer controls lets them implement wide multi­
plexing functions. When data drives the inputs, and 
separate signals drive the three-state control lines, 
these buffers form multiplexers (three-state buses), as 

10642-021A 
Figure 17. Three-State Buffers Implement a Wired -

AND Function 
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These buffers allow fast, wide gating, optimum speed, 
and efficient routing of high fan-out signals. The follow­
ing figure shows three-state buffers, long lines, and pull­
up resistors. 

Bi-Directional Global Net 
Interconnect ""'- 3 Vertical Long 

Buffers "',., / Lines Per Column 

:=±!11 ••• 111~~-1.lll~JrrP+u.J =m~=-"="'~!:Fl:m ~ '" 1-rL _ tL.J V Horizontal Long Line -] ,,J;;;~~~1 ..,UJJ~~~~ ....... ~JiMmfx=ffffi~~~1 _/* Pu11-up Resistor -+- J 21. _±- t-"" Lfl- Horizontal Long Line 

ti u1 ni !.--:: D Oscillator f ip U' ~ V Amplifier Output 
....:.-1+--l+l-l-Jl-J~=:::.::::..+H--+++-+<IH-tl'-H+-tt-""'---t"_f Direct Input of P47 

] ~" l.!+-to Auxiliary Buffer 

-'1J-jJJtn!~~~:;;:::;tltttltlt~E\tt= Crystal Oscillator 
.i:: "' _.c::: ~P+---<1ttt--<>-<~1 Buffer 
:f:l;:::=!:j::t=tjj l l ~ =-::1 ---1 I- Three-State Input 

llltth~llltf~·lfilj~~~~~j[ Three-State Control :::;: IE' 
L.., ~ ~~Three-State Buffer 

~ -::::;+ Auxiliary Buffer 

} Dt..•~1°1,i,'mol"lo ~ ••• ID Oscillator 

~"'-~lH±,6:-:::±±±±:==---<.;±l±J:;-;±ll±l:;'-t-,t:::=';;;:i:;"_.---j--1+- Amplifier Input 

.:;:.,... ['" e:Je;p-t EJ 

Figure 18. Possible Interconnections in the Lower Right Corner 
of the Am3020 

Am3020/3030/3042/3064/3090 

1 0642--018A 



Am 1736/ Am 1765 
Serial Configuration PROM 

DISTINCTIVE CHARACTERISTICS 
• One-time programmable 36,288 or 65, 536 x 

1·blt serial memories designed to store 
configuration patterns for Logic Cell™ Arrays. 

• Simple Interface to the AMD LCA r .. requires 
only one user 110 pin on the LCA. 

• A sing le Am1736 supports all members of the 
Am2000 famlly and members of the Am3000 
famlly as large as Am3042. The Am1765 
supports all Am2000 and Am3000 family 
members. Both Serial Configuration PROMs 
support multiple patterns for daisy-chained 
configurations. 

GENERAL DESCRIPTION 
The Am1736 and Am1765 Serial Configuration PROMs 
(SCP) provide easy-to-use, cost-effective configuration 
memories for the AMO family of programmable gate ar­
rays Packaged in an economical8-pin DIP package, the 
devices use a simple serial access procedure to config­
ure one or more Logic Cell Arrays (LCA). The 36,288 x 
1-bit organization of the Am1736 supplies enough to 
configure any of the following devices: Am2064, 
Am2018, Am3020, and Am3042. The Am1765, with its 
65,536 x 1-bits, in addition to the parts listed above, also 
supports the Am3040, Am3064 and Am3090 devices. 

BLOCK DIAGRAM 

'24-bit word for Am 1736 
32-bit word for Am 1765 

Logic Cell Array and LCA are trademarks of Xilinx Corporation. 

Advanced 
Micro 

Devices 

• Low power CMOS EPROM process. 

• Cascadable to provide more memory for 
additional configurations or high-density 
arrays. 

• Storage for multiple configurations for a 
single Logic Cell Array. 

• Space-efficient, 8-pln ceramic DIP package 

• Programming supported by leading 
programmer manufacturers. 

Multiple configurations for a single LCA device can be 
loaded from either SCP. Multiple SCPs can also be cas­
caded to provide larger memory for more configura­
tions. 

The Am1736/65 can be programmed on programming 
machines supplied by leading manufacturers, including 
Am081 from AMO. The LCA design file is first compiled 
into a standard HEX format with the PC-based Design 
System (AmPGA021). It can be transferred to the pro­
grammer through a serial port. 

10867-001A 
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Military PAL Deyices 

Advanced Micro Devices' Military Programmable Array Logic 
(PAL) devices provide state machine and combinatorial logic 
solutions processed to military criteria. We offer the largest 
number of Standard Military Drawing PAL products in the indus­
try. 

Applications for our configurable PAL architectures include count­
ers, shift registers, accumulators, control sequence generators, 
decoders, multiplexers, adders, memory mapped 1/0 and much 
more. These designs go into radar systems, missile guidance, 
avionics, airport graphic terminals, parallel processors, military 
computer hardware, and product obsolescence solutions, just to 
name a few. 

Military PAL® Device/ 
Sequencer/FPGA Menu 

STANDARD PAL DEVICES 

FAMILY PART NUMBER PACKAGE 

16R8 PAL16L8-12 /BRA, 
PAL16R8-12 IB2A 
PAL16R6-12 
PAL16R4-12 

PAL16L8D 20L,J,W 
PAL16R8D 
PAL16R6D 
PAL16R4D 

PAL16L8B 20L,J,W 
PAL16R8B 
PAL16R6B 
PAL16R4B 

Continued on next page. 

TECHNOLOGY INPUTS 

TTL 10 
8 
8 
8 

TTL 

TTL 

Military PAL devices go where you need: 

High Speed A Series B Series D Series -12 Series 
12.5 ns 30 ns 

Power Savings 

110 OUTPUTS 

6 Comb 2Comb 
- 8 Reg 

2 Comb 6 Reg 
4Comb 4 Reg 

20 ns 

Half Power 
90mA 

PRODUCT 

15 ns 

TERMS/OUTPUT 

7 
8 

7,8 
7,8 

1PD 
ns 

Quarter Power 
50mA 

IMAX 1cc 
MHz mA 

12.5 43.4 180 

15 37 180 

20 28.5 180 

PACKAGE DESIGNATORS 

MMI Devices AMO Devices Package MMI Devices AMO Devices Package 

J BRA/BJA Ceramic DIP L B2A/B3A Leadless Chip Carrier 
JS BLA/BXA Ceramic SKINNYDIP - G/BZA Pin Grid Array 

w BSA/BKA Ceramic Flatpack 

"MM!" devices are those produced by Monolithic Memories, Inc. before the companies merged. 

5·3 

E 



Military PAL Devices 

STANDARD PAL DEVICES (continued) 

FAMILY PART NUMBER PACKAGE TECHNOLOGY INPUTS 1/0 OUTPUTS PRODUCT 1PD fMAX •cc 
TERMS/OUTPUT ns MHz mA 

16R8 PAL16L8B-2 20L,J,W TTL 10 6Comb 2Comb 7 30 20 90 
(cont'd) PAL16R8B-2 8 - 8 Reg 8 

PAL16R6B-2 8 2Comb 6 Reg 7,8 
PAL16R4B-2 8 4Comb 4 Reg 7,8 

PAL16L8A 20L,J,W TTL 30 20 180 
PAL16R8A 
PAL16R6A 
PAL16R4A 

PAL16L8B-4 20L,J,W TTL 50 13.3 55 
PAL16R8B-4 
PAL16R6B-4 
PAL16R4B-4 

PAL16L8A-2 20L,J,W TTL 50 13.3 90 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 

20R8 PAL20L8-12 /BLA, TTL 14 6Comb 2Comb 7 12.5 43.4 210 
PAL20R8-12 /B3A 12 - 8 Reg 8 
PAL20R6-12 12 2Comb 6 Reg 7,8 
PAL20R4-12 12 4Comb 4 Reg 7,8 

PAL20L8-15 /BLA, TTL 15 35.7 210 
PAL20R8-15 /B3A 
PAL20R6-15 
PAL20R4-15 

PAL20L8B 24JS,W, TTL 20 28.5 210 
PAL20R8B 28L 
PAL20R6B 
PAL20R4B 

PAL20L8A 24JS,W, TTL 30 20 210 
PAL20R8A 28L 
PAL20R6A 
PAL20R4A 

PAL20L8A-2 24JS,W, TTL 50 13.3 105 
PAL20R8A-2 28L 
PAL20R6A-2 
PAL20R4A-2 

20X10/ PAL20L10A 24JS,W, TTL 10 10 Comb - 3 35 15.4 165 
20L10 PAL20X10A 28L 10 - 10 RegXOR 4 180 

PAL20X8A 10 2Comb 8 RegXOR 3,4 180 
PAL20X4A 10 6Comb 4 RegXOR 3,4 180 
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Military PAL Devices 

UNIVERSAL PAL DEVICES 
FAMILY PART NUMBER PACKAGE TECHNOLOGY INPUTS 1/0 

22V10 PAL22V10-15 

20V8 

16V8 

PAL22V10-20 
AmPAL22V10A 
AmPAL22V10 

/BLA,/B3A, 
/BKA 

ASYNCHRONOUS PAL DEVICES 

FAMILY PART NUMBER PACKAGE 

20RA10 PAL20RA10 24JS,W,28L 

TTL 12 10 Macro 

~ECHNO- INPUTS MACRO-
LOGY CELLS 

TTL 10 10 

MEMORY/INSTRUCTION-BASED SEQUENCERS 

FAMILY 

Field­
Programmable 

Controllers 

FIELD-PROGRAMMABLE GATE ARRAYS 

FAMILY 

Logic 
Cell 1' 1 

Array 
2000 

Series 

Logic 
Cell 

Array 
3000 

Series 

PRODUCT FEATURES 
TERMS/OUTPUT 

8-16 

PRODUCT 
TERMS/ 
OUTPUT 

4 

Varied Term 
Distribution 

CLOCK 

Programmable 

IPO IMAX 1cc 
ns MHz mA 

15 50 200 
20 31.2 200 
30 22 180 
40 16.5 180 

IPD IMAX 1cc 
ns MHz mA 

35 16.7 200 

E 
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Mllltary PAL Devices 

JAN 3851 O and Standard Military 
Drawing· Program 

AMD is an active participant in the JAN 38510 and Standard 
Military Drawing (SMD) Program. The idea behind the SMD 
Program is to standardize MIL-ST0-883, Class B microcircuits 
where fully qualified JAN product is not available. The advantage 
to the user is that SMDs are a cost effective alternative to source 
control drawings and are offered as ofl-the-sheH stocking items 
by IC manufacturers participating in the program. 

Standard Military Drawings should always be considered to 
improve availability over source control drawings. It is standard 
practice atAMD to convert our 883, Class B processing to SMDs 

for all products which we are approved to supply. AMD then dual 
marks these devices with both the SMD number and the Generic 
Part Number. DESC approved products can then be procured to 
either part number as standard product through both OEM and 
Distributor channels. 

The following cross reference will allow you to determine the 
appropriate SMD andJAN Drawing for each PAL device. AMD wil 
continue to work closely with DESC, generating new drawings, 
which will provide a steady flow of advanced technology products 
to standardized specifications. 

MIL·M·38510 Slash Sheet Cross Reference for AMD Generic Part Number 

M38510 01 02 03 04 05 06 07 08 09 10 

503 10H8 12H6 14H4 10L8 12L6 14L4 

504 16L8A 16R8A 16R6A 16R4A 16L8A-2 16R8A-2 16R8A-2 16R4A-2 

505 20L8A 20R8A 20R6A 20R4A 
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Military PAL Devices 

Military SMDs 

MILITARY AMDPART MILITARY AMDPART 
DRAWING NUMBER DRAWING NUMBER 

8103501RA PAL 1 OH8MJ/8838 84129033A PAL20R6AMU8838 
81035012A PAL 1 OH8MU8838 8412903KA PAL20R6AMW/8838 
8103501SA PAL 1 OH8MW/8838 8412904LA PAL20R4AMJS/8838 
8103502RA PAL 12H6MJ/8838 84129043A PAL20R4AMU8838 
81035022A PAL 12H6MU8838 8412904KA 

I 
PAL20R4AMW/883B 

8103502SA I PAL 12H6MW/8838 8412905LA PAL20L 1 OAMJS/8838 
8i03503RA PAL 14H4MJ/8838 84129053A PAL20L 1 OAMU8838 
81035032A PAL 14H4MU8838 8412905KA PAL20L 1 OAMW/8838 
8103503SA PAL 14H4MW/8838 8412906LA PAL20X8AMJS/8838 
8103504RA PAL 16H2MJ/8838 84129063A PAL20X8AMU8838 
81035042A PAL 16H2MU8838 8412906KA PAL20X8AMW/8838 
8103504SA PAL 16H2MW/883B 8412907LA PAL20X 1 OAMJS/8838 
8103505RA PAL 16C1 MJ/8838 84129073A PAL20X10AMU8838 
81035052A PAL 16C1 ML/8838 8412907KA PAL20X 1 OAMW/8838 
8103505SA PAL 16C 1 MW /8838 8412908LA PAL20X4AMJS/8838 
8103506RA PAL 1 OL8MJ/8838 84129083A PAL20X4AMU8838 
81035062A PAL 1 OL8MU8838 8412908KA PAL20X4AMW/8838 
8103506SA PAL 1 OL8MW/8838 8412909LA PAL20L8A-2MJS/8838 
8103507RA PAL 12L6MJ/8838 84129093A PAL20L8A-2MU8838 
81035072A PAL 12L6MU883B 8412909KA PAL20L8A-2MW/8838 
8103507SA PAL 12L6MW/8838 8412910LA PAL20R8A-2MJS/8838 
8103508RA PAL 14L4MJ/8838 84129103A PAL20R8A-2MU8838 
81035082A PAL 14L4MU8838 8412910KA PAL20R8A-2MW/8838 
8103508SA PAL 14L4MW/8838 8412911LA PAL20R6A-2MJS/8838 
8103509RA PAL 16L2MJ/8838 84129113A PAL20R6A-2MU8838 
81035092A PAL 16L2MU8838 8412911KA PAL20R6A-2MW/8838 
8103509SA PAL 16L2MW/8838 8412912LA PAL20R4A-2MJS/8838 
8103607RA PAL 16L8AMJ/8838 84129123A PAL20R4A-2MU8838 
81036072A PAL 16L8AMU883B 8412912KA PAL20R4A-2MW/8838 
8103607SA PAL 16L8AMW/883B 8506501RA PAL 16L8A-4MJ/883B 
8103608RA PAL 16R8AMJ/883B 85065012A PAL 16L8A-4MU883B 
81036082A PAL 16R8AMU883B 8506501SA PAL 16L8A-4MW/8838 
8103608SA PAL 16R8AMW/883B 8506502RA PAL 16R8A-4MJ/883B 
8103609RA PAL 16R6AMJ/883B 85065022A PAL 16R8A-4MU883B 
81036092A PAL 16R6AMU883B 8506502SA PAL 16R8A-4MW/8838 
8103609SA PAL 16R6AMW/883B 8506503RA PAL 16R6A-4MJ/883B 
8103610RA PAL 16R4AMJ/883B 85065032A PAL 16R6A-4MU883B 
81036102A PAL 16R4AML/883B 8506503SA PAL 16R6A-4MW/883B 
8103610SA PAL 16R4AMW/883B 8506504RA PAL 16R4A-4MJ/883B 
8103612RA PAL 16R8A-2MJ/883B 85065042A PAL 16R4A-4MU883B 
81036122A PAL 16R8A-2MU883B 8506504SA PAL 16R4A-4MW/8838 
8103612SA PAL 16R8A-2MW/883B 5962-8515501 RA PAL 16L8BMJ/883B 
8103613RA PAL 16R6A-2MJ/883B 5962-85155012A PAL 16L8BML/883B 
81036132A PAL 16R6A-2MU883B 5962-8515501 SA PAL 16L8BMW/883B 
8103613SA PAL 16R6A-2MW/883B 5962-8515502RA PAL 16R8BMJ/8838 
8103614RA PAL 16R4A-2MJ/883B 5962-85155022A PAL 16R8BMU8838 
81036142A PAL 16R4A-2MU883B 5962-8515502SA PAL 16R8BMW/883B 
8103614SA PAL 16R4A-2MW/883B 5962-8515503RA PAL 16R6BMJ/883B 
8412901LA PAL20L8AMJS/883B 5962-85155032A PAL 16R6BMU883B 
84129013A PAL20L8AML/883B 5962-8515503SA PAL 16R6BMW/8838 
8412901KA PAL20L8AMW/883B 5962-8515504RA PAL 16R4BMJ/883B 
8412902LA PAL20R8AMJS/883B 5962-85155042A PAL 16R4BMU883B 
84129023A PAL20R8AML/883B 5962-8515504SA PAL 16R4BMW/8838 
8412902KA PAL20R8AMW/883B 5962-8515505RA PAL 16L8B-2MJ/883B 
8412903LA PAL20R6AMJS/883B 5962-85155052A PAL 16L8B-2MU883B 
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Military PAL Devices 

Miiitary SMDs (Cont'd) 

MILITARY AMO PART MILITARY AMO PART 
DRAWING NUMBER DRAWING NUMBER 

5962·8515505SA PAL 16L88·2MW/8838 5962-8680405KA PAL20L2MW/8838 
5962-8515506RA PAL 16R88-2MJ/8838 5962-8680406LA PAL20C1 MJS/8838 
5962-85155062A PAL 16R88-2MU8838 5962-86804063A PAL20C1MU8838 
5962-8515506SA PAL 16R88-2MW/8838 5962-8680406KA PAL20C1 MW/8838 
5962·85155o7RA PAL 16R68-2MJ/8838 5962-8753001 LA PAL20S1 OMJS/8838 
5962·85155072A PAL 16R68-2MU8838 5962-87530013A PAL20S1 OMU8838 
5962-8515507SA PAL 16R68-2MW/8838 5962-8753001 KA PAL20S1 OMW/8838 
5962·8515508RA PAL 16R48-2MJ/8838 5962-8753002LA PAL20RS 1 OMJS/8838. 
5962·85155082A PAL 16R48-2MU8838 5962-87530023A PAL20RS 1 OMU8838 
5962-8515508SA PAL 16R48·2MW/8838 5962-8753002KA PAL20RS1 OMW/8838 
5962·8515509RA PAL 16L8DMJ/8838 5962-8753003LA PAL20RS8MJS/8838 
5962-85155092A PAL 16L8DMU8838 5962-87530033A PAL20RS8MU8838 
5962·8515509SA PAL 16L8DMW/8838 5962-8753003KA PAL20RS8MW/8838 
5962-8515510RA PAL 16R8DMJ/8838 5962-8753004LA PAL20RS4MJS/8838 
5962-85155102A PAL 16R8DMU8838 5962-87530043A PAL20RS4MU8838 
5962-851551 OSA PAL 16R8DMW/8838 5962-8753004KA PAL20RS4MW/8838 
5962-8515511 RA PAL 16R6DMJ/8838 5962·8753902LA PALC22V1 OH-30MQS/8838 
5962-85155112A PAL 16R6DMU8838 5962·8753903LA PALC22V1 OH-40MQS/8838 
5962·8515511SA PAL 16R6DMW/8838 5962-8767101 LA PAL20L88MJS/8838 
5962·8515512RA PAL16R4DMJ/8838 5962-87671013A PAL20L88MU8838 
5962·85155122A PAL 16R4DMU8838 5962-8767101 KA PAL20L88MW/8838 
5962-8515512SA PAL 16R4DMW/8838 5962-8767102LA PAL20R88MJS/8838 
5962-8605301 LA AmPAL22V10A/8LA 5962-87671023A PAL20R88MU8838 
5962-86053013A AmPAL22V1 OA/83A 5962-8767102KA PAL20R88MW/8838 
5962-8605301 KA AmPAL22V1 OA/8KA 5962-8767103LA PAL20R68MJS/8838 
5962-8605302LA AmPAL22V10/8LA 5962-87671033A PAL20R68MU8838 
5962-86053023A AmPAL22V10/83A 5962-8767103KA PAL20R68W/8838 
5962-8605302KA AmPAL22V10/8KA 5962-8767104LA PAL20R48MJS/8838 
5962-8605304LX PAL22V10-20/8LA 5962-87671043A PAL20R48MU8838 
5962·86053043X PAL22V10-20/83A 5962-8767104KA PAL20R48MW/8838 
5962-8605304KX PAL22V10-20/8KA 5962-8851501 RA PAL 16L88-4MJ/8838 
5962-8680301 LA PAL20RA 1 OMJS/8838 5962-88515012A PAL 16L88-4MU8838 
5962·86803013A PAL20RA 1 OMU8838 5962-8851501 SA PAL 16L88-4MW/8838 
5962-8680301 KA PAL20RA10MW/8838 5962-8851502RA PAL 16R8-4MJ/8838 
5962-8680401 LA PAL 18L4MJS/883B 5962-88515022A PAL 16R88-4MU8838 
5962-86804013A PAL 18L4MU883B 5962-8851502SA PAL 16R88-4MW/8838 
5962-8680401 KA PAL18L4MW/883 5962-8851503RA PAL 16R6B-4MJ/8838 
5962·8680402LA PAL 12L 1 OMJS/8838 5962-88515032A PAL 16R68-4MU883B 
5962-86804023A PAL 12L 1 OMU8838 5962-8851503SA PAL 16R68·4MW/8838 
5962-8680402KA PAL 12L 1 OMW/8838 5962·8851504RA PAL 16R48-4MJ/8838 
5962-8680403LA PAL 14L8MJS/8838 5962-88515042A PAL 16R48-4MU8838 
5962-86804033A PAL14L8MU8838 5962-8851504SA PAL 16R48-4MW/8838 
5962-8680403KA PAL 14L8MW/8838 5962-8867002LA PALC22V1 OH-30MJS/8838 
5962-8680404LA PAL 16L6MJS/8838 5962-88670023A PALC22V1 OH-30MU8838 
5962-86804043A PAL 16L6MU8838 5962-8867002KA PALC22V1 OH-30MW/8838 
5962·8680404KA PAL 16L6MW/8838 5962-8837003LA PALC22V1 OH-40MJS/8838 
5962·8680405LA PAL20L2MJS/8838 5962-88670033A PALC22V1 OH-40MU8838 
5962·86804053A PAL20L2MU8838 5962·8867003KA PALC22V1 OH-40MW/8838 

5-8 



Military PAL Devices 

Product Introduction Procedures 

All new products released by the Military Products Division must 
successfully pass Mil-Std-883 Class B processing prior to new 
product announcement. This practice allows us to do checkout 
of bonding diagrams, electrical test tapes and burn circuits in a 
manufacturing environment. Programmability is checked when 
applicable. Our Military Engineering Department reviews electri­
cal data to insure performance and yields to military data sheet 
limits are acceptable, prior to new product release. This proce­
dure allows MPD to keep manufacturing start-up problems to a 
minimum on new product orders. 

Standard Processing Flows 

MPD Processing and Screening flows are organized to provide a 
broad selection of processing options, structured around the most 
commonly requested customer flows. 

Standard processing flows for the Military Products Division 
include: 

MPD Modified Level S 
JAN 38510 Class B 
Standard Military Drawing Program 
Mil-Std-883 Class B 

In addition, these flows are expanded to provide for factory 
programming on PAL circuits, when required by our customers. 

Major benefits can be realized by ordering product to standard 
flows whenever possible: 

Minimize need for source control drawings. 
Cost savings on unit cost-no price adders for custom process­
ing. 
Improved lead time-no spec review or negotiation time, plus 
the ability to pull product from various work-in-process stages 
or purchase product from finished goods inventory. 

For your reference, we have included our Modified Level S flow 
and our Mil-Std-883 Class B flow. 

It is the policy of AMD, to always operate to the most current 
revision of Mil-M-38510 and Mil-Std-883. 

Manufacturing and Screening 
Locations 

JAN Products, MPD Modified Level "S", and customer orders 
which call for U.S.A. assembly, are manufactured in our DESC 
certified lines in Sunnyvale and Santa Clara, California. 

MIL-STD-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assembled at 
our Penang, Malaysia facility. This facility is qualified by AMD 
Quality Department, as well as by many of our customers, to 
manufacture MIL-STD-883 Class B product. Conformance to 
MIL-STD-883 requirements is routinely mon[!ored through audits 
at the Penang facility. 

Assembly location as well as fabrication and seal date codes are 
included in AMD's part marking. 

Example: 

98 89 35 A P 

T Assembly location code 
Shift identity (1st shift of week) 

Seal week (ww 35) 

Seal year (1989) 

'----------- Fab date code (1989, 2nd qtr.) 

Assembly Location Codes: 

Blank 
M 
p 

Sunnyvale 
Manila 

Penang 
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Military PAL Devices 

STANDARD MILITARY FLOW CHART 

Screening Modified Level S Requirement ClassB Requirement 

(Per Customer MIL-STD-883 
SCD) Method 5004 

S.E.M. 2018 Sample 

Assembly USA assembly Typically offshore assembly 

Non-destruct 2023 100% 
bond pull 

Die shear/ 2019 (sample) SS=2 
Destruct bond pull REJ= O 

Internal visual 2010 cond. A (modified) 100% 2010 cond. B 100% 

Temperature cycling 1010 100% 1010 100% 

Constant acceleration 2001 test cond. Dor E 100% 2001 test cond. Dor E 100% 
Y1 orientation only Y 1 orientation only 

Particle impact noise 2020 cond. A only 100% 
detection (PINO) 

Interim electrical Per application device 100% 
parameters specification 

TA= 25°C only 

Serialization 100% 

X-Ray 201 O two views 100% 
X and Y axis only 

Interim electrical (1) Per applicable device 100% Per applicable device (1) 100% 
parameter specification specification 

TA= 25°C only TA= 25°C only 

Burn In 1015 Cond. D 100% 1015 Cond. C or D 100% 
r. = +125°C (min) 
Time = 240 hrs 

Freeze Out Option 

Post electrical Per applicable device 100% Pe.r applicable device 100% 
parameters specification specification 

TA= 25°C only T • = 25°C only 
(delta's when required) 

Delta calculations Per applicable device 
(when applicable) specification 

Percent defect allowable DC Parameters DC Parameters 
PDA = 5% or 1 device PDA = 5% or 1 device 
whichever is greater whichever is greater 
Functional Parameters 
PDA = 3% or 1 device 
whichever is greater 

(1) Programming and verification are performed at 25°C only. 
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Military PAL Devices 

Standard Military Flow Chart (Cont'd.) 

SCREENING MODIFIED LEVEL S REQUIREMENT CLASS B REQUIREMENT 

PER CUSTOMER MIL-STD-883 
SCD METHOD5004 

I Final electrical Per applicable device 100% Per applicable device 100% 
parameters (hot and specification specification 
cold extremes) 

Seal A) Fine 1014cond,Aor B 100% 1014 cond, A or B 100% 
B) Gross cond C cond C 

Group A lot Level S Per applicable 
device specification 

5005 Class B Sample 
every lot 

Group B inspection lot Levels As required 5005 Class B Every lot 
Groupe not afplicable 5005 Class B Every 4 qtrs of lab 
Grouo D Leve S As required 5005 Class B date code 
External visual 2009 100% 2009 Every 52 weeks 

100% 

(1) Programming and verification are performed at 25°C only. 

D 
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Military PAL Devices 

Programming Inputs for ProPAL and 
HAL Devices 

1. All patterns require customer approval. Order of preference: 
Mag Tape* and one master 

• Floppy Disk* and one master 
• 2 masters and equation printout or truthtable 

*2. The following is a list describing the different types of Mag 
Tapes and Floppy Disks that Software Support currently can 
accept: 

Standard 8 Inch Floppy Disks formatted RX01 /IBMO 
(Single-Sided, Single Density) or RX02/IBM2 (Single­
Sided, Double Density) or RX03/IBM3 (Double-Sided, 
Double Density). 
IBM 5-1/4 Inch Floppy Disks formatted Single-Sided, 
Double Density or Double-Sided, Double Density 

or 
Magnetic Tape (Created on VAXNMS System): Mag 
Tapes must be in IBM compatible (800 or 1600 BPI) nine 
track in blocked, unlabeled (card image) format of Files-
11 or VAXNMS Backup format. 

In all cases, the Tapes or Disks must contain a label indi­
cating all data such as the density, the format, the oper­
ating system, the command used to write the files and/or 
to remove the data from the Tape or Disk, and a listing of 
the filenames. 

DC/AC Parametric Testing 

1. VILNIH Parametric Information 

VIUVIH parameters are, in effect, input conditions of DC tests 
and are not directly tested. Functional tests are performed at VIL 
= 0.4 V and VIH = 2.4 V. VIL is specified at ~ 0.8 V, and VIH is 
specified at <: 2.0 V. 
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2. AC Testing/Programming 

Advanced Micro Devices offers a large selection of program 
mable products. For those devices which must be programmec 
prior to AC Tests and are ordered unprogrammed, Advance< 
Micro Devices must perform an AC Sample to "guarantee" thei 
AC Performance. 

Since the guaranteeing of parameters can be a serious concen 
for the Military user, we have outlined several approaches tee 
address the AC screening issue. 

Option 1. Advanced Micro Devices can pull a Sample from a lo 
using our own Standard patterns (designed to blow ir 
excess of 50 percent of the fuses) and perform AC 
testing at 25°C, 125°C, and -55°C. 

PAL products processed to Military drawings in 
elude programmability samples and AC testing a 
25°C, 125°C, and -55°C. 

Option 2. Advanced Micro Devices can program PAL device1 
using custom patterns submitted by the customer. AC 
testing is performed as follows: 

100% AC at 2s0c, -55°C and 12s0c and on-lino 
sample for Group A, Subgroups 9, 10, and 11. 

On PAL products where custom programming is performed an< 
AC testing is required, additional vector generation and laul 
coverage analysis is required, as well as AC program generatior 
and checkout. This will result in additional upfront lead time. 



Miiitary PAL Devices 

Quality Programs 

The Milnary Product Division quality system conforms to the 
following Mil-Standards: 

Mil-M-38510, Appendix A, "Product Assurance Program• 
Mil-Q-9858, "Quality Program Requirements" 
Mil-1-45208, "Inspection System Requirements" 

AMD facilities in Sunnyvale and Santa Clara are certified by the 
Defense Electronics Supply Center (DESC), to manufacture and 
qualify Bipolar PROMs and PAL circuits in accordan_ce with MIL­
M-3851 O Class B. This certification was a result of a successful 
audit of our production and quality systems to the stringent re­
quirements of MIL-M-38510. 

Quality Assurance 

The Military Products Division ensures outgoing product qual~ 
and integrity by performing inspection Lot Group A's and B's per 
Mil-Std-883 Method 5005, conducting self audits in all areas 
involved in screening tests per Method 5004 of MIL-STD-883, 
gating all shipments to our customers, and maintaining a calibra­
tion control system in accordance with Mil-Std-45662. 

For products requiring programming prior to AC tests, testing is 
performed utilizing MIL-M-38510 slash sheet sample plans and 
approved SMD sample plans. 

Product Qualification/Quality 
Conformance Inspection (QCI) 

The Military Products Division has a qualny conformance testing 
Jrogram in accordance with MIL-STD-883, Method 5005. Quality 
[;onformance Testing provides necessary feedback and moni­
:ors several areas: 

Reliability of Product/Processes 
Vendor Qualification for Raw Materials 
Customer Qualny Requirements 
Maintain Product Qualification 
Engineering Monitor on Products/Processes 

Standard procedures for new product release specify that AMO, 
as a minimum, conduct qualification testing per Company Policy 
specification on Product Reliability Qualification (00-019). Once 
:iualified, each package type (from each assembly line) and 
:Jevice (by technology group as delineated in MIL-M-38510) are 
incorporated into AMD Quality Conformance Inspection program 
which utilizes the requirements of MIL-STD-883. 

When military programs do not require that QCI data be run on the 
specific lot shipped, AMD Quality Conformance program allows 
customers to obtain generic data on all product families manufac­
tured by the Military Products Division. Generic Qualification Data 
enables customers to eliminate costly qualification and destruct 
unit charges, and also improves delivery time by a factor of eight 
to ten weeks. The following product data is available: 

Group B - Package Related Tests 

QCI is performed in line on each inspection lot. 
• Purpose: To monitor assembly and device package integrity. 

Group c - Product/Process Related Tests 

Group C is performed based on lab date code, at least every 
four quarters. 
Life test data may be used to qualify similar technologies. 
Purpose: To monitor the reliability of the process and the 
parametric performance for each product technology. 

Group D - In-Depth Package Related Tests 

QC! is conducted every 52 weeks using devices which repre­
sent the same package construction and lead finish. 
Any device type in the same package type may be used 
regardless of the specific part number. 
Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 

Process Audits 

Process Audits are performed in accordance with Mil-M-38510, 
Appendix A, (self audits) by the Quality Assurance Department. 

Electrostatic Discharge Control 
Procedures 

The Military Products Division of AMD fully employs static control 
procedures throughout its facilities. 

All manufacturing areas where product is processed or handled, 
including our Reliability Labs, Engineering Labs, etc., have full 
static control such as wrist straps, antistatic smocks, grounded 
stainless steel tables, conductive mats and ion generators wher­
ever necessary. 

All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 

In addition, MPD distributors must demonstratethatthey meetthe 
same stringent standards regarding ESD handling and control 
procedures as the factory. Individual distributor locations are 
audited and approved annually by MPD's Quality Assurance 
Department. 

An ESD identifier is marked on all products per MIL-STD-883 
1.2.1 b (30). All shipping containers are labeled with an ESD 
Caution Message. ESD procedures are continually reviewed, to 
ensure that ourcustomers receive only the highest quality product 
from the Military Products Division. 
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Military PAL Devices 

JAN 38510 and STANDARD MILITARY DRAWING PROGRAM 

STANDARD MILITARY DRAWING NUMBERING SYSTEM 

DRAWING NUMBER FOR--------r~1035 f01 

PRODUCT FAMILY 

DEV~ETYPES--------------

' . ""' "'"" 
A = Hot Solder Dip 
X • Any Lead Finish 

PACKAGE TYPES 
K = 24 Lead 318" x 518" Cerpack 
L • 24 Lead 1/4" x 1 114" SKINNYDIP 
R=20Lead114"x11116"DIP 
S = 20 Lead 114" x 112· Cerpack 
2 = 20 Terminal .350 x .350 LCC 
3 = 28 Terminal .450 x .450 LCC 

JAN PART NUMBERING SYSTEM 

JAN DESIGNATOR---------'r'° "M '" f 1 ~~'""" 
Part cannot be marked with a A = Hot Solder Dip 
·.r unless qualified and approved X = Any Lead Finish 
for listing on OPL. 

PACKAGE TYPES 
GENERAL PROCUREMENT R = 20-Lead 

1/4" x 1 1/16" DIP 
REFERS TO DETAILED SPEC L = 24-Lead 

503 •Programmable Array Logic 114" x 1114" SKINNYDIP 
504 =Programmable Array Logic 2 = 20-Terminal 
505 • Programmable Array Logic 0.35 x 0.35 LCC 

DEFINES DEVICE TYPES-------------' 
3 = 28-Terminal 

0.450 x 0.450 LCC 

~----PROCESSING LEVEL 
ClassB 

PART NUMBER INTERPRETATION: 
When ordering to JAN 38510 and Military Drawing numbers, the lead finish designator (last letter in part number) is commonly called 
out as ·x·. This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. ·x· is 
n6t a lead finish designator in itself, therefore, when product is shipped, the actual lead finish designator will be marked on the devices. 
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Electrical Characteristic Definitions 

I 

r TIMING 

PARAMETER NAME 

Asynchronous Preset Recovery Time 

Asynchronous Preset Width 

PARAMETER DEFINITION 

The minimum time after the asynchronous preset 
becomes inactive to the next input clock triggering edge. 

The minimum pulse width required for the asynchronous 
preset signal. 

1------·- --·--+-----------------+-----------·--·------·-------~ 
Hold lime The minimum time a valid data level is held after clock 

triggering edge. 
--------------+-----·----·--··-·-·----r-·----------·--------------c 

~
I !HP I Hold lime for Preload The minimum delay time for data to remain stable after the 

preload signal becomes inactive. This only applies to TIL­
level preload. 

1 18 "" Synchronous Reset Recovery lime - --~~·e minimum time between the synchronous reset going 
! I inactive and the next input clock triggering edge. 

i--t8---------+-S-e_t_u_p_li_1_m_e_, -1-np_u_t_ or Feedb~ck -~~he minimum time a valid data level of input or feedback 

i Clock is stable before the next clock triggering edge. !-·-------------- -··-
tsp Data Setup Time for Preload The minimum time for input data to be stable prior to the 

· preload signal becoming inactive.This only applies to TIL-
i level preload. 

l,~I twH -·---------+--C-lo_c_k_W-id-th-H--ig-h---------t--T-h_e_m_i_n-im_u_m_w-id_t_h_o_f_th_e_c_lo_c_k_h-ig-h--fr-om-r-is-in_g_e_d_g_e_t_o_ 
the next falling edge. In some cases, simultaneous 
minimum clock widths (both high and low) will exceed the 
minimum period of the device. 

Clock Width Low The minimum width of the clock low from falling edge to 
the next rising edge. In some cases, simultaneous mini­
mum clock widths (both high and low) will exceed the 

' minimum period of the device. 
l-·------------1-----·-------------t------------------------

, t Preload Pulse Width The minimum pulse width required to preload the regis-
1 wP ters. This only applies to TIL-level preload. 

1 t Asynchronous Preset to Output The maximum time required to preset the register output 
! AP after the preset signal is asserted. 

l··--tA-A·-·--------t-----------------r--------------------------

-
·-·------~s._ynchronou-s Reset:_o_ utput The maximum time required to reset the register output 
_ . . after the reset signal is asserted. 

___ t_c_F __ Clock to Feedback The maximum delay between the time the clock trigger~·ng -+ edge is asserted and the signal appears on the feedback. 

--tc_o___ , .. Clock to Register Output ____ ,_T_h_e maximum time it takes to obtain a valid data level on 
· (or Feedback) the output pin after an input clock triggering edge is 

applied. 

Input or Feedback to Registered Out­
put from Combinatorial Configuration; 
Output Mux Select 1 to 0 

The minimum time from input or feedback to registered 
output as output mux selection changes from combinato­
rial to registered output (1 to 0). 

·-------t- ---------~·----·---·-----c--------· ---·------------~ 

Output Enable Time, Clock to Output The minimum delay between when an input is asserted 
and the output switches from a high-impedance state to 
HIGH or LOW logic state. 
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Electrical Characteristic Definitions 

PARAMETER NAME 

Output Disable Time, Input to Output 

Fall Time 

Propagation Delay, Input or Feedback 
to Combinatorial Output 

Power-up Reset Time 

Output Disable Time, OE to Output 

Output Enable Time, OE to Output 

Rise Time 

Input or Feedback to Combinatorial 
Output from Registered Configura­
tion; Output Mux Select Oto 1 

Supply Voltage, Positive Potential 

Supply Voltage, Negative Potential 

Input Clamp Voltage 

High-Level Input Voltage 

Low-Level Input Voltage 

High-Level Output Voltage 

Low-Level Output Voltage 

PARAMETER DEFINITION 

The minimum delay between when an input is asserted 1 

and the output switches from a HIGH or LOW logic state 
to a high-impedance state. J 
The minimum time for a signal to fall from 80% to 20% of i 
its stabilized high value. 

The time for a signal to propagate from input or feedback \ 
to output. 1 

The minimum time for a registered output signal to be 
reset after the power is applied. 

The minimum delay between when a dedicated enable i 
signal is asserted and the output switches from a HIGH or 1 
LOW logic state to a high-impedance state. J 
The minimum delay between when a dedicated enable 
signal is asserted and the output switches from a high· 
impedance state to a HIGH or LOW logic state. 

The minimum time tor a signal to rise from 20% to 80% of 
its stabilized high value. 

The minimum time from input or feedback to combinatorial 
output as output mux selection changes from registered to 
combinatorial output (0 to 1) 

The voltage required across supply and ground terminals 
of a TTL or CMOS integrated circuit. 

The voltage required across supply and ground terminals 
of an ECL integrated circuit. 

The maximum input clamp voltage limit on every input pin. 

The minimum high-level input voltage that is guaranteed to 
represent a high logic level. 

The maximum low-level input voltage that is guaranteed to 
represent a low logic level. 

The minimum high logic level guaranteed for all outputs. 

The maximum low logic level guaranteed for all outputs. 



Electrical Characteristic Definitions 

l PARAMETER NAME I PARAMETER DEFINITION -
CURRENT 

ICC Supply Current, Corresponding to The maximum current into the V cc terminal of a TIL or 

Vee 
CMOS integrated circuit. 

c-
IEE Supply Current, Corresponding to The maximum current into the VEE terminal of an ECL 

VEE 
integrated circuit. 

1, Input Current with Maximum Input The maximum current into an input pin when the input 

Voltage voltage is applied to the input pin. 

llH High-Level Input Current The maximum current into an input pin when a logic-high 
level is applied to the input pin. 

I" Low-Level Input Current The maximum current into an input pin when a logic-low 
level is applied to the input pin. I 

IDH High-Level Output Current The maximum current into an output pin to guarantee an 
output logic-high level. 

1oL Low-Level Output Current The maximum current into an output pin to guarantee an 
output logic-low level. 

f 

1sc Output Short-Circuit Current The current into an output when that output is short-
circuited to ground (0.5 V). 

1ozH High-Level Leakage Current The maximum current into a high-impedance state output 
I pin when a high logic level is applied to the output pin. 

-- ----

i 

I 

I 

IOZL The maximum current into a high-impedance state output Low-Level Leakage Current 
pin when a low logic level is applied to the output pin. E ---

MISCELLANEOUS 

CIN 

I 
Input Capacitance The input pin capacitance at a specified voltage and 

I 
frequency. 

CDUT Output Capacitance The output or 110 pin capacitance at a specified voltage 
and frequency. 

c I 
I 

T. Operating Free Air Temperature The ambient homogeneous temperature of the environ- I 
men! during operation. I 

I 
I 

Tc The maximum chassis temperature during operation. Operating Case Temperature I 

!----~---------

I fMAX Maximum External Frequency 

I 

The fM x E>t• al is the maximum clocking frequency with 
externa~ feedback. It is the reciprocal of the clock period 

I (Is+ !col· 
I- ---

IMAX Maximum Internal Frequency The fMAf Int rnal is the maximum clocking frequency with 
internal ee1fback. It is the reciprocal of the clock period 

' 

1-

(ts+ !CF). 
--

IMAX Maximum Frequency without Feed- The IMAX. No Feedback is the maximum clocking frequency 

I 
back with no feedback. It is the reciprocal of the sum of the data 

setup time (Isl and the data hold time (th). I 
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fMAx Parameters 

The parameter fMAx is the maximum clock rate at which 
the device is guaranteed to operate. Because the flexi­
bility inherent in programmable logic devices offers a 
choice of clocked flip-flop designs, fMAx is specified for 
three types of synchronous designs. 

The first type of design is a state machine with feedback 
signals sent off-chip. This external feedback could go 
back to the device inputs, or to a second device in a 
mufti-chip state machine. The slowest path defining the 
period is the sum of the clock-to-output time and the in­
put setup time for the external signals (ts+ tco). The re­
ciprocal, fMAx. is the maximum frequency with external 
feedback or in conjunction with an equivalent speed de­
vice. This fMAX is designated '1MAx external". 

r-------------
1 
I 

The second type of design is a single-chip state ma­
chine with internal feedback only. In this case, flip-flop 
inputs are defined by the device inputs and flip-flop out­
puts. Under these conditions, the period is limited by the 
internal delay from the flip-flop outputs through the inter­
nal feedback and logic to the flip-flop inputs (ts + tcF). 
This fMAx is designated ''IMAX internal". 

The third type of design is a simple data path applica­
tion. In this case, input data is presented to the flip-flop 
and clocked through; no feedback is employed. Under 
these conditions, the period is limited by the sum of the 
data setup time and the data hold time (ts + tH). How­
ever, a lower limit for the period of each fMAX type is the 
minimum clock period (twH + twL). Usually, this minimum 
clock period determines the period for the third IMAX, 
designated ''fMAx no feedback". 

CLK 

-----, 
I 
I .,._ ___ (SECOND 

LOGIC REGISTER I 
I 
I 
I 

CHIP) 

I I L-------------------J 
1o1l4111-----ts ----1.,lof<l<ll .. --tco --•.,+!"'-ts -j 

IMAX External; 1/(ts + tco) 

CLK 

r------------- -----, 
I I 
I I 

I 
I 
I 
I 

LOGIC REGISTER 

I I L-------------------J 
1~ .. t----ts---11 .. '*l .... -tcF--------J 

Publication # 

12468 
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IMAX Internal; 1/(ts + tcF) 

Rev. Amendment Issue Date 
A /0 1/90 

CLK 

r------------- -----, 
1 
I 
I 
I LOGIC 

I 
I 
I 

REGISTER ---~'---
I 
I 
I 

L-------------------~ 

I "'"'----ts 

IMAX No Feedback; 1/(ts + tH) or 1/(IWH + IWL) 

12350-022A 



Physical Dimensions* 

PD020 
20-Pin Plastic DIP 

1.010 I""" .. ____ 1.040-----t•--ii 

T 
.240 
.290 

....,,,,6,,..,,,,,,..,,,,,,,...,,,,,,.,.,.,,..,,,.,..,,,,,..,,="'="'.....,...._l 

-H-
.005 
MIN. 

.005 

·~wwwww_l.060 
.2~ 

' T ---H-
.125 .014 
.160 .023 

PD3024 
24-Pin 300-mil Plastic SKINNYDIP 

1.180 
l""' ... 1------1.280-----·~1 

_t: ;:~; ~:] J;: 
.030 .045 .090 -..! 1.--
065 065 .110 .005 

. . MIN 

.290 

.320-

.290 

.320 

·Advanced 
Micro 

Devices 

07552A 

07089E·002 

* For reference only. All dimensions measured in inches. BSC is an ANSI standard for basic space centering. 
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Physical Dimensions 

PD3028 
28-Pin 300-mil Plastic SKINNYDIP 

1.380 .... , .--------1""AQ0-----·1 

[::::;:::::JJ;:: 
_jl- _jl_ c -1~ 

.030 .045 .090 

.065 .065 .110 

PD028 
28-Pin Plastic DIP 

.005 
MIN 

1.440 ,....1 ·---1.480 _________ ....... _,I 

+ .530 
.580 

'"=6..,.,..,,...,...,......,...,.....,.,...,.,....,...,.,....,......,..,......,..,..--..,.......,.,....,..,...,...,.....,...,-,....J J 
-H-.090 

.TIO .005 
MIN 

.015 

'~mAAMANWW_L.060 
.225 il 
.1~ ' .160T --11---
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.014 

.023 

.290 

.320 

11427A-002 

.580-

.620 

068426 



Physical Dimensions 

PL020 
20-Pln Plastic Leaded Chip Carrier 

.385 I 

.395 

PL028 

.350 

.356 

.042 

.048 
.050 
REF 

-,85~ 
.395 

- .026 
- .032 

28-Pin Plastic Leaded Chip Carrier 

.485 

.495 

.450 

.456 

.042 

.048 .050 
REF 

1i:~I 
14------.495 ~ 

-.026 
-.032 

.009 

.015 

.020 
MIN 

- J .025R 
i/·045 

.200 
REF 

=3--'----'--.290 

.165 

.180 

.020 
MIN 

.090 

.120 

.330 
t 

069700 

06751E 

D 
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Physical Dimensions 

CD020 
20-Pin Ceramic DIP 

CD3024 

______ .935 -----1""11 
.975 .. .080 

- MAX 

t 
.280 
.310 

~-r-r-...,....,.-r-"T"TT"T"TTT"",.....,..,....-r-=-'~· 
~~ .100 

BSC .005 
MIN 

24-Pin 300-mil Ceramic SKINNVDIP 

.015 

D~.000 .140 _L 
.200 

.125 + 

.160 

., --11--- .015 
.022 
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.290 

.320 

i--.400 --1 
MAX 

.290 

.320 

075539-001 

06850C 



Physical Dimensions 

CD028 
28-Pin Ceramic DIP 

.015 

"'T~·"" .220__i_i! _l 
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Physical Dimensions 

CL020 
20-Pin Ceramic Leadless Chip Carrier 
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Physical Dimensions 

CL028 
28-Pin Ceramic Leadless Chip Carrier 
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Physical Dimensions 
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Physlcal Dimensions 
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Package Thermal Characteristics 

Abstract 
Determination of the Thermal Resistance of Packaged De­
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop­
ment group has undertaken the task of characterizing current 
AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis­
tance. 

Definition of Thermal Resistance 
The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, knowledge of the ther­
mal properties 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 will 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+Po 8Jx 

where: T J = junction temperature 
T x = reference temperature 
P0 = power dissipation 
e,x = thermal resistance 
X = some defined test condition 

(1) 

In general, one of three conditions is defined for measurement 
of thermal resistance: 

8JA 
(still air) 

8JA 
(moving air) 
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- thermal resistance measured 
with reference to the tempera­
ture 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 ve­
locity. 

The relationship betwe11n 8Jc and eJA is 

eJA = 8JC + 8cA 

where 8cA is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. 8JC is 
dependent solely on material properties and package geome­
try; OJA includes the influence of the surface area of the 
package and environmental conditions. Each of these defini­
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 

The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate­
rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera­
ture dependent. For alumina and silicon, two common pack­
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera­
ture range of the device. The thermal resistance of a compo­
nent is given by 

L 
8=-- (2) 

K(T)A 

where: L = length of the heat flow path 
A 
K(T) 

= cross sectional area of the heat flow path 
= thermal conductivity as a function of tem­

perature 

and the overall thermal resistance of the assembly (discount­
ing convective effects) will be: 

IJ='f/)=~~ 
" K,A, 

but since the heat flow path through a component is influ­
enced by the materials surrounding it, determination of L and 
A is not always straightforward. 

A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 

1 1 
Pd= -(TJ-Tx) = -(TJ-Tx) 

OJX 'f/)N 
(3) 

the relationship between P" and Ti can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, TJ must increase and, since the individual II, will 
also increase with temperature, the increase in TJ 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 
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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 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
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 ensure that the results of the 
measurement are truly representative of the thermal state of 
the 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 less generalized result. 

For MOS devices, simulation is accomlished using the thermal 
test die. The basis for this test die is a 25 mil square cell 
containing an isolated diode and a 1 Kn resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
into mulitple 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 1 mA current level at two 
different temperatures. The diode calibration factor is then: 

T2 -T, AT 
K,=--=- (4) 

V2 -V, AV 

in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 

The actual thermal resistance measurement has two alternat­
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: 

KF(VF-V,) K,AV 
Oix= = --

VHIH P0 

where: KF = calibration factor 
V, = initial forward voltage value 
VF = current forward voltage value 
VH =heating voltage 
IH = heating 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 OJA (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 OJc 
measurements the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature. The require­
ments for measurement of OJA (moving air) are rather more 
complex and involve the use of a small wind tunnel with 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan­
dardization of this last test requires much careful attention. 

WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 

VH 

VOLTAGE 

WF009091 

CURRENT 

WF009080 
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Experimental Results 

The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 
preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 

Updated data will replace the data in this table as each device is measured or revised data becomes available. 

Thermal Resistance of AMD Products 
(Notes 1, 2 and 3) 

Pin 
Package Count Material 

PD020 20 Plastic 

PL020 20 Plastic 

CD020 20 Ceramic 

CL020 20 Ceramic 

CFL020 20 Ceramic 

PD3024 24 Plastic 

CD3024 24 Ceramic 

CFL024 24 Ceramic 

PD3028 28 Plastic 

PD028 28 Plastic 

PL028 28 Plastic 

CDE028 28 Ceramic 

CD 028 28 Ceramic 

CL028 28 Ceramic 

Notes: 

Type Device 

DIP Typical 
AmPAL23S8 

PLCC Typical 

DIP Typical 
AmPAL18P8 
AmPAL23S8 
AmPAL23S8-30 

LCC Typical 

Flat pack Typical 

SKINNYDIP Typical 
AmPAL22V10 
PAL22V10-15 

SKINNYDIP Typical 
AmPAL22V10 
PAL22V10-15 

Fiatpack Typical 
AmPAL22V10 

SKINNYDIP Typical 

DIP Typical 

PLCC Typical 
AmPAL22V10 
PAL20L8A 

Windowed Typical 
SKINNYDIP 

DIP Typical 

LCC Typical 
AmPAL22V10 

1. Representative values for each package type - for information only. 

8JA •Jc 

61 30 
56 CR 

CR CR 

60 11 
65 9 
59 5 
63 5 

61 CR 

56 CR 

60 CR 
58 CR 
63 CR 

57 15 
56 15 
58 8 

85 9 
85 4 

CR CR 

CR CR 

58 CR 
60 CR 
60 CR 

CR CR 

CR CR 

CR CR 
63 CR 

2. Any given device may differ from these values. Consult local AMD sales office for specific device 
information. 
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3. CR = Consult local AMD Representative 
4. DIP = Dual-In-Line Package 

LCC = Leadless Chip Carrier 
PLCC = Plastic Leaded Chip Carrier 
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Design Software for 
Programmable Logic 

Introduction 

Programmable logic design software translates a custom logic 
design specification into a format which can be accepted by a 
programmer (Figure 1 ). 

Programmable logic software is also an excellent tool for design 
simulation and documentation. Simulation assists in debugging 
an initial design and helps to ensure that a device will operate as 
intended the first time instead of requiring multiple design itera­
tions. Documentation is essential for someone other than the 
original designer to understand a custom programmable logic 
specification. 

This overview will describe the basic components of PLO design 
software packages, including assistance in logic simulation and 
testing. Several software packages are available; some are listed 
at the end of this overview. 

BLANK PLD 

602 01 

CIRCUIT CONCEPT 

YOUR COMPUTER 

PROGRAMMING 
FORMAT 

PROGRAMMABLE 
LOGIC DESIGN 

SOFTWARE 

LOGIC (PROM) YOUR 
PROGRAMMER PROGRAM- PRODUCT 
~----~ MED DEVICE ~---~ 

Figure 1. The Programmable Logic Development Cycle 

Design Software for Programmable Logic 

PLO design software lets the designer write logic descriptions at 
a high level, that is, at a level that accurately reflects the design 
concept. This type of software increases productivity while 
producing designs that are thoroughly documented. 

The software should support all programmable logic device 
types, all popular logic (PROM) programmers, and a large num­
ber of popular development computers. In addition, software 
products offer a variety of input design formats such as state 
machines, high-level Boolean equations, truth tables and logic 
schematics. 

A compiler's syntax offers a general and easy description of the 
desired configuration of the chosen programmable logic device. 
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DESIGN 
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DEVICE 
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Figure 2. The Compiler 

PROMS 

In addition, the high-level description of the design provides 
flexibility in changing the design if so desired. A designer might 
initially use a particular type of PLO. Later, when fixes or en­
hancements are made, the design can be quickly re-compiled for 
the same device. If the changes require more product terms or 
an architectural configuration that the chosen PLO cannot sup­
port, the function can easily be placed in an alternate device. In 
many cases this will allow design modifications without altering 
printed circuit boards which may have already been manufac­
tured. 

Logic Simulation 

Most of the PLO software design tools also offer logic simulation. 
Logic simulation is typically performed to verify the logical design 
prior to programming an actual device. This may save some of 
the time spent trouble-shooting a programmable logic design 
using conventional techniques, using an oscilloscope and logic 
analyzer. 

A simulation file consists of stimulus patterns applied to inputs 
and response patterns expected at outputs. The simulator com­
pares each stimulus/response pattern, or vector, with the logic 
equations to verify that the expected response agrees with that 
produced according to the equations. 

Not simulating may be of little consequence for simple designs, 
but for complex designs, especially complex sequential logic, it is 
well worth the time. 

Testing Programmable Logic 

PLO software design tools also assist the designer in testing the 
PLO after it has been programmed. 

Before shipping a PLO, programmability may be verified by the 
manufacturer by exercising the device's address and program­
ming circuitry on redundant test sites. 
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Afterthe device has been received and programmed by the user, 
the logic programmer will read the states of all the fuses in the 
device and compare them with the data stored in the program­
mer's memory to check the status of the programming matrix, in 
its verify cycle. If any mismatches are detected, the device is 
rejected. 

However, a correct fuse verify does not guarantee that the device 
will work properly, since the fixed logic of the device has not been 
fully tested (Figure 3). To ensure proper operation the device must 
be functionally tested. 

FIXED 
LOGIC 

OUTPUTS 

TESTED DURING TESTED BY APPL YING 
PROGRAMMER VERIFY FUNCTIONAL TEST 

CYCLE VECTORS 
602 03 

Figure 3. Programmable Logic Device Testing 

Functional testing of PLDs involves applying stimulus patterns to 
a device while looking for the expected response. The test 
sequence consists of a table of stimulus/response patterns 
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similar to those used to perform a simulation. PLO software 
design tools offer the capabillty of generating these test vectors. 

Test vectors are produced by creating a simulation input file con­
taining stimulus/response patterns. After running the simulator to 
verify the integrity of the vectors, they are appended to the JEDEC 
down-loadable file which already contains the programming pat­
terns for the particular target device. 

We can now see that there are two distinct benefits of logic 
simulation in working with PLDs: 

LOGIC SIMULATION 

DESIGN / '\.. TEST VECTOR 
VERIFICATION GENERATION 

602 04 

Software Tools 

Many different programmable logic design aid software programs 
are available. Table 1 lists some current suppliers of these design 
tools. Contact the Indicated companies for the status of their 
particular product. 
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SOFTWARE VENDOR 

PALASM®90 Software Advanced Micro Devices 
(PAL and PLS devices) Contact local sales office 

Am29CPL 1 00 Software 
(Am29CPL 151/4) 

PEGPDS™ 
(Am2971) 

Programmable Gate Array Software 
(Am2000/3000 Series) 

ABEL™ and PLDlinx™ Data 1/0 Corporation 

FutureDesigner™ 
10525 Willows Road N.E. 
P.O. Box 97046 

PLDtest® and PLDtest Plus™ Redmond, WA 98073-9746 
(Vector Generation) (800) 247-5700 or (206) 881-6444 

CUPL™ Logical Devices 
1201 E. Northwest 65th Place 
Fort Lauderdale, FL 33309 
(800) 331-7766 or (305) 491-7405 

LOGiiC® ISDATA 
800 Airport Road 
Monterey, CA 93940 
(408) 373-7359 

PLDesigner® Mine Inc. 
6755 Earl Drive, Suite 200 
Colorado Springs, CO 80918 
(719) 590-1155 

OrCAD/PLD™ OrCAD Systems Corporation 
1049 S.W. Baseline Street, Suite 500 
Hillsboro, OR 97123 
(503) 640-9488 

AnvilATG™ Anvil Software, Inc. 
(Vector Generation) 427-3 Amherst Street, Suite 391 

Nashua, NH 03063 
(603) 891-1995 

Test Generator ATG Associates 
(Vector Generation) 3415 Merrill Road 

Aptos, CA 95003 
(408) 475-5717 

Table 1. Software Support 

6-5 



PALASM® 90 Software 

High-Performance Support Tools 

PALASM 90 CAD software is an integral part of the AMO program· 
mable logic solution. As PAL devices and other PLDs have grown 
more powerful and complex, our team of software engineers has 
added major enhancements to PALASM software. The goal is to 
provide timely, state-of-the-art software support for every new 
PAL device at market introduction. The result Is software that 
enables you to configure a PLO quickly, easily, and effectively. 

Freedom to Express Your Designs 
In Different Forms 

PALASM 90 software offers you increased design flexibility. You 
have the option of creating your design file with Boolean or State 
equations. The powerful PAL device design specification syntax 
has the advantage of being flexible enough for complex designs, 
without compromising ease-of-use. The basic operators INVERT, 
AND, OR, and EXCLUSIVE-OR can be used to describe any logic 
function using Boolean equations. The high-level constructs IF­
THEN-ELSE and CASE have been added to the Boolean syntax, 
along with support of vectored expressions. The syntax for State 
equations is equally easy to use. 

Powerful Simulator Provides 
Automatic Testing 

PALASM 90 software has a powerful, event-driven simulator that 
cuts down the margin of design error significantly. It enables 
simulation of the design before the chip is programmed. This 
means you can go back and edit the design as many times as you 
want without wasting a single chip. The simulator's English-like 
commands allow you to describe functions easily. It performs a 
validation of your design, and generates vectors from a test 
sequence that you specify. PALASM 90 software's simulation 
makes testing of the design an integral part of creating the design. 
This means that every time you insert a PAL device into the 
programmer, you can be sure it will be accurately programmed. 

Publication # Rav. Amendment Issue Date 
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Automatic Logic Reduction for 
Cost-Effective Design 

PALASM 90 software gives you the option of automatically reduc­
ing your logic equations, enabling you to utilize your PAL device 
fully. Now you don't have to go through tedious manual reduction 
and DeMorganization. The software does the work for you. 
Reduced logic leads to cost-effective design, since less device 
space is used. By conserving space, design efficiency is in­
creased, as more complex logic can be packed into the device. 

Edit Programmed Device Designs 

PALASM 90 software offers you the unique ability to edit pro­
grammed device designs. Its time-saving JEDEC manipulator 
enables you to read a fuseplot directly from a programmed 
device, and disassembles the fuse information back to Boolean 
equations. H you wish to alter the design, you can edit the Boolean 
equations that the JEDEC manipulator generates. 

Easy-to-Use Windowed Interface 

The power of PALASM 90 software has been harnessed by a 
powerful new user interface. Pull-down menu options allow you 
to modify, assemble, and simulate your design; view any data, 
including simulation waveforms; and download JEDEC files to a 
programmer. And, all of the assembly and simulation processes 
can be chained together so that one command completes the 
entire process. Errors are flagged on-screen and in a log file for 
examination later. The result is a smooth, integrated design 
environment that allows you to design logic easily and efficiently. 

Hardware Support 

PALASM 90 software is supported on the following systems: 

• IBM-PC/XT/AT, PS/2, and compatibles 
• VAX-VMS 
• Sun workstations 
• Apollo workstations 

0 
.EDEC 

FILE 

-
PAL DEVICE 
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PALASM 90 Software 

Documentation 

PALASM 90 software is fully documented in its own User's 
Manual. In addition, a free hotline is provided to answer any 
questions you may have about the software or about AMD 
devices. The hotline number is (800) 222-9323. 

• SYNTAX 
INPUT CHECKING 

• FUSEPLOT 

Design Software for PLDs 

We believe that PALASM 90 software and AMD PLDs are firmly 
linked. From immediate device support to documentation to field 
service: PLD support and software support are one and the same. 
It is through this philosophy that PALASM software has become 
the world's most widely-used PLD design package, and a natural 
complement to AMD PLDs. 

OUTPUT 

• FUSEMAP 
• STATE MACHINE •LOGIC ASSEMBLY • JEDEC FILE DEVICE 

REDUCTION PROGRAMMING 
•BOOLEAN • SIMULATION 

• ERROR 
DETECTION • HISTORY FILE 

14088-002A 
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Am29CPL 100 Software 

The Field-Programmable Controller devices 
(Am29CPL151 and Am29CPL154) are supported by 
dedicated software that takes advantage of the instruc­
tion-based nature of the devices. 

ASM 14X is the name of the assembler program that ac­
cepts the user's design description and creates a pro­
gramming file. The SIM14X simulator can be used to 
verify the design before actually programming the de­
vice. 

ASSEMBLER FEATURES 

The ASM 14X Assembler provides high-level micropro­
gramming support for the Am29CPL 151/4 Field-Pro­
grammable Controllers. High-level language constructs 
such as IF-THEN-ELSE and WHILE allow the program­
mer to write microcode in a logical and more conversa­
tional syntax. This enhances code documentation be­
cause the microcode is expressed in a readable and 
easy-to-follow format. 

Assembler features include: 

• Binary, octal, decimal, and hexadecimal numbers 
are recognized 

• Jump/branch to labels 

• Logic equations for control outputs 

• Error detection and diagnosis 

• Default test condition 

• JEDEC standard fuse map output 

• Symbol table output 

Statement Formats 

The assembler recognizes four statement formats: 

1. IF (<COnd>) THEN <action> [ELSE <action>] 

2. WHILE (CREG <> 0) <action> [ELSE <action>) 

3. CONTINUE 

4. CMP TM(<mask>) TO PL(<COnstant>) 

The <COnd> refers to the test condition that is evaluated 
before performing the <action> specified in the state­
ment. The <action> can be opcodes such as GOTO, 
LOAD, and CALL. See the Am29CPL 151 /4 data sheets 
for more details on instruction syntax and device opera­
tion. 
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SIM14X SIMULATOR 

The SIM14X simulator provides complete high-level 
software simulation for the Am29CPL 151/4 devices. 
The SIM14X simulator uses a JEDEC fuse map file, 
generated by the ASM 14X assembler, and a test-vector 
file as its inputs. The simulator then computes output 
signals and compares them against the expected output 
values specified in the test vector file. If any differences 
are detected, the simulator flags the errors by placing a 
"?" under the unmatched output signals. 

The SIM14X simulator displays complete status infor­
mation including all input pin signals, computed and ex­
pected output signals, and contents of all internal regis­
ters. You can use the interactive mode of operation to 
specify points in the program to stop and check opera­
tions. You can even execute another program during 
simulation, to run a DOS command that assists in your 
program development. 

In addition to providing break-point and single-step ca­
pability, the SIM14X simulator allows you to preload or 
change all internal registers interactively. Figure 1 
shows the simulator/test vector environment. 

Database 

Assembler 
Input 
File 

PROM 
Programmer 

User 

System 
Editor 

Test 
Vector 

Input File 

SIM14X 
Simulator 
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Figure 1. Simulator/Test Vector Environment 
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Simulator Output 

Unless you choose otherwise, the simulator displays the 
contents of all internal registers, OPCODE mnemonics 
of the current OPCODE field in the pipeline register, and 
the source of the contents of pipeline register. Also dis­
played for the instruction in the pipeline register is the 
value of the condition being tested, whether the instruc­
tion passes or fails and T•M, wherever applicable. 

Remember that all inputs, outputs and register values 
displayed in an output screen are values at a rising clock 
edge. Each <return> in the single step mode can be 
thought of as a rising clock edge. 

System Requirements 

You need the following hardware and software to use 
the Assembler and Simulator: 

Hardware (minimum configuration): 

• an IBM PC/XT or other PC compatible with at least 
256K bytes of RAM memory 

• PC-DOS Version 2.0 or higher or MS-DOS Version 
2.11 or higher 

• A word processor to create the assembler source 
file. Any word processor which produces standard 
ASCII output files is acceptable. For example, you 
can use Wordstar in non-document mode. 
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Programmable Gate Array 
Software from AMO 

Programmable Gate Arrays (PGAs) from AMO offer you higher 
levels of system integration with the advantages of user­
programmability. AMO also provides a complete range of 
software packages to support PGA designs. 

PGAs incorporate flexible blocks of configurable logic in a 
matrix fashion interfaced with a network of programmable 
interconnections. This network of logic blocks is surrounded by 
a ring of programmable 1/0 blocks. This unique architecture 
offers the capability to implement logic designs efficiently and 
effectively. On-chip logic allows configuration data to be loaded 
automatically at power-up, or the device can be reconfigured 
on-the-fly. 

Designing with PGAs is done quickly and easily with modular 
software packages that run on the IBM PC. The software allows 
you to enter a design, automatically place and route it, and 
verify function and timing, all within a matter of days. Once you 
are satisfied with the design, the appropriate configuration data 
can be created to personalize the device. Configuration data 
can reside in an EEPROM, EPROM, or ROM on the circuit 
board or on a floppy or hard disk. 

The discussion below outlines the tasks necessary to imple­
ment a PGA design. The complete range of software tools 
available from AMO allows you to accomplish gate array 
designs to 9000 equivalent gates at your desk, reducing design 
time, cost, and risk. 

PGA Design Cycle 
Designing with PGAs is a simple process, and AMO design 
tools are available for every phase in the design cycle. The 
diagram to the right shows the six steps in designing with PGAs. 

Design entry can be accomplished by using the OrCAD/ 
SOT™ Ill Schematic Design Tools, available as part of the PGA 
Bundled Development System (AmPGA151). For users with 
other schematic capture systems already in place; AMO also 
offers PGA interfaces to the Mentor™ and DAISY™ 
workstations and to the FutureNet® Design package. In 
addition to the interfaces available from AMO, Valid™ 
workstation interfaces are available from Valid Logic Systems. 
In all cases, you use the PGA symbol library that is part of your 
schematic capture interface package. 

Logic verification is an optional step that can be done at this 
point in the design cycle through the use of a logic simulator. 
The PGA Development System with Simulation (AmPGA251) 
includes the OrCADNST™ simulation tool. PC-SILOS™ 
(AmPGA022) is also available from AMO for simulation. 
Simulation capabilities are also available from supported CAE 
systems. 
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Programmable Gate Array Software from AMO 

Automatic partitioning, place and route is performed by the 
Automatic Design Implementation (ADI) software, included in 
each of the bundled development systems. Unused and 
redundant logic is eliminated and the design is partitioned into 
PGA resources (logic and 1/0 blocks). Automatic reduction and 
partitioning allows designers to immediately determine the 
PGA size required, during design definition and entry. During 
the automatic place and route phase of design, users can 
definetiming constraints through critical nets and automatically 
place and route the total design. 

Design optimization can be done either by returning to your 
schematic capture software or through the use of the PGA 
Design Editor. With the design editor, you can perform such 
tasks as moving blocks, rerouting nets and adding or deleting 
logic. A timing calculator, part of the design editor, permits 
point-to-point timing determinations for critical path analysis. 

Timing verification is an optional step that can be done once 
the design has been placed and routed to your satisfaction. 

In-circuit design verification is done in one of three ways. An 
in-circuit emulator is available to simulate the circuit 
(AmPGA028). in addition, during design debug, designers can 
save time by using the download cable to transfer the 
configuration program from the PC directly into a PGA under 
development. Once the design is complete, a PROM file is 
created to be loaded into a PROM via a PROM programmer. 

You iterate these steps until your design is correct. You can 
quickly correct design errors by making changes in your original 
design and repeating the subsequent steps. Even if you detect 
an error during in-circuit design verification, you can make 
corrections quickly and easily. 

PGA Bundled Development System 
with Simulation (AmPGA251) 
The PGA Bundled Development System offers complete capa­
bilities for the implementation of a Programmable Gate Array 
design. Packaged together are the OrCAD/SDT Ill Schematic 
Design Tools, OrCADIVST Verification and Simulation Tools, 
Automatic Design Implementation, and the PGA Development 
System. 

Each part of a bundled PGA system is designed to perform one 
of the PGA design tasks described above. Below is a summary 
of the features of each of the components of AMD's bundled 
PGA software. 

OrCAD Schematic Design Tools 
OrCAD/SDT Ill is a complete schematic package, designed to 
place Computer Aided Engineering power at the desk of every 
engineer. Easy to use menu driven commands make it possible 
to create, edit, save, and print design schematics. The 
graphical editing capabilities allow single objects or groups of 
objects to be easily moved, replicated, or deleted. OrCAD/SDT 
Ill can store over 100 individual macros, each executed with a 
single keystroke. 

Designs can be entered hierarchically to manage the 
complexity of large designs. Designers can flag critical timing 
paths to ensure that critical signals are routed with minimum 
delay. A wide range of graphics boards are supported, with an 
extensive selection of printers and plotters for output. 

In addition to the OrCAD/SDT Ill software, all bundled systems 
contain the interface necessary to design for PGAs, and the 
PGA macro library of almost 300 TTL and SSl/MSI standard 
family equivalents. 

OrCAD Verification and Simulation Tools 
OrCADNST is a full-featured, 12-state, event-driven logic 
simulator, capable of handling designs of 14,000 gates at an 
evaluation speed of 10,000 events per second, and can 
simulate more than 2 billion time units. The package integrates 
a stimulus generator, design linker, and design compiler into a 
simulation environment. A netlist is all that is required to get 
started. The link and compile steps are automatically 
performed, andthe stimulus is defined within an integrated pop­
up editor, enabling you to initialize signals, generate any kind of 
clock signal, and perform test vector definition. 

Definition of signals that are to be traced or displayed is 
performed by the Trace Editor. Displays can be defined as 
signals or buses. Buses can be displayed as binary, octal, 
decimal or hexadecimal. OrCAD/VSTs logic analyzer style 
format simplifies data analysis. Signals and bus values are 
easily viewed, displayed as a window into the trace buffer. Four 
zoom levels enable you to magnify the traces. Up to three 
markers may be placed on the screen to measure time intervals 
quickly. 

In addition to the OrCADNST software, all bundled systems 
contain the interface necessary to use Simulation and 
Verification with PGAs, and the PGA macro library of almost 
300 TTL and SSl/MSI standard family equivalents. 

Automatic Design Implementation 
The Automatic Design Implementation package enhances the 
productivity of designers using PGAs by reducing design place- ~ 
ment and routing time, and at the same time, maintaining ~ 
flexibility. Designs that are developed incrementally can take 
advantage of automatic placement and routing by locking 
partial PGA layouts in place while automatically placing and 
routing design additions. 

The automatic placement and routing program is extremely 
flexible. Through placement directives, the user can control the 
placement process to achieve the best arrangement for a 
particular design. Routing resources can be specified to 
minimize clock skews and signal delays for critical paths. The 
result is faster product development. 

PGA Design System 
The PGA Development System provides users with a complete 
design and development system for specification and imple­
mentation of designs using PGAs. Functional definition of 
configurable logic blocks (CLBs), inpuVoutput blocks (IOBs), 
and interconnections is performed with a menu-driven 
interactive graphics editor. Functions are specified by CLB and 
IOB definitions plus their interconnections. The macro library 
and user-defined macros enable the user to easily implement 
complex functions. The check for logic connectivity and design 
rule violation is easily performed. All unused internal nodes are 
automatically configured to minimize power dissipation. 

Interactive point-to-point timing delay calculation is provided for 
timing analysis and critical path determination. This ability 
enables the user to quickly identify and correct timing problems 
while the design is in progress. 
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Programmable Gate Array Software from AMO 

A bundled development system without simulation 
(Am PGA 151) is also available. Each piece of a bundled system 
may also be purchased individually. In addition, for those users 
who already have OrCAD software, a package containing only 
the PGA interface and library provides the necessary 
components to produce PGA designs using OrCAD tools 
(AmPGA035 and AmPGA045). 

Workstation Support 
With the AmPGA151 and AmPGA251 bundled development 
packages, AMO provides a complete, PC-based environment 
in which to design for PGAs. However, support is also available 

for a variety of CAE workstation products. In using one of these 
workstations, you move from the workstation environment to 
the PC environment and back, depending on the task. Below, 
in the diagram of the PGA design tasks, the shaded boxes 
represent tasks performed on the workstation and the white 
boxes denote PC-based tasks. 

Currently, AMO supports workstations from Daisy/Cadnetix, 
Inc. and Mentor Graphics Corporation. A package is available 
from AMO for each of these systems, containing the PGA 
interface and library necessary to design for PGAs. In addition, 
the PGA interface and library for Valid EDA Systems is 
available from Valid Logic Systems. 

AUTOMATIC 
PARTITION, PLACE 

AND ROUTE 
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Programmable Gate Array Software from AMO 

Daisy Schematic Capture and Simulation 
Interfaces (AmPGA 133) 

The Daisy interfaces from AMD allow the Daisy workstation 
user to enter a PGA design. It includes the following features: 

• Full support of timing verification through back-annotation 
to the CLB or gate level 

• Macro library of over 100 TIL and standard logic family 
equivalents 

• User control of flagging critical paths 

• Use of familiar Daisy design entry methodology 

• Output compatibility with PGA Development Software 

• Hardware, software support 

Hardware platforms: 

·IBM PC-AT™ 

•Daisy 

Software: 

• DNIX Operating System 

• ACE™/DED graphic schematic editors 

• DLS™ Logic Simulator 

• PGA library 

Mentor Schematic Capture and Simulation 
Interfaces (AmPGA 134) 

The Mentor interfaces from AMD allow the Mentor workstation 
user to enter a PGA design. It includes the following features: 

• Full support of timing verification through back-annotation 
to the CLB or gate level 

• Use of familiar Mentor design entry methodology 

• Macro library of over 100 TTL and standard logic family 
equivalents 

• User control of flagging critical paths 

• Output compatibility with PGA Development Software 

• Hardware, software support 

Hardware: 

• All Apollo platforms 

Software: 

• Apollo Aegis Operating System 

• IDEA Applications 

• NETED™ Schematic Editor 

• QuickSIM™ Logic Simulator 

Valid Schematic Capture and Simulation 
Interfaces 

The Valid/PGA interfaces from Valid Logic Systems allow the 
Valid EDA Systems user to enter a PGA design. It includes the 
following features: 

• Full support of timing verification through back-annotation 
to the CLB level 

• Use of familiar Valid design entry methodology 

• Macro library of over 100 TIL and standard logic family 
equivalents 

• Output compatibility with PGA Development Software 

• Hardware, software support 

Hardware: 

•Sun 

•Digital 

•IBM PC-AT 

•Valid 

Software: 

• ValidGED™ Graphics Editor 

• ValidSIM™ Interactive Logic Simulator 

• ValidTIME™ Timing Verifier 

For more information about the Valid/PGA interface, contact 

Valid Logic Systems 
2820 Orchard Parkway 
San Jose, California 95134 
(408) 945-9400 

Valid International 
Valid House 
39 Windsor Road 
Slough Berkshire 
SL 1 2EE England 
44 (75) 382 0101 

Nihon Valid Logic Systems Co., Ltd. 
Tokyo Building 
2-16-8 Minami-lkebukuro 
Toshima-Ku, Tokyo 171, Japan 
81 3 980 6421 
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ABEL™ and PLDlinx™ 
Powerful Tools for PLD Design 

Data 110 offers PLDlinx and ABEL (Advanced Boolean 
Expression Language); two design tools used to convert 
high-level design descriptions into optimized PLD im­
plementations. The output of these tools is the JEDEC 
file (Standard 3A) used in all PLD programmer technol­
ogy. The JEDEC file, which contains the fusemap (lists 
of binary values) that reflects the design to be imple­
mented into the target PLO, does not have a format that 
is practical for describing the design. However, both 
PLDlinx and ABEL offer practical methods for describ­
ing designs to be implemented into one or more PLDs. 
PLDlinx provides for design entry through schematic 
diagrams and supporting text, and creates a source file 
that is passed to ABEL. ABEL also allows design entry, 
but through equations, state diagrams, and truth tables. 
In addition, ABEL provides design optimization through 
logic reduction, and allows simulation and testing of the 
design before generating the JEDEC file. 

PLDlinx 

The main function of PLDlinx is to process a design that 
is expressed as a schematic diagram to a form that is an 
acceptable source file for ABEL. To do this, PLDlinx 
translates the connectivity data produced from the sche­
matic into Boolean equations that are correctly format­
ted for input to ABEL. The schematic diagram is drawn 
using the FutureNel0 DASH™ Schematic Entry System 
(or DASH-PLO, a low-cost PLO-only version of DASH) 
and its logic symbol library. The resultant drawing file is 
then processed for application to PLDlinx as indicated in 
the flow diagram of Figure 1. Generic logic devices, and 
a subset of TTL devices, are expressed in a discrete 
function library of Boolean equations that is accessed by 
PLDlinx. Device descriptions can be added to the library 
at any time to include new and special devices. The dis­
crete function library, in conjunction with the file pro­
duced by the drawing preprocessor, provides PLDlinx 
with all the information necessary to create Boolean 
equations that reflect the design. These equations can 
then be used by ABEL to develop the JEDEC file for the 
PLO programmer. A second library, containing descrip­
tions of each PLO supported by PLDlinx, is used to verify 
input and output pin assignments, and to verify that the 
design is compatible with the chosen programmable 
logic device. 

Hierarchical Designs 

PLDlinx allows you to express designs in a hierarchical 
manner where designs are drawn as modular design 
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Data 110 
Corporation 

functions by means of functional block symbols. 
Modularizing a design by function simplifies design 
management and reduces processing time when de­
sign changes occur. A hierarchical drawing method also 
allows you to use (include) some common logic func­
tions in your design without the need to draw them re­
peatedly. In the following example, for instance, a logic 
function, such as a four-bit counter, or a T-type flip-flop, 
is entered once and then simply included in the next 
higher drawing in the hierarchy. 

Logic DASH 
Symbol or 
Library DASH-PLD 

1 
Drawing 

Preprocessor 

Discrete I Function 
Library 

PLDlinx 

I 
ABEL 

Source File 
Programmable 

Device l Library 

ABEL 

Figure 1. PLDllnx processes a design that Is ex­
pressed as a schematic diagram to a form that Is 

used as a source file for Input to ABEL 

An example of a hierarchical design is shown in Figure 
2. This illustration shows a top level schematic for a sim­
ple 12-bit counter made up of three identical four-bit 
counters, and that resets to zero when a count of 3456 
(decimal) is reached. The four-bit counters are repre­
sented by three identical functional blocks named 
CNT4Tthat show no internal circuit details, but only in­
puts, outputs, and interconnections. A declaration box 
lists the include box named cnt14.inc so that PLDlinxwill 
process the equations and test vectors listed in that box. 
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Clk1 00 AO 
DECBOX 

Clk 

~ 
01 A1 mod: _COUNTER; 
02 A2 title: Counter; 

Cl 03 

CntClr co 
Carry 1 

A3 fusefile: cntl4; 
dev: P29Ml6; 

Cir 

CNT4T 

00 .....-t>Clk 01 
02 

Cl 03 

Cir co 

CNT4T 

00 
t>c1k .....__ 

01 
02 

Cl 03 

Cir co 

CNT4T 

Carry 2 

Ca.!'.!}'_3 

A4 
A5 
A6 
A7 

AB 
A9 
A10 
A11 

Clkl,CntClr 1,2; in: 
out: 
out: 
out: 
out: 
set: 
inc: 

[AO .. A7] [15 .. 22]; 
[AB .. All] [4 .• 7]; 
CarryO, Carryl, Carry2 = 3,9,10; 
Terminal Cnt 8; 
Count - [All . . AO] ; 
cntl4.inc; 

Equations 
Count.oe = !0; 
Terminal Cnt = -

cnt14.inc 

(Count = = 3456); 
test _vectors ( [Clkl , CntClr] -> 

[.C. 1 l -> 
[ .c. 0 l -> 
[.C. 0 l -> 
[ .c. 0 l -> 
[ .c. 0 l -> 
[.C. 0 l -> 
[ .c. 0 l -> 
[.C. 0 l -> 
[ .c. 0 l -> 

Count) 
AhOO; 
AhOl; 
Ah02; 
Ah03; 
Ah04; 
Ah05; 
Ah06; 
Ah07; 
Ah08; 

Figure 2. A 12-blt counter consisting of functional blocks and declaration text 

The second equation 

Terminal_Cnt = (Count== 3456) 

causes the counter to reset tozero at count 3456; other­
wise the counter would achieve a count of 4095. 

Figure 3 shows the next lower-level drawing. This draw­
ing shows that each of the four-bit counters is made up 
of lour T-type flip-flop functional blocks named TFFR_D 
and connected together in a serial fashion. Figure 4 
shows the internals of each functional block that repre­
sents a T-type flip-flop. The T-type flip-flop is created 
from the commonly found D-type flip-flop, with feedback 
connected through an XOR gate. This simple example 
shows how basic circuit elements can be implemented 
in functional blocks and then used at a next higher level, 
which in turn can be implemented into "larger'' functional 
blocks, and so on. 

Mixing Text And Graphics 

Figure 2 also shows how PLDlinx can process drawings 
that describe the design description in both graphics 
and text form. That is, text and graphics are used to ex­
press different aspects of the design, depending on 
which form is the more suitable when entering the de-

sign by means of the schematic entry system. In the ex-
ample 12-bit counter that resets at a count of 3456, it is 
relatively easy to enter the major portion of the design ~ 
using functional blocks and discrete elements, but not ~ 
trivial to enter the necessary reset gating to achieve a re-
set at 3456. The ability to mix text and graphics in the 
drawings, and have PLDlinx supply the pertinent equa-
tions, allows the use of a text entry to declare the full 
count value of the counter instead of having to enter it 
graphically on the schematic. This method of declaring 
the counter using a mixture of graphics and text greatly 
simplifies the task of entering the design. 

All drawings to be processed by PLDlinx contain a dec­
laration box that names the design, the target device, in­
put pin names, output pin names, etc. Text that de­
scribes the actual design is also placed in the declara­
tion box, or in an "include" box which is then declared in 
the declaration box. For example, Figure 2 contains the 
declaration box named DECBOX which identifies the 
design and defines the inputs and outputs of the 
counter, the target device type, and the name of the de­
sign. DECBOX also lists the include box named 
cnt14.inc so that PLDlinx includes the equations and 
test vectors contained in this box in the ABEL source file. 
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Figure 3. Each four-bit counter is made up of T-type flip-flops 
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Partitioning Discrete Logic Into a PLO 

PLDlinx can also be used to extract a portion of an exist­
ing schematic and place that logic in one or more PLDs. 
Figure 5 shows a 6809 microprocessor with control 
ROM, dynamic RAM, 1/0 decoding, and refresh logic. 
The non-shaded portion of the schematic shows the 1/0 
and refresh logic which are to be placed in a single 16L8. 
By adding the following declaration box (Figure 6) to the 
schematic, the desired portion of the schematic is de­
clared for processing by PLDlinx. The declaration box 
partitions the schematic by naming the target device 
and the inpuVoutput/bidirectional pin names and num­
bers. The declaration box also contains the name of a 
test vector file (decoder.vec) that will be used to test the 
design later in the simulation stage. When PLDlinx proc­
esses the 6809 schematic, it places only the declared 
portion of the drawing in the source file that will be 
passed to ABEL. 



ABEL and PLDllnx 

Figure 5. The unshaded 1/0 and refresh logic can be partitioned Into a single PLO 

DECBOX02 

mod: decoder; 
title; 6809 microprocessor system; 
fusefile: u09; 
dev: pl618; 
in: [AlS .. AlO] = [1 .. 6]; 
in: RW,E,Q = 7,8,9; 
out: IO = 15; 
out: ROMl = 14; 
out: COUNT = 12; 
out: BE,CAS,RAS,WE 
bid: DRAM = 16; 
inc: decoder. vec; 

U02 

13,17,18,19; 

Figure 6. This declaration box defines that part 
of the overall schematic to be Implemented In 

the 16L8 device 

ABEL 

ABEL (Advanced Boolean Expression Language) is a 
complete logic design tool for PAL devices, FPLAs, 
PROMs, FPLSs, etc., supporting over 200 different ar­
chitectures, which translates to over 10,000 devices. 
ABEL incorporates a high-level design language and a 
set of programs that process logic designs to give cor­
rect and efficient designs that can be implemented in a 
wide variety of logic devices. Designs processed by 
ABEL are output in JEDEC file format, suitable for 
downloading to logic device programmers. ABEL will 
also read JEDEC files and convert them to design 
source files in its own format. This feature is useful in 
cases where a JEDEC file already exists for a design to 
be modified or built upon, and no ABEL source file ex­
ists. 
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How Designs Are Expressed 

The ABEL design language allows the use of design 
structures that are familiar to designers; high-level 
equations, Boolean equations, state diagrams, and 
truth tables. The designer can choose any of these 
structures or combine them to describe a design. Mac­
ros and directives are also available for complex de­
signs. 

Design processing by ABEL includes source file syntax 
checking, automatic logic reduction, automatic design 
simulation, verification that a design can be imple­
mented in a chosen device, and automatic generation of 
design documentation. The source file, written as an 
ASCII file, or generated by PLDlinx, can be edited by 
means of any text editor that produces ASCII files. The 
source file can also contain test vectors, or name a 
separate file of vectors to be "included", for simulation of 

equations in muxadd 

the design. To perform simulation in a variety of pro­
grammable devices, ABEL constructs a software model 
of the PLD using the fuse information calculated from 
the reduced logic equations and detailed information 
about the specific PLD. If a design is too large for a sin­
gle programmable device, you can use ABEL to split the 
design into multiple PLDs. 

"COUNT = COUNT + 1" Is Not a Boolean 
Equation 

Figure 7 shows a portion of an ABEL source file that de­
scribes part of a design with Boolean equations. Figure 
8 shows a portion of the same design expressed with a 
state machine, while Figure 9 shows a portion described 
with a truth table. The high-level equation feature of 
ABEL is shown in Figure 10, a design for a 16-bit 
counter, where the counter operation is defined by a sin­
gle non-Boolean equation "count= count+ 1." 

Score Score $ Data $ Carryin; 

Carryout Data & Score # (Data # Score) & Carryin; 

is_Ace (Card == 1); 

Score.RE !Clr; 

Figure 7. Expressing a portion of a design with Boolean equations 

state_diagram in bjack Qstate 
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State Clear: Ace := Low; 

State ShowHit: 

State AddCard: 

State Add 10: 

State Wait: 

State Test 17: 

State Test 22: -

State Sub 10: 

goto ShowHit; 

Ace := Ace; 
if (Cardin==Low) then AddCard else ShowHit; 

Ace := Ace; 
if (is_Ace & !Ace) then Add_lO else Wait; 

Ace := High; 
goto Wait; 

Ace := Ace; 
if (CardOut==Low) then Test_17 else Wait; 

Ace := Ace; 
if Hit then ShowHit else Test_22; 

Ace :=Ace; 
case !Bust 
Bust & !Ace 
Bust & Ace 

endcase; 

Ace 
goto 

Low; 
Test 17; 

:ShowStand; 
:ShowBust; 
:Sub_lO; 

State ShowBust: Ace := Ace; 
goto ShowBust; "Loop until reset 

State ShowStand: Ace := Ace; 
goto ShowStand; "Loop until reset 

Figure 8. Expressing a design with a state machine 



ABEL and PLDllnx 

" Digit separation macros 

binary = 0; "scratch variable 
clear macro (a) {@const ?a=O); 
inc macro (a) {@const ?a=?a+l;); 

truth table in binbcd 
- (Score-> [BCD2,BCD1]) 

clear(binary); 
@repeat 32 { 

binary-> [binary/10,binary%10]; inc(binary);) 

truth table in binbcd 
T Score -> 

0 -> 
1 -> 
2 -> 
3 -> 
4 -> 
5 -> 
6 -> 
7 -> 
8 -> 
9 -> 
10 -> 
11 -> 
12 -> 

29 -> 
30 -> 
31 -> 

[BCD2,BCD1]) 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 

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

2 
3 
3 

0 J; 
1 l ; 
2 l ; 
3 l ; 
4 J ; 
5 l ; 
6 J ; 
7 l ; 
8 l ; 
9 l; 
0 l ; 
1 l ; 
2 l ; 

9 l ; 
0 l ; 
1 l; 

Figure 9. Expressing a design with a truth table. The upper truth table uses macros and repeat directives 
to produce the "long-hand" truth table shown in lower portion of the illustration 

module _cntl6eq 

title '4-bit binary counter using equations 
Data I/O Corp. 11 Jan 1989' 

"Pins 

"Sets 

cntl6eq device 'Pl6R8'; 

Clk,Clr,OE 
Q3,Q2,Ql,QO 

Count 

pin 1, 2, 11; 
pin 14,15,16,17; 

[Q3 .. QO]; 

"Constants for test vectors 
H,L,C,X,Z = 1, 0, .C., .X., .Z.; 

Equations 
Count := (Count + 1) & Clr; 

Figure 10. An ABEL source file containing a high-level equation to express the operation of a counter 
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Automatic Polarity Selection 

ABEL provides automatic polarity selection to accom­
modate devices having programmable polarity. When 
designing with one or more of these as the target de­
vice(s), such as the 22V1 O, ABEL will try to reduce the 
design using both polarities, and then use the polarity 
that results in the fewer number of product terms. 

Automatic Fitting in XOR Devices 

When designing with one or more XOR devices, ABEL 
will form new equations as necessary to accommodate 
these devices. For example, the equation !Q = !A$ !B # 
!C # !D (where ! = not, $ = XOR, and#= OR) can be im­
plemented in a 32VX10, but will not fit in a 20X8, since 
the latter device can only exclusive-OR two product 
terms with two product terms. When given a Boolean 
equation that contains more than the allowable XOR 
product terms, ABEL alters the equation to fit the target 

device. In this example, ABEL provides the equation !Q 
= A$ B & C & D (where & = AND), which can be imple­
mented in the 20X8. 

Viewing Internal Activity of the Design 

ABEL also incorporates a '1race" feature that allows you 
to examine activity within the device. During simulation 
of the design, ABEL can be made to display a "graphic" 
representation of the logic levels occurring at various 
points within the macrocell of the chosen target device, 
as well as at external pins of the device. This visibility 
into the internal nodes of the device allows ABEL to 
serve as a macrocell debugger, displaying the logic lev­
els within the macrocells for given input stimulus to the 
device. The display provided during this phase of ABEL 
operation is shown in Figure 11, which indicates the 
logic levels at the register inputs/outputs at specific 
times during operation of the design. 

PT input (1001 1001 1010 1010 0101 1001 1001 0101 0110 0110 1010 1010 ] 
(0110 0110 01] 

HIGH 

PT10266 

Pin 1 
Node 25 

Node 27 

Node 26 

HIGH 

PT 9164 

Pin 1 

Node 25 

Node 27 

Node 26 

[T 

[TFFFFFFF 

(0 

(1 
(0 

(0 

[T 

[FFFFFFF 

(0 

(1 
(0 

(0 

J---------------------
1 

AO Pin 15 I\ 
I >---- L Vec=L 

---------- I I/ 
Q = L 1--

J---1 OR H 

J---1 CK L 

J---1 AR H 

J---1 AP L 

]---1 SL L 

----------
J---------------------

] ---1 
J---1 
]---1 
J---1 
J---1 

AO 

Q 

OR 

CK 

AR 

AP 

SL 

Pin 16 

= 

= 

= 

L 

L 

L 

H 

L 

L 

I 
1--

----------

1 

I\ 
I >---- L 
I/ 

Vec=L 

Figure 11. A built-in macrocell debugger provides vislbllity Into the state of the nodes of each macrocell 
during design simulation (portion of a 29M16 shown) 
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The ABEL User Interface 

The user interface for ABEL can be either command line 
oriented or menu driven if the features of Data I/O's Per­
sonal Silicon Foundry are used. The graphical interface 
provided by Personal Silicon Foundry allows you to 
work with various tools that comprise a complete design 

system. PLDlinx and various operating modules of the 
ABEL package are easily selected on the opening menu 
shown in Figure 12. PLDlinx is invoked by selecting 
"Schematic Translation" on the menu, while the different 
ABEL functions are chosen by means of the "Logic Syn­
thesis" and "Text Editing" (a text editor to create and edit 
ABEL source files) selections. 

Figure 12. Personal Slllcon Foundry Opening and Schematic Translation menus 

For more information, contact: 
Data 1/0 Corporation 
(800) 247-5700 or (206) 881-6444 
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Future Designer™ 

FutureDesigner 

FutureDesigner from Data 1/0 is an integrated design 
entry system which combines industry standard sche­
matic capture, behavioral design entry, and logic syn­
thesis capabilities. Future Designer allows the digital de­
sign engineer to use any combination of equations, 
truth tables or state diagrams to describe a design, inde­
pendent of the target PLD or FPGA. Logic synthesis 
technology is used to automatically convert the high­
level behavioral design description into the proper struc­
tural representation for multiple PLO and FPGA imple­
mentation. 

FutureDesigner includes an interactive user interface, 
allowing entry errors to be caught immediately. Once a 
design is entered, it can be quickly verified, thus ensur­
ing that design errors are caught up front. After design 
verification, reduction and factoring can be automati­
cally performed to produce the most efficient design. 
Partitioning can also be employed to support multiple 
PLO or FPGA applications. As output, FutureDesigner 
produces design documentation and industry standard 
files for device implementation. 

How A FutureDesigner Design Is Entered 

Within FutureDesigner, designs can be entered either 
structurally with schematics, or behaviorally using equa­
tions. Structural descriptions can consist of any collec­
tion of generic gates and flip-flops, or any off-the-shelf 
part that has a Boolean equivalent, including most 7 400 
series TIL parts. Complex features like partitioning, lay­
ered text, and hierarchical design entry are all sup­
ported. Design Processing is performed automatically 
by tracing circuit paths and forming Boolean equations. 
Intelligent register configuration and utilization is also 
supported along with the generation of control logic 
terms. 

Future Designer also allows behavioral design entry us­
ing a forms-based editor. The following entry forms are 
available: 

Publication # 

14092 
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Rev. Amendment Issue Date 
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Form 

Declarations 

Equations 

Truth Table 

Purpose 

Data 1/0 
Corporation 

Enter set names, pin 
assignments, etc. 

Aid entry of Boolean equations 

Aid entry of truth tables 

State Diagrams Aid entry of state diagram 

Simulation 

Reduction 

Factoring 

Partitioning 

Schematic 

PLO Map 

Set parameters, perform simulation 

Set parameters, perform reduction 

Set parameters, perform factoring 

Define partition, display partitioning 
data 

Set parameters, perform schematic 
generation 

Set parameters, create JEDEC file 

Each type of form has a predefined format and follows 
certain rules to make design entry easier, faster, and 
more accurate. For example, as an engineer enters an 
equation in the equations form, FutureDesigner checks 
each signal name against those entered on the declara­
tions form. If a typing or assignment error occurs, an er­
ror message appears so the error can be corrected. For 
instance, entering an input on the output side of an 
equation would result in an error message, as would the 
use of an illegal operator or incorrect syntax. 

The interactivity of the forms prevents design errors 
from accumulating in a design, only to be discovered 
later alter much work. More than one form can be dis­
played on the screen at a time, and all forms are always 
"active" - that is, available to FutureDesignerfor cross­
checking of entries and collection of data for further 
processing. 



FutureDeslgner 

type: reductTon 

~~~~!:Re=!1on: None Tranefonn Sin-of-products Espresso espresso-exact 

~uot-:if•--V:-ouot.q •~m 

Count.elk .. Clk 

Count.oe • IOEl 

I ~e uct1on Leve 
I Polarity 
I I E11clus1ve-OR 
V V V Display 
l!J + n r QB.elk • Clk 
a - n r !QB.d • QB.q I Clear 
a+ n r Q9.0lil • IOE1 
a + n r Qi.elk • Clk 
e - n r 101.d •Clear I 01.q & QB.q I IQ1.q & IQB.q 

Figure 1. SplH Screen Showing Original and 
Reduced Equations 

The top of Figure 1 shows an equation form with three 
equations that describe the COUNT function of the 
counter/LED decoder design example. The first equa· 
lion, "Count.d = (Count.q + 1) & !Clear'', describes the 
count-up operation that takes place only when Clear is 
low. Note that a ".d" or ".q" has been appended to the set 
name. This notation allows the engineer to explicitly 
state whether the reference is to the D input or a output 
of a D flip·flop. It also provides better control of multiple 
feedback paths. 

The second equation, "Count.elk= Clk", describes the 
clocking operation, assigning the clock input of the flip· 
flops to the Clk signal. The third equation, "Count.or = 
!OE1", is for the output enable. 

FutureDesigner Reduction 

The lower half of Figure 1 shows reduced equations. 
Note that reduction parameters can be entered in the 
four columns to the left of each equation to be reduced. 

FutureDesigner Simulation 

A simulation form is shown in Figure 2 for the LED de­
coder portion of the design. Future Designer will fill in the 
output section of the form automatically. Once the input 
values are entered, the simulator goes to the design de­
scription forms, applies the inputs to the design, obtains 
output values, and inserts them into the simulation form. 
(Notice that in Figure 2 rough~ half the simulation is 
complete, so half the values are filled in.) The engineer 
checks the values to make sure they are correct and can 
then make them "permanent," so they may be used for 
checking future iterations of the design. 

Simulation takes place interactively and can be set to 
stop at the first error. An error message is displayed on 
the screen so corrections to the design can be made. In 
fact, because FutureDesigner can display more than 
one screen at a time, the engineer can simply call up the 
truth table for the decoder and make the appropriate 
change without leaving the simulation screen. 

type: s1mu at on 

nter input or output value 
actor 15 has passed 

1 
2 
3 
4 
5 
6 
7 

• • 18 
11 
12 
13 
14 
15 

,_ 16 
.. 17 

name: "1iidcount 

Figure 2. FutureDeslgner Simulation In Progress 

FutureDesigner Factoring 

PLDs differ in the number of inputs to their AND and OR 
gates, the number of product terms, the existence of 
feedback paths and internal registers, the number of in­
puts and outputs, and many other items of interest to the 
engineer. FutureDesigner's factoring algorithm opti­
mizes the design equations for the gate counts of the 
target device, creating intermediate equations and mul­
tiple levels of logic to do so. This is particularly useful for 
FPGAs and multi-level logic PLDs. 

Figure 3 shows the counter equations before factoring; 
note that 03.d requires five product terms. Figure 4 
shows the factored equations for the counter outputs. 
During factoring, one intermediate equation, "cnt@O", 
was produced to reduce the number of product terms 
from five to four. If an internal signal or extra input is 
available, this intermediate equation can be used. Note 
also that the intermediate equation introduced one more 
stage or level into the design (indicated by the [3) next to 
the equation). In timing-critical designs, such a tradeoff 
may not work; in other designs, saving one product term 
may mean cost and/or power savings. by allowing the 
use of a smaller PLO. 

) i(Tit t)'pe: actor 

~~~~~e ;ac~~~e group name 

fGroup:i:J1t ··~ 
Group: cnt •• OAln 2 ANO i'trn OR ii n 3 OR "'" • 

Stage Count: gg Factor Target: n Polarity:-+ 

lstagas Factond Equations: 
!Q3.d. 

Clear 
I IQ3.q & IQ2.q 
I IQ3.q & IQl.q 
I 103.q &: IQB.q 
I Q3.q & Q2.q & Ql.q & Q0.q 

!Q2.d. 
Clear 

I IQ2.q & lQl.q 
I IQ2.q & IQ0.q 
I Q2.q & Ql.q & Qe.q 

IQl.d .. Clear I Q1.q & OB.q I 101.q & IQ8.q 

Figure 3. Screen Showing Original Equations 
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» ed t type: factor 

~=!~~~:factor target: Gate_array Ifl None Pa 1 
Done 

roup: cnt "' 'Q3.d,Q2=.d-;Qlr.d 

ANDA\n: 2 Miax: !ft ORA\n: J DR Max: 4 
Stage Count: 99 Factor Target:~ Polarit::1: + 

Group: 

~~jges ~~~~~r:dc~i~:t;o~;:q & QZ.q & Qi.q & QB.q 
[2] !Q2 .d .. 

Clear 
I IQ2.q & IQ1.q 
I !Q2.q & !Q0.q 
I Q2.q & Qi.q & QB.q 

[2] IQ1.d '"Clear I Ql.q & Q0.q I IQLq & IQ0.q 
(1) !Q0.d "Q0.q I Clear 

Figure 4. Screen Showing Factored Equations 

FutureDesigner Partitioning 

Manually partitioning a PLD design into more than one 
PLD can be a difficult task. The engineer must deter­
mine which inputs and outputs are common to equa­
tions to decide what makes a sensible partition. 
FutureDesigner's partitioning form provides assistance 
in this task. Figure 5 shows a partitioning form for the lull 
LEDCOUNT design. 

The engineer enters design outputs that he thinks are 
candidates for partitioning. FutureDesigner references 
the various declaration and design description forms 
and fills in the required inputs, the required number of 
combinational and registered outputs, and the total 
number of pins used by the partition. In this case, it is ob­
vious that there is a natural partition between the count 
function that produces the QO through 03 outputs, as 
well as the decoder function. 

Pin and Device Assignment 

To this point, the FutureDesigner design description has 
been completely ''technology independent." In other 
words, the function of the design has been described 
without regard to the type of device used to implement it. 
This design could be part of a larger gate array or a com­
plete program for a PLD. In this case, we have a parti­
tioned design for two PLDs and must assign signals to 
the PLD pins. Figure 6 shows a device and pin assign­
ment form. 
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edit type: part t1on name: edcount 

~~~~~8~1g~~~0name {as 1n declaration) 

art t on: e~count 
Inputs: 5 CD'nb Outputs: 7 (0 w/feedback) Reg Outputs: 4 (4 w/feedback) 

irota 1 Pins Required: 16 

Signa 1 Type: Inputs Required: ~~1gna1 Name: 

Wi 
B1d1r Clk,OE1,Q0,Q1,Q2,Q3,cnt@0 

Q1 
QB 

B1d1r Clear,Clk,OE1,Q0,Q1,Q2 
Bidir Clear,Clk,OE1,Q0,Q1 
Bidir Clear,C1k,OE1,Q0 
Output OE2,Q0,Q1,Q2,Q3 
Output OE2,Q0,Ql,Q2,Q3 
Output OE2,Q0,Q1,Q2,Q3 
Output OE2,Q0,Q1,Q2,Q3 
Output OE2,Q0,Q1,Q2,Q3 
Output OE2,Q0,Q1,Q2,Q3 
Output OE2,Q0,Q1,Q2,Q3 

Figure 5. Partitioning Form Used to Partition 
Large Designs 

SUMMARY 

Future Designer is a powerful tool for designs using mul­
tiple PLDs or FPGAs. It supports mixed mode design 
entry, multi-level simulation, logic synthesis and optimi­
zation, partitioning and indµstry standard output for­
mats. It is also completely compatible with Data I/O's 
entire suite of PLD tools, including ABEL™, PLDtest 
Plus™, MESA and UniSite™. 

» edit type: pld-map 

nter name of partition to map 
ount led ledcount 

:~~e~ ~:~-i~U~~pe: P16R8 
Output Fi1e Name: count.jed 

Output file format: jedec 

ile Title Line: 4 bit binary counter 
t~ecksun Format: full Fast Flag: no 

~~~~~~!~on F~::r;~:~ :0 le~=~~~!1: 1 Z-level: h Breakpoints· ---------

Display Pins:----------------

Special Fuse Nunber: Value: 

ti1n Name 
-----Pin Attributes-----

"" Prod Pio Aot ... • •• Feed Share 
Type Terms NI.Ill ''" Byp 1yp Back Terms 

t~ear Input 2 high yes '~ 

~;~ Input 1 high yes '~ 
Input 11 high yes '~ none no 

QB B1dir ,- 14 high no d "• "' to' Bidir ' 15 high no d "• "' 

Figure 6. Device and Pin Assignment Form Used 
When a FutureDesigner Design is Programmed 

Into a PLO 

For more information, contact: 
Data 1/0 Corporation 
(800) 247-5700 or (206) 881-6444 



CUPL™ 
Universal Compiler 
for Programmable Logic 

GENERAL 

CUPL, the first high level universal development tool for 
programmable logic devices (PLDs), was initially devel­
oped by Assisted Technology, Inc., which was later 
bought out by P-CAD, Inc., in 1985. In July of 1988, 
Logical Devices, Inc., acquired the CUPL product line 
and immediately began updating and enhancing this 
widely used PLO compiler. In early 1989 Logical 
Devices released CUPL version 3.0, adding the follow­
ing improvements: 

• A front end menu system - A new menu-driven in­
terface was added to the CUPL program to make the 
program easier to learn and use. The various phases 
of PLO design development can be stepped through 
without the need of memorizing command syntax. 
Menu selections are explained in an on-screen 
"Message Center," and a tutorial is provided that 
takes the user from design concept to custom chip. 

• Improved documentation - The CUPL manual 
was redone in order to assist both new and experi­
enced users of CUPL in accessing information effec­
tively, and a separate CUPL User's Guide was 
created that covers the overall flow of data within the 
program, installation and customer support issues, 
and a history of CUPL and its improvements. 

• Improved syntax - A MACRO command has been 
added which allows users to create their own macros 
that can define common logic constructs such as ad­
ders, decoders, counters, etc. These user-defined 
macros can be stored in a separate file and called 
into subsequent design files. A REPEAT command 
allows indexing of equations, which reduces many 
redundant statements to a simple indexed loop. 
CUPL's preprocessor provides string substitution, 
file inclusion, and conditional compilation. 

• Improved simulation - CSIM, CUPL's simulation 
program, will correctly simulate a clock MUX and 

Publication# Rev. Amendment Issue Date 
14093 A /0 1/90 

Logical Devices, Inc. 

asynchronous architectures. Also, the simulation re­
sults can now be displayed in waveform output for­
mat, which is quite useful for design verification and 
documentation purposes. 

• Greater Device Support - Device support is a key 
issue in the evaluation of a PLO development tool, 
and this is why CUPL users worldwide have re­
sponded so enthusiastically to the support and atten­
tion Logical Devices is giving to CUPL. As a major 
manufacturer of PLO programmers, we have been 
working closely with device manufacturers for years 
on device support issues, and this experience is put 
to good use for CUPL users, especially with all the 
new PLO offerings being introduced to the market­
place. In addition to the mainstream PLDs, CUPL 
supports the latest devices with advanced output 
macrocells such as the AMO PALCE29M16 and 
PALCE29MA16. CUPL supports all AMO PAL and 
PLS devices. 

• Compatibility to related CAE software - CUPL 
can now be interfaced to schematic capture software 
such as P-CAD® (PC-CAPS), OrCAD/SDTlll'", 
Omation (Schema), Wintek (Hi-Wire), Racal-Redac 
(CADSTAR), CAD Software (PADS-logic), Protel­
Schematic, and Phase-Three Logic (CAPFAST). 

• Platform availability - In addition to standard PC, D 
XT and AT machines, CUPL is also available for 
UNIX® and VAX®NMS® installations, and runs on 
SUN®, HP®/ Apollo® and DEC® workstations. 

• Customer Support - The all-important area of 
technical support is expertly handled by Logical De­
vices. An Electronic Bulletin Board System is on-line 
24 hours a day, 7 days a week to facilitate transfer of 
design files and retrieval of up-to-date information. 
Comprehensive update and maintenance programs 
are also available. 
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CUPL - Universal Compiler for Programmable Logic 

OVERVIEW OF DATA FLOW 

Figure 1 gives a graphical overview of the flow of data 
within the CUPL program. Information about the devices 
supported by CUPL are kept in a device library file, 
CUPL.DL. First, you create a logic description source 
file (filename.pld) using the CUPL language to describe 
the logic you will assign to a PLO. The CUPL compiler 
generates files to download to a device programmer and 
files for documentation purposes, depending on the 
options specified in the source file. 

You can also create a test specification file (filename.Si) 

ON-CU PL 
DEVICE 
LIBRARY 

List File 
With Errors 

Documentation 
File 

[iJ 
HEX l JE 

Download Download 
File File 

to verify the logic before programming the device. CSIM 
compares the expected values in the test file to the 
actual values in the absolute file (filename.abs) created 
by CUPL. When simulation is complete without any 
errors you can specify that the verified test vectors be 
appended to the download file generated by CUPL, for 
use with device programmers which handle test vectors. 
Note that CSIM is separate from the compiler, which 
means that you can run successive simulations on the 
same design file without having to re-compile each time. 
CSIM can optionally display the results of simulation in 
waveform output format. 

LOGIC PROGRAMMER 
(PROM PROGRAMMER) 

Figure 1 
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CUPL - Universal Compiler for Programmable Logic 

THE TEMPLATE FILE 

TMPL.PLD is a template file provided with the CUPL 
program that you can use to build your logic source file. 
The structure of the template file is shown below. 

Name 
Partno 
Date 
Revision 
Designer 
Company 
Assembly 
Location 
FORMAT 
DEVICE 

<filename>; 
<for this function>; 
<date of last change>; 
<current rev. no.>; 
<your name>; 
<your company>; 
<where PLO is used>; 
<on PC board>; 
<output option flags>; 
<device mnemonic>; 

(This section of the 
CUPL source file 
contains keywords 
which identify the 
file for revision and 
archival purposes) 

/******************************************************************/ 
/* This space is used for describing the function of the design */ 
/* and allowable device types. CUPL both promotes and provides */ 
/* good documentation. Comments can be placed anywhere in the file*/ 
/******************************************************************/ 
/* Allowable Target Device Types: */ 
/******************************************************************/ 

/** Inputs **/ 

Pin I* (This section is used for */ 
Pin I* declaring pin numbers and *I 
Pin I* assigning them variable names. */ 
Pin I* *I 
Pin I* The exclamation point (!) is */ 
Pin I* used to define asserted low */ 
Pin I* input and output signals, so *I 
Pin I* with CUPL you can always write *I 
Pin I* equations in positive logic *I 
Pin I* regardless of the polarity *I 
Pin I* of the signals entering the *I 
Pin I* device ••• *I 
I** outputs **/ 

Pin I* ••• or whether there are *I 
Pin I* inverting buffers at the */ 
Pin I* outputs. *I 
Pin I* *I 
Pin I* When you negate an entire *I 
Pin I* expression, CUPL automati- *I 
Pin I* cally performs a DeMorgan *I 
Pin I* expansion.) *I 
/** Declarations and Intermediate variable Definitions **/ 

(This section of the source file is used for making declarations 
such as BIT FIELD and NODE declarations, and for writing inter­
mediate variable equations. Bit Field statements allow you to 
declare a group of bits to be equal to a single symbolic name which 
can then be used in equations. Node statements are used to declare 
a variable name for buried state registers and functions.) 

/** Logic Equations **/ 

(This section is for logic equations, which can be written in 
state machine, high-level equation (boolean), and truth table 
format. The form for logic equations is as follows: 

[!] var[.ext] =exp; 
where var is a single variable or list of indexed or non-indexed 
variables, ext is an optional extension to assign a function to 
the major nodes inside a progammable device, and exp is an expression 
consisting of variable names specified elsewhere in the source file. 
The [!]symbol is the complement operator, which can be used on either 
side of the assignment operator (=). 

D 
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CUPL- Universal Compiler for Programmable Logic 

EXAMPLES 

This example of a 10-state decade counter shows the 
power of the MACRO and REPEAT capability. By 
specifying an option flag when compiling this source file, 

CUPL will automatically generate the equivalent source 
file (filename.mx) without the MACRO and REPEAT 
functions (see Figure 2), which could be used for 
debugging purposes. 

Name 
Part no 
Date 
Revision 
Designer 
Company 
Assembly 
Location 
Device 

COUNTER10; 
CA0018; 
05/24/89; 
01; 
Baird; 
Logical Devices, Inc.; 
None; 
None; 
p16r4; 

/****************************************************************/ 
/* *I 
/* Decade Counter */ 
/* */ 
/* This is a 10-state up/down decade counter with synchronous */ 
/* clear capability. An asynchronous ripple carry output is */ 
/* provided for cascading multiple devices. CUPL state machine */ 
/* syntax is used. */ 
/****************************************************************/ 
/* Allowable Target Device Types : PAL16RP4 */ 
/****************************************************************/ 
/** Inputs **/ 

pin 1 elk; /* Counter clock 
pin 2 clr; /* Counter clear input 
pin 3 dir; /* Counter direction input 
pin 11 !oe; /* Register output enable 
/** Outputs **/ 

pin [14 .. 17) = ! [Q3 .. 0]; I* Counter outputs 
pin 18 = !carry; I* Ripple carry out 

/** Macro Definition **/ 
$MACRO COUNTER num statebit up down clear 
FIELD COUNT= [statebit{O) .. {log2(num) - 1)]; 
sequence COUNT { 
$REPEAT i = [{0} .. {num-1)] 
present 'b'{i) 

$REPEND 

$MEND 

if up 
if down 
if clear 

next 'b' { (i+1)%num); 
next 'b' { (num-l+i)%num); 
next 'b' {0); 

out carry; 

/** Declarations and Intermediate Variable Definitions **/ 
field mode= [clr,dir]; /*declare mode control field*/ 
up = mode:O; /* define count up mode */ 
down= mode:l; /*define count down mode */ 
clear= mode: [2 .. 3); /*define count clear mode*/ 

/** Logic Equations **/ 

/* free running counter */ 
COUNTER(lO, Q, up, down, clear); 

Figure 1. Counter Using MACRO and REPEAT 
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*/ 
*/ 
*/ 
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*/ 
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Name 
Partno 
Date 
Revision 
Designer 
Company 
Assembly 
Location 
Device 

COUNTER10; 
CA0018; 
05/24/89; 
01; 
Baird; 
Logical Device~, Inc.; 
None; 
None; 
pl6r4; 

/****************************************************************/ 
/* *I 
/* Decade Counter */ 
/* *I 
/* This is a 10-state up/down decade counter with synchronous */ 
/* clear capability. An asynchronous ripple carry output is */ 
/* provided for cascading multiple devices. CUPL state machine */ 
/* syntax is used. */ 
/****************************************************************/ 
/* Allowable Target Device Types : PAL16RP4 */ 
/****************************************************************/ 

/** Inputs **/ 

pin 1 elk; /* Counter clock 
pin 2 clr; /* Counter clear input 
pin 3 dir; /* Counter direction input 
pin 11 !oe; /* Register output enable 

/** Outputs **/ 

pin [14 .. 17] = ! [Q3 .. OJ; /* Counter outputs 
pin 18 = !carry; /* Ripple carry out 

/** Macro Definition **/ 
/** Declarations and Intermediate 
field mode= [clr,dir]; /* 
up = mode:O; /* 
down = mode:l; /* 
clear =mode: [2 .. 3]; /* 

Variable Definitions **/ 
declare mode control field */ 
define count up mode */ 
define count down mode */ 
define count clear mode */ 

/** Logic Equations **/ 

/* free running counter */ 
FIELD COUNT= [Q0 .. 3]; 

sequence COUNT 

present 'b' 0 

present 'b' 1 

present 'b' 10 

if up next 'b'l; 
if down next 'b'lOOl; 
if clear next 'b'O; 

if up next 'b'lO; 
if down next 'b'O; 
if clear next 'b'O; 

if up 
if down 
if clear 

next 'b' 11; 
next 'b' 1; 
next 'b' 0; 

Figure 2. Equivalent Fiie without MACRO and REPEAT 

*/ 
*/ 
*/ 
*/ 

*I 
*/ 
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present 'b'll if up next 'b'lOO; 
if down next 'b'lO; 
if clear next 'b'O; 

present 'b'lOO if up next 'b'101; 

present 'b'101 

present 'b'llO 

present 'b'lll 

present 'b'lOOO 

present 'b'lOOl 

if down next 'b'll; 
if clear next 'b'O; 

if up 
if down 
if clear 

if up 
if down 
if clear 

if up 
if down 
if clear 

if up 
if down 
if clear 

if up 
if down 
if clear 

next 'b'llO; 
next 'b' 100; 
next 'b' O; 

next 'b'lll; 
next 'b'101; 
next 'b' 0; 

next 'b' 1000; 
next 'b' 110; 
next 'b' O; 

next 'b'lOOl; 
next 'b'lll; 
next 'b' 0; 

next 'b' 0; 
next 'b'lOOO; 
next 'b' 0; 
out carry; 

Figure 2. Equivalent File without MACRO and REPEAT (continued) 

HIERARCHICAL DESIGN 

As you can see in the above examples, one line of code 
in the PLO file {COUNTER (10,0,up,down,clear)} can 
implement a 10-state counter. You can build your own 
macro library file (macrolib.m) of basic circuit functions 
(counters, adders, multiplexers, decoders, etc.) and use 
them as building blocks for higher-level designs. For 
example, in the above count10.pld file the MACRO 
"COUNTER" could be stored in a separate file and then 
called into the .pld file by using the $INCLUDE 
command. 

Example 

$INCLUDE macrolib.m 
COUNTER (10, Q, up, down, clear); 

will cause CUPL to open the macrolib.m file and extract 
the COUNTER macro specification into the .pld file. 
Using the $INCLUDE command gives you access to all 
the macro functions defined in the specified macro 
library. 

Documentation Output Files 

The documentation outputfile (filename.DOC) provides 
the fully expanded product terms for both intermediate 
and output pin variables, and a fuse plot and chip 
diagram. A JEDEC file is created for downloading to a 
device programmer. 

6·30 

SIMULATION 

An important part of the PLO design process is verifying 
your logic design before programming the chip. CSIM, 
the CUPL simulator, is a powerful tool for PLO design 
verification. 

The input to CSIM (filename.si) is a file which contains 
an order statement and test vectors. 

The order statement lists the input and output variables 
that you want to simulate. The % sign is used for 
formatting purposes. It inserts spaces between the 
variable name columns. 

The vectors section is used to assign input values to 
each of the input variables and an expected value to 
each of the output variables. You can let CSIM 
determine the output value by assigning a "*" to the 
output variable. 

After running CSIM a simulation output file (filename.so) 
will be created which shows the results of the simulation. 
The simulation results can be displayed in both table 
and waveform output format. 

A hardcopy of the waveform display can be created, 
which is useful for documentation purposes. 
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Device 
Name 
Partno 
Date 
Revision 
Designer 
Company 
Assembly 
Location 
Device 

p16rp4; 
COUNTER10; 
CAOOlB; 
05/24/89; 
01; 
Baird; 
Logical Devices, Inc.; 
None; 
None; 
p16r4; 

/****************************************************************/ 
/* *I 
/* Decade Counter */ 
I* */ 
/****************************************************************/ 

ORDER:clk, clr, dir, ! oe, %2,Q3 .. 0, %1, carry; 

VECTORS: 
c 100 LLLL L I* synchronous clear to state 0 */ 
c 000 LLLH L I* count up to state 1 *I 
c 000 LLHL L /* count up to state 2 */ 
c 000 LLHH L I* count up to state 3 */ 
c 000 LHLL L /* count up to state 4 *I 
c 000 LHLH L I* count up to state 5 */ 
c 000 LHHL L /* count up to state 6 */ 
c 000 LHHH L /* count up to state 7 *I 
c 000 HLLL L /* count up to state B */ 
c 000 HLLH H /* count up to state 9 - carry */ 
c 000 LLLL L /* count up to state 0 */ 
c 010 HLLH H /* count down to state 9 - carry *I 
c 010 HLLL L I* count down to state B */ 
c 010 LHHH L /* count down to state 7 */ 
c 010 LHHL L /* count down to state 6 *I 
c 010 LHLH L I* count down to state 5 */ 
c 010 LHLL L /* count down to state 4 */ 
c 010 LLHH L /* count down to state 3 *I 
c 010 LLHL L I* count down to state 2 */ 
c 010 LLLH L I* count down to state 1 */ 
c 010 LLLL L /* count down to state 0 *I 
c 001 zzzz L /* test tri-state */ 
c 000 LLHL L /* count up to state 2 */ 
c 100 LLLL L I* synchronous clear to state 0 */ 

Figure 3. Slmulatlon 

Logic Minimization 

CUPL supports five levels of logic minimization-"NO­
MIN," "Quick-Min," Quine-McCluskey, PRESTO, and 
enhanced Espresso-selectable by the designer on a 
pin-by-pin basis. This flexibility can be very important 
since it is sometimes desireable to maintain redundant 
logic terms in a design. 

automatic test vector generator, PLAdvisor, a device 
selection program that utilizes user-defined criteria, and 
PLPartition, which will partition a design too large for a 
single PLO. 

New Product Developments 

Logical Devices is developing new products to comple­
ment the CUPL compiler. These include TestPLA, an 

For more information, contact: 

Logical Devices, Inc. 
(800) 331-7766 or (305) 491-7405 
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LOG/iC® 

THE PLO COMPILER 

With a Universal System .•. 

The complexity and number of PLDs is constantly in­
creasing and they are becoming increasingly easy to 
use as a result of numerous special functions. Only truly 
manufacturer-independent CAE software, such as 
LOG/iC, can support all of this. By regularly updating its 
PLO library, ISDATA® makes sure that you are always 
right up with the latest developments. The LOG/iC PLO 
compiler provides you with all the advantages of logic 
synthesis, i.e., circuit definitions independent of the final 
realization and automatic circuit generation. It is there­
fore easier to switch between different types and fami­
lies of circuits. 

••• Optimal Solutions 

The two PLO compiler optimizers make the best of your 
chips. This saves you money, space on the board and 
makes your circuits more reliable. 

LOG/iC 
Design Definition 

Logic 
/'T Synthesis 

V'------' 

PLD 
Database 

Testvector V Generation 

Programming­
Information 

JEDEC, Intel-Hex 

Device 
Programmer, Simulator 

14094-001A 

Figure 1. LOG/JC Design Definition 
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LOG/iC makes use of ISDATA's own algorithm FACT 
for PAL structures and the ESPRESSO algorithm for 
PLA structures. LOG/iC automatically computes the 
logical true and inverted of every function-we call it "Auto 
de Morgan." 

... and Design Safety 

Of course, the automatic generation of test vectors be­
longs to the standards. A product term coverage of 
100% has been achieved. The test vectors are auto­
matically inserted. into the programming file. LOG/iC 
produces current data formats, such as the JED EC for­
mat or the Intel HEX format (for PROMs). 

You Need Know Nothing More about 
PLDs than their Future Functions ... 

You design the circuit as a whole, regardless of whether 
this design is to be implemented in one or more devices. 
Existing designs can be incorporated into new designs. 
Every functional block can be described with the most 
suitable syntax. Designs which exist as circuit diagrams 
can easily be input in the LOG/iC system via the option 
"Schematic Macro Library (SML)." At this stage it is not 
necessary to commit yourself to a particular PLO type. 

LOG/iC makes every step of the design transparent. 
The "Optimization Summary," for example, tells you 
how many p terms each function needs. LOG/iC auto­
matically configures the PLD's macro cells. You can, of 
course, also easily define Preset, Output Enable, Clock 
and other functions yourself. 

After optimization you have to decide on one or more 
ICs. It is easy to partition the complete design onto suit­
able, individual ICs. The PLO Data Base, an option to 
the program, automatically suggests a selection of suit­
able chips. It is also a practical electronic reference 
"book." 

PLDs are also easy to program. You can, for example, 
use menus to set all the interface parameters of your de­
vice programmer. You don't have to worry about exten­
sions and file names - the interactive program offers you 
elegant support. LOG/iC automatically generates the 
test vectors for testing the circuit on the programmer. 
You can, of course, add your own test vectors or get test 
vector files from the Functional Verifier. By the way, with 
this interesting option you can already "breathe life" into 
your circuit before even having decided on which imple­
mentation to use. 
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Logical Design 
Design Entry 

Schematic 
Macro Library 

Function Tables 
Boolean Equations 

State Machine Syntax 

Schematic entry 
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Consistency check 
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Interactive simulation 

Physical Design 
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Timing Analysis 
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Technical Parameters 
Automatic device selection 

PLO Database 

Netlist converters 

Post-processor 
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Figure 2: The LOG/IC Tool Box 
LOG/IC's tool concept separates the design process Into logical design and physical design. 

Process of Development 

LOG/iC is a universal design system for digital logic. It 
puts the emphasis on the logical description of the circuit 
rather than a specific device. LOG/iC allows you to run 
sophisticated designs without tying you down to a spe· 
cific IC. 

Circuit descriptions, as well as syntax and consistency 
checks, can be run without transforming the design into 
a specific device. This applies also to the circuit simula· 
tion performed by the "Functional Verifier," which veri· 
fies the logical functioning of the design. There is a 
specific optimization for each particular device family. 
The designer's choice of a device is based upon the re· 
suits of this optimization. Additional support is offered by 
the "PLO Data Base" that helps select the best-suited 
type in case of a PLO implementation. 

The described procedure allows the user to enter and ~ 
optimize large designs even if they can't be imple· ~ 
mented in one single IC. After optimization, LOG/iC 
helps to select the best-suited circuit technology and IC 
type, thus enabling the designer to make best use of the 
benefits of modern ICs. 

Circuit Definition 

LOG/iC offers specific description aids for various de· 
signs problems. Its standard syntax preferably de· 
scribes combinatorial circuits, but it is also possible to 
describe sequential circuits by means of Boolean equa· 
lions. The FSM (Finite State Machine) syntax has been 
created to make the definition of state machines more 
convenient. Special interface options enable circuits 
from third-party systems to be fed into LOG/iC in the 
form of circuit schematics. Together with LOG/iC, any 
text editor can be used to edit design files. 
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Standard Syntax 
The basic elements of the standard syntax are Boolean 
equations and function tables. The format of the equa­
tions corresponds to the common standard. All common 
operators can be used. The equations can be nested in 
any order. They will automatically be converted into a 
Sum-of-Products (SOP) format. String substitutions 
considerably reduce the time spent on editing, and allow 
the design to be more clearly laid out. 

*FUNCTION TABLE 

$ (ADR(lS •• 0}) :MEM, (RAMCS (1 •. 3]), (REGCS [1 .• 4]); 

booo~-~-~-;;;;~~-;:-~--~oo-~-oooo-~-~~~;~~-~;~1-----------
4000H .• 7FFFH: 1 I 010 I 0000 ; MEMORY NR.2 
8000H • • BFFFH: 1 / 001 0000 ; MEMORY NR. 3 

C037H 0 , 1000 ; S-REGI STER 
CC03H 0 , 0100 ; F-REGISTER 
DOF7H 0 I 0010 ; G-REGISTER 
EFF3H 0 , 0001 ; L-REGISTER 

REST 0 1 0000 ; NOT SELECTED 

*END 

14094-003A 

Design Definition Standard Syntax 

Function tables, basically the most concise way of for­
matting, can be made even more concise through num­
bers in arbitrary numeric systems, which can then be 
merged (hex, decimal, octal, binary). It is possible to 
partition logical data into a subset of different function 
tables. In addition, equations and tables can be merged 
in order to define a circuit. The option "Rest-Definition" 
and the use of number fields make the function tables 
particularly concise. As a result, address decoders es­
pecially can be conveniently described. 

FSM-Syntax 

The FSM-syntax enables you to give a functional de­
scription of a synchronous state machine. LOG/iC sup­
ports the design of any state machine such as MEALY or 
MOORE or combinations of the two. Any diagram de­
scription can be used as a concept, e.g •. flow diagrams 
or bubble diagrams. These diagrams can easily be 
transformed into LOG/iC syntax. The basic entry syntax 
is close to hardware. A number of syntax aids, however, 
enable circuits to be defined on a high level. Thus you 
can define input and output vectors and make the de­
sign files more understandable by means of the macro­
definition. The "range notation" also applies to state 
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definitions so that counters and similar circuits can be 
conveniently defined. It is possible to select with a single 
statement the relevant variables out of a whole set of in­
put variables. 

* FLOW TABLE 

S [1..21], 'CLEAR', 'CAR_O', Fl; SYNCHRONOUS RESET 

; COUNT UP 
S (1. .20], 'UP' 

S21, 'UP' 

; COUNT DOWN 

'CAR 0', F[2 .. 21]; 
'CAR~)', Fl; 

S (21 .. 2), 'DOWN' 'CAR 0', F[20 •. l]; 
S 1, 'DOWN' 'CAR=l ', F 21; 

; ---------------------------------------------------------
*STATE ASSIGNMENT 

BINARY 
*END 

14094-004A 

Design Definition State Machine Syntax 

Consistency Check 

In addition to the usual syntax check, LOG/iC verifies 
the logical consistency. At a very early stage of the de­
sign flow, inconsistencies are pointed out to the de­
signer. The Consistency Checker reports its results in 
the form of information, warnings, and errors indicating 
the line where they occur. 

Incompletely specified branches of a state or incom­
plete function tables are indicated as a warning. Am­
biguous outputs of a table, on the other hand, as well as 
contradictory branches and outputs of a state machine 
are indicated as an error.The LOG/iC consistency check 
detects even complex error conditions, such as states 
that can't possibly be reached by the running circuit. 

CIRCUIT DEFINITION 
CONSISTENCY CHECK 

tl 
** WARNING ** STATE 1 INCOMPLETELY DEFINED 
** WARNING ** STATE 4 INCOMPLETELY DEFINED 
**** INFO **** NO ~XIT FROM STATE 4 
**** INFO **** STATE 3 CANNOT BE REACHED FROM INITIAL STATE 
**** INFO **** STATE 4. CANNOT BE REACHED FROM INITIAL STATE 

INCONSISTENT NEXT-STATE ENTRIES IN LINE 1 AND LINE 

INCONSISTENT CONTROL-VECTORS IN LINE 7 AND LINE 

*** LOG/iC ERROR TERMINATION: CONSISTENC'l'-CHECK ** * 

14094-00SA 

Consistency Check 
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Verification 

The option "Functional Verifier" is a simulator that ap­
plies stimuli to the circuit definition in order to verify its 
correct logical behavior. This simulation is not influ­
enced by any devices and it provides a quick verification 
of the design definition. Its operation, similar to a Logic 
State Analyzer, is screen-based and therefore easy to 
run. The results of such a simulation are indicated in the 
form of waveforms. Inputs can be changed online in the 
interactive mode and the reaction of the simulated cir­
cuit will be indicated immediately. 

CIRCUff DEFINITION 

CONSISTENCY CHECK 
VERIFICATION 

12 STAGE COUNTER, 1-0F-N D 
s c 
T L 
A 0 
T C 
E K 

-0-1- 0-1- 0-1- 0-1--0-1- 0-1-0-1- 0-1-0-1- 0- 1-
12 

12 

11 

10 
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Verification 

Optimization 

The data input and consistency checks are completely 
independent of the device. Optimization, however, is tai­
lored to each specific family of devices. Even during op­
timization, there is still no need to specify the type. PAL 
device designs are optimized by means of an exact pro­
cedure, called the "FACT Algorithm." PLA circuits, on 
the other hand, are optimized by means of a "bun­
dle"-minimization. Multi-level gate logic for gate and cell 
arrays is optimized through a special procedure. For 
ROM-based controllers, the optimizer computes vari­
ous possible solutions. 

CIRCUIT DEFINITION 

CONSISTENCY CHECK 
VERIFICATION 
OPTIMIZATION 

jJ 
SYNTAX AND CONSISTENCY CHECK: NO ERRORS 
READING RESULTS OF PHASE 1 
READING GATE LIBRARY 

START: COST = 447 STAGE LIMIT = 10 
EXPANSION: COST = 229 STAGES 7 
TRANSFORMATION: COST = 256 STAGES 7 
FANOUT ADJUSTMENT: COAT = 260 STAGES = 7 

FINAL COST = 260, REDUCTION = 41%, 
7 STAGES, MAX DELAY "" 98. 4 

14094-00?A 

Optimization 

By offering a choice of optimizers. LOG/iC enables the 
user to optimize a defined circuit for very different reali­
zations in a short period of time. The optimization re­
ports produced in this way are tailored to specific device 
families. They are decision aids for the designer when 
he wants to realize a particular circuit. 

All the optimizers are described in more detail on their 
respective data sheets. 

Realization 

In the case of a PLO design, LOG/iC fits the optimized 
data into the device structure of a particular device and 
produces the programming and test data for the IC. The 
structural data are taken from the PLO library andthe re­
sults are transferred to the programmer in the form of a 
JEOEC File. 

PAL-TYPE: PAL16RP6 

ROW ADDRESS 

8 
9 

10 

16 
17 
18 
19 

00256 
00288 
00320 

00512 
00544 
00576 
00608 

CIRCUIT DEFINITION 

CONSISTENCY CHECK 
VERIRCATION 
OPTIMIZATION 
REALIZATION 

jJ 
s 

T M 
ENFFTTTTTT 
TCG2AKZLOM 

T S 
lJ M M M 
EA FF FN 
R Z 1 l 2 C 

00 00 01 11 11 22 22 23 
02 46 80 24 68 02 46 80 

---- ---- ---- --x- ---x ---- ---- x---
---- ---- ---- ---- x-x- ---- ---- ----
---- ---- --x- ---- ---- x--x ---x ----

x--- ---- -x-x ---- ---- -x-- ---- ---­
x--- ---- ·---x --x- ---- ---- ---- ---­
x--- -x-- ---x ---- ---- ---- ---- ---­
x--- ---- ---- ---x --x- x--- ---- ----

SMF2 

TK 
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Realization 

Module package "Gates" produces the net lists of the 
design in various data formats so that it can be trans­
ferred to different CAE systems. 

6-35 



LOG/IC 

If a design is to be realized as a ROM-based controller, 
the designer chooses one of the seven solutions offered 
by the optimizer. The necessary programming and 
structural data are then produced. LOG/iC provides the 
programming data for PROMs in the Intel-Hex format. 

In all module packages, partial designs can be com­
bined in order to be realized in one circuit. But at the 
same time, LOG/iC also enables the user to partition a 
design into various devices. 

Test Aid 

LOG/iC is an effective tool for the design of circuits, but it 
also offers many test aids. 

For PAL devices, module package 2 automatically gen­
erates test vectors for a product-term-oriented test on 
the programmer. LOG/iC guarantees 100% product 
term coverage. Module package 1 supports input of 
user-defined test vectors and includes them into the 
JEDEC File. 
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CIRCUIT DEFINITION 
CONSISTENCY CHECK 

VERIFICATION 
OPTIMIZATION 
REALIZATION 

TEST SUPPORT 

TEST VECTORS' D 
C R 
A E 

CQQQQR OGGS V 
I.XQQ QQR EXN NXEM LRRL MMXC 
K112 34YB AN2D D3TO OOUU UM4C 

PNll llNN NNNN PNNN NNNN NNNN 
OlHH HHNO 101N 011H HNNH NLlN 
ClHH HHHO 101N CllN NNNN NNlN 
PNOO OlNN NNNN PNNN NNNN NNNN 
OOLL LHNl DOON 0011 LHNN HNON 
COLL LLHl COON COIN NNNN NNON 

Test Suppon 
14094-009A 

Gate array circuits undergo a timing analysis after opti­
mization. The results are extensively documented and 
contain a critical-path analysis. In addition to the 
microprogram listing, LOG/iC generates additional test 
lists for MARCs. 

Example of PAL32VX10 Support 

The following example demonstrates the ability to use 
the T-type flip-flop in the PAL32VX10 directly though 
LOG/iC software. LOG/iC automatically emulates the T­
type flip-flop as needed through specific programming 
of the XOR terms in the PAL32VX10. The following file 
fully describes a modulus-93 counter. 

*IDENTIFICATION . 
BIT STREAM COUNTER FOR 93 BITS (VER.2.1 T-FLIPFLOP} 
GUENTER BIEHL -
ISDATA KARLSRUHE, TEL. 0721 693092 

*DECLARATIONS 
X-VARIABLES = 3 
Y-VARIABLES = 1 
Z-VARIABLES = 7 

•x-NAMES 
RESET = 1, OOWN=2, COUNT=3; 

•Y-NAMES 
CARRY = 1; 

•Z-NAMES 
00[6 •• OJ = [7. ,l]; 

•RUN-CONTROL 
LISTING = PINOUT, FUSE-PLOT, EQUATIONS; 
PROGFORMAT =JEDEC; 

•z-VALUES 
S[l .. 93] = [0 .. 921' 

•FLOW-TABLE 
;COUNTER WITH 93 STATES AND CARRY SIGNAL 
S[l..93), Xl--, YO, Fl; RESET CONDITION 
S[l. .93), XOO-, YO, F[l. .93]; HOLD 
S[l..92), xo10, YO, F(2 •• 93}; COUNT UP 
S93 , XOlO, Yl, Fl; CARRY 
S{2 •• 93], XOll, YO, F[l..92]: COUNT DOWN 
Sl , XOll, Yl, F93; CARRY 

•STATE-ASSIGNMENT 
Z-VALUES; 

•PAL 
TYPE=PAL32VX10; 

•PINS 
RESET=3, COUNT=4, DOWN=5, 
CARRY=22, Q0[0 .. 6]=[15 .. 21); 

•FLI 
T-FLIPFLOP 

•END 

PAL32VX10 Support 
14094-0010A 
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LOG/iC FUNCTIONAL VERIFIER 

• Design verification in the logical design phase 

• Logical simulation independent of the realization 

• High-level language supported generation of stimu­
lus files 

• Automatic generation of functional test vectors for 
the use in the testing field 

• Interactive simulation directly on the screen 

• Simple, menu-controlled operation 

• Circuit development and simulation on the same 
system with the same user interlace 

• Verifies synchronous and asynchronous logic 

Realization-Independent Functional Veri­
fication 

Conventional simulators simulate the function and, at 
the same time, the detailed timing behavior of the circuit. 
However, we know from experience that a large number 
of the errors made during development of a circuit are of 
purely logical nature. They can be discovered much 
faster and more easily using a simulation which is di­
rectly based on the functional circuit description. 

The LOG/iC Functional Verifier operates on this princi­
ple. It allows the correct logical behaviorof a circuit to be 
verified before the realization has been compiled. Logi­
cal errors are therefore discovered in an early stage of 
development and then it is only a short step to eliminat­
ing these errors. You work with this "early warning sys­
tem" like with a logic analyzer. 

Clear and Concise Documentation 

The contents of the trace buffer or the parts thereof can 
be displayed on the screen (on PCs with EGA board, 
with up to 43 lines): 

• as waveforms 

• or as binary numbers. 

You can print out the following documents: 

• a protocol of the whole simulation, 

• the list of test vectors, 

• or any part of the contents of the trace buffer in vary­
ing degrees of detail and print format. 

Interactive- or Program-Controlled Simu­
lation 

The LOG/iC Functional Verifier consists of three differ­
ent parts: 

• Design Compiler 

• Stimulus Compiler 

• Interactive Simulator 

The Design Compiler analyzes the LOG/iC design defi­
nition and from this creates the simulation model. The 
results of the compilation are stored in intermediate files 
so that it is necessary to run the compiler only once 
when generating or changing the design entry.· 

In addition to the interactive specification of stimulus 
vectors, the LOG/iC Functional Verifier allows pro­
gram-controlled generation of stimuli. A PASCAL-like 
high-level language supports this. The Stimulus Com­
piler checks this test program and compiles it into a bi­
nary form which can be read by the Interactive 
Simulator. This allows even large stimulus files to be 
quickly and easily generated. You can interrupt the pro­
gram at any time with the command "PAUSE" and con­
tinue interactively. The results of the simulation run 
recorded in a circular trace buffer. 

Technical Data 

• Contents of trace buffer: 1024 events 

• Number of 1/0 variables: max. 256 each (PC: 128) 

• Supported special functions: Reset, Preset, Output 
Enable, etc. 

• Number of iterations: 99, for simulation of asynchro­
nous state machines 

LOG/iC PLO DATA BASE 

• Information about almost all available ROMs and 
PLO devices 

• Structural specifications, parameters, extracts from 
the logic structure and pinouts are clearly displayed 

• Automatic device selection for a given design 

• Searches according to specified criteria. Search cri­
teria include all device data. Easy to find second 
sources 

• Menu-controlled operation 

• Ideal electronic reference "book" 

Detailed Information about Every Device 

The rich selection of PLO devices is, of course, very wel­
come. The electronics developer is overwhelmed by the 
enormous range of choice of enticing technical possibili­
ties. This multitude even makes it difficult for PLO insid­
ers and old hands to find the most suitable device with 
respect to logical structure, electrical data, packaging, 
etc. for a particular circuit. 
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The PLO Data Base offers the designer valuable and 
easy-to-use support for this purpose. The electronic ref­
erence ''book" saves you from having to leaf through in­
numerous data books. For every supported PLO device, 
the PLO Data Base displays the structure data, physical 
parameters, manufacturer and technology on the 
screen. It also displays an extract of the fuse plot, includ­
ing the macro cell, as well as the pinout. 

The PLO Data Base is an option to the CAE system 
LOG/iC. ltadds a user interface and a compiler interface 
to the standard PLO library of the LOG/iC PAL® and 
PLO compilers. The user then has access to the greatly 
extended library which, in addition to the structure data, 
contains the technical parameters and technology of al­
most all available PLDs. 

Automatic Device Selection 

If the PLO Data Base is operated with. the LOG/iC PLO 
optimizer, then the values necessary for the realization 
of the circuit, such as optimization results, pin number, 
number of bidirectional signals, reset or clock function, 
are automatically passed on to the data base. The data 
base then selects- based on the optimization results of 
the compiler - the most suitable devices and displays a 
list of all devices which might come in question. If you 
specify additional properties interactively, such as maxi­
mum supply current or switching frequency, then these­
lection is limited even more. In this way the device most 
suitable with respect to both its logical structure and its 
physical values is quickly found. 

This automatic search for the optimal devices makes the 
PLO Data Base a unique tool for PLO development. 

Search for Specified Properties 

The parameters of all supported devices stored in the 
PLO Data Base can be used as search criteria by them­
selves or combined arbitrarily. For instance the desired 
properties could be specified as follows: 

• number of in- and outputs 

• nodes and feedbacks 

• number of product terms 

• polarity of the outputs 

• number of pins 

• number and type of special functions 

• name of device (also incomplete) 

• desired technical properties of a device such as its 
electrical data, delay times, technology, manufac­
turer 
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This also makes it easier to find compatible types: ques­
tions such as "Is there a type we can replace the PLO we 
are now using which uses less current and is packaged 
in a PLCC?" are immediately answered by the PLO Data 
Base. 

All information about the stored devices can be quickly 
and easily accessed by the developer. If you select the 
name of a certain device, then the structural specifica­
tions and the parameters appear on two screens. On a 
third screen you can see an essential extract of the logi­
cal structure of the device (macro cell) and the fourth 
screen contains the pinout of the respective PLO. 

Always up to Date 

At present the PLO Data Base supports over 270 PALI 
PLA devices and more than 1100 PROM devices. 
These numbers only include the structures of the de­
vices and not the innumerous variants of the devices 
with respect to power, speed and packaging, which are 
also contained in the data base. As the data base is con­
stantly being supplemented, the user is always up to 
date. We often offer the support of new devices before 
the ICs are even on the market. 

LOG/IC SCHEMATIC MACRO LIBRARY 
(SML) 

• Input of schematics via standard CAD 

• Old designs can be easily used again 

• Extendable library of standard devices 

• Hierarchical design with graphics 

• Automatic file exchange 

• Simple, menu-oriented operation 

Optional Design Entry: Schematic Input 

The realization possibilities and methods of electronics 
have considerably improved in the last few years, but 
not the basics. Old designs can therefore still be used 
when clothed in new devices (PLO, arrays). Instead of a 
new development it is often better to continue to use the 
old, proven circuit either as a whole or part thereof. 

However, a practical problem generally crops up: "How 
do I get my old designs or parts thereof into the PLO 
compiler?" This is where the schematic entry is the right 
aid: 

"Schematic Macro Library" (SML) now also allows the 
input of net lists from the third-party systems into LOG/ 
iC, for example from the widely-spread schematic edi­
tor, OrCAD. 
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The SML contains a large number of well-known TIL 
and CMOS circuits, but also manages the circuits you 
design yourself. A schematic editor allows industrial cir­
cuits as well as your own designs to be graphically con­
nected to each other. LOG/iC then turns it into a PLD or 
an array. The Schematic Macro Library works with all 
LOG/iC packages from Release 3.2. 

The Schematic Macro Library consists of three compo­
nents: 

• Net List Converter 

• Standard Library 

• Library Manager 

It allows a circuit diagram which has been developed 
with a CAD system to be converted into a LOG/iC design 
file. 

To do so, the user first draws the circuit design with his 
CAD system (e.g., OrCAD) into which he can integrate 
complete existing and new parts. From this, OrCAD 
then generates a net list of the circuit in EDIF format. 

SML's net list converter converts this net list into a de­
sign file which the LOG/iC compiler "understands." The 
graphically described function blocks can also be linked 
to other blocks, making hierarchical designs possible. 
The same applies for other common schematic editors. 

The current version of SML supports OrCAD's schemat­
ic editor SOT, and also the editors from Mentor and 
Viewlogic. 

Extendable Standard Library 

The Schematic Macro Library contains a library with a 
multitude of logical modules which are described in 
LOG/iC design files. These include almost all ICs from 
the TIL series 74xx, 74LSxx, 74HCxx, etc., as well as 
the most important ones from the series CMOS 4000. 

The library manager forms the cross-references be­
tween devices with the same function but different 
names. It also manages function macros created by the 
user, e.g., a library of his old designs. This allows you to 
work block-oriented with graphics. The contents of the 
library can be displayed on the screen at any time. 

Even without a CAD system, the library is a great help in 
practice. Even when it is not possible to represent the in­
formation graphically, the net lists can be transferred to 
the LOG/iC compiler. 

Technical Data 

• Contents of the library: at present about 1000 TIL 
and CMOS devices 

• Your own designs can be added to the library as 
macros 

• Number of in/outputs of a design: max. 256/256 (PC: 
128/128) N.B.: Please note limitations imposed by 
the CAD system 

• Number of blocks per design: max. 100 

Automatic Correspondence with LOG/IC 

The Schematic Macro Library is simple to use. It is oper­
ated with menus. For example, the CAD system can be 
directly accessed with cursor keys or the mouse from 
the LOG/iC main menu. 

The individual files are automatically exchanged be­
tween the CAD system and LOG/iC. The correct net list 
version is also automatically generated. 

Once the net list converter of the SML generates the 
LOG/iC design file, LOG/iC checks the data in the same 
way as for any other design entry. Serious errors can be 
eliminated at an early stage in development. For further 
work on the circuit design, all common test and process­
ing aids of the LOG/iC system are available. 

The schematic input can be arbitrarily mixed with other 
circuit definitions based on LOG/iC's syntax. In this way 
it is possible to describe every circuit or part thereof in 
the syntax most suitable. In addition to the circuit dia­
gram input, LOG/iC "understands": 

• function tables 

• Boolean equations 

• the FSM (finite state machine) syntax 
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PERFORMANCE OF THE LOG/iC CAE SYSTEM-SUMMARY 

• Design Entry 

• Minimization 

Boolean Equations 
Truth Tables 
FSM 
Consistency Check 

Proprietary, tailored Algorithms for: 
PAL: FACT optimizer 
PLA: BRUNO algorithm 

• Transformation into PLO Library with over 275 PLO Architectures 
Device Structures PLO Data Base with automatic Chip Selection 

Schematics 
- Circuits 
- FSM 
Functional Verification 

Gates: Two stage optimization 

Support of all Gate Libs and also 
LCA devices 
Insertion of new Microprograms into 
existing MARC structures 

• Support of Test Automatic Generation of Testvectors for PLDs Testlistings for MARCs 
Timing verification for Gates 

• Documentation 

• Integration into 
CAE Environment 

Extent and Kind of Documentation selectable 

Netlist-lnterfaces for Input and Output of 
Design Data 

LOG/iC HARDWARE PLATFORMS 

Computer 

IBM-PC 
IBM PS/2 

VAX730 
upto86xx 

VAX Workstation 

Apollo Workstation 
DN3xx, 5xx, 6xx 
DN3000, DN4000 

HP9000-318 up 

Sun386i 
Sun series3 

ISDATA 
soo Alrpon Road 
Monterey, CA 93940 
USA 
Tel: 408-373-7359 
Telefax: 408-373-3622 
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Operating Systems (min. Rel.) 

DOS(2.0) 

VMS(4.2) 
UL TRIX (2.2) 

mic. VMS (4.2) 
UL TRIX (2.2) 

AEGIS(9.5) 

HP-UX (6.01) 

SunOS 
Sun View 

ISDATAGmbH 
Hald-und-Neu-Str.7 
D-7500Karlsruhe1 
West Gennany 
Tel: 07 21/69 30 92 
Teletex: (17) 721170 ihkutb 
Telefax: 07 21/17 42 63 

Documentation tailored to chosen 
Device Family 

Communication Module for controlling 
the Device Programmer 
Postprocessor Interface 

Storage Media 

5.25"360 KB 
3.5"720 KB 

1600 bpi Magtape 

TK50 Cartridge 
1600 bpi Tape 

0.25" Cartridge Tape 

0.25" Cartridge Tape 

0.25" Cartridge Tape 



PL Designer® Mine Incorporated 

Speed Your Logic Designs with Design Synthesis, Architecture 
Mapping, and Fully Automatic Multi-part Design Partitioning 

AN OVERVIEW OF MINC's PLDESIGNER 

M INC's PLDesigner can reduce the time you spend de­
signing with PLDs. This unique, third-generation design 
system is different from older, compiler-type tools be­
cause: 

• There is a single language for all types of devices. 
You can enter a design independent of the device or 
set of devices that will eventually be used to imple­
ment the design. 

• PLDesigner can automatically select the device ar­
chitecture that is best for implementing a design. 
This offers you solutions that you may not have con­
sidered, including the most sophisticated devices. 

• PLDesignershows you 10 different implementations 
of the same design. You can then choose the alter­
native that is best suited for your design. 

• If more than one device is required in your design, 
PLDesigner will automatically divide the design 
across multiple parts. 

The intelligence included with PLDesigner automati­
cally implements a design once it has been functionally 
described. This allows you to concentrate on the design 
without becoming an expert on hundreds of device ar­
chitectures. Since PLDesigner is a universal system, 
there is no need to learn a different language when us­
ing a new part. 

As a result, PL Designer makes it easy for designers that 
are new to PLDs to work with all types of architectures. 
PLDesigner drastically speeds up the design process 
for the experienced user by eliminating tedious tasks. 
And, by offering alternatives to the design implementa­
tion, you can be sure that your solution is optimal. 

Design Entry 

With the power of PLDesigner's expert system, you now 
spend most of the design time describing the design in­
stead of searching for suitable devices. Since design 
entry is now of primary importance, PLDesigner pro­
vides many ways of describing the design. 

• MINC's high-level Pascal-like language includes 
self-documenting constructs such as CASE and IF/ 
THEN/ELSE. Truth tables, Boolean expressions, 
and powerful state machine commands are avail-

Publication# Rev. Amendment Issue Date 
14095 A /0 1/90 

able for a wide variety of design structures. The same 
language is used for all PLDs, including PAL® de­
vices, PROMs, and sequencers. 

• Schematic entry supports OrCAD®, P-CAD®, and 
FutureNet® and other schematic capture systems 
with the EDIF 2.00 netlist format. 

• With PLDesigner's patented waveform entry sys­
tem, you can describe synchronous input and output 
waveforms; PLDesignerwill synthesize the required 
implementation logic. This method is ideal for hand­
shake control, glue logic, and any other design that 
can be described with a timing diagram. 

These design methods can be combined to form a sys­
tem. Using the most appropriate entry method, you can 
enter each section of the design. Each portion, then, is 
independently simulated and documented. When all the 
modules have been entered and verified, they can be 
combined and simulated as a system. At that point, the 
entire design can be handed to PLDesigner's expert 
system for architecture mapping. 

For example, the front end of a PLD design could be en­
tered using a schematic (perhaps "borrowed" from an 
existing discrete design). Control circuitry could be de­
scribed in the language as a state machine, with hand-
shaking to other devices described with waveforms. ~ 
These modules would be combined together to form a ... 
system, then partitioned into multiple PLDs, if neces-
sary. 

With PLDesigner's unique ability to combine designs, 
portions of a design can be stored away as a "design li­
brary" for use on other projects! 

Eight-bit Bidirectional Shift Register 

As an example of the language entry method, consider 
the following design of an eight-bit bidirectional shifter. 
Notice the use of IF/THEN/ELSE statements to quickly 
define the function of the design. 

This design requires two PLDs to implement because of 
the large number of inputs (14) and outputs (9). Your 
job, however, is simple. Since the design is entered in­
dependent of the eventual implementation, it is as easy 
to enter a 4-bit shift register that would fit into a single 
device, as it is to implement a 16-bit shift register that 
could require three devices. 
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SHIFTER.SRC; TITLE 
COMMENT 
FUNCTION 

8-bit Bidirectional Shift Register; 
shift; 

MACRO left l; "left is true 
INPUT d7 .. d0, shift_in; 
INPUT output_enable, parallel_load, no_shift, direction, reset; 
OUTPUT q7 .. q0, shift~out CLOCKED_BY sys_clock ENABLED_BY output_enable; 
IF· (reset) 

THEN 
[q7 .. qO] = 0; "reset outputs 

ELSE 
IF (parallel_load) 

THEN 
[q7 .. qO] = [d7 .. dO]; "load outputs with input data 

ELSE 
IF (no_shift) 

THEN 
[q7 .. qO] = [q7 .. qO]; "hold current value 

ELSE 
IF (direction = left) 

THEN 
[shift_out, q7 .. qO] 

ELSE 
[q7 .. q0, shift_out] 

[q7 .. qO, shift_ in]; "shift left 

[shift_in, q7 .. qO]; "shift right 
END shift; "end of function 

6-42 



PLDeslgner 

Bus Arbiter lowing example shows a bus arbiter that grants access 
to two controllers requesting a bus. 

Another example of PLDesigner's high-level language 
is state machine entry. State machines are useful for de­
signing controllers in systems, or any time a sequential 
algorithm must be implemented in hardware. The fol-

Many state machine designs start as a "bubble dia­
gram." With PLDesigner's language, it is easy to take 
each bubble in the diagram, and convert it into states for 
a state machine design. 

ARBITER.SRC; TITLE 
COMMENT Bus arbiter to allow a bus to be shared between two processors. 

Processor A has priority in the case of simultaneous requests; 

FUNCTION arbiter; 

LOW TRUE INPUT bus_rq_A, bus_rq_B; "bus request A & B 
LOW TRUE OUTPUT bus_grant_A, bus_grant_B; "bus grant A & B 

STATE MACHINE bus_arbiter; 
CLOCKED BY sys_clock; "The state bits for this design will be clocked by 

"sys_clock 

STATE idle: 
bus_grant_A 0; 
bus_grant_B 0; 
IF (bus_rq_A) 

THEN 
GOTO A has_bus; 

ELSE 
IF (bus_rq_B) "To get here, A has not requested the bus 

THEN 
GOTO B_has_bus; 

ELSE 
GOTO idle; 

STATE A has bus: 
bus_grant_A 1; 
bus_grant_B 0; 
IF (bus_rq_A) 

THEN 

"To get here, neither processor has requested 
"the bus 

GOTO A has_bus; "A holds onto bus as long as needed 
ELSE 

IF (bus_rq_B) "To get here, A must be finished with the bus 
THEN 

GOTO B_has_bus; 
ELSE 

GOTO idle; 

STATE B has bus: 
bus_grant_A 0; 
bus_grant_B 1; 
IF (bus_rq_B) 

THEN 

"To get here, A has finished with the bus and 
"B has not requested it. 

GOTO B has_bus; "B holds onto bus as long as needed 
ELSE 

IF (bus_rq_A) "To get here, B must be finished with the bus 
THEN 

GOTO A_has_bus; 
ELSE 

GOTO idle; "To get here, B has finished with the bus and 
"A has not requested it. 

END bus_arbiter; "end of state machine 

END arbiter; "end of function 
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DRAM Controller for a 68000 Micropro­
cessor 

In some cases, the behavior of hardware is in the form of 
timing diagrams. You will see this most often when inter­
facing a microprocessor to peripheral devices. When a 
hardware description is in the form of timing diagrams, 
PLDesigner's waveform entry method can make entry 
as easy as drawing the timing diagram! 

This design example provides the DRAM control logic 
for a 68000 microprocessor. The "AS" and "RW" signals 

sys-clock (C) 

cbO (0) 

AS (LI) 

RW (LI) 

WE (0) 

OE (0) 

RAS (0) 

CAS (0) 

LDT ACK (0) 

PLWave 
0 200 

Delay = 0 ns 
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are from the microprocessor, "sys_clock" is the clock, 
the LDT ACK signal is fed back to the 68000 to terminate 
the bus cycle, and all other signals are control lines re­
quired by the DRAM. 

The waveforms are drawn on-screen with a mouse or by 
stepping along and designating "H" or "L" with the key­
board. PLDesigner's waveform compiler takes the 
waveforms you have drawn and converts them into the 
Boolean equations to be fit into PLDs. 

400 600 800 

Sec/Div 

1000 

100 ns 



PLDeslgner 

Combining Multiple Designs 

Using PLDesigner's unique capability of combining de­
signs, you can merge the bus arbiter in the second ex-

ample with the DRAM controller in the third example to 
fit them into a single device. To do this, the following file 
is created: 

TITLE 
COMMENT 
system; 

COMBINE.SRC; 
This combines a bus arbiter and DRAM controller into a single 

"Note: sys_clock is the clock used in both designs 

FBINCLUDE 
FBINCLUDE 

'dram'; 
'arbiter'; 

The designs are automatically combined with the results 
placed in a single file. If desired, system test commands 
can be included with this file to simulate the behavior of 

the entire system. Once completed, the entire design 
process is automatically documented, as follows: 

PLDesigner - (c) Copyright 1987, MINC Incorporated 

EQUATIONS FOR SYSTEM 

INPUT SIGNALS: 

LOW TRUE GND 
HIGH_TRUE VCC 
HIGH TRUE AS 
HIGH_TRUE RW 
LOW_TRUE BUS_RQ_A 
LOW TRUE BUS_RQ_B 

OUTPUT SIGNALS: 

LOW TRUE CBO 
LOW TRUE WE 
LOW TRUE OE 
LOW_TRUE RAS 
LOW TRUE CAS 
LOW TRUE LDT ACK 
LOW TRUE BUS GRANT A - -
LOW TRUE BUS_GRANT_B 
HIDDEN HIGH TRUE BUS_ARBITER7-SO 
HIDDEN HIGH TRUE BUS ARBITER7-Sl 

REDUCED EQUATIONS: 

CBO.CLK =sys clock 
.D = /CBO ; 

WE.CLK = sys_clock ; 
.D = /AS*/RW*/OE*/CAS*LDTACK + /CBO*WE 

OE.CLK = sys_clock ; 
.D = /AS*RW*/CAS + CBO*OE ; 

RAS.CLK = sys_clock ; 
.D = /AS*/CAS + LDTACK*/CBO + LDTACK*OE 

CAS.CLK = sys_clock ; 
.D = /AS*/RW*WE + /AS*RW*LDTACK ; 

LDTACK.CLK = sys_clock ; 
.D = /CAS*/AS + /CBO*LDTACK + CAS*OE 

BUS_GRANT_A.EQN = BUS_ARBITER7-S0*/BUS_ARBITER7-Sl 

BUS_GRANT_B.EQN = /BUS_ARBITER7-SO*BUS_ARBITER7-Sl 

BUS_ARBITER7-S0.CLK = sys_clock ; 
.D = BUS_RQ_A*/BUS_RQ_B*/BUS_ARBITER7-SO + 

BUS_RQ_A*/BUS_ARBITER7-Sl ; 

BUS_ARBITER7-Sl.CLK = sys_clock ; 
.D = BUS_RQ_B*/BUS_ARBITER7-Sl*/BUS_RQ_A + 

BUS_RQ_B*BUS_ARBITER7-Sl*/BUS_ARBITER7-SO 
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Device Selection Criteria 

After completing the design entry, you hand your design 
over to PLDesigner's expert system. PL Designer does 
not blindly select devices for you; instead, you specify 
what a "best" solution is in your environment. 

You can declare the criteria that each device must meet 
(logic family, temperature, speed, manufacturer, pack­
age, etc.). You also can select what is more important in 

the implementation (cost, speed, number of parts, cur­
rent consumption, etc.). 

Your design philosophy is passed to the partitioning sys­
tem that performs the architecture mapping, selecting 
the best device architecture for the design. PL Designer 
will select from PROMs, PAL devices, and sequencers 
in a combination that provides the best solution for your 
design problem. 

r.============= PLDesigner- - - -Partitioning Menu ============= 

System File 
Available File 

START PARTITIONING 
EXIT MENU 

Number of Devices 
Logic Family 
Manufacturer 
Package Type 
Temperature 
Total Price 
Total Size 
Max Prop Delay 
Min Frequency 
Max Current Usage 
User Criteria 1 
User Criteria 2 
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COMBINE 
MINCLIB.AVL 

EDIT PARTITIONING 
EDIT DEVICE LIBRARY 

Constraints Priority (10 max) 

TTL 
AMD 
DIP 
COM 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
10 
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Implementation Selection 

Based on the selection criteria you entered, PLDesigner 
automatically explores hundreds of combinations of de­
vices to find the top ten solutions to your design prob­
lem. When finished, you select the implementation that 
best meets the project needs. If none of the solutions 
seem satisfactory, you can change your selection crite­
ria and repeat the process unti I you're satisfied with the 
implementation, without modifying your original design. 

By exploring different criteria, you are assured that the 
final implementation you select is the most rigorous so­
lution to your design problem. 

In this example, the P20RP8 was selected to provide an 
economical, one device solution. You might select an­
other solution, based on what you have available in lab 
stock, or what parts are approved for manufacturing. Or 
you could select a larger part to allow an upgrade path 
without changing PC board layout. 

r.:=========== PLDeslgner-Partltionlng Solution Menu 

System Name : COMBINE EXIT 

Possible Solutions: Attempted 594 Found : 47 

==> 1 P20RP8 210ma 40ns $2. 89 
2 P20XRP8 180ma 45ns $3.41 
3 P20RP6, P16R8 300ma 55ns $4.84 
4 P20RP8, P16R6 300ma 55ns $4.84 
5 P20RP10, P16R6 300ma 55ns $4.84 
6 P20RP4, P16R6 300ma 55ns $4.84 
7 P20RP6, P16R6 300ma 55ns $4.84 
8 P20RP8, P16R4 300ma 55ns $4.84 
9 P20RP10, P16R4 300ma 55ns $4.84 

10 P20RP4, P16R8 300ma 55ns $4.84 

Possible Devices: Partitioning Completed 

P16R8 P16R6 P16R4 P16L8 Pl8P8 P20RP6 P20RP4 P20RP10 P20RP8 
P22Pl0 P20R4 P20L8 P20L10 P20R8 P20R6 P22XP10 P20XRP8 P20XRP6 
P20XRP4 P20XRP10 P22V10C P22Vl0R 
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Device Programming 

After you select the final design solution, PLDesigner 
creates the fuse maps (JEDEC, or others) for the device 
programmer, including the test vectors created by your 
system simulation. PLDesignerwill automatically parti­
tion the device test vectors when partitioning the design. 
No need to write a separate verification routine for each 
device. Then, the document file is updated to show the 
pinouts of the devices to be programmed. 

The following figure shows the pinout documentation for 
the combined arbiter/DRAM controller design. 

Note: On the P20RP8, pins 14 and 23 are the only com-

binatorial outputs. PLDesigner recognizes this and as­
signs these pins to the signals that must be 
combinatorial (the bus grant signals from the bus arbi­
ter). All the other signals require clocked outputs, so 
PLDesigner assigns them to pins with D flip-flops. The 
"BUS_ARBITER7-S1" and "-SO" signals are state bits 
automatically created by PLDesigner to implement the 
arbiter state machine. These could be used as status 
bits in the design, or ignored as the designer sees fit. 

This design nicely demonstrates the power of PLDesig­
ner's architecture mapping, which selects a device with 
the correct mix of registered and combinatorial outputs 
to implement the design. 

DOCGEN: COMBINE PINOUT DIAGRAMS 

Device 1 - P20RP8 0 
-----\ !---=--

sys_clock 1 I CLK Vee l 24 
AS 2 [ Input Bi put l 23 BUS GRANT A - -
RW 3 [ Input Output 22 BUS ARBITER7-Sl 

BUS_RQ_A 4 Input Output 21 BUS ARBITER7-SO 

BUS_RQ_B 5 Input Output 20 RAS 

6 Input Output 19 CBO 

7 Input Output 18 CAS 

8 Input Output 17 LDT ACK 

9 Input Output 16 OE 

10 [ Input Output 15 WE 

11 [ Input Bi put 14 BUS GRANT B 

12 [ GND OE 13 GND 

------------

SUMMARY 

If you're just starting with PLDs, PLDesigner's automatic 
device selection and architecture mapping allows you to 
design without a painful learning curve. And, this power­
ful toolset allows the experienced PLO designer to 
quickly evaluate alternatives in implementation. 

By offering implementation-independent designs, you 
concentrate on the design, not the devices. A wide 
range of input methods actually makes the design pro­
cess easier, because you are using the entry method 
that best suits the design. And, you can combine por­
tions of a design to build up an entire PLO system. 

Architecture mapping selects the top ten solutions for a 
design, using the optimal device architecture. This 
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means you can confidently select the best possible im­
plementation for your design. Fully automatic partition­
ing of the design and associated test vectors across 
multiple devices relieves the tedious and time­
consuming task of manual dividing of circuits. 

PLDesigneris available for the PC and most workstation 
environments. For more information on MINC design 
systems, contact: 

MINC Incorporated 
6755 Earl Drive 
Colorado Springs, CO 80918 
(719) 590-1155 
FAX (719) 590-7330 
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INTRODUCTION 

There are two common situations when a PAL device user wants 
to program parts: 

1. The user has a master device and wants to program the mas­
ter pattern into new unprogrammed parts from the same or 
from a different manufacturer. 

2. The user has a file that is in JEDEC standard Programmable 
Logic Data Transfer Format and wants to send the file to a 
programmer and program parts to that pattern. 

All approved programmers can accomplish either of these tasks. 
You will have to refer to your programmer manual for detailed 
procedures, but here are some general guidelines: 

Programming with the Use of a Master 
Device 

Suppose you have a master device and you want to program a 
device of the same type with exactly the same pattern. The 
master device can be an MMI or AMO device or another 
manufacturer's functionally equivalent device. Follow these 
steps: 

1. Set the programmer to read (or copy) the master device. This 
may require having a hardware adaptor for the master and 
entering a product code unique to the manufacturer and 
device type. 

2. Install the correct adaptor (ii required). Enter the appropriate 
product code information or select the device type from the 
menu. Then place the master device in the correct socket and 
read its fuse pattern into the programmer memory. Use 
whatever operating sequence is required by the programmer 
for this operation. 

3. The pattern is now in the programmer memory and will remain 
there until the memory is cleared or the programmer power is 
turned off. Changing an adaptor or product code will not erase 
the memory. Usually at the end of a copy operation a 
checksum will be displayed. Make a note of this number. The 
checksum is a calculated hexadecimal code for the pattern 
loaded into memory. It can be very helpful in diagnosing any 
programming problems. H apart is to be re-used frequently as 
a master device it is a good practice to write the checksum on 
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the top of the part. Never proceed with programming without 
checksum agreement after reading a master. 

Error Detection 

As a matter of curiosity take the part out of the socket once and 
read an empty socket. Also read a known blank part (using the 
right adaptor). Checksums from these two situations will be 
helpful in diagnosing two common problems when programming 
from masters: 

Forgetting to lock down the socket lever to make good contact 
after loading a part 
Loading an unprogrammed part as a master by mistake. 

4. Now prepare the programmer for the device to be pro­
grammed with the master pattern loaded into memory. Some 
programmers require different adaptors for different 
manufacturer's parts. If the programmer being used has this 
requirement, be sure to use the proper adaptor for the exact 
part number to be programmed. Using the wrong adaptor can 
cause permanent damage to the parts. Always check for 
adaptor compatibility. 

5. Every1hing's OK. You have the correct adaptor, the right 
device code (or have selected the device from the menu) and 
you wrote down the checksum that you got after loading the 
master. Now put the programmer in the mode used for r-. 
programming from its memory and execute the programming ~ 
operation. 

There is some variation in the sequence of events carried out by 
different programmers during the programming cycle, but all of 
them program and ver~y the appropriate fuses to match the 
pattern in the programmer memory. Such operations as Blank 
Checks, Illegal Bit Checks, Test Vector Testing, and Security Fuse 
Programming can be a part of the programming sequence. Check 
the programmer manufacturer's manual for the availability and 
appropriate use of these features. 

The essential part of the programming cycle is the programming 
and verification of each fuse followed by a verification of all fuses 
at both low and high Vee. At the very end of the programming 
sequence you will see the checksum for the part you have just 
programmed. This checksum should agree with the master part 
checksum. You now have a programmed part that is functionally 
identical to the master. 

6-49 



Programming 

Programming From a JEDEC File 

A JEDEC standard file is the output of design software packages 
used to specify programming pattern information to a program­
mer. All approved programmers will accept JEDEC files. A 
JEDEC file is normally generated on a computer by PLD design 
software. The unique aspect of programming from a JEDEC file 
is the transfer of the file to the programmer. After the file has been 
transferred into the programmer, the programming task is identi­
cal to programming from a master with one exception. The 
exception is that design software may be used to prepare test 
vectors to be applied to a device immediately following the 
programming cycle. These vectors will be transmitted with the 
JEDEC fuse file and they have aJEDEC standard format of their 
own. 

General guidelines for transfer of aJEDECfile and programming 
are as follows: 

1. Make sure your file is in the standard JEDEC format. This will 
not be a problem ff you are using software for file preparation 
that adheres to this standard. 

2. Connect the JEDEC file source to the programmer with an 
RS232 cable. The programmer manual will describe the con­
nection details. 

3. Prepare the programmer for receiving aJEDECfile over a link. 
This will generally involve entering the product code informa­
tion and putting the programmer in a ready-to-receive mode. 

4. Transmit the file from the computer source using commer­
cially available communications software or operating system 
commands. 

5. After transmission a checksum should appear on the pro­
grammer display. Part of the JEDEC standard file is a 
checksum. If the displayed checksum is the same as the 
JEDEC file generated checksum transmission has been 
successful. 

6. Program a PAL device by first installing the correct adaptor 
(if needed) and then entering the programming mode. Finally 
put a part in the socket and execute the programming 
operation. 

Register Preload 

Register preload is an aid to functional testing of registered PAL 
devices. Functional testing is usually performed after a device is 
programmed but before it is installed on the circuit board. Func­
tional testing exercises the functional logic circuitry of a device 
that is not fully testable prior to programming, providing a higher 
final quality level for programmable products. For a more thor­
ough discussion of functional testing and related quality issues 
see the Pro PAL and HAL Devices section. 

Using register preload, the registers of a device can be "pre­
loaded" to any desired state value. The ability to set the registers 
to any arbitrary value is extremely useful fortesting state machine 
designs where the output is fed back into the array as an input. It 
lets the user check for deadlock loops and proper recovery from 
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illegal states. It also simplifies testing state transitions of states 
which may be difficult to reach through normal state transitions. 

Consider the example of the 6-state counter illustrated in the state 
machine diagram of Figure 1. 

14096-00tA 
Figure 1. 

States 6 and 7 are illegal states, both transitioning to state 4. If 
the registers of the device are not preloadable, it is difficult to 
check for recovery from these states since they cannot be 
reached through normal state transitions. If register preload is 
available, however, it is a simple matter to write a set of vectors 
that sets the device to the illegal state and then clocks it and 
checks proper recovery. 

If the device powers up in state 1 and you want to test the 
transition from state O --> 1, the only way to check that transition 
is to write a series of vectors that cycle the device through the 
state sequence starting at state 1, until the desired state, state 0, 
is reached. With register preload, reaching state O is simply a 
matter of writing a vector that sets the device to that state. 

In general, register preload simplifies the task of writing test 
vectors for functional testing, and is especially helpful in testing 
the conditions described in this discussion. However, test vectors 
written utilizing register preload can provide only a limited amount 
of functional coverage. Full coverage can only be achieved when 
the vectors used to test the device simulate actual operating 
conditions, and preload is not a normal operating condition. 

Programmer Support 

Not all programmers support register preload. The programmer 
guide lists the programmers that do support this feature. For 
more specific information regarding your programmer, contact 
the manufacturer. 

Choosing the Right Programmer 

Advanced Micro Devices has evaluated and approved several 
PAL device programmers, and choosing among them is not 
simple. You must consider many factors. Does the programmer 
handle all of the devices you will be using? Does it program PAL 
devices, sequencers, and PROMs? Does it program TTL, 
EPROM CMOS, EEPROM CMOS, and EGL technology prod­
ucts? How easily is it upgraded for future devices? Does it have 
provisions for test vectors, accepting JEDEC files, or a handler 
interface? And what about cost? 
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Adams 
AMO MacDonald Datal/O 

Programmer LabPro P11 Sprint+ US40 M60A/H M29 

Features 

Price V. Low Low Low High Low Med. 

Standalone Yes Yes No Yes Yes Yes 

Handler No No No Yes Yes No 

PLCC No No No Yes Yes Yes 

Test Vectors Yes Yes Yes Yes Yes Yes 

Pre load Yes Yes Yes Yes Yes Yes 

Fingerprint No No No No Yes Yes 

Fast Program Yes No No Yes Yes No 

1 Pulse Prog No No No Yes Yes Yes 

Updates Pack PROM Disk Disk PROM PROM 

Despite these variations in features, today's programmers fall 
into two broad categories, PC-based programmers and standa· 
lone programmers. PC-based programmers consist of a board 
(that plugs into a PC) and an external box with socket(s) for the 
device being programmed. The plug-in board contains the 
"intelligence" of the programmer, and, as the name implies, 
these programmers require a PC for use. Standalone program­
mers can perform all programming operations without a PC. PC­
based programmers are usually lower cost and lower perform­
ance design and development tools that support a limited number 
of devices and have limited capabilities. Standalone program­
mers offer higher performance (e.g., faster programming), and 
are oriented to the production environment. 

The chart above lists programmer features, as well as current 
supportforsomeofthe newer part types. This information should 
help you decide on the best programmer for your needs. 

Approved Programmers 

Advanced Micro Devices PAL devices are manufactured under 
strict processing procedures to provide our PAL device users with 
the highest-quality PAL devices available. We take the same 
approach in our programmer vendor approval process, and 
recommend that you choose an approved programmer for your 
PAL device programming needs. 

The Benefits of Using Approved Programmers 

When you choose an approved programmer you gain all the 
benefits of our thorough vendor evaluation. You can feel confi­
dent investing in equipment that will give you consistently reliable 
results and will be able to support current and future generations 
of programmable logic devices. When you select an approved 
programmer you get many benefits: 

Logical 
Dlgelec Kontron Devices Mlcropross Stag 

860 EPP-80 ALL PRO 3000 5000 PPZ ZL30 

Low Med. Low Med. Med. Med. Low 

Yes Yes No No Yes Yes Yes 

No No No No No No No 

Yes No No No No No Yes 

Yes Yes Yes Yes Yes Yes Yes 

Yes No Yes Yes Yes No No 

No No No No No No No 

Yes No No No No Yes Yes 

No No No No No No No 

Pack PROM Disk Disk Disk Card PROM 

Your programmed product is backed by our corporate 
warranty. 
New features and algorithm updates are quickly imple­
mented. 

• Any new programmer software and hardware releases are 
factory evaluated and approved before release. 
Your equipment will have a long '1echnical lifetime." 
Through our sales force and Field Applications Engineers 
you have a factory interface with the programmer vendors to 
deal with any issues or concerns that might arise. 

The Approval Process 

The Programmability Group at Advanced Micro Devices works ~ . 
closely with our programmer vendors to ensure that high-quality 
programming and testing support is available to all users of our 
PLDs. 

To gain approval a programmer must pass a rigorous series of 
tests which include: 

Conformity to programming specifications. 
Devices programmed must pass all reliability tests. This 
reliability testing is performed by Advanced Micro Devices as 
part of the evaluation. 
Programmer must meet programming yield requirements for 
both array and security fuse programming. 
Programmer must be able to support JED EC format files 
and communication standards. 

Programmer vendors are encouraged to support structured test 
vector testing and preload capability, pin continuity and pre­
programming security fuse checking. 
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New Product Suppon 

Approved programmers must also provide timely support for new 
products and programming algorithm updates and revisions. 
This ensures PAL device users that no matter which approved 
programmer they choose, they can feel confident that it will 
support the latest and greatest PLDs we have to offer. 

Additionally, we work closely with our approved vendors in the 
development of their new programmers and our new PLDs. This 
means that their new products will be able to support our future 
PLO offerings. 

A Broad Range of Programmers 

We work wtth a broad range of programmer vendors, so you can 
find a programmer to suit your engineering needs as well as your 
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budget. Approved programmers cover the range from economi­
cal engineering/design prototyping tools to high-volume produc­
tion units. We have a worldwide programmer vendor base, so 
programming support is available no matter where you use PAL 
devices. Approved programmers are available from American, 
British, French, German and Japanese vendors. 

Our quality and reliability guarantees are made for products 
programmed with approved programmers only. Use of unap­
proved programmers voids our corporate warranty and may 
result in poor manufacturing yields and product performance. 
The Programmer Reference Guide is a valuable tool. The infor­
mation it contains can help you obtain consistent, reliable high­
quality programming results with your PLDs. 



LabPro™ Programmer 
The Complete and Affordable 
Programmable Logic System 

Advanced programmable logic development tools have 
just become affordable. Advanced Micro Devices, the 
programmable logic leader, is proud to announce the 
LabPro Programmable Logic Development System. 
Dedicated to Advanced Micro Devices programmable 
logic devices, it is THE complete, easy-to-use develop­
ment system, at a very affordable price. 

The LabPro system is the programmable logic develop­
ment system of the future as well as the present. 
Developed in conjunction with Digelec, Inc., it supports 
Advanced Micro Devices PLDs - in CMOS, ECL, and 
TIL technologies - from our state-the-art sequencers 
to our industry standard 24- and 20-pin architecture 
products, and is designed to be easily updatable for 
support of our future PLO offerings. 

A COMPLETE DESIGN AND 
PROGRAMMING SYSTEM 

The LabPro system is accompanied by PALASM® 
Software. Together, they let you go from a logic design 
idea to a final programmed and tested PLO. 

PALASM software supports all Advanced Micro De­
vices PAL® devices. It accepts all logic design inputs in 
a variety of logic entry formats. Once your design has 
been assembled, you can simply transfer your design 
file to the LabPro system. 

Easy to Use 

The LabPro system can be used in the stand-alone 
mode or with any PC or PC-compatible system utilizing 
LOGILINK™ software from Digelec. 

When used in the stand-alone mode, the LabPro 
system's 2-line by 16-character alphanumeric LCD 
display guides the user through all of the operating 
functions with clear and easy-to-follow instructions. 

The four most frequently used functions - PROGRAM. 
VERIFY, READ and TYPE-can be directly accessed 
with a single key. The scroll up/down feature allows 
easy access to all other LabPro system functions. 



LabPro Programmer 

The on-board HELP function provides simple, immedi­
ate assistance during operation, minimizing the need to 
refer to the user's manual. 

The SETUP function lets you set your own programmer 
setup values, which are stored in non-volatile memory. 

Easy Programming 

One keystroke programming makes programming a 
breeze. If you're operating the LabPro system in the 
remote mode, LOGILINK software provides a straight­
forward menu-driven operating mode. 

The Lab Pro system can interlace with any computer via 
its RS-232C serial port, and accepts data in both 
standard JEDEC and HEX formats. 

Easy Logic Testing 

The LabPro system performs a full range of tests before, 
during and after programming to ensure quality pro­
gramming. 

The built-in test (BIT) automatically checks the program­
mer when It is powered up. The continuity test checks to 
ensure that the device being programmed is correctly 
inserted into the programming socket. After program­
ming, the array verify test automatically performs a 
fusp-by-fuse comparison check of the programmed 
device to ensure the correct pattern has been pro­
grammed. The functional testing option provides you 
with structured vector testing capability for up to 2500 
test vectors. The LabPro system also supports register 
preload for preloadable devices. 

Specifications 

RS·232C Serial Port 
Baud rate: 50-19,200 
Parity: None/Odd/Even 
Bits:5,6, 7,8 
Handshake: XON/XOFF, DSR 
Format: JEDEC, HEX 

RAM 
Standard: 64K bytes 
Optional: 256K bytes 

Device Testing 
Blank/Illegal Bit Check, Misplaced/Reversed, Current 
Overload, Continuity, Checksum, Vector Test (up to 
2500), Preload, Array Verify 

Device Packages Supported 
20-, 24-, and 28-pin DIPS 

FUNCTIONS 
Device 
Program, Verify, Read, Type, Blank/Illegal Bit Check, 
Checksum, Security Fuse, Test Vectors 
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Easy to Update 

Take advantage of the LabPro System's innovative 
SOFTPACK™ algorithm update feature. When it's time 
tor an update, simply remove the SOFTPACK cartridge 
from its slot at the rear of the programmer, replace it with 
the new one and you're ready to program the latest 
devices from Advanced Micro Devices. 

Easy to Afford 

All of this at a fraction of what you would expect to pay for 
a complete development system - at a price that's very 
easy on your budget! 

Don't Settle for Less! 

The LabPro system offers a complete solution to your 
PLO programming needs. The LabPro system is 
compact, easy-to-use, and versatile. Get the LabPro 
system from Advanced Micro Devices and get support 
for the broadest line of PLDs available, from Advanced 
Micro Devices - the market leader. 

Upwardly Mobile 

Should you want to expand your programming capabili­
ties to include other PLO manufacturers, the LabPro 
system is easily upgradable to a full Digelec Model 860. 
The Model 860 supports PLDs from a wide range of 
manufacturers. Contact your Digelec representative for 
more information. 

Edit 
JEDEC Fuses 
Test Vectors 

Communication 
Transmit 
Receive 

Bit 
Built-in Test 

Help 
On-Board Help Menu 

General 
Dimensions (W x H x 0): 
37 x 11 .5 x 28 cm 
14.6 x 4.5 x 11 in 
Weight: Net 4.3 kg (9.5 lb) 
Shipping: 5.5 kg (12.1 lb) 
Power: 110/220 VAC, 50/60 Hz 



-AmPGA081 
Configuration PROM Programmer 

DISTINCTIVE CHARACTERISTICS 
• Allows uploading, downloading, and saving of 

PROM files 

• can program and verify patterns 

• Programs AMO and Xilinx™ Serial 
Configuration PROMs 

• Programs 36K and 65K Serial Configuration 
PROMS 

GENERAL DESCRIPTION 
The AmPGA081 Configuration PROM Programmer is 
designed to support the Am1736 and Am1765 Serial 

Configuration PROMs, (SCPs) 8-pin SKINNYDIP® 
PROMS used to configure programmable gate arrays. In 
addition, the AmPGAOB 1 can also program the XC 1736 
device from Xilinx Corporation. 

The programming unit, controlled using menu-driven, 
PC-based software, is connected to the serial port of an 
IBM PC-XT, PC-AT, or compatible. The AmPGA081 
software and programmer are self-contained, and can 

ORDERING INFORMATION 

• Connects to serial port of IBM® PC-XT™, 
PC-AT™ or compatible 

• Operates from PC via menu-driven software 
provided with the programming unit 

• Accepts data files in any of the three 
XACT™-supported formats, MCS86, Tekhex 
and ExorMax 

be installed on a system other than that used for design 
development, such as one in a manufacturing area. 

Designers compile their Logic Ce WM Array designs into 
a standard PROM format using the XACT Design Sys­
tem. The software provided with the AMPGA081 is then 
used to download the PROM file into the programming 
unit to program a SCP. PROM files can also be upload­
ed to the PC. SCPs already programmed can be veri­
fied, by comparing the device to a PROM file in RAM. 
The contents of the PROM can also be saved in RAM. 

Further information is available from your local AM D sales office, authorized representative, or franchised distributor. 

AmPGA081 Configuration PROM Programmer 
Includes programming unit, power transformer, software and serial cable. 

XYlnx, Logic Cati, and XACT are trademarks of the XIiinx Corporation. 
PC-XT, AT are trademarks and IBM Is a registered trademark of International Business Machines Corporation. 
SKINNYDIP Is a registered trademark of Advanced Micro Devices Inc. Issue Date: August 1989 
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Advanced Micro Devices, Inc. LabPro™ Programmer 
901 Thompson Place 
Sunnyvale, CA 94088-3453 
(800) 222-9323 or (408) 732-2400 

Arc hi· Lab Pro Arc hi· Lab Pro 
tecture Part Number Revision tecture Part Number Revision 

10H8 *PAL10H8 A1.0 16RA8 PAL16RA8 A1.0 

10L8 *PAL10L8 A1.0 16V8 PALCE16V8H/Q A1.0 

12H6 *PAL12H6 A1.0 16V8 as 10H8 A1.1 
16V8 as 10L8 A1.1 

12L6 *PAL12L6 A1.0 16V8 as 12H6 A1.1 
12L 10 *PAL12L10 A1.0 16V8 as 12L6 A1.1 

14H4 *PAL 14H4 A1.0 16V8 as i4H4 A1 .1 

14L4 *PAL14L4 A1.0 
16V8 as 14L4 A1.1 
16V8 as 16H2 A1.1 

14L8 *PAL14L8 A1.0 16V8as16L2 A1.1 

16C1 *PAL16C1 Ai.O 16V8as16L8 A1.0 

16H2 *PAL16H2 A1.0 
16V8as16R4 A1.0 
16V8 as 16R6 A1.0 

16H8 *AmPAL16H8 A1.0 16V8 as 16R8 A1.0 

16HD8 * AmPAL 16HD8 A1.0 16X4 *PAL16X4 A1.0 

16L2 *PAL16L2 A1.0 18L4 *PAL 18L4 A1.0 

16L6 *PAL16L6 A1.0 18U8 *PALC18U8 A1.1 

16L8 PAL 16L8-7(-12Mil) A1.1 20C1 *PAL20C1 A1.0 
PAL16L8H-15/D/B A1.0 20L2 *PAL20L2 A1.0 
PAL 16L8/B-2/B-4/ Al A-2/ A-4 A1.0 

20L8 PAL20L8-7(-12Mil) PALC16L8Z A1.1 A1.1 

*PALC16L8Q A1.0 PAL20L8-10(-15Mil)/B-2 A1.0 

*AmPAL16L8 A1.0 PAL20L8B/A/A-2 A1.0 

16LD8 * AmPAL 16LD8 A1.0 
PALC20L8Z A1.0 

16R4 PAL 16R4-7(-12Mil) A1.1 
20L10 PAL20L10A A1.0 

AmPAL20L10 A1.0 
PAL16R4H-15 A1.0 *PAL20L10 A1.0 
PAL16R4D/B A1.0 

20R4 PAL20R4-7(-12Mil) PAL 16R4/B-2/B-4/A/A-2/A-4 A1.0 A1.1 

PALC16R4Z A1.1 PAL20R4-10(-15Mil)/B-2 A1.0 

*PALC16R4Q A1.0 PAL20R4B/A/A-2 A1.0 

*AmPAL16R4 A1.0 PALC20R4Z A1.0 

16R6 PAL 16R6-7(-12Mil) A1.1 20R6 PAL20R6-7(-12Mil) A1.1 

PAL16R6H-15 A1.0 PAL20R6-10(-1 SMil)/B-2 A1.0 

PAL16R6D/B A1.0 PAL20R6B/A/A-2 A1.0 

PAL 16R6/B-2/B-4/A/A-2/A-4 A1.0 PALC20R6Z A1.0 

PALC16R6Z A1.1 20R8 PAL20R8-7(-12Mil) A1 .1 
*PALC16R6Q A1.0 PAL20R8-10(-1 SMil)/B-2 A1.0 
*AmPAL16R6 A1.0 PAL20R8B/A/A-2 A1.0 

16R8 PAL 16R8-7(-12Mil) A1.1 PALC20R8Z A1.0 

PAL16R8H-15 A1.0 20RA10 PAL20RA10 A1.0 
PAL16R8D/B A1.0 PAL20RA10-20 A1.0 
PAL 16R8/B-2/B-4/ Al A-2/ A-4 A1.0 *PALCE20RA10Z A1.1 
PALC16R8Z A1.1 20RS4 *PAL20RS4 A1.0 

*PALC16R8Q A1.0 
20RS8 *PAL20RS8 A1.0 *AmPAL16R8 A1.0 

Publication# Rev. Amendment lssueDateJ 
14097 A 10 1/90 
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Advanced Micro Devices, Inc. 

Arch I· Lab Pro 
tecture Part Number Revision 

20RS10 *PAL20RS10 A1.0 

20$10 *PAL20S10 A1.0 

20V8 PALCE20V8H A1.1 
20V8as14L8 A1.1 
20V8 as 16L6 A1.1 
20V8 as 18L4 A1.1 
20V8 as 20L2 A1.1 
20V8 as 20L8 AU 
20V8 as 20R4 A1.1 
20V8 as 20R6 A1.1 
20V8 as 20R8 A1.1 

20X4 PAL20X4A A1.0 
*PAL20X4 A1.0 

20X8 PAL20X8A A1.0 
*PAL20X8 A1.0 

20X10 PAL20X10A A1.0 
*PAL20X10 A1.0 

22P10 * AmPAL22P10 A1.0 

22V10 PAL22V10, AmPAL22V10 A1.0 
*PALC22V10 A1.0 

29MA16 PALCE29MA16 A1.1 

32VX10 PAL32VX10 A1.0 

6L16 *PAL6L16A A1.0 

8L14 *PALSL 14A A1.0 

Notes: 

'Not recommended for new designs - contact AMO for replacement device information. 

(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Adams MacDonald Enterprises 
800 Airport Road 
Monterey, CA 93940 
(408) 373-3607 

Arch I· 
tecture Part Number 

10H8 *PAL10H8 

10L8 *PAL10L8 

12H6 *PAL12H6 

12L6 *PAL12L6 

12L10 *PAL 12L 10 

14H4 *PAL 14H4 

14L4 *PAL14L4 

14L8 *PAL14L8 

16C1 *PAL16C1 

16H2 *PAL16H2 

16H8 *AmPAL16H8 

16HD8 *AmPAL16HD8 

16L2 *PAL16L2 

16L6 *PAL16L6 

16L8 PAL 16L8H-15/D/B 
PAL 16L8/B-2/B-4/ Al A-2/ A-4 
PALC16L8Z 

*PALC16L8Q 
*AmPAL16L8 

16LD8 *AmPAL16LD8 

16P8 PAL16P8A 

16R4 PAL 16R4H-15 
PAL16R4D/B 
PAL 16R4/B-2/B-4/ Al A-21 A-4 
PALC16R4Z 

*PALC16R4Q 
*AmPAL16R4 

16R6 PAL16R6H-15 
PAL16R6D/B 
PAL 16R6/B-2/B-4/A/A-2/A-4 
PALC16R6Z 

*PALC16R6Q 
*AmPAL16R6 

16R8 PAL16R8H-15 
PAL16R8D/B 
PAL 16R8/B-2/B-4/A/A-2/A-4 
PALC16R8Z 

*PALC16R8Q 
*AmPAL16R8 

16RA8 PAL16RA8 

16RP4 PAL16RP4A 

16RP6 PAL16RP6A 

16RP8 PAL16RP8A 

16X4 *PAL16X4 

18L4 *PAL18L4 

18P8 AmPAL18P8 

18U8 *PALC18U8 
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3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.1 

3.1 

3.0 

3.0 

3.0 
3.0 
-
-
3.1 

3.1 

3.0 

3.0 
3.0 
3.0 
-
-
3.1 

3.0 
3.0 
3.0 
-
-
3.1 

3.0 
3.0 
3.0 
-
-
3.1 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.1 

-

P3 Programmer 
P11 Programmer 
SprintPlus Programmer 

Revision 
P11 S_printPlus 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 
1.09 3.21 
2.0 3.21 
2.0 3.21 
1.09 3.21 

1.09 3.21 

1.09 3.21 

2.0 3.21 
1.09 3.2i 
1.09 3.21 
2.0 3.21 
2.0 3.21 
1.09 3.21 

2.0 3.21 
1.09 3.21 
1.09 3.21 
2.0 3.21 
2.0 3.21 
1.09 3.21 

2.0 3.21 
1.09 3.21 
1.09 3.21 
2.0 3.21 
2.0 3.21 
1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 3.21 

1.09 -
1.09 3.21 

1.09 3.21 

2.0 3.21 



Programmer Reference Gulde 

Adams MacDonald Enterprises 

Arc hi· Revision 
tecture Part Number P3 P11 S~intPlus 

20C1 •pAL20C1 3.0 1.09 3.21 

20L2 •pAL20L2 3.0 1.09 3.21 

20L8 PAL20L8-10(-15Mil)/B-2 3.0 2.0 3.21 
PAL20L8B/ N A-2 3.0 2.0 3.21 
PALC20L8Z - 1.09 3.21 

20L10 PAL20L10A 3.0 1.09 3.21 
AmPAL20L10 - 2.0 -

•PAL20L10 3.0 1.09 3.21 

20R4 PAL20R4-10(-15Mil)/B-2 3.0 2.0 3.21 
PAL20R4B/NA-2 3.0 2.0 3.21 
PALC20R4Z - 1.09 3.21 

20R6 PAL20R6-10(-15Mil)/B-2 3.0 2.0 3.21 
PAL20R6B/NA-2 3.0 2.0 3.21 
PALC20R6Z - 1.09 3.21 

20R8 PAL20R8-10(-15Mil) 3.0 2.0 3.21 
PAL20R8B/B-2/NA-2 3.0 2.0 3.21 
PALC20R8Z - 1.09 3.21 

20RA10 PAL20RA10-20 3.0 1.09 3.21 
PAL20RA10 3.0 1.09 3.21 

20RS4 •PAL20RS4 3.0 1.09 -
20RS8 •pAL20RS8 3.0 1.09 -
20RS10 •PAL20RS10 3.0 1.09 -
20$10 •PAL20S10 3.0 1.09 -
20X4 PAL20X4A 3.0 1.09 3.21 

•PAL20X4 3.0 1.09 3.21 

20X8 PAL20X8A 3.0 1.09 3.21 
•PAL20X8 3.0 1.09 3.21 

20X10 PAL20X10A 3.0 1.09 3.21 
•PAL20X10 3.0 1.09 3.21 

22P10 •AmPAL22P10 - 2.0 3.21 

22V10 PAL22V10, AmPAL22V10 3.1 1.09 3.21 
•PALC22V10 - 2.0 3.21 

2388 AmPAL23S8 - 2.0 3.21 

32VX10 PAL32VX10 - - 3.21 

6L16 •PAL6L16A 3.0 - -
8L14 •PAL8L14A 3.0 - -
141 •Am29PL141 - 2.0 3.21 

• Am29LPL 141 - - 3.21 

142 •Am29PL142 - 2.0 -
14R21 •PMS14R21 - 2.0 -

Notes: 

• Not recommended for new designs - contact AMO for replacement device information. 

(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Data 110 Corporation 
10S2S Willows Road N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
(800) 247-S700 or (206) 881-6444 

Arch I· 
tecture Part Number 

10H8 *PAL10H8 

10l8 *PAL10L8 

12H6 *PAL 12H6 

12L6 *PAL12L6 

12L10 *PAL 12L 10 

14H4 *PAL14H4 

14L4 *PAL14L4 

14L8 *PAL14L8 

16C1 *PAL16C1 

16H2 *PAL 16H2 

16H8 *AmPAL16H8 

16HD8 *AmPAL16HD8 

16L2 *PAL16L2 

16L6 *PAL16L6 

16L8 PAL 16L8-7(-12Mil) 
PAL 16L8H-1S/D/B 
PAL 16L8B-2/B-4/ N A-2/ A-4 
PALC16L8Z 

*PALC16L80 
*AmPAL16L8 

16LD8 *AmPAL16LD8 

16P8 PAL16P8A 

16R4 PAL 16R4-7(-12Mil) 
PAL16R4H-1S 
PAL16R4D/B 
PAL 16R4B-2/B-4/NA-2/A-4 
PALC16R4Z 

*PALC16R40 
*AmPAL16R4 

16R6 PAL 16R6-7(-12Mil) 
PAL16R6H-1S 
PAL16R6D/B 
PAL 16R6B-2/B-4/ N A-21 A-4 
PALC16R6Z 

*PALC16R6Q 
*AmPAL16R6 

16R8 PAL16R8-7(-12Mil) 
PAL16R8H-1S 
PAL16R8D/B 
PAL 16R8B-2/B-4/NA-2/A-4 
PALC16R8Z 

*PALC16R8Q 
*AmPAL16R8 

16RA8 PAL16RA8 

16RP4 PAL16RP4A 

6·60 

Programmer Reference Guide 

Family-
Plnout 
Code 

22-18 

22-13 

22-19 

22-14 

22-01 

22-20 

22-1S 

22-02 

22-21 

22-22 

97-2S 

97-2S 

22-16 

22-03 

20-17 
30-17 
22-17 
46-17 
DB-17 
97-17 

97-17 

22-30 

20-81 
30-67 
30-24 
22-24 
46-24 
DB-24 
97-81 

20-80 
30-67 
30-24 
22-24 
46-24 
DB-24 
97-80 

20-82 
30-67 
30-24 
22-24 
46-24 
DB-24 
97-82 

22-31 

22-31 

UnlSite™ 40 Programmer 
Model 60 Programmer 
Model 29A/B Programmers 
logicPak™ 303A·V04 

Revision 
MOdel 29A, 298 

l~cPak 303A·V04 
UnlSlte 40 Model 60 DIP PLCC 

DIP PLCC DIP PLCC 303A·011A 303A·011B 

1.S4 1.S VOS V12 V01 V03 

1.S4 1.S VOS V12 V01 V01 

1.S4 1.S VOS V12 V01 voa 

1.S4 1.S VOS V12 V01 V01 

1.S4 1.S VOS V12 V01 V01 

1.S4 1.S VOS V12 V01 V03 

1.S4 1.S VOS V12 V01 V01 

1.S4 2.3 VOS V12 V01 V01 

1.S4 1:s VOS V12 V01 V03 

1.S4 1.S VOS V12 V01 V03 

1.3 2.1 V10 - VOS V02 

1.3 - V10 - VOS V02 

1.S4 1.S VOS V12 V01 V01 

1.S4 2.3 v.os V12 V01 V01 

2.7 2.S V12 - VOS V03 
2.4 2.4 V09 V13 V09 V01 
1.S4 1.S VOS V12 V01 V03 
2.3 - V13 - V04 V03 
2.4 - V11 - V04 V04 
1.3 1.6 V10 V12 VOS V01 

1.3 - V10 - VOS V02 

1.S4 - VOS V12 V01 V01 

2.7 2.S V12 - VOS V03 
2.4 - V11 V13 V09 V01 
2.4 2.4 V13 V13 V09 V04 
1.S4 1.S VOS V12 V01 V03 
2.3 - V13 - V04 V03 
2.4 - V11 - V04 V04 
1.3 2.1 V10 V12 VOS V01 

2.7 2.S V12 - VOS V03 
2.4 - V11 V13 V09 V01 
2.4 2.4 V13 V13 V09 V04 
1.S4 1.S VOS V12 V01 V03 
2.3 - V13 - V04 V03 
2.4 - V11 - V04 V04 
1.3 2.1 V10 V12 VOS V01 

2.7 2.S V12 - VOS V03 
2.4 - V11 V13 V09 V01 
2.4 2.4 V13 V13 V09 V04 
1.S4 1.S VOS V12 V01 V03 
2.3 - V13 - V04 V03 
2.4 - V11 - V04 V04 
1.3 2.1 V10 V12 VOS V01 

1.S4 1.S VOS V12 V01 V01 

1.S4 1.S VOS V12 V01 V01 



Programmer Reference Gulde 

Data 1/0 Corporation 

Revision 
Model 29A, 298 

Family· Lo..aJcPak 303A·V04 
Arc hi· Plnout Un1Slte40 Model60 DIP PLCC 
tecture Pan Number Code DIP PLCC DIP PLCC 303A·011A 303A·011B 

16RP6 PAL16RP6A 22-31 1.S4 1.S VOS V12 V01 V01 

16RP8 PAL16RP8A 22-31 1.S4 1.S VOS V12 V01 V01 

16V8 PALCE16V8H/Q 80-SS 2.S 3.0 V14.1 - V10 V04 
16V8 as 16L8 80-17 2.6 3.0 - - - ~ 

16V8 as 16R4 80-81 2.6 3.0 - - - -
16V8 as 16R6 80-80 2.6 3.0 - - - -
16V8 as 16R8 80-82 2.6 3.0 - - - -

16X4 *PAL16X4 22-24 1.S4 1.S VOS V12 V01 V03 

18L4 *PAL18L4 22-04 1.S4 1.S VOS V12 V01 V01 

18P8 AmPAL18P8 97-29 1.3 1.S VOS V12 V01 V02 

18U8 *PALC18U8 DB-2E 2.2 - V14.1 - V04 V04 

20C1 *PAL20C1 22-12 1.S4 2.1 VOS V12 V01 V01 

20EG8 PAL10H20EG8 22-6C 2.7 2.7 - - - -
PAL 10020EG8 22-6E 2.7 2.7 - - - -

20EV8 PAL10H20EV8 22-68 2.7 2.7 - - - -
PAL 10020EV8 22-60 2.7 2.7 - - - -

20G8 *PAL 1 OH20G8 22-42 2.0 - - - 303A-ECL -
20L2 *PAL20L2 22-0S 1.S4 1.S VOS V12 V01 V01 

20L8 PAL20L8-7(-12Mil) 20-26 2.6 2.7 - - - -
PAL20L8-10(-1 SMil)/B-2 22-26 1.S4 2.7 VOS V12 V01 V01 
PAL20L8B/ N A-2 22-26 1.S4 2.1 VOS V12 V01 V03 
PALC20L8Z 46-26 1.S4 - V10 - V06 V03 

20L10 PAL20L10A 22-06 1.54 1.S VOS V12 V09 V01 
AmPAL20L10 97-06 2.0 - V10 - V03 V04 

*PAL20L10 22-06 1.S4 1.S VOS V12 V09 V01 

20P8 *PAL10H20P8 22-42 2.0 - - - 303A-ECL -
20R4 PAL20R4-7(-12Mil) 20-6S 2.6 2.7 - - - -

PAL20R4-10(-1SMil)/B-2 22-68 2.4 2.7 V10 V12 V04 V02 
PAL20R4B/NA-2 22-27 1.S4 1.S VOS V12 V01 V03 
PALC20R4Z 46-27 1.S4 - V10 - V06 V03 

20R6 PAL20R6-7(-12Mil) 20-66 2.6 2.7 - - - -
PAL20R6-10(-1SMil)/B-2 22-68 2.4 2.7 V10 V12 V04 V02 
PAL20R6B/NA-2 22-27 1.S4 2.1 VOS V12 V01 V03 
PALC20R6Z 46-27 1.S4 - V10 - V06 V03 

20R8 PAL20R8-7(-12Mil) 20-68 2.6 2.7 - - - -
PAL20R8-10(-1SMil)/B-2 22-68 2.4 2.7 V10 V12 V04 V02 
PAL20R8B/NA-2 22-27 1.S4 1.S VOS V12 V01 V03 
PALC20R8Z 46-27 1.S4 - V10 - V06 V03 

20RA10 PAL20RA10-20 22-4S 1.S4 2.3 VOS V12 VOS -
PAL20RA10 22-4S 1.S4 1.S VOS V12 V09 -

*PALCE20RA10Z DE-4S 2.3 - - - V06 -
20RS4 *PAL20RS4 22-46 1.S4 2.0 VOS V12 V01 V01 

20RS8 *PAL20RS8 22-4S 1.S4 2.3 VOS V12 V01 V01 

20RS10 *PAL20RS10 22-44 1.S4 2.0 VOS V12 V01 V01 

20810 *PAL20S10 22-43 1.S4 1.S VOS V12 V01 V01 
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Programmer Reference Gulde 

Data 1/0 Corporation 

Revision 

Family· 
Arc hi· Plnout UniSite 40 Model 60 
tecture Part Number Code DIP PLCC DIP PLCC 

20V8 PALCE20V8H 80-57 2.7 - - -
PAL20V8 as 20L8 80-26 2.7 - - -
PAL20V8 as 20R4 80-65 2.7 - - -
PAL20V8 as 20R6 80-66 2.7 - - -
PAL20V8 as 20R8 80-27 2.7 - - -

20X4 PAL20X4A 22-36 1.54 1.7 V05 V12 
*PAL20X4 22-23 1.54 1.7 V05 V12 

20X8 PAL20X8A 22-36 1.54 1.7 V05 V12 
*PAL20X8 22-23 1.54 1.7 V05 V12 

20X10 PAL20X10A 22-36 1.54 1.7 V05 V12 
*PAL20X10 22-23 1.54 1.7 V05 V12 

221P6 PAL221P6-25 22-6A 3.0 - - -
22P10 * AmPAL22P10 97-28 2.0 - V10 -
22V10 PAL22V10, AmPAL22V10 97-28 1.3 2.0 V03 V12 

PALCE22V10 80-28 3.0 - - -
*PALC22V10 08-28 2.3 - V12 -

2388 AmPAL2388 97-84 2.0 - V11 -

26V12 PALCE26V12 80-4E 2.5 - - -

29M16 PALCE29M16 60-48 2.5 - V10 -

29MA16 PALCE29MA16 60-4C 2.4 - V10 -
32VX10 PAL32VX10 22-77 1.54 - V10 V13 

6L16 *PAL6L16A 22-48 1.54 2.2 V05 V12 

8L14 *PAL8L14A 22-49 1.54 2.3 V05 V12 

105 PL8105 2A-63 2.2 2.2 V11 -
167 PL8167 2A-60 2.2 - V11 -

168 PL8168 2A-74 2.2 - V11 -
30816 PL830816 97-A9 2.6 - - -
141 *Am29PL141 97-79 1.5 - - -

* Am29LPL 141 97-79 1.5 - - -

142 *Am29PL142 97-76 2.0 - - -
151 Am29CPL 151 94-70 - - - -
154 Am29CPL154 94-7E 2.4 - - -
14R21 *PM814R21 22-58 2.4 - - -

2971 Am2971 97-78 1.55 - - -
1736 Am1736 127-EE 2.6 - - -
Notes: 

* Not recommended for new designs - contact AMO for replacement device information. 

(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 

Model 29A, 298 
Lo~lcPak 303A·V04 
DIP PLCC 

303A-011A 303A·011B 

- -
- -
- -
- -
- -

V09 V04 
V09 V04 

V09 V04 
V09 V04 
V09 V04 
V09 V04 
- -
V03 V04 

V01 V01 
- -
V09 V04 

V04 -

V10 -
V03 -
V03 -
V01 V01 

V01 V01 

V01 V01 

V04 V03 

V04 V03 

V04 V03 

- -
303A-FPC-V01 -
303A-FPC-V01 -
303A-FPC-V02 -

VOS -

V10 -
V10 V03 

- -
- -

PLCC support is for standard pinout in data sheet. For non-standard pinouts or other packages, contact Data 1/0 Corpora­
tion or AMO. 
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Dlgelec, Inc. 
22736 Vanowen Street 
Canoga Park, CA 91307 
(800) 367-87SO or (818) 887-37SS 

Arc hi· 
tecture Part Number 
10H8 *PAL10H8 

10L8 *PAL10L8 

12H6 *PAL12H6 

12L6 *PAL12L6 

12L 10 *PAL 12L10 

14H4 *PAL 14H4 

14L4 *PAL14L4 

14L8 *PAL14L8 

16C1 *PAL16C1 

16H2 *PAL16H2 

16H8 *AmPAL16H8 

16HD8 *Am PAL 16HD8 

16L2 *PAL 16L2 

16L6 *PAL16L6 

16L8 PAL 16L8H-1 S/D/B 
PAL 16L8/B-2/B-4/ N A-2/ A-4 

*PALC16L8Q 
*AmPAL16L8 

16LD8 * AmPAL 16LD8 

16P8 PAL16P8A 

16R4 PAL16R4H-1S 
PAL16R4D/B 
PAL 16R4/B-2/B-4/NA-2/A-4 

*PALC16R4Q 
*AmPAL16R4 

16R6 PAL16R6H-1S 
PAL 16R6D/B 
PAL 16R6/B-2/B-4/ N A-2/ A-4 

*PALC16R6Q 
*AmPAL16R6 

16R8 PAL16R8H-1S 
PAL16R8D/B 
PAL 16R8/B-2/B-4/NA-2/A-4 

*PALC16R8Q 
*AmPAL16R8 

16RA8 PAL16RA8 

16RP4 PAL16RP4A 

16RP6 PAL16RP6A 

16RP8 PAL16RP8A 

16V8 PALCE16V8H/Q 

16X4 *PAL16X4 

18L4 *PAL18L4 

18P8 AmPAL18P8 

20C1 *PAL20C1 

Programmer Reference Gulde 

System UP 803 
Model 860 

Revision 
~stem UP803 

Logic Center 
FAM52 Adl!mer 

S.4 DAS3 

5.4 DA53 

S.4 DAS3 

S.4 DAS3 

S.4 DASS 

5.4 DAS3 

S.4 DAS3 

S.4 DASS 

S.4 DAS3 

S.4 DAS3 

s.s DAS3 

S.S DAS3 

S.4 DAS3 

S.4 DASS 

S.4 DAS3 
S.4 DAS3 
- -
S.S DAS3 

s.s DAS3 

S.4 DAS3 

S.4 DAS3 
S.4 DAS3 
S.4 DAS3 
- -
s.s DAS3 

S.4 DAS3 
S.4 DAS3 
S.4 DAS3 
- -
S.S DAS3 

S.4 DAS3 
S.4 DAS3 
S.4 DAS3 
- -
5.S DAS3 

S.4 DAS3 

S.4 DAS3 

S.4 DAS3 

5.4 DAS3 

- -
S.4 DAS3 

S.4 DASS 

s.s DASS 

S.4 DASS 

Rev. Model 860 
A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

C-1 A1.2 

A-3 A1.2 

A-3 A1.2 

C-1 A1.2 

A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

C-1 A1.2 

A-3 A1.2 
A-3 A1.2 
- A1.2 
A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

C-1 A1.2 
A-3 A1.2 
A-3 A1.2 
- A1.2 
A-3 A1.2 

C-1 A1.2 
A-3 A1.2 
A-3 A1.2 
- A1.2 
A-3 A1.2 

C-1 A1.2 
A-3 A1.2 
A-3 A1.2 
- A1.2 
A-3 A1.2 

C-1 Ai.2 

A-3 A1.2 

A-3 A1.2 

A-3 A1.2 

- A1.4 

A-3 A1.2 

C-1 A1.2 

B-3 A1.2 

C-1 Ai.2 
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Programmer Reference Gulde 

Dlgelec, Inc. 

Revision 
~stemUP803 

Arc hi· Logic Center 
tecture Pan Number FAM52 Ad~er Rev. 
20G8 *PAL10H20G8 S.4 DA60 A-1 

20L2 *PAL20L2 S.4 DASS C-1 

20L8 PAL20L8-10(-1 SMil)/B-2 S.4 DASS C-1 
PAL20L8B/A/A-2 S.4 DASS C-1 
PALC20L8Z S.4 DASS C-1 

20L10 PAL20L10A S.4 DASS C-1 
AmPAL20L10 s.s DAS3 A-3 

*PAL20L10 S.4 DASS C-1 

20P8 *PAL 10H20P8 S.4 DASO A-1 

20R4 PAL20R4-10(-1SMil)/B-2 S.4 DASS C-1 
PAL20R4B/A/A-2 S.4 DASS C-1 
PALC20R4Z S.4 DASS C-1 

20R6 PAL20R6-10(-1SMil)/B-2 S.4 DASS C-1 
PAL20R6B/A/A-2 S.4 DASS C-1 
PALC20R6Z S.4 DASS C-1 

20R8 PAL20R8-10(-1SMil)/B-2 S.4 DASS C-1 
PAL20R8B/A/A-2 S.4 DASS C-1 
PALC20R8Z S.4 DASS C-1 

20RA10 PAL20RA10 S.4 DASS C-1 
PAL20RA10-20 S.4 DASS C-1 

20RS4 *PAL20RS4 S.4 DASS C-1 
20RS8 *PAL20RS8 5.4 DASS C-1 

20RS10 *PAL20RS10 S.4 DASS C-1 
20810 *PAL20S10 S.4 DASS C-1 
20X4 PAL20X4A S.4 DASS C-1 

*PAL20X4 S.4 DASS C-1 
20X8 PAL20X8A S.4 DASS C-1 

*PAL20X8 S.4 DASS C-1 

20X10 PAL20X10A S.4 DASS C-1 
*PAL20X10 S.4 DASS C-1 

22P10 *AmPAL22P10 s.s DAS3 A-3 
22V10 PAL22V10, AmPAL22V10 s.s DASS B-3 

*PALC22V10 - - -
32VX10 PAL32VX10 6.S4 DASS C-1 

6L16 *PAL6L16A 6.S4 DA62 -
8L14 *PAL8L14A 6.S4 DA62 -
141 *Am29PL141 - - -
Notes: 

• Not recommended for new designs - contact AMO for replacement device information. 

(-XXMil) - Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 

Model860 

-
A1.2 

A1.2 
A1.2 
A1.2 

A1.2 
A1.2 
A1.2 

-
A1.2 
A1.2 
A1.2 

A1.2 
A1.2 
A1.2 

A1.2 
A1.2 
A1.2 

A1.2 
A1.2 

A1.2 

A1.2 

A1.2 

A1.2 

A1.2 
A1.2 

A1.2 
A1.2 

A1.2 
A1.2 

A1.2 

A1.2 
A1.2 

A1.2 

A1.2 

A1.2 

A1.1 

PLCC support is for standard pinout in data sheet. For non-standard pinouts or other packages, contact Oigelec or AMO. 
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Kontron Electronics 
630 Clyde Ave. 
Mountain View, CA 94039-7230 
(800) 227-8834 or (415) 965-7020 

Arc hi-
tecture Part Number 
10H8 *PAL10H8 

10L8 *PAL 10L8 

12H6 *PAL12H6 

12L6 *PAL12L6 

12L10 *PAL 12L 10 

14H4 *PAL14H4 

14L4 *PAL14L4 

14L8 *PAL 14L8 

16C1 *PAL16C1 

16H2 *PAL16H2 

16H8 *AmPAL16H8 

16HD8 *AmPAL16HD8 

16L2 *PAL16L2 

16L6 *PAL16L6 

16L8 PAL 16L8H-15/D/B 
PAL 16L8/B-2/B-4/ N A-2/ A-4 

*AmPAL16L8 

16LD8 *Am PAL 16LD8 

16P8 PAL 16P8A 

16R4 PAL16R4H-15 
PAL 16R4D/B 
PAL 16R4/8-2/B-4/ N A-2/ A-4 

*AmPAL16R4 

16R6 PAL 16R6H-15 
PAL 16R6D/8 
PAL 16R6/8-2/B-4/NA-2/A-4 

*AmPAL16R6 

16R8 PAL 16R8H-15 
PAL16R8D/B 
PAL 16R8/8-2/B-4/NA-2/A-4 

*AmPAL16R8 

16RA8 PAL 16RA8 

16RP4 PAL16RP4A 

16RP6 PAL16RP6A 

16RP8 PAL16RP8A 

16X4 *PAL16X4 

18L4 *PAL18L4 

18P8 AmPAL18P8 

20C1 *PAL20C1 

20G8 *PAL 1 OH20G8 

20L2 *PAL20L2 

20L8 PAL20L8-10(-15Mil)/B-2 
PAL20L8B/NA-2 
PALC20L8Z 

Programmer Reference Gulde 

System MPP BOS 
System EPP-80 

Revision 
System MPP sos 
Module MOD 21 System EPP-80 

Ada_pter Module UPM-B 
SA-27 1.44 

SA-27 1.44 

SA-27 1.44 

SA-27 1.44 

SA-27-1 1.44 

SA-27 1.44 

SA-27 1.44 

SA-27-1 1.44 

SA-27 1.44 

SA-27 1.44 

SA-27 1.45 

SA-27 1.45 

SA-27 1.44 

SA-27-1 1.44 

- 1.44 
SA-27 1.44 
SA-27 1.45 

SA-27 1.45 

- 1.44 

- 1.44 
- 1.44 

SA-27 1.44 
SA-27 1.45 

- 1.44 
- 1.44 

SA-27 1.44 
SA-27 1.45 

- 1.44 
- 1.44 

SA-27 1.44 
SA-27 1.45 

- 1.47 

- 1.44 

- 1.44 

- 1.44 

SA-27 1.44 

SA-27-1 1.44 

- 1.45 

SA-27-1 1.44 

- 1.47 

SA-27-1 1.44 

SA-27-1 1.44 
SA-27-1 1.44 

- 2.00 
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Kontron Electronics 

Revision 
System MPP 80S 

Arc hi· Module MOD 21 System EPP·80 
tecture Part Number Ad~er Module UPM·B 
20L10 PAL20L10A SA-27-1 1.44 

*PAL20L 10 SA-27-1 1.44 

20P8 *PAL 10H20P8 - 1.47 

20R4 PAL20R4-10(-15Mil)/B-2 SA-27-1 1.44 
PAL20R4B/A/A-2 SA-27-1 1.44 
PALC20R4Z - 2.00 

20R6 PAL20R6-10(-15Mil)/B-2 SA-27-1 1.44 
PAL20R6B/A/A-2 SA-27-1 1.44 
PALC20R6Z - 2.00 

20R8 PAL20R8-10(-15Mil)/B-2 SA-27-1 1.44 
PAL20R8B/A/A-2 SA-27-1 1.44 
PALC20R8Z - 2.00 

20RA10 PAL20RA10 - 1.44 
P AL20RA10-20 - 1.44 

20RS4 *PAL20RS4 - 1.44 

20RS8 *PAL20RS8 - 1.44 

20RS10 *PAL20RS10 - 1.44 

20810 *PAL20S10 - 1.44 

20X4 PAL20X4A SA-27-1 1.44 
*PAL20X4 SA-27-1 1.44 

20X8 PAL20X8A SA-27-1 1.44 
*PAL20X8 SA-27-1 1.44 

20X10 PAL20X10A SA-27-1 1.44 
*PAL20X10 SA-27-1 1.44 

22V10 P AL22V 10, AmPAL22V1 0 - 1.45 
*PALC22V10 - 2.00 

32VX10 PAL32VX10 - 2.00 
6L16 *PAL6L16A - 2.00 

8L14 *PAL8L14A - 2.00 
Notes: 

• Not recommended for new designs - contact AMO for replacement device information. 

(-XXMil) =Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Logical Devices, Inc. 
1201 E. Northwest 65th Place 
Fort Lauderdale, FL 33309 
(800) 331-7766 or (305) 491-7405 

Arc hi-
tecture Part Number 

10H8 *PAL10H8 

10L8 *PAL 10L8 

12H6 *PAL12H6 

12L6 *PAL12L6 

12L10 *PAL12L10 

14H4 *PAL14H4 

14L4 *PAL14L4 

14L8 *PAL14L8 

16C1 *PAL16C1 

16H2 *PAL16H2 

16H8 *AmPAL16H8 

16HD8 * AmPAL 16H08 

16L2 *PAL16L2 

16L6 *PAL16L6 

16L8 PAL16L88-7(-12Mil) 
PAL 16L8H-15/D/B 
PAL 16L8/B-2/B-4/NA-2/A-4 

*PALC16L80 
*AmPAL16L8 

16LD8 *Am PAL 16L08 

16P8 PAL 16P8A 

16R4 PAL 16R4-7(-12Mil) 
PAL16R4H-15 
PAL16R4D/B 
PAL 16R4/B-2/B-4/A/A-2/A-4 

*PALC16R4Q 
*AmPAL16R4 

16R6 PAL 16R6-7(-12Mil) 
PAL16R6H-15 
PAL 16R60/B 
PAL 16R6/B-2/B-4/A/A-2/A-4 
PALC16R6Q 

*AmPAL 16R6 

16R8 PAL 16R8-7(-12Mil) 
PAL16R8H-15 
PAL16R8D/B 
PAL 16R8/B-2/B-4/ Al A-2/ A-4 

*PALC16R80 
*AmPAL 16R8 

Programmer Reference Guide 

ALLPAO™ Programmer 

ALL PRO Arc hi· ALLPRO 
Revision tecture Part Number Revision 

1.44CR2 16RA8 PAL16RA8 1.44CR2 

1.44CR2 16RP4 PAL16RP4A 1.44CR2 

1.44CR2 16RP6 PAL16RP6A 1.44CR2 

1.44CR2 16RP8 PAL16RP8A 1.44CR2 

1.44CR2 16X4 *PAL16X4 1.44CR2 

1.44CR2 18L4 *PAL18L4 1.44CR2 

1.44CR2 18P8 AmPAL18P8 1.48C 

1.44CR2 18U8 *PALC18U8 1.48C 

1.44CR2 20C1 *PAL20C1 1.44CR2 

1.44CR2 20L2 *PAL20L2 1.44CR2 

1.44CR2 20L8 PAL20L8-10(-15Mil)/B-2 1.44CR2 

1.44CR2 

1.44CR2 

1.44CR2 

PAL20L8B/A/A-2 1.44CR2 
PALC20L8Z 1.44CR2 

20L10 PAL20L10A 1.44CR2 
AmPAL20L10 1.48C 

1.48C *PAL20L10 1.44CR2 
1.44CR2 
1.44CR2 

1.48C 
1.44CR2 

1.44CR2 

20R4 PAL20R4-10(-15Mil)/B-2 1.44CR2 
PAL20R4B/A/A-2 1.44CR2 
PALC20R4Z 1.44CR2 

20R6 PAL20R6-10(-15Mil)/B-2 1.44CR2 
PAL20R6B/A/A-2 1.44CR2 

1.44CR2 PALC20R6Z 1.44CR2 

1.48C 20R8 PAL20R8-10(-15Mil)/B-2 1.44CR2 
1.44CR2 PAL20R8B/A/A-2 1.44CR2 
1.44CR2 PALC20R8Z 1.44CR2 
1.44CR2 

1.48C 
1.44CR2 

20RA10 PAL20RA10 1.44CR2 
PAL20RA10-20 1.44CR2 

*PALCE20RA10Z 1.48C 
1.48C 

1.44CR2 
1.44CR2 

20RS4 *PAL20RS4 1.44CR2 

20RS8 *PAL20RS8 1.44CR2 

1.44CR2 20RS10 *PAL20RS10 1.44CR2 
1.48C 

1.44CR2 

1.48C 
1.44CR2 
1.44CR2 
1.44CR2 

20S10 *PAL20S10 1.44CR2 

20X4 PAL20X4A 1.44CR2 
*PAL20X4 1.44CR2 

20X8 PAL20X8A 1.44CR2 
*PAL20X8 1.44CR2 

1.48C 20X10 PAL20X10A 1.44CR2 
1.44CR2 *PAL20X10 1.44CR2 
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Logical Devices, Inc. 

Arc hi· ALLPRO 
tecture Part Number Revision 

22P10 *AmPAL22P10 1.48C 

22V10 PAL22V10, AmPAL2?V10 1.48C 
*PALC22V10 1.48C 

2388 AmPAL23S8 1.48C 

26V12 PALCE26V12 1.48C 

29M16 PALCE29M16 1.48C 

29MA16 PALCE29MA16 1.48C 

32VX10 PAL32VX10 1.44CR2 

6L16 *PAL6L16A 1.44CR2 

8L14 *PAL8L14A 1.44CR2 

141 *Am29PL141 1.48C 
* Am29LPL 141 1.48C 

142 *Am29PL142 1.48C 

151 Am29CPL151 1.48C 

154 Am29CPL154 1.48C 

2971 Am2971 1.48C 
Notes: 

• Not recommended for new designs - contact AMD for replacement device information. 

(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Mlcropross 
Pare d'Activite des Pres 
5, rue Denis-Papin 
59650 Villeneuve d'Ascq 
France 
20 47 90 20 

Arc hi-
tecture Part Number 

10H8 *PAL10H8 

10L8 *PAL10L8 

12H6 *PAL 12H6 

12L6 *PAL 12L6 

12L10 *PAL 12L 10 

14H4 *PAL 14H4 

14L4 *PAL 14L4 

14L8 *PAL14L8 

16C1 *PAL16C1 

16H2 *PAL16H2 

16H8 *AmPAL16H8 

16HD8 *AmPAL16HD8 

16L2 *PAL 16L2 

16L6 *PAL16L6 

16L8 PAL 16L8-7(-12Mil) 
PAL 16L8H-15 
PAL16L8D/B 
PAL 16L8/B-2/B-4/A/A-2/A-4 

*PALC16L8Q 
*AmPAL16L8 

16LD8 *AmPAL16LD8 

16P8 PAL16P8A 

16R4 PAL 16R4-7(-12Mil) 
PAL 16R4H-15 
PAL 16R4D/B 
PAL 16R4/B-2/B-4/A/A-2/A-4 
*PALC16R4Q 
*AmPAL16R4 

16R6 PAL 16R6-7(-12Mil) 
PAL16R6H-15 
PAL 16R6D/B 
PAL 16R6/B-2/B-4/A/A-2/A-4 

*PALC16R6Q 
*AmPAL16R6 

16R8 PAL 16R8-7(-12Mil) 
PAL16R8H-15 
PAL 16R8D/B 
PAL 16R8/B-2/B-4/ A/ A-2/ A-4 

*PALC16R8Q 
*AmPAL16R8 

16RA8 PAL16RA8 

16RP4 PAL16RP4A 

16RP6 PAL16RP6A 

16RP8 PAL16RP8A 

16X4 *PAL16X4 

18L4 *PAL18L4 

Programmer Reference Gulde 

ROM 5000 Programmer 
ROM 3000 Programmer 

Revision 
ROM5000 ROM3000 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

- 5.83 

- 5.83 

3.5 5.83 

3.5 5.83 

- 5.83 
3.5 5.83 
3.5 5.83 
3.5 5.83 
- 5.83 
3.5 5.83 

- 5.83 

3.5 5.83 

- 5.83 
3.5 5.83 
3.5 5.83 
3.5 5.83 
- 5.83 
3.5 5.83 

- 5.83 
3.5 5.83 
3.5 5.83 
3.5 5.83 
- 5.83 
3.5 5.83 

- 5.83 
3.5 5.83 
3.5 5.83 
3.5 5.83 
- 5.83 
3.5 5.83 

4.6 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 

3.5 5.83 
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Programmer Reference Guide 

Micropross 

Arc hi- Revision 
tecture Part Number ROM5000 ROM3000 

18P8 AmPAL18P8 - 5.83 

18U8 *PALC18U8 - 5.83 

20C1 *PAL20C1 3.5 5.83 

20G8 *PAL10H20G8 4.6 5.83 

20L2 *PAL20L2 3.5 5.83 

20L8 PAL20L8-10(-15Mi l)/B-2 3.5 5.83 
PAL20L8B/NA-2 3.5 5.83 
PALC20L8Z - 5.83 

20L10 PAL20L10A 3.5 5.83 
AmPAL20L10 - 5.83 

*PAL20L10 3.5 5.83 

20P8 *PAL10H20P8 4.6 5.83 

20R4 PAL20R4-10(-15Mil)/B-2 3.5 5.83 
PAL20R4B/NA-2 3.5 5.83 
PALC20R4Z - 5.83 

20R6 PAL20R6-10(-15Mil)/B-2 3.5 5.83 
PAL20R6B/NA-2 3.5 5.83 
PALC20R6Z - 5.83 

20R8 PAL20R8-10(-15Mil)/B-2 3.5 5.83 
PAL20R8B/NA-2 3.5 5.83 
PALC20R8Z - 5.83 

20RA10 PAL20RA10 3.5 5.83 
PAL20RA 10-20 3.5 5.83 

*PALCE20RA10Z - 5.83 

20R84 *PAL20R84 3.5 5.83 

20R88 *PAL20R88 3.5 5.83 

20R810 *PAL20R810 3.5 5.83 

20810 *PAL20810 3.5 5.83 

20X4 PAL20X4A 3.5 5.83 
*PAL20X4 3.5 5.83 

20X8 PAL20X8A 3.5 5.83 
*PAL20X8 3.5 5.83 

20X10 PAL20X10A 3.5 5.83 
*PAL20X10 3.5 5.83 

221P6 PAL221P6-25 - 5.83 

22P10 *AmPAL22P10 - 5.83 

22V10 PAL22V10, AmPAL22V10 - 5.83 
*PALC22V10 4.6 5.83 

2388 AmPAL2388 - 5.83 

29M16 PALCE29M16 - 5.83 

29MA16 PALCE29MA16 - 5.83 

32VX10 PAL32VX10 4.51 5.83 
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Micropross 

Arc hi- Revision 
tecture Part Number ROM5000 ROM3000 

6L16 *PAL6L 16A 4.6 5.83 

8L14 *PAL8L14A 4.6 5.83 

105 PLS105 - 5.83 

167 PLS167 - 5.83 

168 PLS168 - 5.83 

141 *Am29PL141 - 5.83 

142 *Am29PL 142 - 5.83 

151 Am29CPL 151 - 5.83 

14R21 *PMS14R21 - 5.83 

Notes: 

• Not recommended for new designs - contact AMO tor replacement device information. 

(-XXMil) = Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 
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Stag Microsystems 
1600 Wyatt Drive 
Suite 3 
Santa Clara, CA 95054 
(408) 988-1118 

Arch I· 
tecture Part Number 
10H8 *PAL10H8 

10L8 *PAL10L8 

12H6 *PAL12H6 

12L6 *PAL12L6 

12L10 *PAL12L10 

14H4 *PAL14H4 

14L4 *PAL14L4 

14L8 *PAL14L8 

16C1 *PAL16C1 

16H2 *PAL16H2 

16H8 *AmPAL16H8 

16HD8 *AmPAL16HD8 

16L2 *PAL16L2 

16L6 *PAL16L6 

16L8 PAL 16L8-7(-12Mil) 
PAL 16L8H-15/D/8 
PAL 16L8/B-2/B-4/NA-2/A-4 
PALC16L8Z 

*PALC16L8Q 
* AmPAL 16L8_ 

16LD8 * AmPAL 16LD8 

16P8 PAL16P8A 

16R4 PAL 16R4-7(-12Mil) 
PAL16R4H-15 
PAL16R4D/8 
PAL 16R4/B-2/B-4/NA-2/A-4 
PALC16R4Z 

*PALC16R4Q 
*AmPAL16R4 

16R6 PAL 16R6-7(-12Mil) 
PAL16R6H-15 
PAL16R6D/8 
PAL 16R6/B-2/B-4/ N A-2/ A-4 
PALC16R6Z 

*PALC16R6Q 
*AmPAL16R6 

16R8 PAL 16R8-7(-12Mil) 
PAL16R8H-15 
PAL16R8D/B 
PAL 16R8/8-2/8-4/NA-2/A-4 
PALC16R8Z 

*PALC16R8Q 
*AmPAL16R8 

16RA8 PAL16RA8 

16RP4 PAL16RP4A 

16RP6 PAL16RP6A 
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ZL30 Programmer 
PPZ Module Zm2200 Programmer 

Revision 
Family· 
Pinout PPZ 
Code ZL30 Module Zm2200 
20-20 30A01 14 

20-25 30A01 14 

20-21 30A01 14 

20-26 30A01 14 

21-50 30A01 14 

20-22 30A01 14 

20-27 30A01 14 

21-51 30A01 14 

20-24 30A01 14 

20-23 30A01 14 

90-35 30A27 18 
90-37 30A27 18 

20-28 30A01 14 

21-52 30A01 12 

95933 30A31 37 
22-29 30A10 12 
20-29 30A01 14 
25-29 30A31 -
24-29 30A29 36 
90-29 30A27 18 

90-36 30A27 18 

20-38 30A01 15 

95932 30A31 37 
22932 30A15 12 
22-32 30A10 12 
20-32 30A01 14 
25-32 30A31 -
24-32 30A29 36 
90-32 30A27 18 

95931 30A31 37 
22931 30A15 12 
22-31 30A10 12 
20-31 30A01 14 
25-31 30A31 -
24-31 30A29 36 
90-31 30A27 18 

95930 30A31 37 
22930 30A15 12 
22-30 30A10 12 
20-30 30A01 14 
25-30 30A31 -
24-30 30A29 36 
90-30 30A27 18 

20-19 30A10 36 

20-13 30A01 15 

20-12 30A01 15 



Programmer Reference Gulde 

Stag Microsystems 

Revision 
Family-

Arch I· Plnout PPZ 
tecture Pan Number Code ZL30 Module Zm2200 
16RP8 PAL16RP8A 20-11 30A01 15 

16V8 PALCE16V8H/Q 95009 30A35 -
16V8 as 10H8 95020 30A35 -
16V8 as 10L8 95025 30A35 -
16V8 as 12H6 95021 30A35 -
16V8 as 12L6 95026 30A35 -
16V8as14H4 95022 30A35 -
16V8 as 14L4 95027 30A35 -
16V8 as 16H2 95023 30A35 -
16V8 as 16H8 95035 30A35 -
16V8 as 16L2 95028 30A35 -
16V8 as 16L8 95029 30A35 -
16V8 as 16P8 95038 30A35 -
16V8 as 16R4 95032 30A35 -
16V8 as 16R6 95031 30A35 -
16V8 as 16R8 95030 30A35 -
16V8 as 16RP4 95013 30A35 -
16V8 as 16RP6 95012 30A35 -
16V8 as 16RP8 95011 30A35 -

16X4 *PAL16X4 20-33 30A01 14 

18L4 *PAL18L4 21-53 30A01 12 

18P8 AmPAL18P8 90-10 30A31 18 

18U8 *PALC18U8 24193 30A32 37 

20C1 *PAL20C1 21-55 30A01 12 

20L2 *PAL20L2 21-54 30A01 12 

20L8 PAL20L8-7(-12Mil) 95-56 30A05 -
PAL20L8-10(-15Mil)/B-2 21-56 30A32 12 
PAL20L8B/ Al A-2 21-56 30A01 12 
PALC20L8Z 24-56 30A30 33 

20L10 PAL20L10A 21-60 30A01 36 
AmPAL20L10 91-60 30A21 33 

*PAL20L10 21-60 30A01 36 

20R4 PAL20R4-7(-12Mil) 95-59 30A05 -
PAL20R4-10(-15Mil)/B-2 21-59 30A32 12 
PAL20R4B/A/A-2 21-59 30A01 12 
PALC20R4Z 24-59 30A30 33 

20R6 PAL20R6-7(-12Mil) 95-58 30A05 -
PAL20R6-10(-15Mil)/B-2 21-58 30A32 12 
PAL20R6B/A/A-2 21-58 30A01 12 
PALC20R6Z 24-58 30A30 33 

20R8 PAL20R8-7(-12Mil) 95-57 30A05 -
PAL20R8-10(-15Mil)/B-2 21-57 30A32 12 
PAL20R8B/A/A-2 21-57 30A01 12 
PALC20R8Z 24-57 30A30 33 

20RA10 PAL20RA10 21-77 30A10 36 
PAL20RA10-20 21-77 30A10 36 

*PALCE20RA10Z 25-57 30A32 -

6-73 



Programmer Reference Gulde 

Stag Microsystems 

Revision 
Family-

Arc hi· Pinout PPZ 
tecture Part Number Code ZL30 Module Zm2200 
20RS4 *PAL20RS4 21-78 30A01 26 

20RS8 *PAL20RS8 21-79 30A01 26 

20RS10 *PAL20RS10 21-80 30A01 26 

20S10 *PAL20S10 21-81 30A01 26 

20V8 PALCE20V8H 94069 30A35 -
20V8 as 14L8 94051 30A35 -
20V8 as 16L6 94052 30A35 -
20V8 as 18L4 94053 30A35 -
20V8 as 20L2 94054 30A35 -
20V8 as 20L8 94056 30A35 -
20V8 as 20R4 94059 30A35 -
20V8 as 20R6 94058 30A35 -
20V8 as 20R8 94057 30A35 -

20X4 PAL20X4A 21-63 30A01 36 
*PAL20X4 21-63 30A01 36 

20X8 PAL20X8A 21-62 30A01 36 
*PAL20X8 21-62 30A01 36 

20X10 PAL20X10A 21-61 30A01 36 
*PAL20X10 21-61 30A01 36 

22P10 *AmPAL22P10 91121 30A21 33 
22V10 PAL22V10, AmPAL22V10 91-70 30A31 35 

*PALC22V10 24070 30A26 33 
2358 AmPAL23S8 90128 30A26 36 

29M16 PALCE29M16 94135 - 37 

29MA16 PALCE29MA16 94136 - 37 

32VX10 PAL32VX10 21-66 30A27 23 
105 PLS105 21-02 30A29 37 

167 PLS167 21-91 30A29 37 

168 PLS168 21-97 30A29 37 

141 *Am29PL 141 92-92 - 20 

14R21 *PMS14R21 21139 30A22 28 

Notes: 

* Not recommended for new designs - contact AMD for replacement device information. 

(-XXMil) =Military suffix. 

If part number has no performance suffix, information applies to all options. 

Earliest revision shown. Later revisions also can be assumed to support these products. 

PLCC support is for standard plnout in data sheet. For non-standard pinouts or other packages, contact Stag Microsystems 
or AMD. 
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TestPro™ Centers 

TESTPRO CERTIFICATION MEANS: 

• AMO-written procedures 

• AMO-trained operators 

• ESD-protected facilities 

• Programming on AMO-approved Data 1/0 program­
mers 

• Functional testing on a proprietary AutoVec™ 2850 
tester from Exatron 

• Regular quality audits by AMO 

If you buy programmable array logic (PAL ®i devices in 
volume through distribution, you already know about 
AMO, and it's a good bet that our outstanding ICs have 
played a part in the success of your products. Now we 
have something new called TestPro. 

The AMO TestPro Centers for distributors represent 
more than continuing excellence from the world's larg­
est supplier of programmable products. TestPro is a 
comprehensive system for delivering factory-quality de­
vices to you. 

TestPro provides a dramatic increase in PAL device 
quality. You'll decrease manufacturing costs. Fewer de­
vice failures will mean lower system rework costs, and 
Test Pro ICs can be incorporated into your systems with 
a minimum of handling and a maximum of confidence. 

Why Functional Testing Is Important 

AMO invented the PAL device in 1978, and engineered 
key enhancements. Distributor TestPro Centers repre­
sent a synthesis of the techniques and expertise in pro­
gramming, testing and handling that have become our 
mainstay in supplying thousands of customers with tens 
of millions of superior devices. 

PAL devices have three main components: the fuse ar­
ray, programming and verification circuitry, and func­
tional circuitry. 

The fuse array contains device logic and is programmed 
through the programming circuitry. Then the pattern in 
the fuse array is checked via the verification circuitry. 
Functional circuitry is used in the actual device opera­
tion. 
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The programming and verification circuitry are thor­
oughly tested prior to shipment from the factory by a 
combination of opening test fuses or exercising every 
fuse. In addition, much design and testing effort goes 
into functionally testing each PAL device prior to ship­
ment. Since there is almost an infinite number of logic 
combinations that can be chosen for your logic, "com­
plete" functional verification is impractical. As a result, a 
small percentage of PAL devices that pass array verifi­
cation when you program them can still be non-func­
tional. These devices are called post-programming 
functional rejects. Although small in number, these re­
jects can turn into board-level rejects unless they are 
identified and removed. 

One way to verify the functionality of PAL devices is to 
generate and use test vectors, but the quality of the re­
sulting testing is dependent on the quality of these "engi­
neered" vectors. As an alternative, AMO, in cooperation 
with Exatron and Data 1/0, has created a better solution. 
The result is a sophisticated programming and test sys­
tem that utilizes a Data 1/0 60H programmer in concert 
with an Exatron Autovec tester. 

Immediately after the Data 1/0 60H programs each part, 
the Exatron Autovec exercises it with a million-plus 
pseudo random vectors. AutoVec testing is as consis-
tent and effective as the best of engineered vectors and ~ 
more cost-effective. ... 

Percent Board Rework vs Number of 
Devices Per Board 

Number of Devices Per Board 

Testing quality using engineered vectors varies 
according to the thoroughness of the vectors. 

Auto Vee 
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AMO provides a 120-page TestPro operations and pro­
cedures manual that serves as a reference in operating 
TestPro. The manual incorporates techniques that mini­
mize electrostatic discharge (ESD) effects, specifies 
certified programming steps and regulates marking and 
quality assurance efforts. 

The AMO-approved distributor personnel assigned to 
Test Pro facilities are expert programming center opera­
tors. In-depth training programs for these operators are 
backed by regular AM D site inspections and periodic re­
training and recertification. 

All in all, the combination of the right hardware, trained 
operators, effective procedures, and AMO certification 
allows you to eliminate the costs of programming, vector 
generation, testing and marking (labeling). The reduc­
tion in handling also results in fewer rejects and less 
mixing. 

The Big Payoff 

All board production can benefit from high-quality com­
ponents. The more PAL devices per board and the 
higher the rework cost, the more benefit you will derive 
from TestPro quality. 

Some typical numbers for the identified savings are 
shown below: 

User Typical Test Pro 
Cost/Unit Cost/Unit 

Program and Test $ .25 -1.001 $ .25- .752 

Marking $.10 - .20 

Board Rework Cost $.25 - .501 Negligible 

Elimin51tiQn of §Qcket§ ~.25 - .§Q 0 
Total $ .85- 2.20 $ .25- .75 

Note: 
1 Depends on what kind of testing you do 

2 Depends on quantity, lot size, initiation fee, etc. 
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All this and you avoid the costs of misprogramming or 
mismarking. 

Only you know what your exact situation is, but the fol-
lowing work sheet will help you quantify your savings. 

Board Cost Savings Work Sheet 
Your 

Example Numbers 

Total Number of 
PLDs Per Board (a) 20 

Total Cost of 
Unprogrammed (b) $40 
Devices 

Your Cost Per Unit 
of Programming, 
Testing and 
Marking (c) $.60 

Component Cost if 
you Program (d)=(b)+(a)(c) $ 52 

Total Cost of 
Test Pro 
Components (e) $47 

Cost Savings of 
TestPro Devices 
at the Component 
Level (f)=(d)-(e) $5 

Rework Elimination 
Savings (Decrease 
in Failure Rate 
Multiplied by 
Rework Cost) (g) $7 

Savings From 
Elimination of 
Sockets (h) $7 

Overall Savings (f)+(g)+(h) $19 

With TestPro PAL Devices, You Get: 

• Reduced system rework costs 

• Manufacturing cost savings 

• Less incoming inspection due to higher quality 
devices 



Test Pro Centers 

AMO TestPro Centers 
ARIZONA 

HAMILTON/AVNET-CHANDLER 

CALIFORNIA 
ANTHEM-CHATSWORTH 
ANTHEM-IRVINE 
ANTHEM-SAN JOSE 
ARROW/KIERULFF-SUNNYVALE 
ARROW/KIERULFF-TUSTIN 
HAMIL TON/AVNET-GARDENA 
HAMILTON/AVNET-SUNNYVALE 
SCHWEBER-IRVINE 
SCHWEBER-SANJOSE 
WYLE-SANT A CLARA 
WYLE-IRVINE 

COLORADO 

GEORGIA 

ANTHEM-ENGLEWOOD 
ARROW/KIERULFF-ENGLEWOOD 
WYLE-THORNTON 

ARROW/KIERULFF-NORCROSS 
SCHWEBER-NORCROSS 

KENTUCKY 
HAMIL TON/AVNET-LEXINGTON 

MASSACHUSETTS 
ANTHEM-WILMINGTON 
ARROW/KIERULFF-WILMINGTON 
HAMILTON/AVNET-PEABODY 
SCHWEBER-BEDFORD 

MINNESOTA 
ARROW/KIERULFF-EDINA 
SCHWEBER-EDEN PRAIRIE 

NEW YORK 

OREGON 

TEXAS 

CANADA 

ARROW/Kl ERULFF-BROOKHAVEN 

ALMAC-BEAVERTON 
ANTHEM-BEAVERTON 

ARROW/KIERULFF--CARROLL TON 
SCHWEBER-DALLAS 
WYLE-RICHARDSON 

HAMIL TON/AVNET-MISSISSAUGA 

(602) 961-6400 

(818) 700-1000 
(714) 768-4444 
(408) 453-1200 
(408) 745-6600 
(714) 838-5422 
(213) 217-6700 
(408) 743-3000 
(714) 863-0200 
(408) 432-7171 
(408) 727-2500 
(714) 851-9953 

(303) 790-4500 
(303) 790-4444 
(303) 457-9953 

(404) 449-8252 
(404) 449-9170 

(606) 259-1475 

(508) 657-5170 
(508) 658-0900 
(508) 532-3701 
(617) 275-5100 

(612)830-1800 
(612) 941-5280 

(516) 924-9400 

(503) 629-8090 
(503) 643-1114 

(214) 380-6464 
(214) 247-6300 
(214) 235-9953 

(416) 677-7432 
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ProPAL™ and HAL® 
Devices Program 

ProPAL and HAL devices are programmable logic de­
vices that are programmed, marked and functionally 
tested by Advanced Micro Devices. Our functional test­
ing offers the user board-ready product at quality levels 
as stringent as 50 PPM, providing significant benefits in 
both quality and manufacturing cost savings. The 
ProPAL and HAL Device Program provides system 
manufacturers a risk free migration path from system 
prototype to full production with extremely high quality, 
board-ready devices. 

ProPAL Devices 

ProPAL (Programmed PAL®) devices are simply PAL 
devices that the factory programs and tests for you. You 
receive a fully functional device without having to do any 
programming and testing, and still have the flexibility to 
handle design changes easily. 

HAL Devices 

HAL (Hard Array Logic) devices are to PAL devices as 
ROMs are to PROMs. Instead of fuses in the logic array, 
your pattern is implemented using metal links that are 
masked in during wafer fabrication. 

Should You Use a ProPAL or HAL De­
vice? 

PAL devices offer the flexibility and convenience 
needed for prototyping your innovative designs. They 
provide a means for designing an efficient system by in­
tegrating functions and saving you board space. For de­
sign, prototyping and low volume production, it makes 
sense to program and test your own PAL devices. You 
always have the option of making last minute design 
tweaks as you fine tune your system design. 

Once your production volumes begin to ramp up to 
higher volumes our ProPAL and HAL device offerings 
provide some cost-effective alternatives. 

At modest initial volumes ProPAL devices provide the 
best solution by eliminating the need for the customer to 
program and test while retaining enough flexibility to ac­
commodate design changes. We offer two different test­
ing options for ProPAL devices which are described be­
low. A detailed technical description of what these test­
ing options involve follows in the functional testing sec­
tion. 
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Unit 
Volume 

I 
HAL® device 

./ 
PROPAL'" device 

/ /. 
PAL® device 

Programmable Solutions 

The AutoVec™ option provides a cost effective solution 
for low volume business (as few as 250 devices/pattern) 
at a typical quality level of 500-700 Parts Per Million 
(PPM). 

When your volumes reach a moderate volume of a few 
thousand devices per year for each pattern, AC-func­
tional tested ProPAL devices provide the right solution. 
AC-functional testing provides 50 PPM level quality. Of 
course the AutoVec option is available for these larger 
volumes, but larger volume business is usually best 
handled with the AC-functional testing option. 

When you feel that your design has stabilized and your 
production volume has ramped up to several thousand 
devices per year, HAL devices are the most cost effec­
tive way to purchase your programmable logic. All HAL 
devices are fully AC-functionally tested and also have 
demonstrated quality levels of better than 50 PPM. 

The Importance of Functional Testing 

Programming is final manufacturing, and the quality of a 
programmed device must be verified by thorough test­
ing. After programming, a device is "array verified." This 
verification checks the fuse array to verify that the pat­
tern programmed into the device is correct. However, 
array verification does not guarantee functionality. De­
vices can pass this verification but fail in the circuit 
board. These are called post-programming functional 
rejects. Post-programming functional testing simulates 



ProPAL and HAL Device Program 

Table 1. 

Alternative 

1. Fuse Verification Only 

2. Simple Pseudo­
Random Vectors 

3. Third Party Software 
Generated Vector 
Testing 

4. AutoVec Testing 

5. AMO Full AC-Functional 
and Threshold Testing 

Board Level PPM 

5000-10,000 

2000-3000 

1000-2000 

500-700 

50-100 

the actual operation of the device to verify functionality. 
This testing detects these functional rejects before they 
get into your system. The typical post-programming 
functional reject rate for PAL devices is about 0.5-1.0%, 
or 5000-10, 000 PPM. Our AC-functional testing options 
for ProPAL and HAL devices offer 50-PPM quality lev­
els. 

Table 1 lists typical quality levels provided by the various 
testing alternatives available, from no functional testing 
to full AC-functional testing. 

Alternatives (1 ), (2) and (3) are commercially available. 
The PLO user can easily purchase the equipment and/ 
or software for these alternatives, or obtain them as 
value added services through distribution. 

AutoVec testing, alternative (4), is available from the 
AMO factory or through AMO certified distributor 
TestPro™ centers. AMO is developing a nation-wide 
network of these centers to make this level of quality 
easily available to any PLO user who wants it. 

Full AC-functional testing is available only through the 
AMO factory. This level of testing represents state-of­
the-art testing and quality, providing the end user with 
near zero-defect board level quality. 

ProPAL and HAL Device 
Functional Testing 

Thorough functional testing is at the heart of our ProPAL 
and HAL device program. We offer a range of program­
ming and testing options. These are discussed in detail 
in this section. 

Comments 

Lowest quality level available. Part of standard pro­
gramming sequence. No additional costs, insertions. 

Gross functionality test. Relatively unsophisticated, has 
difficulty with complex (e.g. state machine) patterns. 
Simple, minimal operator expertise required. 

Requires engineering lime and expertise, additional 
equipment (usually PC-based). Uses "structured vec­
tors" that test for possible faults - but will typically not 
cover all faults. 

Extremely sophisticated signature analysis testing. 
Tests almost all PLDs and possible patterns. Simple, 
requires minimal operator expertise. 

Available only through the AMO factory. Highest qual­
ity testing available. Quality is a result of many years 
and tens of millions of units experience. All HAL 
devices are fully AC-functionally tested. 

All functional testing of PAL devices starts with some 
type of test vectors, but the similarity ends there, be­
cause when it comes to functional testing of PAL de­
vices, all vectors are not alike. They range in complexity 
from simple, short pseudo-random testing sequences 
(e.g., Data I/O's Fingerprint™ Test) to sophisticated 
structured vectors generated by expensive software 
programs used interactively by dedicated test engi­
neers. 

We offer a sophisticated brand of signature analysis 
testing and two types of structured vector testing. The 
signature analysis testing is performed on the AutoVec 
tester. The structured vector testing option is AC-func­
tional vector-testing. AC-functional testing includes full 
functional and DC threshold testing plus functional test­
ing for AC conditions. The following is a brief description 
of just what these testing options are and what they yield 
in final quality. 

AutoVec Testing 

The AutoVec tester is an extremely sophisticated signa­
ture analysis tester. It generates a sequence of up to 20 
million vectors via a proprietary hardware-based pseu­
do-random vector generation algorithm. These vectors 
provide a typical quality level of 500-700 PPM for fin­
ished product. 
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AutoVec testing requires less engineering interaction 
and setup time than AC-functional testing (while still 
providing excellent quality levels), allowing for more 
flexible business conditions. These more flexible busi­
ness conditions include lowered NREs and reduced 
minimum volume requirements. 

AC-Functional Testing 

The AC-functional testing option offers the highest level 
of quality in the ProPAL and HAL device program. This 
exceptional quality is a result of the increasingly sophis­
ticated structured test vectors and test equipment used 
for testing. 

When generating vectors for this level of testing we start 
with a proprietary transistor level schematic of the de­
vice under test. With this we can model internal gate 
level stuck-at-faults. Most other vector generation pack­
ages use inexact models - such as logic diagram rep­
resentations - as the basis for vector generation. With 
our proprietary exact device representation it is possible 
to cover all possible faults of the internal gates (where 
these faults can occur). 

AMD's Proprietary Software TGEN also checks for tri­
state faulting. This is in addition to the stuck-at-1 or 
stuck-at-0 faulting tested for by most commercially 
available test packages and conventional testing meth­
ods. 

Finally, TGEN is used to check the design for potential 
design problems (e.g., race conditions). Additional vec­
tors are added as needed to test for these and guaran­
tee reproducible test results. 

In the process AMO test engineers interactively add 
vectors until 100% of the detectable faults are covered. 
The end result: guaranteed 90% fault coverage on every 
pattern we test, with typical fault coverage> 95%. If 90% 

fault coverage cannot be obtained, our Field Application 
Engineers will work with the customer to improve the 
testability of the design, or we will continue processing 
your product upon receipt of a waiver. 

At this point the vectors provide coverage for DC-func­
tional conditions. The functional testing coverage is now 
extended to AC testing. AMO test engineers, working 
with additional proprietary in-house "intelligent" soft­
ware, use these vectors as the basis for generating their 
AC test vectors. For high quality AC testing, the design 
must be considered. Multiple feedback paths must be 
accounted for in the testing sequence. These "intelli­
gent" software packages "learn" the design and flag the 
test engineer when special AC testing considerations 
are found. In this iterative process the engineer adds 
vectors to cover AC testing conditions. Typically, the 
number of DC functional vectors is doubled or tripled for 
full AC testing coverage. This expanded set of vectors is 
incorporated into a test program that does DC testing, 
functional, threshold-functional and AC-functional all at 
the VCC extremes. The end result is excellent system 
level quality with a board level reject rate less than 50 
PPM. 

Quality and Cost Savings 

The quality and cost savings benefits the ProPAL and 
HAL device program offers are substantial. The invest­
ment the PAL device user makes in ProPAL and HAL 
devices yields a significant return in product quality and 
manufacturing savings. 

The quality is a result of our many years and millions of 
units of experience in the design, manufacture, pro­
gramming and testing of PAL devices. This experience 
lets us provide PAL device users finished quality levels 
as stringent as 50 PPM. 

PERCENT OF SYSTEMS FAILING 
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Table 2. Manufacturing Yield for Various Component Quality Levels 

Devices/ 
System 5 10 

PPM 

50 99.975% 99.95% 
500 99.75% 99.5% 
5000 97.5% 95.1% 
10,000 95.1% 91.5% 

The reduced manufacturing costs are derived from the 
high quality provided by Pro PAL and HAL devices (qual­
ity that results in increased manufacturing yield) and re­
duced component processing and handling costs. 

The manufacturing yield (the number of working sys­
tems produced as a percentage of total number of sys­
tems produced) is a function of the quality of the compo­
nents in a system. Figure 1 is a plot of the relationship 
between component quality and manufacturing yield. It 
is a graphic illustration of what is intuitively clear - as 
the quality of the components in a system improves, the 
manufacturing yield for that system improves. 

Additional manufacturing cost savings come in the form 
of reduced processing and handling costs. Purchasing 
pre-programmed and functionally tested devices direct 
from the factory eliminates the need for the user to per­
form any programming or functional testing. This elimi­
nates the need for the user to carry all the associated 
overhead: 

• Programming (programmer equipment cost, floor 
space, maintenance and calibration, operator costs) 

• Labeling/stripping/marking (equipment cost, floor 
space, maintenance, operator costs) 

• Vector generation (computer/software costs, engi­
neering costs) 

• Testing (equipment costs, operator costs) 

• Elimination of sockets (which allows for auto-inser-
tion) 

When ProPAL and HAL devices are utilized, handling­
related rejects are virtually eliminated. We have histori­
cally found this to be one of the largest sources of re­
jects. Mixed device types, mixed bit patterns, mixed re­
ject and good devices, bent leads and ESD damaged 
devices can all result in board level failures, failures that 
can be avoided with ProPAL and HAL devices. ProPAL 
and HAL devices come programmed, marked and fully 
tested, ready to go directly from the shipping box to the 
production floor. 

The following example does not take into account a few 
items: 

25 50 100 

99.87% 
98.8% 
88% 
78% 

99.75% 
97.5% 
78% 
61% 

99.5% 
95% 
61% 
37% 

~ The cost of programming, testing and marking for the 
PAL device user. As discussed previously, this in­
cludes labor costs, equipment costs, maintenance 
and calibration costs as well as other variable costs. 

• Increases in production efficiency. These increases 
result from the reduced number of handling steps re­
quired, the ability to use auto-insertion and other 
manufacturing flow issues. 

• The programming/test charges associated with 
ProPAL and HAL devices services. 

A Cost Savings Example 

A system manufacturer produces 2000 systems per 
month, each having 10 PAL devices (total 20,000 PAL 
devices/month). This manufacturer"s cost of diagnosing 
and reworking a non-functional system (at system test) 
is $150. What cost benefits does the ProPAL and HAL 
Device Program offer this manufacturer? 

easel 

No functional testing is performed - 5000 PPM board 
level quality. 

• Manufacturing yield (from Table 2) = 95.1% 

• 4.9% or 98 systems/month require rework. 

• At $150/system, total rework costs/month are: 
98 x $150 = $14,700 

• At 20,000 devices/month, rework costs are: 
$14,700/20,000 = $0.73/device. 

easel/ 

• AutoVec testing is performed - 500 PPM board 
level quality. 

• Manufacturing yield (from Table 2) = 99.5%. 

• 0.5% or 10 systems/month require rework. 

• At $150/system, total rework costs/month are : 
10 x $150 = $1500. 
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• At 20,000 devices/month, rework costs are: 
$1500/20,000 = $0.08/device. 

Case Ill 

• AC-functional testing is performed - 50 PPM board 
level quality. 

• Manufacturing yield (from Table 2) = 99.975%. 

• 0.025% or < 1 system/month require rework. 

• At $150/system, total rework costs/month are: 
< $150. 

• At 20,000 devices/month, rework costs are: 
< $150/20,000 = $0.01/device. 

Cost Savings (utlllzlng): 

• AutoVec testing: $0.73 - $0.08 = $0.65/device. 

• AC-functional testing: $0.73 - $0.01 = $0.72/device. 

The cost of doing programming varies from manufac­
turer to manufacturer. Generally, unless a manufacturer 
does high volume programming, this cost can be sub­
stantial. 

Additionally, other manufacturing cost benefits are also 
realized. If PAL devices are being socketed, the high 
quality levels of Pro PAL and HAL devices allow for elimi­
nation of those sockets and the utilization of auto-inser­
tion in the manufacturing flow. Board ready devices also 
lend themselves more readily to just-in-time or ship-to­
stock purchasing and manufacturing programs. 

Finally the total costs of reworking systems must be con­
sidered. As systems become increasingly complex and 
dense, utilizing surface mount and increasingly sophisti­
cated CAD/CAM technology, testing and reworking de­
fective systems becomes increasingly expensive. Using 
high quality components minimizes this expense. 

The cost of ProPAL and HAL device services depends 
on a number of factors (device type, volume, device 
base price). It is typically much less than it costs a manu­
facturer to program and test devices, not to mention the 
savings realized through the increased quality. 

When you utilize our ProPAL and HAL Device Program 
you're getting tremendous quality and manufacturing 
cost benefits - semicustom product without many of 
the risks: 

• You can prototype your system and start production 
with standard PAL devices. 

• The Non-Recurring Engineering (NRE) charges for 
ProPAL and HAL devices are far lower than those 
normally required for a semi-custom circuit, and can 
be amortized over your first production quantity. 

• You save on the cost of programming and testing de­
vices. This also shortens your production cycle, 
since you can plug the devices into the socket with 
no additional processing. 

• You save on the costs of generating test programs 
and functionally testing devices. All devices are fully 
functionally tested before they leave the factory. 

• We provide you with custom marking. This saves 
you the added expense of stripping the mark from 
standard devices and remarking them with your own 
mark. 

• You eliminate handling errors. When you use 
ProPAL and HAL devices, you are receiving board 
ready product. No need to program, mark or test. 
And the elimination of these extra processing steps 
means the elimination of many handling steps, which 
can be the number one cause of defective compo­
nents. 

• You eliminate or reduce board and system level re­
working. The high quality levels provided by our 
ProPAL and HAL device offerings significantly re­
duces board reworking costs. 

How Can You Take Advantage of This? 

The following are some guidelines which you can use to 
help convert your designs to Pro PAL and HAL devices. 

1. Send in Your Design 

You will need to provide your logic equations from either 
PALASM®, ABEL™ or CUPL™ on magnetic media*. 

When AMO generates vectors for use in functionally 
testing your pattern, "seed" vectors are helpful, although 
not necessary in providing the foundation upon which 
the final test vectors will be based. 

If provided, a master PAL device containing your design 
can be used by AMO to verify that the pattern you sub­
mitted has been correctly processed. If you cannot pro­
vide an AMO master PAL device, AMO will accept your 
design inputs and provide Pro PAL samples for your ap­
proval. 

• Floppy disks are accepted in standard DEC® RT-11 (RX01) or RSX-11 M®, files 11 format, or an IBM PC™ 51/4 in. diskette. IBM 
compatible (800or1600 BPI) nine track magnetic tapes are accepted in unlabeled (card image), files-11, or VAX VMS®backup 
format. If magnetic media absolutely cannot be provided, legible printout (signed and dated) from PALASM software will be 
accepted. Please note that magnetic media are required if you have more than 50 vectors. 
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SEND IN 
YOUR DESIGN 

l 
THE DESIGN 

WILL BE 
REVIEWED 

l 
THE SAMPLES IF SAMPLE VERIFICATION YOU 

WILL BE VERIFY 
CHECKED REQUESTED SAMPLES 

l 
THE TEST VEC- IF TEST VECTOR YOU 
TORS WILL BE REVIEW TEST 
GENERATED REVIEW REQUESTED VECTORS 

l 
ProPAL HAL 
Devices Devices 

PRODUCTION 
WILL START 

2. AMO Will Verity the Design 

Upon receiving your design package, AMD will enter 
your design into their computer and verify that there are 
no format or syntax problems. A fuse map will be gener­
ated, and verification sample ProPAL devices pro­
grammed. 

If any questions are encountered at this stage, they will 
be resolved with you before any further processing 
takes place. 

3. AMO Will Check Samples 

If you have approved immediate production of your de­
vices, AMD will make a fuse-for-fuse comparison be­
tween the verification samples and the master device 
you provide. If there are no discrepancies, test genera­
tion will be started immediately (or upon receipt of your 
purchase order). 

If you prefer to verify programmed sample ProPAL de­
vices prior to initiating production, AMD can provide 
them for your approval before proceeding further. Verifi-

T 

J. 1 
THE MASKS 

WILL BE 
GENERATED 

J 

cation sample approval is also needed when no master 
devices are provided. 

4. AMO Wiii Generate Test Vectors 

Next, a functional test sequence is generated using 
TGEN™, a proprietary software package. Any seed vec­
tors you provide will be used to help initiate test genera­
tion. TGEN will check for race conditions, monitor fault 
coverage and systematically add vectors until test cov­
erage goals are met. 

AMD has a test quality standard that sets as a minimum 
goal 90% coverage of all stuck-at faults. If acceptable 
coverage cannot be obtained, ways of increasing the 
testability of the design may have to be considered be­
fore AMO can process the pattern. 

When suitable test coverage is obtained, as is normally 
the case, there is no need for you to be involved with 
vector generation. If, however, you wish to approve the 
test vectors before production units are generated, the 
vectors will be made available to you. 
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5. AMO Wiii Generate Production Units 

After an acceptable test sequence has been generated, 
AMO will generate the appropriate HAL mask and 
manufacture the devices. Or in the case of a ProPAL de­
vice, AMO will arrange to program and test blank units. 

Having Your Devices Marked 

The standard mark consists of the device type, the pack­
age type, the date code, and logo. 

If you wish, you can have the standard marking replaced 
by a custom marking. The logo and date code are stan­
dard, but any other markings, such as your part number 

or revision number, can be as you desire. The character 
and line limitations for the most common packages are 
in Table3. 

If the package you want is not listed, your local repre­
sentative can help you determine the guidelines you 
need. 

Contacts 

When you are ready to put the power of the factory to 
work for you, just contact your local sales representa­
tive. And let us take care of your production program­
ming, testing, and marking needs. 

Table3. 

PLASTIC 

CERDIP 

PLCC 

6-84 

20 pin (300 mil) 
24 pin (300 mil) 

20 pin (300 mil) 
24 pin (300 mil) 

201ead 
281ead 

2 lines/13 characters per line 
2 lines/17 characters per line 

2 lines/16 characters per line 
2 lines/17 characters per line 

4 lines/11 characters per line 
5 lines/12 characters per line 
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INTRODUCTION 

With digital logic design, it is all too easy to design a circuit which 
merely implements a specified function. When production starts 
it is suddenly found that the circuit cannot be tested, or perhaps 
that tests cannot be performed economically. Dealing with this 
situation can, at the very least, have a negative impact on the in­
troduction of the system into the marketplace. 

Potential headache can be avoided by taking test issues into 
consideration during the initial design. Instead of just designing a 
circuit which implements a specified function, which is the bare 
minimum that must be accomplished, that function needs to be 
implemented in a manner which can be tested. 

The purpose of this section is to establish the notion of testability 
and its importance, and then to provide ways of avoiding the most 
common untestable circuits. The issues will be discussed primar­
ily in the context of logic design in PLD's, although they are also 
relevant for general logic design. 

After testability has been discussed for general circuits, some 
specific testability circuitry on the Am29CPL 151/4 devices will be 
discussed. Finally, test vectors will be reviewed. Various kinds of 
vectors are mentioned, and the general tools available for vector 
generation will be summarized. 

Defining Testability - A Qualitative Look 

A completely testable design is one in which any and all device 
faults can be systematically detected. 

First note that the issue is one of devices, not designs. The design 
itself must work as specified; that is the main job of the design 
engineer. Once the design is implemented in a device, the issue 
is how to test the device to make sure that the design has been 
correctly implemented. Throughout this paper, then, it will be 
assumed that a particular design works as is; we will just be 
addressing its testability. 

The easiest and most effective means of testing a circuit is 
through a systematic series of tests. A random set of tests may 
also do well, but does not yield much information regarding the 
testability of a circuit itseH. No number of random (or systematic) 
vectors can test an inherently untestable circuit. 

In order to be able to perform a systematic test sequence, every 
part of the circuit under test must be accessible, so that it can be 
controlled. Only then can each node be forced high or low as 
needed. This is essentially a requirement of complete controll­
ability of the circuit. 
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In order to be able to detect faults every part of the circuit must 
also be visible to the outside world, so that the results of each test 
can be observed. In this manner, each node can be inspected to 
determine its logic level. This requires complete observability. 

These are, of course, the age-old issues of controllability and 
observability, which are as important for digital logic circuits as 
they are for so many other kinds of systems. ff any portion of a 
circuit is uncontrollable or unobservable, then the testability of the 
entire circuit is compromised. 

Figure 1 shows a couple of completely untestable circuits. The 
integrity of the top input in Figure 1a can never be verified. No 
matter whether it is shorted to ground, to V cc• or whether it is 
functioning correctly, the output will be the same. That is to say, 
any faults on the top input cannot be observed at the output. 

The circuit in Figure 1 a would appear pretty useless as is. It is 
possible, however, that instead of being directly grounded, the 
second input may be driven by some distant signal, possibly on 
a different PC board, which happens to be a a logic low. If you 
cannot bring this line to a logic high, then it might as well be 
grounded. 

The circuit in Figure 1 b essentially has no input. This circuit can 
be thought of as a latch, but there is no way to change its logic 
state. Therefore, it is completely uncontrollable. 

a. Unobservable 

b. Uncontrollable 
14099-001A 

Figure 1. Untestable Circuits 

Quantifying Testability 

In theory, if we want to quantify the testability of a given circuit, we 
might first attempt to make a list of all possible things that could 
go wrong with a circuit (no matter how unlikely), and then verify 
that all such ''faults" can be tested, in all combinations and 
permutations. But for a circuit of any significance whatsoever, it 
will rapidly become apparent that this is not a practical solution. 
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What we need instead is a measure which can give an empirically 
reliable indication of the testability of a circuit, or of the quality of 
a given set of tests. There are several different such measures, 
but the most popular of these is the single stuck-at faults model. 

There are several ways of analyzing circuits for single stuck-at 
faults. For very large circuits, various testability analysis schemes 
have been developed. However, for smaller circuits, especially of 
the size that would be put into a PLD, the more common method 
uses simulation. 

Simulating Single Stuck-At Faults 

A given circuit is first simulated. The quality of the simulation is 
important; the more complete the simulation the better. A thor­
ough simulation can then serve as a benchmark test sequence 
later. In this way, the fault simulation procedure also allows us to 
measure the quality of a given simulation, or set of tests, in 
addition to the testability of the circuit. 

The results of the simulation are recorded. Next, one node in the 
circuit is modeled with a "stuck-at" fault - either stuck-at-one 
(SA 1) or stuck-at-zero (SAO), as shown in Figure 2. The circuit is 
now resimulated. If the simulation results of the modified circuit 
are different from the simulation results of the good circuit, then 
the fault was detected. If not, then we have a faulty circuit which 
appears to operate correctly. 

STUCK-AT-ONE (SA1) 

STUCK-AT-ZERO (SAO) 

14099-002A 

Figure 2. Single "Stuck-At" Faults 

This procedure is repeated for each node, one node at a time 
(hence the name "single" stuck-at faults). The nodes are modeled 
with both SA 1 and SAO faults, so that for N nodes, we will have 
2N simulations. If of those 2N simulations, D of them produced 
simulation results different from those of the original circuit, then 
we say that this simulation tested this circuit with a test coverage 
of D/(2N)'100%. Whereas this specifically tests only for single 
faults, experience shows that it is also a good test for multiple 
stuck-at faults. 

Undetected Faults 

Why are some of the faults not detected? For simple combinato­
rial logic, there are two basic reasons: either the simulation was 
not complete enough to find the fault, or the circuit itself cannot be 
tested for the fault. So when an undetected fault is located, the 
first step taken is to add vectors to the simulations which will 
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exercise the node being tested. By doing this, we gradually 
improve the quality of the simulation, and thus the quality of the 
test sequence that we can use in production. 

It is possible that certain nodes will have undetectable faults for 
which no new vectors can be added. These are the result of an 
untestable design. It is the joint job of the test and design 
engineers to generate a test sequence that is as complete as 
possible. It is the design engineer's responsibility to provide a 
circuit which is testable. If both of these responsibilities are 
carried out, the result will be a testable circuit which can be tested 
with an exhaustive test sequence. This will yield the highest 
quality system. Note, however, that the overall responsibility is 
shared between the design and test engineers. 

Needless to say, this process of analyzing the testability of a 
circuit is not done all by hand; software aids are used. There are 
many different kinds of programs that run on many different kinds 
of systems, ranging from PCs to workstations to mainframes. 
Some of them are standalone programs; others are integrated 
into larger overall environments. Their specific capabilities also 
vary, but in general, they can simulate a given circuit with a given 
set of vectors; analyze the test coverage that the vectors provide 
for the circuit; and generate new tests, either from scratch or by 
improving on the coverage of a few manually generated "seed" 
vectors. Most can also point out potential problems areas of a 
circuit, such as race conditions and logic hazards. 

Finally, one frequently asked question is "So what if there is a fault 
that can never be detected. Who cares?" Theoretically, this 
question is not unreasonable. However, most companies will not 
feel comfortable telling a customer "We only tested half of the 
system, but if anything goes wrong with the other half, you'll never 
notice it." In addition, as will be seen, many untestable circuits 
occur as a result of poor design practices. 

Testability issues for sequential circuits have implications far 
beyond the test bed. Indeed, failure to take these issues into 
account can greatly affect the normal performance of a system. 
The key for state machines is controllability. The challenge is to 
make all elements of the circuit controllable, both for testing and 
for general functionality. 

Designing Testable Combinatorial Circuits 

All of the previous procedures dealt mostly with the ways in which 
existing circuits are treated. However, if a finished circuit is found 
to be untestable, then it must be redesigned for testability. An 
easier approach is to design for testability from the beginning. 
Unfortunately there is no direct recipe for a testable design. There 
are, however, many common ways of making a circuit untestable. 
Most of this section is devoted to pointing out such problems. 

The simplest kind of problem is redundant logic. Figure 3a shows 
one such circuit. It has a purely redundant product term. If the 
output of either of the product terms is stuck low, for any reason, 
then as long as the other product term is good, the fault will never 
be visible at the output. 

This may initially look like a benefit, since we have what we could 
call a "primary" circuit with a "backup." One can cover up some of 
the failures of the other (but not all failures). If this kind of 
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redundancy is truly desired, this is not the way to achieve it. When 
you ship out this circuit, you do not know if you really have a 
working primary and backup. The primary may already be mal­
functioning; since tt was never tested, you will never know. If you 
want useful, reliable redundancy, test circuitry must be added, as 
in Figure 3b, so that each part of the circuit can be independently 
tested. 

~~A"B + A"B m A"B 

a. A Purely Redundant Circuit 

PRIMAR~~ ~ 
BACKUP~ 

= A"B"PRIMARY 

+ A"B"BACKUP 

b. Testable Redundant CirC1Jit 
14099-003A 

Figure 3. Making Redundancy Testable 

Figure 4 shows another redundant circuit. Although the product 
terms are not identical, the larger AND gate is really redundant. 
Any stuck-low faults at the output of this gate are not detectable. 

c 

:~,~·~·-~· 
14099-004A 

Figure 4. Circuit with a Redundant 3-lnput AND Gate 

Reconvergent Fanout 

Redundant logic is a special case of what is called reconvergent 
fanout. This is a term that refers to circuits that have inputs 
splttting up, going through independent logic paths, and then 
reconverging to form a single output, as shown in Figure 5. When 
this happens, it is very easy to introduce untestable nodes. It may 
not be easy to identify where such nodes are. 

a. Controllability: Forcing the Node Low 

A 

B --'===i=:fl"..::i-1--...-. 

c = 1 

b. Observability: Sensitizing a Path to the Output 

FANS OUT RECONVERGES 

14099-00SA 

Figure 5. Reconvergent Fanout 

Figure 6 is an example of a reconvergent circuit. The inputs are 
shared between two different product terms, which are eventually 
summed. This circuit appears harmless enough, but it turns out 
that the node indicated by "SA 1" cannot be tested for a stuck-at­
one condition. In other words, there is no way that we can 
guarantee that that node is operating correctly. 

A 

8-----1 

c 
= A·s·1c 
+ s·c 

14099-00SA 

Figure 6. A Reconvergent Circuit with an Untestable Node 

It is worth analyzing this circuit a bit more closely. This will give 
some insight into the kinds of analyses that are necessary when 
evaluating circuits and generating tests, and into the ways in 
which untestable nodes are created. 

If we wish to prove thatthe node in question is not stuck high, then 
we must force it low and prove that we were successful in doing 
so. Thus we have two requirements: forcing the node low, and 
seeing the logic low on the output-controlling and observing the ~ 
node. a;.11 

First we raise input C high to force the node to a logic low 
condition, as in Figure 7a. This satisfies our controllability require­
ment. Next we need to provide a way to propagate this logic low 
to the output (Figure 7b). This is referred to as sensitizing a path 
to the output. The first step is to get the logic low past the AND 
gate. But if either input A or B is low, then the output of the AND 
gate will be low regardless of the node being tested. Thus we must 
force both A and B to a logic high, so that if there is a low on the 
output of the AND gate, we will know for sure that it came from the 
node we are testing. This is shown in Figure 7c. 

c. Propagating Past the AND Gate 

d. Propagating Past the OR Gate Sets Up an 
Impossible Condition 14099-007 A 

Figure 7. Analyzing Testability 
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Next we wish to get the logic low through the OR gate to the 
output. To do this, we must insure that the second OR input is 
always low; if it is high, then the output of the OR gate will be high 
regardless of the node being tested. If we can keep the lower OR 
input low, then if the node we are testing was sucessfully forced 
into a low condition, then the output will be low. Otherwise the 
output will be high. This can be seen in Figure 7d. 

How do we keep the lower OR input low? By making the output 
of the lower AND gate low, which can be done by setting one of 
its inputs low. However, we have already required that all of the 
inputs be high. Thus we have required a set of conditions that 
cannot be met. One of three things will result: 

1. The lower AND gate has both inputs high, and therefore keeps 
the lower OR input high. In this case, we may have been 
successful in forcing the node under test low, but we cannot 
see it at the output. 

2. We bring input B low, allowing the lower OR input to go low. 
However, now the output of the upper AND gate will always be 
low. So we will see a low at the output, but we cannot be sure 
exactly where the low came from. 

3. We bring input C low, allowing the lower OR input to go low. 
However, now we are no longer forcing the node under test 
low. 

So we can either force the node low, but cannot see the low at the 
output; or, we can see a low at the output but cannot be sure of 
its source; or, we cannot force Iha node itself low. In any case, we 
will never be able to guarantee that the node under test is not 
stuck high. 

Note that the two "independent logic blocks" which generate the 
signals that eventually reconverge are testable by themselves; 
they are just AND gates. It is only when we hook them together via 
the OR gate that the overall circuit becomes untestable. Thus the 
testability of individual portions of a circuit does not guarantee that 
the entire circuit will be testable when the testable pieces are all 
connected. 

We can minimize this circuit using the following steps: 

A'B'C + B'C = A'B'C + B*C + A*B'B (by consensus) 
= A*B'C + B'C + A'B 
=A*B + B'C 

Thus the node we were trying to test is really not needed in the 
logic. The resultant circuit is shown in Figure 8, and is completely 
testable. 
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=NB 
+ s·c 

14099-00SA 

Figure 8. The Minimized Circuit Is Testable 

Figure 9. A Messy Reconvergent Circuit 

Not all reconvergent circuits are so simple. Figure 9 shows a more 
complicated reconvergant circuit. Here soma signals have to 
travel through several levels of logic to reach their final destina­
tion. This introduces considerable skew into the circuit, and will 
produce glitches on the outputs during certain transitions. In 
addition to this, there is again a stuck-at-one fault that cannot be 
tested. 

Circuits like this can result from the design iteration process, as 
a designer tries to debug a circuit. By adding this and that, 
eventually the circuit works. But it is a mess, has poor timing 
characteristics, and is untestable. A little analysis of the logic itsett 
shows that: 

the bottom output is 
(A+ B) =A'B 

thus the middle output is 
(A*B)=A+B 

which makes the top output 

(A'B'C + C'(A + B)) = (A'B'C + A'B'C) 
= (A'B) 
=A+B 

That is, the top two outputs are actually the same, and the third 
output is just the inverse of the top two. As convoluted as the 
original circuit looks, the logic itself is actually trivial. So if three 
outputs are really needed for some reason, we can generate them 
independently, as in Figure 1 Oa. If only two outputs are needed, 
it is even easier. Figures 10b and 10cshowtwo possibilities. 

These circuits are much easier to understand, their timing char­
acteristics are better, and they are completely testable. 
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A----r-' 
e-;-..,..---t...J 

a. A Cleaner 3-0utput Version 

A -4>-----r-....., 
B-t---"1.--/ 

• /(A'B) 

• /(A'B) 

•/(/A +/B) 

• /(A'B) 

• /{/A +/B) 

b. A Clean, Fast 2-0utput Version 

~ -=D-I>i---< = /(A'B) 

~=/(/A+/B) 
c. A Slower 2-0utput Version. 

14099-010A 

Figure 10. Simplifying the Circuit of Figure 9. 

The Importance of Minimization 

The common factor behind all of the untestable circuits we have 
examined is the fact that all of them were not minimal. By 
minimizing the logic, we madethe circuits testable. This is true in 
general: UNMINIMIZED LOGIC CANNOT BE FULLY TESTED. 

Very often, especially when designing with PLDs, an attempt is 
made to minimize logic only to the point where it fits into a 
particular PLO. Any further minimization is considered an aca­
demic waste of time. This is a grave misconception.Getting rid of 
all extra product terms, and eliminating all extra literals on the 
remaining product terms has real value. Failing to do so will result 
in untestable nodes in the circuit. 

Minimizing is not always enjoyable, since hand techniques are 
usually too tedious, and Kamaugh maps are essentially useless 
for more than four or five inputs. However, computers have long 
been used to minimize logic. In particular, PALASM® software 
(version 2.22 and later) has a minimization routine which can 
minimize logic automatically before assembly. 

Logic Hazards 

One occasional side effect of minimization can be the introduction 
of glitches into a circuit. Figure 11 a shows such a "glitchy" circuit. 
The waveform in Figure 11 b shows that under steady-state 
conditions, as long as inputs A and C are high, the output is high 

B 

A 

8 

ii 

c 

x 

a. A Glltchy Cin:ult 

u 

X = A'B 

+ /B"A 

b. waveform for the Glltchy Circuit 
A 

c. "Gap" In the Kamaugh Map lndlcatas a Logic ~ 
Hazard 14099-011A a;.I 

Figure 11. Examining a Glltchy ClrcuH 

regardless of B. However, as B changes from high to low, causing 
the top product term to shut off and the bottom one to turn on, the 
inverter adds a bit of delay to the path that will turn on the lower 
product term. Thus the top term may shut off before the bottom 
one gets a chance to turn on. In this case, we have two logic low 
signals going into the OR gate, giving a low on the output. As soon 
as the lower product term turns on, the output goes back high, but 
not before the appearance of the high-low-high glitch. 

Figure 11 c shows the Kama ugh map for this circuit. It is minimal, 
but there are two product terms which do not overlap; they are 
"adjacent• in one location. These represent the two AND gates in 
the circuit diagram. The arrows indicate the troublesome transi­
tion: when Aand Care high, and when B changes from high to low 
or the reverse. We can intuitively think of this as a •gap" between 
the two adjacent product terms, in which a glitch may occur. 

Note that glitching is not a certainty. It is called a hazard because 
in certain situation, given certain timing situations, there is a 
chance that a glitch will occur. 

Note also that the glitch is not really caused by the minimization 
process itself, but is caused by these •gaps" in the Karnaugh map. 
Unminimized logic with such gaps may also be glitchy. 
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A PROM is a good example of such a circuit. PROMs can be used 
to implement any logic function of their inputs. However, regard­
less of the function, it is implemented in a completely unminimized 
fashion, using complete minterms. So even a function as simple 
as the one in Figure 12 (which could be implemented using a 
single product term, grouping all 1 's into a single cell) is imple­
mented with each 1 in its own cell. Thus there is a gap between 
every cell, meaning that every transition is a potential glitch. 
PROMs are notoriously glitchy, and it is for this reason that the 
output of a PROM is actually undefined until its access time has 
elapsed. 

x 
z 

w 
y 00 

00 0 

01 0 

11 0 

10 0 

01 

0 
0 
CD 
0 

11 10 

0 0 

0 0 

0) 0 

0 0 

14099-012A 

Figure 12. In a PROM, Every Transition Can Glitch 

If we go back to the Karnaugh map in Figure 11 c, we see that we 
can eliminate the gap-and the glitch-by adding a product term 
which overlaps both existing product terms and covers the gap. 
This is shown in Figure 13a, with the resultant circuit shown in 
Figure 13b. 

B 

a. A Redundant Product Term can 
Eliminate the Glitch 

b. A Glitch-Free, but Untestable Circuit 

X = A"B 
+ 1B·c 
+ A'C 

14099-013A 

Figure 13. Eliminating Glitches 

This circuit is no longer glitchy. Unfortunately, it is also no longer 
testable, since we have added in a redundant product term that 
cannot be tested (try it yourself). In order to have a circuit that is 
both testable and glitch-free, we must add a test input to the circuit 
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which we can use to shut off the outside gates, isolating the 
middle gate for testing (Figure 14a). When the circuit is operating 
normally, the extra input is kept at a logic high condition, where it 
does not interfere with the basic logic function. 

The Karnaugh map for this circuit is shown in Figure 14b. Note 
that all product terms overlap, but now the circuit is minimal. The 
size of the Karnaugh map has doubled, since we added another 
input. But if we isolate just that portion which corresponds to the 
test input being high, which is the normal operating mode (see 
Figure 14c), it looks exactly like the map of Figure 13a. Of course 
we should expect this, since we do not want the addition of a test 
circuit to affect the basic function. 

B 
= A"B"/TEST 
+ IB"C"/TEST 
+ A"C 

a. A Testable, Glitch·Free Circuit 

A 
c 

TE ST B 00 

00 0 

01 0 

11 0 

10 1 

01 11 10 

0 1 0 

0 0 0 

0 Ii"; ;"l 

0 1 1 

b. Karnaugh Map 

A 
c 

TE ST B 00 

00 0 

01 

11 

10 1 

01 11 10 

0 1 0 

0 
::::: 
,~ 

c. Karnaugh Map Showing Non·Test-Mode Portion 

14099-014A 

Figure 14. Making a Glitch-Free Circuit Testable 

Thus, in general, these types of glitches can be eliminated first by 
adding some redundant logic to get rid of the gaps in the 
Karnaugh map, and then by adding a test input to make the circuit 
testable. 
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Using Output Enable 

Most state machine PLDs are equipped with an enable pin for 
disabling the outputs. This is a key feature when the circuit board 
is to be tested in a bed-of-nails tester. When the devices driven by 
by the PLO are tested, it is recommended that the PLO be 
disabled so that there is no output level contention. Since the 
enable pin is usually grounded to keep outputs permanently 
enabled, it can instead be made available for use during testing. 

Note that for combinatorial devices, there is generally no output 
enable pin. The disabling feature is instead implemented through 
a product term. This feature is called programmable three-state. 
Designing the part such that the outputs can be disabled during 
bed-of-nails testing is also encouraged for these combinatorial 
designs. 

10483A-171 

Figure 15. Untestable combinatorial circuit 
with programmable three-state 

The user must be especially aware of the observability of 
outputs with programmable output three-state. In figure 15, 
input B controls both the basic circuit logic and the three-state 
control logic. Therefore, any function which involves B in a 
LOW state will not be observable, since the output will not be 
on. Figure 16a is a simplified representation of a register 
whose output cannot be observed because the three-state 
buffer is disabled when the output is LOW. Likewise, the cir­
cuitry in figure 16b cannot be observed when the flip-flop 
output is HIGH. The user must make sure that an output will 
not be disabled when the results of a test are to be observed. 

a. LOW state observable 

D 01---'----.1 

b. HIGH state unobservable 
14099-015A 

Figure 16. Untestable registered output with 
programmable three-state 
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Designing Testable Sequential Circuits 

The design of sequential circuits involves considerations above 
and beyond those required for simple combinatorial circuits. 
Latches and oscillators are circuits which appear combinatorial, 
but which use feedback to introduce sequential properties. State 
machines use flip-flops and feedback to generate what can be 
complex sequential circuits. 

Feedback 

Whereas combinatorial circuits depend only on the conditions of 
present inputs, sequentialcircuits depend on both present condi­
tions and past behavior to determine future behavior. This is 
made possible primarily by feedback. Feedback takes an output 
signal and routes it back for use as an input to the same circuit, 
as shown in Figure 17. We now have a situation where an output 
depends on itself; this can introduce new testability problems. 

14099-016A 

Figure 17. Logic with Feedback 

Most sequential circuits (under varying circumstances also called 
state machines, finite state machines, and sequencers) make 
use of flip-flops as memory elements. These memory elements 
serve to remember a past condition (called a state) so that a future 
decision can be made based on it. This state is then fed back as 
input. With PLDs, the flip-flops and combinatorial logic are con­
tained within a single device, as shown in Figure 18. 

14099-017A 

Figure 18. Structure of a Sequential PLO 

Of course, the effects of feedback may have to be considered 
even when there are no flip-flops. The circuit in Figure 17 has 
feedback, but has no flip-flops. Such a circuit will either function 
as a latch or as an oscillator, as will be seen. 

Before we look into the special needs of circuits with feedback, 
bear in mind that all of the testability criteria discussed for 
combinatorial logic still hold. The blocks of combinatorial logic 
shown in Figures 17 and 18 must be testable by themselves. 
What we will discuss here are issues which must be considered 
in addition to the issues involving combinatorial logic. 
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Latches 

A combinatorial logic circuit which uses positive feedback is a 
latch. The simplest possible latch is shown in Figure 19a. The 
output is fed back as an input in its TRUE form. This means, of 
course, that the output will stay at its present level; hence the 
name "latch." 

a. Completely Uncontrollable 

RESET~ 

b. Cannot Set Output HIGH 

c. Cannot Reset Output LOW 

14099-018A 

Figure 19. Uncontrollable Latches 

The circuit as shown is clearly not useful, since it will always 
remain in its power-up state. If another input is added, as in Figure 
19b, a HIGH output could be made to go LOW by setting the 
RESET input LOW. However, once the output goes LOW, there is 
no way to make it go HIGH again. Likewise, the circuit could be 
modified as in Figure 19c. Now a LOW output can be made HIGH 
by setting the SET input HIGH. However, once HIGH, the output 
can never be made to go back LOW. 

Controllable latches 

For a latch to be useful, it must be completely controllable. The 
previous latches cannot be completely controlled. In order for a 
latch to be controllable, it must have both SET and RESET 
controls, as shown in Figure 20. 

14099-019A 

Figure :;!O. A Controllable Latch 
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Figure 21. More Complex Latches 

Testability 

14099-020A 

In PLDs, a latch can be detected by simplifying the logic for each 
function. If an output is a function of itself in TRUE form, then it is 
a latch. To be controllable, 

product terms containing the feedback should have at least one 
other direct input in the product (providing RESET control). 

there should be at least one product term with no feedback 
(providing SET control). 

The circuit in Figure 21 a provides an example. At first it is not 
immediately obvious that the circuit is a latch, but when the logic 
is simpl~ied, we see that indeed it is. It is controllable since it has 
both SET and RESET controls. If the logic were as shown in 
Figures21bor21c, the latch would be uncontrollable under some 
circumstances. 

Latch hazards 

The circuit of Figure 20 can be generalized to have several inputs 
on both the set and reset controls. Such a circuit is shown in 
Figure 22. In this case, we have two inputs on the set AND 
gate. If the two set inputs A and B change from O and 1 to 1 and 
o, respectively, then there will be a glitch or a false latch at the 
output if both inputs were 1 at some time during the transition 
(Figure 22). For this transition, it is important to make sure that 
the 1-0 transition be made before the 0-1 transition to avoid 
anomalous output behavior. Merely delaying one input will not 
help, since it will delay both rising and falling transitions. 

A 

B 

c 

x 

a. Circuit 

-------- FALSE LATCH 

b. Glitch and False Latch 

14099-021A 

Figure 22. A Latch with Mora Complex SET Logic 

The simplest solution to this problem is the use of an edge­
triggered flip-flop to synchronize the signals. This will eliminate 
any such glitches. If a flip-flop cannot be used, it is possible to 
delay reaction to a "11" condition to make sure that such a 
condition is not transitory. A circuit that accomplishes this is 
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shown in Figure 23a. This is relatively efficient in that only one 
delay circuit is required regardless of the number of inputs used 
on the set control (within the limitS of the size of the AND gate). It 
will require an extra output on a PAL device. 

A --+-1--<1---L __ 
B-+<-----1 

DELAY 
GATE 

SET CONTROL 
AND GATE 

a. Circuit Which Delays •11 ... 1 • signals 

b. Testable Delay Circuit 

14099-022A 

Figure 23. Delay Circuit 

This delay circuit will delay the effect of an "11" input by an extra 
propagation delay. However, it also provides a window of one 
propagation delay which will screen out any transitory "11" con­
ditions that occur within that window. This allows up to one propa­
gation delay's worth of skew between inputs during a transition 
from "01" to "1 O." 

A 

B 

F 

c 

y 

Because we have introduced redundancy, the circuit must be 
modified to be testable. If the circuit is implemented in a combi­
natorial PAL device, then programmable three-state can be used 
to test the circuit, as shown in figure 23b. By enabling output X, 
the redundant circuit can be observed without regard to Y. Then, 
to test Y, output X is disabled and then the pin is used as an input 
to drive the circuitry for Y directly. This provides a simple means 
of testing the circuit, but it only works if pin X can be measured and 
driven. The complete circuit is shown in figure 24a. 

If node X is not so accessible, then additional circuitry and test 
inputs must be added. In the worst case, if node Xis completely 
inaccessible, the resulting testable circuit is shown in figure 24b. 

J' 
NO FALSE 

LATCH 

F 
~==~===I_) 
c -----•).. __ ...,__ y 

a. Complete Latch Circuit 

b. Circuit if Node X is Completely lnsccessible 

~i-
EXTRA DELAY 

CORRECT 
LATCHING 

y 

c. Latch Circuit Behavior 14099-023A 

Figure 24. A Testable Glltch·Free Latch 
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Note that although the three-state capability is not needed, the 
circuit requires two extra gates, and, worst of all, four test inputs. 

Figure 24c shows the behavior of either of the testable glitch-free 
latches. 

Transparent latches 

Many designers like to use PLDs to design standard D-type 
'transparent" latches. A D-type latch is a very simple circuit, 
shown in basic form in Figure 25a. As tt turns out, however, this 
is a glitchy drcutt of the type discussed in the combinatorial 
section. The problem is compounded in this case, since, given the 
right timing, the glitch can actually be latched; the glttching 
problem is no longer transitory. If this type of circuit is desired, it 
must be designed to be both glitch-free and testable; the resultant 
circuit is shown in Figure 25b. 

DATA-----<""""' 

GATE 

OUT = GATE"DATA 

+ /GATE"OUT 

a. Glitchy 

OUT= GATE'DATA'/TEST 

+ /GATE'OUT '/TEST 

+ DATA"OUT 

b. Glitch·Free and Testable 

OUT 

14099-024A 

Figure 25. D-Type Transparent Latches 

Oscillators 

Circuits whose outputs are fed back in TRUE form are latches. If 
the outputs are fed back in COMPLEMENT form, then the circutt 
is an oscillator. A simple oscillator circuit is shown in Figure 26. 

14099-025A 

Figure 26. A Simple Oscillator 

Latches are very often useful in circuits; oscillators rarely are. 
Crystals and other specialized oscillators are useful when it is 
necessary to generate a clock signal, for example. Trying to build 

an oscillator out of standard logic or PLDs will not yield a very 
predictable, accurate oscillator; where these circuits occur, it is 
usually by accident. 

An oscillatory circutt may not always be obvious. It also may not 
oscillate all of the time. The oscillator shown in Figure 26 is 
uncontrollable; it always oscillates. However, just as we can 
design controllable latches, we can also design controllable 
oscillators (on purpose or by accident). This means that there 
may be an oscillator hidden in the circuit which will sometimes 
oscillate and sometimes be stable. Such a circuit is shown in 
Figure 27a. 

=-----===:::f'"----~~- X = A'B'Z 
= A'B"D'E 
+ A'B'C'/X 

----"--.j___J.._ _____ _J. __ v = c·1x 

a. Complete Circuit 

X = A"B'D"E 
+ A"B"C"/X 

TERM 1 
TERM 1 

b. The Equation for X 

= /A'C 
+ /B'C 
+ C'ID'IY 

+ C'E'/Y 

Z = D'E 
+ y 

= D'E 
+ /A"C 

+ IB'C 
+ c·1z 

14099-026A 

Figure 27. A Conditional Oscillator 

Detecting oscillators 

The oscillator in the circutt is not obvious. But if we simplify the 
logic completely, we can see that output X depends on IX; output 
Y depends on /Y; and output Z depends on IZ. Since the outputs 
are fed back to themselves in COMPLEMENT form, the circuit 
constitutes an oscillator. 

This circuit will sometimes be stable. If we examine the logic 
function determining X, we see that it has two product terms, 
shown in Figure 27b. Term 1 is independent of IX; term 2 is 
dependent on IX. If inputs A, B, D, and E are all TRUE, then term 
1 becomes TRUE, and the output stays HIGH regardless of the 
status of the rest of the circutt. It is thus stable. However, if signals 
D and/or E are LOW, then term 1 will be FALSE. If, at the same 
time, input C is HIGH, then, as long as the output Xis LOW, term 
2 will be TRUE, making the output HIGH (which makes the 
product term FALSE, which makes the output LOW, etc.). That is, 
the circuit oscillates. 

In this manner, we can identify the conditions under which a 
conditional oscillator will oscillate. The mere presence of an 
oscillator is usually an indication that the circuit needs to be 
changed. It may be thatthe circuit only oscillates under conditions 
that could never possibly exist. One must be very certain of the 
impossibility of such a condition, however, if a conditional oscilla­
tor is to be tolerated. In addition, a thorough test sequence will 
usually expose a circuit to conditions that it may never encounter 
in a real system. Thus oscillators may interfere with the test 
process even if they do not disrupt the system. 
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Using a Programmable Clock 

When using the programmable clock on an asynchronous device, 
caution must be exercised with data setup. Refer to figure 28a, 
where Aand Bare primary inputs. One setup time (ts) after signal 
A goes active, signal B goes active, clocking signal A into the 
register. In figure 28b, Bis a primary input but signal A is fed back 
from another register. In this case it may be harder to ensure that 
the proper setup time is allowed before signal B is asserted, 
possibly causing improper information to be clocked into the 
register. 

This is a simplified scenario. It does not take into account the 
product term on the clock, which can be programmed with a 

C---------

a. Using an input to drive the clock 

combination of any of the array inputs. A complex clock term can 
be a hidden source of frequently-violated setup time when feed­
back terms are used. Always be aware of which input or 
combination of inputs and feedbacks will clock each register, and 
calculate setup time backwards from the last input which will 
assert the clock term. This is the best and probably the easiest 
method for determining when data must be made available at the 
D input of the register. 

This is an important testability issue because with a program­
mable clock, the tester may no longer be in control of the clock 
timing. Automatic test equipment is capable of handling the 
timing for dedicated clock pins, but the programmable clock 
feature does not allow the tester the luxury of a single controlled 
clock pulse. 

D Q A 

c 

B 

b. Using feedback to drive the clock 

14099-027A 

Figure 28. Using a programmable clock 
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Designing Testable State Machines 

State machines have their own set of controllability issues. These 
essentially boil down to the concepts of initialization and illegal 
states. 

State machine lnltiallzatlon 

The nature of a state machine is that there is a well-defined 
sequence of states through which the machine will traverse as it 
operates. This implies the existence al a "first" sta!R Of course, 
these initial states vary from design to design. One obvious 
problem is the fact that many flip-flops - especially older varie­
ties - do not power up in a predictable state. 

Power-up initialization 

Flip-flops that truly power up into a random state must be 
initialized explicitly. Lately, however, flip-flops have become 
available which have "power-up reset". This allows the flip-flops 
to power up into a predictable state every time. This is helpful 
when the power-up state also happens to be the initial state. But 
even if it is notthe initial state, a predictable initialization sequence 
can bring the state machine into its start-up state. 

Unfortunately, such initialization schemes rely on the ability of the 
device to initialize itself when being powered up. If the system 
needs to be re-initialized, it will have to be completely turned off 
and then turned on again. Anyone who has had to turn off a 
computer in order to reboot will know that this is not an elegant 
way of re-initializing. By building initialization into the design, a 
means of performing a "warm boot" is provided. It is for this 
reason that initialization must be considered along with all other 
aspects of the design. 

Some devices, such as the PAL32VX10/A, the PAL22V10, and 
other PAL devices, have mechanisms specifically designed for 
initializing a state machine. These are usually in the form of global 
preset and reset product terms. By programming the conditions 
for initialization onto such terms, the device can be re-initialized 
at any time. Other devices, like the PLS devices, have pins which 
can be dedicated as preset pins. 

Including Initialization in a design 

Some of the simpler devices do not have specific provisions for 
initialization. However, the need is still present in these devices; 
here the initialization should be included in the design. This is a 
very simple process; it can be added in after all of the other design 

details have been worked out. Adding initialization will use up one 
input pin and potentially one product term on some outputs; this 
can affect the choice of device for the design. 

To provide initialization in an otherwise complete design when 
Boolean equations are being used: 

determine the start-up state. 
assign each btt as being initialized active or inactive, based on 
the desired start-up state. 
if a bit is to be initialized inactive, add "/INIT" to every product 
term for that bit. 
if a btt is to be initialized active, add one product term consisting 
solely of "INIT." 

Here we have assumed that the initialization pin has been called 
"INIT.""Active"would mean HIGH for an active high device; LOW 
for an active low device. "Inactive" is just the reverse. 

The equation in Figure 29a can be initialized inactive as shown 
in Figure 29b, or active as shown in Figure 29c. Initialization is 
accomplished by asserting the IN IT pin and clocking once. This 
"cookbook" approach is very reliable. 

00 := 01·02 

+ 02'103 

a. Uninitializable 

00: = 01 '02'/INIT 

+ 02'103'/INIT 

b. Initialized Inactive 

00 := 01'02 

+ 02'103 

+ INIT 

c. Initialized Active 

Figure 29. Designing In Initialization 

14099-028A 

PALASM software also makes it possible to design state ma­
chines with a special syntax which essentially allows the state 
diagram to be transferred directly into a design file. For devices 
which have no dedicated initialization features, the initialization 
branches should be explicitly built into the state diagram. The 
software then performs the remainder of the processing needed. 
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Illegal states 

A state machine is formed by using a set of flip-flops to remember 
states, and assigning a code to each state. Since there are 2• 
different codes that can be assigned to a group of n flip-flops, 
there is a good chance that some codes may not be used. For 
example, if a state machine is to have 6 states, 2 flip-flops will not 
be sufficient; 3 are needed. But 3 flip-flops allow 8 states, which 
will result in 2 unused states (see Figure 30). 

14099-029A 

Figure 30. Illegal States 

Assuming that the state machine has been designed correctly, 
there is no reason why these extra states should ever be entered; 
therefore they are called "illegal" states. Unfortunately, situations 
do occur, thanks to noise and other unpredictable occurrences, 
which result in the state machine being in an illegal state. When 
this happens, the immediate need is to return to a normal 
sequence of states: there must be a predictable means of getting 
from any illegal states into a legal state. 

Illegal state recovery is a controllability issue which actually 
affects functionality more than it affects testability. But the con­
cepts used for functionality and testing are so closely related that 
it is worth treating here. 

Recovering from illegal states 

There are three basic ways to get out of an illegal state: 

• re-initialize 
make sure that one can continue clocking until the machine 
recovers 
design the machine such that the start-up state is reached from 
any illegal state in one clock cycle, independent of any condi­
tional inputs 

Of course, re-initializing will take the machine back into its start­
up state from any state, legal or illegal (Figure 31 ). The disadvan­
tage here is that outside control is needed to force initialization. 

Very often, a path will exist which eventually takes the state 
machine back into a normal sequence (Figure 32). These paths 
are not usually designed in; they just happen to be there. In fact, 
if D-type flip-flops are used, it is surprisingly difficult to get a 
"closed" set of illegal states (that is, a set such that once one of 
the illegal states is entered, the machine will forever remain in 
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Figure 31. Using Initialization to Recover 

14099-031A 

Figure 32. Cycling Back to a Legal State 

illegal states) by accident. In most cases, there will be a path 
which eventually leads back to a legal state. In these cases, 
merely clocking enough times will cause the machine to recover. 

The drawback here is that one does not know ahead of time how 
many clock cycles will be needed. This necessitates some built­
in way of knowing just when a legal state has been re-entered. 
And once that state has been reached, further cycling may be 
needed to get to a point where operation can resume. 

Designing-In one-step recovery 

The most predictable way of dealing with illegal states is to 
provide a one-step path back to a legal state. Depending on the 
state desired, more or less work may be involved to do this. For 
PAL devices, we can consider three cases: 

• all illegal states go to state 00 ... o 
• all illegal states go to one state other than 00 ... 0 
• each illegal state goes to some legal state 

The cause of poor illegal state recovery can be illustrated concep­
tually with Karnaugh maps (although realistically, Karnaugh 
maps are often not used). When calculating the equations for a 
particular bit, it is tempting to use Don't Care cells from the 
Karnaugh map (Figure 33) to simplHy the logic. The success of 
illegal state recovery depends on how these Don't Care cells are 
treated. 
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01 02 

03 0 4 00 

00 x 

01 x 
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10 0 

01 11 

0 x 

0 0 
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x 
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x 

DON'T CARE 
-CELLS CORRESPOND 

TO ILLEGAL STATES 
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Figure 33. Illegal State 

Recovering Into state 00 ... o 

This is the simplest case; it is illustrated in Figure 34. It is 
accomplished by not using any illegal states to generate the logic 
for any of the bits. Since most PAL devices have only D-type flip­
flops, a bit will go HIGH only as a result of legal states. Any illegal 
states will cause all bits to be LOW. 

a. State Diagram 

CD x x x 

0 x x x 

lc:n-D x x 

o o o CD 

b. Karnaugh Map 
14099-033A 

Figure 34. Recovering to State 0 ••• 0 

This procedure does not work when J-K or T-type flip-flops are 
used. In fact, it is deadly. Whereas a D-type flip-flop defaults to 
LOW, J-K and T-type flip-flops hold their present state as a 
default. Thus if illegal states are not considered in the transfer 
functions, an illegal state will cause the state machine to be locked 
up in that state. 

Recovering Into one fixed state 

This case is shown in Figure 35a. The procedure can be illus­
trated conceptually with a Karnaugh map. It must first be decided 
which legal state will be entered, and the resultant value of each 

a. State Diagram 

1 x x x 

0 x x x 

1 1 ~ x 

0 0 0 1 

b. Karnaugh Map for Bit On 

G) 0 0 0 

0 ~o 0 0 

1 1~ 0 

0 0 0 8 
c. Bit On Recovers to O 

1 1 1 1 

0 1 ~ 1 

1 1 [l1 1 

0 0 0 1 

d. Bit On Recovers to 1 14099-034A 

Figure 35. Recovering to a State Other Than 0 ... 0 
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state bit. The Don't Care cells for each bit are then filled with the 
corresponding next state bit value; if the next state for a bit is to 
be 1, then Don't Care cells are filled with 1 's forthat bit's Karnaugh 
map; the procedure for a 0-bit is analogous. The equations are 
now taken by including either all Don't Care cells if filled with 1 's, 
or none of them if filled with O's. This procedure is illustrated in 
Figures 35b, c, and d. 

When Karnaugh maps are not used, the same result can be 
obtained by explicitly considering all illegal states. When calculat­
ing the Boolean equations for: 

a bit that will be 0 after recovery, no illegal states should be 
included. 

a bit that will be 1 after recovery, all illegal states should be 
included. 

When J-K flip-flops are used, then the transfer function for either 
J or K - but not both - will include all illegal states. 

If a bit is to be HIGH after recovery, J should account for all 
illegal states; K should account for none. 

If a bit is to be LOW after recovery, K should account for all 
illegal states; J should account for none. 

This must be done explicitly for J-K flip-flops even if state 0 ... 0 is 
the recovery state. 

When T-type flip-flops are used, there is no easy way out; any 
recovery must be explicitly designed-in as part of the original 
function. 

Recovering Into Any Legal State 

The third case allows one to fill in the Don't Care cells of a 
Karnaugh map in such a way that some legal next state is always 
reached in one clock cycle, but such that the 1 'sand O's are placed 
to keep the logic functions simple. This is shown in Figure 36. The 
disadvantage here is that since different illegal states result in a 
different legal state, some additional cycling may be required to 
allow operation to resume. 

When Karnaugh maps are not used, this can be implemented 
more simply by explicitly including the illegal states as part of the 
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a. State Diagram 

!(1 1 1 1 
0 0 0 1 

!(1 1 1 1 

0 0 0 \.!_.., 

b. Karnaugh Map 
14099-035A 

Figure 36. Recovery Such That Logic Functions Are As 
Simple As Possible 

complete state diagram. This is especially simple if the state 
machine input format for PALASM software is being used. 

Default transitions 

In PLS devices, the complement array can serve as a way of 
recovering from illegal states. In a design, only legal branches are 
defined. When in an illegal state, since no legal branch is active, 
the complement array is activated, allowing for some default state 
to be reached. 
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Testing illegal state recovery 

One of the difficulties of designing illegal state recovery into a 
circuit is the fact that it is difficult to test. Because the state is 
illegal, tt is impossible to force the circutt into such a state. The use 
of register preload circumvents this problem. With preload, any 
state - legal or illegal - can be loaded into the register. If an 
illegal state is loaded, then the circuit can be tested to verily that 
correct recovery does indeed occur. 

D P Q 

R 

Cannot Preload 1 

D p Q 

R 

Cannot Preload O 

The use of preload must be considered carefully with devices 
having programmable asynchronous preset and reset features. If 
these are driven by feedback from an output, then situations can 
occur where preloading one state immediately causes a preset or 
reset to the opposite state (Figure 37). There are two alternatives: 
etther avoid preloading such states, or include a control input in 
the preset and/or reset product terms which can disable the 
feature when testing. 

D p Q 

R 

Stable 

D 

R 

Stable 

Stable Case: Can preload any state 
Other Cases: Preloading any state will cause PRESET 

or RESET to oppostte state. 

14099-036A 

Figure 37. Preloading Registers with PRESET and RESET 
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Designing for Testability With SSR™ 
Diagnostics 

Today's more complex circuits and systems are becoming pro­
hibltively expensive to test using standard methods. Serial 
Shadow Register (SSA) diagnostics (also referred to as Diagnos­
tics-On-Chip TM, or DOCTM) is a test feature provided in several of 
Advanced Micro Devices' chips as a means of increasing testa­
bility at the system, board, and chip levels. SSA is especially 
useful in the Am29CPL 151 and Am29CPL 154 sequencers. 

a. Standard Sequential Logic 

SSR Architecture 

Testability consists of two basic elements: controllability and 
observabillty. In a sequential (registered) system, these two 
elements are lost when a register is not directly accessible. In 
Figure 38a, the first register is not observable and the last register 
is not controllable. Figure 38b shows that the addition of a scan 
path through each register, as in the SSA method, provides the 
direct access for controllabillty and observability, which ensures 
complete testability. 

SDI 

b. Sequential Logic with a Scan Path 

14099-037A 

Figure 38. Testability Can Be Increased by Providing Direct Access to All Registers 
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The heart of the SSR circuitry is the shadow register (see Figure 
39). The shadow register is a serial/parallel register, equivalent in 
length to the pipeline register. It is called a shadow register 
because it is invisible to the device during normal operation. It is 
clocked by its own clock input, DCLK. 

In normal mode (MODE input is LOW), the shadow register 
operates as a serial shift register (see Figure 40). The Serial Data 

DCLK 
CLK 

MODE----

EPROM 
Array 

32 

t---t----sDo 

32 
To 
Address 
Sequencer 

16 

14099-038A 

Figure 39. SSR Circuitry In the Am29CPL 151 

MODE= HIGH 

Input is SDI, and the Serial Data Output is SDO. The pipeline 
register can operate at the same time while MODE is LOW. 

In diagnostic mode (MODE is HIGH), the shadow register oper­
ates as a parallel register (see Figure41 ). ltcan be parallel loaded 
from or to the pipeline register by clocking the receiving register. 
A swap can be performed by clocking both at the same time. 

SDI 
DCLK 

MODE= LOW 

CLK 

Shadow 
Register 

Address 

EPROM 
Array 

16 

To 
Address 
Sequencer 

14099·039A 

Figure 40. The Shadow Register Operates as an 
Independent Shift Register when MODE Is LOW 

CLK---o 

32 

14099-040A 

Figure 41. The Shadow Register Can Parallel Transfer its Contents to and from the Pipeline Register when MODE Is HIGH 
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INPUTS OUTPUTS 
OPERATION 

MODE SDI CLK DCLK Pipeline Shadow SDO 

L x i . Pn~PROM HOLD so Load pipeline register from EPROM array 
Sn-1 ~Sn 

L x . i HOLD S31 ~SDI so Shift shadow register data 

Sn-1 ~sn Load pipeline register from EPROM array 
L x i i Pn~PROM s31 ~soi so while shifting shadow register data 

H x i . Pn~sn HOLD SDI Load pipeline register from shadow register 

H L . i HOLD sn~an SDI Load shadow register from pipeline register 

H H . i HOLD HOLD SDI No operationt 

• Clock must be steady or falling. 
t Reserved operaton for '81 B 8-Bit Diagnostic Register. 

Figure 42. SSR Diagnostics Function Table 

All of the functions of the SSR circuitry are described in the 
function table (Figure 42). 

SSR allows access to all 32 pipeline flip-flops in the Am29CPL 151 
through the serial path, requiring only four pins. A programmable 
option allows the four SSR control pins to be used. Pins CC, 
LERO, P[7], and P[6] become SDI, SDO, DCLK, and MODE, 
respectively. These four pins can be controlled directly, or can be 
connected to other SSR circuits in series. A series connection of 
several SSR circuits allows the same four signals to address an 
unlimited number of !lip-flops on a board or system (Figure 43). 

A typical test would be performed as follows: 

1. Test vector shifted into shadow register(s) 

2. Test vector parallel transferred to pipeline register(s) 

3. Device/system clocked desired number of times to run test 

DIAGNOSTIC CONTROLLER 

TEST VECTOR 
INFORMATION 

PROGRAM 
EPROM 

SDI 

MODE~-+-+-~~~---+-+-~~~~--<lo-+~~~~~ 

DCLK~~.._~~~~~-+-~~~~~-+~~~~~ 

SDO 

14099-041A 

Figure 43. Example Architecture for Use of System-Level 
Diagnostics 

4. Test results parallel transferred to shadow register(s) 

5. Test results shifted out of shadow register(s) 

Note that while shifting, the system can return to normal opera­
tion. In addition, while test results are being shifted out, a new test 
vector can be shifted in. 

DIAGNOSABLE SYSTEM 

DIAGNOSTIC 
SLAVE PORT 

. . 
DIAGNOSTIC 
SLAVE PORT 

14099-042A 

Figure 44. Example Architecture for Use of System-Level Diagnostics 
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System-Level Testing 

At the system level, SSA provides the ability for a diagnostic con­
troller to monitor the interior status of a system. The diagnostic 
controller could control several scan loops, selecting the loops 
required for the test needed (Figure 44). 

However, many key products, such as microprocessors, are not 
available with the SSA function and cannot be part of the scan 
path. This limits the use of SSA for full system-level testing to 
selected manufacturers who can use this additional testability as 
an enhanceement to a larger system-level testability strategy. 

In addition, little support is availableforwriting the test vectors that 
can be run through the SSA scan path. The software that is 
available is expensive and runs on large computers only. This is 
another factor that limits the use of SSA on a system level. On the 
board or chip levels, however, test vectors are much easier to 
generate and can even be found by running vectors through a 
known good unit. 

A complete system-level test would require that most of the 
devices in the system incorporate SSA circuitry. Other devices 
in the SSA family are shown in Figure 45. Devices with circuitry 

PART NUMBER DESCRIPTION 

Am29CPL151 64-state sequencer 

Am29CPL154 512-state sequencer 

Am27S85/A 16-K Diagnostic PROM 

Am29818 8-bit register 

Figure 45. SSR Products Family 

Other 

Memory 

Parallel-to 
Serial 

Converter 

equivalent to the SSA format are available from several other 
suppliers as well. Also, many gate array and standard cell manu­
facturers offer standard functions similar to the SSA scan path 
and can easily be included in custom designs, including boundary 
scan. 

Board-Level Testing 

SSA in the Am29CPL 151/4 is especially useful at the board, or 
functional, level. The Am29CPL 151/4 will usually form the heart 
of a function, such as a peripheral controller. In addition, It often 
will serve to off-load the main Central Processing Unit (CPU) and 
be partially controlled by the CPU. SSA allows direct control of the 
Am29CPL151/4 device, bypassing a difficult-to-control CPU and 
taking command of whatever function the Am29CPL 15114 per­
forms (Figure 46). Here, on-board diagnostics can be easily done 
with the Am29CPL 151/4. The alternative is to dedicate edge­
connector signals to the SSA path. 

The SSA circuitry provides access to the Am29CPL 151 /4's pipe­
line register. This can be used to set the outputs to a given state, 
in order to test the effect on the devices surrounding the 
Am29CPL 15114. Or, the pipeline register can be set to a given 
state and then left to run freely, to verify functionality. If combined 
with control of the device inputs, the sequencer can be stepped 
through a number of states, to test the response of the surround­
ing logic. This is especially useful for bed-of-nails board-level 
testing; the Am29CPL 151/4 can be tested completely without 
having to be backdriven. 

Device-Level Testing 

On the device level, the SSA circuitry effectively provides a 
preload function for the register. Instead of loading the register 
from the outputs, as with standard PAL devices, the register is ~ 
preloaded from the shadow register. Preload is necessary for ... 
testing the device functionality, since the buried flip-flops must be 
set to a known condition before the device can be tested. 

SSRAccess 
SDI ..----------. P---------. 

_s_D_o_ ........ _, Am29CPL 1s114 Disk Drive 

14099-043A 

Figure 46. SSR Allows Direct Access to Peripheral Elements In a System, Bypassing the CPU 
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The SSR circuitry allows more than just a preload equivalent, 
however. It also allows observation of the pipeline register, which 
contains all of the state information. Thus, an individual state 
transition may be tested by preloading the desired state, setting 

E 

the inputs, clocking the device, and then observing the resulting 
state in the pipeline register. State transitions which do not result 
in a change in outputs are thus easily tested (Figure 47). 

Oi,02 

c 
01.02 

01,02 

14099-044A 

Figure 47. Burled Fllp·Flop Observability Is Required to Verify the Transition from A to B. 
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Using Test Vectors 

Digital systems are generally tested by applying a sequence of 
test vectors. A test vector is a group of signals which are applied 
(forced) and measured (sensed) on a device or a board. The 
vector thus defines all inputs and expected outputs for a given 
test. As we have noted, the sequence of tests performed greatly 
affects the quality of the overall tests, as measured by the fault 
coverage. 

In general, we can talk in terms of three kinds of vectors. 
Simulation (or application) vectors, functional test vectors and 
signature test vectors. 

Simulation vectors are generated during the design process. 
Their main purpose is to help the designer verify that the design 
has been correctly implemented. They represent the way in which 
the circuit was intended to operate. When PALASM software (or 
almost any other PLO design software package) is used, simula­
tion may be performed prior to programming a device. The 
software simulates the operation of the circuit, and then gener­
ates vectors from the simulation, adding the vectors to the JEDEC 
file. These vectors can then be used for testing by programmers 
that have the capability of performing functional tests. 

While simulation vectors may be adequate for verifying that the 
design is operating as expected, they generally do not provide 
very extensive test coverage. For this reason. we distinguish 
functional test vectors from simulation vectors. 

It is very difficult to generate a complete set of functional test 
vectors by hand; computer programs are generally used instead. 
The simulation vectors are often used as a basis for generating 
a more comprehensive set of functional test vectors; in this 
capacity, the simulation vectors serve as seed vectors. There are 
many programs which perform this function although many of the 
programs require larger computers and take a long time to run. 
AMO also generates functional test vectors for patterns that are 
used in ProPAL and HAL devices. 

More recently, programs which run on the IBM PC-compatible 
computers have been developed to generate vectors for use in 

testing PLDs. Most well-known among these are PLDtest™ from 
Data 1/0 Corp .• and Anvil ATG™ software. These programs use 

TYPE OF VECTOR PURPOSE 

the programming information in the JED EC file to generate tests. 

On most patterns. they can generate test sequences of high 
quality. If complex internal feedback is used in a particular design, 
then some manual test generation may still be needed to improve 
the test coverage. Both of these programs support the use of 
register preload for initializing states; the Anvil and PLDtest Plus 
packages can also generate tests for devices which do not have 
the preload feature. 

While functional vectors provide more extensive tests. they may 
not exercise the circuit in the manner in which it was meant to be 
used. Thus, for example, a conditional oscillator in a circuit (as 
discussed previously) may not be a problem during simulation. 
since the conditions causing oscillation are not thought to be 
possible by the designer. However, the functional vectors will take 
all situations (some of which may not be physically possible) into 
account in the tests. Thus more subtle design problems may 
become apparent when functional test vectors are generated. 

Signature vectors are random vectors which are first applied to a 
device which is known to be good in order to generate a "signa­
ture". This same set of vectors is then applied to a device of 
unknown quality; if the same signature results, the device is said 
to be good; if a different signature results, then the device is 
assumed to be faulty. 

Signature vectors can vary greatly in the quality of testing they can 
provide. Since they are generated with no knowledge of the circuit 
being tested, many more vectors must be used to perform a good 
test. The quality of the test depends on the circuit being tested, the 
number of vectors used, the speed with which the tests are 
applied, and the algorithm used to generate the vectors. The 
tester must also be able to apply a preload sequence to devices 
that have registers; otherwise two devices may power up into two ~ 
different states. In that case. both devices will generate different ~ 
signatures even if both are good devices. 

Quality signature testing can be very cost effective, since no 
advance knowledge of a device pattern is needed. This reduces 
the amount of resources that must be dedicated to test vector 
generation. 

The different types of vectors are summarized in Table 1 below. 

GENERATED BY: 

Simulation Used for verifying whether or not Sequence defined by the design engineer, 
(Application) a design will operate as expected usually by hand. Actual vectors generated 

when implemented. by design software. placed in the JED EC file. 

Functional Used for verifying that Usually generated by a computer program 
a device is operating such as PLDtest or Anvil ATG. The simulation 

correctly. vectors can be used as seed vectors 

Signature Used for verifying that a device The tester generates the 
is operating correctly without test sequence during the test. 

functional vectors. 

Table 1. Test vectors 
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SUMMARY 

The time to start considering ways of testing a circuit is before the 
circuit has been designed. The key to testability lies in the way the 
circuit is implemented. 

Basic combinatorial logic can be made completely testable sim­
ply by minimizing logic. It is not even necessary to analyze the 
circuit for redundancy or reconvergent fanout; automatically 
minimizing all logic will eliminate any occurrences. 

Where a sequential circuit is generated from simple feedback 
paths in the logic, the circuit must be analyzed as a combinatorial 
circuit. All combinatorial logic must be included to determine 
whether the circuit is a latch or an oscillator. H a latch is desired, 
it should be completely controllable. If an oscillator is found, it is 
probably not desired, and will generally indicate a mistake in the 
design. If a conditional oscillator is to be tolerated, one must be 
sure that the oscillation conditions can never occur, and that the 
test procedure will not cause oscillation. 

In general, combinatorial circuits should be analyzed compietely 
for the presence of latches and oscillators (wanted or unwanted). 
This can be done by simplifying each combinatorial logic block to 
see whether any signal ultimately depends on itself. 

When the sequential nature of a circuit is derived through the use 
of flip-flops to generate a state machine, the two key issues are 
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initialization and illegal state recovery. A combination of device 
features and careful circuit design will yield circuits that can 
behave predictably even in unexpected situations. 

SSR is a testability feature that is useful in the Am29CPL 151/4; 
it may be used on multiple levels: system, board, and chip. While 
the system-level uses may be restricted by the limited availability 
of support products, the board or functional-level uses are excep­
tionally handy when theAm29CPL 151/4 acts as a local controller. 
And on the device level, the SSR circuitry provides a means of 
accessing the buried flip-flops within the device for functional 
testing. 

It is important to analyze the testability of a circuit before commit­
ting it too far. Thus any changes can be made early on. In 
particular, if the test analysis software points out any logic 
hazards in your circuit, you can easily remedy them by modifying 
the design. 

These simple steps, taken early in the design phase, can help 
avoid later redesigns, and ultimately provide a higher quality 
system. 

Finally, the ultimate test quality depends also on the quality of the 
test sequence used for production, functional test vectors and 
high quality signature tests will provide you with the highest 
confidence in the quality of your system. 



PLDtest Plus™ and PLDtest™ 

INTRODUCTION 

Data 1/0 Corporation currently offers two PLD (pro­
grammable logic device) testing tools, PLDtest Plus and 
PLDtest. These tools are both capable of automatic test 
vector generation (ATVG) used in testing of manufactur­
ing defects in PLDs and for performing design-for-tes­
tability (DFT) analysis. PLDtest has been in existence 

NO 

DESIGN 
(w/DFT) 

TESTABILITY 
ANALYSIS 

TEST 
GENERATION 

TEST 
EVALUATION 

(fault 
simulation) 

TEST 
APPLICATION 

(production test) 

Data 110 
Corporation 

for several years and is primarily used for preloadable 
and combinatorial PLDs, while PLDtest Plus, introduced 
in April of 1989, is used for both non-preloadable and 
preloadable devices. PLDtest Plus contains all the fea­
tures found in PLDtest, with additional features required 
lor in-circuit testing. This makes PLD!esl Plus useful for 
both component-level and board-level testing of PLDs. 
With extensive OFT features, PLDtest Plus and PLDtest 

14100-00lA 

Figure 1. Design and Test Development Activities 
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are valuable tools for test and design engineers working 
with PLDs to meet the product quality objectives as well 
as to reduce management's concern over high costs in 
testing. 

Where do PLDtest Plus and PLDtest fit in the design cy­
cle? As shown in Figure 1, both tools can be used in the 
design phase, the prototype verification phase, and the 
testing phase of a product's life-cycle. In the early de­
sign phase, PLDtest Plus and PLDtest analyze the tes­
tability of the design by fault grading the design 
engineer's seed (design verification) vectors. This 
analysis determines fault coverage and identifies untes­
table faults, as well as portions of the design with low 
testability. The result of this analysis can be used as an 
aid in redesign for testability. Seed vectors can also be 
corrected automatically to ensure all test vectors work 
correctly. Fault grading is the function that PLDtest Plus 
performs to determine the exact amount of device test 
coverage provided by the user-supplied seed vectors. 
Fault coverage is a measure of how effective a set of test 
vectors is in detecting potential faults in a PLO. 

In the prototype verification and testing phases, PLDtest 
Plus provides meaningful fault coverage when generat­
ing test vectors for all PLDs, including preloadable and 
non-preloadable PLDs, and PLDs that power up to 
known and unknown states. A powerful initialization 
algorithm is used to drive all initializable devices to a 
known state from any power-up states so that maximum 
testability can be achieved for both component and in­
circuit testing. 

PLO Design 
Software 

(FutureDesigner, 
ABEL) 

Device 
Model 

GENERAL DESCRIPTION 

PLDtest Plus and PLDtest accept files in the industry­
standard JEDEC 3A format as input. The only informa­
tion needed from the user is the fuse map of the PLO 
used. The output format produced by PLDtest Plus and 
PLDtest include both the JEDEC 3A format and the 
ABEL "include" format. As indicated in Figure 2, inter­
faces with industry-standard logic programmers and 
ATEs are also provided for functional testing as well as 
AC and DC parametric testing. 

Currently these tools run on a variety of hardware plat­
forms and operating systems including MS-D0$TM, PC­
DOS, VAx@-VMS®, SUN-3/4™, and Apollo®/Mentor™. 

PLDtest Plus and PLDtest perform automatic test vector 
generation, fault grading, and testability analysis of the 
device under design or test. PLDtest Plus and PLDtest 
support a wide selection of devices, including the most 
popular non-preloadable registered devices, preload­
able registered devices, and combinatorial devices. For 
a PLO design and device, with or without the preload­
able feature, PLDtest Plus will: 

• Determine how many possible faults there are in 
the device. 

• Determine how many of those faults can be 
tested. 

• Generate automatically the best set of minimum­
length vectors to test those faults. 

Translator 
(TesterLink) 

In-Circuit Board Tester 

Programmed 
Device 

Logic 
Programmer 
(UniSite) 

Figure 2. PLDtest Plus Interfaces with Industry-standard Logic Programmers and ATEs 
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• Generate the best set of test vectors in minimum 
real time. 

• Provide a true and meaningful indication of fault 
coverage. 

For designers, PLDtest Plus analyzes the testability of a 
circuit design and identifies untestable portions. For test 
engineers, it verifies that each programmed device is an 
accurate copy of the master. 

Automatic Test Vector Generation 

PLDtest Plus, using advanced and efficient algorithms, 
accelerates the generation of test vectors from days to 
minutes. PLDtest Plus supplements user-supplied test 
vectors or creates new test vectors, as required to 
achieve the maximum test coverage for the design, and 
for the targeted device. 

Fault Grading 

Fault grading determines how many points in the device 
could potentially fail when programmed with the in­
tended design. Potential failures in PLDs are classified 
as device faults, parametric faults, or logic design faults. 
Device faults associated with the device's silicon 
elements are identified by PLDtest Plus in an output 
listing. The design faults can include fuses, the AND 
array, the OR array, input/output drivers/buffers, and 
registers. Any potential faults that go undetected by test 
vectors are also listed. Undetected faults require the 
generation of additional test vectors or possibly 
redesigning the logic equations for testability. 

Design for Testability 

Both PLDtest Plus and PLDtest contain design fortes­
tability features. The program will report if oscillation or 
race and hazard conditions are detected in the design. If 
there is low fault coverage, you can run an option to de­
tect and report illegal states. If no illegal states exist, 
then low coverage is due to logic redundancy, oscilla­
tion, or a race and hazard condition. You can check the 
equations generated for the product terms to determine 
untested product terms. A modification of the design 
may be necessary to achieve higher fault coverage. 

An option is available to automatically correct user­
supplied seed vectors. If seed vectors are included, you 
can specify whether or not you want PLDtest Plus to cor­
rect faulty vectors. The initialization algorithm built into 
the program initializes registered non-preloadable de­
vices to a known state from any unknown state for test­
ing. It can also detect non-initializable designs and 
generate vectors from power-up states of all-high or all­
low. Other design-for-testability features include print­
out of Boolean equations, testability per product terms, 
and illegal states in finite state machines (FSMs). 

UNDERSTANDING AND USING PLDtest 
PLUS AND PLDtest 

Fault Coverage and Fault Grading 

The fault coverage reported by PLDtest Plus is the per­
centage of faults detected among all potential faults. 
The fault coverage can be used to measure the design 
for testability of the design. PLDtest Plus performs fault 
grading by using a fault model, and produces detailed 
documentation that shows specifically which test vec­
tors test which faults for Stuck at 1 conditions and Stuck 
at O conditions. Figure 3 is an example of the report file 
produced by PLDtest Plus. 

The report file includes information such as the input file 
name and the device type. If you were generating new 
test vectors along with fault grading, it will tell you if you 
included the seed vectors or if you generated a com­
plete new set of vectors. It will also tell you if the program 
generated test vectors for a preloadable or non­
preloadable PLO, and if non-preloadable, then what 
state was specified for the output registers to power up 
to; high, low or unknown. Next in the report file is a sum­
mary of the potential faults located within the device 
(how many fuses were left intact along which a signal 
can pass from input to output) and how many were de­
tected by the test vectors, how many seed vectors and 
how many new vectors were generated. 

Later in the output file is a detailed list of which vectors 
covered which fuses for stuck at conditions of stuck-at-0 
and stuck-at-1. If PLDtest Plus or the user-supplied 
seed vectors detected 100% fault coverage, each fuse 
used in the device would be listed twice; once for a 
stuck-at-1 condition and once for a stuck-at-0 condition. 
Any fuses not detected by a test vector for one of the 
stuck at conditions would be listed under Undetected 
Faults in the report file. So how do these report files re­
late to actual fuse maps in the JEDEC. Look at the im­
plementation of a design to find out. Figure 4 is an 
ABEL 1M source file for a test case that uses only one out­
put and two inputs. 

Figure 5 shows how the equation !Out := (A & !Out)# (A 
& B) gets mapped into the device. In this example the 
output "Out" is connected to pin 19 and the inputs "A" 
and "B" are connected to pins 2 and 3. Figure 3 shows 
that pin 2 connects to the first two columns, the nonin­
verting to column 0 and the inverting to column 1. Pin 19 
feedback, which is considered an input, connects to the 
next two columns, the noninverting to column 2 and the 
inverting to column 3. Pin 3 connects to the next pair of 
columns, the noninverting to column 4 and the inverting 
to column 5. This device can use up to a maximum of 16 
inputs at a time for each product term. The example also 
shows that there are eight possible product terms, or OR 
terms, which can be used for each output. 
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PLDtest Plus Version 1.12 

PLDtest Plus Setup Configuration ... 
Input file: RMICZO.JED 
Device type: P16R4 
Including seed vectors. 
Determine fault coverage of seed vectors. 
Generating test vectors for non-preloadable device. 
Power up state of registers will be all Lew's. 
Output file: RMICZO.JDN 
Report file: RMICZO.RPT 
~~~~~~~~~~~-Summary~~~~~~~~~~~ 
!Pin15 = ( ( ! ( ! (Pin2) [*] 
# Pin15_QN) [*] ) ) ; 
!Pin16 = ( ( ! ( ! (Pin2) & ! (Pin15_QN) [*] 
# ! (Pin16_QN) & ! (Pin15_QN) [*] 
# Pin2 & Pin16_QN & Pin15_QN) [*] ) ) ; 

* = Full Testability 
No Illegal Register States discovered. 
Fault coverage: 100.0% 
Seed Vector Coverage: 0.0% 
Detected faults: 18 Seed vectors: 0 
Undetected faults: 0 Generated vectors: 13 
Total known faults: 18 Total vector count: 13 
Circuit is initializable. 
Initialization vector sequence: 
VOOOl COXXXXXXXNOZZHLXHZZN 
V0002 COXXXXXXXNOZZHLLHZZN 
PLDtest Plus complete. Time: 0:00:05 
~~~~~~~~~~~-Detected Faults~~~~~~~~~~~ 

~~~Generated Vectors~~-
Vector 1 
S-A-0 fuse: 
Pin Number: 
Vector 2 
S-A-0 fuse: 
Pin Number: 
S-A-1 fuse: 
Pin Number: 
Vector 3 
Vector 4 
S-A-1 fuse: 
Pin Number: 
Vector 5 
S-A-1 fuse: 
Pin Number: 
Vector 6 
Vector 7 
Vector 8 

832 
16 

783 
16 

1025 
15 

787 
16 

783 
16 

S-A-1 fuse: 819 
Pin Number: 16 
... Edited ... 
Vector 13 
S-A-1 fuse: 832 
Pin Number: 16 
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846 850 1074 
16 16 15 

787 
16 

1074 
15 

846 
16 

801 850 
16 16 

Figure 3. Sample Report Fiie 
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module fault flag '-r3'; 
title 'Example to demonstrate PLDtest Plus fault model' 
ul device 'p16r8'; 
A,B,OUT pin 2,3,19; 
equations 
!OUT (A & !OUT) # (A & B); 
end 

Figure 4. ABEL Source Fiie 
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Figure 5. !OUT:= (A & !OUT)# (A & B) Equation as Mapped Into a 16R8 

The first term is actually the first OR term in the equa­
tion, A & !Out. That means that the first and the fourth 
fuses are left intact and all the rest in this row are 
opened. This leaves the noninverting input from pin 2 
(fuse 0) and the inverting feedback from pin 19, !Q (fuse 
3), connected to this product term. The second term, A & 
B, gets mapped into the second product term; "A" again 
in the first column (fuse 32), and the Bin the fifth column 
(fuse 36). 

As the report file in Figure 3 shows, there is 100% fault 
detection. The generated vectors test two types of po­
tential faults in a PLO. By "potential faults," we mean all 
those faults that can occur in a PLO due to its manufac­
turing process or any other reasons. They do not neces­
sarily occur in a given device, but PLDtest Plus 
generates vectors to detect them ii they do occur. In 
other words, each intact fuse along these critical paths, 
or paths which signals can take to get from the input to 
the output, gets tested twice, once for a stuck-at-0 and 
once for a stuck-at-1. The report file tells us thattestvec­
tor number 1 tests fuses 32 and 36 for a stuck-at-0 con­
dition. Test vector 3 tests fuse numbers 0 and 32 for 
stuck-at-1 conditions, vector 6 tests fuses 0 and 3 for 
stuck-at-0 conditions and vector 9 tests fuses 3 and 36 
for stuck-at-1 conditions. The faults associated with the 
inputs and outputs of the AND gates and the OR gates, 
tristates and registers along the output path are equiva­
lent to the stuck-at-faults for these fuses (i.e., they can 
be detected by applying inputs to detected faults associ­
ated with a fuse and see the results at an output pin). 

What about the rest of the fuses which were opened in 
each product term that is being used, how do we test 
those? There are four possible cases to consider. First, 
a blown fuse is actually intact and connected to V cc. This 
is a minor case as unused inputs are pulled high anyway ~ 
for unused AND gate inputs. Second, an opened fuse is a.I 
connected and tied to ground. This is equivalent to a 
stuck-at-0 fault. These faults will be detected because 
as long as we generate enough vectors to test even one 
used AND gate, or toggle the output once, we have en-
sured that no opened fuse is actually intact and tied to 
ground. If there was an unused fuse tied to ground, the 
output could never toggle. 

The last two cases are where the unused and opened 
fuse is actually left intact and tied to the input pin or the 
inversion of the input pin. The test vectors will test one of 
these two cases. Even if a "don't care" condition existed 
on all of the unused inputs, there would be an actual 
value, either a logic 1 or a logic 0, placed on these pins 
during software simulation, and by the actual device 
tester. Since the value placed on these pins by the de­
vice tester is unknown, it is unknown which condition will 
be tested, the pin itself or its inversion; but one of the two 
will be tested. The end result is that we test 75% of the 
unused fuses in the used product terms. In the cases 
that we can't test, where an unused and opened fuse is 
actually left intact and tied to the input pin, or the inver­
sion of the input pin, there is an excellent chance thatthe 
fuse verify will catch it anyway if you are using a Data 1/0 
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programmer, since these programmers run the fuse 
verification automatically. 

Initialization 

PLOtest Plus generates test vectors that can be used by 
a programmer and/or a board tester to detect manufac­
turing and component defects in PLOs. Non­
preloadable PLOs can be broken down further into 
devices in which the output registers power up to a 
known state of all logic 1 's or O's (highs or lows), or 
power up into some unknown state. If the target PLO 
powers up to an unknown state then we mustfirst gener­
ate an initialization sequence. The capability to gener­
ate test vectors for PLOs that power up to both a known 
or an unknown state is one of the major strengths of 
PLOtest Plus. 

Initialization is the process of applying a sequence of 
vectors (V1, V2, ... , VN) to the inputs of a registered PLO 
so that the device will go from any state (a set of register 
values) when the first vector is applied, to a common or 
known state after the last vector is applied. This se­
quence of vectors is called the "initialization sequence" 
or sometimes "homing sequence." For example, a two­
register PLO can have maximum four states (00, 01, 10, 
11 ). To initialize it, a set of vectors has to be found that 
drives it from any of the four power-up states to a com­
mon final state. The PLOtest Plus initialization algorithm 
initializes registered non-preloadable devices to a 
known state for testing. Preloadable and combinatorial 
devices do not require initialization. 

Example 

An ABEL state description is shown in Figure 6 for a two­
bit, four-state, design. This example will transition from 
state so to state s2 when the input 0 is equal to logic 1. If 
0 is equal to logic 0, it will remain in state so. When in 
state s1, depending on O, it will either go to state s3 or 
state so. When in state s2, whatever the logical value of 
0, it will go to state s1. Finally, in state s3 it will go to 
either state so when D is logic 1, or state s1 when 0 is 
logic 0. 

state sO: case (D==l) : s2; 
(D==O) :sO; 

endcase; 
state sl: case(D==l) :s3; 

(D==O) :sO; 
endcase; 
state s2: case (D==l) : sl; 

(D==O) :sl; 
endcase; 
state s3: case (D==l) : sO; 

(D==O) :sl; 
endcase; 

Figure 6. ABEL Design Description 
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The initialization sequence that PLOtest Plus generates 
for this test case is shown below. It comprises two test 
vectors and will take this circuit from any of the four de­
fined states to a single state; in this case to state so. No­
tice that in the test vector sequence it applies the logic 
value of O's on pin 2 (this is the O input) in test vectors 1 
and 2. Note that pins 14 and 15 are both being tested for 
L, or logic low, after the initialization sequence. 

VOOOl COXXXXXXXNOXXXXLXXXN 
V0002 COXXXXXXXNOXXXLLXXXN 

Figure 7 shows the bubble diagram for this circuit and 
more clearly defines the sequence of state transitions as 
defined by the ABEL example. The state values are in­
side each circle, and the 1 or 0 on the arrow shows the 
transitions from state to state depending on the logic 
level of input O. If a sequence of two O's are applied to 
the O input, no matter what state you start from, it will al­
ways end up in the state so (00). This is initialization. 

Why is this ability to initialize a PLO important? Not all 
circuits can be initialized and non-preloadable devices 
which are non-initializable cannot be tested from an un­
known power-up state. This is important from a design­
er's standpoint because it affects the ability of the 
system to operate, such as when a microprocessor 
needs to put the PLO into a known state. The software 
engineer can also use the initialization sequence in his 
code to initialize the PLO in-circuit. 

0 14100-004A 

Figure 7. Bubble Chart 

To a test engineer, the non-initializable device presents 
a number of problems. Initialization is important be­
cause it directly impacts testability of the PLO involved. 
The fault coverage for a non-initializable device is gen­
erally lower compared to that of an initializable device 
and therefore the reliability requirements in terms of per­
cent of fault coverage may not be satisfied. For a non­
initializable device, there is no initialization sequence of 
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vectors that can be used to reinitialize or resynchronize 
test vectors. If the generated vectors have to be seg­
mented due to vector length limitations of a particular 
device programmer or automatic test equipment, then 
the test will have to be cut at the point where the vectors 
reach the upper limit of the test equipment. If using in­
itialization sequences, the engineer can cut the test after 
one such test sequence, then load more vectors to finish 
the test process. Also, in doing a series of tests on differ­
ent PLDs on a board, the PLDs would be tested individu­
ally and power must be cycled between device tests in 
order to satisfy the power-up state requirements for a 
non-initializable device. This is because all the vectors 
generated were based on a specific power-up state. 

Finally, knowing if a circuit is initializable is important to 
the production engineer because it will determine what 
type of PLO is ultimately selected, one which powers up 
to a known state, or one that powers up to an unknown 
state. This will have a direct impact on the options a 
purchasing agent has when procuring devices. 

Not all circuits are initializable; it is possible for as little 
as one-half of the PLDs tested to be initializable. Figure 
8 is the ABEL description for a non-initializable circuit. 
The single control input, D, will either cause this circuit to 
advance to the next state or remain in the current state. 

state sO: case (D==l) :sl; 
(D==O) :sO; 

endcase; 
state sl: case (D==ll :s2; 

(D==O) :sl; 
endcase; 

state s2: case (D==ll :sO; 
(D==O) :s2; 

endcase; 

Figure 8. ABEL Description, Non-lnltializable 
State Machine 

Note that it is impossible to generate a sequence of vec­
tors that will take this circuit from any of the three dis­
played states to a single state. Figure 9 clearly shows 
the interaction of the states and state transitions. We 
can only test this circuit from a known power-up state, 
either all 1 's or all O's. 

The addition of a reset condition in the original logic de­
scription would cure this problem. The decision has to 
be made to use a device that powers up to a known 
state, all highs or all lows, or redesign this circuit so that 
it can be initialized. 

When generating test vectors from a known power-up 
state, the actual power up state can also have an impact 
on the testability of a design. Using PLDtest Plus can 
help you determine which device to select. 

Before a particular vendor is selected, run PLDtest Plus 
from both power up high and low and get a difference on 

0 0 
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Figure 9. Non-lnltlallzable State Machine 

fault coverage. This data can then be used to select a 
device, from the same vendor or a different one, with a 
power-up state that satisfies testability requirements. 

Specific device power-up state information can be found 
in the device manufacturers' Data Books or Device 
Specification Sheets. Once this information is obtained 
and provided as input to PLDtest Plus, the product will 
search for vectors starting from the user specified 
power-up states instead of searching for an initialization 
sequence. 

PLDtest Plus always tests for the initializability of a de­
sign as the first step in the automatic test vector genera-
tion process. PLDtest Plus does not need user-supplied ~ 
seed vectors (to test the design) to initialize a PLO, but if ... 
seed vectors are provided, PLDtest Plus will generate 
additional vectors following the seed vectors and will 
generate an initialization sequence of vectors indepen-
dent of the seed vectors. 

Boolean Equations for Pins 

Boolean equations for each output pin are written to 
show testability for product terms. The equations are 
written to the report file, and specify whether each prod­
uct term is fully tested, partially tested, or not tested by 
the seed and/or generated vectors. With the testability 
information thus provided, the user can go back to the 
design equations of the PLO involved to make the nec­
essary changes to improve testability. 

Illegal States in FSMs 

As an option, detected illegal states for finite state ma­
chine design are written to the report file. The user can 
thus understand why a design may have low testability if 
too many illegal states are detected in the design, since 
the faults associated with these states are generally not 
detectable. 
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Pins Reported for Stuck-at Faults 

In the report file, pin numbers are given below the fuse 
numbers for each stuck-at fault. The pin numbers refer 
to the output pin where the fault was detected. This infor­
mation indicates that all faults along the critical path 
from the fuse number to the pin number are detected 
with that vector. 

COMPARING PLDtest PLUS AND PLDtest 

PLOtest Plus is a new product which handles both 
preloadable and non-preloadable PLDs, as indicated in 
Figure 1 O, while PLOtest handles only preloadable and 
pure combinatorial PLOs (e.g., P16L8). 

Preloadable PLOs have built-in circuitry to allow regis­
ters to be set to Os or 1 s as required for testing. A super­
voltage is applied to the appropriate pins to force the 
registers into the desired states. Once all registers are 
set to known states, the test generation problems are 
similar to that of combinatorial circuits. Heuristic tech­
niques have been developed to allow efficient test gen­
eration for preloadable PLOs, and the vectors thus 
generated normally achieve high fault coverage. 

A preloadable PLO allows all state transitions in a finite 
state machine to be tested thoroughly because the FSM 
can be set to any initial state, including an illegal state. 
Access to these illegal states makes it possible to detect 
faults that would not normally be detectable. As a result, 
higher fault coverage can be achieved. 

Design for Testablility 

Because the registers can be directly loaded into any 
desired state, a long initialization sequence of vectors is 
not needed to drive the registers into a state to detect 
faults, and therefore a minimum number of vectors are 
usually generated for preloadable PLDs. In a compo­
nent tester, or a PLO programmer with preload capabil­
ity, the test vectors perform well. However, preloadable 
PLOs cannot always be used in an in-circuit testing envi­
ronment since the super-voltage applied to the pins in a 
PLO sometimes damages other devices connected to it. 
PLDtest Plus was designed specifically to generate test 
vectors for non-preloadable PLDs. 

PLDtest PLUS AND PLDtest DEVICE 
SUPPORT LIST 

AMO Part No. 

16L8 20R6 

16R4 20R8 

16R6 20X10A 

16R8 20X4A 

18P8 20X8A 

20L10 22P10 

20L8 22V10 

20R4 

For more information, contact: 

Data 1/0 Corporation 
(800) 247-5700 or (206) 881-6444 

100% Fault 
Coverage 

14100-006A 

Figure 1 o. PLDtest Plus Capabilities 
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AUTOMATIC TEST VECTORS FOR 
PROGRAMMABLE LOGIC DEVICES 

Anvil ATG software, from Anvil Software, Inc., automati­
cally generates high-coverage functional test vectors for 
all types of Programmable Logic Devices (PLDs), in­
cluding PAL® devices, programmable logic sequencers, 
and other architectures. These vectors are applied after 
programming, either on the programmer, on a device 
tester, or during in-circuit testing. Testing the PLDs indi­
vidually, prior to functional board test or system test, re­
sults in large savings in testing, diagnosis, repair, and 
inventory costs. 

The Anvil ATG product is composed of an event-driven 
time-based simulator, concurrent fault simulator, 
general-purpose automatic test vector generator, a 
menu interface, and support programs. It is written in C 
and currently runs on PC-XT™, PC-AT™ and com­
patibles with 640K RAM and 4MB available disk space, 
386-based PCs, and VAX®NMS® systems. Support for 
additional host computers will be available in the future. 

Functional Tests, No Preload 

Anvil ATG software produces functional tests that oper­
ate the device as it will be used in the final application. 
No pre load, "jam load," or other testing shortcut is used. 

High Fault Coverage 

Anvil ATG software typically achieves 90-100% detec­
tion, even on highly sequential designs (such as state 
machines) and designs where feedback creates mem­
ory (as in a 16L8). Faults considered are: 

• Logic gates stuck-at-0 and stuck-at-1 

• Programmed (opened) fuses faulted intact 

• Intact fuses faulted programmed 

Faults that are undetectable (due to redundancy or be­
cause they are in unused circuitry) are removed auto­
matically so they do not obscure the true fault coverage. 
A typical 16R8 design has about 1200 detectable faults, 
while a typical 22V10 design has 3500 detectable faults. 

Reliable and Repeatable Tests 

Anvil ATG software monitors the effects of tester skew 
during simulation and masks out any output states that 
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are not reliable and repeatable. In addition, any conflicts 
between the tester and chip are identified and fixed 
automatically. Any vectors provided by the user are 
checked for races, conflicts and other problems, and are 
corrected automatically. 

Flexibility 

The test generation algorithms support a wide variety of 
design practices, including multiple clocks, feedback-in­
duced memory elements, asynchronous presets and re­
sets, and any macrocell configuration. Good results are 
obtained even for asynchronous 20RA 10 designs. Test 
generation uses a general-purpose proprietary algo­
rithm that is fault-driven and uses critical path analysis 
techniques. 

Vector Minimization 

Three user-selectable levels of vector minimization 
solve problems with older testers that have limited vec­
tor memory. 

Easy to Use 

Anvil ATG software is operated through a simple menu 
and fill-in-the-form interface. The menu can be by­
passed in order to run a series of jobs in batch mode 
without operator attention. An easy-to-read manual is 
provided with the software, complete with an example, 
descriptions of the options, and suggestions of how to 
configure the software most appropriately to match your 
test equipment and test philosophy. 

Run-times for 20-pin PAL devices are typically just a few 
minutes on a fast PC. 

Industry-standard Interfaces 

Anvil ATG software reads the fuse information from the 
JEDEC standard fuse file which all commercial design 
software produces and which all programming equip­
ment reads. When the vectors have been generated, 
they are written back to the JEDEC file, again using the 
industry-standard formats. 

Model Libraries 

The Anvil ATG products are available in a variety of con­
figurations and prices, based on the number of models 
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and feature set needed for a particular application. Mod-
els available include the following AMO devices: 

16L8 16R8 16R6 16R4 

20L8 20R8 20R6 20R4 

20L10 20X10 20X8 20X4 

16V8 20V8 18P8 22P10 

16RA8 20RA10 

22V10 26V12* 32VX10* 23S8 

105 167 168 

1OH/10020EV8 10H/10020EG8 

•These models require 386 or VAXNMS configurations. 

Other models will be developed as needed by custom­
ers: 

24L10 

24V10 

24R10 

221P6 

24R8 

29M16* 

24R4 

30S16* 

•These models require 386 or VAXNMS configurations. 

Tester Support 

Translators are available for the following testers: 

Sentry, GR 1732, GR125, IMS 
GR227x, Schlumberger, Teradyne L200 
HP3065/3070, Logue McDonald 

Call Anvil for information on these and other testers. 

Since a PLO may be constrained by surrounding cir­
cuitry on the circuit board, Anvil ATG software can be 
told which pins are tied high, low, together or are inac­
cessible, and generate vectors for an in-circuit tester 
accordingly. 

In-circuit board test support includes automatic genera­
tion of digital guarding vectors (inhibits and disables). 

The power-up state may be specified by the user as "un­
known," "all registers low," or "all registers high." Seed 
vectors may be provided to assist with uninitializable 
designs. 

Update Service 

Updates during the first year are included with the prod­
uct purchase. The update service includes bug fixes and 
enhancements to the software, documentation and indi­
vidual models plus telephone support. New models and 
major new software capability are not included in the up­
date service - they are considered new products. 
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ANSWERS TO COMMON QUESTIONS 
ABOUT ANVIL ATG SOFTWARE 

Why does Anvil ATG Software use the 
JEDEC fuse maps instead of equations? 

The reason we use the JEDEC fuse map is to allow us to 
get better accuracy and to avoid incompatibility prob­
lems with the many different equation formats that dif­
ferent designers use. The fuse maps tell us the state of 
every fuse as it is actually programmed in the device. 
The Boolean equations do not necessarily tell us the ex­
act fuse pattern, because different optimization tech­
niques can be performed by different equation 
compilers and result in different arrangements ·of the 
fuse bits. We feel that you should test the devices ex­
actly as they are programmed in order to get the best 
test yields. 

The other major reason we prefer the JEDEC fuse map 
is that there are many different equation formats. The 
JEDEC fuse map format, on the other hand, is an indus­
try standard. All programming equipment reads this 
JEDEC format and all PLO design software produces 
this JEDEC format. It is therefore a reliable source to get 
the information that we need to generate the test 
vectors. 

Why does Anvil ATG software consider 
so many faults? 

Anvil ATG software allows the user to choose what 
classes of faults are to be considered. Some users may 
just want to look at, or test for, logic faults whereas oth­
ers may want a functional test for each of the fuse states. 
Anvil ATG software can create functional tests to check 
each intact or programmed fuse. We believe that the 
most thorough test for a programmable logic device will 
test each fuse to make sure that it is not incorrectly pro­
grammed, or partially programmed, or that there is no 
short or other defect in the vicinity of the fuse. If you look 
at the construction of most PLDs, you will realize that 
most of the chip area is consumed by the fuse array. 
This means thatthe fuse array is the most likely place for 
failures to occur. 

Another factor to consider is that programmable logic 
devices can have a defect rate ranging up to one per­
cent, even after the fuses are read back on a program­
mer. This means that it is desirable to test for as many 
faults inside the PLO as possible. That is precisely why 
Anvil ATG software offers the user the option of testing 
for thousands of faults inside even small PLDs. 



Anvll ATG Software 

Why isn't fuse verify on the programmer 
good enough? 

Fuse verification on the programmer is done through the 
same fuse addressing logic as used during program­
ming. A fault in the fuse addressing logic could cause 
the wrong fuse to be programmed, but the fuse state 
would look right during readback because the same 
faulty addressing logic would be used. 

Another common problem not caught by fuse readback 
is programming the wrong part. If a 16R8 is used instead 
of a 16L8, the fuse readback will pass but the part will not 
behave as desired in the end application. 

Vectors produced by Anvil ATG software will catch both 
of these failures and many others that are missed by 
fuse verification on the programmer. 

What causes PLO defects? 

PLD defect rates typically run up to 1% after program­
ming and fuse verification on the programmer. The ac­
tual rate depends on manufacturer, programmer 
calibration, device handling, and lot-to-lot variations. 
These defect rates can even occur on some lots from 
manufacturers who test erasable devices prior to ship­
ment. Some of the reasons for defects are: 

• Programming equipment needs to be recalibrated 
regularly. 

• The manufacturer does a generic test, whereas opti­
mum quality is obtained by testing with the specific 
fuse pattern used in the final application. Manufac­
turers of erasable parts can only program and test for 
a limited number of the many possible patterns. 

• Devices get mislabeled. 

• Wrong device types are sometimes used (e.g., 16L8 
instead of 16R8). 

• Infant mortality failures are only observable after 
burn-in. 

• Fuses sometimes are not programmed completely, 
thereby leaving shorts or timing faults. This is par­
ticularly likely to be true if the PLD does not make 
good contact in the programming socket due to dirt 
or an old socket. 

How many vectors does Anvil ATG soft· 
ware create? 

The number of vectors created by the software depends 
on the option settings selected by the user. The user can 
specify the maximum number of vectors, such as 1023, 
to accommodate the limitations of some testers and pro­
grammers. A second way to control the number of vec­
tors is by selecting the groups of faults to be considered. 
If the user wants to test for each programmed fuse 

faulted intact, there will be twice as many vectors gener­
ated than if the user just wants to consider logic faults 
and intact fuses faulted programmed. Anvil ATG soft­
ware can also accommodate testers that allow multiple 
bursts. By specifying the tester burst size, vectors will be 
produced in one or more bursts as necessary. 

Anvil Software has recently made improvements to 
minimize further the number of vectors produced. The 
types of optimizations performed include: (a) superim­
posing vectors so that several parts of the chip can be 
tested simultaneously, and (b) removing vectors that 
are duplicates or do not detect any faults. Other op­
timizations are performed during the vector generation 
to detect as many faults as possible in the early vectors 
of the test. 

How do I know It will work on my parts? 

Anvil Software has a number of ways to allow you to 
evaluate the capabilities of our software. Our customers 
have generated test vectors for more than 20,000 PLD 
designs, and several customers have each done more 
than a thousand PLD designs. We have observed suc­
cess rates higherthan ninety percent on a typical mix of 
programmable logic designs, and we are willing to put 
you in touch with some current customers so you can 
hear about their experiences first hand. Our No Charge 
Benchmark Test offer allows you to send two JEDEC 
files and we will generate test vectors for them and send 
you the results. 

Will Anvil ATG software be able to sup-
port next year's devices? E 
There are two aspects of how Anvil Software does busi-
ness that keeps its customers current with the latest 
technology. The first is our model development pro-
gram, where we will develop a model for a new PLD de-
vice as soon as a customer is willing to provide us with a 
purchase order and some sample designs to allow us to 
verify the correctness of our simulation model. 

The other aspect of the way we do business is the an­
nual update service that we offer to our customers. This 
service allows customers to telephone with questions, 
to send us PLD designs that they are having difficulties 
with, and allows them to receive the latest improve­
ments to the software and models that they have pur­
chased from us. This means that when we improve the 
test generator to work well on a new generation of de­
vices, these customers will receive the improvements. 

We depend on our customers to tell us which devices 
are most important to do and we have found that we 
have consistently kept up with the devices that are in 
volume manufacturing. For a complete list of models 
that we have completed or are under consideration, call 
Anvil for our latest model status. 
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How long does the vector generator take minutes of CPU time in order to save hours of debug 
to run? timeonthetester. ltcanbeverytime-consumingtotrack 

The run time depends on the clock rate of your com­
puter, the number of faults selected, and the complexity 
of the design. Typical 20-pin PAL devices with logic and 
intact fuse faults selected, where the design is typical 
complexity, take between one and five minutes to run on 
a 20-MHz 386 computer. More complicated devices 
such as a 22V1 O can take several times as long, and, if 
you wish to consider programmed fuses faulted intact, 
you can expect to spend twice as much computer time. 

The main trade-off that we have made is based on our 
assumption that users are willing to spend a few extra 
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down strange behavior on the tester due to races or 
other problems in test vectors. Anvil ATG software pro­
duces test vectors that will run correctly on the tester 
with no debug, no races and no other problems. 

Contact: 

Anvil Software, Inc. 
427-3 Amherst Street, Suite 391 
Nashua, NH 03063 
(603) 891-1995 



Test Generator™ 

ATG Associates has provided Test Generator in re­
sponse to the need for a fully functional Automatic Test 
Generation package, which provides: 

• High fault coverage 

• Fast operation 

• Coverage for a wide range of PAL® Devices 

• Cost-effective Test Generation 

Test Generator works with any valid JEDEC file, with or 
without existing test vectors. It also works with any PAL 
device regardless of whether or not the device supports 
pre load. 

FEATURES 

• Proprietary algorithm provides high coverage with 
significantly reduced run times 

• Runs on any IBM PC™ compatible running DOS 3.0 
or higher 

• Supports devices that do not have preload and/or 
power-up reset capability 

ATG 
Associates 

• For customer concerned about using supervoltage 
initialization or preload on their parts the following 
options are supported: 

- No use of supervoltages 

- Use only at beginning of vectors (once) 

- Use when necessary 

• Generates vectors for all AMO PAL devices 

• Has easy-to-use menu interface 

• Convenient batch mode allows user to queue up to 
50 jobs to run unattended 

• Supports testing of three-state outputs and preset/ 
reset of internal registers 

• JEDEC to Boolean disassembly for any supported 
device 

For further information contact: 

ATG Associates 
Customer Service 
3415 Merrill Road 
Aptos, CA 95003 
(408) 475-5717 

Device: 16RB File: LlO.JED Directory: C:\ATG2 

File Run View 

Generate Vectors 

JEDEC -> Boolean 

Create Queue 

Run Queue 

Select Option or Press <ESC> to quit 

Test Generator Menu Interface 
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INTRODUCTION 

As system speeds have increased, designers have 
been requesting increasingly higher performance from 
their PAL devices. In the past, it has been possible for 
manufacturers to increase the device speed merely by 
reducing the internal delays of the part. Now, however, it 
has become impossible to design a 7 .5-ns device with 4-
or 5-ns rise and fall times, so the rise and fall times have 
been decreased to help speed up the devices. 

Once the rise and fall times of a signal have dropped to a 
time that approximates the actual propagation delay of 
the signal on the wire, the realm of transmission lines 
has been entered. When this happens, the signal may 
become distorted due to reflections on the line. If severe 
enough, these reflections can cause such problems as 
gross overshoot and undershoot, extended ringing, 
crosstalk, and increased high-frequency emissions. 

The reflections are caused by discontinuities in the 
impedance of the signal path, otherwise known as 
"impedance mismatches." In digital circuits, these 
usually occur at the end of the line; therefore, this 
becomes an issue of terminating the signals correctly. 
This application note will describe termination funda­
mentals, and compare the two basic termination 
schemes: serial termination and parallel termination. 

Transmission Line Model 

A transmission line can be represented by a lumped 
constant RLC circuit of unit length, as shown in figure 1. 

When dealing with digital circuitry on a pc board, both 
the resistive and conductive components are usually 
insignificant, and are ignored during transmission-line 
calculations. Called a lossless and loadless transmis-

Figure 1. Equivalent Circuit of a 
Transmission Line 
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sion line, this model can be represented by the following 
differential equation: 

where: v 

x 

d2 d2 
dx2v =lo Co dt2 • 

velocity 

displacement along the line 

time 

(1) 

Lo = inductance per unit length of the trans­
mission line 

Co = capacitance per unit length of the 
transmission line. 

Using convolution and Fourier analysis, the solution of 
this differential equation is as follows: 

V= __ 1_ 

./LoCo · (2) 

The propagation delay, !po, of a unit length is therefore 
expressed as 

tpo = .rLoCo . (3) 

The inductance and capacitance in the presence of a 
ground plane are a function of the dielectric medium and 
pc-board layout. Unit values of the inductance and 
capacitance can be measured by an LC meter. In 
general, transmission line effects can be simulated in 
both time and frequency domains with the SPICE 
circuit-analysis program. 

Transmission Line Geometries 

Circuit interconnections for high-speed digital systems 
generally include the following types: 

• connectors 

• wire over a ground plane 

• twisted pair 

• coaxial cable 

• microstrip line 

• strip line 

Connectors generally cause wave-shape distortion 
when transition times are under 1 ns. The transmission­
line effects of wire over a ground plane are uncontrolla­
ble; this type of interconnection is usually used for 
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prototypes only. Twisted pair and coaxial cable are 
generally reserved for applications such as differential 
lines and video cable. The remaining two types of 
interconnections, microstrip and strip line, are the most 
practical for high-speed digital systems and will be 
discussed here in detail. 

A microstrip line (figure 2a) is a metal-strip conductor on 
the pc board, separated from a conducting plane with a 
dielectric medium. The characteristic impedance Zo, 
which is the ratio of voltage to current for a traveling 
wave at any given point and instant, is 

Zo = 87 
.j er+ 1.41 (~) In 0.8 w + t ' (4) 

where er is the dielectric constant of the board material. 
This equation is fairly accurate for a w/d ratio between 
0.1 and 3.0 and for er between 1 and 15. For G-10 
fiber-glass epoxy boards, er is about 5.0. 

The equations for inductance per foot, Lo, and propaga­
tion delay per foot of the line, tro, are 

Lo = Zo2 Co and (5) 

tpo = 1.011../ o.475 er+ o.67 ns/ft, (6) 

where Co is capacitance per foot. 

A strip line (figure 2b) is a metal-strip conductor 
centered in a dielectric medium between two conducting 

Conducting Plane 

14103--002A 

Figure 2a. Cross Section for Microstrip Line 

Conducting Plane 

'--~"'""'-""--'-'-~~~~.-...... 
Conducting Plane 

14103-003A 

Figure 2b. Cross Section for Strip line 

planes. The characteristic impedance, Zo, is 

60 ( 4b ) Zo=- In t . 
/;; o.67itw(o.a+;) 

(7) 

This equation is fairly accurate for 

b ~ t < o.35 (8) and .1. b <0.25. (9) 

The equations for inductance per foot and propagation 
delay per foot of the line are 

Lo = Zo2 Co and 

tpo = 1 .02 /;; . 

(10) 

(11) 

The characteristic impedance of both microstrip and 
strip lines can be held within 5% if all the variables (er, w, 
d, t) are controlled. Also, note that the propagation delay 
of both microstrip and strip lines is not a function of the 
pc board geometry, but of the dielectric constant only. 

Reflections on the Transmission line 

Reflections on the transmission line are caused by a 
discontinuity of the line impedances, and are a major 
source of noise in digital systems. The discontinuity can 
appear as an input device, another circuit, a connector, 
or another transmission line. 

Figure 3 shows the signal reflection and flow-through at 
the impedance discontinuity between transmission lines 
TL 1 and TL2. The voltage reflection at the point of 
discontinuity travels back through TL 1 with a magnitude I] 
of pV;, where p is the reflection coefficient and V; is the • 
incident-wave voltage. 

The reflection coefficient is the ratio of voltage in the 
reflected wave to that in the incident wave as follows: 

P = ::!..!_ 
V;. 

Discontinuity 

I 

(12) 

Z1 ofTL1 I Z20ITL2 
Signal Direction1-••----~'!'-"••------

I 
I 
I 
I 
I 

I 
I 
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Figure 3. Signal Reflection at a Discontinuity 
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The signal flow-through is V; + V,, where V, is the 
reflected-wave voltage. From 

and 

we obtain 

Vr+ V;=V (13) 

(14) 

(15) 

Zo 
V;(O)=Vs -­

Zs+ Zo 

Zs-Zo 
ps =Zs + Zo 

Source 

V; (2T) = V; (0) (1+PL+Ps PL) 

2T 

V; (4T) = V; (0) (1+PL+Ps PL+ ps PL 2 + ps 2 PL2) 

4T 

Time 

where Z1 and Z2 are the characteristic impedances of 
transmission lines TL 1 and TL2 respectively. 

Figure 4 is an example of a basic transmission line with a 
discontinuity at both the source and load. In this basic 
reflection mode, fanout is one. A lattice diagram is 
widely used to illustrate the reflection effect on a 
transmission line. Two vertical axes, for the source and 
load, are the time scales. The signal bouncing back and 
forth along the transmission line is shown as a diagonal 
line from top to bottom. 

Zo 

T.L. 

ZL-Zo 
PL= ZL +Zo 

Load 

VL (T) = V; (0) (1 +pL) 

T 

VL (3T) = V; (O) (1 +PL +ps PL + ps PL 2) 

3T 

14103-005A 

Figure 4. Example of Basic Transmission line Circuit and its Lattice Diagram 
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The voltage V; is the result of a voltage division between 
the source impedance Zs and the line impedance Zo. 
The voltage at each time interval is the algebraic sum of 
the reflection voltages from the top to the specific 
diagonal line. For example, the voltage at 4T is 

V;(0)(1+pL+ PLPs+ PL2 Ps+ PL2 Ps2), (16) 

+ 
Vs 

12.sn 

1V 

ps = 12.s - so = _0_6 
12.S +so 

V; (0) = 0.8 V 0 

V; (2T) = 1.2-0.8•0.3 
= 0.96 

V; (4T) = 0.84 + 0.8 • 0.09 
= 0.912 

V; (6T) = 0.948 - 0.8 • 0.027 
= 0.926 

son 

where: ps is the reflection coefficient at the source, 

and PL is the reflection coefficient at the load. 

Figure Sa is a numerical example of the lattice diagram; 
note that V; and VL eventually reach the same steady­
state voltage, as shown in figures Sb and Sc. 

RL = 1SOQ 

= 
1SO-SO 

PL = 1 SO + so = o.s 

T VL (T) = 0.8 (1 + O.S) 
= 1.2 

3T VL(3T) = 0.96 - 0.8 • 0.1S 
= 0.84 

ST VL (ST) = 0.912 + 0.8 • 0.045 
= 0.948 

14103--00SA 

Figure Sa. Numerical Example of Lattice Diagram 

V; 

1.0 

0.9 

0.8 

0 2T 4T 6T 

Figure Sb. Voltage at V1 

14103--00?A 

1.3 

1.0 

0.9 

T 3T ST 
14103--00SA 

Figure Sc. Voltage at VL 

6·12S 



Tennlnatlng High-Speed PAL De\tlces 

Only the transmission line effects that cause severe 
overshoot or undershoot need to be addressed. The 
rest, as long as they do not degrade the signal or 
interfere with data transmission, can be ignored. 

The terms "overshoot" and "undershoot" are often used 
in different ways by different people. For this discussion, 
overshoot is defined as a transient voltage that is 
outside the expected steady-state logic-HIGH to logic­
LOW range; that is, a signal transition that passes, or 
overshoots, its destination. This can happen on a rising 
edge or a falling edge. Undershoot is a transient voltage 
that is inside the expected steady-state logic-HIGH to 
logic-LOW range. Undershoot normally follows over­
shoot as the signal tries to stabilize itself, over corrects, 
and crosses over its destination in the other direction. 

The degree of overshoot depends on the ratio of the 
edge speed of the driving gate, IR, to the propagation 
delay of the line, t. Empirical results show that small 
changes in the !Alt ratio or the decrease in length of the 
transmission line can cause a significant change in 
overshoot. Table 1 provides the percent overshoot 
corresponding to various tR/t ratios in a system<2> with 
Ro= 5 n, RL = 4.6 kn, and Zo = 75 n. This ratio is directly 
proportional to the edge speed and inversely propor­
tional to the length of the transmission line. Therefore, 
the faster PAL device families require shorter line 
lengths to provide the same IR:t ratio as the slower 
families, which can have relatively longer line lengths. 

The tolerable amount of overshoot varies with the type 
of device being driven. Conservatively, let us assume 
that less than 25% is tolerable for typical TTL devices. 
Then, from table 1, a design with edge rate four times 
the transmission line propagation delay tpo is consid­
ered to be a reliable design. In addition, such bus 
standards as the EIA Standard RS 4221232 Bus require 
a 4-to-1 ratio of edge rate to line propagation delay. 

As we saw in equation (3), the intrinsic capacitance Co 
and inductance Lo determine the speed of signal 

Overshoot 

% overshoot at 
IR: t the end of loaded line 

1 :1 87% 

2: 1 63% 

3: 1 30% 

4: 1 100.4 

6: 1 5% 

8: 1 () 

Table 1. % Overshoot due to 
Transmission Line Effects 

transmission on an unloaded line. For a loaded line, the 
distributed capacitance Cd, which is calculated by 
adding the input capacitances of all the receiving gates, 
must be included in the propagation-delay calculation. 

!po' s ../Lo (Co+Cd) = tpoJ(1 + ~ ) . (17) 

Therefore, the signal propagation down the line is 
delayed by a factor of 

J(1 + ~~ ) . (18) 

Terminating Transmission Lines 

As we have seen, faster signal edge rates can be 
accommodated most easily by shortening line length to 
keep the !Alt ratio at 4:1 or greater. If lines cannot be 
shortened enough to provide this ratio, termination 
techniques must be used to reduce the impedance 
mismatches. Without proper termination, severe under­
shoot or overshoot may violate the system . noise 
margins, cause unexpected device behavior, or dam­
age the device. 

Steady-state HIGH 

Steady-state LOW 

14103-009A 

Figure 6. Overshoot and Undershoot Terminology 
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Zo 

14103---010A 

Figure 7a. Lumped Load Termination 

V1 V2 R1 

TTL, CMOS 5V GND 2Zo 

ECL GND -5.2 v 1.63 Zo 

Figure 7b. Resistor Values 
for Different Logic Families 

R2 

2Zo 

2.60 Zo 

There are several different ways of terminating trans­
mission lines. The two most efficient and most widely 
used schemes are parallel and serial termination. 

Parallel Termination 

Parallel termination is used for driving lumped loads or 
high-speed circuits. Using this technique, the Thevenin 
equivalent of terminating resistors R1 and R2 should be 
the same as the line impedance. A typical parallel 
termination scheme is shown in figure ?a. Resistor 
values for different logic families are given in figure ?b. 
Daisy-chained routing is suggested for pc design to 
reduce complicated multi-level reflections. In this exam­
ple, fanout equals three, and parallel resistors are 
inserted on the last gate input or at the end of the daisy 
chain. Fanout is limited by the current that driving gate 
Go can sink from the input gates G, - G3. 

The parallel-termination technique in figure ?a uses 
dual resistors and a single power supply. It is possible to 
use a single resistor with a Thevenin equivalent of the 
two resistors. This would require a second power supply 
which is usually not available, and therefore would be 
costly. 

Parallel termination is also used for driving distributed 
loads, but the termination resistor values are deter­
mined by calculating an impedance adjustment. The 
adjusted impedance, which is usually different from the 
intrinsic line impedance, depends on the load distribu­
tion along the transmission line, and determines the 
value of the termination resistors. 

Figure 8 shows a 12-inch 64-Q microstrip transmission 
line with a distributed fanout of 3. Each load has an input 
capacitance of 6 pF. 

With a lumped load and receiving gates grouped in a 
daisy chain at the end of the transmission line as in 
figure ?a, R, and R2 should be equal to 64 n x 2 = 128 n. 
However, with a distributed load, an adjusted line 
impedance Zo' must be calculated. For a microstrip line 
with er = 4.7, the propagation delay is 1.77 ns/ft.; 
therefore, the adjusted line impedance for the example 
is calculated as follows. 

Since 

C tpo 1 · 77 nslft = 2.30 pF /inch, o=To= 64n (19) 

hence, 

_ 6 pF x 3 _ F. 
Cd - 12 in - 1.5 p /inch. (20) 

Therefore, 

lo'= Zo = 64n 

~ J1+~:~ 
= 49.s n. 

(21) 

In this case, R1 = R2 = 2 Zo' = 100 n (approximately). 

5V 

= 

14103---01 lA 

Figure 8. Distributed Loads with Parallel Termination 
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Serial Termination 

A series resistor Rs is useful for dampening overshoot 
and ringing on longer lines. With serial termination, Rs 
plus the gate output impedance Ro should be equal to 
the line impedance Zo. Since this technique is quite 
straightforward and applicable to all logic families, most 
interconnections with uncontrollable line impedance 
(lines in conjunction with connectors, a circuit board 
layout without a ground plane, wire-wrapped connec­
tions, or lines associated with back plane) use this 
scheme. 

Serially-terminated lines display characteristic AC be­
havior as the signal switches. Figure 9a shows a simple 
circuit with a driving gate Go connected to gate G1 with a 
fanout of 1, via a transmission line with line impedance 
Zo. Presumably, as voltage VA changes from HIGH to 
LOW at time t1 (see figure 9b), Ve changes simultane­
ously, as follows: 

Zo 
A Ve - A VA Ro+ Rs+ Zo (22) 

Ro 

Since Rs is chosen such that Ro+ Rs= Zo. equation (22) 
yields 

AVe a 1/2/:NA , (23) 

a 50% voltage drop. 

After the signal has traveled the length of the transmis­
sion line, it is reflected back at the impedance disconti­
nuity. In general, the input impedance of the load will be 
orders of magnitude greater than the line impedance. If 
we assume this, then from equation (15) we see that the 
reflection coefficient will be near unity; that is, the signal 
will be almost entirely reflected. Thus the indicant and 
reflected waves will combine to provide a low voltage at 
point C. 

As the reflected wave travels back up the transmission 
line, it eventually brings point B LOW. Since Ro= Rs, 
there is no impedance mismatch at the source, and the 
reflection is absorbed. This is confirmed by equation 
(15), which shows that the reflection coefficient is Oat 
the source. 

The reverse process occurs when the signal changes 
from LOW to HIGH, as shown in figure 9b. 

Zo c 

..-~~--tpo-------eot Ve 

14103-012A 

Figure 9a. Example of Serial Termination 

IPD tpo tpo tpo 
~ v 

I\ J 

Ve 

I 

Ve ' v 
~ Ji 

14103-013A 

Figure 9b. Voltage Waveforms of Serial Termination 
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Because of this behavior, loads cannot be distributed 
along the transmission line. They must all be lumped 
together at the end of the line. To compensate for the 
slower speed of the serial termination scheme with 
lumped loading at the end, one can add more transmis­
sion lines as shown in figure 10. Additional parallel 
transmission lines, with less fanout per line, provide 
more speed than a single transmission line with more 
fanout. However, the total fanout should never exceed 
the current-sinking capacity of the driving gate. 

The value of Rs is 

Rs-Zo-nRo, (24) 

where n is the number of parallel transmission lines. 
Note that this equation limits the number of parallel lines 
possible, since Rs will be negative if n is too large. 

Comparison Between Parallel and Serial 
Termination Schemes 

• Serial termination consumes less power than the 
single-power-supply parallel termination technique 
across the entire frequency spectrum. This is primar­
ily because series termination does not add a DC 
load to the drivers. 

• Parallel termination requires two resistors or one re­
sistor with two power supplies. Serial termination re­
quires one resistor per transmission line. 

• With series termination, distributed loading cannot 
be used along the line because of the 50% voltage 
drop discussed above. With parallel termination, the 
waveform is undistorted along the entire transmis­
sion line, so that the loads can be distributed any­
where along the line as long as the terminating 

Go 

# of transmission 
lines - n 

resistor values are adjusted. In either case, fanout is 
limited by the current-driving capability of the driving 
gate. 

• If a long line is required or if power consumption is a 
concern, serial termination can be more advanta­
geous. When speed is a main factor, parallel termi­
nation is better. Loading a long transmission line 
does not increase the tPO of the driving gate nor its 
edge rate. However, it does increase the line capaci­
tance, and consequently the line propagation delay. 
It has been proven(1l that delay time with loading in­
creases twice as much with series termination as 
with parallel termination. 

Board Layout Techniques for 
Transmission Lines 

Once the type of transmission line is determined, board 
layout becomes critical. The following guidelines will 
help keep signals clean. 

• Keep signal interconnections as short as possible to 
increase the tRl't ratio. 

• Provide a separate signal plane; at least one ground 
plane and one power plane are recommended. 

• Include a 0.1-µF decoupling capacitor as close as 
possible to the ground plane and the Vee pin on each 
high-speed logic device. 

• Provide both 0.1-µF ceramic high-frequency and 
100-µF electrolytic low-frequency filtering capacitors 
on the power inputs to the board. 

• Use wide line spacing between high-speed lines to 
avoid crosstalk. 

14103--014A 
Figure 10. Serial Termination with Multiple Transmission Lines 
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• Do not exceed maximum AC loading specifications, 
which include capacitive and current loading. 

• Avoid anything that might cause an impedance mis­
match on the line, such as sharp corners or disconti­
nuities on the conducting plane. 

• Such critical lines as edge-triggered signals or high­
current driving signals should be separated from or­
dinary level-sensitive signals. In addition, sensitive 
circuitry, such as a clock oscillator, should have a 
separate ground to minimize noise interference. 

CONCLUSION 

As logic speed increases, edge rates becomes sharper; 
however, transmission line speeds remain the same if 
loading is not changed. Therefore, to avoid increased 
ringing, the maximum line length must shrink. As a 
result, if a line longer than the maximum permissible line 

6-130 

length is required, proper termination must be provided. 
These careful design practices will ensure that your 
signals are clean, providing your system with better 
performance and reliability. 
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Ground Bounce 

INTRODUCTION 

The development of fast PAL® devices has increased 
the importance of analog considerations the digital de­
signer has been able to overlook in the past. One of 
these is ground bounce. Ground bounce refers to the 
ringing on an output signal when one or more outputs on 
the same device are being switched from HIGH to LOW. 
This ringing can be in excess of 3 V. The system cannot 
consider the data valid until the ringing settles to below 
the V1L of the receiving devices. The ringing in a fast de­
vice can last so long that a slower device with less 
ground bounce could actually be a faster solution. 

The phenomenon of ground bounce is associated with 
the inductance and resistance of the ground connection 
in the integrated circuit. As there is always some induc­
tance and resistance, ground bounce cannot be totally 
eliminated; however, it can be reduced to a level toler­
able to the system. 

This article will discuss the mechanism of ground 
bounce in CMOS circuitry and the utilization of slew-rate 
control used by AMO to keep ground bounce down to 
reasonable limits. 

Vee 

~ 

~ 

Figure 1. Simplified Schematic of an Output Driver 

Publication # Rev. Amendment Issue Date 
13090 A /0 1/90 

Mechanism 

Figure 1 shows a schematic of an output driver and load 
including parasitic elements. The load capacitor is 
charged to the HIGH-level voltage. When the transistor 
turns on, the capacitor discharges into the transistor and 
lead impedance. The resultant RLC circuit will have a 
damped ringing (Figure 2). The peak amplitude de­
pends on the edge rate of the switch and the RLC val­
ues, while the frequency of the ringing and the rate of 
decay depend only on the RLC values. 

The ringing caused by a single output switching is nor­
mally below the LOW-threshold voltage. However, the 
voltage at the ground pad of the device is proportional to 
the number of outputs switching simultaneously. In ad­
dition, the voltage at the ground pad is coupled to any 
LOW output through its output transistor. Therefore, if 
enough outputs switch, ringing on the ground pad will be 
coupled to LOW outputs, causing the detection of false 
HIGHS. 

Most PAL devices used today have relatively low output 
drive current: 16 mA or 24 mA. It is tempting to think that 
the low current level will somehow limit the switching en-

2.0V 

1.0 v 
0.5 v 

2.0V 
Quiescent 

Output 1.0 v 
0.5V 

13090-002A 

Figure 2. Ground Bounce 
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ergy and therefore ground bounce. Actually, even a low­
power transistor can pass a relatively large current. The 
transistor 1-V curve in Figure 3a shows that a MOS tran­
sistor designed for 16 mA at 0.5 V will pass 90 mA at 3.0 
V. Figure 3b shows the VII path when the outputtransis­
tor switches between HIGH and LOW. Notice that the 
transistor switches from3.5 Vat 0 mA to 3.0 Vat 90 mA. 
If eight outputs were to switch simultaneously, 90 mA X 
8, or 720 mA, would flow through the ground lead. 

This sudden current surge is actually self-limiting. As the 
ground-pad voltage rises due to the high current 
change, the internal Vos andthe available gate bias volt­
age are reduced, lowering the drive current. However, 
the ringing can still exceed 3 V. 

90 

lo(mA) 

16 

0.5 3.0 

Vos (Volts) 

3a. The DC Curve of an 
Output Driver Transistor 

5.0 

13090-003A 

Controlled Edge Rate 

The parameters that influence ground bounce are the 
inductances and resistances of the device, the capaci­
tance of the load, and the edge rate. Of these, the only 
one that the chip manufacturer can directly control is the 
edge rate. 

Turning on the output-driver transistor is equivalent to 
switching the charged load capacitor to ground. This 
can be represented by a step-voltage source in series 
with the capacitor (Figure 4a). Slowing down the rate 
that the output transistor can tum on changes the volt­
age source from a step to a ramp (Figure 4b). With a 

90 

lo(mA) 

16 

0.5 3.0 

Vos (Volts) 

5.0 

13090-004A 

3b. The Path Followed as the 
Transistor Switches between the 
HIGH and LOW Levels 

Figure 3. 
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4a. Equivalent Circuit of an Output Driver 
Transistor with a Capacitive Load 

Flgure4. 

4b. Output Driver Circuit 
with Slew-Rate Limiting 
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shallower slope, less energy is available for ringing and 
the ground-bounce amplitude is reduced. 

A Spice simulation (Figure 5) illustrates the effect. The 
device without risetime control will have a very high 
charging current with a large dVdt: 2.1 X 107 Ns. 
Risetime control reduces the dVdt about 25%. This will 
result in a corresponding reduction in the voltage that 
can develop across the ground inductance. 

AMO has a proprietary technique that slows the edge 
rate of the output transistor, thereby reducing the ampli­
tude of the ringing. Slowing down the fall time will add 
about a nanosecond to the output delay, but the system 
speed will still be greatly increased. On a high-capaci­
tance load, a non-edge-rate-controlled device could ring 
for more than 25 ns. The additional delay required to al­
low for the ringing would be intolerable. 

System Ground Bounce Solutions 

There are some things that the system designer can do 
to reduce the ground bounce to a tolerable level. 

1) Use AMO PAL devices that incorporate edge rate 
control. This the first line of defense against ground-

4 

3 

2 
VouT 
(Volts) 1 

-1 

-2 

bounce-related problems, and the most effective. 

2) Use shorter lead packages. The bonding wires in a 
PLCC are 1/4 the length of the ground bonding wire in a 
DIP. The inductance is reduced proportionally. Any re­
duction in inductance will reduce the amplitude of the 
ringing. 

Some devices have center power and ground pins. The 
ground pin will be substantially shorter and have a pro­
portionately reduced inductance. This will reduce the 
coupling between outputs. A good example is the 
PALCE26V12. 

3) Reduce capacitive loading. Capacitive loading in any 
system should be reduced as much as possible. This 
may involve consideration of the transmission line char­
acteristics of the layout. 

4) Limit the number of outputs switching simultaneously. 
If the load naturally has high-capacitance such as a bus 
or memory board would, ground bounce can be reduced 
by limiting the number of outputs that can switch simul­
taneously in a single device. Many system designers 
consider 4 to be an acceptable upper limit. 

60 

40 
1GNO 
(mA) 

20 

0 

Time (ns) 

13090-007A 

5a. Without Risetlme Control 

4 

3 

2 
VouT 
(Volts) 1 

-1 

-2 

60 

40 
1GND 
(mA) 

20 

0 

5b. With Risetlme Control 

Figure 5. Effect of Rlsetlme Control 
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Metastability 

INTRODUCTION 

A significant number of digital systems must deal with in­
puts not synchronized to their own internal clocks. 
These asynchronous signals can arise from any of the 
various asynchronous protocols, such as are often used 
in bus designs: they can be the result of trying to share 
signals from systems with different clocks; or they may 
be the response of a system user, who is of course not 
synchronized with the system. The result can be metas­
tability, a problem which can plague unwary designers. 
It is not a newly discovered phenomenon, but is nor­
mally dealt with somewhat qualitatively, and, unfortu­
nately, is usually ignored as much as possible. 

Causes of Metastability 

The flip-flop setup time is the parameter that is most 
often at the root of metastability. The setup time is basi­
cally a requirement that data be made available at the 
input to the flip-flop before the clock signal arrives. The 
data must not only be there, but must also be stable. 

Ina PAL® device, the use of an array for the data adds to 
the setup time. The data passes through the array on its 
way to the flip-flop (Figure 1). The clock signal, on the 
other hand, goes directly from the clock pin to the flip­
flop. Its path is much shorter than the data path. The 
setup time is therefore essentially a requirement that the 
data signal must be given more time to get to the flip-flop 
before the clock signal. 

If the published setup time is satisfied, the data arrives at 
the flip-flop well before the clock, and the output to the 
flip-flop will change as desired (Figure 2). If the setup 
time is violated, then no guarantee can be made about 
what the output will do. The output may be normal, since 
the published setup time is a worst-case number. How­
ever, ii the timing between the clock and data is just 
right, the output will be unstable for some time before it 

a 

Buffer 

Figure 1. The clock and data paths In a 
PAL device 

Publication # Rev. Amendment Issue Date 

14104 A to 1/90 
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Data 

ts 

Clock 

Outputs 

Figure 2. Output response when the setup time is 
satisfied 

Data 

Clock 

-------'~ 
Outputs-------------~f\Nvl. 

Figure 3. Possible output response when the 
setup time Is violated 

settles into some state. Neither the time the output re­
mains unstable nor the final state is predictable (Figure 
3). This condition is metastability. 

Ways of Dealing with Metastability 

The most common way of dealing with this problem is to 
synchronize the inputs with an extra flip-flop (Figure 4). 
If the first flip-flop goes metastable, hopefully the delay 
between clock pulses will allow the ringing to die down 
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Metastability 

Extra Flip-Flop for Synchronization 

D a D a 

a ~ a 

Figure 4. Dual synchronizer 

before clocking into the next flip-flop. This improves the 
chances of having good data in the second flip-flop. 

This method is not without its costs. Each extra stage of 
flip-flop means an extra clock delay of the data which 
must be absorbed by the system. Moreover it is not fool­
proof. The possibility of metastability is reduced, but not 
eliminated. A flip-flop can go metastable if the preceding 
stage does not recover quickly enough. 

The best way to avoid metastability is to avoid synchro­
nization when possible. Many applications, such as bus 
arbitration schemes, use synchronization not because 
synchronization itseH is necessary, but because until 
now it has provided the only convenient way to store 
data. This unfortunately takes a system that is inherently 
asynchronous and adds some synchronizing elements 
in the middle. If some way could be found to eliminate 
the synchronizing clock, the setup time would be elimi­
nated, taking with it the major cause of metastability. 

The PAL221P6 

To help designers avoid unnecessary synchronization, 
AMO has developed the Interface Protocol Asynchro­
nous Cell™ (IPAC) PAL device: the PAL221P6. The key 
to the IPAC device lies in the edge-triggered S-R and 
2-T flip-flop macrocells. With the S-R flip-flop (Figure 5), 
the output goes true on the rising edge of the S input and 
false on the rising edge of the of the R input. With the 2-T 
flip-flop (Figure 6), the output toggles on the rising edge 
of either T input; the T inputs are completely independ­
ent. For both flip-flop types, the major implication is that 
the need for a clock has been eliminated - since the 
output is triggered by the rising edge of the data, the 
data itseH has become the clock. Therefore this device 
has no setup time. 

The benefits of the I PAC device can be demonstrated by 
a simple interface design. A microprocessor generates 
a chip select signal (CSL) which is converted to a periph­
eral request (REQL). REQL is removed when the pe­
ripheral responds with a grant signal (GRANTL). The 
conventional approach is to register REOL. The device 
could go metastable either because of CSL orGRANTL, 
since both are asynchronous (Figure 7). 

iP------..i 
P1-L>+-+-

P9 

AC"-----<1 

10483A-401 

Figure 5. Edge-triggered S-R macrocell 

OE-t:::>-------------------. 

AP------.1 
P1 --1>+-+-

pg~~~ 

AC"-----<1 

i, ...... ,., ...... , ......... ,,., ............. ,",! 
I I 

! 

10483A-354 

Figure 6. Edge-triggered 2· T macrocell 

CSL 
REQL 
ARBITER 
GRANn 

10483A-358B 
Figure 7. Interface design: conventional solution 

CSL 

S a------1 REOL 
Arbiter 

R GRAN TL 

Figure 8. Interface design: the IPAC 
device solutfon 
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With the IPAC device, REOL is generated at the falling 
edge of CSL and removed at the falling edge of 
GRANTL. This is done using only one S-R flip-flop. Be­
cause S and R are in essence their own clock inputs, 
there is no possibility of metastability (Figure 8). In addi­
tion, since no intervening synchronizing stage is 
needed, a clock cycle delay has been eliminated. 

Summary 

Metastability can occur in a number of different kinds of 
asynchronous systems, usually due to the inability to 
guarantee that the setup time of the flip-flops will be sat­
isfied. In standard synchronous systems, where the 
setup time (along with all qther timing requirements) is 
specifically designed in, metastability will never be a 
problem. 
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In some situations, metastability is caused by the need 
to interface systems with different clocks. In this case, it 
will never be possible to completely eliminate the possi­
bility of metastability. Instead, the designer must take 
steps to reduce the probability of a system failure due to 
metastability. 

In other systems, however, signal storage is necessary, 
but synchronization is not. In this kind of design, the 
cause of metastability can be eliminated by using the 
PAL221P6, which provides edge-triggered S-R and 2-T 
flip-flops. Because these flip-flops have no separate 
clocks, there is no setup time, and the major source of 
metastability has been eliminated. 



Latch up 

Latchup Circuit 

Latch up is caused by an SCR (Silicon Controlled Rectifier) circuit. 
Fabrication of CMOS integrated circuits with bulk silicon process­
ing creates a parasitic SCR structure. The behavior of this SCA 
is similar in principle to a true SCR. These structures result from 
the multiple diffusions needed for the formation of complemen­
tary MOS transistors in CMOS processing. The SCR structure 
consists of a four layer device formed by diffused PNPN regions. 
These four layers create parasitic bipolar transistors illustrated in 
Figure 1. 
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Figure 1 

Figure 2a shows a typical CMOS inverter layout with the sche­
matic of the parasitic bipolar SCR structure. Figure 2b is a cross 
sectional representation of the CMOS inverter, again with the 
schematic of the bipolar SCR structure. 
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Latchup 

Any CMOS diffusion can become part of the parasitic SCR 
structure, since all of these parts are interconnected through the 
bulk silicon substrate resistance. Other parasitic resistors shown 
result from doped regions of the semiconductor. The magnitude 
to which the resistors resist current flow depends upon geometric 
size and doping level. 

As illustrated in Figure 1, the complementary PNP and NPN 
transistors are cross-coupled, having common base-collector 
regions. The vertical PNP device, M1, has its base composed of 
the N-well diffusion while the emitter and collector are formed 
from P-type source-drain and substrate regions, respectively. 
The lateral bipolar transistor, M2, base is the P substrate with 
emitter and collector junctions formed from N-type source-drain 
and N-well diffusions, respectively. 

Latchup Conditions 

Under normal bias conditions the SCR conducts only leakage 
current and the SCR structure is in the blocking state. However, 
as current flows across any of the parasitic resistors, a voltage 
drop is developed, turning on the parasitic bipolar base-emitter 
junction. The forward bias condition of this junction allows 
collector current to flow in the bipolar transistor. This collector 
current flows across the base-emitter resistor of the complemen­
tary bipolar transistor, creating a voltage sufficient to turn on the 
transistor. 

A regenerative loop is now created between the complementary 
bipolar transistors such that current conduction becomes seH­
sustaining. Even after removal of the stimulus that triggered this 
action, the current conduction can continue. This region of 
operation is a high-current, low-resistance condition characteris­
tic of a four layer PNPN structure. This is referred to as latchup. 
Once initiated, the excessive latchup current can permanently 
damage an integrated circuit by fusing metal lines or destroying 
junctions. 
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Figure 3 
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Causes Of Latchup 

Latchup may be initiated in numerous ways. Just the critical 
causes frequently encountered in ·a system environment will be 
discussed. These include power up, supply overvoltage, and 
overshoot/undershoot at device pins. 

Power-Up 

Caution must be exercised when powering up CMOS ICs to avoid 
driving device pins before the supply voltage has been applied to 
the circuit. Placing a device or board in a "hot socket" will create 
this situation. When subjected to hot socket insertion, voltage 
conditions at the device pins are uncertain such that the input 
diodes may be forward biased. Forward biasing the input diodes 
with a delayed or uncontrolled application of V cc could cause the 
device to latch up. Advanced Micro Devices' CMOS circuits have 
substantial immunity to hot-socket power up, but since this con­
dition is uncertain, and difficult to characterize, test, and guaran­
tee, it should be avoided. 

Supply Overvoltage 

Supply levels exceeding the absolute maximum rating can cause 
a CMOS circuit to latch up. Elevated supply voltage may cause 
internal junctions to break down, producing substrate current 
capable of triggering latch up. Latchup is just one of the reasons 
overvoltage should be avoided; other undesirable effects may 
result from this. 

Overshoot/Undershoot 

Generally the 1/0 pins experience the noisiest electrical environ­
ment. Fast switching signals with a large capacitive load may 
overshoot, creating a transient forward bias condition at the 1/0 
junction. These junction diodes are illustrated in Figures 3 and 4. 
Typically this is where latchup is most likely to be induced. Proper 
design of the input and output buffers is essential to minimize the 
risk of latch up due to overshoot. 
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Latchup 

Testing For Latchup 

Advanced Micro Devices characterizes the latch up sensitivity of 
its devices before they are released to the market. Testing is done 
in such a way as to completely cover every possible latchup 
condition, including Vee overvoltage, pin overcurrent, and pin 
overvoltage. 

V cc Overvoltage Test 

The V cc overvoltage test is applied to all power (V eel pins. The 
test is performed at the highest guaranteed operating tempera­
ture of the device. All inputs and I/Os acting as inputs are tied to 
ground or V cc depending on the device logic, and outputs and II 
Os acting as outputs are floating (open). 

V cc max is applied to the V c<;: pin. A positive high voltage pulse 
is then applied to the V cc pin and returned to V cc max. The 
occurence of latch up is detected if the voltage across the device 
is less than V cc max, and the currentthrough the device is greater 
than the normal DC operating current. 

Pin Overcurrent Test 

The pin overcurrenttest is performed on every output, 1/0 pin, and 
non-current-limited input pin. Non-current-limited inputs are 
inputs which present a diode-like (or otherwise "infinite") current 
characteristic for input voltages in the range (GND - 5 V) <Vin < 
(Vee+ 5 V). 

The pin overcurrent test is performed at the highest guaranteed 
operating temperature of the device. Input pins and 1/0 pins 
acting as inputs (which are not under test) are tied to ground or 

V cc depending on the device logic, and outputs and I/Os acting 
as outputs should be floating (open). V cc max is applied to the 
Vee pin. 

One pin is tested at a time. A three-state output under test should 
be disabled. A non-three-state output type under test should be 
a logic High when applying a positive current and a logic Low 
when applying a negative current. An 1/0 pin should be placed 
into the input mode. 

A high current pulse is then applied to the pin under test. The 
magnitude of the pulse is stepped until latchup is induced. Both 
positive and negative currents are tested. Latch up is observed as 
described previously. The sensitivity of the device is the worst 
case sensitivity found on any pin of the device. 

Pin Overvoltage Test 

The pin overvoltage test is performed on current-limited inputs. 
Current-limited inputs are inputs which present a resistor-like (or 
otherwise "limited") current characteristic for input voltages in the 
range (GND - 5 V) < Vin < (V cc + 5 V). 

The pin overvoltage test is performed at the highest guaranteed 
operating temperature of the device. Input pins and 1/0 pins 
acting as inputs (which are not under test) are tied to ground or 
Vee depending on the device logic, and outputs and I/Os acting 
as outputs are floating (open). V cc max is applied to the V cc pin. 

One pin is tested at a lime. Both positive and negative voltage 
pulses are applied to the pin under test. Latchup is observed as 
described previously. The sensitivity of the device is the worst­
case sensitivity found on any pin of the device. 
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Oxide-Isolated Bipolar Technology 

IMOX™ PRODUCT TECHNOLOGY AND 
RELIABILITY 

In order to meet the next generation requirements for speed and 
density in PAL devices, an advanced bipolar technology has been 
developed called IMOX-111. Although IMOX-111 represents a major 
breakthrough which will allow further scaling to the sub-micron 
region, the technology also shares many features in common with 
prior generations of technology, IMOX-11 and IMOX-llS. 

The revolutionary breakthrough of IMOX-111 is the use of reactive­
ion-etched grooves, called slots, to isolate the transistors. These 
slots are 1.5 microns wide, over6 microns deep, and are filled with 
dielectric material (Figure 1 ). Because the transistors are not 
isolated by junctions, space for depletion spreading is not neces­
sary. Also, since the slots are etched anisotropically, thicker EPI 
layers can be isolated without increasing the isolation widths. Es­
sentially, no density penalty is paid to achieve high breakdown 
voltages. Higher breakdown voltages are needed to support the 
programming voltages required to program fuses in bipolar PAL 
devices. 

Smaller device sizes translate into faster circuits through smaller 
die sizes and reduced capacitances of active devices and metal 
interconnect. Another advantage of the slot isolation is reduced 
collector to substrate capacitance, which offers improved per­
formance in many circuit configurations. 

Overall, the IMOX-111 process is a major step forward from 
IMOX-llS. In addition to the slot isolation, stepper lithography and 

dry metal and via etching have been implemented, resulting in a 
dramatic reduction in device sizes. The slot isolation allows the 
silicon pitch to be reduced by one-third. The steppers and plasma 
metal etching allow the metal pitch to be shrunk by one-third also. 
Furthermore, the IMOX-111 process was designed with a 20% 
shrink in mind. This scaling can be accomplished simply by 
shrinking the masks. 

The IMOX-111 process shares many familiar features with its 
predecessor, IMOX-llS. Oxide-walled bases and emitters are 
used to reduce the size and parasitic capacitances of transistors. 
Ion implanted emitters and bases are used to achieve the profile 
control necessary for high performance transistors. The reliability 
of the transistor structure used in IMOX-111 has been proven over 
millions of hours of high-temperature tests on products that use 
IMOX-11 and IMOX-llS processes. 

Another key feature familiar to users of older generation IMOX 
PAL devices is the fuse technology. IMOX-111 uses platinum 
silicide fuses, identical to the fuse technology used on older 
generation IMOX PAL devices. Programming yields are the 
highest possible, and programming times are extremely short 
(about 300 ns). 

The IMOX-111 technology also features two levels of metallization, 
as does IMOX-11 and IMOX-llS. However, with IMOX-111 technol­
ogy, both layers are stepper-defined and plasma-etched. 

IMOX-111 technology will enable third and fourth generations of 
PAL devices that will be significantly faster and more complex 
than the currant devices. It will also reduce the cost of the new 
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Figure 1. Slot Isolation 
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Oxide-Isolated Bipolar Technology 

devices by significantly reducing die sizes or allowing more 
features to be added without increasing present die sizes. Faster 
and more complex PAL devices will permit system designers to 
build advanced computers, communications systems and instru­

mentation systems at a much lower cost. 

IMOX Product Reliability 

IMOX bipolar Programmable Array Logic (PAL) devices are 
based on two key technologies with many years of high volume 
production experience behind them. 

1. IMOX-The basic process technology employed is IMOX, an 
advanced ion-implanted, oxide-isolated structure. IMOX 
provides very high performance devices with predictable 
manufacturing yields. It has accumulated many millions of 
hours of life test history through its application to the Am27S 
series of PRO Ms and the Am2900 family of bipolar m icropro­
cessors. 

2. Platinum-silicide fuses-This fuse stn.rcture was originally 
developed for use on junction-isolated PROMs. It quickly 
established a standard of excellence for high programming 
yields and long-term reliability. Several years ago it was 
applied to a new generation of ultra high performance PROMs 
based on the IMOX process. 

This combination of IMOX and platinum-silicide fuses has an 
outstanding record of reliability which has been verified repeat­
edly through in-house life testing and by high-reliability customer 
qualification testing and system use. 

IMOX PAL devices are fabricated with this same combined 
process technology. Not only is the technology for building PAL 
devices and PROMs the same, but also the programming algo­
rithm and programming circuitry used to program the platinum­
silicide fuses are the same in all characteristics of importance. 
The result is thatthe conditions seen by an IMOX PAL device fuse 
are the same as those seen by an IMOX PROM fuse. 

Due to the common process technology, fuse design and fuse 
programming circuitry design, reliability and programming yield 
results are expected to be the same for PAL devices and PROMs. 
Data accumulated to date on PAL devices confirms this 
expectation. 

This report describes the characteristics of the platinum-silicide 
fuse and programming conditions for the fuse, along with a 
description of the ongoing reliability monitor program. 

7.4 

Platinum-Silicide Fuse 

Fusing Technique 

IMOX PAL circuits are designed to use a programming algorithm 
which minimizes the requirements on the programmer yet allows 
the circuit to program the platinum silicide links quickly and 
reliably. 

The sequence of events to program a fuse are: 

1. V cc power is applied to the chip. 

2. The address of the fuse to be programmed is selected by TTL 
levels on the appropriate address pins. 

3. The outputs are disabled. (Pin 1 serves this purpose on PAL 
devices). 

4. The programming voltage is then applied to one output. 

5. A fuse enable is accomplished by raising an input to a level 
above normal TTL operating voltage. (Pin 11 is used for this 
on PAL devices.) This action gates the current flow through 
the proper fuse, resulting in an open fuse in a few microsec­
onds. 

6. The output programming voltage is lowered and then re­
moved. 

7. The device is enabled and clocked ii required. The output 
state then indicates whether successful programming has 
occurred. If programming has not occurred a sequence of 
much longer pulses is applied until programming occurs. 

8. The sequence of 2th rough 7 is repeated for each bit that must 
be programmed. 

There are several advantages to this technique. First, the two 
high current power sources, VCC and the voltage applied to the 
output, do not have critical timing requirements. As the program­
ming current is gated through the fuse actively, there is no 
dependence on the rise rate of the programming voltage. A fast 
application of programming current is desirable for optimum 
programming. Since the output programming voltage does not 
have to be applied rapidly, breakdown and latchback problems 
attributed to fast voltage rise times on the output are avoided. 

This programming procedure has a second major advantage. If 
the fuse does not open during the first programming pulse, longer 
programming pulses are used. With the platinum-silicide fuse, 
long programming pulses may be safely applied with no danger 
of developing a reliability problem. The algorithm can therefore 
be designed to minimize the time required to program by using a 
fast first pulse followed by a longer pulse if needed to program the 
occasional fuse that does not open with the first short pulse. Most 
devices do program satisfactorily with all short pulses. 
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Fuse Characteristics 

When a fast (less than 500 ns rise time) current pulse is applied 
to a fuse, the fuse voltage rises abruptly to a value determined by 
the room temperature resistance. However, it then quickly falls to 
a value of approximately 2 V. This value is nearly independent of 
the applied current. During the period of time the fuse is molten, 
the fuse current drops very abruptly to zero indicating the 
separation of the platinum-silicide into two distinct sections. 

Scanning Electron Microscope photographs of the resulting fuses 
(Figure 2) indicate that the typical case is asharpclean separation 
in excess of a micron. This separation occurs in the center of the 
fuse because the "bow-tie" structure (Figure 3) concentrates the 
energy density in the center away from the aluminum intercon­
nect lines. The energy density in the center of the fuse creates 
temperatures substantially greater than those required to melt the 
silicide. Melted material is then "wicked" from the center of the 
fuse to either side due to surface tension. 

Unprogrammed Fuse 

Programmed Fuse 
Figure 2. Scanning Electron Microscope Photo-Unprogrammed and Programmed Fuses 
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Figure 3. Bow-Tie Fuse Design 

Reliability Testing Data 

Data on the reliability of PAL and PROM devices with platinum­
silicide fuses is gathered via the Reliability Monitor Program 
(RMP). The RMP is an ongoing program conducted on all device 
types across all product lines, and is designed to ensure that all 
IMOX devices meet acceptable reliability levels. A summary of 
the RMP tests for hermetic and plastic molded packages are 
shown in Tables 1 and 2. 

TYPICAL 
SAMPLE 

TEST CONDITIONS SIZE 

160 hours at 125°C 
Infant ambient. Initial and 300 
Mortality end-point electrical 

tests. 

1000 hrs (1160 total) 
Operating at 12s0 c ambient. 120 
Life Initial and end-point 

electrical tests. 

1 ooo cycles, (-65°C to 
Temperature 150°C), 30 min/cycle. 
Cycle End-point-hermeticity so· 

and electrical tests. 

1so0 c 1 ooo hours at 150°C 
Operating ambient. 50 
Cycle Initial and end-point 

electrical tests. 

• These units are hermetically tested prior to commencement of 
test. 

Table 1. Reliability Monitor Program for Devices in 
Hermetic Packages 

7·6 

Data on IMOX PAL and PROM devices has been gathered over 
millions of device hours and more than 40 billion fuse hours of 
high temperature operating life tests (HTOL). The life test circuits 
used in this work conform to MIL-STD-883 method 1005 condi­
tions C and D. This data indicates a projected unit failure rate (at 
60% confidence) of 0.0002%/1 ooo hrs. at 70°C. 

Results of the IMOX AMP are updated periodically and can be 
obtained through inquiry to any of the Sales Offices listed in the 
back of this handbook. 

TYPICAL 
SAMPLE 

TEST CONDITIONS SIZE 

160 hours at 125°C or 
Infant 0s0 c ambient (Tj <150°C 
Mortality nominal). Initial and 300 

end-point electrical tests. 

1000 hrs ( 1160 total) 
Operating @ 12s0 c or 85°C ambient 
Life (Tj <150°C, nominal). 120 

Initial & end-point 
electrical tests. 

85°C/85% RH/low power 
Temperature bias, 500 hours and 
And 1000 hrs. 50 
Humidity Initial, interim, and 

end-point electrical tests. 

Temperature 1 ooo cycles: -65°C 
Cycle to 150°C, 30 minutes/ 50 

cycle. High temperature 
(75°C min) functional 
end-point electrical test. 

Pressure 121°c, 15 psi, 160 
I Cooker hours, unbiased, initial 50 

I end-point electrical test. 

Table 2. Reliability Monitor Program for Devices In Molded 
Packages 
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MONOX 3™ OXIDE-ISOLATED PROCESS 

The MONOX 3 process is an evolution of the junction-isolated 
process used in the popular 15 nanosecond PAL family. The 15 
ns PAL device process is a shallow-junction, ion-implanted, 
diffused isolation technology. 

When the time came to advance PAL device speed through 
improved process technology, the decision was made to evolve 
from and benefit from the proven reliability, simplicity, and manu­
facturability of the 15 ns PAL device process. Only fully recessed 
oxide isolation and stepper design rules were to be added for the 
new technology. The fully recessed oxide isolation technology to 
be used had already been proven in earlier processes. 

MONOX 3 Process Description 

The unique feature of MONOX 3 is the isolation structure (patent 
pending) which combines the best features of fully recessed 
oxide isolation (FULROX) and diffused isolation, while maintain­
ing a very dense structure. The advantages of FULROX, low 
capacitance and high density, are well known to the industry. 

Diffused isolation has an important advantage for transistors that 
are driven hard into saturation, as in the case where minimum size 
array transistors are used to program fuses in PAL devices. In this 
case, substantial current is injected into the substrate, and this 
may adversely affect nearby circuitry. While this substrate injec­
tion can be reduced in FULROX, it has an adverse effect on ca­
pacitance and perhaps density. 

In MONOX 3, the diffused portion of the isolation acts as an ex­
cellent substrate contact and as a sink for the injected substrate 
current. This permits the FULROX to be optimized both for 
density and for low capacitance, lower than is typical for industry­
standard oxide isolation. The typical density disadvantages of 
diffused isolation are minimized by containing the diffusion within 
the FULROX. This isolation structure results in a die that is 

- <:!URIED LAYER 
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MONOX 3 Isolation 

substantially smaller than some trench-isolated products, and 
that has lower capacitance than other oxide-isolated products. 

Other features of the MONOX 3 process are: 

Fully ion implanted except for buried layer-This permits 
excellent control of the layers for a consistent product, and 
permits a base width of 2000A which yields a cutoff frequency 
11 of 4.3 gigaHertz. 

High-pressure oxidation-This is used for the recessed isola­
tion to minimize process temperature and crystal defects. 

Oxide walling all devices-This eliminates potential leakage 
paths that might cause reliability problems. 

Planarization of the isolation "bird's head" shape-This im­
proves lithography and metal step coverage. 

N+ and P+ sink diffusions-These lower parasitic resistances. 

Dry (plasma) etch-This improves control and density of most 
layers including metal. 

Platinum silicide Schottky diodes-These prevent saturation of 
the logic transistors for improved speed. 

Titanium Tungsten fuses-These are simple and reliable. 

Double layer metal, with intermetal planarization-The first 
metal pitch is 4.5 microns and the second layer metal pitch is 
6.0 microns. 

Stepper lithography with 1.5 micron minimum design rules 
(1.3 micron fuses)-This not only makes the die more compact, 
but significantly improves the fuse programming (see next 
section). 

CHANNEL STOP 

14106-004A 

Typical Oxide Isolation 
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MONOX 3 Fuse Technology 

The fuse technology in MONOX 3 is Titanium Tungsten (TiW). 
This fuse technology has been used for years in millions of chips 
that have proven to bethe industry's most reliable programmable 
logic parts. 

In MONOX 3 the fuses are further enhanced by using stepper 
lithography to print them 1.3 microns wide. This significantly 
lowers the programming current from 70 milliamps to 35 mil­
liamps maximum. A lower programming current means less 

power and heat are needed, leading to increased reliabillty and a 
denser chip design. 

MONOX 3 Summary 

In conclusion, MONOX 3 was designed to be and is both high­
performance and simple. Only thirteen masking layers, two 
diffusion cycles, and four oxidation cycles are used. This yields 
a process that competes with, and out-performs, other currently 
available programmable logic technologies. The relatively few 
steps needed to manufacture MONOX 3 devices mean fewer po­
tential problems and increased reliability. 
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PRODUCT TEST ABILITY 

Thorough testing of programmable logic devices by the manufac­
turer is important to both the performance of programmable logic 
and its cost of use. 

Field programmable logic devices are different from other semi­
conductor products in that the user must complete the manufac­
turing process by programming and functionally testing the parts. 

Programming is normally accomplished on commercially avail­
able programming equipment. Functional testing may be per­
formed on a programmer, on automatic test equipment or at the 
board or system level. Figure 4 illustrates where device failure 
detection can occur. Clearly, the cost implications of failure 
become more serious with each advancing step. 

DESIGN 
SOFTWARE 

PROGRAMMING 
REJECT 

AC, DC, OR 
FUNCTIONAL 

REJECT 

PERFORMANCE 
REJECT 

PERFORMANCE 
REJECT 

ON-SITE PERFORMANCE 
OPERATION REJECT 

Figure 4. 
14106-00?A 

As a result of assuming the responsibility of programming and 
test, the user gains all the benefits of a custom function with the 
cost and availability advantages of a standard product. However, 
the user must also deal with those parts that do not program suc­
cessfully or do not function to advertised specifications after 
programming. 

Testing before shipping can make a difference to the user in: 

1. Programming yield 
2. Post-programming functional yield (PPFY) 
3. Uniformity of performance 

This paper describes the techniques used on IMOX process PAL 
devices to allow testing of these three important attributes on 
every device before shipment to the user. 

Programming Yield 

Programming yield is the measure of the success of the program­
ming operation. large volume users of programmable logic keep 
records of the programming yield history of their suppliers' parts. 
Programming yield is considered by these users to be an impor­
tant element in judging the overall suitability of different 
suppliers' parts. 

Post-Programming Functional Yield 

Experienced PROM and EPROM users are sometimes puzzled 
by the fact that not all programmable logic devices function 
correctly even though they have successfully completed a pro­
gramming operation and fuse verification check. 

With PROMs, a one-for-one relationship exists between address 
states and programming elements (which can be fuses, floating 
gate MOS devices, open-base NPN transistors, etc.) That is, the 
state of each output for each address is dependent on the 
condition of only one fuse. Sensing a desired fuse state after 
programming therefore practically guarantees correct functional 
operation (at least at the voltage and temperature conditions of 
the programming operation). 

With programmable logic devices the relationship between pro­
gramming success and post-programming functionality is not 
one-for-one. Except for the simplest of patterns and devices, the 
relationship is highly complex. Feedback buffers allow the crea­
tion of more than one level of logic; latches, counters, shift 
registers, and even oscillators can be created. Special fuse 
functions such as polarity control, output enables, register/com­
binatorial path selection and buried registers complicate the 
relationship further. 

This is the power of programmable logic-but the testing chal-
lenge that results from this versatility can be substantial. Logic E 
states for programmable logic devices can depend on multiple 
fuses. The fuse verification procedure that examines each fuse 
uniquely is therefore not sufficient, as it is with PROMs, for 
guaranteeing functionality. 

All programmable logic devices contain special on-chip program­
ming circuitry and modes to allow programming and verification 
of each individual fuse. The complexity of programming may vary 
significantly, but all have one thing in common-successful 
programming by itself cannot guarantee functionality. 

The user's job does not endthen with the programming operation. 
To be assured of a functional part, a comprehensive set of test 
vectors must be applied to the part. Many device programmers 
accept test vectors along with fuse programming vectors and will 
apply the test vectors to the part following the programming 
operation. The PRELOAD feature greatly simplifies the test 
generation problem for registered parts. 

7-9 
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Uniformity of Performance 

The buyer of a programmable logic part has the right to expect 
that the performance specifications appearing on the 
manufacturer's data sheet will be met for all legitimate applica­
tions of the part. This applies to each and every logic path and 
function. 

A glance at the logic diagram for an unprogrammed part shows 
that, with the array in its unprogrammed state, no amount of 
activity of the inputs can make any output switch. Without any 
programmed fuses, the AND gates see both the true and comple­
ment of all inputs. 

H post-programming performance is to be guaranteed with 
absolute confidence, test circuitry must be provided to allow each 
path to be tested to data sheet performance. 

Approach to Designing in Testablllty In 
PAL Devices 

:ine approach to the design of programmable logic was strongly 
1~fluenced by the goal to provide users with the best programming 
yield, post-programming functional yield, and uniformity of per­
formance. 

Designing programmable logic can be viewed as a three-dimen­
sional task involving high-performance logic design, fuse pro­
gramming circuit design and test circuit design. 

The first dimension is the design of a high-performance logic 
circuit with SSl/MSI competitive switching speeds and very high 
output drive for bus environments. 

The second dimension of programmable logic design is the 
programming circuit design. The emphasis of this design is to 
provide circuitry that will deliver large programming currents to 
individual fuses. Special decoders, demultiplexers, buffers and 
mode select circuitry are needed. The circuits need not be fast 
since programming occurs at microsecond speeds. Because the 
circuitry is not used after programming, it is desirable that it 
consume power only during programming and not during 
operation. Since large voltages are required to generate pro­
gramming current, survival under high voltage is also required. All 
of these r~uirements are quite different from the logic circuit 
requirements but must be achieved within the same part. 

Testability is the third dimension of programmable logic design. 
This overlay of circuitry provides the means to exercise the part 
through all of the possible paths that might be activated by 
programming. Test circuitry is also needed to insure that the 
programming circuitry will function properly. Testability is thus 
important to achieving high programming yields, post-program­
ming functionality, and performance to data sheet specifications 
through all possible paths. 

The unique challenge of programmable logic design is to inte­
grate these three dimensions in the most efficient manner. 
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Testability In the Programming Circuitry 

Good programming yields are in the high ninety percent range. 
Advanced Micro Devices PAL device programming yields are 
typically higher than 98%. 

Three things contribute to the high success rate in programming 
IMOXfuses: 

1. UnHorm fuse cross sections. 
2. Pretesting of the current delivery and sink capability of 

column drivers and row drivers through use of wafer sort 
test pads. 

3. Sample fusing of test rows. 

Uniformity of Fuse Cross Sections 

The IMOX process gives consistently unHorm platinum-silicide 
fuse cross sections. UnHormity is monitored by measuring fuse 
resistance test patterns on a sample basis in every wafer lot. The 
data is processed for mean and standard deviation and trend 
plots are maintained. Material not meeting fuse width control 
limits is scrapped. 

Testing for Fusing Current Delivery C8pablllty 

On every IMOX PAL device there are two extra pads that are 
probed at wafer sort. These extra pads are used to gain access 
to the fuse array for special testing at wafer sort. The connection 
of these pads to the fuse array is shown in Figure 5. 

The programming process involves selection of individual column 
and row drivers to deliver and sink programming current through 
selected fuses. The extra test pads allow easy access for 
individually testing the source and sink capability of each column 
and row driver. Also a reverse leakage check of all of the Schottky 
diodes in the array is possible by applying bias between the pads. 
Without the test pads, all of these tests would be impossible or 
would have to be accomplished in a less direct and less effective 
manner. 

Sample Programming 

To further assure programmability, the IMOX PAL devices include 
an extra test input buffer with fuses connected to each of the array 
columns. 

Programming one test buffer fuse per column accomplishes two 
Important things. First, a sample fuse has been programmed 
using each of the column drivers. The sample fuse is exactly the 
same dimension as all of the normal array fuses, and the test 
buffer drivers sinking the programming current are identical to all 
of the normal drivers. Before shipment each IMOX PAL device 
has had a sample of fuses programmed on the test buffer. 

The second purpose in programming the sample fuses is to 
create a pattern for AC and functional testing. 
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Figure 5. 

Testability to Guarantee Functionality After 
Programming 

A typical PAL device, the PAL 16R4, is shown in Figure 6. Not 
shown in the logic diagram are the components located at each 
horizontal and vertical line intersection. For IMOX PAL devices, 
a fuse and a Schottky diode reside at each cross point as shown 
in Figure 5. 

The horizontal or "Product Term" line is then the common anode 
connection for a 32-wide diode AND gate. The user's job is to 
figure out which of the 32 inputs should be connected to the AND 
gates. The inputs not needed must be disconnected by program­
ming the fuse shown in series with the diode. 

The obvious problem from a manufacturer's test standpoint is: 
How can it be guaranteed through testing that the device will work 
after fuses are programmed? If the only logic in the device were 
that shown in Figure 7, testing would be nearly impossible. With 
16 LOW levels and 16 HIGH levels presented to each AND gate, 
the LOWs win. All 64 AND outputs are thus always stuck LOW, 
and there is no way to get the output to toggle for AC or DC 
test purposes. This is the raw state of any device before 
programming. 

Necessary Testability Requirements 

Something more is needed in every PAL device to assure close 
to 100% functional yield after programming. The IMOX PAL 
devices have an overlay of test circuitry that accomplishes the 
following: 

1. Each input and feedback buffer can be checked for 
functionality. 

2. Each of the AND gates can be switched HIGH and LOW 
and uniquely sensed by an output. 

These two tests are necessary to the guarantee of close to 100% 
post-programming functional yield. 

Under normal operating conditions the test circuitry is inactive 
and consumes very little power. Supervoltages cause it to come 
alive. Supervoltages are levels substantially higher than Vee so 
that under normal operating conditions accidental activation of a 
test mode cannot occur. 

In this paper a double line on the input side of a logic symbol 
indicates that the HIGH level must be a supervoltage to 
activate it. 

Checking the Input and Feedback Buffers 

Functionality of the input and feedback buffers is checked with the 
aid of the extra AND gate dedicated to this function. Figure 7 
illustrates the AND gate and its associated enabling circuitry. 

The non-inverting or true side of each input and feedback buffer 
is connected to the special test AND gate. The AND gate is 
activated by a supervoltage on one of the input pins. The function 
actually takes two activating inputs to implement since the use of 
one for activation prevents that pin from being tested for function­
ality. Having an alternate pin to activate the function solves this 
problem. 

Only the non-inverting side of each buffer is hooked up to the AND 
gate because each buffer is constructed from two inverters in 
series. The first inverter must work for the second one to work, 
so that checking the second one is sufficient to prove that they 
both work. 

The feedback from the output used for the test cannot be fed to 
the test AND gate; such a connection would make the test output 
oscillate. For this reason its feedback input is not connected and 
is tested by creating another test AND gate on a different output 
and routing it there. 
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Figure 7. 

Since the special AND gate used to test all of the buffers is 
identical to those used in the normal operating path, switching 
each input through this path provides the means for testing the 
switching performance of each buffer. 

Testing the AND Gates 

The next important test requirement is to make sure that all of the 
AND gates work and will switch at data sheet speeds. This test 
challenge is little more complex. 

What is needed in this case is: 

1. A means of decoding one AND gate at a time in each 
output. 

2. A way to force all input and feedback buffers to a HIGH 
level on both true and complement outputs. 

3. A special input of identical design to a normal input that can 
be used to switch the decoded AND gates. 

These requirements are met by the circuitry shown in Figure 8. 

The decoder to select one AND gate at a time in each output 
serves a dual purpose. It is the same decoder that provides 
unique selection of product term lines tor programming and fuse 
verification. It responds to binary combinations of TTL signals at 
three input pins; only one of the eight outputs will go high at a 
time, thereby isolating each AND gate. 

The special test input that is used in this mode also serves a dual 
purpose. It was mentioned earlier in this paper that a program-

ming sample was performed on each part. This special test input 
is the input that carries the test fuses. During the sample 
programming operation the fuses are programmed in a pattern 
that allows switching of all 64 AND gates, one in each output, for 
each of the eight decode states. 

The input to the special buffer for AND gate testing is one of the 
normal input pins, but the buffer is inactive for normal operation 
and must be activated by supervoltage levels applied to two other 
inputs. 

The supervoltage levels also provide the signal to force all of the 
buffer outputs HIGH, which is one of the three necessary require­
ments for AND gate testing. 

Since the design of the special buffer is identical to all of the 
normal input buffers, it serves as a surrogate buffer for speed- IJ 
testing all of the AND gates. In the AND gate test mode, all eight 
outputs are switched at once, since one AND gate is selected in 
each output. For registered outputs the AND gate switching path 
provides a means of testing setup and hold times. 

SUMMARY 

All IMOX programmable logic devices have designed-in testabil­
ity and are achieving yields of greaterthan 98% for programming 
and better than 99.9% functional and AC test yields after pro­
gramming. Even higher goals have been set for future products. 
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ECL Technology 

Emitter-Coupled Logic (EGL) delivers high speed, high input 
impedance, and low output impedance. These features are ideal 
for system designers who want to improve system performance. 
EGL achieves high speed by operating the transistor in a non­
saturation mode, so that the storage-time delay associated with 
saturating logic is not present. When high input impedance is 
combined with low output impedance, large fan-in and fan-out 
can be achieved; in addition, low-impedance transmission lines 
can be driven. 

Current Switch 

The differential amplifier (Figure 1) is the basic building block for 
ECL logic; it functions as a current switch. Current 10 is steered 
either through resistor R, or R2 depending on the input voltage 
(VIN). A difference of 150 mV between VIN and VBB will cause 
the current 10 to flow entirely through the transistor with the higher 
base-emitter voltage (VBE), due to the exponential relationship 
between the collector current and VBE. 

When VIN is 150 mV less than the reference voltage (VBB), the 
collector voltage of 0 2 (VC2) will equal VCC- l0R when R, =R2=R, 
and the collector voltage of 0 2 (VC1) will equal VCC. When VIN 
equals VBB, the two collector currents will be equal and 
VC1=VC2=VCC- l0 R/2. When VIN is 150 mV higherthan VBB, 
VC1 =VCC- l0 R, and VC2 = VCC. Although the switching thresh­
old is 300 mV centered about VBB, the signal swing is made 
larger (approximately 850 mV) to provide noise immunity and to 
provide for differences between input thresholds of one circuit 
and output voltage levels of another. The values of R and the 
current source are chosen to determine the voltage swing and 
ensure the charging and discharging of parasitic capacitances 
at a given switching rate. 

If we consider VCC to be a high logic level, and VCC- l0 R to be 
a low logic level, then VC1 will always be the inverse of VC2. That 
is, they are complementary outputs. 

-------.-- vcc 

VC1 VC2 

VIN a, VBB 

VEE 
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Emitter-Follower 

To keep the current switch out of saturation, VIN must not be 
greater than VCC-a l0 R. For matched switching speed the volt­
age swing should be centered around VBB, which must also be 
below VCC-al0 R by at least one half the voltage swing. To meet 
these restrictions, an emitter-follower is added to the current 
switch (Figure 2). This shifts the level of VC1 and VC2 down by 
a diode, and allows the logic gate to have compatible input and 
output levels. The emitter-follower also isolates the collector 
switch nodes from the output load, and provides the low output im­
pedance that is beneficial to this logic family. On outputs, the 
emitter-follower can drive a 50 n load to -2.0 V. This allows a 
terminated transmission line, preventing reflections. 

VEE 

Figure 2. Gate with Emitter-Followers 

OR logic 

The buffered switch in Figure 2 functions as a buffer or an inverter. 
By adding a second input transistor to the buffered swttch 
(Figure 3a), a wired-AND of the collector impedances is formed 
at VC1. By using DeMorgan's rule, this AND !unction is inverted 
into the NOR of the two inputs. The inverse of VC1, the OR 
function, is generated at VC2. 

R1 R2 

VC1 
A+B - A+ B 

ii 
A VBB 

i IL i lo i IL 

.L 
VEE 

Figure 3a. OR/NOR Gate 

E 
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ECL Technology 

Additional parallel input transistors can be added to this gate to 
create multiple input gates (Figures 3b and 3c). The limit of the 
number of parallel Input transistors is set by the speed of the gate; 
additional input transistors add more capacitance to the collector 
switch node forming the NOR logic. Given enough capacitance 
difference between the two collector switch nodes, a skew in the 
two outputs will occur. 

VEE 

Current Source 

The current source used in 1 OKH and 1 OOK ECL circuits is 
illustrated in Figure 4. The source current ~ is set by the reference 
voltage VCS, the emitter resistor f\, and the base-emitter volt­
age of a . VCS is internally generated and is at a fixed voltage 
with res~ to the negative supply VEE. The source current is 

14107-004A 

Figure 3b. 2-lnput XOR/XNOR Gate 

A(B$C) + A(BE&C) A(BEilC) + A(B$C) 

VEE 

14107-00SA 

Figure 3c. 3-lnput XOR/XNOR Gate 
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ECL Technology 

independent of the VEE supply voltage because of this fixed 
voltage. The output levels are primarily determined by the 
collector voltages of 0 1 and 0 2• As discussed earlier, these 
voltages are VCC-al0R or VCC. This relationship between the 
output levels and the source current makes the output levels 
practically insensitive to VEE variations. Thus these ECLcircuits 
are said to be voltage compensated. The variation of output 
voltages with respect to VEE for the 1 OKH and 1 OOK families is 
shown in Table 1. 

VIN 01 

vcs 

Ra i lo 

VEE 

Figure 4. 

VBB 

14107-00SA 

10KH 100K 

6VOH/6VEE mVN -20 7 

6VOL/6VEE mVN 20 15 

6VBB/6VEE mVN 10 10 

Table 1. Voltage Sensitivity 

Input Threshold Regulation 

The input threshold region is centered around VBB. VBB is 
internally generated and is at a fixed voltage with respect to the 
positive supply VCC. Variations in VEE have minimal effect in the 
value of VBB. The relationship between VBB and VEE is also 
shown in Table 1. 

1 OKH Temperature Tracking 

The output levels of 1 OKH circuits vary over temperature. The 
input threshold voltage VBB also varies over temperature to track 
the output variation. The temperature tracking characteristics of 
the 1 OKH output levels and input thresholds are shown in 
Table 2. 

10KH 100K 

AVOH /AT mV/°C 1.3 <0.1 

6VOL/6T mV/°C 0.5 <0.1 

AVBB/AT mV/°C 1.0 <0.1 

Table 2. Temperature Sensitivity 

1 OOK Temperature Compensation 

The output levels and Input thresholds of 1 OOK circuits are 
temperature compensated. The input threshold is compensated 
in the bias network by referencing it to the extrapolated energy 
band-gap voltage of silicon (VGO = 1.3 V), which is generated in 
an on-chip regulator. The output levels are compensated by a 
cross-connect network in the current switch and a temperature­
regulated current-source driver (Figure 5). The cross-connect 
network adds a negative temperature coefficient to the base of 
0 4 when the true output of the gate is in the VOH state, which 
compensates for the positive temperature coefficient developed 
by the base-emitter junction of 0 4 • Additionally this same circuit 
adds a positive temperature coefficient to the base of o. when the 
gate is in the VOL state, thereby compensating for the dominant 
negative coefficient introduced by the gate's current source. The 
temperature dependence of the 100K output levels and input 
thresholds is shown in Table 2. 

COMPLEMENT 

~~~~~~~~~~~~..-~VCC1 

.-~~~~~c::--t~~--j~Vcet 

CROSS-CONNECT 
NETWORK 

TRUE 

VEE 14107-007A 

Figure 5. Output Temperature Compensation 

Voltage Supply Range 

Because the outputs switch high currents very rapidly, they can 
generate a lot of noise on the VCC line. The circuitry operates with 
small voltage swings, so this noise can disrupt the rest of the 
circuit. Forth is reason, multiple VCC lines are used to isolate the 
internal "clean" VCC from the VCC that drives the outputs, 
(Figure 6). If the device has many outputs, several "dirty" VCC 
pins may be used. As a general rule, provide one VCC for each 
group of four outputs. 

Because of the necessity for a clean VCC supply, it is desirable 
to connect it to the most stable voltage in a system, which is 
normally ground. Thus VEE is normally negative. The normal 
ECL VEE supply ranges are shown in Table 3. 

NOMINAL RANGE 
(V) 

10KH -5.2 ±0.5% 

100K -4.5 ±0.3 v 
Table 3. 
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ECL Technology 

14107-00SA 

Noise Margins 

Noise margins between circuits with different supply voltages do 
not degrade more than 30 mV because of the insensitivny of both 
the output voltage and the threshold voltage to changes in VEE. 
This simplifies the requirements for the system power regulation 
and distribution. The minimum noise margin is defined by the dif­
ference between the Min VOH and Min VIH, or VNH, and the 
difference between the Max VOL and Max VIL, or VNL (Figure 7). 

OUTPUT VOLTAGE LIMITS INPUT VOLTAGE LIMITS 

14107-009A 

In Table 4 the input and output electrical characteristics are shown 
for the 10KH family. Both VNH and VNLare 150 mVfortwoparts 
at the same temperature. With one part at 0°C driving another 
part at 75°Cthe VNLdrops to 50 mV. This happens because the 
input thresholds and output voltages of 1 OKH circuits are not tem­
perature c:Ompensated. The 100K circuits have temperature 
compensation and provide better noise margin for parts operating 
at different temperatures. Table 5 shows this; notice that input 
and output characteristics are specified for difference in power 
supply and not in temperature as is Table 4 for 1 OKH character­
istics. The worst-case VNH for 1 OOK parts is 115 mV. This occurs 
when one part has a VEE of -4.8 V and is driving a part whose 
VEE is at -4.2 V. The worst-case VNL for 1 OOK parts is also 
115mV. This occurs when one part has a VEE ol-4.2 Vandis 
driving a part whose VEE is at-4.8 V. The system designer must 
also take into account any variations in VCC from one part to the 
other as this will have direct affect on the system performance 
with respect to noise. Figure 7. Noise Margins 

1 OKH Electrical Characteristics VEE= -5.2 v ± 5%, Outputs Terminated With 50 n to -2.0 v 
o• 25° 75° 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

VOH High output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL Low output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH High input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL Low input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Table 4. 10KH Input and Output Characteristics 
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1 OOK Electrical Characteristics o•c <TA <85°C, Outputs Terminated With 50 n to -2.0 v 

TEST CONDITIONS 
SYMBOL PARAMETER UNIT 

VEE(V) MIN TYP MAX 

-4.2 -1.025 - -0.880 

VOH High output voltage -4.5 -1.025 -0.995 -0.880 Vdc 

-4.8 -1.035 - -0.880 

-4.2 -1.810 - -1.605 

I VOL Low output voltage -4.5 -1.810 -1.705 -1.620 Vdc 

-4.8 -1.810 - -1.620 

-4.2 -1.150 - -0.880 

VIH High input voltage -4.5 -1.165 - -0.880 Vdc 

-4.8 -1.165 - -0.880 

-4.2 -1.810 - -1.475 

VIL Low input voltage -4.5 -1.810 - -1.475 Vdc 

-4.8 -1.810 - -1.490 

Table 5. 100K Input and Output Characteristics 

E 
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EE CMOS Technology 

In addition to bipolar TTL and ECL and UV CMOS tech­
nologies, AMO programmable logic devices are manu­
factured using an advanced CMOS EEPROM-based 
technology. This technology offers the advantages of 
low power, low cost, and electrical reprogrammability 
for customer prototyping and code changes. In addition, 
since the EE cells can be reprogrammed, these devices 
can be 100% tested at the factory before being shipped 
to the customer. 

Most AMO CMOS PAL® devices are manufactured with 
a high-performance. electrically erasable process tech­
nology called EE2. This technology has been specifi­
cally designed to fulfill the following requirements of fast 
programmable logic: 

1. High performance 

2. Low cost, high manufacturability 

3. High reliability 

4. Improvement path through scalability 

EE2 is a single-poly double-metal CMOS process that 
uses an AMO-patented EE cell. This cell has a very high 
coupling ratio (>80%) and separate read and write paths 
to optimize programmability and reduce the parasitic ca­
pacitance in the speed path. Table 1 summarizes EE2's 
main characteristics. 

Table 1. EE2 Technology Summary 

CMOS N well 

Substrate 

Polysilicon 

Metal 

Minimum Feature Size 

Gate Length on Wafer 

Gate Oxide 

Contact Dimension on Wafer 

Metal 1 Pitch 

Metal 2 Pitch 

Publication # 
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Grounded 

Single 

Double 

1.2 µ 

1.2 µ 

22s.&. 

1.8 µ 

4.0µ 

4.8 µ 

Issue Date 
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The single-poly solution has been chosen for the follow­
ing reasons. 

COST AND MANUFACTURABILITY 

Being a single-poly process, the number of masking 
steps is reduced. The process is very comparable to 
high-performance, high-volume logic and SRAM proc­
esses. This allows the devices to benefit from the 
economies of scale and extremely high yields associ­
ated with high-volume manufacturing. 

PERFORMANCE 

The single-poly solution makes it easier to implement 
very tight dimension controls, required for high perform­
ance, in high-volume manufacturing. 

RELIABILITY 

With the single-poly solution, the traditional interpoly di­
electric is replaced by a high-quality gate oxide. The 
thermal stress on the tunnel oxide is reduced by the ab­
sence of interpoly dielectric and second-poly deposition 
steps. This increases both data retention and endur­
ance. 

AMD specifies an endurance of 100 cycles for 
EE2-based CMOS PAL devices, which is sufficient for 
logic applications. The data retention specification is 20 
years at the absolute maximum operating temperature 
and 1 O years at the absolute maximum storage tem­
perature. 

SCALABILITY 

Being very close in architecture to a standard high­
performance logic process, EE2 will very easily benefit 
from the progress made on technology drivers such as 
SRAMs. This guarantees a smooth evolution from one 
generation to another, providing higher performance 
and lower cost. 

In summary, by considerably simplifying the process, 
the single-poly solution allows the use of very high­
perforrnance CMOS technology for low-cost program­
mable logic devices. 



Product Assurance 

INTRODUCTION 

Product Assurance consists of Quality Control, Reliability Assur­
ance, Quality Assurance for Military Products and Quality Assur­
ance for Commercial Products. 

Quality Assurance 

Quality Assurance for the Commercial Products includes cus­
tomer support and failure analysis, outgoing inspection and 
factory support, document control and quality information. 

In order to support customers, QA provides actual data generated 
during various monitors and inspections throughout the factory. 
Non-proprietary data is available upon request. If the specific 
data is not immediately available, experiments can be run to 
collect the necessary information subject to resource and time 
limitations. 

Another aspect of customer support is the performance of failure 
analyses. Failure analyses are broken down into three levels. 
Level 1 analysis consists of failure verification using an automatic 
tester. The result is only whether or not the device under test is 
good or bad with a datalog pointing out the potential failure mode. 
Level 2 analysis consists of Level 1 plus the verification at a bench 
top setup which results in confirmation of the failure mode with 
detailed specific data. Level 3 adds to Level 2 a decap and 
physical analysis to isolate the failure mechanism. Advanced 
Micro Devices has the capability to perform the total analysis in 
house, but occasionally sends analyses to outside sources 
whenever circumstances deem it necessary. Quality Engineer­
ing goals for cycle time are to complete Level 1 analyses within 
seven days, Level 2 within 14 days, and Level 3 within 30 days. 

Not all customers want or need a full Level 3 analysis every time. 
The level can be specified at the time of submission. A failure 
analysis should be requested through the Sales person or Field 
Applications Engineer (FAE). A failure analysis request form will 
be completed at that time and the request form and suspected 
failure(s) will be forwarded to Quality Assurance. 

Upon completion of the analysis, a formal report will be made to 
the requester. The report will summarize the results of the 
analysis and enumerate the steps followed in performing the 
analysis. In most cases, a statement of the corrective action 
taken to prevent future occurrences will be included for valid 
failures. In those cases where no failing condition is found, the 
device(s) and report are forwarded to the requester. 

Quality Assurance supports the factory with periodic auditing of 
the various processes, areas and products. The Discrepant 
Material Reporting system (OMA) provides the factory feedback 
on the level of quality it is producing as well as providing protection 
to our customers via a gating of the product. The Quality 
Inspection group takes a 200 piece sample (.065% AOL for lot 
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sizes according to Mil-HDBK-1050) from each production lot for 
visual and mechanical testing and electrical testing. The lot is 
returned to production for rescreening if a defective unit is found 
in the sample. The results of the inspections are summarized and 
reported weekly. Through programs aimed at solving the causes 
of the defects, Advanced Micro Devices has improved quality 
levels significantly. 

As a customer, you can learn from our experience. Our data 
suggests that handling is the number one cause of defective 
material. Whether it is human handling or not, the product flows 
should be engineered so as to minimize the number of separate 
handling steps. By ordering completed product in even box 
quantities, no handling should be necessary after the product has 
been packaged by the factory. Product can be placed into boards 
upon receipt. 

By placing product directly into boards without incoming inspec­
tion and handling, ship-to-stock has been accomplished. Ship-to­
stock, also known as dock-to-stock or certification, is an electron­
ics industry goal. It accomplishes minimum cost objectives of our 
customers. The ship-to-stock decision is a customer decision 
that is based on the confidence one has in their supplier to provide 
consistent, high quality. Advanced Micro Devices has mecha­
nisms in place to support ship-to-stock programs and has a 
generic recipe for the certification process for those who would 
like to get a head start on a such a program. Refer to the outline 
of Guidelines for Product Certification. 

Quality Improvement Programs 

The Product Quality Objective is divided into the following com- E 
ponents: 

Reliability 
Electrical Performance 
Programmability 
External Visual/Mechanical 
Internal Die Visual 
Total Quality Process 
Quality Partnership Program 

Reliability 

The reliability program consists of new product, package and 
process qualifications, qualifications of product, package and 
process changes, and product, package, and process monitors. 
Most reliability testing is performed on site in Santa Clara. 

Qualification requirements are generally customer driven. 
Advanced Micro Devices has developed a procedural specifica­
tion that attempts to cover most of the requirements of our 
numerous customers. Most test methods follow the Mil-Std 883 
method if applicable. 
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The most common stresses are operating life, temperature 
cycling, and temperature and humidity testing. Advanced Micro 
Devices performs operating life at 125 degrees Celsius, 5.25V 
Vee, and 1000 hours per method 1005, condition D. In some 
instances the time will be extended for information only. Operat­
ing life is performed dynamically by applying 1 OOKHz to the inputs 
of the devices under stress. Interim readouts are generally made 
after 168 hours. The junction temperature is kept below 175 
degrees Celsius. Temperature cycling is performed from -65 to 
150 degrees Celsius for 100 cycles per method 1010, 
condition C. 

Temperature and humidity, usually referred to as 85/85 testing, is 
performed with devices biased. Both Vee and ground are held at 
ground potential while the rest of the pins are biased to 5 volts. 
The name il5/85 comes from the temperature and humidity 
settings of 85 degrees Celsius and 85% relative humidtty. De­
vices are stressed for 1000 hours. 

Many other stress tests are performed including ESD testing. 
Advanced Micro Devices has a complete ESD control program in 
all post wafer fabrication areas. All necessary facilities are in 
place and training is carried out on a routine basis. Audits are also 
made of the manufacturing areas to ensure adequate control is 
maintained at all times. 

The monitor program is intended to continually look at production 
products, packages and processes. Each month a series of 
product, package, and process combinations are selected to be 
monitored. Each quarter one product from each process and 
package is thus checked. Any defects are analyzed in the manner 
previously presented. 

Whenever a major change is made to a product, process, or 
package, a re,qualification test is run. In addition to requalifica­
tion, notification is made through the sales organization to those 
customers that have such notification requirements. Advanced 
Micro Devices generally notifies customers at least 90 days prior 
to implementation of a major change. 

All the data are summarized and published twice per year in the 
Reliability Report. Copies of the report are available upon 
request. 

Electrical and Vlsual/Mechanical Quality 

The basis qf the quality improvement program has been thorough 
analysis of and corrective action for defective units found in four 
main areas. The Discrepant Material Reporting system stems 
from outgoing sampling performed by the QA Inspection group on 
each production lot of devices. QA uses a 0.065%AQL sampling 
plan per Mil Std 105D which generally results in a 200 piece 
sample. Any lot with a defect in the sample is returned to 
manufacturing for rescreening. 

The Parts Per Million monitor is a unique effort to emulate the 
results that our customers find by using our products. The signifi­
cant feature of the monitor is.that the parts utilized are pulled from 
finished goods, the point closest to the customer but still within the 
factory. Devices are tested at room and hot temperature to arrive 
at an electrical PPM and visually inspected to arrive at a visual! 
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mechanical PPM. In addition, samples are sent for programming 
and static burn in. In this way programming yield and infant 
mortality information are generated. 

Defective devices from either of these factory locations are 
analyzed, summarized and have corrective actions generated by 
manufacturing and engineering. Formal reports are made to 
corporate management in the bimonthly Product Quality Review, 
which is a general meeting dedicated to reporting progress 
toward quality goals. 

Two sources of customer feedback are the Customer Material 
Returns and failure analysis systems. Customer Material Re­
turns (CMR) are generally returns by customers who are con­
cerned with receiving creditor replacement of defective units they 
have found. These units are verified by a level 1 analysis as 
explained previously and summarized weekly and monthly in 
formal reports to management. 

The fourth area of feedback is through the failure analysis system 
which has already been presented. 

The results of the efforts have been the steady reduction in PPM 
levels to below 250ppm electrical, below 500ppm visual/me­
chanical, and below 0.1 % infant mortality failures. 

Programmability 

In addition to improving product quality, we have improved pro­
gramming yields to higher levels. Improvement has come 
through algorithm revisions, random defect reduction, redesigns 
of products and programmer qualification. Once we began fo­
cussing on the programmer suppliers, we were able to better 
understand their programming processes and work much more 
closely with them to develop optimal programming algorithms. 
While this in itself helped to improve yields, we also made some 
design "tweaks" and manufacturing improvements that contrib­
uted further toward reaching levels generally above 99.5%. Post 
programming functionality was also improved. 

Some of the issues that should be considered when considering 
performing your own programming are to maintain adequate cali­
bration of programmers including replacing sockets after 10,000 
insertions, inventory handling costs, human handling errors, and 
lack of post programming testing. Advanced Micro Devices can 
provide programmed product with minimum cost and handling 
that falls below 1 OOppm. This can be a significant reduction inthe 
cost of quality and make it easier to move to a just-in-time 
manufacturing system. 

Internal Die Visual 

It is Advanced Micro Devices' intent to supply die quality that 
meets or exceeds the Mil-Std 883, method 2010, class B. Toward 
this goal, Advanced Micro Devices has made significant improve­
ments through random defect reduction in our manufacturing 
areas and through the use of statistical process control tech­
niques. Significant defect reduction was gained by automating 
the assembly process to remove human handling. Similarly, 
automation in the wafer fabrication areas has also been effective. 
One significant improvement was made by putting pelicles on all 
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photo lithographic wafer masks. In addition to preserving the plate 
indefinitely, the pelicle causes any particle that should happen to 
fall onto the plate to be out of focus on the wafer. Therefore, a 
perfect print is made every time. 

Die visual quality has improved to over 97% conformance to 
method 2010, class B in molded packages and to 100% confor­
mance in hermetic packages. The die visual improvement has 
also contributed to the improvement in infant mortaltty and the 
improvement in programming and post programming 
functionality. 

Total Quality Process 

Up to this point, the discussion has centered around detection 
and inspectiontofindqualtty problems and fix them. However, the 
long term trend is toward prevention. Statistical process control 
is a preventive measure that allows for building in quality by 
quickly heading off problems before they occur. Statistical 
process control (SPC) is the mainstay of a total quality approach. 

Total Quality means the molding of attitudes through continual 
education, training and awareness in all areas, and to establish 
SPC in all manufacturing areas. The vehicles for accomplishing 
total quality are the bimonthly Product Quality Review, Quality 
Improvement Teams, Deming seminars, in house SPC training, 
use of SPC consultants, and an automatic data collection and 
analysis. 

The actual use of SPC in manufacturing can be seen in both the 
U. S. and in the assembly facility in Penang, Malaysia. The 
assembly areas are leading the way with on line monitoring and 
real time charting in most operations. The wafer manufacturing 
areas have attained various levels of penetration. 

The future holds more automation in store for SPC. We have 
implemented a computer integrated system of data collection and 
analysis that will eventually allow for on line analysis, automatic 
data collection and automatic line control. We will be pushing 
ahead with more Taguchi techniques and with an SPC program 
to address non-production areas. And the bottom line will be to 
reduce our cost of qualtty through reduction in inspection and 
detection costs and to eliminate rework. 

Quality Partnership Program 

Several years ago Advanced Micro Devices developed the Qual­
tty Partnership Program in order to facilitate quality improvement 
through enhanced feedback from a few customers that had good 
reporting mechanisms in place. Today, the program is basically 
the same with one very important exception. Advanced Micro 
Devices has attained quality levels below 250ppm as we meas­
ure ourselves. Through pareto analysis of your supplier base, 
you may not want to make the commitment necessary to sustain 
a true partnership relationship wtth a supplier that does not rank 
as one of your problems. But if you should, we are always ready 
to participate toward mutual improvement in quality. We have 
mechanisms in place to provide rapid and thorough failure 
analysis and outgoing inspection data on a regular basis. All that 
is needed is a commitment from our customers to provide us with 
rapid feedback and to be willing to work in tandem toward zero 
defects and minimum costs. The usual result of a successful 
partnership is reaching ship-to-stock and building a working 
relationship based upon trust and mutual understanding. 

The quality programs described have been in existence for 
several years. The results have been dramatic. You will find us 
to be very honest and responsive to your needs. If you should 
need some information, please don't hesitate to contact us. 
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GUIDELINES FOR PRODUCT 
CERTIFICATION 

Characteristic Accountability 

• Process Flow 
Product Specification 
Monitors and Controls 
Place of Manufacture 
Establish Correlation 

First Article Inspection 

Electrical Conformance 
Visual/Mechanical Conformance 
Variables Data 

Lot Monitoring Inspection 

• Lot Acceptance or Defect Rate Maintenance 
• Period of Time or Number of Lots Criteria 

Factory Audit 

• Customer 

Certification 

Certification Maintenance Program 
Disqualification and Recertification Program 
Periodic Reports, Data, and Timely Feedback 
Special Outgoing Inspection and Verification 
Change Notification 

PRODUCT ASSURANCE 

Quality Assurance-Military 

Facility Certification 
QPL Qualifications 
JEDEC 13/13.2 (Gov't Liason Committee) 
38510 Quality Conformance Inspection · 

Product Acceptance 

Electrical Test Gates 
Visual/Mechanical Gates 
Traceability Verification 
Government/Customer Liason 
Final Outgoing Inspection 
Inspection Activity Reporting 
Verifies Conformance With MIL-M-38510 QCI 
Requirements 

Quality Assurance Eng. 

Sett Audits 
Corrective Action 
Calibration Control 
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Product Assurance 

• Customer Return Disposition, Reports and Failure Analysis 
• Technical Resource 
• Major Programs Support 

Division Quality Assessment Program 
• Quality Partnership Program 
• Configuration Control 

Reliability Assurance Eng. 

• Customer/Gov~ Quality Conformance Inspection 
Package, Process and Reliability Studies (New/Revised) 
Division/Reliability Reporting 

• CECC Reliability Programs 

Quality Control 

Incoming lnspectionNendor Evaluations, Ratings and 
Corrective Action 
In-Line Procedural Audits (Fab Through Final Seal) 

• In-Line Operational Audits (Fab Through Final Seal) 
In-Process Waler Fab Inspection 
In-Process Wafer Sort Inspection 
In-Process Assembly Inspection 
Offshore Assembly Surveillance 
Offshore/Surveillance Correlation Program 

• Analytical Lab Services (Di Water, Chemical Analysis) 
Environmental Audits (Temp., RH, Particle Counts and Flow 
Hood Velocity) 
In-Process CSl/GSI 
Quality Engineering Failure Analysis 
Statistical Control, Product Quality Analysis 

Quality Assurance-Commercial 

Sett Auditing 
Customer Material Returns Analysis and Corrective Action 
Discrepant Material Analysis and Corrective Action 
Technical Support 
Major Program ~upport 
PPM Monitor Support 
Quality Partnership Program 
Electrical Test Inspection 
Visual/Mechanical Inspection 

• Final Outgoing Inspection 
Inspection Activity Reporting 
Commercial Traceability 
Conformance Verification of Special Commercial 
Specifications 

• Document Control (Commercial) 

Reliability Assurance 

• Device/Design Qual (New/Revised) 
Package Qualification (New/Revised) 
Process Qualification (New/Revised) 
On-Going Device/Package Reliability Monitors 

• Extended and Accelerated Life Testing 
Qualification Test Lab Per MIL-STD-883 Method 5005 
38510 Device Qualification and 883 Quality Conformance 

• Failure Analysis Lab (SEM/EDAX and Engineering Services) 
Early Failure Mode Detection and Corrective Action 
Reliability Reports (In-House and Field) 
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Test and Finish Operations 

Advanced Micro Devices' test and finish operations utilize state 
of the art electronic testing equipment as well as Electro-Static 
Discharge safeguards in all handling areas. Inventory is main­
tained and controlled via computerized database systems assur­
ing one of the best on-time delivery systems in the industry. The 
product quality is monitored continually throughout the process to 
provide feedback necessary to support factory corrective actions. 

Electrical Testing/Pre Burn-In 

The electrical test of integrated circuits starts long before a batch 
of parts is dispatched to the test area. Product and process 
characterizations must be performed to understand the para­
metric distributions and the test conditions that are necessary to 
provide full compliance to datasheet specification. When the cus­
tomer order requires programming, functional test vectors are 
computer generated and evaluated for array coverage. Test 
software is validated for performance margin before being 
handed over to the Test area for use in production. The electrical 
test software is maintained through revision control and sign-off 
procedures. 

Devices are delivered to the Test area for initial electrical testing. 
The product is 100% production tested to guarantee the databook 
requirements and functionality. The parameters specified include 
electrical and switching characteristics. In addition Advanced 
Micro Devices performs these tests at various ambient tempera­
tures in order to eliminate marginal devices. Additionally, test 
program forcing conditions and test limits have been guard­
banded to reduce the effects of system variability and parameter 
shift at temperature. All test equipment is calibrated to standards 
traceable to the National Bureau of Standards. 

For reduced costs and improved quality due to the elimination of 
human handling errors, Advanced Micro Devices is incorporating 
bulk loading equipment into the Test and Finish areas. These ma­
chines can load and unload product from a handler with great 
speed, efficiency, and aocuracy. 

Burn-In 

Semiconductor failures over time are known to manifest them­
selves during the earliest stages of useful life. This phenomenon 
is known as "Infant Mortality." During burn-in, stresses are applied 
that accelerate failure for those devices which are prone to Infant 
Mortality. The elimination of these failures not only improves the 

Publication # Rev. Amendment Issue Date 

14110 A 10 1/90 

7-26 

reliability, but also results in substantial cost savings for system 
manufacturers by reducing rework and repair loading. 

Typical conditions for burn-in are: 

Static Condition C 
Temperature: 125°C 
Vee: 5.25 V 

The typical infant mortality phase is defined as 168 hours, with 
75% of the defectives found in the first 48 hours. 

Advanced Micro Devices has reduced mechanical handling de­
fects during board load and unload by utilizing robotic handling/ 
loading equipment. 

Electrical Test/Post Burn-In 

The devices which are burned-in are again electrically tested to 
remove any failures that are a result of the Burn-in accelerated 
stresses. Production and engineering monitors have shown that 
the typical failure rate for this stress is approximately 0.05%. 

Marking 

The devices are marked to provide identification of part number, 
AMD or MMI logo, assembly location, and date codes. In addition 
to standard marking, special customer required items are avail­
able. Aphotolithographic process is used to produce exceptional 
character clarity. Every lot is tested for marking permanency. 

Traceability of all raw materials, equipment, operators and proc­
esses are identified by two unique date code numbers found on 
the top and bottom of the package. Asix-digit code marked on the 
top-side of the device allows traceability of the test and finish 
operations, and an eight-digit bottom-side code for traceability of 
assembly processing and raw materials back to wafer lot. 

Visual/Mechanical Inspection 

Visual and Mechanical inspection is performed on all production 
units. The inspection includes package outline dimensions, and 
lead and marking quality. With the aid of production monitors and 
statistical process controls, marginal processes are eliminated. 



Test and Finish Operations 

Pack 

Packaging of devices is no simple matter. One must provide 
mechanical strength, and identification of contents as well as 
electrical protection (from ESD). Advanced Micro Devices util­
izes carbon impregnated boxes forthe intermediate containers of 
a shipment, which act as faraday cages in dissipating the built-up 
electro-static charges. The box label has printed on it the part 
number, package type, quantity of devices, QA stamp of accep­
tance, specification number, date of pack, and bit pattern (if 
programmed). Many of the above items are also printed in 
machine-readable bar code format to assist in product movement 
and control. 

Quality Assurance Visual/ Mechanical and 
Electrical Inspections 

The Quality Assurance department sample inspects the devices 
to a 0.065% AOL sample plan in accordance to Mil-HDBK-105D. 

The visual/mechanical inspection consists of physical dimension 
checks along with lead, marking, and packaging verification to 
ensure quality. 

Paperwork is also reviewed for accurate and complete process­
ing to specification and customer requirement. 

The devices are electrically tested to databook and/or specific 
customer conditions and limits to validate the electrical and 
functional integrity. 

Any non-conformities that are found during QA inspection are 
verified and tracked through the appropriate product/assembly 
engineering group to obtain corrective action. This information 
along with inspection volume and failure rates is reported to 
management, operations and engineering regularly for long-term 
trend visibility and improvement. 
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AMO PLO Conversion Chart 

This conversion chart lists all AMO PAL® devices and 
other PLOs that have been removed from the previous 
version of this data book. These products are either not 
recommended for new designs or discontinued, and 
have appropriate replacement devices listed. For de­
tails and assistance in converting from any of these de­
vices, or for any questions you may have, contact your 
local AMO sales office. 

Not Recommended for 
New Designs 

PAL10H20G8 
PAL10H20P8 

PAL10H8 
PAL10L8 
PAL12H6 
PAL12L6 
PAL 14H4 
PAL 14L4 
PAL16H2 
PAL16L2 

PAL16C1 

PAL12L10 

PAL 14L8 
PAL 16L6 
PAL18L4 
PAL20L2 

PAL20C1 

PAL16L8A-4 
PAL16R4A-4 
PAL16R6A-4 
PAL16R8A-4 

PALC16L8Q 
PALC16R4Q 
PALC16R6Q 
PALC16R8Q 

PALC16L8Z 
PALC16R4Z 
PALC16R6Z 
PALC16R8Z 

AmPAL 16L8 (all options) 
AmPAL16R4 
AmPAL16R6 
AmPAL16R8 

Publication # 

14112 
Rev. Amendment 

A /0 

Use Instead 

PAL 10H20EG8 

PALCE16V8 

Contact AMO 

PALCE22V10 

PALCE20V8 

PALCE22V10 

PALCE16V8Q 

PALCE16V8Q 

PALCE16V8Z 

PALCE16V8 

Issue Date 

1/90 

Not Recommended for 
New Designs Use Instead 

PAL16P8A PALCE16V8 
PAL16RP4A 
PAL16RP6A 
PAL16RP8A 

PAL16X4 Contact AMO 

AmPAL18P80 PALCE16V8Q 

PALC18U8 PALCE16V8Q 

PAL20L8Z PALCE22V1 OZ 
PAL20R4Z 
PAL20R6Z 
PAL20R8Z 

PALC/E20RA10Z PAL20RA10 

AmPAL20RP4 (all options) PALCE20V8 
AmPAL20RP6 
AmPAL20RP8 

AmPAL20RP10 PALCE22V10 

PAL20S10 PALCE22V10 
PAL20RS4 
PAL20RS8 
PAL20RS10 

AmPAL20XP10 (all options) PALCE22V10 
AmPAL20XRP4 
AmPAL20XRP6 
AmPAL20XRP8 
AmPAL20XRP10 

PAL22RX8A PAL32VX10A [J 
PALC22V10 PALCE22V10 

PAL32R16 PALCE29M16 

PAL8L14A Contact AMO 
PAL6L 16A 

PMS14R21/A Am29CPL 151 

Am29PL141 Am29CPL 151 
Am29LPL141 
Am29CPL141 

Am29PL142 Am29CPL154 
Am29CPL142 
Am29CPL152 
Am29CPL144 

ZHAL™ Family PALCE16V8Z 
PALCE22V1 OZ 
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Glossary 

1 OKH (adj.) A family of ECL devices. Circu~s are temperature 
compensated. See also: ECL, 1 OOK, temperature compensa­
tion. 

1 DOK (adj.) A family of ECL devices. Circuits are both tempera­
ture and voltage compensated. They have lower power dissipa­
tion and higher speed than their 1 OKH counterparts. See also: 
ECL, temperature compensation, voltage compensation, power 
dissipation, 10KH. 

A 

active high (adj.) See polarity. 

active low (adj.) See polar~y. 

ALS (adj.) Advanced Low-power Schottky TTL family. Charac­
terized as a lower power version of the AS family, and actually 
faster and lower power than the LS family. See also: AS, LS, 
TTL, Schottky TTL. 

AND 1. (adj.) One of the three elementary logic functions. Result 
of the AND operation is true if and only if all operands are true. 
2. (v.t.) To perform the AND operation. 

AS (adj.) Advanced Schottky TTLfamily. High-speed versions of 
the standard Schottky TTL family. Generally use oxide isolated 
technology for very high speed. See also: Schottky TTL, TTL, 
oxide Isolation. 

assertive high (adj.) Same as "active high". See polarity. 

assertive low (adj.) Same as "active low". See polarity. 

astable (adj.) Describes a system which has no stable state. 
Such a system will oscillate. Astable circuits can be used to 
generate timing and synchronizing clock signals. See also: 
bistable, monostable. 

asynchronous 1. (adj.) Describes a sequential logic system 
wherein operations are not synchronized to a common clock. 2. 
(adj.) Describes signals whose behavior and timing are com­
pletely unrelated to a particular clock. Such signals can either be 
random or based on another clock which has a different fre­
quency. 3. (adj.) Describes a communication protocol whereby 
the timing of various operations is not determined by a system 
clock, but rather by events whose relationships are known, but 
whose exact timing cannot be precisely predicted. See also: 
sequential, clock, synchronous. 

B 

BCD (n.) Binary Coded Decimal. Decimal numbers in 4-bit 
binary. 
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binary (adj.) Having only two possible states, which can be 
variously called on/off, 1/0, true/false, high/low, etc. 

bipolar (adj.) One of the two basic types of transistor. In logic 
design, used for TTL, ECL, and 12Llamilies. See also: TTL, ECL, 
l"L,MOS. 

bistable (adj.) Describes a system which has 2 stable states. 
Any other state is unstable, and will eventually change to one of 
the stable states. A flip-flop is the most common electronic bi­
stable circuit. See also: flip-flop, astable, monostable. 

bit 1. (n.) Binary Digit. One unit of binary information. 2. (n.) A 
measure of the storage capacity of a memory chip. See also: 
binary. 

blank (adj.) Describes the state of a programmable cell after 
manufacturing, and before any programming, or, in the case of 
an erasable device, after erasure. Opposite of "programmed". 
See also: programmable cell, programmed, program, erase. 

buffer (n.) A logic gate which performs the logic identity function; 
i.e., the input is passed through unchanged. Used to isolate 
various parts of a system, or to provide voltage or current 
amplification. 

c 
chip (n.) A single piece of semiconductor material which con­
tains an integrated circuit. Sometimes called a die if not in a 
package. See also: integrated circuit, die, package. 

clock 1. (adj.) A signal used to synchronize the operation of a 
system. 2. (adj.) An input to a clocked flip-flop. The flip-flop will 
not change state until an appropriate pulse appears at the clock 
input. 3. (n.) A circuit which generates a clock signal. 4. (v.t.) 
To pulse the clock signal or the clock input of a clocked flip-flop. 
See also: flip-flop, clocked flip-flop. 

clocked flip-flop (n.) A flip-flop that does not change state until 
a clock signal is received. See also: flip-flop, unclocked flip-flop, 
clock. 

CMOS (n .. adj.) Complementary MOS. A type of circuit which 
makes use of both N-channel and P-channel MOS transistors. 
Many CMOS logic circuits consume no power when not actually 
switching. See also: MOS, NMOS, PMOS, standby power. 

combinational (adj.) See combinatorial. 

comblnatorlal (adj.) Refers to a logic circuit which implements 
logic functions of present input signals only. Also called combi­
national. See also: sequential. 
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complement 1. (adj). Refers to a signal which is identical to 
some reference signal, except that it is of opposite polarity. 
Opposite of '1rue". 2. (v.t.) To invert. See also: true, polarity, 
invert. 

complementary (adj.) Refers to logic device outputs which 
implement identical logic functions, but with opposite polarities. 
Used on some PLDs and ECL devices. See also: polarity, PLO, 
ECL. 

D 

decimal (adj.) Based on the number 10. 

die (n.; plural: dice) Same as a chip, particularly before being 
placed in a package. See also: chip, package. 

digit (n.) Any number from Oto 9. 

DIP (n.) Dual In-line Package. The most common integrated 
circuit package. It is rectangular in shape, with widths ranging 
from .300 inch to .900 inch, and has vertical leads along the 
length. Available for up to 64 pins. See also: integrated circuit, 
package. 

disable 1. (v.t.) To turn off a three-state output. 2. (v.t.) To inhibit 
another function, such as "disabling the clock". See also: three­
state, enable. 

download 1. (v.t.) To pass data from one machine to a less 
complex machine. 2. (n.) The act of downloading data. See 
also: upload. 

E 

ECL (n., adj.) Emitter Coupled Logic family. An extremely high 
speed family of bipolar logic and memory devices. See also: 
bipolar. 

EE cell (E2 cell) (n.) A floating gate cell which can be both 
programmed and erased with electrical signals. 

EEPROM (n.) Electrically Erasable Programmable Read-Only 
Memory. A nonvolatile read-only memory device which can be 
erased and reprogrammed, both with special electrical signals. 
See also: program, erase, EPROM, PROM, ROM, RAM, non­
volatile. 

enable 1. (v.t.) To turn on a three-state output. 2. (adj.) By itseH, 
usually refers to a pin which is used to enable a three-state 
output. Also called •output enable". 3. (adj.) Used with other 
function names, indicates a qualifier or inhibitor of the function. 
For example, "clock enable" is a function which qualHies the 
clock function. 4. (v.t.) To allow a signal which has been disabled 
to function; for example, "enabling the clock" removes any 
restraint which may disable the clock signal. See also: three­
state, disable. 

EPROM (n.) Erasable Programmable Read-Only Memory. A 
non-volatile read-only memory device which can be erased and 

reprogrammed. Erasure is accomplished by exposing the die to 
ultraviolet light for a period of time. Die must be packaged in a 
windowed package to allow erasure. See also: program, erase, 
EEPROM, PROM, ROM, RAM, non-volatile, windowed 
package. 

erase 1. (v.t.) To return a programmed device to its blank state. 
Opposite of "program". 2. (v.t.) To return an individual program­
mable cell to its blank state. See also: blank, programmable cell, 
program. 

ESD (n.) Electrostatic Discharge. The natural physical event of 
the transferring of electrical charges. If uncontrolled, ESD can 
destroy or degrade both CMOS and bipolar semiconductor 
devices with inadequate on-chip protection circuitry and/or 
insufficient packaging and handling protection. See also: ESDS 
Device, CMOS, bipolar. 

ESDS Device (n.) Electrostatic Discharge Sensitive Device. A 
device which is sensitive to damage at certain levels of ESD. 
Three classes exist at ESD levels of up to 1999V, to 3999V and 
above 4000V. See also: ESD. 

F 

finite state machine (FSM) (n.) A machine which can be in 
one of a finite number of states. Often used for logic circuits 
which sequence through various states. Such a circuit is referred 
to as sequential. See also: sequential. 

flip.flop (n.) A bistable digital circuit. The simplest variety is 
called an S-R flip-flop. Other types are J-K, T, and D-type. May 
be unclocked or clocked. See also: bistable, unclocked flip-flop, 
clocked flip-flop. 

floating gate (n.) A gate on an MOS transistor which is not 
connected to anything. Used to store charge; forms the basis of 
UV cells and EE cells. See also: MOS, gate, UV cell, EE cell. 

FPGA 1. (n.) Field Programmable Gate Array. A high-density lllr!'I. 
PLO with multiple levels of logic and programmable ... 
interconnect. 2. (n.) Field Programmable Gate Array. An array 
of logic gates whose configuration can be programmed by the 
customer. The gates are often NANO gates, but can also be 
NOR gates. See also: gate, program, NANO, NOR. 

FPLA (n.) Field Programmable Logic Array. See PLA. 

FPLS (n.) Field Programmable Logic Sequencer. A program­
mable logic device which is intended for sequencing or state 
machine applications. See also: finite state machine. 

functionally complete (adj.) Refers to a logic operation or 
group of operations from which any complex logic function can 
be built. The NANO and NOR operators are functionally com­
plete. See also: NANO, NOR. 

fuse (n.) As used in programmable logic, usually refers to a 
lateral metal link fuse. See also: lateral fuse. 

8-5 



Glossary 

fuse map (n.) A graphic representation of the contents of a PLO. 
The state of each connection (fuse or other programmable cell) 
is represented, usually with ·x· indicating an intact connection, 
and"-" indicating an open connection. See also: PLO, program­
mable cell. 

G 

gate 1. (n.) A fundamental logic element. The elementary gates 
provide NOT, AND, and OR logic functions. 2. (n.) The control 
terminal of a gated D-type latch. See also: latch, gated latch. 

gate array (n.) A logic device which consists of an array of logic 
gates (usually NANO) which can be interconnected during 
fabrication. A custom metallization pattern is used to configure 
the desired functions. See also: gate, NANO, metallization. 

gate equlvalency (n.) A rough measure of the complexity of a 
digital logic integrated circuit. Indicates the approximate num­
ber of discrete logic gates that would be needed to implement 
the same function. See also: gate. 

gated latch (n.) Generally refers to an unclocked 0-type flip­
flop which has a control signal called a gate. When the gate is 
"open", the flip-flop output follows the data input. When the gate 
is "closed", the output holds its current state. Also called a 
transparent latch. See also: flip-flop, unclocked flip-flop, gate, 
latch. 

H 

HAL® device (n.) Hard Array Logic device. A version of a PAL 
device which is configured during fabrication with a custom 
metallization pattern. HAL is a registered trademark of Ad­
vanced Micro Devices. See also: PAL device, metallization. 

12L (Ill) (n., adj.) Integrated Injection Logic. A less common 
bipolar logic design technique which, when used, is found 
primarily in portions of LSI and VLSI circuits. See also: bipolar, 
LSI, VLSI. 

integrated circuit (n.) An electronic device which has many 
transistors and other semiconductor components integrated 
onto one piece of silicon. Often abbreviated IC. 

Invert (v.t.) To perform the logical NOT function on a digital 
signal. To reverse the polarity of a digital signal. See also: 
polarity, NOT. 

inverter (n.)A logic gate which performs logical inversion, or the 
NOT operation. See also: gate, NOT. 

1/0 (Input/Output) 1. (n.) The methods and equipment used to 
pass information into and/or out of a system or device. 2. (adj.) 
On a programmable logic device, a pin which can function as an 
input and/or an output. 
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JEDEC 1. (n.) Joint Electronic Device Engineering Council. A 
council which creates, approves, arbitrates, and/or oversees 
industry standards for electronic devices. 2. (adj.) In program­
mable ·logic, refers to a computer file containing information 
about the programming of a device. The file format is aJEDEC­
approved standard. Used for downloading to programmers. 
See also: program, programmer, download. 

junction Isolation (n.) A bipolar integrated circuit fabrication 
technique which uses P-N functions to isolate transistors. This 
is the original integrated circuit technology, and is being sup­
planted by oxide isolation in places where speed is critical. See 
also: oxide isolation, bipolar. 

K 

Karnaugh map (K-map) (n.) A graphic tool for minimizing 
sum-of-products or product-of-sums logic functions. Useful for 
up to six logic variables. See also: sum-of-products, product-of­
sums. 

L 

latch 1. (n.) A type offlip-flop. Means different things to different 
people. In general, an unclocked flip-flop. Sometimes used to 
refer specifically to a gated 0-type flip-flop. 2. (v.t.) To capture 
a signal in a latch. See also: flip-flop, unclocked flip-flop, gate, 
gated latch. 

latch up (v.t.) To enter the latch-up condition. See also: latch­
up. 

latch-up (n.) A condition in which a circuit draws uncontrolled 
amounts of current, and certain voltages are forced, or "latched­
up" to some level. Used especially in reference to CMOS 
devices, which can latch up if the operating conditions are 
violated. See also: CMOS, latch up. 

lateral fuse (n.) A thin metal link which is disconnected when 
programmed. Connected in the blank state, disconnected in the 
programmed state. Usually just called a '1use". See also: pro­
gram, programmed, blank. 

LCC (n.) Leadless Chip Carrier. A ceramic integrated circuit 
package having no leads. Connection is made to metal contacts 
which are flush with the package. See also: integrated circuit, 
lead, package. 

lead (n.) [19d] A metal conductor which provides a connection 
from the inside of an integrated circuit package to the outside 
world for soldering or other mounting techniques. See also: 
integrated circuit. 

logic array (n.) Generally an array of programmable cells which 
attach inputs to logic gates of a specified type. See also: 
program, gate, programmable cell. 
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loglc slmulatlon (n.) A means whereby a logic design can be 
evaluated on a computer before actually being built. The 
computer simulates the behavior of the components to predict 
the behavior of the overall circuit. 

LS (adj.) Low-power Schottky TTL family. Lower power version 
of the standard Schottky TIL family. See also: TTL, 
Schottky TIL. 

LSI (adj.) Large-Scale Integration. A rough measure of the 
complexity of a digital circuit. Characterized as having 
100-5000 gate equivalents for logic chips, or 1 K-16K bits for 
memory chips. See also: gate equivalent, bit, VLSI, SSI, MSI. 

M 

macrocell (n.) Typically the output cell of a PLO, containing a 
flip-flop and path multiplexers. 

maxterm (n.) A sum in the canonical product-of-sums form. 
Each maxterm contains every input variable, in either true or 
complemented form. See also: product-of-sums, true, 
complement. 

metalllzatlon (n.) The process of connecting the various ele­
ments of an integrated circuit or printed circuit board by placing 
a layer of metal over the entire wafer or board, and then 
selectively etching away unwanted metal. A photolithographic 
mask defines the pattern of connections. See also: integrated 
circuit, wafer, printed circuit board. 

mlnterm (n.) A product in the canonical sum-of-products form. 
Each minterm contains every input variable, either in true or 
complemented form. See also: sum-of-products, true, 
complement. 

monollthlc (adj.) In the electronics industry, refers to a circuit 
which has been integrated onto one semiconductor chip. 
Integrated circuits are monolithic by definition. See also: 
integrated circuit. 

monostable (adj.) Describes a system which has 1 stable 
state. Any other state is unstable, and will eventually change to 
the stable state. The most common monostable circuit is a •one­
shot". See also: bistable, astable. 

MOS (n., adj.) Metal-Oxide-Semiconductor transistor. One of 
the two basic types of transistor. In logic design, used for NMOS, 
PMOS, and CMOS families. See also: NMOS, PMOS, CMOS, 
bipolar. 

MSI (adj.) Medium-Scale Integration. A rough measure of the 
complexity of a digital logic circuit. Characterized as having 
10-100 gate equivalents. See also: gate equivalent, SSI, LSI, 
VLSI. 

N 

NANO (adj.) Not AND. A commonly used logic gate which is 
equivalent to an AND gate followed by an inverter. The NANO 

logic operation is functionally complete. See also: gate, inverter, 
functionally complete, AND. 

negative loglc (n.) A physical implementation of logic wherein 
a low voltage level represents a logic 1, or irue•, and a high 
voltage level represents a logic 0, or "false•. See also: positive 
logic, polarity. 

NMOS (n., adj.) N-channel MOS. A type of circuit which makes 
exclusive use of N-channel MOS transistors. See also: MOS, 
PMOS, CMOS. 

non-volatile (adj.) Refers to memory devices which do not lose 
their contents when power is removed. See also: volatile. 

NOR (adj.) Not OR. A logic gate which is equivalentto an OR gate 
followed by an inverter. The NOR logic operation is functionally 
complete. See also: gate, inverter, functionally complete, OR. 

NOT (adj.) One of the three elementary logic functions. Unary 
operation whose result is true if and only if the operand is false. 

0 

OR 1. (adj.) One of the three elementary logic functions. Result 
of the OR operation is false if and only if all operands are false. 
2. (v.t.) To perform the OR operation. 

OTP (adj.) One-Time Programmable. Refers to programmable 
devices which are UV-erasable, but which are not packaged in 
windowed packages. As a result, there is no way to erase the 
device, making it programmable only once. See also: program, 
erase, UV-erasable, windowed package. 

oxide Isolation (n.) A bipolar integrated circuit fabrication 
technique which uses silicon dioxide to isolate transistors. This 
results in higher speed and density. See also: junction isolation, 
bipolar. 

p 

package (n.) The encasement which protects a die and provides 
convenient electrical contact to the die. Materials used are 
generally ceramic or plastic compounds. There is a variety of 
shapes and sizes. See also: die. 

PAL9 device (n.) Programmable Array Logic device. A PLO 
which implements logic via a programmable AND logic array 
driving a fixed OR logic array. PAL is a registered trademark of 
Advanced Micro Devices. See also: program, logic array, sum­
of-products, PLO, AND, OR. 

PLA (n.) Programmable Logic Array. A programmable logic 
device which implements sum-of-products logic via a program­
mable AND logic array driving a programmable OR logic array. 
See also: program, logic array, sum-of-products, AND, OR. 

PLCC (n.) Plastic Leaded Chip Carrier. A molded plastic inte­
grated circuit package with leads shaped like a •J• (J-leads). 
Intended for surface mounting. See also: integrated circuit, lead, 
surface mounting, package. 
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PLO (n.) Programmable logic Device. Generic term for a logic 
device whose function can be configured by the customer after 
purchase. See also: program. 

PMOS (n., adj.) P-channel MOS. A type of circuit which makes 
exclusive use of P-channel MOS transistors. See also: MOS, 
NMOS, CMOS. 

polarity (n.) Specifies the sense of "active" and "inactive", or 
''true" and '1alse" in a digital signal. "Active high" represents 
''true" as a high signal; "active low" represents ''true" as a low 
signal. 

positive logic (n.) A physical implementation of logic wherein 
a high voltage level represents a logic 1, or ''true", and a low 
voltage level represents a logic 0, or "false". See also: negative 
logic, polarity. 

power dissipation (n.) The amount of electrical power used by 
a device. Calculated as the product of the operating voltage and 
current. Measured in watts (W) or milliwatts (mW), as appropri­
ate. Sometimes incorrectly used to refer to the operating 
current only. 

printed circuit board (PC board, PCB) (n.) A board for 
assembling electrical components. Component connections 
are made by metal traces which have been fabricated through 
a metallization process. See also: trace, metallization. 

product-of-sums (POS) (adj.) A representation of a logic 
function where the input signals are individually inverted (if 
necessary), then ORed together to form sums which areANDed 
together. Any combinatorial logic function can be represented in 
product-of-sums form. See also: sum-of-products, combi­
natorial, AND, OR. 

product term (pterm, p-term) (n.) An AND gate in a PLO 
which implements sum-of-products logic. See also: sum-ol­
products, PLO, AND, gate. 

product term sharing (n.) See product term steering. 

product term steering (n.) A means whereby product terms 
in a PAL device can be routed to one of two device outputs, 
instead of being dedicated only to one output. Sometimes called 
"product term sharing". See also: product term, PAL device. 

program 1. (v.t.) As used in programmable logic, to configure 
a blank device so that it can perform some desired function. 
Applies to memory and logic devices. Opposite of "erase". 2. 
(v.t.) To change an individual programmable cell from a blank 
state to a programmed state. See also: blank, programmable 
cell, programmed, erase. 

programmable cell (n.) Any of a variety of cells which can be 
altered by applying certain electrical signals. Various types are 
lateral and vertical fuses, UV cells, E2 cells, and even RAM cells. 
All but RAM cells are non-volatile. See also: lateral fuse, vertical 
fuse, UV cell, E2 cell, RAM cell, non-volatile, volatile. 

programmed (adj.) Describes the state of a programmable cell 
or device after programming. Opposite of "blank". 
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programmer (n.) A device or machine used for configuring, or 
"programming", PLDs or PROMs. See also: program, PLO, 
PROM. 

PROM (n.) Programmable Read-Only Memory. A nonvolatile 
memory device whose contents are programmed by the cus­
tomer. Once programmed, it cannot be erased. Also functions 
as a PLO with a fixed AND logic array which drives a program­
mable OR logic array. See also: program, erase, EEPROM, 
EPROM, ROM, RAM, non-volatile, AND, OR, logic array. 

R 

RAM (n.) Random-Access Memory. Sometimes. called read/ 
write memory. A type of memory device which can be written to 
and read at any time. Such memory is volatile. Actually a mis­
nomer, since most types of memories can be accessed ran­
domly. The distinguishing feature is the fact that RAM is 
designed specifically to be written to in normal usage. See also: 
ROM, volatile. 

RAM cell (n.) A cell which is used make one bit of volatile 
memory in a RAM. Can also form the basis of a programmable 
logic connectivity array. See also: RAM, volatile. 

ROM (n.) Read-Only Memory. A nonvolatile memory device 
which has its contents defined when manufactured. No changes 
can be made to the memory contents. See also: PROM, 
EPROM, EEPROM, RAM, non-volatile. 

s 
Schottky TIL (adj.) Family of TTL devices which make use of 
Schottky diodes for higher speed. See also: TTL 

security fuse (n.) A PLO feature which allows a user to "secure" 
the PLO after programming. This prevents subsequent copying 
of the contents of the PLO. See also: PLO, program. 

semicustom (adj.) Refers to a circuit which has been partially 
designed by the device vendor, and partially designed, or 
configured, by the customer. Primary types are PLDs, gate 
arrays, and standard cell circuits. See also: PLO, gate array, 
standard cell. 

sequential (adj.) Refers to a logic circuit whose operation 
depends both on present input signals and previous operations, 
or states. Requires some kind of memory (usually flip-flops) for 
remembering past states. See also: flip-flop, combinatorial. 

SSI (adj.) Small Scale Integration. A rough measure of the 
complexity of a digital logic circuit. Characterized as having less 
than 1 O gate equivalents. See also: gate equivalent, MSI, LSI, 
VLSI. 

standard cell (n.) A method of designing semicustom or full 
custom circuits whereby predefined cells are brought together to 
provide the specified function. Unlike gate arrays, all fabrication 
steps are customized, instead of just the metallization step. See 
also: semicustom, gate array, metallization. 



Glossary 

standby power (n.) The power consumed by a device when 
none of the device inputs are switching. Usually used in refer­
ence to CMOS devices, many of which consume practically no 
standby power. See also: CMOS. 

sum-of-products (SOP) (adj.) A representation of a logic 
function where the input signals are individually inverted (ii 
necessary), then ANDed together to form products which are 
ORed together. Any combinatorial logic function can be repre­
sented in sum-of-products form. See also: product-of-sums, 
combinatorial, AND, OR. 

surface mounting (n.) A printed circuit board assembly tech­
nique whereby the integrated circuit packages are placed on the 
board with no leads protruding through to the other side. Pack­
ages can thus be mounted on both sides of the board. See also: 
printed circuit board, lead, through-hole mounting. 

synchronous 1. (adj.) Describes a sequential logic system 
wherein all operations are synchronized to a common clock. 2. 
(adj.) Describes signals whose behavior and timing are synchro­
nized to a clock. 3. (adj.) Describes a communication protocol 
whereby the timing of various operations is determined by a 
system clock. See also: sequential, clock, asynchronous. 

T 

temperature compensation (n.) A circuit feature which al­
lows some electrical characteristics to remain relatively con­
stant with some variation in operating temperature. 

three-state (adj.) A type of logic device output which can be in 
one of three-states: HIGH, LOW, and OFF, or High-Z (high 
impedance). When enabled (on), performs as a normal binary 
output. When disabled (off), acts as an open pin. See also: 
enable, disable, binary. 

through-hole mounting (n.) A printed circuit board assembly 
technique whereby the leads of the various components extend 
through holes in the board. These leads are then soldered from 
the opposite side of the board. See also: printed circuit board, 
lead, surface mounting. 

trace 1. (n.) During logic simulation, the behavior of a signal or 
group of signals. The results can sometimes be stored in a '1race 
file" on disk for later analysis. 2. (n.) A thin layer of metal on a 
printed circuit board which provides connections between 
components. Performs the function of a wire. See also: logic 
simulation, printed circuit board. 

transparent latch (n.) See gated latch. 

TRI-STATE® (adj.) See three-state. TRI-STATE is a registered 
trademark of National Semiconductor Corp. 

true (adj.) Refers to a signal which is identical to some reference 
signal, with the same polarity. Opposite of "complement". See 
also: complement, polarity. 

TTL (adj.) Transistor-Transistor Logic family. The most widely 
used family of bipolar logic devices. The name refers to the 
particular circuit design technique used. See also: bipolar. 

u 

unclocked flip-flop (n.) A flip-flop that changes state as soon 
as the appropriate control signals are applied. See also: flip-flop, 
clocked flip-flop. 

upload 1. (11.I.) To pass data from one machine to a more 
complex machine. 2. (n.) The act of uploading data. See also: 
download. 

UV cell (n.) A floating gate cell which can be erased by exposure 
to ultraviolet (UV) light. See also: floating gate, erase. 

UV-erasable (adj.) Refers to devices or programmable cells 
which can be erased when exposed to ultraviolet (UV) light for 
a period of time. See also: programmable cell, erase. 

v 

vertical fuse (n.) A transistor arranged such that the emitter 
and base are shorted together when programmed. Discon­
nected in the blank state, connected in the programmed state. 
See also: program, programmed, blank. 

VLSI (adj.) Very Large Scale Integration. A rough measure of the 
complexity of a digital circuit. Characterized as having 5000 or 
more gate equivalents for logic chips, or 16K or more bits for 
memory chips. See also: gate equivalent, bit, SSI, MSI, LSI. 

volatile (adj.) Refers to memory devices which lose their 
contents when power is removed. See also: non-volatile. 

voltage compensation (n.) A circuit feature which allows 
some electrical characteristics to remain relatively constant with 
some variation in the supply voltage. 

w 
wafer (n.) A round slice of very pure silicon which is used in the 
fabrication of integrated circuits. Several circuits can be built on 
one wafer. See also: integrated circuit. 

windowed package (n.) A package which has a quartz 
window in the lid directly over the die. This makes it possible to 
expose the die to ultraviolet light for erasing the device. See also: 
erase, die, package. 
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Worldwide Application Support 

The Worldwide Application Support Group is dedicated to making 
sure that the customer's need for technical support is met. 

It is the job of Applications Engineering to ensure that the 
customer engineer is familiar with our product line, that they have 
the information and tools necessary to get the appropriate part 
designed in, and that they have access to technical support 
throughout the lifetime of their product. 

Support is provided by two groups: 

Field Applications Engineers-With Applications Engineers 
located in our field saiesoffices throughouttheworld, our custom­
ers always have access to an engineer when they have problems 
or questions. Working with Sales, our engineers teach seminars 
showing customers how to use our new parts, assist them during 
their design when technical questions come up, and provide 
troubleshooting support to help eliminate problems which might 
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occur when the design reaches production. Call your local Sales 
Office for an FAE in your area. 

Factory Appllcatlons Support-This group, located within the 
factory, is resporTSible for centralized technical support of all 
AMD's products. Their duties include developing seminars for 
training of FAEs and customers, and hosting the twice yearly 
Applications Conference. They are responsible for the coordina­
tion of customer training and giving the factory an insight into the 
customer's point of view. 

Addltionally, the Factory Applications Support Group provides 
customer support for technical questions via a toll-free number: 
(800) 222-9323 (listed on the back of all databooks). This depart­
ment is manned from 7:00 A.M. to 5:30 P.M. (Pacific time) 
Monday to Friday. Currently 80% of the questions are answered 
on the first call, 20% within 24 hours. 
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Manchester area ......... TEL .............................. 109251828008 
(Warrington) FAX .............................. 0925 827693 

TLX ................................... 851-628524 
London area ................ TEL .............................. (0483) 740440 
(Woking) FAX .............................. (0483) 756196 

TLX ................................... 851-859103 

North American Representatlves--­
CANADA 
Burnaby, B.C. 

DAVETEK MARKETING ................................. (604) 430-3680 
Calgary, Alberta 

DAVETEK MARKETING ................................. (403) 291-4984 
Kanata, Ontario 

VITEL ELECTRONICS .................................... (613) 592-0060 
Mississauga, Ontario 

VITEL ELECTRONICS .................................... (416) 676-9720 
Lachine, Quebec 

VITEL ELECTRONICS .................................... (514) 636-5951 
IDAHO 

INTERMOUNTAIN TECH MKTG, INC .......... (208) 888-6071 
ILLINOIS 

HEARTLAND TECH MKTG, INC .................. (312) 577-9222 
IN DIANA 

Huntinaton - ELECTRONIC MARKETING 
CONS LTANTS, INC ...................................... (317) 921-3450 
Indianapolis - ELECTRONIC MARKETING 
CONSULTANTS, INC ...................................... (317) 921-3450 

IOWA 
LORENZ SALES .............................................. (319) 377-4666 

KANSAS 
Merriam -LORENZ SALES ............................ (913) 384-6556 
Wichita-LORENZ SALES ............................. (316) 721-0500 

KENTUCKY 
ELECTRONIC MARKETING 
CONSULTANTS, INC ...................................... (317) 921-3452 

MICHIGAN 
Birmingham - MIKE RAICK ASSOCIATES .. (313) 644-5040 ll 
Holland-COM-TEK SALES, INC ................. 1616) 399-7273 : 
Novi -COM-TEK SALES, INC ....................... 313) 344-1409 

MISSOURI 
LORENZ SALES .............................................. (314) 997-4558 

NEBRASKA 
LORENZ SALES .............................................. (402) 475-4660 

NEW MEXICO 
THORSON DESERT STATES ....................... (505) 293-8555 

NEW YORK 
East Syracuse - NYCOM, INC ...................... (315) 437-8343 
Woodbury-COMPONENT 
CONSULTANTS, INC ...................................... (516) 364-8020 

OHIO 
Centerville -DOLFUSS ROOT & CO ........... (5131433-6776 
Columbus -DOLFUSS ROOT & CO ............ (614 885-4844 
Strongsville-DOLFUSS ROOT & CO ......... (216) 238-0300 

PENNSYLVANIA 
DOLFUSS ROOT & CO .................................. (412) 221-4420 

PUERTO RICO 
COMP REP ASSOC, INC ............................... 1809! 746-6550 

UTAH, R2 MARKETING ....................................... 801 595-0631 
WASHINGTON 

ELECTRA TECHNICAL SALES ..................... (206) 821-7442 
WISCONSIN 

HEARTLAND TECH MKTG, INC ................... (414) 792-0920 
Advanced Mero Devices reserves the right to make changes In its product without notice in order to impmve design or performance characteristics. The performance 
characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details, 
contact your local AMO sales representative. The company assumes no responsibility for the use of any circuits described herein. 

Adnnt:MI II/cm O.lflcn, Im:. 901 Thompson Place, p .0. Box 3453, Sunnyvale, CA 94088, USA @ 1989 Advanced Micro Devices, Inc . 
.Ill Tel: (408) 732-2400 • lWX: 910-339-9280 • TELEX: 34-6306 • TOLL FREE: (800) 538-8450 Printed 1= 
... APPLJCATIONS HOTLINE TOLL FREE: (800) 222-9323 • (408) 749-5703 
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11·1*®1.!Flll 
U.S. AND CANADIAN DISTRIBUTORS 

ALABAMA Arrow/Kierulff Electronics Wyle Labs/EMG Future Electronics 
Arrow/Kierulff Electronics 521 Weddell Drive 26677 Agoura Road Baxter Centre 
1015 Henderson Road Sunn(.vale, California 94089 Calabasas, California 91302 1050 Baxter Road 
Huntsville, Alabama 35805 Tel: 408) 745-6600 Tel: (818) 880-9000 Ottawa, Ontario 
Tel: (205) 837-6955 TWX: 910-339-9371 TWX: 310-372-0232 Canada K2C 3P2 

Hamilton/Avnet Electronics Arrow/Kierulff Electronics FAX: 818-880-5510 Tel: (613) 820-8313 

49-40 Research Drive 1180 Murphy A venue Wyle Labs/EMG TWX: 610-563-1697 

Huntsville, Alabama 35805 San Jose, California 95131 124 Maryland Street Future Electronics 
Tel: (205) 837-7210 Tel: (408) 947-3550 El Segundo, California 90245 237 Hymus Boulevard 
TWX: 810-726-2162 Elmo Semiconductor Corp. Tel: (213) 322-1763 Pointe Claire, Quebec 

TWX: 910-348-7140 Canada H9 R 5C7 Schweber Electronics 7590 N. Glenoaks Boulevard FAX: 213-322-8100 Tel: (514) 694-7710 4910-J Corporate Drive Burbank, California 91504-1052 FAX: ~514) 695-3707 Huntsville, Alabama 35805 Tel: (818) 768-7400 Wyle Labs/EMG TELE : 82-3554 Tel: (205) 895-0480 TWX: 910-321-2943 Orange County Division 05-823555 
Hamilton/Avnet Electronics 17872Cowan 

ARIZONA Irvine. California 92714 Future Electronics 
Anthem Electronics 350 McCormick Avenue Tel: (714) 863-9953 1990 Boulevard Charest Quest 
1727 E. Weber Drive Irvine Industrial Complex TWX: 91 0-595-1572 Suite 190 
Tempe, Arizona 85281 Costa Mesa, California 92626 

~~ia"da ~~b~B Tel: (602) 966-6600 Tel: (714) 754-6111 Wyle Labs/EMG 
FAX: 602-996-4826 TWX: 910-595-1928 18910Teller Avenue Tel: (418) 682-8092 Irvine, California 92715 
Arrow/Kierulff Electronics Hamilton/Avnet Electronics Tel: (714) 851-9953 Future Electronics 
4134 E. Wood Street 3170 Pullman Street TWX: 310-371-9127 1695 Boundary Road 
Phoenix, Arizona 85040 Costa Mesa, California 92626 Vancouver, Bntish Columbia 
Tel: (602) 437-0750 Tel: (714) 641-4100 Wyle LabstEMG Canada V5K 4X7 
FAX: 602-252-9109 TWX: 910-595-1928 2951 Sunrise Boulevard, Suite 175 Tel: (604) 294-1166 

Rancho Cordova, California 95742 
Haniilton/Avnet Electronics Hamilton/Avnet Electronics Tel: (916) 638-5282 Future Electronics 
30 S. McKemy Avenue 211 SO Califa Street TWX: 310-371-9279 106 King Edward [Century] 
Chandler, Arizona 85226 Woodland Hills, California 91367 

~!~~g:~3~a2~~ba Tel: (602) 961-6400 Tel: (818) 594-0404 Wyle Labs/EMG 
TWX: 910-951-1535 Hamilton/Avnet Electronics 9525 Ches"tleake Drive Tel: (204) 786-7711 

San Die~o, alifornia 92123 FAX: 602-961-4555 4103 Northgate Boulevard Tel: (61 ) 565-9171 Hamilton/Avnet Electronics 
Schweber Electronics Sacramento, California 95834 TWX: 910-335-1590 6845 Rexwood Road, Units 3-5 
11049 N. 23rd Drive Tel: (916) 920-3150 Mississauga, Ontario 
Phoenix, Arizona 85029 Hamilton/Avnet Electronics Wyle Labs/ EMG Canada L4 V 1R2 
Tel: (602) 997-4874 4545 Viewridge Avenue 3000 Bowers Avenue Tel: (416) 677-7432 
TWX: 910-950-1174 San Diego, California 92123 Santa Clara, California 95052 TWX: 610-492-8867 Tel: (408) 727-2500 
Wyle Labs/EMG Tel: (619) 571-7500 TWX: 910-338-0296 Hamilton/Avnet Electronics 
4141 E. Raymond, Suite 1 TWX: 910-335-1216 190 Colonnade Road 
Phoenix, Arizona 85040 Hamilton/Avnet Electronics CANADA Nepean, Ontario 
Tel: (602) 437-2088 1175 Bordeaux Drive Arrow Electronics Canada K2E 7 JS 

Sunnr,vale, California 94089 4050 Jean Talon Quest Tel: (613) 226-1700 CALIFORNIA Tel: 408) 743-3300 Montreal, Quebec TWX: 610-562-1906 Anthem Electronics TWX: 910-339-9332 Canada H4P 1W1 
9131 Oakdale Avenue Tel: (514) 735-5511 Hamilton/Avnet Electronics 
Chatsworth, California 91311 Hamilton Electro Sales TWX: 05-255-90 2816 21st Street, N.E. 
Tel: (818) 700-1000 10950 W. Washington Boulevard 

Arrow Electronics 
Calgary, Alberta 

Culver City, California 90230 Canada T2E 6Z2 Anthem Electronics Tel: (213) 558-2000 ~~~;a~;~~~f;.'f:''&;1~~b~a208 Tel: ( 403) 250-9380 1 Oldfield TWX: 910-340-6364 TWX: 610-821-2286 
Irvine, California 92718-2809 910-340-7073 Canada VSG 4L6 

Hamilton/Avnet Electronics Tel: (714) 768-4444 TELEX: 66-43-29 Tel: (604) 291-2986 
FAX: 714-380-4747 66-43-31 FAX: 604-291-6023 2795 Halpern 

St. Laurent, Quebec Anthem Electronics Hamilton/Avnet Electronics Arrow Electronics Canada H4S 1 PB 580 Menlo Drive, Suite 8 1361 "B" W. 190th Street 1093 Meyerside Drive, Unit 2 Tel: (514) 335-1000 
Rocklin, California 95677 Gardena, California 90248 Mississauga, Ontario TWX: 610-421-3731 
Tel: (916) 624-9744 Tel: (213) 217-6700 Canada L5T 1 M4 

Hamilton/Avnet Electronics Anthem Electronics TWX: 910-340-7073 Tel: (416) 670-7769 
2550 Boundary Road, Suite 115 9369 Carroll Park Drive FAX: 213-327-3794 Arrow Electronics Burnaby, British Columbia 

¥:i~ ?~'Ni\\~'.~'!i'~~a 92121 Schweber Electronics 36 Antares Drive, Unit 100 Canada VSM 3Z3 
17822 Gillette Nepean, Ontario Tel: (604) 437-6667 FAX: 619-546-7893 Irvine, California 92714 Canada K2E 7W5 TELEX: 04-356351 

Anthem Electronics Tel: (714) 863-0200 Tel: (613) 226-6903 
Zentronics Limited 1040 E. Brokaw Road TWX: 910-595-1720 Arrow Electronics 1355 Meyerside Drive 

San Jose, California 95131 Schweber Electronics 500 Jean Baptiste, Suite 280 Mississauga, Ontario Tel: (408) 453-1200 90 E. Tasman g~~~; g~ ~~bee Canada LST 1 C9 
FAX: 408-452-2242 San Jose, California 95134 Tel: (416) 564-9600 
ArrowtKierulff Electronics Tel: (408) 432-7171 Tel: (418) 871-7500 FAX: 416-564-8320 
2961 Dow Avenue FAX: 408-943-0623 Future Electronics Zentronics Limited Tustin, California 92680 Schweber Electronics 3220 5• Avenue N.E. 155 Colonnade Road S., #17/18 Tel: (714) 838-5422 3265 Ramos Circle Calgary, Alberta Nepean, Ontario TWX: 910-595-2861 Sacramento, California 95827 Canada T2A SN 1 Canada K2E 7K 1 
Arrow/Kierulff Electronics Tel: (916) 364-0222 Tel: (403) 235-5325 Tel: (613) 226-8840 
9511 Ridgehaven Court FAX: 916-364-1938 Future Electronics FAX: 613-226-6352 
San Diego, California 92123 Schweber Electronics 82 St. Regis Crescent North Zentronics Limited Tel: (619) 565-4800 

~6,J~~a:s~~~Yi\~~~ag1302 
Downs view, Ontario 817 Mccaffery Street TWX: 910-335-1195 Canada M3J 1 Z3 Ville St. Laurent, Quebec 

Arrow/Kierulff Electronics Tel: (818) 880-9686 Tel: (416) 638-4771 Canada H4 T 1 N3 
197 48 Dearborn Street FAX: 818-880-4687 TWX: 610-491-1470 Tel: (514) 737-2804 
Chatsworth, California 91311 Schweber Electronics Future Electronics FAX: 514-737-5212 
Tel: (818) 701-7500 371 Van Ness Way, Suite 100 ~~:;o~~~~Zi~~ Zentronics Limited TWX: 910-493-2086 Torrance, California 90501 6815 8th Street, N.E. #100 
Arrow/Kierulff Electronics Tel: (213) 320-8090 Canada T6H 4J8 Calgary, Alberta 

b~~::;~g:1W~::.r~ 90630 
FAX: 213-320-0896 Tel: (403) 438-2858 Canada T2E 7H7 

Schweber Electronics 
Tel: (403) 295-8838 

Tel: (714) 220-6300 Carroll Ridge Business Center Zentronics Limited FAX: 714-821-8420 6750 Nancy Ridge Road ~1~~~:~~~f~f;~ ~~f~rr,~!~8 Suite D&E, Bld9. 7 
San Diego, California 92121 Canada V6X 1T2 
Tel: (619) 450-0454 Tel: (604) 273-5575 

FAX: 604-273-2413 

11/9189 
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U.S. AND CANADIAN DISTRIBUTORS (Continued) 

COLORADO Schweber Electronics 
Anthem Electronics L~4;o~l!i:Kl';':i2'6~?ad 373 lnvemess Drive 
Enp,1ewood. Colorado 80112 Tel: (813) 541-5100 

FAX: 813-541-2855 
m,'~-~1~ Schweber Electronics 
Arrow/Kierulff Electronics 3665 Park Central Boulevard 

~~?~'.'5c\'~1o%':ro 80112 
Pompano Beach. Florida 33064 
Tel: (305) 977-7511 
TWX: 510·954-0304 Tel: (303) 790-4444 

FAX: 303-790-0188 GEORGIA 
Hamilton/Avnet Electronics Arrow/Kierulff Electronics 
9605 Maroon Circle, SUite 200 4250-E River Green Parkway 
Englewood, Colorado 80112 ~i'~r4~giija,~'lili36 Tel: (303) 799-0663 
FAX: 303-799-7801 

Hamilton/Avnet Electronics 
Schweber Electronics 5825-D Peachtree Corners East 

~~~~indN1~~~i~.;,,~~~~;~~t:~~ Norcross, Georgia 30092 
Tel: (404) 447.7500 

Englewood, Colorado 80112 TWX: 810-766-0432 
Tel: (303) 799-0258 

Schweber Electronics FAX: 303-799-0730 
303 Research Drive, Suite 210 

~leE';!~~4~Avenue Norcross.Georgia 30092 
Tel: (404) 449·9170 

Thornton, Colorado 80241 TWX: 810-766-1592 

ft:!iJ~i~>i:g~9g~o ILLINOIS 
Arrow/Kierulff Electronics 

CONNECTICUT 1140 West Thorndale Avenue 
Anthem Electronics Itasca, Illinois 60143 
61 Mattatuck Heights Tel: (312) 250-0500 
Waterbury, Connecticut 06705 FAX: 312-250-0916 
Tel: (203) 596-3201 

Hamilton/Avnet Electronics FAX: 203-596-3232 
1130 Thorndale Avenue 

Arrow/Kierulff Electronics Bensenville, Illinois 60106 
12 Beaumont Road Tel: (312) 860-7780 

f J!li(~6rid2s~~~~ticut 06492 TWX: 910-227-0600 

Schweber Electronics TWX: 710-476-0162 

ri: 8r~~:C1if:ge, Illinois 60001 Hamilton/Avnet Electronics 
Commerce Park Tel: (312) 364-3750 
Commerce Drive TWX: 910-222-3453 

~:i~bi'~~9.;'.'f~t 06810 IN DIANA 
TWX: 710-456-9974 Arrow/Kieru1ff Electronics 

7108 Lakeview Parkway W. Drive 
Schweber Electronics Indianapolis, Indiana 
115 Hurley Road Tel: (317) 243-9353 
Oxford, Connecticut 06483 TWX: 810-341-3119 
Tel: (203) 264-4700 

Hamilton/Avnet Electronics FAX: 203-264-4998 
485 Gradle Drive 

FLORIDA Carmel, Indiana 46032 
Arrow/Kierulff Electronics Tel: (317) 299-2071 
37 Sk~ine Drive, Suite 3101 FAX: 317-299-2379 
Lake a~, Florida 32746 
Tel: (407 323-0252 IOWA 
FAX: 407-323-3189 Arrow/Kierulff Electronics 

375 Collins Road N.E. 
Arrow/Kierulff Electronics Cedar Rapids, Iowa 52402 
400 Fairway Drive Tel: (319) 395-7230 
Deerfield Beach, Florida 33441 

Hamilton/Avnet Electronics Tel: (305) 429-8200 
FAX: 305-428-3991 915 33rd Avenue S.W. 

Cedar Rapids, Iowa 52404 
Arrow/Kierulff Electronics Tel: (319) 362-4757 
El Monte Mall TWX: 910-525-1316 
Third Floor, Suite 2 
Hato Rey, Puerto Rico 00918 Schweber Electronics 
Tel: (809)764-4384 5270 Park Place N.E. 
FAX: 809-764-3479 Cedar Rapids, Iowa 52402 

Tel: (319) 373-1417 
Hamilton/Avnet Electronics 
2801 N.W. 15th Way KANSAS 
Ft. Lauderdale, Florida 33069 Arrow/Kierulff Electronics 
Tel: (305) 971-2900 8208 Melrose, Suite 21 O 
TWX: 510-956-3097 Lenexa, Kansas 66214 

Tel: (913) 541-9542 Hamilton/Avnet Electronics 
FAX: 913-541-0328 324 7 Tech Drive North 

f~ip{~~~)~~'.~i;~a 33716 Hamilton/Avnet Electronics 
15313 W. 95th Street 

TWX: 810-863-0374 Lenexa, Kansas 66219 

Hamilton/Avnet Electronics Tel: (913) 888-8900 

~~ie~~~k~~ro~~~1~~%~ 
TWX: 910-743-0005 

Schweber Electronics 
Tel: (407) 628-3888 10300 W. 103rd Street, Suite #200 
TWX: 810-853-0322 Overland Park, Kansas 66214 
Schweber Electronics Tel: (913) 492-2921 
317 S. North Lake Boulevard 
Suite 1024 
Altamonte Springs, Florida 32701 
Tel: (407) 331-7555 
TWX: 810-848-0052 

KENTUCKY 
Hamilton/Avnet Electronics 
805 A Newtown Circle 

1r:rntc:, ~~~-~~~~ 40511 

MARYLAND 
Anthem Electronics 
9020 A Mendenhall Court. Suite E 
Columbia, Maryland 21045 
Tel: (301) 995-6640 
FAX: 301-621 ·8270 

Arrow/Kiarulff Electronics 
8300 Guilford Drive 
Columbia, Maryland 21046 
Tel: (301) 995-6002 
TWX: 710-236-9005 

Hamilton/Avnet Electronics 
6822 Oak Hall Lane 
Columbia, Maryland 21045 
Tel: (301) 995-3500 
TWX: 710-862-1861 
TELEX: 8-79-68 

Schweber Electronics 
9800-H Patuxent Woods 
Columbia, Maryland 21046 
Tel: (301) 596-7800 
FAX: 301-596-7821 

MASSACHUSETTS 
Anthem Electronics 
36 Jonspin Road 
Wilmington, Massachusetts 01887 
Tel: (508) 657-5170 
FAX: 508-657-6008 

Arrow/Kierulff Electronics 
25 Upton Drive 
Wilmington, Massachusetts 01887 
Tel: (508) 935-5134 
FAX: 508-694-1754 

Hamilton/Avnet Electronics 
1 OD Centennial Drive 
Peabody, Massachusetts 01 g60 
Tel: (508) 532-3701 

Schweber Electronics 

~;:~t~a~~~~setts 01730 
Tel: (617) 275-5100 
FAX: 617-275-7912 

Sertech Labs 
12 Cherir11 Drive 
Beverly, assachusens 01915-0288 
Tel: (508) 927·5820 

MICHIGAN 
Arrow/Kierulff Electronics 
Hagge\r, Tech Center 
19880 ;!llgerty Road 
Livonia, 1chi~an 48152 
Tel: (313) 46 -2290 
TWX: 313-462-2686 

Arrow/Kierulff Electronics 
3510 Roger B. Chaffee Drive S.E. 
Grand RapKls, Michigan 49508 
Tel: (616) 243-0912 

Hamilton/Avnet Electronics 
41650 Gardenbrooi< Road 
Suite 100 

~~l~i,(~~~i8:9l~~go 
Hamilton/Avnet Electronics 
2215 29th Street, S.E. 
SpaceA-5 
Grand RapKls, Michigan 49508 
Tel: (616) 243-8805 
TWX: 910-242-2983 

Schweber Electronics 
31478 Industrial Road, Suite 3 

!r~n!Mfi~e-~~gg 1 so 

MINNESOTA 
Arrow/Kierulff Electronics 
5230 W. 73rd Street 
Edina, Minnesota 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

Hamilton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka, Minnesota 55343 
Tel: (612) 932-0600 
TWX: 910-576-2720 

Schweber Electronics 
7424 W. 78th Street 
Edina, Minnesota 55435 
Tel: (612) 941-5280 
TWX: 910-576-3167 

MISSOURI 
Arrow/Kierulff Electronics 
2380 Schuetz Road 
St. Louis, Missouri 63146 
Tel: (314) 567-6688 
TWX: 910-764-0882 

Hamilton/Avnet Electronics 
741 Goddard Avenue 
Chesterfield, Missouri 63005 
Tel: (314) 537-1600 

Schweber Electronics 
502 Earth City Expressway 
Suite#203 
Earth City, Misscuri 63045 
Tel: (314) 739-0526 
FAX: 314-739-5268 

NEW HAMPSHIRE 
Arrow/Kierulff Electronics 
3 Perimeter Road 
Manchester, New Hampshire 03103 
Tel: (603) 668-6968 
TWX: 710-220-1684 

Hamilton/Avnet Electronics 
444 E. Industrial Park Drive 
Manchester, New Hampshire 03103 
Tel: (603) 624-9400 
TWX: 710-474-3255 

Schweber Electronics 
Bedford Farms Bldg. #6 
Kilton & South River Road 
Manchester, New Hampshire 03102 
Tel: (603) 625-2250 
TWX: 710-220-7572 

NEW JERSEY 
Anthem Electronics 
311 Route 46 West 
Fairfield, New Jersey 07006 
Tel: (201) 227-7960 
FAX: 201-227-9246 

Arrow/Kierulff Electronics 
4 East Stow Road, Unit 11 

~:irlt(;;~~~r:~ 08053 

TWX: 710-897-0829 

Arrow/Kierulff Electronics 
6 Century Drive 
Parsippany, New Jersey 07054 
Tel: (201) 538-0900 
TWX: 710-734-4403 

Hamilton/Avnet Electronics 
1 Keystone Avenue, Bldg. 36 
Cherry Hill, New Jersey 08003 
Tel: (609) 424-0100 
TWX: 710-940-0262 

Hamilton/Avnet Electronics 
10 Industrial Road 
Fairfield, New Jersey 07006 
Tel: (201) 575-3390 
TWX: 710-734-4388 

Schweber Electronics 
43 Route 46 East 
Pine Brook, New Jersey 07058 
Tel: (201) 227-7880 

NEW MEXICO 
Arrow/Kierulff Electronics 
2460 Alamo Avenue S.E. 
Albuquerque, New Mexico 87107 
Tel: (50~ 884-2950 
FAX: 50 -884-2959 

Electronic Devices, Inc. 
8325-A Washington N.E. 
Albuquerque, New Mexico 87113 
Tel: (505) 822-1300 
FAX: 505-822-1411 

1119/89 
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U.S. AND CANADIAN DISTRIBUTORS (Continued) 
Hamilton/Avnet Electronics 
2524 Baylor Drive S.E. 
Albuquerque, New Mexico 87106 
Tel: (505) 765-1500 
TWX: 910-989-0614 

NEW YORK 
Anthem Electronics 
47 Mall Drive 
Commack, New York 11725 
Tel: (516) 864-6600 

Arrow/Kierulff Electronics 
25 Hub Drive 
Melville, New York 11747 
Tel: (516) 694-6800 
TWX: 510-224-6155 

ArrowtKierulff Electronics 
3375 Brighton Henrietta Townline 
Rochester, New York 14623 
Tel: (716) 427-0300 
TWX: 510-263-4766 

Arrow/Kierulff Electronics 
20 Oser Avenue 
HaupJ>BU9e, New York 11788 
Tel: (516)231-1000 
TWX: 510-227-6623 

Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse, New York 13206 
Tel: (315) 437-2642 
TWX: 710-541-0959 

Hamilton/Avnet Electronics 
933 Motor Parkway 
HaupJ>Buge, New York 11788 
Tel: (516) 231-9800 
TWX: 510-224-6166 

Hamilton/Avnet Electronics 
2060 T ownline Road 
Rochester, New York 14623 
Tel: (716) 475-9130 
TWX: 510-253-5470 

Schweber Electronics 
3 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 424-2222 
TWX: 710·541-0601 

Schweber Electronics 
Jericho Turnpike 
Westbury, New York 11590 
Tel: (516) 334-7474 
TWX: 510-222-9470 

510-222-3660 

NORTH CAROLINA 
Arrow/Kierulff Electronics 
5240 Greens Dairy Road 
Raleigh, North Carolina 27604 
Tel: (919) 876-3132 
TWX: 510·928-1856 

Arrow/Kierulff Electronics 
938 Burke Street 
Winston-Salem, North Carolina 27101 
Tel: (919) 725-8711 
TWX: 510-931-3169 

Hamilton/Avnet Electronics 
3510 Spring Forest Road 
Raleigh, North Carolina 27604 
Tel: (919) 878-0819 
TWX: 510-928-1836 

Schweber Electronics 
1 Commerce Center 
5285 North Boulevard 
Raleigh, North Carolina 27604 
Tel: (919) 876-0000 
TWX: 510-928-0531 

OHIO 
Arrow!Kierulff Electronics 
7620 McEwen Road 
Centerville, Ohio 45459 
Tel: (513) 435-5563 
TWX: 81Q-459-1611 
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Arrow/Kierulff Electronics 
6238 Cochran Road 
Solon, Ohio 44139 
Tel: (216) 248-3990 
TWX: 81Q-427-9408 

Arrow/Kierulff Electronics 
7461 Worthington Galena Road 
Columbus, O~io 43085 
Tel: (614) 436-0928 
FAX: 614-888-8673 

Hamilton/Avnet Electronics 
30325 Bainbridge Road, Bldg. A 
Solon, Ohio 44139 
Tel: (216) 349-5100 
FAX: 216-831-2469 

Hamilton/Avnet Electronics 
954 Senate Drive 
Davton, Ohio 45459 
Tef: (513) 439-6700 
TWX: 810-450-2531 

Hamilton/Avnet Electronics 
1n Brooksed!te Boulevard 
Westerville, Onio 43081 
Tel: (614) 882·7004 

Schweber Electronics 
23880 Commerce Park Road 
Beachwood, Ohio 44122 

+~~2~~~i~~ 
Schweber Electronics 
7865 Paragon Road, Suite 21 o 
~r~~1?i'J~:-~~ 
OKLAHOMA 
Arrow/Kierulff Electronics 
12111E.51st Street, Suite 101 
Tulsa, Oklahoma 74146 
Tel: (918) 252-7537 

Hamilton/Avnet Electronics 
12121E.51st Street, Suite 102 
Tulsa, Oklahoma 74146 
Tel: (918) 252-7297 

Schweber Electronics 
4150 S. 100th East Avenue 
Suite 102 
Tulsa, Oklahoma 74146 
Tel: (918) 622-8000 

OREGON 
Almac Electronics 
1885 N.W. 169th Place 
Beaverton, Oregon 97006 
Tel: (503) 629-8090 
TWX: 91Q-467-8743 
FAX: 503-845-0611 

Anthem Electronics 
9705 S. W. Sunshine Court, #900 
Beaverton, Oregon 97005 
Tel: (503)643-1114 
FAX: 503-626-7928 

Arrow/Kierulff Electronics 
1800 N.W. 167th Place, Suite 145 
Beaverton, Oregon 97006 
Tel: (503) 645-6456 · 
FAX: 503-645-8056 

Hamilton/Avnet Electronics 
9409 S.W. Nimbus 

t~{~)·~~i97005 
Wyle labstEMG 
~ft~~~· Elam Young Parkway 

~~:~~,c::J~214 
TWX: 910-460-2203 

PENNSYLVANIA 
Anthem Electronics 
355 Business Center Drive 
Horsham, Pennsylvania 19044 
Tel: (215) 443-5150 
FAX: 215-675-9875 

Arrow/Kierulff Electronics 
650 Seco Road 
Monroeviffe, Pennsylvania 15146 
Tel: (412) 856-7000 
TWX: 710-797-3894 

Hamilton/Avnet Electronics 
2800 Li~ Avenue, Building E 
~.!r~~o2~.28'\"~~ania 15222 

TWX: 710-670-1127 

Schweber Electronics 
900 Business Center Drive 
Prudential Business Campus 
Horsham, Pennsylvania 19044 
Tel: (215) 441-0800 
FAX: 215·675-8412 

Schweber Electronics 
1000 R.l.D.C. Plaza, Suite 203 
Pittsburgh, Pennsylvania 15238 
Tel: (412) 782-1600 

TEXAS 
Arrow/Kierulff Electronics 
2227 W. Braker lane 
Austin, Tex as 78758 
Tel: (512) 835-4180 
TWX: 910-874-1348 

Arrow/Kierulff Electronics 
3220 Commander Drive 
Carrollton, Texas 75006 
Tel: (214) 380-6464 
TWX: 910-860-5377 

Arrow/Kierulff Electronics 

~:~i!'.'f~::t 7~~ Suite 100 
Tel: (713) 530-4 700 
TWX: 910-880-4439 

Hamilton/Avnet Electronics 
1807 A W. Braker lane 
Austin, Texas 78758 
Tel: (512) 837-8911 
TWX: 910-674-1319 

Hamilton/Avnet Electronics 

;:,?.,~~~~~~~~4~ite 190 
Tel: (713) 240-7733 
TWX: 910-881-5523 

Hamilton/Avnet Electronics 
4004 Belt line Road, Suite 200 
Dallas, Texas 75244 
Tel: (214) 404-9906 
FAX: 214-308-8109 

Schweber Electronics 
11500 Metric, Suite 410 
Austin, Texas 78758 
Tel: (512) 339-0088 
FAX: 512-832-5921 

Schweber Electronics 
4202 Beltway Drive 
Dallas, Texas 75234 
Tel: (214) 661-5010 
TWX: 910-860-5493 

Schweber Electronics 
10625 Richmond Avenue 
SUite 100 
Houston, Texas 77042 
Tel: (713) 784-3600 
TWX: 910-881-4836 

Wyle labstEMG 
4030 W. Braker Lane, Suite 330 
Austin, Texas 78759 
Tel: (512) 345-8853 
TAX: 512-345-9330 

Wyle LabstEMG 
1810 N. Greenville Avenue 
Richardson, Texas 75081 
Tel: (214) 235-9953 

Wyle labs/EMG 
11001 S.Wilcrest, Suite 100 
Houston, Texas 77099 
Tel: (713) 879-0053 

UTAH 
Anthem Electronics 
1279 W. 2200 South 
Salt lake City, Utah 84119 
Tel: (801) 973-8555 
FAX: 801-973-8909 

Arrow/Kierulff Electronics 
1946 W. Parkway Boulevard 
Salt Lake City, Utah 84119 
Tel: (801) 973-6913 
FAX: 801-972-0200 

Hamilton/Avnet Electronics 
1585 w. 2100 South 
Salt lake City, Utah 84119 
Tel: (801) 972-2800 
TWX: 910-925-4018 

f~~ l>:.bf~~uth, Suite E 
West Valley City, Utah 84119 
Tel: (801) 974·9953 
TWX: 910-917-4040 

WASHINGTON 
Almac Electronics 
14360 S.E. Eastgate Way 
Bellevue, Washington 98007 
Tel: (206) 643-9992 
TWX: 910-444-2067 
FAX: 206-746-7425 

Anthem Electronics 
5020146th Avenue NE, Suite 103 

~:i~(~i :~~k~ton 98502 
FAX: 206-885-4041 

Arrow/Kierulff Electronics 
19450 68th A venue South 

~=1~\~~)~~~~~Jo8032 
FAX: 206-575-4427 

Hamilton/Avnet Electronics 
Redmond Science Park, Bldg. C 
17761 N.E. 78th Place 
Redmond, Washington 98052 
Tel: (206) 881-6697 
FAX: 206-667-0159 

f~t;l~b~E~ 
~~~(~i :~~\ion 98052 
FAX: 206-881-1567 

WISCONSIN 
Arrow/Kierulff Electronics 
200 N. Patrick Boulevard 
Brookfield, Wisconsin 53005 
Tel: (414) 792-0150 
TWX: 910-262-1193 

Hamilton/Avnet Electronics 
20875 Crossroads Circle 
Waukesha, Wisconsin 53186 
Tel: (414) 784-4510 
TWX: 910-262·1182 

Schweber Electronics 
3050 Calhoun Road 
New Berlin, Wisconsin 53151 
Tel: (414) 784-9020 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 

AUSTRALIA A2M EBY Elektronik GmbH Spoerle Electronic 
R and D Electronics 1BldDe~ Schenckstrasse 99 Hoefener Str. 100 
P.O. Box206 F-67000 Stras 118 D-6000 Frankfun Main 90 D-8510 Fuerth b. Nurnberg 
Burwood 3125 Tel: 33 88 75 51 Tel: J069l 78 50 37 Tel: 49-911-78710 
Victoria TELEX: 890041 TEL X: 413590 TELEX: 622996 
Tel: 61-3-2888911 

Celdis EBY Elektronik GmbH Spoerle Electronic TELEX: AA 33288 (RADEn 
Contrada - Avenue Deurat Viersener Str. 24 Hopf~eimer Str. 10 

Rand D Electronics ~~<>ga ::~~~ 22 
D-4040 Neuss D-71 Bie~heim b. Stuttgart 

P.O.Box57 Tel: 49 2101 530072 Tel: 49-714 -70003-0 
Crows Nest N.S.W. 2065 TELEX: 532103 TELEX: 8517605 TELEX: 724287 

~~~n(l1) 439-5488 Celdis EBY Elektronik GmbH HONGKONG 
67 rue Bataille Obe~6 T ektron Electronics 

AUSTRIA 
re?:~ ~'Dfe 32 38 

D-8025 nterhaching b. MOnchen 1702 Bank Centre 
EBY Electronik GmbH Tel: 089 61105-1 636 Nathan Road 
Diefenbachgasse 3516 TELEX: 375448 TELEX: 524535 Kowloon 
A-1150 W1en 

Celdis EBY Elektronik GmbH Tel: 3 880 629 
Tel: 43 222 838519 

4 A 8, Allee De Vierge Welmarstrasse 48 
FAX: 852-3-7805871 

Ing E. Steiner Silic581 7000 Stuttgart 1 INDIA 
~~1~:"~':,se 14 94853 - Rungis Cedex Tel: 49-711-61910-0 Cepricorn Systems 

Tel: 33 1 45 60 58 00 TELEX: 722271 1430 Tully Road, Suite 405 
Tel: 43 222 827474-0 TELEX: 200485 Electronic 2000 San Jose, California 95122 
TELEX: 135026 

Datadis Oltl>-Suhr-Allee 9 
Tel: (408) 294-2833 

BELGIUM 10-12 rue Emile Landrln 1000 Be~in 10 IRE LAND 
Arcobel NV 92100-Boulogne Tel: 49 30 3417081 lft,~Ji~,;,ond Terlindenhofstraat 36, Bus 7 

Daradis TELEX: 185323 
P.O. Box 110 Malahide 
2060 Antwerpen-Merksem 73 Avenue du Chateau d' Eau Electronic 2000 County Dublin 
Tel: 32 3 648 70 48 33700 - Merignac Heinrich-Hertz, Str. 34 Tel: 353 1 450966 
TELEX: 73026 RTF D-4000 Dusseldorl-Erk. TELEX: 31407 

13 rue Lhote Tel: 49-211-204091 FAX: 353 1 453625 D & D Electronics PVBA TELEX: 8586810 
Viide Olympiadelaan 93 F-33000 Bordeaux New England Tech Sales Ltd 
2020 Antwerp Tel: 3358529959 Electronic 2000 Stonehaven TELEX: 580627 Schmidt Str. 49 Dublin Road EBY Electronik 

RTF 6000 Frankfurl/M1 Malahide Brucargo Bldg. 724 Tel: 49 69 730481 
B-1931 Zaventum 9, rue de Paris TELEX: 4189486 County Dublin 

35510 Cesson Sevigne Tel: 353 1 450635 
BRAZIL Tel: 3399838485 Electronic 2000 TELEX: 31407 
lcotron TELE: 741127 BenzStr.1 ISRAEL Avenue Mutinga 3650 RTF 7016 G~ingen Amtronics Ltd 6toAndarOS110 Av. De La Mairie Tel: 49715624091 1 O Huberman Street San Paolo SP F-31320 Esqualquens TELEX: 7245265 P.O. Box 1276 FAX: 011-55-11-833-2781 Tel: 33 61 81 57 Electronic 2000 IL-64075 Tel Aviv 
DENMARK TELEX: 520927 Uberseering 25 Tel: 972 3 227857 
C-88A. S. RTF ~o 4~'fobt\'38!3&i1 TELEX: 342229 
Kokkedal lndu~ 42A 
DK-2960 Kokk 9, rue d'Arcueil TELEX: 2164921 ITALV 
Tel: 45 2 24 48 68 F-94520 Gentilly BF 78 Cramer Italia S.P.A. 

Tel: 3346641101 Electronic 2000 Via Ferrarese 10/2 
FINLAND TELEX: 201069 Stah~berring 12 40126 Bologna 
FieldOV RTF 8000 nchen 82 Tel: 39 61 372 n1 

~~~~1~1~nki Tel: 498942001-0 TELEX: 522870 Provence Cote D'Azur TELEX: 522561 
Tel: 35807571011 5, Bid Gabriel Cramer Italia S. p. A. 
TELEX: 122022 13004 - Marseille Electronic 2000 Via San Simpliciano 2 
FAX: 358 0 798853 Tel: 3391957545 Aeussere Sulzbacher Str. 37 20121 Milano 

FRANCE RTF ~:?:° ~u~~'f'~:58 Tel: 39 2 809326 
23, Av. Du Granier TELEX: 626495 

TELEX: 313164 
A2M Zac Les Beaiieres Cramer Italia S. p. A. 13, Rue de la Republique 382401\Aeyfan Mueller Wuppertal Via Consalvo 107 
~~fl~9~1i~~k RTF Ve rein Str. 17 80125 Napoli Fuorigrotta 

Pare Club Du Moulin A Vent Bat G 0-5600 Wuppertal Tel: 39 81 614045 TELEX: 404895 Tel: 49 202 426016 TELEX: 722275 32, Rue Du Docteur Levy TELEX: 8591543 A2M 69200 - Venissieux Cramer Italia S. p. A. 6, Avenue du General de Gaulle Rhone - Auverene Spoerl& Electronic Via Cristoford Colombo 134 HallA BP n9 Tel: 3378000726 Gneisenau Strasse 2 00147 Roma F-78152 Le Chesney GERMANY 1000 Berlin 61 Tel: 39 6 517981 Tel: 39 54 91 13 Astronic GmbH Tel: 49-30 693 4090 TELEX: 611517 TELEX: 698376F TELEX: 18029 Dorrmorsbacher Str. 8 
&':~o8T~~~~ ~~·A. A2M-Sud Est ~~~ 4~·~~~et1~ ~~~~~if 2, Place de l'Europe 10135 Torino F-36290 St, Quentin Fallavier TELEX: 5213059 D-4600 Donmund 13 Tel: 3911 6192087 

!f'J:" 33 74 94 43 33 Astronic GmbH Tel: 49-231-21801-0 TELEX: 211252 
TELEX: 822555 

TELEX: 900738 Parkstr. 92 Kontron S. p. A. 48300 Bochum 6 ~Electronic Via Vallombrosa 19 A2M-Sud Quest Tel: 49-2327-88074 x-Planck Str. 1-3 50127 Firenze Pare d'Activite Cadera TELEX: 820403 D-8072 Dreieich Tel: 39 55 4377871 
Avenue J.F. Kennedy Astronic GmbH Tel: 49-6103-304-0 
BatE TELEX: 417972 Kontron S. p. A. 
F-33700 Merignac Winzerer Str. 47 D ViaG. Fantoli 1615 
Tel: 3356341097 0-8000 MOnchen 40 Spoerl& Electronic 1-20138 Milano 
TELEX: 560578 Tel: 4989309031 Volksparkstr. 62 Tel: 39 2 50721 TELEX: 521687 ~~~arn~~~o TELEX: 312288 
A2M - Breragen EBY Elektronik GmbH Z. A. Str. Meen TELEX: 2164536 ~~n~~:&n!, 20 St.Quay Kiebitzrain 18 
22700 - Perros Guirec D-3006 Burgwedel 1/Hannover Spoerle Electronic 41100 Modena 
Tel: 33 96 91 17 43 Tel: 49 5139 8087-0 Fo~erAllee Tel: 39 59 356080 
TELEX: 950313F TELEX: 943694 D- Unterfohring b. MOnchen 

Tel: 49-89-959990 
TELEX: 5216379 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS (Continued) 

Kontron S. p. A. Kanematsu Electronics Corp. SINGAPORE SWITZERLAND 
Via F lngoli 80 Shuwa Shinagawa Bldg. Dynamar Computer Products LTD. KontronAG 
1-00100 AciHa Roma 3-26-33, T aklinawa 109 Defu lane 10 Components Division 
Tel: 8171239 8184259 Minato-ku, Tokyo 180 Hougang Avenue 3 Bemer Strasse Sud 169 
TELEX: 620350 Tel: 03-447-4141 Singapore 1953 CH-801 O Zurich 
Kontron S. p. A. Matsushita Elect Trading Co !~act Sound fiP!el Ltd. 

Tel: 41-1-4354111 

~8f"1f~~laudio, 5 4-3-2 Minami Semba 7 OA Beach oad TELEX: 45-622 196 

Minami-ku #09-322 The Plaza TAIWAN 
Tel: 011 746191 7495253 OsakaS42 Singapore 0719 ASEC 
Kontron S. p. A Tel: 06-282-5590 Tel: 65-295-4604 7F No. 34411 Min-Sheng 
Via Montenovegno, 12 TELEX: 522-8771-METOSKJ TELEX: RS 39142 Impact East Road 
36100 Vicenza Miaotek. Inc. SOUTH AFRICA Taipei 

Tel: 39 444 571993 ltoh Bl, Promllect Ply. Ltd. Tel: (02) 505-7025 

Silverstar S. p. A. 7-9-17, ishi-Shinjuku 275 Kent Avenue FAX: 02-501 1524 

Via Del PO<IO 30 Shlnjuku-ku, Tmo 160 P.O. Box 1184 ~:. ~~n~1'.nf Co. Ltd. 
1-40122B~na 

Tel: 03-371-181 Randburg 2125 
Tel: 39 51 231 TELEX: .127466 

SPAIN No. 126, Sec 4 

~~~~,;~'f:,.,i 
Nihon Denshikizai Co., Ltd. Kontron S.A. Nanking E Road 
2-20-1 O Mlnamikaneda Gran Via De Carlos Ill, 94-10-1 P.O. Box 17-304 

718, 50133 Firenze Suita-shi, Osaka 564 E-08026 Barcelona Taipei 

Tel: 39 51 522231 Tel: 06-385-6707 Tel: 34-3-33 07713 Tel: 2-7763512 
FAX: 06-330-6814 TELEX: 52220 UNITED KINGDOM 

Silverstar S. p. A. 
Synderd~ne Inc. Kontron S.A. Alpha Electronic Components, Ltd. 

Via Del Gracchi 20 Jubilee House 
1-20146 Milano 3-24, Sa ur~aoka, machi ~~:a'b~~ ~~t:,,o, 87 Jubilee Road 
Tel: 392-4996 ~~6:4~1-9g~f 150 Letchworth, 
TELEX: 332189 FAX: 03-461-9854 

Tel: 34-4-4478189 Hertlordshire SG7 10J 
Silverstar S. p. A. Kontron S.A. Tel: 44-462-480888 
Via G. Franco 2IE Tokyo Electron Ltd. Cl, Salvatierra NS TELEX: 826505 
35010 Padova ~~~~'ti~r-~~r~-.?i:~9.w E-26034 Madrid Axiom 
Silverstar S. p. A. 

Tel: 34-1-729 1155 Turnpike Road Tokyo 160 TELEX: 23382 
Via Paisiello 30 Tel: {03) 343-4411 Cressex Estate 
1-00198 Roma ~~~;!J"ifi~~es ~W~ 2~~~mbe Buckinghanshire 
Tel: 396-8448841 KOREA 
TELEX: 610511 ENC E-06006 Barcelona Tel: 44 494 461616 

Silverstar S. p. A. 
#1602-4, Shucho-Dong Tel: 34 3 2126583 Kudos/Thame Ltd. Kang Nam-Ku TELEX: 97317 

Piazza Adriano 9 Seoul SS Suttons Park 
1-10139 Torino Tel: 82-2-582-5996 Sagitron, S.A. lmportaciones London Road 
Tel: 3911-4402756 Gold Star Semiconductor ltd. 

Castello 25.2 Readin9 
TELEX: 220181 E-Madrid-1 Berkshire RG6 1 AZ 

Kuk Dong Buildina Tel: 34 1 4026085 Tel: 44-734-351010 
JAPAN S0-1 Choon~mu- 0 3-KA, Jung-Gu TELEX: 43819 TELEX: 847575 
Asahi Glass Company, Ltd. C.P .0. Box 95 

SWEDEN Macro Marketing ltd. 2-1-2, Marunouchi Seoul 100 
Chlyoda·ku, Tokyo 100 Tel: 82 2 274 3219 Gllsta Bickstrom (AB) Bumham Lane 
Tel: 03-218-5814 TELEX: GOLD SEC K22767 27923 Box 11026 Slough 
TELEX: 81-3-212-0568 S-220 11 Lund Berkshire SL 1 6LN 

NETHERLANDS Tel: 46-15-03-45 Tel: 44-6286-4383 
Dainichi Contronics Arcobel BV Glista Bickstrorn (AB) 

TELEX: 847945 
Seiwakai Bldg. Griekenw99 25 Rapid Silicon Ltd. 7-12-, 3-chome, Misaki-cho P.O. Box344 Box 12009 
Chiyoda·ku, Tokyo 101 NL-5340 AH Oss Alstromergata 22 Rapid House 
Tel: 03 265-7381 Tel: 04120 30335 S10221 Stockholm Denmark Street 
TELEX: 2722204 Dainic J TELEX: 37489 Tel: 46-8-541060 High Wycombe 

FAX: 03-234-8660 TELEX: 10135 ~~';"~~amshire 
NORWAY 

Naxab lntemix Inc. OTE Kornponent Tel: 44-494-442266 
Shm~uku Hamada Bldg. Postboks 102 Tveita Box4115 TELEX: 837931 
7-4- Nishi Shin~ku N-06170.lo 6 S-17104 Solna 
Shinjuku-ku, To o 160 Tel: 47 2 26 9955 
Tel: 03·369-1101 TELEX: 78955 
FAX: 03-366-8566 
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~synchronous PAL Devices 
>roduct Pins Technology tpo (ns) Ice (mA) Description Page 

=>AL16RA8 20 TTL 30 170 Asynchronous macrocell 2-62 
:>AL20RA10 24 TTL 20-30 200 Asynchronous macrocell 2-153 
->AL221P6 24 TTL 25 210 Edge-triggered flip-flops 2-212 

.Jther PAL Devices 
=>roduct Pins Technology tpo (ns) Ice (mA) Description Page 

l\m/P AL20L 1 0 24 TTL 15-30 i05-2i0 10 combinatorial outputs 2-188 
=>AL20X10 24 TTL 30 180 XOR registers 2-188 
PAL20X8 
PAL20X4 

PAL32VX10 24 TTL 25-30 180 J-K, dual feedback macros 2-376 
AmPAL23S8 20 TTL 20-25 210 6 buried registers, macros 2-266 

Sequencers 
Product Pins Technology fMAX (MHz) Ice (mA) Description Page 

PLS105 28 TTL 40 200 PLS sequencer 3-3 
PLSi67 24 TTL 33 160 PLS sequencer 3-21 
PLS168 24 TTL 33 160 PLS sequencer 3-21 
PLS30S16 28 TTL 40 225 PLS with macrocells 3-40 

Am2971 28 TTL 100 425 Prog. Event Generator 3-133 

Programmable Gate Arrays 
Product Pins Technology fMAX (MHz) Ice (mA) Description Page 

Am2018i64 28-84 CMOS RAM 33-100 5 Programmable Gate Array 4-31 
Am3020/30/ 68-175 CMOS RAM 50-70 1-3 Programmable Gate Array 4-43 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

010 May Will be 
Change Changing 
from L to H from L to H 

XXX'IJX Don't Care; Changing, 
Any Change State 
Permitted Unknown 

ID-EK Does Not Center 
Apply Line is High-

E Impedance 
"Off" State 

KS000010-PAL 

SWITCHING TEST CIRCUIT 

12350-019A 

Measured 
Specification S1 Ct R1 R2 Output Value 

tPO Closed 1.5 v 
lEA Z--+ H: Open 50 pF 1.5 v 

z --+ L: Closed 2000 3900 

1ER H-.+Z: Open 5pF H -.+Z: VOH-0.5 v 
L -.+Z: Closed L -.+Z: VoL + 0.5 V 

AmPAL22P10B/AUA 2·235 



INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Typical Input 

Input 0----------1 

2·236 

ProgramNerify 
Circuitry 

12350--0208 

Typical Output 

-------------0 Vee 

AmPAL22P10B/AUA 

40 Q NOM 

Input, 
110 

Pins 

ProgramNerify/ 
Test Circuitry 

12984--006A 






