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Preface

Advanced Micro Devices is recognized as the pioneer and leader in microprogrammable “bit slice”
integrated circuits. The Am29300 family sets the current standard in general purpose 32-bit building
blocks. Designed for high performance and flexibility with a choice of elegant, easy to implement
architectures, this chip set brings microprogrammable products into the next generation.

The Am29300 generation gives the system designer flexibility both in hardware architecture and at
the microprogram level. This 32-bit product family achieves high performance and high integration,
while avoiding architectural restrictions. The products are designed to meet the high computational
requirements of advanced graphics systems, image processing, high-end controllers, fault-tolerant
processors, work stations, and other 32-bit applications limited not by process technology, but only
by the designer’s imagination.

Chapters 2, 3, and 4 of this databook describe the current full range of the Am29300 product offerings
in bipolar and CMOS technologies. Three different types of data sheets are presented: Advanced
Information, Preliminary, and Final.

* Advanced Information data sheets are developed from simulation data after
circuit design is completed. After a process change, advanced information is

again provided for speed select data.

* Preliminary data sheets are based on actual measurements when silicon is
available and units have beentested for AC characteristics. The preliminary test

programs are in place, but the normal fabrication process variations have not
allowed setting of final AC limits.

* Final data-sheet status is applied to products that .are fully characterized over
the operating range and are in volume production.

Over 75 application notes and technical articles have been written in 11 different languages
describing the features and benefits of the Am29300/29C300 family. A few representative articles
are reprinted in Chapter 6 to serve as a starting point for readers less familiar with the broad scope
of this chip set. A full list of articles is offered in the bibliography of Chapter 6.

Technical information regarding product and process reliability, as well as the Advanced Micro
Devices model for reliability studies is provided in Chapter 7. This chapter also outlines the basic
thermal characteristic data for the bipolar Am29300 products and describes test philosophy and
methods.

Chapter 8 gives general information regarding package outlines and ordering information.
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Am29300/29C300 Family Overview

1.1 Am29300/29C300 GENERAL OVERVIEW

CMOS and Bipolar 32-Bit High Performance
Building Blocks

AMD’s Am29300/29C300 family has been developed to
provide systems designers with flexible, off-the-shelf,
high-performance, 32-bit microprogrammable building
blocks. The Am29300/29C300 family is ideal for com-
plex and calculation-intensive applications such asintel-
ligent peripheral controllers including graphics, telecom-
munications, switching systems and laser printers; artifi-
cialintelligence and RISC CPUs; array and digital signal
processing; and a multitude of military applications.

Am29300/29C300 Pushes the Limits of
Your Imagination

Flexibility of Design

Successis driven by innovation and differentiation. While
“me too” systems companies merely struggle to be the
lowest cost manufacturers, innovative companies strive
ahead toward the future. The designers of AMD’s 32-bit
family recognize the need for system innovation and
differentiation. The Am29300/29C300 family provides
powerful building blocks with unlimited architectural flexi-
bility, thus returning design innovation and value-added
back to the design engineer. With the flexibility of custom
architectures and custom microcode, system perform-
ance is limited only by imagination.

Improve Your Time to Market

Because AMD’s 32-bit family integrates high perform-
ance features such as master/slave, parity checking,

funnel shifters, priority encoders, and mask generators,
the Am29300/29C300 family meets the complex func-
tional requirements of sophisticated systems and can
eliminate the need for custom ICs. With the Am29300/
29C300 there are no engineering circuit turnaround
delays, no hidden Non-Recurring-Engineering costs, no
complex test engineering correlations, and no waiting.
Off-the-shelf availability of a highly integrated, fully
tested product of guaranteed quality can meanimproved
profits for the system application.

Specifications that Count

We provide you with the tools and data necessary to
make your design right the firsttime. You can be assured
that the specifications of the parts you order are guaran-
teed by AMD as printed in the data sheets. Designers
require worst case guaranteed parameter values, and
AMD provides them. AMD removes the uncertainty of
customized design with fully guaranteed, standard, off-
the-shelf, 32-bit products. These state-of-the-art bipolar
and CMOS building blocks are the ideal solution for 32-
bit applications.

Military Product Position

AMD is committed to support the industry with military
qualified and specified Am29C300 family products. The
entire family is being offered as 883C level B fully
compliant APL products. In addition, we plan to release
the family in DESC military drawings. This will provide the
user with alternatives to source control drawings, thus
saving cost and time.

1-1
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Manufacturing — Processes and Planning

AMD’s Commitment to Process Technology
Improvements

The Am2901 industry standard bit-slice ALU is an ideal
example of AMD’s commitment to process improve-
ments. Table 1-1 and Figure 1-1 demonstrate the per-

formance improvements of the Am2901. Since its intro-
duction, the Am2901’s performance has increased
nearly three-fold while its price has dropped by a factor of
ten. This represents 25 percent annual price/perform-
ance improvement over 12 years. The philosophy of
performance improvements through process technolo-
gies applies to all members of AMD’s microprogram-
mable products.

Table 1-1
Speed
Year Device Technology Die Size AB - G,P Power
1975 Am2901 Low-Power Schottky 33 K mil 80 ns 1.5W
1977 Am2901A Dual Layer Metal 20 K mil? 65 ns 1.5W
lon Implantation
1978 Am2901B Projection Printing 15 Kmil? 50 ns 1.5W
1981 Am2901C ECL Internal 15 K mif 37ns 15W
TTL, /O IMOX
1986 Am29C01 1.6 um CMOS 15 K mil? 37ns 0.5W
1987 Am29C01-1 1.2 um CMOS 15 K mil? 28ns 0.5W
Speed Select
1987 Am29C01-2 1.0 pm CMOS 15 K mil? 19ns 0.5W
(est)
130 —
120 —
100 - F 110 — CMOS
% 90 = ~ 100 —
£ w 90 —
80 —
w BIPOLAR 2 g0
o 70 - , Z .
2 - : - = N,
T 50 - [o]
50 —f
2 40 ~ 'E:: w0 -
W30 - EMos o 30
20 - 20 —
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YEAR
09372A 1-1

Figure 1-1. Am2901 Performance

YEAR
09372A 1-2

Figure 1-2. Am29300/29C300 Performance
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Bipolar VLSI

The Am29300 family contains some of the largest bipo-
lar ICs produced anywhere inthe world. For example, the
Am29332 has over 5,000 gates, 31,000 devices, and
measures 142,000 mils2. AMD’s IMOX S-2 process
allows for such integration and high performance. Future
advances in AMD’s bipolar process will include process
“tweaks” as well as total changes in process approach.
These advances will provide improved performance and
yields, directly affecting the price/performance of the
AmM29300 family.

CMOS VLSI

The Am29C300 family, like its bipolar counterpan, also
contains very large die. The Am29C325 encompasses
nearly 11,000 gates and measures almost 130,000 mils2.

AMD’s CS-11 is the current CMOS workhorse process
forthe Am29C300 family. At an effective channel width of
1.6 microns, CS-11is capable of approaching the bipolar
speeds on all specifications.

There will be continued process improvements to the
current CMOS technology. The first improvement,
CS-11A, will be available on all Am29C300 products in
Q4 1987. CS-11A has an effective channel width of 1.2
microns, resulting in a 25 percent performance improve-
ment over CS-11.

Table 1-2 demonstrates the performance improvements
expected onthe Am29C300 family as these processes
are incorporated into the family.

Table 1-2 CMOS Evolution

Effective Typical
Year Process Channel Length Gate Delay
1986  CS-11 1.6 micron 1.25ns
1987 CS-11A 1.2 micron 0.90 ns
1988  CS-21 1.0 micron 0.65 ns

The Philosophy Behind the Functionality

- When AMD introduced the 4-bit slice (memory plus ALU)
Am2901 in 1975, semiconductor and packaging tech-
nologies prevented the integration of a 16- or 32-bit unit.
The 4-bit slice with internal memory and external carry-

look-ahead and a 48-pin package were the right compro-
mise then. Today, semiconductor and packaging tech-
nologies have advancedto apoint where a full 32-bit ALU
with many non-sliceable features, internal carry-look-
ahead, and systems access to all buses can be put on
one chip, with expandable memory on another. This
results in higher versatility and higher performance.

There are several reasons for the choice of a wider data
path. First, cycle time is improved significantly if carry
lookahead is contained entirely on the chip. Second,
certain powerful on-chip functions, such as the funnel
shifter, priority encoder, and mask generator are ex-
tremely difficult to “slice.” Third, a higher level of integra-
tion leads to a more cost-effective system solution.
These and other advantages contributed to the decision
to make the Am29332/29C332 a complete 32-bit func-
tion rather than a slice.

The Am29300/29C300 philosophy has also removed
the register file from the ALU, providing the designer
greater system flexibility and making expansion and
regular addressing much easier. The new partitioning
results in a number of benefits. The user gets a func-
tionally more powerful processor with two uncommitted
input buses and gains the flexibility of adding storage
elements to those buses. The Am29300/29C300 family
is designed to be the most functional and powerful family
of microprogrammable building block products available
on the market.

1.2 Am29300/29C300 FAMILY DEVICE
OVERVIEW

The Am29332/29C332 32-Bit ALU - The
Heart of a New Generation of Machines

The Am29332/29C332 is AMD’s first 32 bit wide ALU.
Parallel processing of 32 bits of data, coupled with very
fast cycle time, provides throughput unprecedented in
VLSl-based systems.

The 32-bit ALU combines maximum performance and
integration by keeping all critical timing paths short and
balanced. All ALU instructions have the same short cycle
time. This includes barrel shifting, normalization, priority
encoding and field logical operations.

1-3
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Figure 1-3. Am29332/29C332 32-Bit ALU

Three Ports Facilitate High Throughput

The Am29332/29C332 has two input ports (A and B) and
an output port (Y), all 32 bits wide. These three ports
provide flexibility and accessibility for high-performance
processor designs. Dedicated input and output ports
provide aflow-through architecture and avoid the penalty
associated with switching a bidirectional bus halfway
through the cycle. In addition, the three-bus architecture

allows easy parallel connection of other arithmetic units

for even higher performance.
Arithmetic and Logic Unit

The 32-bit wide ALU in the Am29332/29C332 has full
carry-lookahead to improve cycle time for all arithmetic
operations. The ALU is a unique three-input structure
with two data input ports and a mask input that is used on
every cycle, thus providing very powerful instructions

that execute in a single cycle. The mask supports byte-
aligned arithmetic operations and field logical operations
on variable-position, variable-length fields. The byte-
aligned arithmetic operations use 8-, 16-, 24-, and 32-bit
LSB-aligned operands. Field-logical instructions operate
on operands of arbitrary length and starting position.

Priority Encoder

The priority encoder generates a 5-bit vector indicating
the highest order ‘one’ inthe 32-bit operand. These 5 bits
are then stored in the position field of the status register
for use during the next cycle. The priority encoder sup-
ports all byte-aligned data types; the result is dependent
upon the byte width. specified. This function supports
normalization necessary for floating point operations; it
also enhances certain graphics primitives.
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64-Bit Funnel Shifter

The on-board 64-bit input, 32-bit output funnel shifter is
much more than a conventional barrel shifter. The shifter
can extract any contiguous field of 32 bits from a 64-bit
input. This input may consist of concatenated A and B
input words or, for barrel shifting, duplicated A or B input
words.

Residing in the ALU data path, the shifter can perform n-
bit shift or rotate in conjunction with a logical ALU
operation—-all in the same cycle, without increasing the
length of the cycle. This capability affords single-cycle
execution of logical operations beween unaligned fields
— a function that would take multiple cycles in other
architectures.

Mask Generator

The power and flexibility of the processor stems partly
from its ability to generate a mask to control the width of
an operation for each instruction without any cycle time
penalty. The mask generator at the ALU input creates a
contiguous field of ones and contains its own shifter to
position this control field anywhere in the data path. The
mask generator can also be used as a pattern generator,
bypassing the mask through the ALU.

Status Register

The processor has a 32-bit wide status register that
contains: information on position and width of the oper-
and; the ALU status flags Carry, Negative, Overflow, and
Zero; status bits for evaluation of inequalities; a link bit for
multiprecision shifts; an M flag for high speed multiply
and divide; and intermediate nibble carries for BCD
arithmetic. An extract-status instruction is provided that
allows any bit from the status register to be output at the
Y-port. This is particularly useful in machines employing
stack architectures. Instructions to save and restore the
status register are also provided.

Multiply and Divide Support

The chip incorporates dedicated hardware to allow effi-
cientimplementation of multiply and divide algorithms for

both unsigned and signed arithmetic data types. The
modified Booth multiply algorithm processes two bits
per cycle. The four-quadrant, non-restoring divide algo-
rithm processes one bit per cycle. Since the data path
width is fixed at 32 bits, the instructions can be simplified
to provide “first step,” “iterate step” and “last step” com-
mands for both multiply and divide. Programming slices
is no longer necessary since all multiply and divide steps
are provided in the instruction set. For business-oriented
machines, the ALU is capable of performing BCD arith-
metic on packed BCD numbers. In order to keep non-
BCD operations fast, BCD arithmetic is executed by
binary arithmetic followed by BCD correction.

The Instruction Set: Powerful and Flexible
Yet Simple and Regular

The Am29332/29C332 instruction set complements the
powerful hardware. To ease the task of code generation,
the instruction set is symmetrical and regular. There are
two large classes of instructions. The first class handles
byte-aligned data (8-, 16-, 24-, or 32-bit LSB-aligned). It
is comprised of: data movement instructions; arithmetic
instructions, including multiply and divide steps and BCD
instructions; logical instructions; and single-bit shift and
prioritize operations. The second class of instructions
operates on variable-length, variable-position fields. It
includes N-bit shift and rotate, field extract, and field
logical operations.

The Am29331/29C331 — 16-Bit
Micro-Interruptible Sequencer

The Am29331/29C331 is a high speed sequencer con-
trolling the sequence of microinstructions stored in mi-
croprogram memory. The instruction set aids structured
microprogramming and handles sequential execution,
branches, subroutines and loops. The sequencer in-
structions may be unconditional or conditional based on
CPU status, an on-board 8-input test multiplexer, and a
polarity control. The sequencer has a 16-bit wide address
path and can thus access 64K words of microcode
memory. It is transparently interruptible at any microin-
struction boundary.
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Figure 1-4. Am29331/29C331 16-Bit Microinterruptible Sequencer

Balanced Timing Means Greater Throughput

In previous generation microprogrammed systems, the
control path containing the sequencer has oftenbeenthe
bottleneck, because the sequencers were slower than
the associated data paths. Not so in the Am29300/
29C300 family. The speed of the Am29331/29C331
sequencer has been designed such that the entire sys-
temtiming is balanced between the control path and data
path, leading to higher overall throughput.

Micro-Level Interruptible

Real time interrupt handling at the microinstruction level
is made possible by the interrupt return address register
and the bidirectional Y-port. While the interrupt address
enters the part through the Y-port, the interrupt return
address is saved on the stack. Nested interrupts are
handled the same way.

Built-in Trap Handling

As an architectural alternative to the interrupt-driven
approach, the Am29331/29C331 Sequencer also has
provision for handling “traps” transparently at the micro-
instruction level, upon the occurrence of specified sys-
tem events. In this mode, the current microinstruction is
aborted. The specified trap routine is executed (like an
interrupt). But, following the trap routine, the aborted
microinstructionis re-executed (instead of proceedingon
to the next microinstruction, as in an interrupt).

33-Level Stack

The 33-level stack provides sufficient depth to handle
nested loops and subroutines; it is also used to save the
status of the sequencer when handling interrupts. Since
the stack is externally accessible, its contents may be

1-6
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unloaded through the bidirectional D-port for diagnostic,
debugging or fault recovery purposes. The stack may
also be loaded from the outside through the D-port. This
may be used for context switching, for example.

Multitasking Support

By providing a HOLD control pin, the designer may use
multiple sequencers in a multitasking system, with only
one sequenceractive atany one time. The output Y-ports
of the sequencers are tied together to address the same
microcode memory. This is useful, for example, for rapid
context switching at the microinstruction level.

Address Comparator Eases Debugging

The sequencer compares the address on the Y-port with
the contents of an internal break-point register. Break-
point detection is useful for debugging the system or
gathering run-time statistics.

Two-Branch Address Inputs

Two separate branch address inputs, D and A, are
provided to speed up source address selection. Both A
and D ports can be used to load the counter. The D port
can also be used to load or unload the stack while the A
port may be used to input a branch or map address,
eliminating the need to three-state selected sources.

Built-in Test Generation Logic

In the Am29331/29C331, unlike previous sequencers,
test generation logic and one layer of condition test
multiplexer logic are built-in. This not only reduces
component count, but also improves cycle time by mini-
mizing inter-chip delays and by moving the multiplexer
into fast internal ECL gates.

Multiway

Four sets of four-bit multiway inputs are provided. Each
such set of 4 bits can replace the four least significant bits
of D input, allowing a direct branch to any of 16 consecu-
tive locations in the microprogram memory. The multi-
way capability allows checking of up to four simultaneous
test conditions in a single cycle. This is obviously an
attractive alternative to checking each test condition
serially, a much slower multicycle process.

The Most Versatile Sequencer Ever

The combination of 16 bits of address, real time interrupt
capability, two address ports, a deep stack and other

capabilities make this device the most feature-loaded
sequencer ever offered.

The Am29334/29C334 Register File

The Am29334/29C334 is a 64 word by 18 bit, dual-
access, four-port register file. It is deliberately separate
from the ALU to allow easy, regular expansion, both
horizontally for wide data paths and vertically for large
register file machines.

Four-Port Achitecture

Two Read and two Write data ports allow independent
and simultaneous access to two register file locations.
The Read and Write ports are separated to eliminate the
delay caused by turn-around of bidirectional buses. The
dual-address, four-port architecture allows any combina-
tion of two reads, writes, or read-writes — no restrictions.

Organization Supports Parity

Since the Am29334/29C334 has a by-18 organization, it
can store two bytes with parity in each of its 64 words. As
a data path storage element, the register file neither
generates nor checks parity. When used in conjunction
with the Am29332/29C332 processor (which provides
parity checking on its inputs and parity generation on its
output), it provides a bus compatible register file, thus
extending parity protection to the entire data path loop.

Array Processing Products/Arithmetic
Accelerators

The Am29300/29C300 family is capable of very fast
operation on 32-bit fixed-point numbers. When greater
dynamic range is necessary, floating-point numbers
are often chosen. Advanced Micro Devices offers high-
speed VLSI integrated circuits designed to support the
growing need for high-performance array and signal
processing.  Applications include graphics, image
processing, communications, medical instrumentation,
radar and other electronic warfare applications. Three
AMD devices address these needs: Am29325/29C325
32-bit Floating-Point Processor, Am29C323 32x32-bit
Multiprecision Multiplier, and Am29C327 64-bit Float-
ing-Point Processor. These devices achieve very high
speeds through a combination of innovative architec-
ture and AMD’s advanced bipolar IMOX process and
CMOS process.
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Am29325/29C325

The Am29325/29C325 is a high-speed, single precision
floating-point processor. It performs 32-bit floating-point
addition, subtraction and multiplication operations in a
single device, using either IEEE-P754, draft 10.0 or
DEC VAX format.

Single-Cycle Execution

Since performance is the objective, all
instructions—including multiply—require only one cycle to
execute.

No Mandatory Pipelining

Although the Am29325/29C325 FPP has input and out-
put registers to make it a general purpose accelerator,
there are no pipeline registers internalto the floating point
array. Even the /O registers can be made transparent.

Three-Bus Architecture

The Am29325/29C325, like the Am29332/29C332, has
a three-bus architecture, with two input buses and one
output bus, thereby providing a bus compatible accelera-
tor. This configuration provides high I/O bandwidth allow-
ing the user to take full advantage of the single cycle,
high-speed, floating-point ALU. Naturally, the input and
output registers may be made transparent with individual
clock enables. In addition, the input and output registers
may be made transparent with independent feed-

through controls. The rules remain consistent — the
system architecture achieves the highest performance
when the component architectures do not interfere.

Powerful Instruction Set

The Am29325/29C325 executes the following instruc-
tions:

* Add (R plus S)
* Subtract (R minus S)
* Multiply (R times S)

Constant Subtract (2 minus S)
Integer to Floating Point Conversion
Floating Point to Integer Conversion
* |EEE to DEC Format Conversion
* DEC to IEEE Format Conversion

The instruction (2 minus S) is provided to support the
Newton-Raphson division algorithm.

Internal Data Paths Support Accumulation

The Am29325/29C325 has two internal feedback paths
to facilitate two-cycle internal multiply-accumulate op-
eration. The F1 bus can store the results of the multiply
operation in an input register for subsequent accumula-
tion. The F2 bus lets the output register function as an
accumulator by making its output available as an oper-
and for the next cycle.
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Figure 1-7. Am29325/29C325 32-Bit Floating Point Processor
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Am29C325 Stand-Alone Performance

The Am29C325 is a stand-alone CMOS Floating Point
Processor. When used with a simple sequencer such as
the Am29C10A, itcanbe used as a low cost floating-point
engine for applications requiring iterative algorithms
such as Chebyshev and Newton-Raphson. These algo-
rithms are used extensively in guidance, image and
signal processing, and other DSP applications.

Programmable 1/O Structure

To provide compatability with different system buses,
controls are provided for the following options:

» Two 32-bit input buses and one 32-bit output bus
* One 32-bit input bus and one 32-bit output bus
* Two 16-bit input buses and one 16-bit output bus

The input modes affect only the manner in which
operands are entered into the device. The operation

of the floating-point ALU is not altered. For example,
in the 32-bit/one input-bus mode, the two 32-bit inputs
are tied together and the two input operands are
clocked into the input registers on alternate rising and
falling edges of the clock. In the 16-bit, 3-bus mode, the
32-bitoperands are deliveredon two consecutive clock
cycles in 16-bit increments.

Am29C327 Double-Precision
Floating-Point Processor

The Am29C327 double-precision floating-point proces-
sor is a high performance, single VLSI device that imple-
ments an extensive floating-point and integer instruction
set. It can perform operations on single-, double-, or
mixed-precision operands. The three most popular float-
ing-pointformats — IEEE, DEC, and IBM —are supported.
IEEE operations comply with the standard P754, with
directimplementation of specialfeatures such as gradual
underflow and trap handling. '

il
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P4 ﬂ
Microcode DIN Coefficient
Controller Data Memory Memory
Am29C10A (8xAm93422) (4xAm27S281)
Microcode DouT DouT
Memory | .
(Am27545 VR
Register PROMs) Four-Port
Register File
Control (2xAm29C334)
i Addresses
Ly U
Clock V.
Generator :: 1/ % { -32
(Am2925) |-» Ro.31 S 031
Am29C325
Floating-Point
Processor
Fo-31
L 32

09372A 1-8

Figure 1-8. Microcoded Floating Point Co-Processor
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Flow-Through or Pipelined

Operations can be performed in either of two modes:
flow-through or pipelined. In the flow-through mode, the
ALU s completely combinatorial; this mode is best suited
for scalar operations. Pipelined mode divides the ALU
into one or two pipelined stages for use in vector opera-
tions, as is often found in graphics or signal processing.

Three-Bus Architecture

The Am29C327 has two input buses and one output bus
—athree-bus architecture just like the Am29C325 float-
ing-point processor. It provides flexibility and ease of
interface, making it a very high performance accelerator.

Input/Output Modes

The Am29C327 supports eight I/0 modes which provide
a flexible interface to a variety of 32-bit and 64-bit
systems. The input buses can be configured as separate
32-bit input buses or as a single 64-bit input bus. It is
possible to load two 64-bit operands in a single clock
cycle. The input modes are:

32-bit, double-cycle, LSWs first
32-bit, double-cycle, MSWs first
32-bit, single-cycle, LSWs first
32-bit, single-cycle, MSWs first
64-bit, double-cycle, R first
64-bit, double-cycle, S first
64-bit, single-cycle, R first
64-bit, single-cycle, S first

Integer or Floating-Point

In addition to supporting 32-bit and 64-bit integer opera-
tions, the Am29C327 supports the following floating-
point formats in single- or double-precision:

IEEE P754 version 10.1
DEC F, DEC D, and DEC G formats
IBM system 370 format.

Conversion between the floating-point formats and con-
version between floating-point and integer formats are
also provided. This is a very powerful feature not avail-
able in any other architecture.

Mixed-Precision Operations

All Am29C327 instructions, floating-point or integer,
canbe performed in either single- ordouble-precision op-
erands. In addition, the user can elect to mix precisions
within an operation. All operations are internally per-
formed in double precision; the user specifies the de-
sired precision of the input and output operands. The

necessary precision conversions are made in concert
with the selected operation, with no additional cycle-time
overhead.

Register File and Internal Datapath Support
Compound Operations

The ALU of the Am29C327 has three data input ports and
can perform operations of the form (A*B)+C. An eight-
deep register file for storing immediate results used in
recursive operations, and the on-chip 64-bit datapath,
facilitates compound operations such as Newton-Ra-
phson division, sum-of-products, and transcendentals.

Comprehensive Floating-Point and Integer
Instruction Sets

The Am29C327 implements an extensive number of
arithmetic and logical instructions. These instructions fall
into the following categories:

addition/subtraction
multiplication

multiplication/ accumulation
comparison

max/min

saturation (clipping)
rounding to integral value
absolute value, negation
reciprocal seed generation

floating-point «— — floating-point conversion
floating-point« — integer conversion
integer« — integer conversion
pass operand
logical operations; e.g. AND, OR, XOR, NOT
move data
By concatenating these operations, the user can also

perform division, square-root extraction, polynomial
evaluation, and other functions notimplemented directly.

Am29C323 Multiplier

The Am29C323 is a high-speed parallel 32x32-bit multi-
plier designed to speed up systems using fixed or float-
ing-point notation.

Three-Bus Architecture

Just like other members of the family, the Am29C323 has
two input buses and one output bus. This configuration
provides high I/0 bandwidth, allowing the user to take full
advantage of the high-speed parallel multiplier core of
the device.

1-12
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Figure 1-10. Am29C323 32x32 Parallel Multiplier

Multiprecision Multiplication Made Easy

By including 32-bit shift and accumulate to generate
partial products, the internal architecture of the
Am29C323 supports fast multiprecision multiplication.
Bothinput ports have dual 32-bit registers, and the output
port can select from a 67-bit product register, a 32-bit
temporary register, or directly from the 32x32-bit multi-
plier array. A complete 32x32-bit clocked multiplication
takes a single cycle (naturally — and with no pipelining!).
Multiprecision multiplication uses the shift and accumu-
late logic to collect partial products starting with the least
significant product. The number of cycles depends upon
the input data width, with three-cycle latency, as shown
in the table below. By using the I/O registers for pipelin-

ing, much greater throughput can be achieved. For
example, by overlapping 64x64-bit operations, afull 128-
bit product is available every four cycles. Multiplying the
mantissas of two double-precision 64-bit floating-point
numbers, for example, is one possible application of this
high speed multiprecision multiplication capacity.

Number of Cycles

Single Overlapped
Operands Product Operations
32x32 1 1
64x64 7 4
96x96 12 9
128x128 19 16

1-13
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Registered Buses . Am29C327 64-bit floating-point processor-have “mas-
ter/slave fault detection” to ensure correct operation
without having to carry parity through complex internal
logic (shifters, mask generators, etc.) and without having
to pay the resulting delay penalties. In master/slave
mode, two functional units are connected in paraliel
with one unit doing the actual operation and the other

‘ checking the result, on a cycle-by-cycle, bit-by-bit basis.
Complete Interlocking Fault Detection The master is used forthe normal data path. Inthe slave,
To enhance system reliability by ensuring data integrity ~ however, all outputs become inputs, and the slave com-
and correct hardware operation, the family supportsboth  pares the outputs of the master with its own internally
master/slave fault detection and data path parity. The  generated result. If the two don’t match, an error signal
system features byte parity checking on the inputs and  is generated, triggering an interrupt at the microin-
byte parity generation on the outputs of the Am29332/  struction level. No specialized software is required for
29C332 ALU and Am29C323 32x32-bit multiplier. Also, the master/slave scheme. Also, the designer can choose
the organization of the Am29334/29C334 64x18 register o impose redundancy at the component or board level.
file accommodates parity bits for each byte. The parity ~ The parity mechanism and the master/slave concept,
mechanism assures data path integrity. Major functional ~ which use cost-effective hardware rather than expensive
blocks—Am29332/29C332 ALU, Am29331/29C331 software, provide a comprehensive solution for fault
sequencer, Am29C323 32x32 bit multiplier, and  tolerant systems.

All buses in the device are registered, and each register
has its own Clock Enable. The device operates from a
single clock, ideal for microprogrammed systems. All
ports — input, output, and instruction — can be made
transparent independently.
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Am29337 16-Bit Bounds Checker

The need for simple yet sophisticated functionality and
board space savings created the Am29337, a 16-bit
bounds checker. This product provides inexpensive,
easy-to-use solutions fro the following applications:

¢ intelligent address decoder

° window clipping in graphics

¢ filterin DSP

¢ memory protection systems

* RISC processors

* multi/parallel processors

¢ logic analyzers

* tag/data buffers

The Am29337 compares incoming 16-bit data against
both lower and upper bounds and reports whether the

data is inside or outside the bounds. It can be cascaded
for 32-bit data and longer without sacrificing speed.

The Am29337 is housed in a 400 mil ceramic 28-pin DIP
for board space savings.

User Benefits

* Replaces MSI devices, saves board space
* Low-cost solution compared to conventional alter-
natives
Distinctive Features

* Double Comparators compare a 16-bit input num-
ber against a lower and an upper limit

* 16-bit operation, cascadable to longer words
* Compares signed or unsigned numbers
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J Com-
A parator

Lower
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EN, >
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Do
— COL

Com-
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ClL>
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Figure 1-13. Am29337 Block Diagram
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Am29338 32-Bit Byte Queue

The Am29338 is a general purpose 32-bit intelligent
FIFO that allows up to four bytes to be queued or de-
queued in a single cycle.

Fabricated with AMD’s IMOX-S2 technology and housed
in a 120-pin PGA, the Am29338 meets the requirements
fora high-speed FIFO buffer with minimum real estate.
The part will also be made available in high-speed, low-
power 1.2 micron CMOS technology.

Features of the Am29338 include:

* Queuing of up to 128 bytes

* Queuing or de-queuing of up to 4 bytes at a time

* Byte rotation on the inputs and outputs

* Asynchronous/synchronous operations

* Accepts 8-, 16-, 24-, and 32-bit input data

* Repetitive queuing of block data

* Almost empty/full signal if less than 4 bytes available

Significant User Benefits

The Am29388 is an excellent choice for a wide variety of
system design problems. lts benefits include: a shorter
design cycle when compared with implementing the
same functions with traditional FIFOs, higher perform-
ance, off-the-shelf functionality, less board space, and
less power than the separate parts needed to combine
this logic.

Applications
¢ Hardware mailbox between two heterogeneous
processors
* |/O bus buffers between a processor and
controller
* Instruction prefetch queue for byte addressable
microprocessor systems

* Write buffer between CPU and main memory

® Bus conversions, 8-, 16-, 24-, and 32-bits.

D PD

0-31 ' ~0-3
? PDERR
36 Parity
Check
BQo-1 —¥|
QEN —» Q:::e > Byte Rotator
BSWo —¥ Rotgte
BSW, —p| Lo0C % % % % Fal|—» FULL
3 3 8 2 Almost Full — A-FULL
el
BIE[5]6
E > > > Bytes in Queus | 7 CNT o6
[} <]
E[5]5]5
221212 Empty|— EMPTY
—_ x | x| x| X Almost Empty —& A-EMPTY
DQEN —# Dequaue NMEIERE
Rotate >
BDQ 0_3_.. Logic > Byte Rotator
36
Parity
Check
Yoo Pos ‘ PYERR

09372A 1-14

Figure 1-14. Am29338 Block Diagram
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1.3 A.C. AND D.C. PARAMETER DEFINITIONS

Definition of A.C. Switching Terms

fMAX

ton

tPHL

The highest operating clock frequency.

The propagation delay time from an input change to an output LOW-to-HIGH transition.

The propagation delay time from an input change to an output HIGH-to-LOW transition.
Pulse width. The time between the leading and trailing edges of a puise.

Rise time. The time required for a signalto change from 10% to 90% of its measured values.
Fall time. The time required for a signal to change from 90% to 10% of its measured values.

Set-up time. The time interval for which a signal must be applied and maintained at one input terminal
before an active transition occurs at another terminal.

Holdtime. Thetimeinterval forwhich a signal must be retained at one input after an active transition occurs
at another input terminal.

HIGH to disable. The delay time from a control input change to the output transition from the HIGH-level
to high-impedance (measured at 0.5V change).

LOW to disable. The delay time from a control input change to the output transition from the LOW-level
to high-impedance transition (measured at 0.5 V change).

Enable HIGH. The delay time from a control input change to the output transition from high-impedance
to HIGH-level.

Enable LOW. The delay time from a control input change to the output transition from high-impedance
to LOW-level.

Definition of D.C. Terms

Cro
H

L

I

0

Negative
Current

Positive
Current

OzZH

ozL

Power dissipation capacitance used to determine the no-lgad dynamic current consumption.
HIGH, applying to a HIGH voltage level.

LOW, applying to a LOW voltage level.

Input

Output

Current flowing out of the device.

Current flowing into the device.

LOW:-level input current with a specified LOW-level voltage applied.
HIGH-level input current with a specified HIGH-level voltage applied.
LOW-level output current.

HIGH-level output current.

Output short-circuit source current.

Supply current drawn by the device from the V. power supply.
Three-state off-state output current, HIGH- level voltage applied.
Three-state off-state output current, LOW- level voltage applied.
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Ve The range of supply voltage over which the device is guaranteed to operate.

Vi The highest input voltage that is guaranteed to be recognized by the device as a logic LOW.

Vi The lowest input voltage that is guaranteed to be recognized by the device as a logic HIGH.

Vo The highest Iogic LOW voltage guaranteed at the output terminal while sinking the specified load current
lOL’ .

Vou The lowest logic HIGH voltage guaranteed at the output terminal when sourcing the specified source
current lg,,.

lee The supply current drawn by the device from the V. power supply for an ECL circuit.

Vie Most negative power supply for an ECL circuit.
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CMOS Family

Am29C331 CMOS 16-Bit Microprogram Sequencer 2-1
Am29C332 CMOS 32-Bit Arithmetic Logic Unit 2-38
Am29C334 CMOS Four-Port Dual-Access Register File 2-76
Am29C325 CMOS 32-Bit Floating-Point Processor* 2-94
Am29C327 CMOS Double-Precision Floating-Point Processor* 2-95

* Front page only of data sheet. See Chapter 4 for complete data sheet.






Am29C331

CMOS 16-Bit Microprogram Sequencer

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

® 16-Bits Address up to 64K Words
Supports 110-ns microcycle time for a 32-bit high-
performance system when used with the other
members of the Am29C300 Family.

® Speed Select
Supports 80-ns system cycle time.

® Real-Time Interrupt Support
Micro-trap and interrupts are handled transparently
at any microinstruction boundary.

o Built-In Conditional Test Logic
Has twelve external test inputs, four of which are
used to internally generate an additional four test
conditions. Test multiplexer selects one out of 16
test inputs.

® Break-Point Logic
Built-in address comparator allows break-points in
the microcode for debugging and statistics collection.
® Master/Slave Error Checking
Two sequencers can operate in parallel as a master
and a slave. The slave generates a fault flag for
unequal results.
® 33-Level Stack
Provides support for interrupts, loops, and subrou-
tine nesting. It can be accessed through the D-bus
to support diagnostics.

GENERAL DESCRIPTION

The Am29C331 is a 16-bit wide, high-speed single-chip
sequencer designed to control the execution sequence of
microinstructions stored in the microprogram memory. The
instruction set is designed to resemble high-level language
constructs, thereby bringing high-level language program-
ming to the micro level.

The Am29C331 is interruptible at any microinstruction
boundary to support real-time interrupts. Interrupts are
handled transparently to the microprogrammer as an unex-
pected procedure call. Traps are also handled transparent-
ly at any microinstruction boundary. This feature allows re-
execution of the prior microinstruction. Two separate buses
are provided to bring a branch address directly into the chip
from two sources to avoid slow turn-on and turn-off times
for different sources connected to the data-input bus. Four

sets of multiway inputs are also provided to avoid slow turn-
on and turn-off times for different branch-address sources.
This feature allows implementation of table look-up or use
of external conditions as part of a branch address. The
33-deep stack provides the ability to support interrupts,
loops, and subroutine nesting. The stack can be read
through the D-bus to support diagnostics or to implement
multitasking at the micro-architecture level. The master/
slave mode provides a complete function check capability
for the device.

Fabricated using Advanced Micro Devices' 1.6 micron
CMOS process, the Am29C331 is powered by a single 5-
volt supply. The device is housed in a 120-terminal pin-grid
array package.
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RELATED AMD PRODUCTS

Part No. Description
Am29114 Vectored Priority Interrupt Controller
Am29116 High-Performance Bipolar 16-Bit Microprocessor
Am29C116 High-Performance CMOS 16-Bit Microprocessor
Am29PL141 | Field-Programmable Controller
Am29C323 CMOS 32-Bit Parallel Multiplier
Am29325 32-Bit Floating-Point Processor
Am29C325 | CMOS 32-Bit Floating-Point Processor
Am29332 32-Bit Extended Function ALU
Am29C332 CMOS 32-Bit Extended Function ALU
Am29334 64 x 18 Four-Port, Dual-Access Register File
Am29C334 CMOS 64 x 18 Four-Port Dual-Access Register File
Am29337 16-Bit Bounds Checker
Am29338 Byte Queue
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Figure 1. Am29C331 Detailed Block Diagram
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CONNECTION DIAGRAM
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PIN DESIGNATIONS
(Sorted by Pin No.)

PAD PIN PAD PIN PAD PIN PAD
PIN NO.| PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO.
C-5 Y2 115 H-2 Mg, 3 10 M-5 Aq3 80
C-6 GND 113 H-3 VCC 68 M-6 D12 81
C-7 A4 52 H-11 lo 34 M-7 Y12 82
Cc-8 Vee 53 H-12 S4 95 M-8 Y11 25
A-1 Mo, o 1 Cc-9 Ys 109 H-13 S3 94 M-9 A10 86
A-2 Do 120 Cc-10 Ye 48 J-1 GND 11 M-10 Dg 87
A-3 Vee 59 c-11 T3 44 J-2 EQUAL 71 M-11 Dg 89
A-4 Aq 58 c-12 T2 104 J-3 A-FULL 70 M-12 Ag 30
A-5 GND 56 C-13 Tg 41 J-11 Vee 37 M-13 Is 91
A-6 A3 114 D-1 Mg, 4 4 J-12 Vee 38 N-1 D1s 16
A-7 Y3 54 D-2 M1, 1 63 J-13 Vce 39 N-2 A1s 76
A-8 Ds 51 D-3 Mo, 1 3 K-1 RST 13 N-3 Vce 17
A-9 GND 50 D-11 Te 102 K-2 OEp 72 N-4 Y14 19
A-10 De 49 D-12 Ts 43 K-3 ERROR 12 N-5 GND 20
A-11 Vee 47 D-13 Ta 103 K-11 I3 92 N-6 Y13 21
A-12 A7 106 E-1 Cin 5 K-12 I2 33 N-7 D114 24
A-13 Y7 46 E-2 Mo, 2 65 K-13 I4 93 N-8 Aqq 84
B-1 M4, o 61 E-3 Mg, 1 64 L-1 INTR 14 N-9 GND 26
B-2 Ao 60 E-11 GND 97 L-2 INTEN 74 N-10 Ag 28
B-3 Yo 119 E-12 GND 98 L-3 INTA 73 N-11 Vee 29
B-4 Y4 117 E-13 GND 99 L-4 D14 18 N-12 Ys 90
B-5 A2 116 F-1 My, 2 6 L-5 D13 79 N-13 FC 31
B-6 D3 55 F-2 My, 2 66 L-6 GND 23
B-7 Dy 112 F-3 GND 8 L-7 Aq2 22
B-8 Y4 11 F-11 T10 100 L-8 Vee 83
B-9 As 110 | F-12 T7 42 | Lo D1o 85
B-10 As 108 F-13 Ts 101 L-10 Y10 27
B-11 D7 107 G-1 M1, 3 9 L-11 Yo 88
B-12 T4 45 G-2 Mo, 3 67 L-12 l4 32
- B-13 To 105 G-3 Mg, 2 7 L-13 So 35
C-1 Mgz o 2 G-11 T11 40 M-1 SLAVE 75
C-2 M3, o 62 G-12 So 36 M-2 HOLD 15
C-3 Dy 118 G-13 CP 96 M-3 Y15 77
C-4 Do 57 H-1 Mz 3 69 M-4 Aqs4 78




PIN DESIGNATIONS
(Sorted by Pin Name)

PIN PAD PIN PAD PIN PAD PIN PAD

PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO. NO.
- - 37 Dg M-11 89 INTEN L-2 74 Te D-11 102

- - 39 Dg M-10 87 INTR L-1 14 T7 F-12 42

- - 97 D10 L-9 85 Mg, o A1 1 Tg F-13 101

- - 99 D11 N-7 24 Mo, 1 D-3 3 Ty C-13 41
A-FULL J-3 70 D12 M-6 81 Mo, 2 E-2 65 T10 F-11 100
Ag B-2 60 D13 L-5 79 Mo, 3 G-2 67 T11 G-11 40
Aq A-4 58 D14 L-4 18 My o B-1 61 GND J-1 11
Az B-5 116 Dis N-1 16 My 4 D-2 63 GND N-5 20
A3 A-6 114 GND E-12 97 My 2 F-1 6 GND A-9 50
A4 C-7 52 GND E-13 98 My 3 G-1 9 GND N-9 26
As B-9 110 GND E-11 99 M2 o C1 2 GND A-5 56
Ag B-10 | 108 GND F-3 8 | My 4 D-1 4 Vee N-3 17
Az A-12 106 GND L-6 23 My, 2 F-2 66 Vce N-11 29
Ag M-12 30 GND C-6 113 My 3 H-1 69 Vee A-3 59
Ag N-10 28 Vee J-13 38 M3 o C-2 62 Vce A-11 47
Aqp M-9 86 Vee H-3 68 M3, 4 E-3 64 Yo B-3 119
A1 N-8 84 Vee C-8 53 M3 2 G-3 7 Y4 B-4 117
Atz L-7 22 Vee L-8 83 M3 3 H-2 10 Y2 C-5 115
Ag3 M-5 80 Vee J-12 37 | OEp K-2 72 Y3 A7 54
A4 M-4 78 Vee J-11 39 RST K-1 13 Ya B-8 111
A1s N-2 76 EQUAL J-2 71 So G-12 36 Ys C-9 109
Cin E-1 5 ERROR | K-3 12 Sq H-12 95 Ye C-10 48
CcP G-13 96 FC N-13 31 Sa L-13 35 Y7 A-13 46
Do A-2 120 HOLD M-2 15 S3 H-13 94 Yg N-12 90
D4 C-3 118 lo H-11 34 SLAVE M-1 75 Yo L-11 88
D2 C-4 57 14 K-13 93 To B-13 105 Y10 L-10 27
D3 B-6 55 I2 K-12 33 T4 B-12 45 Y11 M-8 25
D4 B-7 112 I3 K-11 92 T2 C-12 104 Yi2 M-7 82
Ds A-8 51 lg L-12 32 T3 C-11 44 Y13 N-6 21
De A-10 49 Is M-13 91 Ta D-13 103 Yia N-4 19
D7 .B-11 107 INTA L-3 73 Ts D-12 43 Yis M-3 77
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LOGIC SYMBOL
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ORDERING |

NFORMATION

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. Optional Processing

AM29C331 1 G o3

B

I—-——-————e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE

C = Commercial (0 to +70°C)

c. PACKAGE TYPE
G = 120-Lead Pin Grid Array without Heatsink
(CGX120)

b. SPEED OPTION

L a DEVICE NUMBER/DESCRIPTION
Am29C331
CMOS 16-Bit Microprogram Sequencer

Valid Combinations

AM29C331
AM29C331-1

GC, GCB

-1 =Speed Select
-2 =Speed Select (TBD)

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 released valid combinations,
and to obtain additional data on AMD's standard military
grade products.




MILITARY ORDERING INFORMATION
APL Products

AMD 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) for APL
products is formed by a combination of: a. Device Number

b. Speed Option (if applicable)
c. Device Class
d. Package Type
e. Lead Finish
AM29C331 iz} Z S
‘———e. LEAD FINISH

C = Gold

d. PACKAGE TYPE
Z =120-Lead Pin Grid Array without Heatsink
(CGX120)

c. DEVICE CLASS
/B=_Class B

b. SPEED OPTION
Not Applicable

l———a. DEVICE NUMBER/DESCRIPTION
Am29C331
CMOS 16-Bit Microprogram Sequencer

Valid Combinations Valid Combinations

AM29C331 | sszC Valid Combinations list configurations planned to be
supported in volume for this device. Consuit the local AMD
sales office to confirm availability of specific valid
combinations or to check for newly released valid
combinations.

Group A Tests

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




PIN DESCRIPTION

Ag-A1s5 Alternate Data (Input)

Input to address multiplexer and counter.

A-FULL Aimost Full (Bidirectional; Three-State)
Indicates that 28 << SP < 63 (meaning there are five or less
empty locations left on stack). Also active during stack
underflow.

Cin - Carry In (Input, Active LOW)

Carry-in to the incrementer.

CP Clock Pulse (input)

Clocks sequencer at the LOW-to-HIGH transition.

Do~D¢5 Data (Bidirectional, Three-State)

Input to address multiplexer, counter, stack, and comparator
register. Output for stack and stack pointer.

EQUAL Equal (Bidirectional, Three-State)

Indicates that the address comparator is enabled and has
found a match.

ERROR Error (Output)

Indicates a master/slave error in the slave mode. Indicates
a malfunctioning driver or contention of any output in the
master mode.

FC Force Continue (Input)

Overrides instruction with CONTINUE.

HOLD Hold (Input)

Stops the sequencer and three-states the outputs.

lop-1s Instruction (Input)
Selects one of 64 instructions.
INTA Interrupt Acknowledge (Bidirectional; Three-
State, Active LOW)
Indicates that an interrupt is accepted.
INTEN Interrupt Enable (Input)
Enables interrupts.
INTR Interrupt Request (Input)
Requests the sequencer to interrupt execution.
Mo-3, 0-3 Multiway (Input)
Four sets of multiway inputs providing 16-way branches.
The first index refers to the set number.
OEp Output Enable — D-Bus (Input)
Enables the D-bus driver, provided that the sequencer is not
in the hold or slave mode.
RST Reset (Input; Active LOW)
Resets the sequencer.
Sp~-S3 Select (Input)
Selects one of 16 test conditions.
SLAVE Slave (Input)
Makes the sequencer a slave.
To-T11 Test (Input)
Provides external test inputs.

Yo-Y15 Address (Bidirectional; Three-State)
Output of microcode address. Input for interrupt address.

FUNCTIONAL DESCRIPTION
Architecture

The major blocks of the sequencer are the address multiplex-
er, the address register (AR), the stack (with the top of stack
denoted TOS), the counter (C), the test multiplexer with logic,
and the address comparison register (R) (Figure 1). The
bidirectional D-bus provides branch addresses and iteration
counts; it also allows access to the stack from the outside.
The A-bus may be used for map addresses. There are four
sets of four-bit multiway branch inputs (M). The bidirectional Y-
bus either outputs microprogram addresses or inputs interrupt
addresses. The buses are all 16 bits wide. Figure 1 shows a
detailed block diagram of the sequencer.

Address Multiplexer

The address multiplexer can select an address from any of
five sources:

1) A branch address supplied by the D-bus
2) A branch address supplied by the A-bus

3) A multiway-branch address

4) A return or loop address from the top of stack
5) The next sequential address from the incrementer
Multiway-Branch Address

A multiway-branch address is formed by substituting the lower
four bits of the address on the D-bus (D3, D2, D1, Dg) with one
of the four sets (Mox, M1x, Max, or Mgx) of four-bit multiway-
branch addresses. The multiway-branch set is selected by the
number D1Dg, while the bits D3 and D2 are ''don't cares'' (see
Figure 2).

D1 | Do Multiway Set Selected
0 0 Mox
0 1 M1x
1 0 Max
1 1 Max




Dis

Branch
Address
Multiway Inputs :]

Yi5

Address
Out

’

Table 4 (Mgy)
Table 3 (Mpx)

Table 2 (Myy)

Base Address

Table 1 (Mgx) ‘1)
2
;
H
1
:
15
Lookup Table
BD007460

Notes: 1. D1 and Dg select one out of four multiway sets. D3 and Dy are "don't cares."”
2. Each set of Mgx - Mogx can select one of sixteen locations. The multiway-branch address is the
concatenation of D415 -Dy4 (base address) and Mxs - Mxo.
3. For a given base address, there can be four look-up tables, each sixteen deep.

Figure 2. Multiway Branch

Address Register and Incrementer happens when an item is popped from an empty stack; in this
case the item is undefined.
The address register contains the current address. It is loaded

from the interrupt multiplexer and feeds the incrementer. The In the case of stack overflow, the SP is incremented for every
incrementer is inhibited if Ty is taken HIGH. push after overflow. Thus, immediately after the first occu-
rence of stack overflow, the SP will be equal to 34. Subse-
Stack quent pushes will increment the SP to 35, 36 ... 61, 62, 63, 0,
N 1, etc. In the case of stack underflow, the SP is decremented
A 33-word-deep and 16 bit-wide stack provides first-in last-out for every pop after underflow. Thus, immediately after the first
storage for return addresses, loop addresses, and counter occurrence of stack underfiow, the SP will be equal to 63.
values. Items to be pushed come from the incrementer, the Subsequent pops will decrement the SP to 62, 61, ... 2, 1, 0,
interrupt-return-address register, the counter, or the D-bus. 63, etc.
Iltems popped go to the address multiplexer, the counter, or
the D-bus. The contents of the stack pointer are present on the D-bus for
all instructions except POP D, provided the driver is turned on.
The access to the stack via the D-bus may be used for context The output signal, A-FULL, is active under the following
switching, stack extension, or diagnostics. As the stack is only condition: 28 < SP < 63.

accessible from the top, stack extension is done by temporari-

ly storing the whole or some lower part of the stack outside the Counter
sequencer. The save and the later restore are done with pop The counter may be used as a loop counter. It may be loaded
and push operations, respectively, at balanced points in the from the D-bus, the A-bus, or via a pop from the stack. Its
microprogram; for example, points with the same stack depth. contents may also be pushed onto the stack.
The internal D-bus driver must be turned on when popping an
item to the D-bus; if the driver is off, the item will be unstacked A normal for-loop is set up by a FOR instruction, which loads
instead. The driver is normally turned on when the Output the counter from the D- or A-bus with the desired number of
Enable signal is asserted and the sequencer is not being reset . iterations; the instruction also pushes onto the stack a loop
(OEp=1, RST=1). address that points to the next sequential instruction. The end
of the loop is given by an unconditional END FOR instruction,
The stack pointer is a modulo 64 counter, which is increment- which tests the counter value against the value one and then
ed on each push and decremented on each pop. The stack decrements the counter. If the values differ, the loop is
pointer is reset to zero when the sequencer is reset, but the repeated by selecting the address at the stack as the next
pointer may also be reset by instruction. Thus, the stack address. If the values are equal, the loop is terminated by
pointer indicates the number of items on the stack as long as popping the stack, thereby removing the loop address, and
stack overflow or underflow has not occurred. Overflow selecting the address from the incrementer as the next
happens when an item is pushed onto a full stack, whereby address. The number of iterations is a 16-bit unsigned number,
the item at the bottom of the stack is overwritten. Underflow except that the number zero corresponds to 65,536 iterations.
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By pushing and popping counter values it is possible to handle
nested loops.

Address Comparison

The sequencer is able to compare the address from the
interrupt multiplexer with the contents of the comparator
register. The instruction SET loads the comparator register
with the address on the D-bus and enables the comparison,
while CLEAR disables it. The comparison is disabled at reset.
A HIGH is present at the output EQUAL if the comparison is
enabled and the two addresses are equal. The comparison is
useful for detection of a break point or counting the number of
times a microinstruction at a specific address is executed.

Instruction Set

The sequencer has 64 instructions that are divided into four
classes of 16 instructions each. The instruction lines lp - I5
use |5 and l4 to select a class, and lp-I3 to select an
instruction within a class. The classes are:

Is 14 Classes

0 0 Conditional sequence control,

0 1 Conditional sequence control with inverted
polarity,

1 0 Unconditional sequence control, and

1 1 Special function with implicit continue.

Note that for the first three classes Ig forces the condition to
be true and l4 inverts the condition. The basic instructions of
the first three classes are shown in Table 1 and the instruc-
tions of the fourth class in Table 2.

Structured microprogramming is supported by sequencer
instructions that singly or in pairs correspond to high-level
language control constructs. Examples are FOR I: = D DOWN
TO 1 DO...END FOR and CASE N OF . .. END CASE. The
instructions have been given high-level language names
where appropriate. Figure 2 shows how to microprogram
important control constructs; the high-level language is on the
left and the microcode on the right.

Test Conditions

The condition for a conditional instruction is supplied by a test
multiplexer, which selects one out of sixteen tests with the
select lines Sg - S3. Twelve of these are supplied directly by
the inputs T - T41, while the remaining four tests are generat-
ed by the test logic from the inputs Tg - T41. The following
table shows the assignments.

(So - S3)H Test Intended Use

0-7 To-Tz General

8 Ts C (Carry)

9 To N (Negative)

A T10 V (Overflow)

B T4 Z (Zero or equal)

C Tg + T14 C +Z (Unsigned less
than or equal, borrow mode)

D Tg+ T11 C +Z (Unsigned less
than or equal)

E To®T1o N @V (Signed less than)

F (To®T10)+ T11  (N@V) +Z (Signed less

than or equal)

Force Continue

The sequencer has a force continue (FC) input, which over-
rides the instruction inputs lg - I5 with a CONTINUE instruc-
tion. This makes it possible to share the microinstruction field
for the sequencer instruction with some other control or to
initialize a writable control store.

Reset

In order to start a microprogram properly, the sequencer must
be reset. The reset works like an instruction overriding both
the instruction input and the force continue input. The reset
selects the address 0 at the address multiplexer, forces the
EQUAL output to LOW, and disregards a potential interrupt
request. It synchronously disables the address comparison
and initializes the stack pointer to 0. The contents of the stack
are invalid after a reset.
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TABLE 1. INSTRUCTION SET for Isl4 =00, 01, 10

Cond.: Fail Cond.: Pass
Is-lp Instruction Y Stack Y Stack Counter Comp. D-Mux
00, 10, 20 Goto D INC - D - - - SP
o1, 11, 21 Call D INC - D Push INC ~ - SP
02, 12, 22 Exit D INC - D Pop - - SP
03, 13, 23 End for D, C#1 | INC - D - C«C-1 - SP
End for D, C=1 | INC - INC |- C«C-1 - SP
04, 14, 24 Goto A INC - A - - - SP
05, 15, 25 Call A INC - A Push INC - - SP
06, 16, 26 Exit A INC - A Pop - - SP
07, 17, 27 End for A, C#1 | INC - A - C«C-1 - SP
End for A, C=1 INC - INC |- C+C-1 - SP
08, 18, 28 Goto M INC - DM |- - - SP
09, 19, 29 Call M INC - D:M | Push INC - - SP
0A, 1A, 2A Exit M INC - D:M | Pop - - SP
0B, 1B, 2B End for M, C#1 | INC - DM |- C+«C-1 - SP
End for M, C=1 | INC - INC |- C«C-1 - SP
0C, 1C, 2C End Loop INC Pop TOS |- - - SP
oD, 1D, 2D Call Coroutine INC - TOS | Pop & - - SP
Push INC
OE, 1E, 2E Return INC - TOS | Pop - - SP
OF, 1F, 2F End for, C# 1 INC Pop TOS |- C<C-1 - SP
End for, C=1 INC Pop INC | Pop C«C-1 - SP
Cond. = (Test [S] OR I5) XOR I4
: = Concatination -
C = Counter
INC = Output of Incrementer = AR + 1 (if Ci, = LOW)
Note: For unconditional instructions, the action marked under "'Cond: Pass' is taken.
TABLE 2. INSTRUCTION SET for Iglg = 11
Is=1lg Instruction Y Stack Counter Comp. D-Mux
30 Continue INC - - - SP
31 For D INC Push INC C«D - SP
32 Decrement INC - C«C-1 - SP
33 Loop INC Push INC - - SP
34 Pop D INC Pop - - TOS
35 Push D INC Push D - - SP
36 Reset SP INC SP<0 - - SP
37 For A INC Push INC C<+A - SP
38 Pop C INC Pop C<TOS - SP
39 Push C INC Push C - - SP
3A Swap INC TOS<«C C«TOS - SP
3B Push C Load D | INC Push C C<D - SP
3C Load D INC - C<D - SP
3D Load A INC - C<+A - SP
3E Set INC - - R<D, Enable SP
3F Clear INC - - Disable SP

R = Comp. Register




Interrupts

The sequencer may be interrupted at the completion of the
current microcycle by asserting the interrupt request input
INTR. The return address of the interrupted routine is saved
on the stack so that nested interrupts can be easily imple-
mented. An interrupt is accepted if interrupts are enabled and
the sequencer is not being reset or held (INTEN = HIGH,
RST = HIGH, and HOLD = LOW). The interrupt-acknowledge
output (INTA) goes LOW when an interrupt is accepted.

When there is no interrupt, addresses go from the address
multiplexer to the Y-bus via the driver, and to the address
register and the comparator via the interrupt multiplexer. When
there is an interrupt, the driver of the sequencer is turned off,
an external driver is turned on, and the interrupt multiplexer is
switched. The interrupt address is supplied via the external
driver to the Y-bus, the address register, and the comparator
(Figure 4). In order to save the address from the address
multiplexer, the address is stored in the interrupt return
address register, which for simplicity is clocked every cycle.
The next microinstruction is the first microinstruction of the
interrupt routine (Figure 5).

In this cycle the address in the interrupt return address register
is automatically pushed onto the stack. Therefore the microin-
struction in this cycle must not use the stack; if a stack
operation is programmed, the result is undefined. The instruc-
tions that do not use the stack are GOTO D, GOTO A, GOTO
M, CONTINUE, DECREMENT, LOAD D, LOAD A, SET and
CLEAR. A RETURN instruction terminates the interrupt routine
and the interrupted routine is resumed. Interrupts only work
with a single-level control path.

Traps

A trap is an unexpected situation linked to current microin-
struction that must be handled before the microinstruction
completes and changes the state of the system. An example
of such a situation is an attempt to read a word from memory
across a word boundary in a single cycle. When a trap occurs,
the current microinstruction must be aborted and re-executed
after the execution of a trap routine, which in the meantime will
take corrective measures. An interrrupt, on the other hand, is
not linked directly to the current microinstruction that can
complete safely before an interrupt routine is executed.

Execution of a trap requires that the sequencer ignore the
current microinstruction, select the trap return address at the
address multiplexer, and initiate an interrupt. This will save the
trap return address on the stack and issue the trap address
from an external source (Figure 6). The address register

contains the address of the microinstruction in the pipeline
register, thus the address register already contains the trap
return address when a trap occurs. This address can be
selected by the address multiplexer by disabling the incremen-
ter (CiN = 1), and using the force continue mode (FC = 1). In
this mode the sequencer ignores the current microinstruction.
The remaining part of the trap handling is done by the interrupt
(Figure 7), thus the section on interrupts also applies to traps.
There is one exception, however. The interrupt enable cannot

" be used as a trap enable as it does not control the force

continue mode and the carry-in to the incrementer.
Hold Mode

The sequencer has a hold mode in which the operation is
suspended.

The outputs (Y, INTA, A-FULL & EQUAL) are disabled and the
sequencer enters the hold mode immediately after the HOLD
signal goes active. While the sequencer is in this mode, the
internal state is left unchanged and the D-bus is disabled. The
outputs (Y, INTA, A-FULL & EQUAL) are enabled again and
the sequencer leaves the hold mode after the cycle immedi-
ately after the HOLD signal goes inactive.

In a time-multiplexed multi-microprocess system there may be
one sequencer for all processes with microprogrammed con-
text save and restore, or there may be one sequencer per
microprocess permitting fast process switch. In the latter case
the Y-buses of the sequencers are tied together and connect-
ed to a single microprogram store. A control unit decides on a
cycle-by-cycle basis what sequencer should be running, and
activates the HOLD signal to the remaining sequencers. The
hold mode has higher priority than interrupts, and works
independently of the reset. The hold mode can only be used
with a single-level control path.

Master/Slave Configuration

In some systems reliability is very important. The master/slave
configuration that consists of two sequencers operated in
parallel is able to detect faults in both the interconnect and the
internal function of the sequencers. One sequencer is the
master and operates normally. The other is the slave, i.e., all
outputs except the signal ERROR are turned into inputs and
connected to the outputs of the master. Since the slave is
operated in parallel with the master, it can compare its result
with the result of the master and- signal an error if they differ.
The error signal from the master indicates a malfunctioning
driver or contention. Because a TTL output goes HIGH when
power is missing, the ERROR signal also indicates power
failure.
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High-Level Language Constructs

An example of high-level language constructs using Am29C331 instructions is given in Figure 3 (3-1, 3-2, 3-3, and 3-4).

REPEAT LOOP FOR CNT:=10 DOWN TO 1 DO FOR D 10
UNTIL CC END LOOP NOT CC END FOR END FOR
WHILE CC DO LOOP Figure 3-2. Loop with Known Number of
IF NOT CC THEN EXIT L Iterations
END WHILE ND LOOP
L:
LOOP LOOP
IF CC THEN EXIT IF CC THEN EXIT L
END LOOP ND LOOP
L:
Figure 3-1. Loops with Unknown Number
of Iterations
PUSH D B PUSH D C
CASE | OF GOTO M IF X THEN IF NOT X THEN GOTO A
0: - A: - IF Y THEN IF NOT Y THEN GOTO B
- -, RETURN (TO B) - -
10 - A+2: - - -, RETURN (TO C)
- -, RETURN (TO B) ELSE B:
2 - A+4: - - -
- -, RETURN (TO B) - -, RETURN (TO C)
3: - A+6 - END IF
- -, RETURN ELSE A:
END CASE B: IF Z THEN IF NOT Z THEN GOTO D
- -, RETURN (TO D)
Figure 3-3. Case Statement ELSE D:
(with D=Aq45 . . . AgXX00 and - -
Mo, 0-3 = Aslqlg0 during the - -, RETURN (TO Q)
GOTO M instruction. AjAg must END IF
END IF C:

be 00, and X signifies a don't

care.)

Figure 3-4. Double-Nested If Statement
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While executing the inst. at A, the seq Is
Interrupted and directed to B.

A+t
Stack Stack
E at A. t E gats ' A+t

A : Continue
.32 HENN

8 : Continue
B+1: ...

HH

I
G

On
B8 —D—
:
AF004191 AF004211
Figure 4. Am29C331 Interrupt Cycle 1 Figure 5. Am29C331 Interrupt Cycle 2
A trap occurs at the inst. A, and the seq. is
directed to B. Stack

A nmmcuon Trapped By FC = 1,
=1, INTR = 1
A+

o 1 e

int. Ret.
] Adcl' Reg. Addr.

? L‘;if =

Figure 6. Am29C331 Traps Cycle 1

AF004181
AF004201

Figure 7. Am29C331 Traps Cycle 2
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Instruction Set Definition

Legend: @ = Other instruction P = Test pass
©® = Instruction being described F = Test fail
CC = (Test [S3-So)) O = Register in part
Opcode
(Is=1p) Mnemonics Description Execution Example
204 BRA_D GOTO D
Unconditional branch to the address specified
by the D inputs. The D port must be disabled to 50
avoid bus contention. j
24y BRA_A GOTO A 5
Unconditional branch to the address specified
by the A inputs.
28y BRA_M GOTO Multiway (Dq5-Dg Mx3 — Mxo) 2 ® :
Unconditional branch to the address specified j’
by the M inputs concatenated with the D input. 91 "
The lower four bits on the D bus (D3 - Do) are
replaced by one of the four sets of the four-bit

multiway branch addresses. The multiway 2 ‘
branch set is selected by bits D1 and Do while i
bits D3 and Do are 'don't cares."

2CH BRA_S GOTO TOS
Unconditional branch to the addiess on the top PF001730
of the stack.

00H BRCC_D IF CC THEN GOTO D
ELSE CONTINUE
If CC is HIGH (pass), branch to the address
specified by D. If CC is LOW (fail), continue.
The D port must be disabled to avoid bus
contention.

04y BRCC__A IF CC THEN GOTO A
ELSE CONTINUE st
If CC is HIGH (pass), branch to the address
specified by A. If CC is LOW (fail), continue. 52(@)F

|
|
|
084 BRCC_M IF CC THEN GOTO Multiway J
(D15 ~ D4 Mx3 — Mxo) s %0
ELSE CONTINUE ry |
If CC is HIGH (pass), branch to the address [
specified by D inputs concatenated with the M 91 {
inputs. If CC is LOW (fail) continue. The lower ’
four bits on the D bus (D3 - Do) are replaced by
one of the four sets of the 4-bit multiway 92 |
branch addresses. The multiway branch set is |
selected by bits D1 and Dg while bits D3 and D2 !
are ''don't cares." i

PF001740 |
0CH BRCC__S IF CC THEN GOTO TOS |
ELSE i
POP STACK
CONTINUE i
If CC is HIGH (pass), branch to the address on
the top of the stack. If CC is LOW (fail), pop the
stack and continue.

Note: Opcode numbers are in hexadecimal notation.
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Opcode
(Is - lg)

Mnemonics

Description

Execution Example

10H

144

184

1CH

BRNC_D

BRNC__A

BRNC_M

BRNC__S

IF NOT CC THEN GOTO D

ELSE CONTINUE

If CC is LOW (pass), branch to the address
specified by D. If CC is HIGH (fail), continue.
The D Port must be disabled to avoid Bus
contention. :

IF NOT CC THEN GOTO A

ELSE CONTINUE

If CC is LOW (pass), branch to the address
specified by A. If CC is HIGH (fail), continue.

IF NOT CC THEN GOTO Multiway
(D15 — D4 Mx3 ~ Mxo)

ELSE CONTINUE

If CC is LOW (pass), branch to the address
specified by D inputs concatenated with the M
inputs. If CC is HIGH (fail), continue. The lower
four bits on the D bus (D3 - Do) are replaced by
one of the four sets of the 4-bit. multiway
branch addresses. The multiway branch set is
selected by bits D¢ and Dg while bits D3 and D2
are '"'don't cares."”

IF NOT CC THEN GOTO TOS
ELSE

POP STACK

CONTINUE

If CC is LOW (pass), branch to the address on
the top of the stack. If CC is HIGH (fail), pop the
stack and continue.

51

52 F

91

92

PF001750

21y

251

294

2Dy

CALL_D

CALL_A

CALL_M

CALL_S

CALL D
Unconditional branch to the subroutine
specified by the D inputs. Push the return
address (address Reg. + 1) on the stack. The
D port must be disabled to avoid bus
contention.

CALL A

Unconditional branch to the subroutine
specified by the A inputs. Push the return
address (Address Reg. + 1) on the stack.

CALL Multiway (D45 -Dsg Mx3 - Mxo)
Unconditional branch to the subroutine
specified by the D inputs concatenated with the

- multiway inputs. Push the return address

(Address Reg. + 1) on the stack. The lower
four bits on the D bus (D3 - Dg) are replaced by
one of the four sets of the 4-bit multiway
branch addresses. The multiway branch set is
selected by bits D1 and Dg while bits D3 and D2
are ''don't cares."

CALL TOS

Unconditional branch to the subroutine
specified by the address on the top of the
stack. The stack is popped and the return
address (Address Reg. + 1) is then pushed
onto the stack.

Note: Opcode numbers are in hexadecimal notation.

51

52

PF001760
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Opcode
(Is - o)

Mnemonics

Description

Execution Example

01H

054

09y

0Dy

ccC_D

CCC_A

CCC_M

CcCc_s

IF CC, THEN CALL D

ELSE CONTINUE

if CC is HIGH (pass), call the subroutine
specified by the D inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is LOW (fail), continue. The D port must be
disabled to avoid bus contention.

IF CC, THEN CALL A

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the A inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is LOW (fail), continue.

IF CC, THEN CALL Multiway

(D15 — Da_Mx3 ~ Mxo)

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the D inputs concatenated with the
M inputs. Push the return address (Address
Reg. + 1) on the stack. The lower four bits on
the D bus (D3 - Do) are replaced by one of the
four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits D1 and Dg while bits D3 and Dz are
""don't cares."

IF CC, THEN CALL TOS

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the address on the top of the
stack. The stack is popped and the return
address (Address Reg. + 1) is pushed onto the
stack. If CC is LOW (fail), continue.

51

52@F (D= PC+1

55 92

PF001770

114

151

194

1DR

CNC_D

CNC_A

CNC_M

CNC_sS

IF NOT CC, THEN CALL D

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the D inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is HIGH (fail), continue. The D port must be
disabled to avoid bus contention.

IF NOT CC, THEN CALL A

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the A inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is HIGH (fail), continue.

IF NOT CC, THEN CALL Multiway
(D15 - D4 Mx3 - Mxo)

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the D inputs concatenated with the
M inputs. Push the return address (Address
Reg. + 1) on the stack. The lower four bits on
the D bus (D3 ~ Do) are replaced by one of the
four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits Dy and Dg while bits D3 and Dp are
"'don't cares."

IF NOT CC, THEN CALL TOS

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the address on the top of the
stack. The stack is popped and the return
address (Address Reg. + 1) is pushed onto the
stack.

Note: Opcode numbers are in hexadecimal notation.

51

55 92

PF001780
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Opcode
(Is - lg)

Mnemonics

Description

Execution Example

22y

26K

2AH

2EH

EXIT_D

EXIT_A

EXIT_M

EXIT_S

EXIT TO D

Unconditional branch to the address specified
by the D inputs and pop the stack. The D port
must be disabled to avoid bus contention.

EXIT TO A
Unconditional branch to the address specified
by the A inputs and pop the stack.

EXIT TO Multiway (D1s-Dsg Mx3z - Mxo)
Unconditional branch to the address specified
by the D inputs concatenated with the M inputs
and pop the stack. The lower four bits on the D
bus (D3 ~ D) are replaced by one of the four
sets of the 4-bit multiway branch addresses.
The multiway branch set is selected by bits D4
and Do while D3 and Dy are "don't cares.”

EXIT TO TOS

Unconditional branch to the address on the top
of the stack and pop the stack. Also used for
unconditional returns.

STACK

9

PF001790

02n

06H

0AH

OEH

XTCC_D

XTCC_A

XTCC_M

XTCC__S

IF CC, THEN EXIT TO D

ELSE CONTINUE

If CC is HIGH (pass), exit to the address
specified by the D inputs and pop the stack. if
CC is LOW (fail), continue with no pop. The D
port must be disabled to avoid bus contention.

IF CC, THEN EXIT TO A
ELSE CONTINUE :

If CC is HIGH (pass), exit to the address
specified by the A inputs and pop the stack. If
CC is LOW (fail), continue with no pop.

IF CC, THEN EXIT TO Multiway

(D15 - Dg_Mx3 - Mxo)

ELSE CONTINUE

If CC is HIGH (pass), exit to the address
specified by the D inputs concatenated with the
M inputs and pop the stack. The lower four bits
on the D bus (D3 - Do) are replaced by one of
the four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits D1 and Dg while bits D3 and D2 are
"'don't cares." N

IF CC, THEN EXIT TO TOS

ELSE CONTINUE

If CC is HIGH (pass), exit to the address on the
top of the stack and pop the stack. If CC is
LOW (fail), continue with no pop. Also used for
conditional returns.

Note: Opcode numbers are in hexadecimal notation.

STACK

/

STACK

PC+ 1

PF001800
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Opcode

(Is=1p) Mnemonics Description Execution Example
124 XTNC__D IF NOT CC, THEN EXIT TO D
: ELSE CONTINUE
If CC is LOW (pass), exit to the address STACK

specified by the D inputs and pop the stack. If
CC is HIGH (fail), continue with no pop. The D
port must be disabled to avoid bus contention.

161 XTNC_A IF NOT CC, THEN EXIT TO A
ELSE CONTINUE
If CC is LOW (pass), exit to the address
specified by the A inputs and pop the stack. If
CC is HIGH (fail), continue with no pop.

1AH XTNC_M IF NOT CC, THEN EXIT TO Multiway
(D15 ~ D4 Mx3 - Mxo)
ELSE CONTINUE
If CC is LOW (pass), exit to the address
specified by the D inputs concatenated with the
M inputs and pop the stack. The lower four bits
on the D bus (D3 - Do) are replaced by one of
the four sets of the 4-bit multiply branch
addresses. The multiway branch set is selected
by bits D1 and Dg while bits D3 and Dy are
"'don't cares." !

PF001810 1

/7 5
4

|
[
|
|
|
Q‘—PC*| l
i
|

/
STACK /

1EH XTNC_S IF NOT CC, THEN EXIT TO TOS
ELSE CONTINUE
If CC is LOW (pass), exit to the address on the
top of the stack and pop the stack. If CC is
HIGH (fail), continue with no pop. Also used for
conditional returns.

234 DJMP_D IF CNT#1 THEN CNT:=CNT -1
GOTO D
ELSE CNT:=CNT -1
CONTINUE |
If the counter is not equal to one, decrement |
the counter and branch to the address |
specified by the D inputs. If the counter is equal :
to one, then decrement the counter and
continue. The D port must be disabled to avoid
bus contention.

274 DJMP_A IF CNT#1 THEN CNT:=CNT -1 |
GOTO A
ELSE CNT:=CNT -1
CONTINUE
If the counter is not equal to one, decrement COUNTER # 1 | coveR
the counter and branch to the address -0 COUNT-1
specified by the A inputs. If the counter is equal
to one, then decrement the counter and 1
continue. |

2By DIMP_M IF CNT#1 THEN CNT:=CNT-1 PF001820
GOTO Multiway (D15 - Ds Mx3 - Mxo)
ELSE CNT:=CNT-1
CONTINUE
If the counter is not equal to one, decrement
the counter and branch to the address
specified by the D inputs concatenated with the
M inputs. The lower four bits on the D bus
(D3 - Do) are replaced by one of the four sets
of the 4-bit multiway branch addresses. The
multiway branch set is selected by bits D4 and
Do while bits D3 and Dy are "‘don't cares."

2Fy DJMP_S IF CNT#1 THEN CNT:=CNT-1
GOTO TOS
ELSE CNT:=CNT -1
POP STACK
CONTINUE

If the counter is not equal to one, decrement
the counter and branch to the address on the
top of the stack. If the counter is equal to one,
then decrement the counter, pop the stack and
continue.

Note: Opcode numbers are in hexadecimal notation.
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Opcode
(I5 ~ lo)

Mnemonics

Description

Execution Example

034

074

0By

OF

DJCC_D

DJCC_A

DJCC_M

DJCC__S

IF CC AND CNT #1 THEN CNT:= CNT-1
OTO D

ELSE CNT:=CNT-1

CONTINUE

If CC is HIGH (pass) and the counter is not

equal to one, decrement the counter and

branch to the address specified by the D

inputs. If CC is LOW (fail) or the counter is

equal to one, then decrement the counter and

continue. The D port must be disabled to avoid

bus contention.

IF CC AND CNT #1 THEN CNT:= CNT-1
OTO A

ELSE CNT:=CNT-1 -

CONTINUE

If CC is HIGH (pass) and the counter is not
equal to one, decrement the counter and
branch to the address specified by the A inputs.
If CC is LOW (fail) or the counter is equal to
one, then decrement the counter and continue.

IF CC AND CNT#1 THEN CNT: = CNT-1
GOTO Multiway (D15 D4 Mx3 - Mxo)
ELSE CNT:=CN

CONTINUE

If CC is HIGH (pass) and the counter is not
equal to one, decrement the counter and
branch to the address specified by the D inputs
concatenated with the M inputs. The lower four
bits on the D bus (D3 - Do) are replaced by one
of the four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits D1 and Dg while bits D3 and D2 are
""don't cares."

IF CC AND CNT #1 THEN CNT: = CNT -1
GOTO TOS

ELSE CNT: =CNT -1

POP STACK

CONTINUE

If CC is HIGH (pass) and the counter is not
equal to one, decrement the counter and
branch to the address on the top of the stack. If
CC is LOW (fail) or the counter is equal to one,
then decrement the counter, pop the stack and
continue.

Note: Opcode numbers are in hexadecimal notation.

COUNTER

=== count-1

PF001830
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Opcode
(I5=1p) Mnemonics Description Execution Example

134 DJNCC_D IF NOT CC AND CNT #1 THEN :

CNT: =CNT -1 3
.GOTO D b

ELSE CNT:=CNT-1 b
CONTINUE
If CC is LOW (pass) and the counter is not
equal to one, decrement the counter and
branch to the address specified by the D 50
inputs. If CC is HIGH (fail) or the counter is
equal to one, then decrement the counter and
continue. The D port must be disabled to avoid
bus contention.

17H DJNCC_A IF NOT CC AND CNT #1 THEN 52
CNT:=CNT -1
GOTO A
ELSE CNT:=CNT-1 53
CONTINUE
If CC is LOW (pass) and the counter is not
equal to one, decrement the counter and 54
branch to the address specified by the A inputs.
The content of the interrupt return address
register and the address register is replaced by ss
the A address in this case. If CC is HIGH (fail)
or the counter is equal to one, the current
address is incremented, appears on the bus for
continue, and is stored into the above two
registers.

1BH DJNCC_M IF NOT CC AND CNT#1 THEN
CNT: = CNT - 1 PF001840
GOTO Multiway (D45 ~Dg M3 - Mp)
ELSE CONTINUE
If CC is LOW (pass) and the counter is not
equal to one, decrement the counter and
branch to the address specified by the D inputs
concatenated with the M inputs. The lower four
bits on the D bus (D3 - Do) are replaced by one
of the four sets of the 4-bit multiway branch i
addresses. The muitiway branch set is selected |
by bits D4 and Dg while bits D3 and Dy are :
"'don't cares."

1FH DJNCC_S IF NOT CC AND CNT#1 THEN
CNT: =CNT -1
GOTO TOS
ELSE CNT:=CNT-1
POP STACK
CONTINUE
If CC is LOW (pass) and the counter is not
equal to one, decrement the counter and
branch to the address on the top of the stack. If
CC is HIGH (fail) or the counter is equal to one,
then decrement the counter, pop the stack and
continue.

51

P AND

COUNTER # 1 NTER

= « O=— COUNT-1

F OR i
COUNTER = 1 I

2By RET RETURN STACK |
Unconditional return from subroutine. The O-—— PC +1 |
return address is popped from the stack. V4 i

OEH RETCC IF CC THEN RETURN 50 90
ELSE CONTINUE
It CC is HIGH (pass), return from subroutine.
The return address is popped from the stack. If ] 9N
CC is LOW (fail), continue.

1EH RETNC IF NOT CC THEN RETURN 52 92
ELSE CONTINUE
If CC is LOW (pass), return from subroutine.
The return address is popped from the stack. If s3
CC is HIGH (fail), continue.

PF001850 ]

Note: Opcode numbers are in hexadecimal notation.
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Opcode
(Is - lg)

Mnemonics

Description

Execution Example

31y

371

334

FOR_D

FOR_A

LOOP

INITIALIZE LOOP

Push the Address Reg. + 1 on the stack, load
the counter from the D inputs and continue.
Use with DJUMP__S for FOR ... NEXT loops.
The D port must be disabled to avoid bus
contention.

INITIALIZE LOOP

Push the Address Reg. + 1 on the stack, load
the counter from the A inputs and continue.
Use with DJUMP__S for FOR ... NEXT loops.

INITIALIZE LOOP

Push the Address Reg. + 1 on the stack and
continue. Use with BRCC__S for
REPEAT ... UNTIL loops, or with XTCC__D
and BRA__S for WHILE . .. END WHILE loops.

51

52

51

52

STACK

O=—rc+1

COUNTER

STACK

O=—rpc+1

PF001860

34y

38H

354

%4
3AH

POP_D

POP_C

PUSH__D

PUSH_C
SWAP

Pop the stack and output the value on the D
outputs and continue. The D port must be
enabled.

Pop the stack and store the value in the
counter and continue.

Push the D inputs on the stack and continue.
The D port must be disabled to avoid bus
contention.

Push the counter on the stack and continue.

Exchange the counter and the top of stack and
continue.

Note: Opcode numbers are in hexadecimal notation.

51

51

51

STACK

STACK

STACK

COUNTER

PF001870
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Opcode

(Is - lg) Mnemonics Description Execution Example
3BH STACK_C Push the counter on the stack and load the
counter with the value of the D inputs and
continue.
. . STACK
3CH LOAD_D Load the counter with the value of the D inputs
and continue. The D port must be disabled to ,
avoid bus contention. ’
3Dy LOAD_A Load the counter with the value of the A inputs - o
and continue. COUNTER
COUNTER
50 (=0
4
51
52
PF001880
301 CONT Continue.
324 DECR Decrement the counter and continue.
36K RESET__SP Reset the stack pointer and continue. %
51
52
COUNTER
50 {O~— counT-1
7
51
52
PF001890
3En SET Load the comparison register with the value of
the D inputs, enable the comparator and COMPARE
continue. 50 o
3FH CLEAR Disable the comparator and continue. ,’
5
52
PF001900

Note: Opcode numbers are in hexadecimal notation.
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APPLICATIONS

Interrupt

Address

Clock

Test

|

Am29C331

cP

Vector

Microprogram
Memory

[ Pipeline Register CP=

Clock

Am29C332

Inst.

Reg.
Status

ALU

Y

i

Figure 8. Typical Control-Path Architecture For Am29C300 Family

!

BD006221

CP—'

AmM29C331

.
Test Inputs

ALU Status
Register Output

Am29C331 Outputs

Microprogram
Memory Outputs

(Clock to Register Status Outputs of the Am29C332)

K

(Test Inputs to Y Outputs)

Microprogram Memory Access Time:

Figure 9. Cycle Timing Waveform*

*This waveform shows the timing relationship for the configuration shown in Figure 8.

Register Setup Time

WF021093
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ................ccocoiuenen -65 to +150°C
(Case) Temperature Under Bias.............. -55 to +125°C
Supply Voltage to

Ground Potential Continuous ............ -03 Vito +70V
DC Voltage Applied to Outputs For

High Output State................. -03 Vto +Vgg +03 V
DC Input Voltage -0.3 Vto +Vgg +03 V
DC Output Current, Into LOW Outputs ................. 30 mA
DC Input Current .................oevnnee. -10 mA to +10 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.

OPERATING RANGES

Commercial (C) Devices

Temperature (TA) ..covveeeiiinieiiiiieniiinennans 0 to +70°C

Supply Voltage (VGQ) -vvevveeernennnn +475 V to +525 V
Military* (M) Devices

Temperature (TA)......cooovivieiiiiiiiinnins -55 to +125°C

Supply Voltage (VGG) «vvvvvvvverenennens +45 V to +55 V

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

*Military Product 100% tested at Tp = +25°C, +125°C, and
~55°C.

DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A,

Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter . . "
. . t
Symbol Description Test Conditions (Note 1) Min Max. Uni
Vce = Min. _
VoH Output HIGH Voltage Vin = Vi or Vi lon = 0.4 mA 24 Volts
Vee = Min loL =8 mA fﬁﬁ*V-ﬂUS e o Vol
y .5 ts
VoL Output LOW Voltage VIN = Vi or ViL v o
Guaranteed Input Logical
ViH HIGH Voltage (Note 2) 20 Volts
Guaranteed Input Logical
ViL LOW Voltage (Note 2) 08 Voits
liL Input LOW Current -10 MA
iH Input HIGH Current 10 HA
Off-State (HIGH Imped.
loz Output Current : 10 A
Off-State (HI Ve = Max. _
lozL Output Current Vo =0.5 Volts 10 KA
- 29C331 40
. Vce = Max., COM'L
oo f;\',z‘t': gf’we' Supply Current |\ _ v or GND, 29C331-1/-2 50 mA
lo=0 pA MIL 29C331 only 50
e N Vcc=50V
Crp Power Dissipation Capacitance Ta % 25°C pF Typical
(Note 4) No Load

Notes: 1. Voo conditions shown as Min. or Max. refer to the commercial and military Vg limits.
2. These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment (not functionally tested).
3. Worst-case Igc is measured at the lowest temperature in the specified operating range.

4. Cpp determines the no-load dynamic current consumption:

lcc (Total) = Icc (Static) + Cpp Vo f, where fis the switching frequency of the majority of the internal nodes, normally one-half of the clock

frequency. This specification is not tested.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range

A. COMBINATIONAL PROPAGATION DELAYS

29C331 29C331-1 29C331-2
No. From To Max. Delay Max. Delay Max. Delay Unit

1 Dys-0 Yi5-0 22* 20" 18 ns
Dis-0 EQUAL 32 28 23 ns

Di5-0 ERROR 36 32 26 ns

2 Ais-0 Yi5-0 20 18 16 ns
Ais-0 EQUAL 31 ns

A1s-0 ERROR 33 ns

3 Mx3 - x0 Y15-0 19 ns
Mx3 - xo0 EQUAL 29 ns

Mx3 - x0 ERROR 33 ns
Yi5-0 EQUAL 31 ns

Yi5-0 ERROR 26 ns

4 Is-o Y31-0 24 ns
5 Is_o Dis-0 29 ns
I5_0 EQUAL 36 ns

Is_o ERROR 40 ns

6 T11-0 Y15-0 24 ns
T4 1-0 EQUAL 35 ns

T11-0 ERROR u ns

S3-0 Y15-0 ns

S3_-0 EQUAL ns

S3-0 ERROR ns

7 cpP Yi5-0 ns
8 CP Dis-o0 ns
9 CP A-FULL ns
CP EQUAL ns

CP ERROR ns

10 RST Yi5-0 ns
RST Di5-0 ns

11 RST INTA ns
RST EQUAL ns

RST ERROR ns

12 FC Y15-0 ns
13 FC Dis-0 ns
FC EQUAL ns

FC ERROR ns

INTR Y15-0 ns

14 | INTR INTA ns
INTR EQUAL ns

INTR ERROR ns

INTEN Y1i5-0 ns

15 INTEN INTA ns
INTEN EQUAL ns

INTEN ERROR ns

HOLD Yi5-0 ns

HOLD INTA ns

HOLD A-FULL ns

HOLD EQUAL ns

HOLD ERROR ns

OED Dis-0 ns

OED ERROR ns

INTA ERROR ns
A-FULL ERROR ns
EQUAL ERROR ns

16 Cin Yi5-0 ns
Cin EQUAL ns

Cin ERROR ns

SLAVE Yi5-0 ns

SLAVE Dis-0 ns

SLAVE INTA ns

SLAVE A-FULL ns

SLAVE EQUAL ns

Notes: See notes following Table D.

*This includes using D as
**In the slave mode.

select lines for multiway sets.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Cont'd.)

B. OUTPUT DISABLE TIME

29C331 29C331-1 29C331-2
No. From To Description Max. Value Max. Value Max. Value Unit
RST Yi5-0 Reset-to-Address Enable 29 P8 25 ns
RST Yi5-0 Reset-to-Address Disable .25 ¢ 25 ns
43 | INTR Yi5-0 INTR-to-Address Enable 29" et ns
44 | INTR Yi5-0 INTR-to-Address Disable A [ ns
INTEN Yi5-0 INTEN-to-Address Enable SRR ns
INTEN Yi5-0 INTEN-to-Address Disable et ns
HOLD Yi5-0 HOLD-to-Address Enable ) ns
HOLD Yi5-0 HOLD-to-Address Disable ns
SLAVE Yi5-0 SLAVE-to-Address Enable ns
SLAVE Yi5-0 SLAVE-to-Address Disable ns
OED Yi5-0 OED-to-Data Enable ns
OED Dy5-0 OED-to-Data Disable ns
RST Dis-0 Reset-to-Data Enable ns
RST Di5-0 Reset-to-Data Disable ns
SLAVE Dis-o0 SLAVE-to-Data Enable ns
SLAVE Dis-o0 SLAVE-to-Data Disable ns
cP Dy5-0 Clock-to-Data Enable ns
CP Dis_-o0 Clock-to-Data Disable ns
HOLD INTA HOLD-to-INTA Enable ns
HOLD INTA HOLD-to-INTA Disable ns
HOLD A-FULL HOLD-to-A-FULL Enable ns
HOLD A-FULL HOLD-to-A-FULL Disable ns
HOLD EQUAL HOLD-to-EQUAL Enable ns
HOLD EQUAL HOLD-to-EQUAL Disable ns
SLAVE INTA SLAVE-to-INTA Enable ns
SLAVE INTA SLAVE-to-INTA Disable ns
SLAVE A-FULL SLAVE-to-A-FULL Enable ns
SLAVE A-FULL SLAVE-to-A-FULL Disable ns
SLAVE EQUAL SLAVE-to-EQUAL Enable ns
SLAVE EQUAL SLAVE-to-EQUAL Disable ns

Notes: See notes following Table D.
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SWITCHING CHARACTERISTICS over COMMERCIAL over operating range (Cont'd.)

C. SETUP AND HOLD TIMES

. 29C331 29C331-1 29C331-2
With Respect -
No. Parameter For To Max. Value | Max. Value | Max. Value | Unit
17 | Data Setup D1i5-0 cP 1 21 1 Oy, ns
18 | Data Hold D15-0 cp 1 9, @ @ ns
19 | Alternate Data Setup Ai5-0 cP 1 o3, et ot | ns
20 | Aiternate Data Hold As_0 CcP 1 0y ns
21 | Multiway Setup Mx3 - X0 cP 1 \ %” ns
22 | Multiway Hold Mx3 - x0 cpP 1 ns
23 | Address Setup Y15-0 cP 1 1‘, - WN ns
24 | Address Hold Y15-0 cP 1 ; %& ns
25 | Instruction Setup I5-0 CcCP 1 : ns
26 | Instruction Hold I5_0 cP t ns
27 | Forced Continue Setup |FC CcP 1 ns
28 | Forced Continue Hold FC cP 1 ns
29 | Test Setup T11-0 cP 1 ns
30 |Test Hold T11-0 cP 1 ns
31 | Select Setup S3_0 cP 1 ns
32 | Select Hold Sa-o0 cP 1 ns
33 | Reset Setup RST cP 1 ns
34 | Reset Hold RST cP 1 ns
35 Interrupt Request Setup |INTR cP 1 ns
36 | Interrupt Request Hold [INTR cP 1 ns
37 |Interrupt Enable Setup |INTEN cp t ns
38 Interrupt Enable Hold INTEN cP 1 ns
39 |Hold Mode Setup HOLD cP 1 ns
40 Hold Mode Hold HOLD cP 1 ns
41 | Carry-In Setup Cin o) ns
42 | Carry-In Hold Cin cP 1 ns
D. MINIMUM CLOCK REQUIREMENT
2903:1,E o 29C331-1 29C331-2

No. Description Maxy, Waiue Max. ! al e Unit
53 | Minimum Clock LOW Time M%{“‘“*za b ns

54 ‘Minimum Clock HIGH Time p 16 ns

Notes: 1. (INTR, INTEN)-to-EQUAL is the sum of (INTR, INTEN)-to-Y disable time and

time.

2. C_=50 pF; C_ =5 pF for Disable Time only.

Y-to-EQUAL delay
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Group A, Subgroups
9, 10, 11 are tested unless otherwise noted)

A. COMBINATIONAL PROPAGATION DELAYS

29C331

No. From To Max. Delay Unit

1 Dis-0 Y15-0 30* ns
D1i5-0 EQUAL 48 ns
Dis-0 ERROR 29** ns
2 A1s-0 Yi5-0 27 ns
At5-0 EQUAL 44 ns
A15-0 ERROR 50 ns
3 Mx3 - xo Yi5-0 30 ns
Mx3 - X0 EQUAL 48 ns
Mx3 - X0 ERROR 55 ns ;
41 ns B
29** ns !
32 ns
37

Cin
in
SLAVE
SLAVE
SLAVE

SLAVE
SLAVE

Notes: See notes following Table D.

*This includes using D as select lines for multiway sets.
**In the slave mode.




SWITCHING CHARACTERISTICS

over MILITARY operating range (Cont'd.)

B. OUTPUT DISABLE TIME

29C331

No. From To Description Max. Value Unit
RST Yi5_0 Reset-to-Address Enable 26 ns
RST Yi5-0 Reset-to-Address Disable 26 ns

43 INTR Yi5-0 INTR-to-Address Enable 26 ns

44 INTR Yi5-0 INTR-to-Address Disable 26 ns
INTEN Yi5-0 INTEN-to-Address Enable 26 ns
INTEN Yi5-0 INTEN-to-Address Disable 26 ns
HOLD Yi5-0 HOLD-to-Address Enable 26 ns
HOLD Yi5-0 HOLD-to-Address Disable 26 ns
SLAVE Yis-0 SLAVE-to-Address Enable 26 ns
SLAVE Yi5-0 SLAVE-to-Address Disabl 26 ns
OED Yi5-0 OED-to-Data Enable 26 ns
OED Dis5-0 OED-to-Data Disable: 26 ns
RST Dis-0 Reset-to-Data 26 ns
RST Dis-0 Reset-to-Data 26 ns
SLAVE Dis-p 26 ns
SLAVE Dis-0 26 ns
CP Dis-o0o 23 ns
CP Dis_o Data_ 23 ns
HOLD )LD-to-INTA Enable 21 ns
HOLD IN 'HOLD-to-INTA Disable 21 ns
HOLD A-F HOLD-to-A-FULL Enable 21 ns
HOLD A-Fl HOLD-to-A-FULL Disable 21 ns
HOLD EQUAL HOLD-to-EQUAL Enable 21 ns
HOLD EQUAL HOLD-to-EQUAL Disable 21 ns
SLAVE INTA SLAVE-to-INTA Enable 21 ns
SLAVE INTA SLAVE-to-INTA Disable 21 ns
SLAVE A-FULL SLAVE-to-A-FULL Enable 21 ns
SLAVE A-FULL SLAVE-to-A-FULL Disable 21 ns
SLAVE EQUAL SLAVE-to-EQUAL Enable 21 ns
SLAVE EQUAL SLAVE-to-EQUAL Disable ns

21

Notes: See notes following Table D.
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SWITCHING CHARACTERISTICS over MILITARY operating range (Cont'd.)

C. SETUP AND HOLD TIMES

29C331
No. Parameter For With Respect To Max. Value Unit
17 Data Setup Di5-0 cP 1 32 ns
18 Data Hold Dis-g cP 1 1 ns
19 Alternate Data Setup A15_0 cp 1 32 ns
20 Alternate Data Hold A15-0 cP 1 1 ns
21 Multiway Setup Mx3 - x0 cp 1 32 ns
22 Multiway Hold Mx3 - xo CcP 1 ns
23 Address Setup 15-0 (o 27 ns
24 Address Hold Y15-0 2 ns
25 Instruction Setup Is_0 32 ns
26 Instruction Hold I5-0 T 0 ns
27 Forced Continue Setup FC P 1 32 ns
28 Forced Continue Hold CP 1 1 ns
29 Test Setup cp 1 32 ns
30 Test Hold cp 1 0 ns
31 Select Setup cp 1 32 ns
32 Select Hold cp 1 0 ns
33 Reset Setup CP 1 32 ns
34 Reset Hold CcP 1 1 ns
35 Interrupt Request Setup cP 1 27 ns
36 Interrupt Request Hold INTR cP 1 1 ns
37 Interrupt Enable Setup INTEN cpP 1 27 ns
38 Interrupt Enable Hold INTEN CcP 1 1 ns
39 Hold Mode Setup HOLD cp 1 27 ns
40 Hold Mode Hold HOLD cP 1 1 ns
41 Carry-In Setup Cin cP 1 30 ns
42 Carry-In Hold Cin CcP 1 1 ns
D. MINIMUM CLOCK REQUIREMENTS
29C331

No. Max. Value Unit
53 Minimum Clock LOW Time 33 ns
54 Minimum Clock HIGH Time 28 ns

Notes: 1. (INTR, INTEN)-to-EQUAL is the sum of (INTR, INTEN)-to-Y disable time and Y-to-EQUAL delay

time.

2. CL =50 pF; C_=5 pF for Disable Time only.
3. The status of Is-1lg and FC must not be changed during the clock LOW time.
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SWITCHING TEST CIRCUIT

Vee

I

R, =240 O

S2

$q

Vourt O_—o/

4

TC003420

A. Three-State Outputs

Notes: 1. C_ =50 pF includes scope probe, wiring, and stray capacitances without device in test fixture.
2. 84, Sp, S3 are closed during function tests and all AC tests except output enable tests.
3. S1 and S3 are closed while Sy is open for tpzH test.
S1 and S are closed while S3 is open for tpz| test.
4. CL=5.0 pF for output disable tests.
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SWITCHING TEST WAVEFORMS

3v
DATA
ov
“—'s
th -‘1
3v
TIMING
INPUT ][ sV
ov
WFR02970
Notes: 1. Diagram shown for HIGH data only. Output
transition may be opposite sense.
2. Cross hatched area is don't care condition.
Setup, Hold, and Release Times
3v
nmur%':ss?s'?gz— 4 NR 18V
ov
tPLH «L——’ 1—#%«.
| Vou
OUTPUT . % NK: 15V
Vou
(PLN—-’—.I '_—'»'w«.
3v
INFUT TRARSITION ™ xk 7{[ 15y
ov
WFR02980

Propagation Delay

LOW HIGH-LOW
PULSE sV

jb“?w"
HIGH:-LOW HIGH
PULSE ™ sV
I

WFR02790

Pulse Width

Enable Disable

3V
CONTROL __ k
INPUT —xk sV
§ ov

——-i— ZL tz—
—— ~45 V
OUTPUT
NORMALLY k
LW g, oen
3 L A VOL
ZH tHz —-——I * '
o Vou
ouTPUT

NORMALLY 16V ~15 V
HIGH 5, OPEN
2 5V
~0V 08

WFR02663

05 Vv
~15 V

t
15V

1

f

Notes: 1. Diagram shown for Input Control Enable-LOW
and Input Control Disable-HIGH.
2. S4, Sp, and S3 of Load Circuit are closed
except where shown.

Enable and Disable Times
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these cases, a measurement is made at one of the two
capacitances. The result at the other capacitance is
predicted from engineering correlations based on data
taken with a bench setup and the knowledge that certain
DC measurements (loH, loL, for example) have already
been taken and are within specification. In some cases,

Test Philosophy and Methods

The following points give the general philosophy that we apply
to tests that must be properly engineered if they are to be
implemented in an automatic environment. The specifics of
what philosophies applied to which test are shown. ’

1. Ensure the part is adequately decoupled at the test head.
Large changes in supply current when the device switches
may cause function failures due to Vcc changes.

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

Do not attempt to perform threshold tests at high speed.
Following an input transition, ground current 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 momentarily. Current level may vary
from product to product.

. Use extreme care in defining input levels for AC tests. Many
inputs may be changed at once, so there will be significant
noise at the device pins which may not actually reach V_or
ViH until the noise has settled. AMD recommends using
VIL<O V and V|qy=3 V for AC tests.

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

Capacitive Loading for AC Testing

Automatic testers and their associated hardware have stray
capacitance which varies from one type of tester to
another, but is generally around 50 pF. This makes it
impossible to make direct measurements of parameters
which call for a smaller capacitive load than the associated
stray capacitance. Typical examples of this are the so-
called "float delays,” which measure the propagation
delays into and out of 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.

Similarly, a product may be specified at more than one
capacitive load. Since the typical automatic tester is not
capable of switching loads in mid-test, it is impossible to
make measurements at both capacitances even though
they may both be greater than the stray capacitance. In

special DC tests are performed in order to facilitate this
correlation.

7. Threshold Testing

The noise associated with automatic testing, the long
inductive cables, and the high gain of bipolar devices 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 V). max.
and V|4 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 catego-
ry. 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 using data from precise bench meas-
urements in conjunction with the knowledge that certain DC
parameters have already been measured and
are within specification.

In some cases, certain AC tests are redundant since they
can be shown to be predicted by other tests that have
already been performed. In these cases, the redundant
tests are not performed.

9. Output Short-Circuit Current Testing

When performing lpg tests on devices containing RAM or
registers, great care must be taken that undershoot caused
by grounding the high-state output does not trigger parasit-
ic elements which in turn cause the device to change state.
In order to avoid this effect, it is common to make the
measurement at a voltage (Voutput) that is slightly above
ground. The V¢ is raised by the same amount so that the
result (as confirmed by Ohm's law and precise bench
testing) is identical to the VoyTt =0, Vcc = Max. case.

'~ SWITCHING WAVEFORMS
KEY TO SWITCHING WAVEFORMS

WAVEFORM

TESE]

INPUTS

MUST BE
STEADY

MAY CHANGE
FROMHTOL

MAY CHANGE
FROML TOH

DON'T CARE;
ANY CHANGE
PERMITTED

DOESNOT
APPLY

ouTPUTS

WILL BE
STEADY

WILL BE
CHANGING
FROMH TOL

WILL BE
CHANGING
FROML TOH

CHANGING;
STATE
UNK

CENTER
LINE IS HIGH
IMPEDANCE

"OFF" STATE

KS000010
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SWITCHING WAVEFORMS (Cont'd.)

30V | |

ov

INPUT

T0
CLOCK ’._OUTPUT
TO DELAY
! OUTPUT
DELAY
SI00009999999900009.0.04

ouTePu
TS KRN KX KKXXKXXD

ZERN

WFR02990

|#——— CYCLE \————${¢———— CYCLE 2——]

| W A VY A G A

CLOCK

L

HOLD

INTEN

A
TC
o)
RESET / <
D)
[Tc¢
—p

le— (Note 1)

—_
* O le—@®

s /

—H/J‘- H le-®
H

¥

Y
Yon Yorr Yon
—»] [4— (Note 2)
INT-VECT BUFFER VECT orr } VECTon } VECT ofp
@]
ADDRESS REGISTER A1 A B B+1 B+2
(Note 3) * * * *
INTERRUPT RETURN — Aq
ADORESS REGISTER X A X A X Bt X 8.2
MNote 8

WF025100

Interrupt Timing

Notes: 1. Interrupt Request comes from an interrupt-controller register. If reflects the CP 1 to INTR time of
the interrupt controller.
2. During Cycle 2, there may be contention on the Y-bus if the Y-bus is turned ON before the INT-
VECT buffer is turned OFF.
3. Refer to Figures 4 and 5 for definition of A and B.
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SWITCHING WAVEFORMS (Cont'd.)

WF024770

Reset Timing
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CLK

RST

HOLD

B?§<
m
cc>
2F

SWITCHING WAVEFORMS (Cont'd.)
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Am29331 Hold Timing

U—5c

WF025250

INPUT/OUTPUT CIRCUIT DIAGRAM

DRIVING OUTPUT

(All Devices)

DRIVEN INPUT
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N
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Am29C332

CMOS 32-Bit Arithmetic Logic Unit

ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS

o Single Chip, 32-Bit ALU
Standard product supports 110 ns microcycle time
for the 32-bit data path. It is a combinatorial ALU
with equal cycle time for all instructions.

® Speed Select supports 80-ns system cycle time

® Flow-through Architecture
A combinatorial ALU with two input data ports and
one output data port allows implementation of either
parallel or pipelined architectures.

® 64-Bit In, 32-Bit Out Funnel Shifter
This unique functional block allows n-bit shift-up,
shift-down, 32-bit barrel shift or 32-bit field extract.

® Supports All Data Types
It supports one-, two-, three- and four-byte data for
all operations and variable-length fields for logical
operations.

® Multiply and Divide Support
Built-in hardware to support two-bit-at-a-time modi-
fied Booth's algorithm and one-bit-at-a-time division
algorithm.

® Extensive Error Checking
Parity check and generate provides data transmis-
sion check and master/slave mode provides com-
plete function checking.

GENERAL DESCRIPTION

The Am29C332 is a 32-bit wide non-cascadable Arithmetic
Logic Unit (ALU) with integration of functions that normally
don't cascade, such as barrel shifters, priority encoders
and mask generators. Two input data ports and one output
data port provide flow-through architecture and allow the
designer to implement his/her architecture with any degree
of pipelining and no built-in penalties for branching. Also,
the simplicity of a three-bus ALU allows easy implementa-
tion of parallel or reconfigurable architectures. The register
file is off-chip to allow unlimited expansion and regular
addressability.

The Am29C332 supports one-, two-, three- and four-byte
data for arithmetic and logic operations. It also supports

multiprecision arithmetic and shift operations. For logical
operations, it can support variable-length fields up to 32
bits. When fewer than four bytes are selected, unselected
bits are passed to the destination without modification. The
device also supports two-bit-at-a-time modified Booth's
algorithm for high-speed multiplication and one-bit-at-a-
time division. Both signed and unsigned integers for all byte
aligned data types mentioned above are supported.

The Am29C332 is designed to support 110-ns microcycle
time standard speed, and 80-ns microcycle time with speed

select. The device is packaged in a 169-lead pin-grid-array

package.

SIMPLIFIED BLOCK DIAGRAM

DA DAy,

2L

9, | INsTR.
1],
0's [2 DECODE

D% I

PyPs
5 FUNNEL ‘
WoWy >——F— | sHIFTER
R

PRIORITY ENCODER

ALU AND

STATUS
REG.

QREG. &
SHIFTER

PARITY
GEN.
6 i 32
CZNVL  PYGPY, Y)Yy

BD007040

This document contains information on a product under development at Advanced Micro Devices,

Publication # Rev. Amendment

Inc. The information is intended to help you to evaluate this product. AMD reserves 09288

the right to change or discontinue work on this proposed product without notice.
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RELATED AMD PRODUCTS

Part No. Description
Am29C01 CMOS 4-Bit Microprocessor Slice
Am29C10A CMOS 12-Bit Sequencer
Am29C101 CMOS 16-Bit Microprocessor
Am29112 8-Bit Cascadable Microprogram Sequencer
Am29114 Real-Time Interrupt Controlier
Am29C116 CMOS 16-Bit Microcontroller
Am29C323 CMOS 32 x 32 Parallel Multiplier
Am29325 32-Bit Floating Point Processor
Am29C325 CMOS 32-Bit Floating Point Processor
Am29331 16-Bit Microprogram Sequencer
Am29C331 CMOS 16-Bit Microprogram Sequencer
Am29334 64 x 18 Four-Port, Dual-Access Register File
Am29C334 CMOS 64 x 18 Four-Port, Dual-Access Register File
Am29337 16-Bit Bounds Checker
Am29338 32-Bit Byte Queue
Am29C516 CMOS 16 x 16 Multiplier
Am29C517 CMOS 16 x 16 Multiplier with Separate 1/0

1

CONNECTION DIAGRAM
169-Lead PGA
Bottom View

E F G H J K L L N P

DBs DA6 DB7 DB8 DB9 DBi10 DAt DB12 DA14 DBi6 PB1  DB18 DB19 DB20 DB22 DA23 PA2
DAS DAS DA7 PB0 DA9 D81t DA12 DA13 DB14  PAY DA18 DA17 DA1® DA20 DA21 DB23 PB2
DB+ DA3 DA4 PAD DA8 DA10 GND DB13 DB15 DAIS VCC DBi17 DA18 D821 DA22 DA24 DB24
DB2 DA2 DB3  * DB25 DA  DB26
DB1 DAt  DAO DA DAZ7  DBZ7
DBO PS5 P4 D828 DA28  DB29
Pt P8 VCC VCC DA% DA
P2 PO wa DB31  DA31 DB30
w2 Wi oW MSERR PA3  PE3
12 wo o Yat Y30 Y28
B 1 GND GND  Yz7 Y2
B u s VCC  GND Y28
B 7 cP Y25 va v
MUNK RS SLAVE GND Ve Y22
MR MCn N C PY3 PY2 GND Y8 GND Y7 vec Y8 Y2 BEY vie  Ya ¥»
BOROW V L  VCC PY1 GNDT GND Y2 Y5 Y8  VEC Y1 Y0 Y13 Y5 Y8 Y7
HOLD Z GND PYO YO PERR  GND Y1 Y4 GND vee  ve vee GND Yia Y18 GND
CD010463

* This pin is not used
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PIN DESIGNATIONS

(Sorted by Pin No.)

PIN No. | PIN NamE | FAD | R | oI NamE ';ﬁ’ :'g' PN Name | BRD | R e Name ’;‘(‘)‘_’
A1 DBs 1 co | Wa 145 | 415 | GND 105 | R10 | Yo 66
A2 DAs 164 | c10 | 1o 139 | J16 | Vs 101 | R11 | GND 64
A3 DB4 181 | c11 | GND 143 | 917 | Ya 102 | R12 | Voo 7
A4 DBz 157 | c12 | 15 134 | K1 | DBys 27 | R13 | Yas 74
AS DB 155 | c13 | cp 130 | K2 | PA; 25 | R14 | GND 79
A6 DBo 153 | c-14 | SLAVE 127 | K3 | DAss 24 | R15 | Yro 82
A7 P 148 | c15 | N 120 | K15 | Y7 9% | R-16 | Yis 88
AB P2 149 | c16 | L 118 | K16 | Ye 100 | R17 | Y1a 89
A-9 W2 142 C-17 GND 117 K-17 GND 98 T-1 DA23 42
A0 | I 137 | D1 | DBg 7 L1 | PBy 26 | T2 | DBy 41
A-11 I3 136 D-2 PBg 6 L2 DA1e 28 T-3 DA24 46
A1z | I 133 | D3 | PAo 5 L3 | Voo 22 | T4 | DAss 48
A3 | 1 131 | D15 | C 19 | L-15 | Veo 108 | 15 | DAgr 52
A14 | MLNK 129 | D16 | Veo 116 | L6 | Ve 108 | 16 | DAgs 54
A15 | M/m 125 | D17 | PYo 15 | 17 | Voo 108 | 77 | DAgo 58
A-16 | BOROW 124 | E-1 | DBy 9 M1 | DBig 31 | T8 | DAg 60
A17 | HOLD 123 | E2 | DAg 10 | m2 | DA 30 | Te | PAg 61
B-1 DAs 2 E3 | DAg 8 M3 | DBy 20 | T-10 | Yao 67
B-2 DBs 163 | E-15 | PYs 112 | W15 | s 9% | T-11 | Yo7 70
B3 DAz 160 | E-16 | PYq 114 | M-16 | Yqq 93 T-12 | GND 72
B-4 DAz 158 | E17 | Yo 100 | M7 | Yo 9% | T13 | Yag 76
B-5 DAY 156 | F-1 DB1o 11 | N1 | DByo 3 | 14 | Voo 78
B-6 Ps 152 F-2 DB14 13 N-2 DA1g 34 T-15 Y21 80
B-7 P3 150 F-3 DA1o 12 N-3 DA1s 32 T-16 Y18 83
B-8 Po 147 | F15 | PY2 113 | N5 | Y12 92 T17 | Y1e 86
B-o W; 141 | F16 | GND 10 | N-16 | Yo 94 | U1 | PAg 43
B-10 | Wo 140 | F-17 | PERR M| N17 | Voo 97 | u2 | PBa 44
B-11 I 138 | G-1 DA11 14 P-1 DB2o 35 U3 | DBas 45
B12 | Iy 135 | G2 | DAz 16 P2 DA20 36 U4 | DBy 49
B13 | I7 132 | G3 | GND 21 | P3| DBx 37 | us | DBy 51
B-14 | RS 128 | G-15 | GND 104 | P15 = 87 | U6 | DBgo 55
B15 | MCin 126 | G-16 | GND 104 | P16 | Yag 90 | U7 | DAz 56
B16 | V 121 | 617 | GND 104 | P17 | GND 91 U8 | DBso 57
B17 | 2 122 | H1 | DBr2 15 | A1 | DBz 30 | ue | PBs 62
c-1 DB7 3 H2 | DA;s 18 | R2 | DAz 38 | U-10 | Yas 69
c2 DA; 4 H3 | DBis 17 | R3 | DAz 0 | U1l | Yao 68
c3 DAs 162 | H15 | Ys 106 | R4 | DBgs 47 | U1z | Yas 73
c4 DB 159 | H-16 | Y2 107 | R5 | DAgs 50 | U-13 | Yo 75
c5 DAo 154 | HA7 | vy 108 | R6 | DB 53 | U-14 | Yoz 77
c6 Pa 151 | o1 DA 20 | R7 | Voo 63 | U-15 | Yao 81
c7 Voo 144 | 2 | DBia 19 | R8 | DBay 50 | U-16 | Y17 84
c8 Wa 146 | 43 | DBis 23 | Re | MSERR 65 | u17 | GnD 85
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PIN DESIGNAT!ONS
(Sorted by Pin Names)

PIN NAME :'g ’;'g.’ PIN NAME :'g_ ':“g" PIN NAME | 7O ';‘g" PIN NAME :Ic';. ':“6'?
BOROW A16 | 124 | DBy C1 3 12 A10 | 137 | Vee T-14 78
c D15 | 119 | DBg D-1 7 s A11 | 186 | Voo N-17 97
cpP c13 | 130 | DBg E4 9 I B12 | 135 | Ve D16 | 116
DAg c5 154 | DByo = 1 5 c12 | 134 | Veo H12 71
DA B-5 156 | DBy F2 13| Ie A2 | 133 | wo B0 | 140
DAz B4 158 | DB12 H1 15 | 17 813 | 132 | Wy B-9 141
DA3 B-3 160 | DB1g H-3 17 | 1 A13 | 131 | wa A9 142
DA4 C3 162 | DBya J2 v | L c16 | 118 | wa co 145
DAs A2 164 | DBys I3 23 | MCin B15 | 126 | Wa c8 146
DAg B1 2 DB1g K 27 | MLINK A4 | 129 | Yo E17 | 109
DA7 c2 4 DBy7 M-3 2 | wm A15 | 1258 | vy H17 | 108
DAg E3 8 DB1g M-1 31 MSERR R-9 65 | Ya He | 107
DAg E2 10 | pBye N-1 3 | N C15 | 120 | va H15 | 106
DA1o F3 12 | DBz P 3 | oY P15 | 87 | Ya 7 102
DA G1 14 | DBz -3 a7 | Po B8 147 | Ys 516 101
DA12 G2 16 | DBz R-1 39 | Pq A7 148 | Ye K16 | 100
DA13 H2 18 | DBz T2 41 Pa A8 149 | v7 K15 99
DA1s e 20 | DBz U3 45 | Pg B7 150 | Ys M5 | 9
DAts K3 24 | DBgs R4 a7 | s c6 151 | Yo M7 | 95
DA1g L-2 28 DB2g uU-4 49 Ps B-6 152 Y10 N-16 94
DA17 M-2 30 | DBy U5 51 PAg D3 5 Y1 M6 | @3
DA1s N3 32 | DBgs R6 53 | PAq K-2 25 | Yi2 N-15 92
DA1g N-2 34 DB2g U-6 55 PA2 U-1 43 Yi3 P-16 90
DA2o P-2 36 DB3p u-8 57 PA3 T-9 61 Yiq R-17 89
DA21 R2 38 | DBay A8 59 | PBg D-2 6 Yis R-16 88
DA22 A3 2 | eND G3 21 PB; 1 2% | Yo T17 86
DAzs T 42 | eND R11 | 64 | PBg U2 a4 | v U-16 84
DA24 T3 46 | GND G17 | 104 | pBs U9 62 | Yie T16 83
DAz T4 48 | GND G-15 | 104 | PERR F17 | 111 | Y1e R-15 82
DAz R5 50 | GND G16 | 104 | PYo D17 | 115 | Yao U-15 81
DAz 5 52 | GND c11 | 143 | PYq E16 | 114 | Yaq T15 80
DAz T6 54 | GND T2 | 72 | PYa F15 | 113 | Ya2 U-14 77
DAze U7 56 | GND R14 | 79 | PYs E15 | 112 | Yag T13 76
DA3o T7 56 | GND u17 | 85 | ms B14 | 128 | Yzq U-13 75
DAz T8 60 | GND P17 | o1 SLAVE C14 | 127 | Yos R13 74
DBy A6 153 | GND K17 | 8 | v B16 | 121 | Yas U-12 73
DB; A5 155 | GND =15 | 105 | Vee A7 63 | Yar T 70
DB Al 157 | GND F16 | 110 | Vee (16 | 108 | Yzs U-10 69
DB3 Ca 153 | GND c17 | 117 | Vee 15 | 103 | Yae U-11 68
DB4 A3 161 | HOLD A17 | 122 | Voo 17 | 103 | Yag T-10 67
DBs B-2 163 | 1o c10 | 133 | Vee c7 144 | Yaq R-10 66
DBg A1 1 " B11 | 138 | Vec L3 2 |z BA7 | 122
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LOGIC SYMBOL

32 4 4 32

DADAS, PAG-PA;  PBy-PBy DB°~DB3 1
SLAVE PERR [¢——»
BOROW
MCin
MLINK
M

cpP
HOLD
RS

Io'lg s
CZNVL <Z:>
Ry-Ps !

Wo Wy

OE-Y Yo Y3 PYy-PY3; MSERR

SRl

AR

LS002911

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. Optional Processing

1 3 C B

L————-a. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE .
C = Commercial (0 to +85°C)

c. PACKAGE TYPE
G = 169-Lead Pin Grid Array without Heatsink
(CGX169)

v

SPEED OPTION
-1= Speed Select
-2 = Speed Select (TBD)

a. DEVICE NUMBER/DESChIPTION
Am29C332
CMOS 32-Bit Arithmetic Logic Unit

Valid Combinations Valid Combinations

AM29C332 GC. GCB Valid Combinations - list configurations planned to be
AM29C332-1 ’ 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.
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ORDERING INFORMATION (Cont'd.)
APL Products

AMD 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) for APL

products is formed by a combination of: a.

[ N-NN- 0 -

M29C332

Am29C332

Device Number

/B Z

. Speed Option (if applicable)
. Device Class
. Package Type
. Lead Finish

<

L.

a. DEVICE NUMBER/DESCRIPTION

CMOS 32-Bit Arithmetic Logic Unit

Valid Combinations

AM29C332 /BZC

[

LEAD FINISH
C = Gold

PACKAGE TYPE
Z =169-Lead Pin Grid Array without Heatsink

(CGX169)

. DEVICE CLASS
/B =Class B

SPEED OPTION
Not Applicable

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 or to check for newly released valid

combinations.

Group A Tests

Group A tests include Subgroups

1,2,3,7,8,9, 10, 11.
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PIN DESCRIPTION

BOROW Borrow (input)
When HIGH, the Carry In and Carry Out are borrows for
subtract operations.

C, Z, N, V, L Status (Input/Output)

When the Register Status pin is LOW, these pins give the
Carry, Zero, Negative, Overflow and Link outputs of the ALU
where applicable to the instruction being executed. When
not applicable to the instruction being executed, or when the
Register Status pin is HIGH, these pins give the outputs of
the Carry, Zero, Negative, Overflow and Link bits of the
internal Status Register. In Slave mode, C, Z, N, V and L
become inputs.

CP Clock Input (Input)
Clocks internal registers (status, Q) at the LOW to HIGH
transition, provided HOLD input is LOW.

DAg-DA34y Data Input for DA-bus (Input)
Data input lines for operand A.

DBop-DB3y Data Input for DB-bus (input)
Data .input lines for operand B.

HOLD Hold (Input, Active HIGH)
When HIGH, it inhibits the update of the status and Q
registers.

lo-lg Instruction Inputs (Input)
Used to select the operation to be performed.

I7-1g Byte Width inputs (Input)
Byte width inputs for byte boundary aligned operand
instructions. Selects the sources for width and position
inputs for variable field bit operands. If 17 is LOW it selects
the width input from pins W4 - Wo. If |7 is HIGH the width
input is selected from the internal width register. Similarly if
Ig is LOW it selects the position inputs from pins Ps — Pg and
if HIGH it selects input from the internal position register.

MCin Macro Status Carry (Input)
External Carry input.

MLINK  Macro Status Link (Input)
External link input.

M/m  Macro/Micro Select (Input)
When HIGH, selects macro carry and macro link pins as
input instead of micro carry and micro link from the micro-
status register.

MSERR Master-Siave Error (Output)
When HIGH, this signal indicates that the master's and
slave's data were not identical.

OE-Y Output Enable (Input, Active LOW) -
When OE-Y is HIGH the Y-bus is disabled (three-stated).

Pg-Ps Position Inputs (Input)
Position input to select the position of the least significant bit
of a field. Also indicates the amount by which data is to be
shifted up (Ps=LOW) or down (Ps = HIGH) or rotated.

PAg~PA3 Parity Input for DA-bus (Input)
Parity input for operand A on DA-bus (one per byte).
Even parity is used for the Am29C332.

PBo-PB3 Parity Input for DB-bus (Input)
Parity input for operand B on DB-bus (one per byte).

PERR Parity Error (Input/Output)
When HIGH, indicates that a parity error was detected on
the DA or DB inputs.

PYo-PY3 Parity for Y-bus (Input/Output)
Parity output for data on Y-bus (one per byte). Even parity is
used for the Am29C332. In slave mode, PYg - PY3 become
inputs.

RS Register Status Mode Pin (Input)
Selects between ALU status (Register Status = LOW) or
register status (Register Status = HIGH) on the C, Z, N, V
and L outputs.

SLAVE Slave (Input)
When HIGH, this pin puts the ALU in the slave mode. All
output pins become input pins and signals on them are
compared with the ALU's internally generated results. When
OE-Y is HIGH, the Yg-Ya; and PYp-PY3 inputs are
ignored. When the SLAVE pin is LOW, the ALU is put in
master mode where outputs are generated as normal.

Wo-W4 Width Inputs (Input)
Width input to select the width of a contiguous bit field.

Yo~-Y31 Data Out/In Lines (Input/Output)
When OE-Y is LOW and the ALU is in the Master mode, the
ALU result is enabled on the Y-bus. When OE-Y is HIGH,
the Y-bus is three-stated. In Slave mode the Y-bus acts as
external data input.
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Figure 1. Detailed Block Diagram
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Figure 2. Am29C332 Family High-Performance System Block Diagram

PRODUCT OVERVIEW

The Am29C332 is a 32-bit wide, high-performance, non-
expandable Arithmetic Logic Unit (ALU). It has two 32-bit wide
input ports (A and B) and one 32-bit wide output port (Y).
These three ports provide flexibility and accessibility for high-
performance processor designs. Dedicated input and output
ports provide a flow-through architecture and avoid the
penalty associated with switching the bus half-way through the
cycle for input and output of data. The chip is designed for use
with a dual-access RAM (Am29C334) as a register file. In
addition, the three-bus architecture facilitates the connection
of other arithmetic units in parallel with the Am29C332 for
high-performance systems.

The Am29C332 supports one-, two-, three-, and four-byte
arithmetic operations. It also supports multiprecision arithme-
tic and muitiple bit shifts. For logical operations, it can handle
variable-length fields of up to 32 bits. The chip incorporates
dedicated hardware to allow efficient implementation of a two
bit-at-a-time (modified Booth) multiply algorithm, supporting
signed and unsigned arithmetic data types. Similarly, hardware
is provided to support a bit-at-a-time divide algorithm, also
supporting signed and unsigned arithmetic data types. An
internal 32-bit register (Q) is used by the multiply and divide
hardware for double precision operands. For business applica-
tions, the Am29C332 supports variable-length BCD arithmetic.

Field logical instructions operate on bit-fields taken from the A
and B data inputs; they may be of variable width and starting
position. A is normally the source input and B the destination
input. In general, destination bits not falling within a specified
field are passed by the ALU unchanged. Field width and
position are specified either by direct inputs to the chip, or by
entries in the status register. There are two kinds of field
logical instructions - aligned and non-aligned. The first type of
instruction assumes that source and destination fields are
aligned and the operation is performed only for bits within the
specified fields. In the second type of instruction, source and
destination fields are normally non-aligned. However, it is
always assumed that one field (either source or destination) is
least-significant-bit (LSB) aligned.

If the destination field is LSB aligned then the source field is
downshifted in order to make it LSB aligned as well. Down-

shifting is accomplished by making the 6-bit position input
equal to the two's complement of the number of places the
field is to be downshifted. If the source field is LSB aligned
then it is upshifted in order to align it with the destination.
Upshifting is accomplished by making the position inputs equal
to the number of places the field is to be upshifted. Any other
type of field operation is not allowed. Whenever the field
crosses the word boundary, the portion not falling within the
word boundary is ignored. This effect is useful when perform-
ing operations on fields that overlap two different words.
Instructions to perform straightforward multiple-bit shifts (ei-
ther up or down) are also provided. Additionally, it is possible
to extract a bit-field from a word in one instruction, even if that
field overlaps a word boundary.

The power and the flexibility of the processor comes partly
from its ability to generate a mask to control the width of an
operation for each instruction without any overhead. For all
byte aligned instructions (three quarters of the instruction set),
the mask is either 1, 2, 3 or 4 bytes wide and is generated from
the byte width input (Ig - 17). For all field instructions the mask
is of variable width and is generated from the position inputs
(Po - Ps) and the width inputs (Wg—W4). Table 1 describes
the position displacement from the position inputs and Table 2
the bit field from the width inputs.

TABLE 1. POSITION INPUTS AND BIT

DISPLACEMENT

Inpyts Bit Displacement
Ps | P4 | P3 | P2 | Py | Po P
o|lo]o]|o|o]|o 0
olojo oo |1 :
ojlojojo|1|o 2
T T T T O T T O O O °
1 jojofofolo o
1 p 0 0 0 1 -31
BN EEEEENE -
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TABLE 2. WIDTH INPUTS AND BIT FIELD

Inputs Bit Field
Wg | W3 | Wo | Wy Wo w
0 0 0 0 0 32
0 0 0 0 1 1
0 0 0 1 0 2
1 1 1 1 1 31

Whenever the width of the operand is less than 32-bits, all
unselected bits from the inputs of the ALU are passed to the
output without any modification. Depending upon the instruc-
tion type, unselected bits are taken from different sources. For
example in all single operand instructions, bits from the source
operand (from either A or B input) are passed in unselected bit
positions. For two operand instructions, bits from the B input
are passed in unselected bit positions. There are some
exceptions which are explained in the instruction set section.

The processor has a 32-bit status register to indicate the
status of different operations performed. The status register is
loaded at the rising edge of the clock with new status unless
the HOLD signal is HIGH. The bit position for each status bit is
given in the functional description. The least significant byte of
the status register holds the six position bits (PRg — PRs). The
two most significant bits of this byte may be read or loaded but
are otherwise unused by the ALU. The second byte (bits 8 to
15) consists of the five width bits (WRg —~ WR4) and three read-
only bits that are a combinational function of other status bits,
and which indicate useful branch conditions. The third byte
consists of ALU status bits plus bits for high-speed multiply
and divide. The most significant byte holds intermediate nibble

carries for BCD operations. An extract-status instruction is

provided which allows a Boolean value to be formed from any
selected bit. This is particularly useful in machines employing a
stack architecture. Instructions to save and restore the status
register are provided. As the entire status of each instruction is
stored in the status register, interrupts at any microinstruction
boundary are feasible.

The processor has a 32-bit wide priority encoder to support
floating-point and graphics operations. The priority encoder
supports all byte aligned data types - the result is dependent
upon the byte width specified. The result of a priority encode is
also loaded into the position bits of the status register. The
result of the prioritize operation can then be used in the
following clock cycle, e.g., to normalize a floating-point num-
ber or to help detect the edge of a polygon in graphics
applications.

To support system diagnostics, the Am29C332 has a special
""Master-Slave'' mode. To use this mode, two chips are
connected in parallel, and hence receive the same instructions
and data. The master chip is used for the normal data path.
However, in the slave chip, all outputs becomes inputs. The
slave compares the outputs of the master with its own
internally generated result. If the two do not match, the slave
will activate an error signal.

As a further diagnostic aid, byte-wise parity checking is
performed at both the A and B data inputs. The '"parity'' signal
is activated if an error is detected. Parity bits (one per byte) are
generated for the 32-bit output bus.

FUNCTIONAL DESCRIPTION

A detailed description of each functional block is given in the
following paragraphs.

64-Bit Funnel Shifter

The 64-bit funnel shifter is a combinatorial network. The 64-bit
input is formed from a combination of the A and B inputs. This
may be left-shifted by up to 31 bits before being used by the
ALU. The output of the shifter is the most significant 32 bits of
the result. The 64-bit shifter can be used on either the A or B
operands to perform barrel shifts (either up or down) or
rotates. The operation is controlled by positioning operands
properly at the input of the 64-bit up-shifter.

The number ''n"" by which the operand is shifted comes from
two sources: the microprogram memory via the Pg - Ps pins or
the internal register (byte 0 of the status register), PRg - PRs,
as selected by an instruction bit.

In general, the 6-bit position input, Pg - Ps, takes a 6-bit two's
complement number representing upshifts from 0 to 31 places
(positive numbers) or downshifts from 1 to 32 places (negative
numbers). ‘

Mask Generator

The mask generator logic provides the ability to generate the
appropriate mask for an operand of given width and position.
The generation of the mask depends upon two types of
instructions. The first type has byte boundary aligned oper-
ands (widths of either 1, 2, 3 or 4 bytes) with the least
significant bit aligned to bit 0. The width of an operand is
specified by the byte width inputs (Ig and |7) as shown in Table
3. The second type of instruction has operands of variable
width (1 to 32 bits) and position. The operand is specified by
the width inputs (Wg —Wj) and the position inputs (Pg - Ps)
indicating the least significant bit position of the operand.
Thus, in this type of instruction the operand may or may not be
least significant bit aligned. Depending upon the type of
instruction, the mask generator first generates a fence of all
zeros starting from the least significant bit with the width
specified either by the byte width or the width input fields. This
fence can be upshifted by up to 31 bits by the 32-bit mask
shifter. Whenever the mask is moved up over the 32-bit
boundary, it does not wrap around. Instead, ONE's are
inserted from the least significant end. This configuration
provides the ability to operate on a contiguous field located
anywhere in a word, or across a word boundary.

The mask generator can be used as a pattern generator by
allowing the mask to pass through ALU (by using the PASS-
MASK instruction). For example, a single-bit wide mask can be
generated and by shifting it up by different amounts can give
walking ONE or walking ZERO patterns for memory tests.

TABLE 3.
Ig Iz Width in Bytes
0 0 4
-0 1 1
1 0 2
1 1 3

Arithmetic and Logical Unit

The ALU is a three input unit which uses the mask as a second
or third operand in every instruction. The mask is used to
merge two operands. For all selected bits (wherever the mask
is 0), the desired operation specified by the instruction input is
performed, and for all unselected bits either corresponding
destination bits or zeros are passed through. The status of
each operation (carry, negative, zero, overflow, link) applies to
the result only over the specified width. For all byte aligned
arithmetic and logical operations (first three quarters of the
instruction set), the status is extracted from the appropriate
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byte boundary. For all field operations (last quarter of the
instruction set), the operand width is assumed to be 32 bits for
status generation. The ZERO flag always indicates the status
of all bits selected by the mask.

The actual width of the ALU is 34 bits. There are two extra bits
used for the high speed signed and unsigned multiplication
instructions. These two bits are automatically concatenated to
the most-significant end of the ALU depending upon the width
specified for the operation. Since the modified Booth algorithm
requires a two-bit down-shift each cycle, these ALU bits
generate the two most-significant bits of the partial product.

The ALU is capable of shifting data down by two bits for the
multiplication algorithm, up by one bit for the divide algorithm
and single-bit-up-shifts.

The processor is capable of performing BCD arithmetic on
packed BCD numbers. The ALU has separate carry logic for
BCD operations. This logic generates nibble carries (BCD digit
carry) from propagate and generate signals formed from the A
and B operands. In order to simplify the hardware while
maintaining throughput, the BCD add and subtract operations
are performed in two cycles. In the first cycle, ordinary binary
addition or subtraction is performed and BCD nibble carries
are generated. These are blocked from affecting the result at
this stage, but are saved in the status register to be used later
for BCD correction (NCg — NC7). In the second cycle all BCD
numbers are adjusted by examining the previously generated
nibble carries. Since all the necessary information is stored in
the status register, the processor can be interrupted after the
first BCD cycle.

Priority Encoder

The priority encoder is provided to support floating-point
arithmetic and some graphics primitives. The priority encoder
takes up to 32 bits as input and generates a 5-bit wide binary
code to indicate location of the most significant one in the
operand. Input to the priority encoder comes from the input
multiplexer, which masks all bits that the user does not want to
participate in the prioritization. The priority encoder supports 8,
16, 24 and 32-bit operations depending upon the byte width
specified. For each data type the priority encoder generates
the appropriate binary weighted code. For example, when a
byte width of two is specified (17 - Ig = 10), the output of the
encoder is zero when bit 15 is HIGH. However, if byte width of
four is specified (lg-l7 = 00), the output of encoder is 16
(decimal) if bit 15 is HIGH and bits 31 — 16 are LOW. Table 4
shows the output for each data type. If none of the inputs are
HIGH or the most significant bit of the data type specified is
HIGH, then the output is zero. The difference between these
two cases is indicated by the Z-flag of the status register which
is HIGH only if all inputs are zero.

Q-Register

The Q-register holds dividend and quotient bits for division,
and multiplier and product bits for multiplication. During
division, the contents of the Q-register are shifted left, a bit at
a time, with quotient bits inserted into bit 0. During multiplica-
tion, the contents of the Q-register are shifted right, two bits at

a time, with product bits inserted into the most-significant two
bits (according to the selected byte width). The Q-register may
be loaded from the A or B inputs and read onto the Y bus.

Master-Slave Comparator

All ALU outputs (except MSERR) employ three-state buffers.
The master-slave comparator compares the input and output
of each buffer. Any difference causes the MSERR signal to be
made true. In Slave mode, all output buffers are disabled.
Outputs from a second ALU may then be connected to the
equivalent pins of the first. The comparator in the slave will
then detect any difference in the results generated by the two.
When the Y bus is three-stated by making Output-Enable
false, the Y bus master-slave comparators are disabled.

Parity Logic

For each byte of the DA and DB inputs there is an associated
parity bit (8 in all). If a parity error is detected on any byte, the
Parity-Error signal is made true. Four parity signals (one per
byte) are also generated for the Y bus outputs. EVEN parity is
employed for the Am29C332.

Status Register

All necessary information about operations performed in the
ALU is stored in the 32-bit wide status register after every
microcycle. Since the register can be saved, an interrupt can
occur after any cycle. The status register can be loaded from
either the A or B input of the chip and can be read out on the Y
bus for saving in an external register file. For loading, the byte
width indicates how many bytes are to be updated. The status
register is only updated if the HOLD input is inactive.

Each byte of the status register holds different types of
information (see Figure 3). The least significant byte (bits 0 to
7) holds eight position bits (PRg —PR7) for the data shifter.
The two most significant bits are not used. The next most
significant byte (bits 8 to 15) holds the 5-bit width field
(WRg - WRy) for the mask generator. The three most-signifi-
cant bits of that byte (bits 13 to 15) are read-only bits that
represent three different conditions extracted from the other
bits of the status register. They are C+2Z, N ® V, and (N ®
V) + Z for bits 13, 14 and 15 respectively. These bits can be
read on the Yg pin by the extract-status instruction. The next
byte contains all the necessary information generated by an
ALU operation. The least-significant four bits (bits 16 to 19)
hold carry, negative, overflow and zero flags. Bit 20 holds link
information for single bit shifts and bits 21 and 22 are used by
the multiply and divide instructions. The M flag holds the
multiplier bit for the modified Booth algorithm or it holds the
sign comparison result for the divide algorithm. The S flag
holds the sign of the partial remainder for unsigned division.
Both the flags (M and S) are provided as a part of the status
register so that multiply and divide instructions can be inter-
rupted at microinstruction boundaries. The most significant
byte of the status register holds nibble carries for BCD
arithmetic. Since BCD arithmetic is performed in two cycles,
the nibble carries are saved in the first cycle and used in the
second cycle. Since all the information is stored, BCD instruc-
tions are also interruptible at the microinstruction boundary.
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TABLE 4.

Highest Priority Encoder
Active Bit Output
|7 -1g = 00 (32-bit)
None 0
31 0
30 1
29 2
28 3
1 30
0 31
l7-1g =01 (8-bit)
None 0
7 0
6 1
5 2
1 6
0 7
I7-1g =10 (16-bit)
None 0
15 0
14 1
13 2
12 3
1 14
0 15
I7-1g = 11 (24-bit)
None 0
23 0
22 1
21 2
20 3
1 22
0 23

1 !
Position Register

Statusp_7:

l PR7 i PRs Pﬂsw PRy | PR3 l PR2 lPFh | PRo |
7 6 5 4 3 2 1 0
Statusg_12: Width Register
Statusqa: C+2
Statusq4: N@V } Read Only
Statusqs: NpWV+2Z

SIGNED | SIGNED |UNSIGNED
LE T LE WR4 | WR3 | WRa | WRy | WRg

15 14 13 12 1 10 9 8

Statusye: Carry

Status17: Negative

Statusqg: Overflow

Statusqg: Zero

Statuszq: Link

Statuspq: Multiply (and divide) Bit

Statuspp: Sign Flag

Statusp3: 0

0 S M L z v N [¢]
23 22 21 20 19 18 17 16
Statusp4-31: Nibble Carries

NC7 NCg NCs NC4 | NC3 | NCa | NCy | NCo

31 30 29 28 27 26 25 24

Note: Overflow is defined as follows:
V = (carry in to MSB) @ (carry out of MSB)

Figure 3. ALU Status Register Bit Assignment
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Am29C332 INSTRUCTION SET
Data Types
The Am29C332 supports the following data types:

1. Integer
2. Binary-coded decimal
3. Variable-length bit field

The first two data types fall into the category of byte boundary
aligned operands (Figure 4). The size of the operand could be
1 byte, 2 bytes, 3 bytes or 4 bytes. All operands are least
significant bit (bit 0) aligned. The byte width is determined by
bits Ig and 17 of the instruction as shown in Table 5.

TABLE 5.
Width in
Ig I7 Bytes
0 0 4
0 1 1
1 0 2
1 1 3

The third data type has operands of variable width (1 to 32
bits) as shown in Figure 4. The operand is specified by width
inputs (Wo —W,) and position inputs (Pg ~ Ps). The position
inputs indicate the least significant bit position of the operand.
Depending on bits Ig and |7 of the instruction, the width and
position inputs can be selected from either the Status Register
or the Width and Position Pins as shown in Table 6. A
summary of the data types available is illustrated in Table 7.

Y
|
|

1BYTE

2 BYTES

3 BYTES

V.4 |
L[ |

|
|
|
7 o

TB000096

Byte Boundary Aligned Operands

] pewl p p1 o
w-1 [}
TB000630

Variable-Length Bit Field
p = Bit displacement of the least significant field with re-

spect to bit 0.
w = Width of bit field.

Figure 4. Data Types

TABLE 6.
Position Width
Ig Iz | Pins | Reg | Pins | Reg
0 0 X X
0 1 X X
1 0 X,
1 1 X
TABLE 7.
Data Type Size Range
Integer Signed Unsigned
1 byte 8 bits -128 to +127 0 to 255
2 bytes 16 bits -2'5 10 0 to
+215_1 216_4
3 bytes 24 bits 228102231 0to
224 _4
4 bytes 32 bits -2%1 162311 0 1o
2%2_4
BCD 1 to 4 bytes |Numeric, 2 digits per byte.
(8 digits) Most-significant digit may be
used for sign.
Variable 1 to 32 bits |Dependent on position and
width inputs.

Instruction Format
The Am29C332 has two types of Instruction Formats:
1. Byte Boundary Aligned Instructions (FORMAT 1)

‘s LA ‘o

BYTE WIDTH

TB000098
2. Variable-Length Field Bit Instructions (FORMAT 2):

's 7 g lo

P/PR | W/WR OPCODE

10 6 5 0

WIDTH POSITION

TB000099

For instructions that allow a field to be shifted up or down,
Po-Ps is a two's-complement number in the range -32 to
+ 31 representing the direction and magnitude of the shift. For
instructions that assume a fixed field position, Pg - P4 repre-
sent the position of the least-significant bit of the field and Pg
is ignored.




Instruction Classification
ALU instructions can be classified as follows:
A. Byte Boundary Aligned Operand Instructions:

1. Arithmetic
- Binary, BCD
- Multiply steps
- Division steps (single and multiple precision)

Prioritize

2.

3. Logical
4. Single-bit shifts
5.

Data movement
B. Variable-Length Bit Field Operand Instructions:
1. N-bit shifts and rotates
2. Bit manipulations
3. Field logical operations (aligned, non-aligned, extract)

4. Mask generation

Three-fourths of the ALU instructions apply to operands that
are byte boundary aligned. For these instructions, two orthog-
onal issues are the width of the operand (in bytes) and the
contents of the high order unselected bytes on the Y bus. As
mentioned earlier, the width of the operand is specified by Ig
and I7. With the exception of a few instructions, the unselected
bytes are assigned values as follows: for single operand
instructions, unselected bytes are passed unchanged from the
source (A or B). For two operand instructions, unselected
bytes are passed unchanged from the destination (B input).

In the last quarter of the instruction set, the width of the
operand is from 1 to 32 bits (based on the width input) for field

. operations, 32 bits for N-bit shift operations and 1-bit for bit-
oriented operations. In the case of field-aligned and single-bit
operands, the position bits (Pg—-P4) determine the least
significant bit of the operand. In the case of N-bit shifts and
field non-aligned operands, the position bits Pg — Ps is a 6-bit
signed integer determining the magnitude and direction of the
shift.

Flags

Byte-Aligned Instructions

The zero flag always looks only at the selected bytes:
Z < (Y and bytemask (byte width) = 0)

Similarly, N < sign bit (Y, byte width), where the function
"'sign-bit"" returns bit 7, 15, 23, or 31 of the first argument for
byte widths 01, 10, 11, or 00 respectively.

Also, C < carry (byte width) returns the carry from the
appropriate byte boundary, and:

V < overflow (byte width) = (carry into MSB) @ (carry
out of MSB)

returns the overflow from the appropriate byte boundary.

The link (L) flag is generally loaded with the bit moved out of
the highest selected byte in the case of upshifts, or the bit
moved out of the least significant byte for downshifts. Figure 5
shows the shift operation using link bit. Other status flags have
specialized uses, explained in the following sections.

hi wn:
?—— M <+—1,2, 3, or 4 bytes —»
—
U ——-I ' A(orB L

E‘ ;sign bit

Shift with sign bit fill implements arithmetic shift.

Shift Up:
e 1,2, 3, or 4 bytes M le—0
A (orB) l‘— U fe—oI1
X ___]
DF006190

Figure 5. Upshift/Downshift Using Link Bit

Variable-Length Field Instruction:

Generally, only N and Z are-affected. N takes the most-
significant bit of the 32-bit result (i.e., N < Y34). Z detects
zeros in the selected field of the result (e, Z < (Y and
bitmask (position, width) = 0)).

Output Select

The Register Status pin, RS, may be used to switch the C, Z,
N, V, and L output pins between the direct output of the ALU
and the outputs of the corresponding bits in the status register.
If the direct status output is selected, then for instructions that
do not affect a particular flag (e.g., carry for logical arithmetic)
that output will reflect the state of its corresponding bit in the
status register. Similarly, when the HOLD signal is made
HIGH, the C, Z, N, V and L pins will be made equal to the
contents of the status register, regardiess of the RS input.

2-51




INSTRUCTION SET SUMMARY

Operand Size: Variable Byte Width: 1, 2, 3, 4 Bytes

Type Operation Data Type ‘

o Increment by one, two, four
o Decrement by one, two, four
o Add, addc (carry = macro/micro) Binary Integer
e Sub, subr and BCD
Arithmetic e Subc, subrc (carry/borrow)

BCD sum and difference correct steps

Negate (two's complement)
Multiply steps (modified Booth) { (Signed and unsigned) Binary Integer
Divide steps (non-restoring)

Prioritize Pricritize Binary

Logical Not, OR, AND, XOR, XNOR, zero, sign Binary

Single-Bit
Shifts

Upshift with 0, 1, link fill

Downshift with 0, 1, link, sign fill . [ (Single and doubie precision) Binary

Zero extend
Sign extend
Pass-status, Q-Reg Binary
Load-status, Q-Reg
Merge

Data
Movement

Operand Size: 32 Bité

Type Operation Data Type

e Upshift by 0 to 31 bits with O fill
o Downshift by 1 to 32 bits with 0, sign fill Binary
o Rotate by 0 to 31 bits

N-Bit Shifts
N-Bit Rotates

Operand Size: Single Bit

Type Operation Data Type

e Extract
o Set Binary
o Reset |

Bit
Manipulation

Operand Size: Variable Length Bitfield: 1 to 32 Bits

Type Operation Data Type
Field Logical
(aligned and o Not, OR, XOR, AND, extract, insert Binary
non-aligned)
Mask o Pass-mask Binary
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INSTRUCTION SET GLOSSARY
(Sorted by Opcode in Hex Notation)

Opcode Name Opcode Name Opcode Name Opcode Name
00 ZERO-EXTA 20 DN1-OF-A 40 AND 60 NB-SN-SHA
o1 ZERO-EXTB 21 DN1-0F-B 41 XNOR 61 NB-SN-SHB
02 SIGN-EXTA 22 DN1-0F-AQ 42 ADD 62 NB-0OF-SHA
03 SIGN-EXTB 23 DN1-0F-BQ 43 ADDC 63 NB-0OF-SHB
04 PASS-STAT 24 DN1-1F-A 44 sSuB 64 NBROT-A
05 PASS-Q 25 DN1-1F-B 45 SUBC 65 NBROT-B
06 LOADQ-A 26 DN1-1F-AQ 46 SUBR 66 EXTBIT-A
07 LOADQ-B 27 DN1-1F-BQ 47 SUBRC 67 EXTBIT-B
08 NOT-A 28 DN1-LF-A 48 SUM-CORR-A 68 SETBIT-A
09 NOT-B 29 DN1-LF-B 49 SUM-CORR-B 69 SETBIT-B
0A NEG-A 2A DN1-LF-AQ 4A DIFF-CORR-A 6A RSTBIT-A
0B NEG-B 2B DN1-LF-BQ 4B DIFF-CORR-B 6B RSTBIT-B
oc PRIOR-A 2Cc DN1-AR-A 4C - 6C SETBIT-STAT
oD PRIOR-B 2D DN1-AR-B 4D - 6D RSTBIT-STAT
OE MERGEA-B 2E DN1-AR-AQ 4E SDIVFIRST 6E NOTF-AL-B
OF MERGEB-A 2F DN1-AR-BQ 4F UDIVFIRST 6F PASSF-AL-B
10 DECR-A 30 UP1-OF-A 50 SDIVSTEP 70 NOTF-A
1 DECR-B 31 UP1-0F-B 51 SDIVLAST1 7 NOTF-AL-A
12 INCR-A 32 UP1-0F-AQ 52 MPDIVSTEP1 72 -PASSF-A
13 INCR-B 33 UP1-0F-BQ 53 MPSDIVSTEP3 73 PASSF-AL-A
14 DECR2-A 34 UP1-1F-A 54 UDIVSTEP 74 ORF-A
15 DECR2-B 35 UP1-1F-B 55 UDIVLAST 75 ORF-AL-A
16 INCR2-A 36 UP1-1F-AQ 56 MPDIVSTEP2 76 XORF-A
17 INCR2-B 37 UP1-1F-BQ 57 MPUDIVSTP3 - 77 XORF-AL-A
18 DECR4-A 38 UP1-LF-A 58 REMCORR 78 ANDF-A
19 DECR4-B 39 UP1-LF-B 59 QUOCORR 79 ANDF-AL-A
1A INCR4-A 3A UP1-LF-AQ 5A SDIVLAST2 7A EXTF-A
1B INCR4-B 3B UP1-LF-BQ 5B UMULFIRST 7B EXTF-B
iCc LDSTAT-A 3c ZERO 5C UMULSTEP 7C EXTF-AB
1D LDSTAT-B 3D SIGN 5D UMULLAST 70 EXTF-BA
1E - 3E OR SE SMULSTEP 7E EXTBIT-STAT
1F - 3F XOR 5F SMULFIRST 7F PASS-MASK

I
’
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TABLE 6-1. DATA MOVEMENT INSTRUCTIONS

Y Output Status
Mnemonics Code Description Unsel Sel ) M L Z v N
ZERO-EXTA 00 Zero Extend 0 A * *
ZERO-EXTB 01 0 B * *
SIGN-EXTA 02 Sign Extend Sign A * *
SIGN-EXTB 03 Sign B * *
MERGEA-B OE Merge A with B B A Merge B * *
MERGEB-A OF Merge B with A A B Merge A * *

TABLE 6-2. DATA MOVEMENT INSTRUCTIONS

Y Output Status
Mnemonics Code Description Unsel | Sel Status Register (S |M|L [ Z |V
PASS-STAT 04 Pass Status ‘Register B S
LDSTAT-A iC Load Status Register S A A + |+ |+ ]+ ]+
LDSTAT-B 1D S B B +(+ |+ + ]|+

TABLE 6-3. DATA MOVEMENT INSTRUCTIONS

Y Output Status
Mnemonics Code Description Unsel | Sel Q Register S|IM(L|Z|V
PASS-Q 05 Pass Q Register B Q .
LOADQ-A 06 Load Q Q A A *
LOADQ-B 07 Q B B *

Note: 1. These instructions use the byte aligned instruction format (FORMAT 1).

Legend: Unsel = Unselected Byte(s)
Sel = Selected Byte(s)

A=A Input

B =B Input

Q = Q Register

+ = Updated only if byte width is 3 or 4
* = Updated

Examples:
2, ZERO EXTB Pass lower two bytes of B to Y with zero fill on upper two bytes

0, LOADQ-A Load all four bytes of A into Q Register pass updated Q Resistor to Y




TABLE 7. LOGICAL INSTRUCTIONS

Y Output Status
Mnemonics | Code Description Unsel Sel S(M|L|Z|V
NOT-A 08 One's Complement A A *
NOT-B 09 B B *
ZERO 3C Pass Zero B 0 1
SIGN 3D Pass Sign B O(N=0); -1(N=1) N
OR 3E OR B AORB .
XOR 3F EXOR B A XOR B *
AND 40 AND B A AND B *
XNOR 41 XNOR B A XNOR B *

Note: 1. These instructions use the byte aligned instruction format (FORMAT 1).

Legend: Unsel = Unselected Byte(s)
Sel = Selected Byte(s)

A=A Input
B =B Input
Q= Q Register
* = Updated
Examples:
2, NOT-A Complement low order two bytes of A and output to Y with
high order two bytes of A uncomplemented.
1, AND AND first byte of A and B. Output to Y with high three
bytes of B.
TABLE 8-1. SINGLE-BIT SHIFT INSTRUCTIONS (SINGLE PRECISION)
Y Output Status
Mnemonics | Code Description Unsel Sel S(M|L|Z|V
DN1-0F-A 20 Downshift, Zero Fill A Yi=Ai+1, Ymsp=0 o
DN1-0F-B 21 B Yi=Bj+1, Ymsb=0 L
DN1-1F-A 24 Downshift, One Fill A Yi=Aj+1, Ymspb=1 b
DN1-1F-B 25 B Yi=Bj+1, Ymsb=1 N
DN1-LF-A 28 Downshift, Link Fill A Yi=Ai+1, Ymsb=1L T
DN1-LF-B 29 B Yi=Bi+1, Ymsp=L 1
DN1-AR-A 2C Downshift, Sign Fill A Yi=Aj+1, Ymsb=N o
DN1-AR-B 2D B Yi=Bi+1, Ymsb =N N
UP1-0F-A 30 Upshift, Zero Fill A Yi=Ai-1, Yo=0 L
UP1-0F-B 31 B Yi=Bj-1, Yo=0 o I
UP1-1F-A 34 Upshift, One Fill A Yi=Ai-1, Yo=1 o I
UP1-1F-B 35 B Yi=Bj-1, Yo=1 L
UP1-LF-A 38 Upshift, Link Fill A Yi=Aji_1, Yo=L o I
UP1-LF-B 39 B Yi=Bj_1, Yo=L o B

Note: 1. These instructions use the byte aligned instruction format (FORMAT 1).

Example:
2, UP1-1F-A Shift lower two bytes of A up one bit. Set LSB to 1. Fill
unselected bytes to upper two bytes of A.
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TABLE 8-2. SINGLE-BIT SHIFT INSTRUCTIONS (DOUBLE PRECISION)

Y Output & Q Register

Status

Mnemonics Code Description Selected Bytes S M L z v
DN1-0F-AQ 22 Downshit, Zero Fill 0—>A—Q 2) * *
DN1-0F-BQ 23 ‘ 0—B—AQ 3) * *
DN1-1F-AQ 26 Downshift, One Fill 1—>A—>Q 2) * *
DN1-1F-BQ 27 1—->B—>Q 3) * v
DN1-LF-AQ 2A Downshift, Link Fill L— A».—-) Q 2) * *
DN1-LF-BQ 2B L—->B—>0Q 3) * *
DN1-AR-AQ 2E Downshift, Sign Fill N—A—Q 2) * *
DN1-AR-BQ 2F N—>B—Q 3) * *
UP1-0F-AQ 32 Upshift, Zero Fill A Qe-0 2) * * *
UP1-0F-BQ 33 B« Q&0 3) * * *
UP1-1F-AQ 36 Upshift, One Fill Ae— Qe 1t 2) * * *
UP1-1F-BQ 37 Be Q&1 3) o * *
UP1-LF-AQ 3A Upshift, Link Fill Ae— Qe L 2) * * *
UP1-LF-BQ 3B Be Qe L 3) * * *
Notes: 1. These instructions use the byte aligned instruction format (FORMAT 1).
2. Y Unselected byte from A, Q Unselected byte unchanged.
3. Y Unselected byte from B, Q Unselected byte unchanged.
Legend: Unsel = Unselected Byte(s)
Sel = Selected Byte(s)
A=A Input
B =8B Input
Q= Q Register
* = Updated
Example:
0, DN1-AR-BQ Shift 64 bits (all 32 bits of both B and Q)
down by one bit. LSB of B fills MSB of Q.
MSB of B set to sign bit (bit N of status register).
[T B(32bits) 1] Q (32 bits)
sign bit fink status bit
3, UP1-LF-AQ Shift 48 bits (24-bits of A and 24-bits of Q)
up by one bit. MSB of 24-bit Q fills LSB of A.
MSB of 24-bit A sets link status bit. LSB of
Q s filled with original link value.
WiAreaos) | W7 aeavis) |
DF006200
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TABLE 9. PRIORITIZE INSTRUCTIONS

Status
Mnemonics Code Description Y Output S | M L z v
PRIOR-A oc Prioritization Location of Highest 1 Bit *
PRIOR-B oD *
Notes: 1. These instructions use the byte aligned instruction format (FORMAT 1).
2. Priority also loaded into STATUS <7:0>
3. Refer to Table 4.
Legend: A=A Input
B =B Input
Q = Q Register
* = Updated
Example:
3, PRIOR-A Value placed on Y is 2
|
Assume A is 01001011 | 00100010 | 00000000 | 00000000 |
TABLE 10-1. ARITHMETIC INSTRUCTIONS
Y Output Status
Mnemonics | Code Description Unsel Sel S|M(L|Z|V[N|C
NEG-A 0A | Two's Complement A A+1 rpr)t
NEG-B 0B B B+1 I I I
INCR-A 12 Increment by One A A+1 I
INCR-B 13 B B+1 il Il B
INCR2-A 16 Increment by Two A A+2 I B
INCR2-B 17 B B+2 A I B
INCR4-A 1A Increment by Four A A+4 W I
INCR4-B 1B B B+4 1ttt
DECR-A 10 Decrement by One A A-1 il I I
DECR-B 1 B - B-1 I T
DECR2-A 14 Decrement by Two A A-2 ol I I
DECR2-B 15 B B-2 I I
DECR4-A 18 Decrement by Four A A-4 I B B
DECR4-B 19 B B-4 bl I I
Notes: 1. These instructions use the byte aligned instruction format (FORMAT 1).

2. Borrow, rather than carry, is generated if BOROW is HIGH (borrow = carry).

3. Nibble bits are set by these instructions. NEG-A (or NEG-B) and DIFF-CORR may be used to
form 10's complement of a BCD number. Use SUM-CORR (for increment) or DIFF-CORR (for
decrement) to increment or decrement a BCD number. '

Legend: Unsel = Unselected Byte(s)
Sel = Selected Byte(s)
A=A Input
B =8 Input
Q = Q Register
* = Updated
Example:
2, DECR4-A Decrement lower two bytes of A by 4
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TABLE 10-2. ARITHMETIC INSTRUCTIONS

Y Output Status

Mnemonics Code Description Unsel Sel SIM|L|{Z|V|N|C
ADD 42 Add B A+B bl I I
ADDC 43 Add with Carry B A+B+C 6) bl R
suB 44 | Subtract B A+B+1 AR
SUBR 46 B B+A+1 bl I I
SuBC 45 Subtract with Carry B A+B+1+C 2)6) A I I
SUBRC 47 B B+A+1+C 2)6) b I B
SUM-CORR-A 48 Correct BCD Nibbles A Corrected A 3) b I B
SUM-CORR-B a9 | for Aadition B |Comected B 3) T 1T
DIFF-CORR-A 4A Correct BCD Nibbles A Corrected A 3) bl I e B
DIFF-CORR-B | 4B | for Subtraction B |Comected B 3) JHBE

Notes: 1. These instructions use the byte aligned instruction format (FORMAT 1).
2. BOROW is LOW. For subtract operations, a borrow rather than a carry is stored in STATUS if BOROW is HIGH.
Carry is always generated for ADD regardless of BOROW.
3. First, the nibble carries NCq - NC7 are tested. Any nibble carry/borrow that is set to 1 generates ''6'" internally as
a correction word and then the correction word is added (SUM-CORR- ) or subtracted (DIFF-CORR- ) from the
operand. NCg - NC7 are not affected by this operation.
. Use SUM-CORR or DIFF-CORR to add or subtract a BCD number.
. Use ADDC, SUBC, or SUBRC to perform operations on integers longer than 32 bits.
. Carry bit is obtained from MCin if M/m is HIGH. Otherwise, carry is obtained from the C status bit.

Legend: Unsel = Unselected Byte(s)
Sel = Selected Byte(s)
A=A Input
B =B Input
Q= Q Register

[ RS

* = Updated only if byte width is 3 or 4

Example:
0, ADD Add two 32-bit two's-complement integers

2-58




TABLE 11-1. DIVIDE INSTRUCTIONS (Aligned Format)

Source for Status
le-lo Unselected
Name Code Description Bytes Output | S I M l L l [4 | Vl N | C
Signed Divide Steps
SDIVFIRST 4 E First Instruction for Signed Divide B Y, Q I I B *
SDIVSTEP 50 Iterate Step (#bits - 1 times) B Y, Q bl b I
SDIVLAST1 51 Last Divide Instruction Unless B Y, Q * * e
SDIVLAST2 5A Dividend & Remainder Negative B Y *
Unsigned Divide Steps
UDIVFIRST 4 F First Instruction for Unsigned Divide Y, Q I *
UDIVSTEP 54 Iterate Step (#bits - 1 times) B Y, Q ol B I *
UDIVLAST 55 Last Instruction B Y, Q ol* * et
Multiprecision Divide Steps
MPDIVSTEP1 52 First Instruction B Y, Q
MPDIVSTEP2 56 Executed 0 Times for Double B Y, Q
MPSDIVSTEP3 53 Last Instruction of Inner Loop B Y, Q
MPUDIVSTP3 57 Used for Unsigned Divide B Y, Q
Correction Steps
REMCORR 58 Correct Remainder After Divide B Y *
QUOCORR 59 Correct Quotient After Divide B Y * *
TABLE 11-2. EXAMPLE CODING FORM (Signed Division)
5
3
3
3
b
Am29C331 Am29C332 Am29C334 5
Cond Multi _
OoP Branch Select Sel B/W oP Width | Position | A-IN B-IN Y-OUT | OE
CONT 2 LOADQ-A R2 1
CONT 0 SIGN R3 0
FOR_D 15 2 SDIVFIRST R4 R3 R3 0
DJMP__S 2 SDIVSTEP R4 R3 R3 0
CONT 2 SDIVLAST1 R4 R3 R3 0
BRCC_D DONE z 1
CONT 2 SDIVLAST2A R4 R3 R3 0
CONT 2 PASS-Q R1 0
CONT 2 QUOCORR R1 R1 0
CONT 2 REMCORR R4 R3 R3 0

Note: Divisor in A, Dividend in A
Quotient in Q, Remainder in B

Legend: A=
B=

A Input
B Input

S = Status Register
Q = Q Register

R1 = Quotient

R2 = Dividend

R3 = Remainder

R4 = Divisor

2-59




TABLE 12-1. MULTIPLY INSTRUCTIONS (Aligned Format)

Source for Status
lg=lo Unselected
Name Code Description Bytes Output | S IMl L I Z ] VLN | C
Signed Multiply Steps
SMULFIRST 5F First multiply instruction B y()
SMULSTEP 5E lterate step (#bits/2 - 1 steps) B Y
Unsigned Multiply Steps
UMULFIRST 58 First multiply instruction B (" .
UMULSTEP 5C Iterate step (#bits/2 - 1 steps), B y() C
UMULLAST 5D Last multiply instruction B (M *
TABLE 12-2. EXAMPLE CODING FORM (Unsigned Muitiply)
-
$
>
N
[}
[l
2
N
H
Am29C331 Am29C332 Am29C334
Cond Multi
oP Branch Select Sel |B/W oP Width | Position | A-IN | B-IN | Y-OUT | OF
CONT 3 | zERO R3 R3 0
CONT 3 | LOADQ-A R1 1
FOR_D 1110 3 | ULMULFIRST R2 R3 R3 [
DJMP_S 3 | UMULSTEP R2 R3 R3 0
CONT 3 | UMULLAST R2 R3 R3 0
CONT 3 | PAss-Q R4 0

Note: 1. Put ALU output in B.
2. Multiplicand in A, Multiplier in Q

Legend: A=A Input

B =B Input
S = Status Register
Q = Q Register
R1 = Multiplier
R2 = Multiplicand
R3 = Product (HIGH)
R4 = Product (LOW)

Product (HIGH) in B, Product (LOW) in Q
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TABLE 13. SHIFT/ROTATE INSTRUCTIONS

Status
Mnemonics Code Description Y Output S{M|L|Z|V|N|C
NB-OF-SHA 62 Field Shift, Zero Fill Yi+p=Aj, 0 2) * *
NB-OF-SHB 63 Yi+p=Bj 0 2) * *
NB-SN-SHA 60 Field Shift, Sign Fill Yi+p=A, N 2) * *
NB-SN-SHB 61 Yi+p=Bi N 2) * *
NBROT-A 64 Field Rotate Yi = A( - p)ymod32 3) * *
NBROT-B 65 Yi = B(i - p)mod32 3) * *

Notes: 1. These instructions use the field instruction format (FORMAT 2).
2. ""p" stands for bit displacement from Pg-Ps or from PRg-PRs (-32 <p <31).
If p is positive, Yp-1 to Yo are equal to the fill bit.
If p is negative, Y31 to Y31 +p+ 1 are equal to the fill bit.
3. The sign of the position input is ignored for this instruction and Pg—P4 are treated as a positive magnitude for a
circular upshift.

Legend: A=A Input
B =8B Input
Q= Q Register
* = Updated

Examples: *
NB-OF-SHA, 4 Shift A up 4 bits and zero fill

NB-OF-SHB,,-17  Shift B down 17 bits and sign fill

*Width field not used

TABLE 14-1. BIT-MANIPULATION INSTRUCTIONS

Y Output Status
Mnemonics Code | Description Unsel Sel S|MiL(Z|VIN|C

SETBIT-A 68 Bit Set A Yi=Aj, Yp=1 * *
SETBIT-B 69 B Yi=Bj, Yp=1 * *
RSTBIT-A 6A Bit Reset A Yi=Aj, Yp=0 * *
RSTBIT-B 6B B Yi=Bj, Yp=0 * *
EXTBIT-A 66 Bit Extract 0 if p>0, Yo=A 2) e

if p<o, Yo= Kﬂ
EXTBIT-B 67 0 if p>0, Yo=Bp 2 R

if p<0, Yo=Bp
EXTBIT-STAT 7E 0 if p>0, Yo=Sp 2 *

if p<o0, Yo= §p

Notes: 1. These instructions use the field instruction format (FORMAT 2).

2. Y31 to Yy are set to zero. ''p"' stands for the bit displacement from Pg-P4 or from PRg-PRs. The sign of the position input is

ignored.
TABLE 14-2. BIT-MANIPULATION INSTRUCTIONS
Status
Mnemonics Code Description Status Register Y Output |[S|M|L|Z|V[N]|C
SETBIT-STAT 6C | Status Bit Set Sp=1 S bl Il I A A I
RSTBIT-STAT 6D Sp =0 S A I I I I

Notes: 1. These instructions use the Field instruction format (FORMAT 2).
2. "p" stands for the bit displacement from Pg-Ps or from PRg- PRs.

Legend: Unsel = Unselected field
Sel = Selected field
A=A Input
B =8B Input
Q= Q Register
* = Updated

Examples:
RSTBIT-B,,3 3rd bit is set to 0 in B
EXTBIT-STAT, -4 4th bit in status register is extracted and
inverted.
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Y: 32 AopB B1

LD000140

Non-Aligned Fields Case 1:

le— W —ole P

B B

1

31 0

B, \\| Aop B B,

Y:\

I position (Py-P5) > 0, A is LSB aligned
Width (wo-w4) =1to 32

LD000151

Non-Aligned Fields Case 2:
oW —»sieP

v: B, AopB

If position (Py-Pg) < 0, B is LSB aligned
Width (Wg-W5) = 1 to 32
LD000161

Figure 6. Field Logical Operations
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TABLE 15. FIELD LOGICAL INSTRUCTIONS

Y Output Status
Mnemonics Code Description Unsel Sel S(M{L|Z|V|N|C
PASSF-AL-A 73 Field Pass 3) B Yi=Aj * *
PASSF-AL-B 6F 3) B Yi=B; * .
PASSF-A 72 4) B if p=0, Yi=Ai_p * *
if p<o, Yi"Pl=Ai * *
NOTF-AL-A 71 Field Complement 3) B Yi=A * *
NOTF-AL-B 6E 3) B Yi=B; * *
NOTF-A 70 4) B if p=0, Yi=Ai- p * *
if p<oO, Yi—P|=Ai * *
ORF-AL-A 75 Field OR 3) B Yj=Aj OR B; * *
ORF-A 74 4) B if p=0, Yi=Aj_p OR B; * *
if p<o, Yi_p|=Ai OR Bi_P' * *
XORF-AL-A 77 Field XOR 3) B Yi=Aj XOR B . * *
XORF-A 76 4) B if p=0, Yi=Aj_p XOR B; * *
if p<0, Yi—p=Ai XOR Bi_p . *
ANDF-AL-A 79 Field AND 3) B Yi=Aj AND B; * *
ANDF-A 78 4) B if p=0, Yi=Aj_p AND B; * *
if p<o, Yi_pI=Ai AND Bi_Pl * *
EXTF-A 7A | Field Extract 4) 5) 0 if p=0, Yi=Ai_p . .
it p<oO, Yi-|p|=Ai * *
EXTF-B 7B 45 | o if p=0, Yi=Bi_p . .
it p<oO, Yi—|p|=Bi * *
EXTF-AB 7C 0 6) * *
EXTF-BA 7D 0 7) * *

Notes: 1. These instructions use the field instruction format (FORMAT 2).

2. p<i<p+w-1. "p" stands for position displacement from Pg—Ps or from PRo—PRs and ''w" for the width of the bit field -
from Wp-W4 or WRg-WR4. Whenever p +w > 32, operation takes place only over the portion of the field up to the end of
the word. No wraparound occurs.

. This instruction uses the aligned format (see Figure 6).

. This instruction uses the unaligned field format (see Figure 6).
p=0: Case 1
p <0: Case 2

. If p is positive, the input is LSB aligned and Y. output aligned at position.

If p is negative, the input is aligned at |p| and Y output at LSB.

. Firstly, the concatenation of A(High Word) and B(Low Word) is rotated by the amount specified by the position (p). If p is
positive, left-rotate is performed. If p is negative, right-rotate is performed. Secondly, the least significant bits on the Y output
specified by the width (w) are extracted.

. Same as 6) except that B input is taken as a high word and A input as a low word.

Legend: Unsel = Unselected Field
Sel = Selected Field
A=A Input
B =B Input
Q = Q Register
* = Updated

o W

o

~

For all examples, assume STATUS (7:0) is -7 and STATUS (12:8) is 3.

1. 0,PASSF-AL-B,11,20 Pass B to Y and test if Byg to B3o
are all zero. Set Z status if so.

B: 1p0000000000J00000101011100110100
Z set to 1 in this case

2. 3,XORF-A,, Exclusive-OR bits A7 - Ag with bits
Bp - B2 and output to Yg - Y2. Pass
B3 -Bga1 to Ya-Y34. Width and po-
sition values are obtained from STA-
TUS(12:0).
A: 011011100010010000101 11 101011

B: 00011100001010001100101001001001]

Ag-7@®Ba_o=Y: 00011100001010001100101001001[07]
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TABLE 16. MASK INSTRUCTION

Y Output Status
Mnemonics Code Description Unsel Sel S M L r4 v
PASS-MASK 7F Generate Mask Ps Yi=ps
Notes: 1. This instruction uses the field instruction format (FORMAT 2).

2. p<i<p+w-1."p" stands for the position displacement and "w'' for the width of bit field.

Legend: Unsel = Unselected Field
Sel = Selected Field
A=A Input
B =B Input
Q=Q Register
* = Updated

Example: Generates an 8-bit field mask pattern starting from bit position 10.

31 18 17 10 9

0, PASS-MASK, 8, 10 k\\\\\\\\\i




ABSOLUTE MAXIMUM RATINGS

Storage Temperature ............cccevvervunnnn -65 to +150°C
Case Temperature Under Bias (Tg) ......... -55 to +125°C
Supply Voltage to Ground Potential

ContiNUOUS .......vvivniiiiiiiiiiiiiiiiaeeans -03to +70V
DC Voltage Applied to Outputs

for HIGH Output State .............. -03 Vto Vcc+03V
DC Input Voltage...........c.coevuvinninnns -0.3 to Vgc +0.3 V
DC Cutput Current, Into LOW Outputs ................. 30 mA
DC Input Current.........c.ceevvvninnenne. -10 mA to +10 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.

OPERATING RANGES

Commercial (C) Case Devices

Temperature (TA)......ccoevviiiniiiiiniiinn. 0 to +70°C

Supply Voltage VoG «ovvvvvvrvninnnnns +4.75 V to +5.25 V
Military* (M) Devices

Temperature (TA).......coveevvnviiniiniinnins -55 to +125°C

Supply Voltage (Vcg) ... ..+45 V to +55 V

*Military product 100% tested at Tp = +25°C, +125°C, and
-55°C.

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

DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A,

Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter Test Conditions
Symbol Description (Note 1) ’ Min. Max. Unit
VOH Output HIGH Voltage xﬁ‘c:v"l'::n‘(‘) " ViL IoH = 0.4 mA 24 Volts
o oL =8 'mA for
VoL Output LOW Voltage ¥ﬁf='v'f§.”;;r viL Y-Bus & 4 mA for 05 | Volts
All Other Pins
Guaranteed Input Logical HIGH Voltage
ViH (Note 2) ‘ 20 Volts
Guaranteed Input Logical LOW Voltage :
ViL (Note 2) 0.8 Volts
m Input LOW Current xICNC:O"'}f"V-' -10 uA
I Input HIGH Current xﬁf vhgacx'o s 10 VA
\ =-Max,
lozH v8°- 24N 10
Off State (High !mpedance) Output Current ————— HA
| Veo:=Max., ~10
ozL Vo=05V
1 Static Power Supply Current scc:\yax"')r GND coM'L 70 mA
CC (Note 3) |N‘- CC 3 MIL 7
lo=0 pA 0
i Vecc=5.0V,
Cpp* Power Dissipation Capacitance (Note:4) Ta=25°C pF Typical
No Load

Notes: 1. Voo conditions shown as Min. or Max..refer.to the Commercial or Military Vog limits.
2. These input levels provide zero-noise immunity-and should only be statically tested in a noise-free environment (not functionally

tested).

Hw

. Cpp determines the no-load dynamic current consumption:

. Worst-case Icc is measured at the lowest temperature in the specified operating range.

Icc (Total) = icc (Static) + Cppy V{;c f, where f is the switching frequency of the majority of the internal nodes, normally one-haif

of the clock frequency.

*This parameter is riot tested.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range
A. COMBINATIONAL PROPAGATION DELAYS

29C332 29C332-1 29C332-2

No. From To Max. Delay Max. Delay Max. Delay Unit
1 PAg - PA3, PBo-PB3 PERR 25 20 18 ns
2 DAg - DA31, DBg - DB31 PERR 32 28 23 ns
3 DAg - DA31, DBg - DB31 PYo-PY3 59 42 34 ns
4 DAg - DA31, DBg - DB31 Yo-Y31 49 35 28 ns
5 DA - DA3z1, DBp-DB3y C Z V, N, 60 43 34 ns
6 DAg - DA31, DBg - DB34 MSERR 68 49 0 ns
7 lo-1lg PYo-PY3 74 53 43 ns
8 lo-lg Yo-Y31 66 47 38 ns
9 lo-lg C, Z V, N 67 48 39 ns
10 lo-ls MSERR 77 44 ns
11 Wo - Wy PYo-PY3 58 32 ns
12 Wo-Wy Yo-Y31 52 28 ns
13 Wo-Wy C, Z, V, N, 57 28 ns
14 Wo - Wy MSERR 62 41 33 ns
15 Po-Ps PYo-PY3 67 48 39 ns
16 Po-Ps Yo~ Y31 42 34 ns
17 Po-Ps C, Z, V, N, 43 35 ns
18 Po-Ps MSERR 45 36 ns
19 CP PYp-PY3 55 44 ns
20 CcP Yo-Ya4 52 42 ns
21 CP C Z V,N 55 44 ns
22 cP STATUS 28 25 20 ns
23 RS C Z Vv 23 21 17 ns
24 43 31 25 ns
25 48 34 28 ns
26 52 37 30 ns
27 46 33 27 ns
28 52 37 30 ns
29 53 38 31 ns
30 46 33 27 ns
31 52 37 30 ns
32 53 38 31 ns
33 46 33 27 ns
34 52 37 30 ns
35 53 38 31 ns
36 31 22 18 ns
37 35 29 24 ns
38 24 22 18 ns
39 24 22 18 ns
40 C.Z VN L 24 22 18 ns
41 PERR 24 22 18 ns
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Cont'd.)
B. SETUP AND HOLD TIMES

29C332 29C332-1 29C332-2
With Respect
No. Parameter (Note 1) _ For To Max. Value | Max. Value | Max. Value | Unit
42 Input Data Setup DA - DA31, DBp-DB3q CP T 56 31 31 ns
43 Input Data Hold DAp - DA31, DBg - DB34 CP T 0 0 0 ns
44 Byte Width Setup l7-1g CcP T 66 30 30 ns
45 Byte Width Hold I7-1g cp T 0 0 0 ns
46 Instruction Setup lo-le CP T 7 37 37 ns
a7 Instruction Hold lo-lg cp 0 0 0 ns
48 Width Setup Wo-Wg cpt 64 28 ns
49 Width Hold Wo-Wa cp T 0 0 ns
50 Position Setup Po-Ps cp T 66 28 ns
51 Position Hold Po-Ps cp T 0 0 ns
52 Borrow Setup BOROW cp T 51 22 ns
53 Borrow Hold BOROW i 0 0 ns
54 Macro Carry Setup MCin cp T 50 21 ns
55 Macro Carry Hold MCin cp T o 0 0 ns
56 Macro Link Setup MLINK CcP T 43“ 22 22 ns
57 Macro Link Hold MLINK cp o 0 0 ns
58 Macro/Micro Setup M/m cpl 50 22 22 ns
59 Macro/Micro Hold M/m cr T 0 0 0 ns
60 Hold Mode Setup HOLD cp ] 28 11 11 ns
61 Hold Mode Hold HOLD 0 0 ] ns
C. MINIMUM CLOCK REQUIREMENTS
L
29C332 29C332-1 29C332-2
No. Description Ma> ‘V‘alue Max. Value Max. Value Unit
62 Minimum Clock LOW Time 20 20 20 ns
63 Minimum Clock HIGH Time h‘ 20 20 20 ns
D. ENAB AND DISABLE TIMES
29C332 29C332-1 29C332-2
No. From To Description Max. Value Max. Value Max. Value Unit
64 OE-Y Yo-Y31, PYO—PY;‘- Output Enable Time ns
65 OE-Y Yo-Ya1, PYo—P\kg%‘ 4| Output Disable Time ns
66 SLAVE .‘.,,.. Slave Mode ns
C, Z, VN, CPERR Enable Time
67 SLAVE Yo - Yat.. PYo S PY3 Slave Mode ns
C, L PERR Disable Time

-l
Notes: 1. See timing:diagram for desired

hold. times “apply.

mode of operation to determine clock edge to which these setup and
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SWITCHING CHARACTERISTICS over MILITARY operating range

A. COMBINATIONAL PROPAGATION DELAYS

29C332
Max.

No. From To Delay Unit
1 PAg - PA3, PBg - PB3 PERR 28 ns
2 DAg - DA34, DBg - DB34 PERR 35 ns
3 DAo - DA31, DB - DB34 PYo-PY3 65 ns
4 DAg - DA34, DBg - DB31 Yo-Y31 54 ns
5 DAg - DA31, DB - DB34 CZ VNL 66
6 DAg - DA34, DBg - DBg4 MSERR 75
7 lo-1lg PYo-PY3 82
8 lo-lg Yo- Y31
9 lo-1lg C Z V,N, L

10 lo-lg MSERR
11 Wo-Wy PYo-PY3
12 Wo-W4 87 ns
13 Wo-Wy ., 63 ns
14 Wo-Wy 68 ns
15 Po-Ps 74 ns
16 Po-Ps 65 ns
17 Po-Ps 66 ns
18 Po-Ps 69 ns
19 cP 82 ns
20 cpP 75 ns
21 cP 82 ns
22 31 ns
23 25 ns
24 Yo-Y31 47 ns
25 C,Z V,N L 53 ns
26 MSERR 57 ns
27 Yo-Y31 51 ns
28 C Z V,NL 57 ns
29 MSERR 58 ns
30 Yo-Y34 51 ns
31 C, Z V,N L 57 ns
MSERR 58 ns
Yo-Y3a1 51 ns
C,Z V,N L 57 ns
MSERR 58 ns
C,Z V,N L 34 ns
MSERR 39 ns
38 PYo-PY3 MSERR 26 ns
39 Yo-Y31 MSERR 26 ns
40 C,Z V,N L MSERR 26 ns
41 PERR MSERR 26 ns
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SWITCHING CHARACTERISTICS over MILITARY operating range (Cont'd.)

B. SETUP AND HOLD TIMES

29C332
Max.
No. Parameter (Note 1) For With Respect To Value Unit
42 Input Data Setup DAg - DAgy, DBg - DBgy cp T 62 ns
43 Input Data Hold DAg - DAg1, DBg - DB3y cr T 0 ns
44 Byte Width Setup i7-1g cr T 73 ns
45 Byte Width Hold I7-1g cp T ns
46 Instruction Setup lo-lg CP T ns
47 Instruction Hold lo-ls ce T ns
48 Width Setup Wo - Wy cp T ns
49 Width Hold Wo-Wy ns
50 Position Setup Po-Ps ns
51 Position Hold Po-Ps ns
52 Borrow Setup BOROW ns
53 Borrow Hold BOROW ns
54 Macro Carry Setup MCin ns
55 Macro Carry Hold MCin ns
56 Macro Link Setup MLINK ns
57 Macro Link Hold MLINK ns
58 Macro/Micro Setup M/m cp T 55 ns
59 Macro/Micro Hold M/m cp T 0 ns
60 Hold Mode Setup HOLD CP T 31 ns
61 Hold Mode Hold HOLD cp T 0 ns
C. MINIMUM CLOCK. REQUIREMENTS
29C332
Max.
No. . " Description Value Unit
62 inimum Glock: LOW Time 22 ns
63 Midimum Glock HIGH Time 22 ns
o —
“ENABLE AND DISABLE TIMES
29C332
Max.
i To Description Value Unit
Yo-Y31, PYp-PY3 Output Enable Time ns
Yo-Y31, PYo-PY3 Output Disable Time ns
Slave Mode ns
C, Z V, N, L PERR Enable Time

Yo~

Y31, PYo-PY3 Slave Mode
C, Z, V, N, L PERR

Disable Time

ns

Notes: 1. See timing diagram for desired mode of operation
hold times apply.

to determine clock edge to which these setup and
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SWITCHING TEST CIRCUIT

. Vic

s,

S B
Vour O——/ T
‘b

cL :[ 3R
{
TC001107

A. Three-State Outputs

Notes: 1. Ci =50 pF includes scope probe, wiring and stray capacitances without device in test fixture.
2. 84, Sp, S3 are closed during function tests and all AC tests except output enable tests.
3. S84 and S3 are closed while Sp is open for tpzy test.
S1 and Sy are closed while S3 is open for tpz| test.
4. CL=TBD for output disable tests.

SWITCHING TEST WAVEFORMS

' 3v
DATA LOW-HIGH-LOW
l’— ov :
tg 41‘_ " ~I o
3V |

TIMING .
1
ov
WFR02970 WFR02790
Setup, Hold, and Release Times Pulse Width

Notes: 1. Diagram shown for HIGH data only. Output transition
may be opposite sense.
.2. Cross hatched area is don't care condition.
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SWITCHING TEST WAVEFORMS (Cont'd.)

SAM
INPUT TRANSITION

oLH J——-‘

ouTPUT %
tPLH T—.‘

|

CONTROL _
INPUT
ol b

Enable Disable

3v
% 15V

.__l__ t2—
— ~45 V
OUTPUT 05 v
NORMALLY ~15 v

ouTPUT
NORMALLY ~15 V
HIGH s, OPEN
2 05 V
~0V

OPPOSITE PHASE S’ z
INPUT TRANSITION 15V
ov
WFR02980

Propagation Delay

Notes: 1. Diagram shown for Input Control Enable-LOW and Input Control

Low
53 0PEN " _Ad
thz _L—..I ‘

WFR02660

Enable and Disable Times

Disable-HIGH.
2. S4, Sp and S3 of Load Circuit are closed except where shown.

Test Philosophy and Methods

The following points give the general philosophy that we apply
to tests that must be properly engineered if they are to be
implemented in an automatic environment. The specifics of
what philosophies applied to which test are shown.

1. Ensure the part is adequately decoupled at the test head.
Large changes in supply current when the device switches
may cause function failures due to Vcc changes.

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

3. Do not attempt to perform threshold tests at high speed.
Following an input transition, ground current may change by
as much as 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 momentarily.

4. Use extreme care in defining input levels for AC tests. Many
inputs may be changed at once, so there will be significant
noise at the device pins that may not actually reach V,_ or
ViH until the noise has settled. AMD recommends using
VIL<O V and V| =3 V for AC tests.

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

6. 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 measurements of parameters
that call for a smaller capacitive load than the associated
stray capacitance. Typical examples of this are the so-
called 'float delays'" which measure the propagation
delays into and out of 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 set up are used to predict the
result at the lower capacitance.

Similarly, a product may be specified at more than one
capacitive load. Since the typical automatic tester is not
capable of switching loads in mid-test, it is impossible to
make measurements at both capacitances even though
they may both be greater than the stray capacitance. In
these cases, a measurement is made at one of the two
capacitances. The result at the other capacitance is
predicted from engineering correlations based on data
taken with a bench set up and the knowledge that certain
DC measurements (loH, loL, for example) have already
been taken and are within specification. In some cases,
special DC tests are performed in order to facilitate this
correlation. .

. Threshold Testing

The noise associated with automatic testing, the long,
inductive cables, and the high gain of bipolar devices when
in the vicinity of the actual device threshold, frequently give
rise to oscillations when testing high-speed 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
ViL Max. and V|4 Min.

. 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 catego-
ry. 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 data from precise bench
measurements in conjunction with the knowledge that
certain DC parameters have already been measured and
are within specification.

In some cases, certain AC tests are redundant since they
can be shown to be predicted by other tests that have
already been performed. In these cases, the redundant
tests are not performed.
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SWITCHING WAVEFORMS
KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS

MUST BE WILL BE
STEADY STEADY

MAY CHANGE  WILLBE

CHANGING
FROMHTOL  gromHTOL

WILL BE

MAY CHANGE
CHANGING
M FROML TOH FROML TOH

DON'T CARE; CHANGING;
ANY CHANGE STATE
PERMITTED UNKNOWN

CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE

“OFF" STATE

KS000010

o OOOROOOKX—— —— XXXX
—— ) |

VV
AVA

«—@9

V.V‘V’VQV‘V

00K
% 2,
——C)——F

von  YOOUKKX KKK KKK XXX
«—G67)

- >

MLINK
)

; )
e OOOQ000000KK —— XXXXXX

~—® +—@6D
voo  XOOOOQOOOOOOOOOX_— XXXXXX

WF023680

Setup and Hold Timing
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SWITCHING WAVEFORMS (Cont'd.)

INPUTS*

—0 EOOO®—
rvger, QOO

.0 00C08POOO

wo XN

&

O ©OEOOBEOHE
C,ZN,V,L :

'O OOOEEE@EOEO®@®
MSERR

XX

XXXRXXXKKXXX
XXX XXX

Status Register

WF023691

Propagation Delays (SLAVE = LOW)

Inputs: PAg - PAz, PBg - PB3, DAg - DA3y, DBg - DB31, lp-1lg, Wo~Wjs4, Po-Ps, CP, RS,

MGin, MLINK, M/m, BOROW, HOLD
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SWITCHING WAVEFORMS (Cont'd.)

WF023700

Propagation Delay (SLAVE = HIGH)

CE-Y \

]

WF023710

Yo Y1

PYPY

s

\Enable/DisabIe I (SLAVE = HIGH)

SLAVE \

"

e haZag
¥ :
Yo Y34 \
PY,-PY
CZVNL
PERR

WF023720

Enable/Disable Il (OE-Y = LOW)
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INPUT/OUTPUT CIRCUIT DIAGRAMS

OUTPUT
Vo DRIVEN INPUT Voo
low
I | : P _—— -—l ﬁP

———O |

IIH ‘0\. | l
L -

IC000861 1C000871

C) = 5.0 pF, all inputs Co = 5.0 pF, all outputs
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Am29C334

CMOS Four-Port Dual-Access Register File

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

® 64 x 18 Bit Wide Register File

The Am29C334 is a 64 x 18-bit, dual-access RAM with
two read ports and two write ports.

Pipelined Data Path

The Am29C334 can be configured to support either a
non-pipelined data path (similar to the Am29334) or a
pipelined data path.

Cascadable

The Am29C334 is cascadable to support either wider
word widths, deeper register files, or both.

Built in Forwarding Logic

The Am29C334 provides simultaneous read/write ac-
cess to the same address for double pipelined systems.
Byte Parity Storage

Width of 18 bits facilitates byte parity storage for each
port and provides consistency with the Am29C332
32-bit ALU.

Byte Write Capability

Individual byte-write enables allow byte or full word
write.

BLOCK DIAGRAMS

Oa
.

e
2 .

OUAL ACCESS
RAM

6ax18

BD003022

Non-Pipelined Mode

CLka-

DUAL ACCESS
RAM

64x18

WEg (1)

3
-—c..—_'—1'_p,_<_—_\ o
—J%re

—<C cikg

BD007021

Pipelined Mode
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GENERAL DESCRIPTION
The Am29C334 is a 64-word by 18-bit dual-access RAM with The Am29C334 is also fully compatible with the bipolar

two read ports and two write ports. Two independent, simulta- Am29334. When the device is connected to the pinout

neous accesses are possible and each access can be either a specified for the Am29334, it will appear as a 64-word by 18-

read or a write. It is designed to be used in a system that bit array without support for pipelined operation. The pipelined

requires as many as two reads and two writes in a single cycle. operation of the Am29C334 is made possible because of the

The device can be configured to support either a non- availability of unused power pins not required by the CMOS

pipelined data path or a pipelined data path. part. The pipelined operation is disabled by attaching the PIPE
pin to Vce.

RELATED AMD PRODUCTS

Part No. Description
Am29C323 CMOS 32-Bit Parallel Multiplier
Am29325 32-Bit Floating Point Processor
Am29C325 CMOS 32-Bit Floating Point Processor
Am29331 16-Bit Microprogram Sequencer
Am29C331 CMOS 16-Bit Microprogram Sequencer
Am29332 32-Bit Extended Function ALU
Am29C332 CMOS 32-Bit Extended Function ALU
Am29334 64 x 18 Four-Port Dual-Access Register File
Am29337 16-Bit Bounds Checker

Am29338 128 x 9 Byte Queue




*Pins facing up.

A

CONNECTION DIAGRAM

c

120 Lead PGA*

o E

6 W 4 K

L [ N

1 ((Awaz

2 | ARAS

3 | awae

4 | veot

s | anoa

e | veor

7 | vBos

s | ve12

9 | GNoA

ARA2

AWA3

ARAC

Y802

Y804

Y80S

Y809

Y811

¥813

Y816

WEBH

ARBS

AWAY

ARA1

YB0O

Y803

Y80S

VoA

Y810

GEs

Y814

817

DBOY

08B0

0807

DAOO  DAO2

ARAD  DAO3

AWAO  DAOY

DBO4  VOC

0803 Voo

0802 VOO

DA

DAOS

GND

DBOS

0805

DBO6

DACS  DAOS  DA12  DAte

DAO7  DA10  DA1S  DA1S

DAOs  PIPE  DA11  DAI4

DBOS  DB15S GND  ARBO

DBI1 DBI2  GND  DBI7

DB10  DB14 GND  DBIS

LEA  WEAC WEAL

ARAS  AWAS WEAH

DAI7 ARB4 AWB4

YAOO YAO1  YAO2

YAO3  YAO4  GNDA

TEA  YAOs  YAos

YAO? YAOS  YAo®

VCCA YA

YAIZ YA

YA4 YA

YAI7 ARBI  AWB3

AWBO AWB2 ARB2

DB13 AR

11 YA10

13 GNDA

15 YAt

81 AWBY

CD010320

TABLE OF INTERCONNECTIONS
(Sorted by Pin Name)

PIN PAD PIN PAD PIN PAD PIN PAD
PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO. NO.
Dao3 E02 65 | D16 K13 93 | Yaos NO6 21
Dao4 FO1 6 | D17 K12 33 | Yaos Mo6 81
Daos F02 66 | GND FO3 8 | Yao7 Lo7 22
) Daos GO03 7 |GND J11 37 | Yaos Mo7 82
ARao D02 63 | Dao7 G02 67 | GND J12 38 | Yaoo NoO7 24
ARA1 Cco2 62 | Daos GO1 9 | GND J13 39 | Yato No8 84
ARaA2 BO1 61 | Daog HO1 69 | GNDA NO5 20 | Ya11 Mo8 25
ARA3 A02 120 | Da1o Ho02 10 | GNDA NO9 26 |Yai2 Lo9 85
ARA4 BO3 119 | Da11 Jo3 70 | GNDA AO9 50 |Ya1s Mo9 86
ARAs Lo2 74 | Da12 Jot1 11 | GNDA A05 56 | Ya14 L10 27
ARBo K11 92 | Da13 Jo2 71 | LEA LO1 14- | Yats M10 87
ARB1 M13 91 |Da1s4 K03 12 |LEg B12 45 | Ya1e N10 28
ARB2 N12 90 | Da1s K02 72 | OEa Lo6 23 | Yar7 L11 88
ARB3 M11 89 | Da1e KO1 13 | OEg. cos 53 | Yoo Cco3 118
ARB4 Mo3 77 | Dait7 LO3 73 | PIPE Ho3 68 | YBo1 A04 58
ARBs B13 105 | Dgoo C12 104 | Vece E11 97 | YBo2 B04 17
Awao D03 3 | Dgoi C11 44 | Vee E12 98 | Ygo3 Co4 57
AwA1 Co1 2 | Doz D13 103 | Vee E13 99 | YBos B05 116
Awa2 AO1 1 | DBo3 D12 43 |Veea L08 83 | Ygos Co05 115
Awa3s B02 60 | Dpo4 D11 102 | Vcea C06 113 | YBos B06 55
Awaa A03 59 | Dpos F12 42 | WEAC/CLKA | MO1 75 | Ygo7 AOB 114
Awas Mo2 15 | Dgos F13 101 | WEAH No2 76 | YBos A07 54
Awso L12 32 | Doy C13 41 [ WEaL NO1 16 | YBoo BO7 112
Aws1 N13 31 | Dgos F11 100 | WEpc/CLKg | A12 106 | YB1o Cco7 52
Aws2 M12 30 | Dgog G11 40 | WEgH B11 107 | YB14 BO8 111
Awg3 N11 29 | Dg1o G13 96 | WEBL A1 47 1 YB12 A08 51
Awsa NO3 17 | DB11 G12 36 | Yaoo L04 18 | YB3 B09 110
AwBs A13 46 | Dp12 H12 95 | Yao1 Mo4 78 | YB14 Co9 109
Daoo DoO1 4 | D13 L13 35 | Yao2 NO4 19' | Y15 A10 49
Dao1 E03 64 | D14 H13 94 | Yao3 LO5 79 | YB1e B10 108
Dao2 EO1 5 |DB1s H11 34 | Yao4 Mo05 80 | Ygi7 C10 48




TABLE OF INTERCONNECTIONS (Cont'd.)
(Sorted by Pin No.)

PIN PAD PIN PAD PIN PAD PIN PAD
NO. PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO NO. PIN NAME NO
C05 | Ygos 115 HO2 | Daio 10 MO5 | Yao4 80
C06 | Vcca 113 Ho3 | PIPE 68 M06 | Yaos 81
C07 | Yg1o 52 H11 | Dgis 34 MO7 | Yaos 82
cos | OEg 53 H12 | Dg2 95 MO8 | Ya11 25
A01 Awaz2 1 C09 | Ypia 109 H13 | Dg14 94 M09 | Yai3 86
A02 ARA3 120 C10 | Ygi7 48 Jo1 | Daq2 11 M10 | Ya1s 87
A03 Awad4 59 C11 | Doy 44 J02 | Da1s 71 M11 | Apps 89
A04 YBo1 58 C12 | Dgoo 104 Jo3 | Da11 70 M12 | Aws2 30
A0S GNDA 56 C13 | Dgo7 41 J11 | GND 37 M13 | App1 91
A06 YBo7 114 D01 | Daoo 4 J12 | GND 38 NO1 | WEAL 16
A07 YBos 54 D02 | Arao 63 J13 | GND 39 NO2 | WEAH 76
AO8 YB12 51 D03 | Awao 3 K01 | Da1s 13 NO3 | AwBs4 17
A09 GNDA 50 D11 | Dgos 102 K02 | Da1s 72 NO04 | Yao2 19
A10 YB15 49 D12 | Dgo3 43 K03 | Da1s4 12 NO5 | GNDA 20
A1 WEgL 47 D13 | Dgo2 103 K11 | ARgo 92 NO6 | Yaos 21
A12 WEgc/CLKg | 106 EO1 | Dao2 5 K12 | Dg47 33 NO7 | Yao9 24
A13 AwBs 46 E02 | Daos 65 K13 | Dg1s 93 NO8 | Ya10 84
BO1 ARA2 61 E03 | Dao1 64 LO1 | LEA 14 NO09 | GNDA 26
B02 | Awas 60 | E11 |vce 97 | L02 | ARas 74 | N10 | Yase 28
BO3 ARA4 119 E12 | Vce 98 L03 | Dat7 73 N11 | Awss 29
B04 YBo2 117 E13 | Vce 99 L04 | Yao00 18 N12 | Agg2 90
B05 YBo4 116 FO1 | Daos4 6 LO5 | Ya03 79 N13 | AwB1 31
B06 | Ygos 55 F02 | Daos 66 L06 | OEa 23
BO7 YBog 112 FO3 | GND 8 LO7 | Yao7 22
B08 YB11 111 F11 | Dgos 100 LO8 | Vcca 83
BO9 YB13 110 F12 | Dgos 42 L09 | Yai2 85
B10 YB16 108 F13 | DBos 101 L10 | Ya14 27
B11 WEgH 107 GO1 | Daps 9 L11 | Ya17 88
B12 LEB 45 G02 | Dao7 67 L12 | Aw Bo 32
B13 ARBs 105 GO03 | Daos 7 L13 |D gi3 35
Co1 AwA1 2 G11 | Dpog 40 MO01 | WEAG/CLKA 75
C02 ARA1 62 G12 | Dg11 36 M02 | Aw As 15
co3 YBoo 118 G13 | Do 96 MO03 | ARB4 77
Cco4 YB03 57 HO1 | Dagg 69 M04 | Yao1 78
LOGIC SYMBOL METALLIZATION AND PAD LAYOUT
Dao=Dayz PIPE Dgo - Dayz
:> Awro = Awas Awso = Awss <:
$ Anro = Aans Ango~ Ares <:
—>] WE, WEq, e
WEun WEqy, [«
WE, . /CLK,, WEqge /CLKg f¢e—
—| LE. LE f—o
— OE,\ OF; f«—
Yao=Yarr Yeo- Yerr
LS00222
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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. Optional Processing

1 & C B

T———e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

AM29C334

e

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

[

. PACKAGE TYPE
G = 120-Lead Pin Grid Array without Heatsink
(CGX120)

b. SPEED OPTION
-1 =Speed Select

L———-a. DEVICE NUMBER/DESCRIPTION
Am29C334
CMOS Four-Port Dual-Access Register File

Valid Combinations
Valid Combinations list configurations planned to be

Valid Combinations supported‘in volume for this de\!ice._ ponsult the Ippa| AMD

sales office to confirm availability of specific valid

AM29C334 GC, GCB combinations, to check on newly released valid combinations,
AM29C334-1 and to obtain additional data on AMD's standard military

grade products.
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ORDERING INFORMATION (Cont'd.)
APL Products ‘

AMD 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) for APL
products is formed by a combination of: a. Device Number

b. Speed Option (if applicable) |
c. Device Class
d. Package Type i
e. Lead Finish i
AM29C334 /B z C
|———~e. LEAD FINISH
C = Gold

d. PACKAGE TYPE |
Z =120-Lead Pin Grid Array without Heatsink !
(CGX120) |

c. DEVICE CLASS
/B=Class B

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am29C334 !
CMOS Four-Port Dual-Access Register File i

Valid Combinations Valid Combinations |

AM29C334 | /BzC Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local AMD 1
sales office to confirm availability of specific valid !
combinations or to check for newly released valid
combinations.

Group A Tests ‘
Group A tests consist of Subgroups
1,2 3,7, 8,9, 10, 11,
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PIN DESCRIPTION

ARao-Aras Read Address A-Side (Input)
The 6-bit read address input selects one of the 64 memory
locations for output to the Ya Data Latch.

ARBo-ARBs Read Address B-Side (Input)
The 6-bit read address input selects one of the 64 memory
locations for output to the Yg Data Latch.

Awao-Awas Write Address A-Side (Input)
The 6-bit write address input selects one of the 64 memory
locations for writing new data from the Da input.

Awpo-Awss Write Address B-Side (Input)
The 6-bit write address input selects one of the 64 memory
locations for writing new data from the Dg input.

Dao~Da17 Data A-Side (Input)
New data is written into memory from this input, as selected
by the Awa address input.

Dgo-Dpi7 Data B-Side (Input)
New data is written into memory from this input, as selected
by the Awp address input.

GND, Vcc Power
Power supply for the internal logic (0, 5 V).

GNDA, Vcca Power
Power supply for the output drivers (0, 5 V).

LEA Ya Data Latch Enable (Input, Active HIGH)
The LEA input controls the latch for the YA output port.
When LEp is HIGH, the latch is open (transparent) and data
from the RAM, as selected by the ARa address inputs, is
passed to the Ya output. When LEA is LOW, the latch is
closed and it retains the last data read from the RAM. LE is
disabled in the pipelined mode.

LEg Yp Data Latch Enable (Input, Active HIGH)
The LEg input controls the latch for the Yg output port.
When LEg is HIGH, the latch is open (transparent), and data
from the RAM, as selected by the Arg address inputs, is
passed to the Yg output. When LEg is LOW, the latch is
closed and it retains the last data read from the RAM. LEa is
disabled in the pipelined mode.

OEp  Ya Output Enable (Input, Active LOW)
When OEp is LOW, data in the Ya Data Latch is driven on
the Ya output. When OEp is HIGH, Ya output is in the high-
impedance (off) state.

OEg Yg Output Enable (Input, Active LOW)
When OEg is LOW, data in the Yg Data Latch is driven on
the Yp outputs. When OEg is HIGH, Yg output is in the high-
impedance (off) state.

PIPE Pipeline Enable (Input, Active LOW)
When PIPE is LOW, the input and output registers are
enabled, allowing for pipelined operation. When HIGH,
these registers are made transparent.

WEAc/CLKA  Write Enable A-Side Common (Input,
Active LOW)
When WEAG is LOW together with WEAH or WEA, new
data is written into the location selected by the AWa
address. When WEaG is HIGH, no data is written into the
RAM through the A port. WEAG acts as a clock input in the
pipeline mode for the A side.

WEpc/CLKg~ Write Enable B-Side Common (Input,
Active LOW)
When WEgG is LOW together with WEgy or WEg(, new
data is written into the location selected by the AwWpg
address. When WEpG is HIGH, no data is written into the
RAM through the B port. WEgG acts as a clock input in the
pipeline mode for the B side.

WEan High-Byte Write Enable A-Side (Input, Active
LOW)
When WEAH is LOW together with WEAG, new data is
written into the high byte of the location selected by the
AW address input. When WEaH is HIGH, no data is written
into the high byte.

WEgy High-Byte Write Enable B-Side (Input, Active
LOW)
When WEgH is LOW together with WEgc, new data is
written into the high byte of the location selected by the
AWg address input. When WEgH is HIGH, no data is written
into the high byte.

WEAL Low-Byte Write Enable A-Side (Input, Active
LOW)
When WEAL is LOW together with WEAG, new data is
written into the low byte of the location selected by the AWa
address input. When WE4_ is HIGH, no data is written into
the low byte.

WEg_ Low-Byte Write Enable B-Side (Input, Active
LOW)
When WEg, is LOW together with WEgG, new data is
written into the low byte of the location selected by the AWp
address input. When WEp is HIGH, no data is written into
the low byte.

Yao-Yai7 Data Latch (Outputs, Three-State)
The 18-bit Ya Data Latch outputs.

Ygo~-YBi7 Data Latch (Outputs, Three-State)
The 18-bit Yg Data Latch outputs.
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FUNCTIONAL DESCRIPTION

The heart of the Am29C334 is a high-speed 64-word by 18-bit
dual RAM cell array. Six write enables permit the RAM word to
be written in one or both of its 9-bit bytes. Data to be written is
presented to each side of the RAM array through the two data
ports (Da and Dg).

The remainder of the logic surrounding the RAM array
supports pipelining the RAM access and providing a forward-
ing path for data around the RAM. This forwarding path is
needed to eliminate the latency cycle associated with consec-
utive write/read accesses to the same memory location in a
pipelined system.

Pipelining of the RAM is controlled by the PIPE pin. When not
asserted (i.e., in non-pipelined mode) the registers on the
inputs (write ports Da/g, write addresses Awa/g, and write
enables WEAG/gc) are made fully transparent, while the
registers at the outputs (the read ports Ya,g) are turned into
latches, controlled by the latch enables LEa/B.

In either mode of operation, each side of the RAM is controlled
by its individual control signals. This means that the two sides
of the RAM can operate at different clock rates to one

another. In the pipelined mode, these clock rates must have a
known relationship between each other.

In the non-pipelined mode, there is no need for a relationship
between the clock rates. Two special cases of operation arise
because of this. The first is where the location written to by
one side is being read from the other side. In this case, known
as A-to-B transparency, the value read is the value being
written. The second occurs when two writes to the same
location occur at the same time. In this case the value written
can not be defined, but the operation is not harmful to the
device.

The transparency mode (A-A or B-B) during a write
(WEa = LOW) allows the data in (Da) to not only be written
into memory, but also to appear at the output (Ya) when the
output latch (LEA) is HIGH and the output enable control
(OEp) is LOW.

Extensions to Four Read Ports and Two Write
Ports

A RAM with four read ports and two write ports can be made
by using two dual-access RAMs and connecting each of the
write ports, write addresses, and write enables in parallel for
the two devices. Figure 2 details this in a non-pipelined mode.

Am29C331
16-BIT
SEQUENCER
pd 16 32/
4
32,
7
MICROPROGRAM
MEMORY
Am29C325 Am29€323
PIPELINE 32-8IT "";2?33’ 2 32x 32
REGISTER FLOATING POINT ALU PARALLEL
‘ PROCESSOR MULTIPLIER
CONTROL ‘ 2 ; ‘
SIGNALS 7

AF003482

Figure 1. Am29C300 CMOS Family High-Performance System Block Diagram

32 Word x 36 Bit Single-Access RAM

It is possible to convert the 64 word x 18 bit dual-access RAM
into a 32 word x 36 bit single-access RAM. This is performed
by storing the upper half of the 36 bits in the upper half of the
64 words and addressing these from the A side, and storing
the lower half of the 36 bits in the lower half of the 64 words
and addressing these from the B side. This arrangement does
not change the capacity of the RAM, but the dual access is
lost (see Figure 4).

Operational Modes

The Am29C334 may be configured in a non-pipelined mode or
in a pipelined mode by controlling the PIPE pin. This mode is
selected via hardwiring the pin to either LOW or HIGH. This
“option should not be changed during operation.

Non-Pipelined Data Path

In non-pipelined mode (PIPE = 1), the Am29C334 is a flow-
through device; data is read out, used, and written back all in
the same cycle. In this mode all the registers are made
transparent except the registers at the two read ports that are
configured as latches. The read port latches are controlled
individually by the LEA and LEg, so that they are transparent
when the latch enables are HIGH and retain the data when the
latch enables are LOW. The ''forwarding logic" incorporated
to support the pipelined mode of operation is also disabled in
this mode of operation (specifically, the address comparators
are disabled).

In the non-pipelined mode of operation it is possible to
simultaneously read two ports, read one port and write to the
other, or write to two ports, concurrently. The read and write
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addresses are internally multiplexed on each side. The selec-
tion of the read and write addresses is controlled by the
exclusive-OR of the PIPE pin and WEAc/gc. Normally, the
WEc/BC are connected to the system clock. With PIPE de-
asserted, the read address will be selected in the high part of
the clock cycle (WEac/Bc = 1) and the write address selected
only in the low part. Byte selection for writing on either ports is
controlled by the WEH, pins.

Two interesting cases arise as a result of the dual access
capability. The first occurs if a location is written into by one
side while it is being read out by the other side. In this case,
known as A-to-B transparency, the data being written will
appear on the read port after the Transparencyag time (if
other read access time parameters are met). The second case
of interest occurs if both sides write to the same location at the
same time. The value written as a result of this operation
cannot be defined. ‘

Pipelined Data Path

The Am29C334 can be configured in a pipelined system by
asserting the PIPE signal (PIPE = 0) and adding an additional
external register in the write address and the write control path
on both A and B ports as shown in Figure 3. The registers on
each side are controlled by separate clocks that are supplied
over the WEAc and WEgG pins.

Typically, in a pipelined system a read - modify - write would
span three cycles. In the second half of the first cycle, a read
of the operand(s) is performed and the data is clocked into the
output registers at the end of the cycle. In the second cycle,
the operation is performed on the operands and the result is
clocked into the data register on the write port at the end of
the second cycle. In the first half of the third cycle, the data is
written to the register file. Therefore, in any cycle, a pipelined
system is writing the result of instruction n (in the first half),

executing instruction n + 1, and reading the operands needed
in instruction n + 2. In any case, a write operation followed by
a read operation is performed in the RAM in a cycle.

A special case arises if the data to be written by the previous
instruction is needed in the next instruction as an operand.
Due to the pipeline register being at its write port, the location
is not written into until the next cycle, and hence only the
previous value is available in the current cycle. To overcome
this problem, ""forwarding logic" is included as shown in the
block diagram. This logic consists of three elements: an
address comparator, an AND gate, and a three-to-one multi-
plexer, as shown. If the read address of the current instruction
is the same as the write address of the previous instruction,
and if the result is to be written, then the data to be written is
forwarded by the forwarding multiplexer to the output regis-
ters. Since there are two write ports, forwarding paths on both
ports are provided. As each write port has byte write capability,
the forwarding is further broken into the upper and lower
bytes.

Since each side has its own WEG/CLK control, it is possible to
clock each side of the chip differently. However, if the part is
used at different frequencies, the forwarding cannot be
guaranteed unless the addresses compared are held valid
long enough to allow for a comparison to be made and the
results of the forwarding setup on the output register.

As mentioned earlier, it is necessary to use an external write
address and write control registers in a pipelined system.
These registers have not been included for two reasons. First,
it is possible for the user to abort the writing before it fills the
internal pipe. This situation may arise in cases such as in
"traps." Second, by providing an external write address
register it provides the flexibility of obtaining the write address
from several sources by using an external multiplexer.

DUAL
ACCESS
RAM

[ — ]

N
ADDRESS ADDER

|
|
|
!
I

S I

- — e —— —

DUAL
ACCESS
RAM

Ya \:]

N
DATA ALY

AF003490

Figure 2. RAM with Four Read Ports and Two Write Ports for Non-pipelined Mode
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Figure 3. System Diagram With the Am29C334 in a Double Pipelined Data Path

Dyg=D035  Do-Dyy
Oa Og
WE __I_.. WEy ¢ WEg ¢ .j
-] -
WE, __t. WE, WEg,
_ - I
WE, ——t—— WEpn WEg .._]
- | -
5
Aw —/—t— Awao-4  Aweo-4 —]
- -
HIGH —=] Awas Aws,s f=— LOW
5
Ar +~t—— Arao-4  Arso 4
— L -
HIGH —=1 ARAs AR f=— LOW
I LE, LEg ]
3 __1_. OE, OEg .....]
PPE e
Ya Vs
Yig-Yas  Yo~Yi7

LS001791

Figure 4. 32 x 36 RAM (Single Access) Using 64 x 18 Dual-Access RAM
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ................coeeennieee -65 to +150°C
Temperature Under Bias - Tc -55 to +125°C
Supply Voltage to Ground Potential

ContiNUOUS .....cvvviviiiiiii e -03 to +7.0 V
DC Voltage Applied to Outputs

for HIGH Output State........... -03 Vito +Vpgc+03 V
DC Input Voltage..................... -03 Vito +Vgc+03 V
DC Output Current, Into LOW Outputs ................. 30 mA
DC Input Current .......c...ovevieeeninnnns -10 mA to +10 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.

OPERATING RANGES

Commercial (C) Devices

Temperature (TA).....cooverieniiiiiiinciienans 0 to +70°C

Supply Voltage .........c.ccccvvenienininen. +4.75 to +5.25 V
Military* (M) Devices

Temperature (TA) . .ocoeevvnreinenniennnes -55 to +125°C

Supply Voltage (VCG) «vvvvvvvvvevrnienennnes +45 to +55 V

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

* Military product 100% tested at Tp = +25°C, +125°C, and
-55°C.

DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A,

Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter Test Conditions

Symbol Description (Note 1) Min. | Max. | Unit
Vee = Min, )

VoH Output HIGH Voltage VIN= VL or VI 2.4 Volts
loH=-4 mA
Vee = Min.

VoL . Output LOW Voltage VIN=V|L or Vi 0.5 Volts
loL=8 mA
Guaranteed Input Logical

VIH Input HIGH Level HIGH Voltage (Note 2) 2.0 Volts

ViL Input LOW Level fg%a\",ﬁ?:g én;()“z,tléogi)cal 0.8 Volts

I Input LOW Current xﬁ;c:OMSa)\(} -10 uA
Vce = Max.

IIH Input HIGH Current Vin= Voo —0.5 V 10 HA

lozH Off State (High-Impedance) _ Vo=24V 10

lozL Output Current Vee = Max. Vo=05V ~10 KA
VIN = Vcc or GND TaA=-55 to 125°C 80 mA

Icc Static Power Supply Current Vee = Max

. lo=0 pA TA=0 to +70°C 70 mA
Power Dissipation Capacitance Vec=5.0V .
CpD (Note 3) TA=25°C  No Load 900 pF Typical

Notes: 1. Vgc conditions shown as Min. or Max. refer to the commercial (£5%) Vg limits.
2. These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment (not functionally

tested).

3. Cpp determines the no-load dynamic current consumption:
Icc (Total) = Icc (Static) + Cpp Ve f, where f is the switching frequency of the majority of the internal nodes, normally one-half
of the clock frequency. This specification is not tested.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified

NON-PIPELINED MODE (Note 1)

29C334 29C334-1 29C334-2
No. Parameter Description Test Conditions Min. | Max. |Min.| Max. | Min.| Max. | Unit
1| Access Time ¢§A orARB 1O YA Or | g\ o LEg=H 32 26 21 | ns
) WEac or WEgc to _
2 Access Time Ya of Yg LEA or LEg=H 30 25 20 ns
X OEp or OEg | to Ya
3 Turn-On Time or Yg Active 0 ns
Turn-Off Time OEp or OEg 1 to Ya
4 (Note 2) or Yp = High 0 ns
Impedance
5 | Enable Time LEA or LEg 1 10 YA 0 ns
or Yg
6 Transparency !_‘F{;Bm WEg 1 o Ya LEA or LEg=H ns
DA or Dg to Ya or LEA or LEg=H,
7 Transparency Yg WEA or WEB =L ns
. N ARpa or ARp to WEAC
8 Write Recovery Time or WEge ) 1) ns
9 Data Setup Time Da or Dg to WEA or WEg t 13 ns
10 Data Hold Time Da or Dg to WEA or WEg 1 0 ns
11 Address Setup Time | Awa or Awg to WEA or WEg | 2 2 ns
12 Address Hold Time Awa or Awg to WEA or WEg 1 1 1 ns
13 Address Setup Time ARA or Arp to LEA or LEg | 1 1 ns
14 Address Hold Time ARA or App to LEA or LEg | 1 1 ns
15 \L;:'f: Close Before LEA or LEg to WEA or WEg | 0 0 0! ns
16 gﬁ’asz Before Latch WEAG or WEgG to LEa or LEg | 20 16 16 ns
17 Write Pulse Width WEp or WEg (LOW) 20 16 16 ns
Latch Data Capture
18 Pulse Width LEa or LEg (HIGH) 14 12 12 ns

Notes: See notes following Military table.
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SWITCHING CHARACTERISTICS over MILITARY operating range unless otherwnse specified (for APL
Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise noted)

NON-PIPELINED MODE (Note 1)

29C334
No. Parameter Description _ Test Conditions Min. Max. Unit
1 Access Time ARa or Apg to Ya or Yg LEA or LEg=H 40 ns
2 Access Time ¥VBEAC or WEB?’ to Ya or LEA or LEg=H 0 37 ns
] OEp or OEg | to Ya or
3 Turn-On Time Yg Active 0 16 ns
Turn-Off Time OEa or OEg 1t to Ya or

4 | (Note 2) Yg = High Impedance 0 25 ns

5 Enable Time :‘(';A or LEg 1 to Ya or 0 21 ns

6 Transparency z?’“‘ or WEg 1 to Ya o LEA or LEg=H 0 47 ns

LEA or LEg =H,
7 Transparency Da or Dg to Ya or Y WER or WEg =L 47 ns
) ) ARA or Apg to WEAG or
8 Write Recovery Time o 2)-(1 ns
i very Ti WEsG (2)-(1)

9 Data Setup Time Da or Dg to WEA or WEg 1 19 ns
10 Data Hold Time Da or Dg to WEA or WEg 1 ns
1 Address Setup Time Awa or Awg to WEA or WEg | ns
12 Address Hold Time Awa or Awg to WEA or WEg 1 ns
13 Address Setup Time ARA or App to LEA or LEg | 23 ns
14 Address Hold Time ARa or Apg to LEA or LEg ¢ 1 ns
15 | Latoh Close Before LEA or LEg to WEA or WEg ! 0 ns
16 Read Before Latch WEac or WEgG to LEA or LEg | 24 ns

Close
17 | Write Pulse Width WEa or WEg (LOW) 23
Latch Data Capture
18 | poiee Widh LEA or LEg (HIGH) 17 ns
Notes: 1. _W__E‘A =WEac + WEAL/H

WEg = WEgc + WEBL/H

2. Ya and Yp are tested independently.
3. Minimum delays are not tested.
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SWITCHING WAVEFORMS
NON-PIPELINED MODE

WEeg ___A_____@____. ) N
— ©
v XX
o
 \
LE. / ~ |
©r
o &
O P
g XXXXK__ FQ;‘-—
WF023330

Read Function (* means A or B)

XXX

WATE 1\ @ ‘
|
12
AW.
® ©

* - KRR KUK

WF023340
Write Function (* means A or B)
WE.c* WEy \ /
©
- XXRXRAARARNRX !
WF023320

Transparency
NOTE: LE, = HIGH
., =Low
* means A or B
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Cont'd.)
PIPELINED MODE '

29C334 29C334-1 29C334-2
No. Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
19 Write Data Setup Time Da or D to CLKp or CLKg t 15 1 13 ns
20 Write Data Hold Time Da or Dg to CLKA or CLKg 1 1 1 1 ns
21 Write Address Setup Awa of Aws to CLKa or CLKg 1| 23 2 20 ns
22 e Address Hold Awa of Awg to CLKa or CLKg 1| 0 0 ns
23 Wite Enable Setup WEH or WEL to CLKa or CLKg 1| 20 1 ns
24 Write Enable Hold Time | WEH or WE_ to CLKp or CLKg 1| 0 0 ns
25 TF.‘::: Address Setup ARa or Ara to CLKp or CLKg 1t 24 2 ns
26 Read Address Hold ARa or Agg 1o CLKa or CLKg 1 | 0 0 ns
27 Minimum Clock Cycle CLKa or CLKg (LOW) 50 40 ns
28 Minimum Clock Pulse CLKa or CLKg (HIGH) 17 14 ns
29 Minimum Clock Pulse CLKA or CLKg (LOW) 17 1 ns
30 Clock to Y Ya or Yg to CLKa or CLKg 14 | 12 | 10 ns

2-90




SWITCHING CHARACTERISTICS over MILITARY operating range (Cont'd.)

PIPELINED MODE

29C334
No. Parameter Description Min. Max. Unit
19 Write Data Setup Time Da or Dg to CLKA or CLKg 1t 19 ns
20 Write Data Hold Time Da or Dg to CLKA or CLKg 1t 2 ns
21 Write Address Setup Time Awa or Awg to CLKa or CLKg t 27 ns
22 - Write Address Hold Time Awa or Awg to CLKa or CLKg 1 2 ns
23 Write Enable Setup Time WEH or WEL to CLKp or CLKg 1 23 ns
24 Write Enable Hold Time WEy or WE| to CLKp or CLKg t 2 ns
25 Read Address Setup Time ARA or A to CLKa or CLKg t 28 ns
26 Read Address Hold Time ARA or Apg to CLKa or CLKg 1t 0 ns
27 Minimum Clock Cycle CLKA or CLKg (LOW) 55 ns
28 Minimum Clock Pulse CLKA or CLKg (HIGH) 20 ns
29 Minimum Clock Pulse CLKa or CLKg (LOW) 20 ns
30 Clock to Y Ya or Yg to CLKp or CLKg 18 ns
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* means A or B
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SWITCHING WAVEFORMS (Cont'd.)

PIPELINED MODE

PREVIOUS DATA

NEW DATA

N~

WF023310

INPUTS

CLOCK

QuTPUTS

30V

ov

30V

ov

i

INPUT
e TO
CLOCK OUTPUT
TO DELAY
! QuTPUT
DELAY

R IR KAKKKIA,
S

WFR02990
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SWITCHING TEST CIRCUIT

KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Vee
I MUST BE WILL BE
STEADY STEADY
s, —
WILL BE
. n=won T s e,
Vour 0—0~¢
MAY CHANGE WILL BE
T s B,
cL 3 620
]: ] M DON'T CARE; CHANGING;
ANY CHANGE STATE
PERMITTED UNKNOWN
CENTER
fsa H DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
TC003424
KS000010
Notes: 1. C|_= 50pF includes scope probe, wiring and
stray capacitances without device in test fixture.
2. 81, Sp, S3 are closed during functions tests
and all AC tests except output enable tests.
3. S1 and Sg3 are closed while Sy is open for
tpzH test. Sq and Sy are closed while S3 is
open for tpz| test.
4. CL=TBD for output disable tests.
INPUT/OUTPUT CIRCUIT DIAGRAMS
OUTPUT
DRIVEN INPUT
Voo Voo
low

N _'Il:

- [

N

L

C~5.0 pF, all inputs

1C000861

1
T

1C000870

Cop =~ 5.0 pF, all outputs
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Am29C325

CMOS 32-Bit Floating-Point Processor

ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS

® Single VLSI device performs high-speed floating-point
arithmetic :
— Floating-point addition, subtraction, and multiplication
in a single clock cycle
- Internal architecture supports sum-of-products,
Newton-Raphson division
® 32-bit, three-bus flow-through architecture
— Programmable /O allows interface to 32- and 16-bit
systems

® |EEE and DEC formats
- Performs conversions between formats
- Performs integer <> floating-point conversions

® Input and output registers can be made transparent
independently

® Pin and functionally compatible with the Bipolar
Am29325

® The Am29C325 uses less than one-quarter the power of
the Am29325

® 145 PGA requires no heatsink

GENERAL DESCRIPTION

The Am29C325 is a high-speed floating-point processor
unit. It performs 32-bit single-precision floating-point addi-
tion, subtraction, and multiplication operations in a single
| VLSI circuit, using the format specified by the proposed
IEEE floating-point standard, 754. The DEC single-preci-
sion floating-point format is also supported. Operations for
conversion between 32-bit integer format and floating-point
format are available, as are operations for converting
between the IEEE and DEC floating-point formats. Any
operation can be performed in a single clock cycle. Six
flags — invalid operation, inexact result, zero, not-a-num-
ber, overflow, and underflow — monitor the status of opera-
tions.

The Am29C325 has a three-bus, 32-bit architecture, with
two input buses and one output bus. This configuration

provides high I/0 bandwidth, allows access to all buses,
and affords a high degree of flexibility when connecting this
device in a system. All buses are registered, with each
register having a clock enable. Input and output registers
may be made transparent independently. Two other /0O
configurations, a 32-bit, two-bus architecture and a 16-bit,
three-bus architecture, are user-selectable, easing inter-
face with a wide variety of systems. Thirty-two-bit internal
feedforward datapaths support accumulation operations,
including sum-of-products and Newton-Raphson division.

Fabricated using Advanced Micro Devices' 1.2 micron
CMOS process, the Am29C325 is powered by a single 5-
volt supply. The device is housed in a 145-lead pin-grid-
array package.

Am29C300 FAMILY HIGH-PERFORMANCE SYSTEM BLOCK DIAGRAM
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MEMORY
AM29C332 Am29C323
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CONTROL L '
SIGNALS
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Am29C327

CMOS Double-Precision Floating-Point Processor

ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS

® Exact IEEE compliance for denormalized numbers with

® High-performance double-precision floating-point pro-
cessor

® Comprehensive floating-point and integer instruction
sets

® Single VLS| device performs single-, double-, and
mixed-precision operations

® Performs conversions between precisions and between
data formats

® Compatible with industry-standard floating-point formats
- |[EEE 754 format
- DEC F, DEC D, and DEC G formats
- IBM system/370 format

no speed penalty

® Eight-deep register file for intermediate results and on-

chip 64-bit data path facilitates compound operations;
e.g., Newton-Raphson division, sum-of-products, and
transcendentals

® Supports pipelined or flow-through operation
® Fabricated with Advanced Micro Devices' 1.2 micron

CMOS process

SIMPLIFIED SYSTEM DIAGRAM
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CHAPTER 3

Bipolar Family

Am29331 16-Bit Microprogram Sequencer
Am29332 32-Bit Arithmetic Logic Unit

Am29334 Four-Port Dual-Access Register File
Am29434 ECL Four-Port, Dual-Access Register File
Am29325 32-Bit Floating-Point Processor*
Am29337 16-Bit Bounds Checker

Am29338 32-Bit Byte Queue

* Front page only of data sheet. See Chapter 4 for complete data sheet.
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Am29331

16-Bit Microprogram Sequencer

DISTINCTIVE CHARACTERISTICS

® 16-Bits Address up to 64K Words
Supports 80-90 ns microcycle time for a 32-bit high-
performance system when used with the other
members of the Am29300 Family.

® Real-Time Interrupt Support
Micro-trap and interrupts are handled transparently
at any microinstruction boundary.

® Built-In Conditional Test Logic
Has twelve external test inputs, four of which are
used to internally generate four additional test con-
ditions.

o Break-Point Logic
Built-in address comparator allows break-points in
the microcode for debugging and statistics collection.

® Master/Slave Error Checking
Two sequencers can operate in parallel as a master
and a slave. The slave generates a fault flag for
unequal results.

® 33-Level Stack
Provides support for interrupts, loops, and subrou-
tine nesting. It can be accessed through the D-bus
to support diagnostics.

® Speed improvement with Am29331A (15% faster
than Am29331)

GENERAL DESCRIPTION

The Am29331 is a 16-bit wide, high-speed single-chip
sequencer designed to control the execution sequence of
microinstructions stored in the microprogram memory. The
instruction set is designed to resemble high-level language
constructs, thereby bringing high-level language program-
ming to the micro level. :

The Am29331 is interruptible at any microinstruction
boundary to support real-time interrupts. Interrupts are
handled transparently to the microprogrammer as an unex-
pected procedure call. Traps are also handled transparent-
ly at any microinstruction boundary. This feature allows re-
execution of the prior microinstruction. Two separate buses
are provided to bring a branch address directly into the chip
from two sources to avoid slow turn-on and turn-off times

for different sources connected to the data-input bus. Four
sets of multiway inputs are also provided to avoid slow turn-
on and turn-off times for different branch-address sources.
This feature allows implementation of table look-up or use
of external conditions as part of a branch address. The 33-
deep stack provides the ability to support interrupts, loops,
and subroutine nesting. The stack can be read through the
D-bus to support diagnostics or to implement multitasking
at the micro-architecture level. The master/slave mode
provides a complete function check capability for the
device. )

The Am29331 is designed with the IMOX™ process which
allows internal ECL circuits with TTL-compatible 1/0. It is
housed in a 120-lead pin-grid-array package.

SIMPLIFIED BLOCK DIAGRAM
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RELATED AMD PRODUCTS

Part No. Description
Am29114 Vectored Priority Interrupt Controller
Am29116 High-Performance Bipolar 16-Bit Microprocessor
Am29C116 High-Performance CMOS 16-Bit Microprocessor
Am29PL141 Field-Prograrhmablev Controller
Am29C323 CMOS 32-Bit Parallel Multiplier
Am29325 32-Bit Floating-Point Processor
Am29C325 CMOS 32-Bit Floating-Point Processor
Am29332 32-Bit Extended Function ALU
Am29G332 CMOS 32-Bit Extended Function ALU
Am29334 64 x 18 Four-Port, Dual-Access Register File
Am29C334 CMOS 64 x 18 Four-Port, Dual-Access Register File
Am29337 16-Bit Bounds Checker
Am29338 Byte Queue
Mo My My My D A
wgg Ez“
444 A4 4
> ] f !
ST > 'lll-l"l"l;r" ) "‘/ comsn D-BUS
fc C>——— i st Mux
INTR > 1 , , ‘ STACK
INTEN [>——o KK
WA S > counTer S
HOLD [>—r
08y [>— K
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ERROR < J—— STack > s ) a-FuLL
R == - } t
To-Ty D—F—-‘ *‘
o i 1
s D?‘—‘ ox A ABDR REG aooress |1 P e
REGISTER
1] f AN i
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INTERRUPT| 1 ’
MUX
16 &
v Cin
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Figure 1. Am29331 Detailed Block Diagram




CONNECTION DIAGRAM
(Bottom View)

PGA*

A B [+ D E F G L M N
1 %,0 M1.0 M2,0 M2,1 CIN M1,2 M1,3 INTR SLAVE D15 h
2 | Do A0 M30  M1,1 MO2  M2,2  Mo3 INTEN HOLD A15
3 |veer vo D1 MOt M3,1  GNDE M3.2 INTA Y15 veeT
4 Al Y1 D2 D14 A4 Y14
5 | GNDT A2 Y2 D13 A3 GNDT
6 | A3 D3 GNDE GNDE D12 Y13
7 Y3 D4 Ad A12 Yi2 D11
s |05 Y4 VCCE VCCE Y11 A1
9 | GNDT s Y5 D10 A10  GNDT
10 | D6 A6 Y6 Yo D9 A9
11 | vcet o7 e % GNDE  T10  T1 7 Ds  vceT
12 | A7 T T2 T5 GNDE T7 S0 14 A8 Y8
13|77 0 19 T4 GNDE T8 cp s2 15 F¢ )

CD010382

*Pinout observed from pin side of package.
Key: VCCE = Vgg, ECL

VCCT = Vg, TTL

GNDE= GND, ECL

GNDT= GND, TTL




PIN DESIGNATIONS
(Sorted by Pin No.)

PAD PIN PAD PIN PAD PIN PAD
PIN NO.| PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO. NO. PIN NAME NO.
99 C-5 Yo 115 H-2 M3 3 10 M-5 A3 80
97 C-6 GNDE 113 H-3 VCCE 68 M-6 D12 81
- - 39 C-7 A4 52 H-11 lo 34 M-7 Y12 82
- - 37 Cc-8 Vcece 53 H-12 S4 95 M-8 Y11 25
A-1 Mo, o 1 c-9 Ys 109 H-13 S3 94 M-9 A10 86
A-2 Do 120 c-10 Ye 48 J-1 GNDT 1 M-10 Dg 87
A-3 Veer 59 C-11 T3 44 J-2 EQUAL 71 M-11 Dg 89
A-4 Aq 58 C-12 T2 104 J-3 A-FULL 70 M-12 Ag 30
A-5 GNDT 56 C-13 To 41 J-11 VcecE 38 M-13 Is 91
A-6 Az 114 D-1 Mg, 1 4 J-12 VccE 38 N-1 D1s 16
A-7 Y3 54 D-2 My, 1 63 J-13 V, 38 N-2 A1s 76
A-8 Ds 51 D-3 Mo, 1 3 K-1 RST 13 N-3 Veer 17
A-9 GNDT 50 D-11 Te 102 K-2 OEp 72 N-4 Y14 19
A-10 De 49 D-12 Ts 43 K-3 ERROR 12 N-5 GNDT 20
A-11 Veer 47 D-13 T4 103 K-11 I3 92 N-6 Y13 21
A-12 A7 106 E-1 Cin 5 K-12 I 33 N-7 D1 24
A-13 Y7 46 E-2 Mo, 2 65 K-13 Iq 93 N-8 A1q 84
B-1 M1, 0 61 E-3 M3, 1 64 L-1 INTR 14 N-9 GNDT 26
B-2 Ao 60 E-11 GNDE 98 L-2 INTEN 74 N-10 Ag 28
B-3 Yo 119 E-12 GNDE 98 L-3 INTA 73 N-11 Veer 29
B-4 Y4 117 E-13 GNDE 98 L-4 D14 18 N-12 Yg 90
B-5 A2 116 F-1 My, 2 6 L5 D43 79 N-13 FC 31
B-6 D3 55 F-2 My, 2 66 L-6 GNDE 23
B-7 Dy 112 F-3 GNDE 8 L-7 A2 22
B-8 Y4 111 F-11 T10 100 L-8 Vcce 83
B-9 As 110 F-12 T7 42 L-9 D1o 85
B-10 As 108 F-13 Ts 101 L-10 Y10 27
B-11 D7 107 G-1 My, 3 9 L-11 Yo 88
B-12 T4 45 G-2 Mo, 3 67 L-12 14 32
B-13 To 105 G-3 M3 2 7 L-13 Sp 35
C-1 Mz o 2 G-11 T11 40 M-1 SLAVE 75
c-2 M3 o 62 G-12 Sp 36 M-2 HOLD 15
c-3 Dy 118 G-13 CP 96 M-3 Y15 77
Cc-4 Do 57 H-1 M2 3 69 M-4 A1a 78
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PIN DESIGNATIONS
(Sorted by Pin Name)

PIN NAME :'g ';‘c‘)[" PIN NAME :'o"_ ’;Ao'? PIN NAME :'g_ ':"g? PIN NAME :'g :‘c‘;’
N — | a7 | Dg MA1 | 89 | INTR L1 14 | T F12 | 42

N ~ | 30 | Do M10 | 87 | Moo A1 1 | Ts F13 | 101

N = | o7 | D1 Lo 85 | Mo, 1 D-3 3 | Te c13 | 4

N ~ | e | bn N7 24 | Mo, 2 E-2 6 | T F11 | 100
A-FULL 43 70 | D2 M6 | 81 | Mo s G2 | 67 | Tn G11 | 40
Ag B-2 60 D13 L-5 79 My o B-1 61 Vcee* Cc-8 53
Aq A4 58 | Dis L4 18 | My 4 D-2 63 | Vecer H-3 68
A2 B-5 116 Dis N-1 16 My, 2 F-1 VccE* J-11 38
As A6 | 114 | EQUAL | J2 7| My s G1 Voce® 312 38
As c7 52 | ERROR | K3 12 | Mg o cA Vocer 13 38
As B9 | 110 | FC N13 | 31 | Mg 4 D1 Vocer L8 83
As B-10 | 108 | GNDE c6 | 113 | My 2 F2 66 | Veer A3 59
A7 A12 | 106 | GNDE E11 | 9 | Mgs HA 69 | Veer A1 47
As M12 | 30 | GNDE E12 | 98 | M3 o ce2 62 | Veer N-3 17
Ag N-10 | 28 | GNDE E13 | 9 | Mg, 1 E3 64 | Veer N1 | 29
Ao M9 | 86 | GNDE F3 8 | M3 2 G3 7 | Yo B3 | 119
Atq N-8 84 | GNDE L6 23 | Mg 3 H-2 10 | v B4 | 117
Atz L7 22 | GNDT- A5 56 | OEp K-2 72 | Yz cs | 115
Ats M5 | 80 | GNDT- A9 50 | RST KA 13 | Vs A7 54
Aa M4 | 78 | GNDT- o1 1 | so G12 | 36 | Ya B8 | 111
Ats N-2 76 | GNDT- N-5 20 | sq H12 | 9 | Ys ce | 109
Cin E-1 5 GNDT+ N-9 26 So L-13 35 Yo C-10 48
cp G13 | 9 | HOLD M2 | 15 | Ss HA3 | 94 | v7 A13 | 46
Do A2 | 120 | 1o HA1 | 34 | SLAVE M-1 75 | Ye N12 | 90
D4 c3 | 18 | 1y K13 | 93 | To B13 | 105 | Yo L1 88
D2 c4 57 | 1y K42 | 33 | Tq B12 | 45 | Yqo L0 | 27
D3 B-6 55 | I3 K11 | 92 | T2 c12 | 104 | Yaq M-8 25
Ds B7 | 112 | 14 12 | 82 | T3 c11 | 44 | Y2 M7 82
Ds A8 51 | 1 MA3 | o1 | Ta D13 | 108 | Y13 N6 21
Dg A0 | 49 | INTA L3 73 | Ts D12 | 43 | Yia N-4 19
D7 B11 | 107 | INTEN L2 74 | Te D11 | 102 | Yis M3 7

*Single +5-Volt supply.




LOGIC SYMBOL METALLIZATION AND PAD LAYOUT

B85 &

Mooa Mioa Maos Mios  Do-Dis ArAss
OE, fe—
——| INTEN AFULL >
el INTR
+———! INTA
N
12 '
] e
SLAVE et
.
RROR p——>
o sess i
EQUAL |t
. ;
I% o ts T fo——
——>{ RST
——{ FC HOLD et
Yo-Yis

Die Size: 260 x 245 mil
Equivalent Gate Count: 2500

LS002352

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

. Speed Option (if applicable)

c. Package Type

. Temperature Range

e. Optional Processing

o

Q

AM29331 G c B

L———e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial (0 to +85°C)

PACKAGE TYPE
G = 120-Lead Pin Grid Array with Heatsink
(CG 120)

4

o

SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am29331/Am29331A
16-Bit Microprogram Sequencer

Valid Combinations

Valid Combinations list configurations planned to be

Valid Combinations supported in volume for this device. Consult the local AMD
AM29331 sales office to confirm availability of specific valid
AM29331A GG, ceB combinations, to check on newly released valid combinations,

and to obtain additional data on AMD's standard military
grade products.




PIN DESCRIPTION

Ag-Aqs Alternate Data (Input)

Input to address multiplexer and counter.

A-FULL Almost Full (Bidirectional, Three-State)
Indicates that 28 < SP < 63 (meaning there are five or less
empty locations left on stack). Also active during stack-
under flow.

Cin  Carry In (Input, Active LOW)

Carry-in to the incrementer.

CP Clock Pulse (Input)

Clocks sequencer at the LOW-to-HIGH transition.

Do-Dys Data (Bidirectional, Three-State)

Input to address multiplexer, counter, stack, and comparator
register. Output for stack and stack pointer.

EQUAL Equal (Bidirectional, Three-State)

Indicates that the address comparator is enabled and has
found a match.

ERROR Error (Output, Active HIGH)

Indicates a master/slave error in the slave mode. Indicates
a malfunctioning driver or contention of any output in the
master mode.

FC Force Continue (Input, Active HIGH)

Overrides instruction with CONTINUE.

HOLD Hold (Input, Active HIGH)

Stops the sequencer and three-states the outputs.
lo-1s Instruction (Input)
Selects one of 64 instructions.

INTA Interrupt Acknowledge (Bidirectional, Three-
State, Active LOW)
Indicates that an interrupt is accepted.

INTEN Interrupt Enable (Iinput, Active HIGH)
Enables interrupts.

INTR Interrupt Request (Input, Active HIGH)
Requests the sequencer to interrupt execution.

Mo.3, 0-3 Multiway (Input) |
Four sets of multiway inputs providing 16-way branches.
The first index refers to the set number.

OEp Output Enable — D-Bus (Input, Active HIGH)
Enables the D-bus driver, provided that the sequencer is not
in the hold or slave mode.

RST Reset (Input, Active LOW)

Resets the sequencer.

Sp-S3 Select (Input)

Selects one of 16 test conditions.

SLAVE Slave (Input, Active HIGH)
Makes the sequencer a slave.

To-Tqy1 Test (Input)

Provides external test inputs.

Yo-Yis Address (Bidirectional, Three-State)

Output of microcode address. Input for interrupt address.

FUNCTIONAL DESCRIPTION
Architecture

The major blocks of the sequencer are the address multiplex-
er, the address register (AR), the stack (with the top of stack
denoted TOS), the counter (C), the test multiplexer with logic,
and the address comparison register (R) (Figure 1). The
bidirectional D-bus provides branch addresses and iteration
counts; it also allows access to the stack from the outside.
The A-bus may be used for map addresses. There are four
sets of 4-bit multiway branch inputs (M). The bidirectional
Y-bus either ouputs microprogram addresses or inputs inter-
rupt addresses. The buses are all 16 bits wide. Figure 1 shows
a detailed block diagram of the sequencer.

Address Multiplexer

The address multiplexer can select an address from any of
five sources:

1) A branch address supplied by the D-bus

2) A branch address supplied by the A-bus

3) A multiway-branch address

4) A return or loop address from the top of stack
5) The next sequential address from the incrementer
Multiway-Branch Address

A multiway-branch address is formed by substituting the lower
four bits of the address on the D-bus (D3, D2, D1, Dg) with one
of the four sets (Mgx, M1x, Max, or M3ax) of 4-bit multiway-
branch addresses. The multiway-branch set is selected by the
number D1Dg, while the bits D3 and Dy are "don't cares.”




Dys Do
Branch
Address
M3 Mg

Multiway Inputs

Yo

I Base Address 10f6

Yis
Address
Out

—

Table 4 (M)
Tabie 3 (sz)

Table 2 (M;y)

Table 1 (Mgx) ?
2
15
Lookup Table
BD007460

Notes: 1. D1 and Dg select one out of four multiway sets. D3 and Dy are ''don't cares."

2. Each set of Max—-Mpx can select one of sixteen locations. The multiway-branch address is the
concatenation of D15 - D4 (base address) and Mx3 — Mxo.
3. For a given base address, there can be four look-up tables, each sixteen deep.

Figure 2. Multiway Branch

3-8




Address Register

The address register contains the current address. It is loaded
from the interrupt multiplexer and feeds the incrementer. The
incrementer is inhibited if CN is taken HIGH.

Stack

A 33-word-deep and 16-bit-wide stack provides first-in last-out
storage for return addresses, loop addresses, and counter
values. Items to be pushed come from the incrementer, the
interrupt-return-address register, the counter, or the D-bus.
ltems popped go to the address multiplexer, the counter, or
the D-bus.

The access to the stack via the D-bus may be used for context
switching, stack extension, or diagnostics. As the stack is only
accessible from the top, stack extension is done by temporari-
ly storing the whole or some lower part of the stack outside the
sequencer. The save and the later restore are done with pop
and push operations, respectively, at balanced points in the
microprogram; for example, points with the same stack depth.
The internal D-bus driver must be turned on when popping an
item to the D-bus; if the driver is off, the item will be unstacked
instead. The driver is normally turned on when the Output
Enable signal is asserted and the sequencer is not being reset
(OEp =1, RST=1).

The stack pointer is a modulo 64 counter, which is increment-
ed on each push and decremented on each pop. The stack
pointer is reset to zero when the sequencer is reset, but the
pointer may also be reset by instruction. Thus, the stack
pointer indicates the number of items on the stack as long as
stack overflow or underflow has not occurred. Overflow
happens when an item is pushed onto a full stack, whereby
the item at the bottom of the stack is overwritten. Underflow
happens when an item is popped from an empty stack; in this
case the item is undefined.

The contents of the stack pointer are present on the D-bus for
all instructions except POP D, provided the driver is turned on.
The output signal, A-FULL, is active under the following
conditions: 28 <SP < 63.

Counter

The counter may be used as a loop counter. It may be loaded
from the D-bus, the A-bus, or via a pop from the stack. Its
contents may also be pushed onto the stack.

A normal for-loop is set up by a FOR instruction, which loads
the counter from the D- or A-bus with the desired number of
iterations; the instruction also pushes onto the stack a loop
address that points to the next sequential instruction. The end
of the loop is given by an unconditional END FOR instruction,
which tests the counter value against the value one and then
decrements the counter. If the values differ, the loop is
repeated by selecting the address at the stack as the next
address. If the values are equal, the loop is terminated by
popping the stack, thereby removing the loop address, and
selecting the address from the incrementer as the next
address. The number of iterations is a 16-bit unsigned number,
except that the number zero corresponds to 65,536 iterations.
By pushing and popping counter values it is possible to handle
nested loops.

Address Comparison

The sequencer is able to compare the address from the
interrupt multiplexer with the contents of the comparator
register. The instruction SET loads the comparator register
with the address on the D-bus and enables the comparison,
while CLEAR disables it. The comparison is disabled at reset.
A HIGH is present at the output EQUAL if the comparison is
enabled and the two addresses are equal. The comparison is

useful for detection of a break point or counting the number of
times a microinstruction at a specific address is executed.

Instruction Set

The sequencer has 64 instructions that are divided into four
classes of 16 instructions each. The instruction lines lg—Is
use Is and l4 to select a class, and lp-I3 to select an
instruction within a class. The classes are:

Is 14 Classes

0 0 Conditional sequence control,

0 1 Conditional sequence control with inverted
polarity,

1 0 Unconditional sequence control, and

1 1 Special function with implicit continue.

Note that for the first three classes I forces the condition to
be true and l4 inverts the condition. The basic instructions of
the first three classes are shown in Table 1 and the instruc-
tions of the fourth class in Table 2.

Structured microprogramming is supported by sequencer
instructions that singly or in pairs correspond to high-level
language control constructs. Examples are FOR |: = D DOWN
TO 1 DO...END FOR and CASE N OF . . . END CASE. The
instructions have been given high-level language names
where appropriate. Figure 3 shows how to microprogram
important control constructs; the high-level language is on the
left and the microcode on the right.

Test Conditions

The condition for a conditional instruction is supplied by a test
multiplexer, which selects one out of sixteen tests with the
select lines Sp - S3. Twelve of these are supplied directly by
the inputs Tg ~ T41, while the remaining four tests are generat-
ed by the test logic from the inputs Tg - Tq4. The following
table shows the assignments.

(So-S3)4 Test Intended Use

0-7 To-T7 General

8 Ts C (Carry)

9 Tg N (Negative)

A T10 V (Overflow)

B T14 Z (Zero or equal)

(o} Tg + T11 C +Z (Unsigned less
than or equal, borrow
mode)

D Tg +T11 C + Z (Unsigned less
than or equal)

E Tg®T10 N eV (Signed less than)

F (Tg®T10) + T11 (N®V) + Z (Signed less

than or equal)

Force Continue

The sequencer has a force continue (FC) input, which over-
rides the instruction inputs lg - Is with a CONTINUE instruc-
tion. This makes it possible to share the microinstruction field
for the sequencer instruction with some other control or to
initialize a writable control store.

Reset

In order to start a microprogram properly, the sequencer must
be reset. The reset works like an instruction overriding both
the instruction input and the force continue input. The reset
selects the address O at the address multiplexer, forces the
EQUAL output to LOW, and disregards a potential interrupt
request. It synchronously disables the address comparison
and initializes the stack pointer to 0. The contents of the stack
are invalid after a reset.




TABLE 1. INSTRUCTION SET for Islg =00, 01, 10

Cond.: Fail Cond.: Pass
Is-lp Instruction Y Stack Y Stack Counter Comp. D-Mux
00, 10, 20 Goto D INC - D - - SP
01, 11, 21 Call D INC - D Push INC - SP
02, 12, 22 Exit D INC - D Pop - SP
03, 13, 23 End for D, C#1 | INC - D - C«C-1 SP
End for D, C=1 INC - INC |- C«C-1 SP
04, 14, 24 Goto A INC - A - - - SP
05, 15, 25 Call A INC - A Push INC - SP
06, 16, 26 Exit A INC - A Pop - SP
07, 17, 27 End for A, C#1 INC - A - C<«C-1 SP
End for A, C=1 | INC - INC |- C<+C-1 SP
08, 18, 28 Goto M INC DM |- - SP
09, 19, 29 Call M INC D:M | Push INC - SP
0A, 1A, 2A Exit M INC D:M | Pop - SP
0B, 1B, 2B End for M, C#1 | INC DM |- C<+C-1 SP
End for M, C=1 | INC INC |- C«C-1 SP
0C, 1C, 2C End Loop INC TOS |- - SP
oD, 1D, 2D Call Coroutine INC TOS | Pop & - SP
Push INC
OE, 1E, 2E Return INC TOS | Pop - SP
OF, 1F, 2F End for, C#1 INC TOS |- C<+C-1 SP
End for, C=1 INC INC | Pop C«C-1 SP
Cond. = (Test [S] OR I5) XOR I4
: = Concatination
C = Counter
INC  =Output of Incrementer = AR + 1 (if Cjp = LOW)

Note: For unconditional

instructions, the action marked under Cond.:Pass is taken.

TABLE 2. INSTRUCTION SET for Islg = 11

Is=1lg Instruction Y Stack Counter Comp. D-Mux
30 Continue INC - - - SP
31 For D INC Push INC C«D - SP
32 Decrement INC - C+C-1 - SP
33 Loop INC Push INC - - SP
34 Pop D INC Pop - - TOS
35 Push D INC Push D - - SP
36 Reset SP INC SP«0 - - SP
37 For A INC Push INC C+A - SP
38 Pop C INC Pop C«TOS - SP
39 Push C INC Push C - - SP
3A Swap INC TOS+C C«TOS - SP
3B’ Push C Load D | INC Push C C<D - SP
3C Load D INC - C<+D - SP
3D Load A INC - C+A - SP
3E Set INC - - R<«D, Enable SP
3F Clear INC - - Disable SP

R = Comp. Register
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Interrupts

The sequencer may be interrupted at the completion of the
current microcycle by asserting the interrupt request input
INTR. The return address of the interrupted routine is saved
on the stack so that nested interrupts can be easily imple-
mented. An interrupt is accepted if interrupts are enabled and
the sequencer is not being reset or held (INTEN = HIGH,
RST = HIGH, and HOLD = LOW). The interrupt-acknowledge
output (TNTA) goes LOW when an interrupt is accepted.

When there is no interrupt, addresses go from the address
multiplexer to the Y-bus via the driver, and to the address
register and the comparator via the interrupt multiplexer. When
there is an interrupt, the driver of the sequencer is turned off,
an external driver is turned on, and the interrupt multiplexer is
switched. The interrupt address is supplied via the external
driver to the Y-bus, the address register, and the comparator
(Figure 4). In order to save the address from the address
multiplexer, the address is stored in the interrupt return
address register, which for simplicity is clocked every cycle.
The next microinstruction is the first microinstruction of the
interrupt routine (Figure 5).

In this cycle the address in the interrupt return address register
is automatically pushed onto the stack. Therefore the microin-
struction in this cycle must not use the stack; if a stack
operation is programmed, the result is undefined. The instruc-
tions that do not use the stack are GOTO D, GOTO A, GOTO
M, CONTINUE, DECREMENT, LOAD D, LOAD A, SET and
CLEAR. A RETURN instruction terminates the interrupt routine
and the interrupted routine is resumed. Interrupts only work
with a single-level control path.

Traps

A trap is an unexpected situation linked to current microin-
struction that must be handled before the microinstruction
completes and changes the state of the system. An example
of such a situation is an attempt to read a word from memory
across a word boundary in a single cycle. When a trap occurs,
the current microinstruction must be aborted and re-executed
after the execution of a trap routine, which in the meantime will
take corrective measures. An interrrupt, on the other hand, is
- not linked directly to the current microinstruction that can
complete safely before an interrupt routine is executed.

Execution of a trap requires that the sequencer ignore the
current microinstruction, select the trap return address at the
address multiplexer, and initiate an interrupt. This will save the
trap return address on the stack and issue the trap address
from an external source (Figure 6). The address register

contains the address of the microinstruction in the pipeline
register, thus the address register already contains the trap
return address when a trap occurs. This address can be
selected by the address multiplexer by disabling the incremen-
ter (Cin = 1), and using the force continue mode (FC = 1). In
this mode the sequencer ignores the current microinstruction.
The remaining part of the trap handling is done by the interrupt
(Figure 7), thus the section on interrupts also applies to traps.
There is one exception, however. The interrupt enable cannot
be used as a trap enable as it does not control the force
continue mode and the carry-in to the incrementer.

Hold Mode

The sequencer has a hold mode in which the operation is
suspended.

When the HOLD signal goes active, the outputs (Y, INTA,
A-FULL & EQUAL) are disabled and the sequencer enters the
hold mode after the current cycle. While the sequencer is in
this mode, the internal state is left unchanged and the D-bus is
disabled. When the HOLD signal goes inactive, the outputs (Y,
INTA, A-FULL & EQUAL) are enabled again and the sequencer
leaves the hold mode after the cycle.

In a time-multiplexed multimicroprocess system there may be
one sequencer for all processes with microprogrammed con-
text save and restore, or there may be one sequencer per
microprocess permitting fast process switch. In the latter case
the Y-buses of the sequencers are tied together and connect-
ed to a single microprogram store. A control unit decides on a
cycle-by-cycle basis what sequencer should be running, and
activates the HOLD signal to the remaining sequencers. The
hold mode has higher priority than interrupts, and works
independently of the reset. The hold mode can only be used
with a single-level control path.

Master/Slave Configuration

In some systems reliability is very important. The master/siave
configuration that consists of two sequencers operated in
parallel is able to detect faults in both the interconnect and the
internal function of the sequencers. One sequencer is the
master and operates normally. The other is the slave, i.e., all
outputs except the signal ERROR are turned into inputs and
connected to the outputs of the master. Since the slave is
operated in parallel with the master, it can compare its result
with the result of the master and signal an error if they differ.
The error signal from the master indicates a malfunctioning
driver or contention. Because a TTL output goes HIGH when
power is missing, the ERROR signal also indicates power
failure.




High-Level Language Constructs

An example of high-level language constructs using Am29331 instructions is given in Figure 3 (3-1, 3-2, 3-3, and 3-4).

REPEAT LOOP
UNTIL CC END LOOP NOT GC

WHILE CC DO LoopP

END FOR

FOR CNT:=10 DOWN TO 1 DO FOR D 10

END FOR

Figure 3-2. Loop with Known Number of

IF NOT CC THEN EXIT L Iterations
END WHILE END LOOP
L:
LOOP LOOP
IF CC THEN EXIT IF CC THEN EXIT L
END LOOP ND LOOP
L:
Figure 3-1. Loops with Unknown Number
of Iterations
PUSH D B PUSH D C
CASE | OF GOTO M IF X THEN IF NOT X THEN GOTO A
0: - A: - IF Y THEN IF NOT Y THEN GOTO B
- -, RETURN (TO B) - -
1 - A+2: - - -, RETURN (TO C)
- -, RETURN (TO B) ELSE B:
2: - A+4 - - -
- -, RETURN (TO B) - -, RETURN (TO ©)
3: - A+6: - END IF
- -, RETURN ELSE A:
END CASE B: IF Z THEN IF NOT Z THEN GOTO D
- -, RETURN (TO D)
Figure 3-3. Case Statement ELSE D:
(with D=Aq5 . . . A4XX00 and - -
Mo, 0 -3 = Asl4lo0 during the - -, RETURN (TO C)
GOTO M instruction. AjAg must END IF
be 00, and X signifies a don't END IF G

care.)

Figure 3-4. Double-Nested If Statement
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Legend: @ = Other instruction

Instruction Set Definition

P = Test pass

® = Instruction being described F = Test fail
O = Register in part

CC = (Test [S3-Sol)

Opcode

(Is - lo)

Mnemonics

Description

Execution Example

20H

24K

28H

2CH

BRA_D

BRA_A

BRA_M

BRA_S

GOTO D

Unconditional branch to the address specified
by the D inputs. The D port must be disabled to
avoid bus contention.

GOTO A
Unconditional branch to the address specified
by the A inputs.

GOTO Multiway (D15 -Ds Mx3z - Mxo)
Unconditional branch to the address specified
by the M inputs concatenated with the D input.
The lower four bits on the D bus (D3 - Do) are
replaced by one of the four sets of the four-bit
multiway branch addresses. The multiway
branch set is selected by bits D1 and Dg while
bits D3 and D2 are "don't cares."

GOTO TOS
Unconditional branch to the address on the top
of the stack.

51

9

PF001730

00H

04y

08y

0CH

Note: Opcode numbers are in hexadecimal notation.

BRCC_D

BRCC__A

BRCC__M

BRCC_S

IF CC THEN GOTO D

ELSE CONTINUE

If CC is HIGH (pass), branch to the address
specified by D. If CC is LOW (fail), continue.
The D port must be disabled to avoid bus
contention.

IF CC THEN GOTO A

ELSE CONTINUE

If CC is HIGH (pass), branch to the address
specified by A. If CC is LOW (fail), continue.

IF CC THEN GOTO Muitiway

(D15 - Dg_Mx3 -~ Mxo)

ELSE CONTINUE

If CC is HIGH (pass), branch to the address
specified by D inputs concatenated with the M
inputs. If CC is LOW (fail) continue. The lower
four bits on the D bus (D3 - Do) are replaced by
one of the four sets of the 4-bit multiway
branch addresses. The multiway branch set is
selected by bits D1 and Dg while bits D3 and D2
are ''don't cares."

IF CC THEN GOTO TOS
ELSE

POP STACK

CONTINUE

If CC is HIGH (pass), branch to the address on
the top of the stack. If CC is LOW (fail), pop the
stack and continue.

51

9

PF001740
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Opcode
(Is~=1p) Mnemonics Description Execution Example

10H BRNC__D IF NOT CC THEN GOTO D
ELSE CONTINUE
If CC is LOW (pass), branch to the address
specified by D. If CC is HIGH (fail), continue.
The D Port must be disabled to avoid Bus
contention.

14y BRNC_A IF NOT CC THEN GOTO A 50
ELSE CONTINUE
If CC is LOW (pass), branch to the address !
specified by A. If CC is HIGH (fail), continue. s i

18h BRNC__M IF NOT CC THEN GOTO Multiway -
(D15~ Da_Mxa -~ Mxo) F ‘
ELSE CONTINUE ,
If CC is LOW (pass), branch to the address 53 90
specified by D inputs concatenated with the M P
inputs. If CC is HIGH (fail), continue. The lower
four bits on the D bus (D3 - Do) are replaced by 9
one of the four sets of the 4-bit multiway
branch addresses. The multiway branch set is
selected by bits D4 and Dg while bits D3 and D2
are "don't cares.”

PF001750

1CH BRNC_S IF NOT CC THEN GOTO TOS

ELSE

POP STACK

CONTINUE

If CC is LOW (pass), branch to the address on

the top of the stack. If CC is HIGH (fail), pop the

stack and continue.

21y CALL_D CALL D
Unconditional branch to the subroutine
specified by the D inputs. Push the return
address (address Reg. + 1) on the stack. The
D port must be disabled to avoid bus
contention.

254 CALL_A CALL A 50 i
Unconditional branch to the subroutine STACK |
specified by the A inputs. Push the return 51 PC +1
address (Address Reg. + 1) on the stack. ’

294 CALL_M CALL Multiway (Dq5- D4 Mxa - Mxo)
Unconditional branch to the subroutine
specified by the D inputs concatenated with the
multiway inputs. Push the return address 53 91
(Address Reg. + 1) on the stack. The lower
four bits on the D bus (D3 - Do) are replaced by
one of the four sets of the 4-bit muitiway 54 92
branch addresses. The multiway branch set is
selected by bits D1 and Dg while bits D3 and D2
are "don't cares."

53

PF001760
2Dy CALL_S CALL TOS
Unconditional branch to the subroutine
specified by the address on the top of the
stack. The stack is popped and the return
address (Address Reg. + 1) is then pushed
onto the stack.

Note: Opcode numbers are in hexadecimal notation.




Opcode
(15 - lp)

Mnemonics

Description

Execution Example

01y

05y

09y

0DH

CCC_D

CCC_A

CCC_M

cce_s

IF CC, THEN CALL D

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the D inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is LOW (fail), continue. The D port must be
disabled to avoid bus contention.

IF CC, THEN CALL A

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the A inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is LOW (fail), continue.

IF CC, THEN CALL Muitiway

(D15 - D4 Mx3 = Mxo)

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the D inputs concatenated with the
M inputs. Push the return address (Address
Reg. + 1) on the stack. The lower four bits on
the D bus (D3 - Do) are replaced by one of the
four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits D4 and Do while bits D3 and D2 are
"'don't cares."

IF CC, THEN CALL TOS

ELSE CONTINUE

If CC is HIGH (pass), call the subroutine
specified by the address on the top of the
stack. The stack is popped and the return
address (Address Reg. + 1) is pushed onto the
stack. If CC is LOW (fail), continue.

51

PF001770

11H

154

194

1DH

CNC_D

CNC_A

CNC_M

CNC_Ss

IF NOT CC, THEN CALL D

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the D inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is HIGH (fail), continue. The D port must be
disabled to avoid bus contention.

IF NOT CC, THEN CALL A

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the A inputs. Push the return
address (Address Reg. + 1) on the stack. If CC
is HIGH (fail), continue.

IF NOT CC, THEN CALL Multiway
(D15 - Dg_Mx3 -~ Mxo)

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the D inputs concatenated with the
M inputs. Push the return address (Address
Reg. + 1) on the stack. The lower four bits on
the D bus (D3 - Do) are replaced by one of the
four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits D1 and Dg while bits D3 and Dy are
"'don't cares."

IF NOT CC, THEN CALL TOS

ELSE CONTINUE

If CC is LOW (pass), call the subroutine
specified by the address on the top of the
stack. The stack is popped and the return
address (Address Reg. + 1) is pushed onto the
stack.

Note: Opcode numbers are in hexadecimal notation.

51

2@F (D—rpc+1
54

§5 92

PF001780
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Opcode
(I5-1lo)

Mnemonics

Description

Execution Example

224

264

2AH

2EH

EXIT_D

EXIT_A

EXIT_M

EXIT_S

EXIT TO D

Unconditional branch to the address specified
by the D inputs and pop the stack. The D port
must be disabled to avoid bus contention.

EXIT TO A )
Unconditional branch to the address specified
by the A inputs and pop the stack.

EXIT TO Muitiway (D1s-Dg Mx3 - Mxg)
Unconditional branch to the address specified
by the D inputs concatenated with the M inputs
and pop the stack. The lower four bits on the D
bus (D3 - Do) are replaced by one of the four
sets of the 4-bit multiway branch addresses.
The multiway branch set is selected by bits Dy
and Dp while D3 and D2 are ''don't cares.'"

EXIT TO TOS

Unconditional branch to the address on the top
of the stack and pop the stack. Also used for
unconditional returns.

PF001790

02y

061

0AH

OEH

XTCC_D

XTCC__A

XTCC_M

XTCC__S

IF CC, THEN EXIT TO D

ELSE CONTINUE

If CC is HIGH (pass), exit to the address
specified by the D inputs and pop the stack. If
CC is LOW (fail), continue with no pop. The D
port must be disabled to avoid bus contention.

IF CC, THEN EXIT TO A

ELSE CONTINUE

If CC is HIGH (pass), exit to the address
specified by the A inputs and pop the stack. If
CC is LOW (fail), continue with no pop.

IF CC, THEN EXIT TO Multiway

(D15 - D4 Mx3 - Mxo)

ELSE CONTINUE

If CC is HIGH (pass), exit to the address
specified by the D inputs concatenated with the
M inputs and pop the stack. The lower four bits
on the D bus (D3.—- Do) are replaced by one of
the four sets of the 4-bit multiway branch
addresses. The multiway branch set is selected
by bits D1 and Dg while bits D3 and D2 are
"'don't cares."

IF CC, THEN EXIT TO TOS

ELSE CONTINUE

If CC is HIGH (pass), exit to the address on the
top of the stack and pop the stack. If CC is
LOW (fail), continue with no pop. Also used for
conditional returns.

Note: Opcode numbers are in hexadecimal notation.

STACK //

STACK

PF001800
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Opcode
(Is = lo)

Mnemonics

Description

Execution

Example

124

16H

1AH

1EH

XTNC_D

XTNC_A

XTNC_M

XTNC_S

IF NOT CC, THEN EXIT TO D

ELSE CONTINUE

If CC is LOW (pass), exit to the address
specified by the D inputs and pop the stack. If
CC is HIGH (fail), continue with no pop. The D
port must be disabled to avoid bus contention.

IF NOT CC, THEN EXIT TO A

ELSE CONTINUE

If CC is LOW (pass), exit to the address
specified by the A inputs and pop the stack. If
CC is HIGH (fail), continue with no pop.

IF NOT CC, THEN EXIT TO Multiway
(D15 - D4 _Mxs - Mxo)

ELSE CONTINUE

If CC is LOW (pass), exit to the address
specified by the D inputs concatenated with the
M inputs and pop the stack. The lower four bits
on the D bus (D3 - Do) are replaced by one of
the four sets of the 4-bit muitiply branch
addresses. The multiway branch set is selected
by bits D4 and Do while bits D3 and Dy are
""don't cares."

IF NOT CC, THEN EXIT TO TOS
ELSE CONTINUE

If CC is LOW (pass), exit to the address on the
top of the stack and pop the stack. If CC is
HIGH (fail), continue with no pop. Also used for
conditional returns.

7] 5

STACK »

STACK

Q—-—-PCv‘

/7 5
4

PF001810

284

274

2BH

2Fy

DJMP_D

DJMP_A

DJMP_M

DJMP__S

IF CNT#1 THEN CNT:=CNT-1
GOTO D

ELSE CNT:=CNT-1

CONTINUE

If the counter is not equal to one, decrement
the counter and branch to the address
specified by the D inputs. If the counter is equal
to one, then decrement the counter and
continue. The D port must be disabled to avoid
bus contention.

IF CNT# 1 THEN CNT:=CNT -1
GOTO A

ELSE CNT:=CNT-1

CONTINUE

If the counter is not equal to one, decrement
the counter and branch to the address
specified by the A inputs. If the counter is equal
to one, then decrement the counter and
continue.

IF CNT#1 THEN CNT:=CNT-1
GOTO Multiway (D15 - D4 Mxa - Mxo)
ELSE CNT:=CNT-1

CONTINUE

If the counter is not equal to one, decrement
the counter and branch to the address
specified by the D inputs concatenated with the
M inputs. The lower four bits on the D bus
(D3 - Do) are replaced by one of the four sets
of the 4-bit muitiway bra