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PREFACE

Commitment to Technology

Advanced Micro Devices' research in semiconductor manufacture and testing continues to lead to new breakthroughs. AMD has
several six-inch wafer fabrication facilities which process advanced NMOS, CMOS, and Bipolar technologies. These facilities
produce ICs that are more affordable and reliable than material built in less advanced fabrication areas, Innovative methods and
techniques from fabrication through final test give you advanced products and the assurance of replicable processing.

Advanced Packaging Technology

AMD is also emphasizing today's new high pin-count packages; the Plastic Leaded Chip Carrier (PLCC), the Ceramic Leadless Chip
Carrier (LCC), and the Pin Grid Array (PGA). Many of AMD's microprocessor and peripheral products are available in surface-
mountable PLCC packages.

System Solutions

This data book contains data sheets on AMD's family of MOS microprocessors, peripherals, and microcontrollers. AMD offers a
complete line of iAPX microprocessors from the 8086/8088 and 80186/80188 to the high-performance 80286. AMD maintains full
compatibility with new revisions of these iAPX products. These processors are available in various packages, including PLCC as
well as standard dual-in-line for the 8086/8088, and LCC for the 80186/80188/8286. In addition, AMD's technological advances
provide the highest speeds available in this family, including the 10-MHz 8086/8088 and the 12.5-MHz 80286. Advanced
processing techniques allow many functions to run cooler than other manufacturers' devices, giving you better overall reliability. For
example, AMD's 80L286 consumes up to 50% less power than the other manufacturer's product. This translates into cooler
operating temperatures leading to improved reliability. This performance enables AMD to offer the 80L286 in a lower-cost, surface-
mountable 68-pin PLCC.

In addition to microprocessors, AMD provides various peripherals to support these processors. This offering includes the complete
peripheral kit associated with the 8088 and 80286 CPUs. AMD also manufactures proprietary advanced peripherals, including the
Am9517A/8237A DMA Controller, the Am9513A System Timing Controller, and the Am9516A Advanced DMA Controller.

Single-Chip Microprocessors

AMD's 8051 Family continues to grow. For applications where more on-chip program memory is required, the 8053 offers 8K bytes
of on-chip ROM. To assist you with prototyping and development needs, AMD has the 8753-EPROM version of the 8053.

The 80C51/80C31 are CMOS versions of the popular 8051/8031. These CMOS devices are ideally suited for power-sensitive
applications. The 80C51/80C31 features idle and power-down modes for further power conservation.

The 80C521/80C321 has double ROM and RAM, a watchdog timer, and a second data pointer. The watchdog timer provides
protection from unexpected external events. The data pointer saves time and code space for routines such as block moves.

Originally designed for automotive applications, the 80515 and the 80535, with an on-chip A/D converter and watchdog timer, are
ideally suited for most motor control applications. The 80515 also has 8K bytes of on-chip ROM, 256 bytes of RAM, and two
additional 1/0 ports.

AMD offers several of the Zilog line of micorporcessors and associated peripherals. These include the Z8001* and Z8002*
microprocessors in both commercial and military temperature ranges, and peripherals such as the industry-standard Z8530 Serial
Communications Controller in several temperature, speed, and package configurations.

Customer Service

AMD's dedication to the customer extends beyond our traditional commitment to quality. We support our products with an
extensive network of Applications Engineers located in manufacturing facilities and sales offices worldwide. These individuals
provide you easy access to an extensive array of design tools, support literature, and personal service. For your convenience in
ordering and scheduling deliveries, AMD is represented by representatives and major distributors worldwide.

*Z8001 and ZB002 are trademarks of Zilog, Inc.
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MOS Microprocessor Family

Selector Guide

PROCESSOR 80186/ 8086/ Z8001/
PERIPHERAL FUNCTION 80286* 80188 8088* Z8002** (68000)
Clock Period 100 ns 125 ns 100 ns 165 ns 100 ns
Clock Generator 82284-10 On-Chip B8284A-1 8127 N/A
Arithmetic Processing Unit N/A 9511A-1 9511A-4 9511A-4
Interrupt Controller 9519A-1 9519A 8259A-2 9519A-1 9519A
8259A-2 8250A
DMA Controlier 9517A-5 9517A-5 9516A-8 9517A-5
9516A-8 9516A-8 9517A-5 9516A-8
8237A-5 8237A-5 8237A-5 8237A-5
Dynamic Memory Controller 20648 2984R 29648 2964R 20648
2968/69/70 2968/69/70 2968/69/70
Serial 1/0 8251A 8251A 8251A 8030A 8251A
8530A 8530A B8530A 7968/68 B8530A
7968/69 7968/68 8030A 7968/639
7968/69
Paraliel i/0O 8255A 8255A-5 8255A 5380 8255A-5
5380 5380 5380 8536A
5380
Counter Timer i/0 9513A 9513A 9513A 9513A 9513A
82C54 8253-5 8253-2 8253-5
Data Ciphering Processor 8068 8068 8068 8068 9518
9568 9568 9568 8068
Error Detection and Correction 2960 2960 2960 2960 2960
Burst Error Processor 8065 8065 8065 8065 8065
9520 9520 9520 9520 9520
CRT Controller 8052 8052 8052 8052 8052
RAM 1710 N/A N/A N/A N/A N/A
Bus Control/Arbiter 82C288-10 N/A 8288 N/A N/A
Bus Latches 29841-6 29841-6 29841-6 29841-6 29841-6
Bus Buffers 29827/28 29827/28 29827/28 20827/28 29827/28
Bus Transceivers 29861-4 20861-4 29861-4 29861-4 29861-4
EDC Buffers 2961/2 2961/2 2961/2 2961/2 2961/2
RAM Drivers 2965/6 2965/6 2965/6 2965/6 2965/6
Network Products 7960 7960 7960 7960 7960
7961 7961 7961 7961 7961
7990 7990 7990 7990 7990
7992 7982 7992 7992 7992
7996 7996 7996 7996 7996
Compression/Expression Processor 7971 7971 7971 7971 7971
Disk Controller 9580 9580 9580 9580 9580
Video Products 95C60 95060 95C60 95C60 95C60
8150 8150 8150 8150 8150
8151 8151 8151 8151 8151
8157 8157 8157 8157 8157
8158 8158 8158 8158 8158
8159 8159 8159 8158 8159
8171/72 8171/72 8171/72 8171/72 8171/72
B8175/76 8175/76 8175/76 8175/76 8175/76
8177 8177 8177 8177 8177
Sort/Search Accelerator 95C85 95C85 95C85 95C85 95C85
ISDN 79C30 79C30 79C30 79C30 79C30
79C31 79C31 79C31 79C31 79C31
79C32 79032 79C32 79C32 79C32
79C33 79C33 79C33 79C33 79C33
7936 7936 7936 7936 7936
7938 7938 7938 7938 7938
Modem 7910 7910 7910 7910 7910
79C12 79C12 79C12 79C12 79C12

*Trademarks of Intel, Inc.

**Z8001 and Z8002 are trademarks of Zilog, Inc.




ADDITIONAL SUPPORT LITERATURE

The following is a list of AMD product literature which, in addition to the data sheets contained in this book, can be ordered from
your local AMD Sales Representative or the Literature Distribution Center at (800) 538-8450, extension 5000; inside California, call

(408) 749-5000.

Key: AN. = Application Note

>
)
i

Article Reprint

H.B. = Hand Book
P.D. = Product Description
R.R. = Reliability Report

T.M. = Technical Manual
DATE OF
DEVICE ORDER NUMBER PUBLICATION TITLE
Am9511A/8231A 615C 08/86 Floating-Point Processor (T.M.)
Am9513A 3402D 12/84 System Timing Controller (T.M.)
8217A 06/86 Addendum to Technical Manual
Am9516A 7737A 01/86 High-Performance DMA for the VME bus (A.R.)
4910A 10/84 Am9516/AmZ8016 Direct Memory Access Controller (T.M.)
3334B 09/85 Am9516 Universal DMA Controlier (P.D.)
Am9517A/8237A 92C 05/85 Multimode Direct Memory Access Controller (T.M.)
Am9518/AmZ8068 4428 06/85 Data Ciphering Processor (P.D.)
1275A 12/81 Single-Chip Encrypts Data at 14 Mb/s (A.R.)
5432A 10/86 Keep Your Secrets Secret with the Am9518 (A.R.)
7214A 09/85 Cryptographic Chips Safeguard Computer Data (A.R.)
4862B 05/85 Data Ciphering Processors — Am9518, Am9568, AmZ8068
(TM.)
Am9519 51868 05/85 Am9519A Universal Interrupt Controller (T.M.)
Am9520/Am9521/ 1888A 03/82 The Am9520 Burst Error Processor (P.D.)
AmZ8065
Am9568 48628 05/85 Data Ciphering Processors — Am8518, Am9568, AmZ8068,
(T.M)
Am9580/AmI580A 6289A 03/82 Winchester/Floppy Controller Eases Disk Interfacing (A.R.)
7270A 10/85 Disk Drive Controller ICs (A.R.)
8485A 08/86 Controllers Wring Peak Performance Out of Disk Drives (A.R.)
AmOEQN QAQAN na/oc Niale Oranteallar 10 \Unrinae QACIH Diin lntarfana Naciana (A D\
AmS582 8484A 08/88 Disk Controller IC Varies SCS! Bus Interface Designs (A.R)
8485A 08/86 Controllers Wring Peak Performance Out of Disk Drives (A.R.)
Am95C85 8456A 07/86 Hardware Sorting Chip Steps Up Software Pace (A.R.)
8035A 07/86 Content Addressable Data Manager (T.M.)
70128 08/86 The Am95C85 Content Addressable Data Manager (P.D.)
09491A 03/87 Chip Accelerates Sorting, Searching (A.R.)
80C31/80C51 6390A 10/86 Controller Chips Pair Up in 'S" Interface for ISDN Systems
(AR
28030/28530 3335A 04/84 AmZ8030/AmZ8530 Serial Communications Controller (P.D.)
7338A 10/85 Using the AmZ8030/AmZ8530 SCC (A.N.)
6390A 10/86 Controller Chips Pair Up in 'S' Interface for ISDN Systems
(AR)
7513A 03/86 AmZ8030/AmZ8530 Serial Communications Controller (T.M.)
2188A 08/85 Peripheral Processor Interface Guide (T.M.)
8713A 10/86 Advanced Packaging from AMD (A.R.)
1916B 10/84 MOS Microprocessors and Peripherals (R.R.)
9275A/0 1987 MOS Microprocessors and Peripherals Military Hand Book

(HB)
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articles are not available from AMD's Literature Distribution Center.

DEVICE TITLE

Am9519A ""Am9519A Universal Interrupt Controller," by A.R. Shevekov (staff). ltaly, Electronica Oqgi,
January 1983.

Am9518 "The Am9518 Data Chiphering Processor,” by Dave MacMillan. Germany, Elektronik Informa-
tionen, February 1983.
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""Winchester Controlier Eases Disk Interfacing,’” by Mark Young. France, Electronique
Industrielle, May 1985.

AmB8052/Am8152 "CRT Controller Chip-set,” (staff written), Germany, Markt & Technik, September 13, 1983.

Am9521 ""Burst Error Correction Made Easy," by Robert Anderson and Barry Pelley. Germany,
Elektronik Informationen, May 1984. U.K., New_ Electronics, March 1984. italy, Selezione,
January 1985.

Am7901/Am27512/8088 "'Signal Processing Without a Multiplier,”" by Sid Martra and Munsi Haque. Australia, Australian
Electronic Engineering, October 1985. Italy, Electronica Oggi, October 1986.

Am9580 ""SCSI for the Am9580 HDC Takes Different Directions for Different Performance Goals," by
Mashe Segal. Germany, Elektronik Informationen, November 1985. Italy, Il Progettista, March
1987.

Am9518/Am9568 '"Changing the Sampling Rate of a DSP System," by Kenn Lamb. ltaly, Electronica Oggi,
January 1986.

8751/Am9761 "'Single-chip Microcomputer with 8K-Bytes of On-board EPROM Offers Important Design Ad-
vantages,” by Gordon Burk and Rajesh Tanna. Germany, Elektronik Industrie, October 1985.
Italy, Il Progettista, October 1986.

Am9518/Am9568 "Data Security Made Affordable,” by Juergen Stelbrink. Germany, Elektronik, January 10,
19886. italy, Electronica Oggi, Aprit 1986.

Am95C85 ""Hardware Sorting Chip Boosts Software Speed,"” Germany, Elektronik Industrie, December
1986. France, ETl, November 1986. ltaly, Selezione, February 1987.

""An Achievement in Memory Systems,”’ by Robert Cremades. France, Processeurs et
Systemes, November 1986.

Am9580/Am9582 "Disk Controller Board Handles ESDI or ST506," by Jochen Polster. Germany, Design &
Elektronik, May 27, 1986.
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INTERFACE SUPPORT PRODUCTS

INTERFACE SUPPORT PRODUCTS*

Part Number Description
25182521 8-Bit Comparator
25082535 8-Bit Multiplexer for Control Storage
25182536 8-Bit Decoder with Control Storage
25182548 Chip Select Address Decoder
Am2960 Cascadable 16-Bit Error Detection and Correction
Am2961/2962 4-Bit Error Correction Multiple Bus Buffers
Am2964B Dynamic Memory Controller
Am2965/2966 Octal Dynamic Memory Driver with Three-State Output
Am29806/29809 6-, 9-Bit Comparators
Am2982XX 8-, 9-, 10-Bit Registers
Am29827/29828 10-Bit Bus Drivers
Am29833/29834 Parity Bus Transceivers
Am2984X 8-, 9-, 10-Bit Latches
Am2985X/Am2986X 9-, 10-Bit Transceivers
Am8120 Octal D-Type Flip-Flop
Am8127 Z8000 Clock Generator
Am8163 Timing, Refresh and EDC Controller
Am8167 Timing, Refresh and EDC Controller
Am8212 8-Bit 1/0 Port
Am8216 4-Bit Parallel Bidirectional Bus Driver, Noninverting
Am8224 Clock Generator, 8080A Compatible
Am8226 4-Bit Parallel Bidirectional Inverting Bus Driver
Am8228 8080A System Controller and Bus Driver
Am8238 8080A System Controller and Bus Driver with Extended IOW and MEMW
Am8286/8287 Octal Bus Transceivers
AmB8284A Clock Generator & Driver for 8086, 8088 Processors
Amg8288 Bus Controller
82C288 CMOS Bus Controller
82284 Clock Generator

STANDARD 20-PIN PAL FAMILY**

AmPAL16XX 20-Pin IMOX PAL Elements with 6 Different Speed/Power Versions
ADVANCED PAL DEVICES**

AmPAL22V10 24-Pin IMOX PAL with 10 Programmable Output Logic Macrocells (OLMs)

AmPAL23S8 20-Pin IMOX PAL-Based Sequencer with 4 OLMs, 4 Output Registers, & 6 Buried State Registers

AmPAL29M16 24-Pin E2-Based CMOS PAL with 16 OLMs and 2 Clock Inputs

AmPAL29MA16 24-Pin E?-Based Asynchronous CMOS PAL with 16 OLMs and Product Term Driven Clocks
24-PIN PAL FAMILY**

AmPAL20XX 24-Pin PAL Family with 8 Registered/Combinatorial Outputs

AmPAL20X10 20-Input, 10-Output Combinatorial PAL

AmPAL20RPX 10 Registered/Combinatorial Outputs and Programmable Polarity

AmPAL20XRPX 20RPX with EXCLUSIVE-OR Capability

* Refer to the Bipolar Microprocessor Logic and Interface Data Book for complete product information.
** Refer to the Programmable Array Logic Handbook/Data Book for complete product information.
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Am29000

Streamlined Instruction Processor

ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS

Full 32-bit, three-bus architecture

17 million instructions per second (MIPS) sustained
25-MHz operating frequency

Efficient execution of high-level language programs
CMOS technology

4-gigabyte virtual address space with demand paging
Concurrent instruction and data accesses

® Burst-mode access support

192 general-purpose registers

512-byte Branch Target Cache

64-entry Memory-Management Unit

De-multiplexed, pipelined address, instruction, and data
buses

@ Three-address instruction architecture

GENERAL DESCRIPTION

The Am29000 Streamlined Instruction Processor is a high-
performance, generai-purpose, 32-bit microprocessor im-
plemented in CMOS technology. It supports a variety of
applications, by virtue of a flexible architecture and rapid
execution of simple instructions which are common to a
wide range of tasks.

The Am29000 efficiently performs operations common to
all systems, while deferring most decisions on system
policies to the system architect. it is well suited for
application in high-performance workstations, general-pur-
pose super-minicomputers, high-performance real-time
controllers, laser printer controllers, network protocol con-
verters, and many other applications where high-perfor-

mance, flexibility, and the ability to program using standard
software toois is important.

The Am29000 instruction set has been influenced by the
results of high-level-language, optimizing-compiler re-
search. It is appropriate for a variety of languages, because
it efficiently executes operations which are common to all
languages. Consequently, the Am29000 is an ideal target
for high-level languages such as C, Fortran, Pascal, and
ADA.

The processor is packaged in a 169-terminal pin-grid-array
(PGA) package, using 141 signal pins, 27 power and
ground pins, and 1 alignment pin. A representative system
diagram is shown below.

SIMPLIFIED SYSTEM DIAGRAM
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This document contains information on a product under development at Advanced Micro Devices, Amendment
Inc. The information is intended to help you to evaluate this product. AMD reserves

the right to change or discontinue work on this proposed product without notice. 2.1




Am29027

Am29027

Arithmetic Accelerator

ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS

® High-speed floating-point accelerator for the Am29000
processor

® Comprehensive floating-point and integer instruction
sets

® Single-, double-, and mixed-precision operations

® Performs conversions between precisions and between
data formats

® Compatible with industry-standard floating-point formats
- |EEE P754 version 10.1
- DEC F, DEC D, and DEC G formats
- IBM system 370 format

® Exact IEEE compliance for denormalized numbers

® Simple interface requires no glue logic between
Am29000 and Am29027

® Eight-deep register file for intermediate results and on-
chip 64-bit datapath facilitate compound operations,
e.g., Newton-Raphson division, sum-of-products, and
transcendentals

® Supports pipelined or flow-through operation
- Performs single- and double-precision floating-point

operations at 120-ns pipelined rate

® Full compiler and assembler support

® Fabricated with Advanced Micro Devices' 1.2 micron
CMOS process

GENERAL DESCRIPTION

The Am29027 Arithmetic Accelerator is a high-speed
computational unit intended for use with the Am29000
Streamlined Instruction Processor (SIP). When added to a
29000-based system, the Am29027 can improve floating-
point performance by an order of magnitude or more.

The Am29027 implements an extensive floating-point and
integer instruction set, and can perform operations on
single-, double- or mixed-precision operands. The three
most popular floating-point formats (IEEE, DEC, and IBM)
are supported. IEEE operations comply with standard P754,
with direct implementation of special features such as
gradual underflow and trap handling.

The Am29027 consists of a 64-bit ALU, a 64-bit datapath,
and a control unit. The ALU has three data input ports, and
can perform compound operations of the form (A * B) + C.
The datapath comprises two 64-bit input operand registers,
an 8-by-64-bit register file for storage of intermediate

results, three operand selection multiplexers that provide
for orthogonal selection of input operands, and an output
multiplexer that allows access to result data, operation
status, flags, or accelerator state. The control unit inter-
prets transaction requests from the Am29000, and se-
quences the ALU and datapath.

Operations can be performed in either of two modes: flow-
through or pipelined. In the flow-through mode, the ALU is
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 operations, such
as those found in graphics or signal processing.

The Am29027 connects directly to Am29000 system buses,
and requires no additional interface circuitry.

Fabricated with AMD's 1.2 micron technology, the
Am29027 is housed in a 169-lead pin-grid-array (PGA)
package.

This document contains information on a product under development at Advanced Micro Devices,
Inc. The information is intended to help you to evaluate this product. AMD reserves the right

to change or discontinue work on this proposed product without notice.
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Am5380

SCSI Interface Controller

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

SCSI interface

® Asynchronous interface to 1.5 megabytes per second
® Supports Initiator and Target roles

® Parity generation with optional checking

® Supports Arbitration

® Direct control of all bus signals

@ High current outputs drive SCSI Bus directly

CPU Interface

@ Memory or 1/O mapped interface
® DMA or programmed /O

e Normal or Block mode DMA

@ Optional CPU interrupts

GENERAL DESCRIPTION

The Am5380 Small Computer Systems Interface (SCSI)
Interface Controller is a 40-pin NMOS device designed to
accommodate the SCSI as defined by the ANSI X3T79.2
committee. The Am5380 operates in both the Initiator and
Target roles and can, therefore, be used in host adapter,
host port and formatter designs. This device supports
Arbitration, including Reselection. Special high-current
open-collector output drivers, capable of sinking 48 mA at
0.5 V, allow for direct connection to the SCSI Bus.

The Am5380 communicates with the system microproces-
sor as a peripheral device. The chip is controlled by reading
and writing several internal registers which may be ad-
dressed as standard or memory-mapped 1/0. Minimal
processor intervention is required for DMA transfers be-
cause the Am5380 controls the necessary handshake
signals. The Am5380 interrupts the CPU when it detects a
bus condition that requires attention. Normal and Block
mode DMA is provided to match many popular DMA
controllers.

BLOCK DIAGRAM

BD006561
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Am9511A/8231A*

Am9511A/8231A*

Arithmetic Processor

DISTINCTIVE CHARACTERISTICS

® 2, 3 and 4MHz operation; fixed point 16-bit and 32-bit
operations

® Floating point 32-bit operations; binary data formats

® Add, Subtract, Multiply and Divide; trigonometric and
inverse trigonometric functions

® Square roots, logarithms, exponentiation; float to fixed
and fixed to float conversions

® Stack-oriented operand storage; DMA or programmed
1/0 data transfers

® End signal simplifies concurrent processing; Synchro-
nous/Asynchronous operations

® General purpose 8-bit data bus interface; standard 24-
pin package

® +12 volt and +5 volt power supplies; advanced N-
channel silicon gate MOS technology

GENERAL DESCRIPTION

The Am9511A/8231A Arithmetic Processing Unit (APU) is
a monolithic MOS/LSI| device that provides high perfor-
mance fixed and floating point arithmetic and a variety of
floating point trigonometric and mathematical operations. It
may be used to enhance the computational capability of a
wide variety of processor-oriented systems.

All transfers, including operand, result, status and com-
mand information, take place over an 8-bit bidirectional
data bus. Operands are pushed onto an internal stack, and
a command is issued to perform operations on the data in

the stack. Results are then available to be retrieved from
the stack, or additional commands may be entered.

Transfers to and from the APU may be handled by the
associated processor using conventional programmed /0O
or may be handled by a direct memory access controller for
improved performance. Upon completion of each com-
mand, the APU issues an end of execution signal that may
be used as an interrupt by the CPU to help coordinate
program execution.

BLOCK DIAGRAM
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CONNECTION DIAGRAM ‘%
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Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

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

AMO511A =1 D C

B

. OPTIONAL PROCESSING
Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE*
C = Commercial (0 to +70°C)
I =Industrial (-40 to +85°C)

c. PACKAGE TYPE
D = 24-Pin Ceramic DIP (CD 024)

b. SPEED OPTION

Blank = 2 MHz
-1=3 MHz
~4 =4 MHz
a. DEVICE NUMBER/DESCRIPTION
AmM9511A
Arithmetic Processor
Valid Combinations Valid Combinations
AMS511A DC, DGB. DI, Valid Combinations list configurations planned to be
AM9511A-1 DiB supported in volume for this device. Consult the local AMD
AM9511A-4 DC, DCB sales office to confirm availability of specific valid
combinations, to check on newly released combinations, and
“This device is also available in Military temperature range. to obtain additional data on AMD's standard military grade
See MOS Microprocessors and Peripherals Military Handbook products.
(Order #09275A/0) for electrical performance characteris-

tics.
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Am9511A/8231A*

PIN DESCRIPTION

Name

170

Description

Vee

+5V Power Supply.

Voo

+12V Power Supply.

Vss

Ground.

CLK

(Clock). An external timing source connected_to the CLK input provides the necessary clocking.
The CLK input can be asynchronous to the RD and WR control signals.

RESET

(Reset). A HIGH on this input causes initialization. Reset terminates any operation in progress and
clears the status register to zero. The internal stack pointer is initialized, and the contents of the
stack may_be affected, but the command register is not affected by the reset operation. After a
reset the END output will be HIGH, and the SVREQ output will be LOW. For proper initialization,
the RESET input must be HIGH for at least five CLK periods following stable power supply
voltages and stable clock.

21

c/D

(Command/Data Select). The C/D input, with the RD and WR inputs, determines the type of
transfer to be performed on the data bus as follows:

c/D

=

Function
Push data byte into the stack
Pop data byte from the stack
Enter command byte from the data bus
Read Status
Undefined

S EA R
3
f_I|—I'_:

X|T|lT|r|r

L=LOW
H = HIGH
X =DON'T CARE

24

(End of Execution). A LOW on this output indicates that execution of the current command is
complete. This output will be cleared HIGH by activating the EACK input LOW or performing any
read or write operation or device initialization using the RESET. If EACK is tied LOW, the END
output will be a pulse (see EACK description). This is an open drain output and requires a pull
up to +5V.

Reading the status register while a command execution is in progress is allowed. However, any
read or write operation clears the flip-flop that generates the END output. Thus, such continuous
reading could conflict with internal logic setting the END flip-flop at the completion of command
execution.

(End Acknowledge). This input when LOW makes the END output go HIGH. As mentioned earlier,
LOW on the END output signals completion of a command execution. The END output signal is
derived from an internal flip-flop which is clocked at the completion of a command. This flip-flop
is clocked to the reset state when EACK is LOW. Consequently, if the EACK is tied LOW, the
END output will be a pulse that is approximately one CLK period wide.

SVREQ

(Service Request). A HIGH on this output indicates completion of a command. In this sense, this
output is same as the END output. However, whether the SVREQ output will go HIGH at the
completion of a command or not is determined by a service request bit in the command register.
This bit must be 1 for SVREQ to go HIGH. The SVREQ can be cleared (i.e., go LOW) by
activating the SVACK input LOW or initializing the device using the RESET. Also, the SVREQ will
be automatically cleared after completion of any command that has the service request bit as 0.

SVACK

(Service Acknowledge). A LOW on this input activates the reset input of the flip-flop generating
the SVREQ output. If the SVACK input is permanently tied LOW, it will conflict with the internal
setting of the flip-flop to generate the SVREQ output. Thus the SVREQ indication cannot be
relied upon if the SVACK is tied LOW.

8-15

DB0-DB7

170

(Bidirectional Data Bus). These eight bidirectional lines are used to transfer command, status and
operand information between the device and the host processor. DBO is the least significant, and
DB7 is the most significant bit position. HIGH on the data bus line corresponds to 1, and LOW
corresponds to 0.

When pushing operands on the stack using the data bus, the least significant byte must be
pushed first and most significant byte last. When popping the stack to read the result of an
operation, the most significant byte will be available on the data bus first, and the least significant
byte will be the last. Moreover, for pushing operands and popping results, the number of
transactions must be equal to the proper number of bytes appropriate for the chosen format.
Otherwise, the internal byte pointer will not be aligned properly. The Am9511A/8231A single
precision format requires 2 bytes; double precision and floating-point formats require 4 bytes.
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PIN DESCRIPTION (Cont.)

Pin No. Name 170

Description

18 cs |
Am9511A.

diagram for details.

(Chip Select). This input must be LOW to accomplish any read or write operation to the

To perform a write operation, data is presented on DBO through DB7 lines, C/D is driven to an
appropriate level and the CS input is_made LOW. However, actual writing into the .
Am9511A/8231A cannot start untit WR is made LOW. After initiating the write operation by a WR
HIGH-to-LOW transition, the PAUSE output will go LOW momentarily (TPPWW).

The WR input can go HIGH after PAUSE goes HIGH. The data lines, C/D input and the TS
input can change when appropriate hold time requirements are satisfied. See Write Timing

To perform a read operation, an appropriate logic level is established on the C/D input, and CS
is made LOW. The read operation does not start until the RD input goes LOW. PAUSE will go
LOW for a period of TPPWR. When PAUSE goes back HIGH again, it indicates that the read
operation is complete, and the required information is available on the DBO through DB7 lines.
This information will remain_on the data lines as long as the RD input is LOW. The RD input can
return HIGH anytime after PAUSE goes HIGH. The TS input and C/D inputs can change anytime
after RD returns HIGH. See Read Timing diagram for details.

20 RD [

CS is LOW).

(Read). A LOW on this input is used to read information from an internal location and gate that
information on to the data bus. The CS input must be LOW to accomplish the read operation.
The C/D input determines what internal location is of interest. See C/D, CS input descriptions
and Read Timing diagram for details. If the END output was LOW, performing any read operation
will make the END output go HIGH after the HIGH-to-LOW transition of the RD input (assuming

details.

(Write). A LOW on this input is used to transfer information from the data bus into an internal
location. The CS must be LOW to accomplish the write operation. The C/D determines which
internal location is to be written. See C/D, CS input descriptions and Write Timing diagram for

If the END output was LOW, performing_any write operation will make the END output go HIGH

after the LOW-to-HIGH transition of the WR input (assuming CS is LOW).

(Pause). This output is a handshake signal used while performing read or write transactions with
the Am9511A. A LOW at this output indicates that the Am9511A/8231A has not yet completed
its information transfer with the host over the data bus. During a read operation, after CS went
LOW, the PAUSE will become LOW shortly (TRP) after RD goes LOW. PAUSE will return high

only after the data bus contains valid output data. The CS

PAUSE is LOW. The RD ma

after CS went LOW, the PAUSE will be LOW for a very short duration (TPPWW) after WR goes
LOW. Since the minimum of TPPWW is O, the PAUSE may not go LOW at all for fast devices.

WR may go HIGH anytime after PAUSE goes HIGH.

and RD should remain LOW when
0 high anytime after PAUSE goes HIGH. During a write _operation,

DETAILED DESCRIPTION

Major functional units of the Am9511A/8231A are shown in
the block diagram. The Am9511A/8231A employs a micropro-
gram controlled stack oriented architecture with 16-bit wide
data paths.

The Arithmetic Logic Unit (ALU) receives one of its operands
from the Operand Stack. This stack is an 8-word by 16-bit 2-
port memory with last in-first out (LIFO) attributes. The second
operand to the ALU is supplied by the internal 16-bit bus. In
addition to supplying the second operand, this bidirectional
bus also carries the results from the output of the ALU when
required. Writing into the Operand Stack takes place from this
internal 16-bit bus when required. Also connected to this bus are
the Constant ROM and Working Registers. The ROM provides the
required constants to perform the mathematical operations (Che-
byshev Algorithms), while the Working Registers provide storage
for the intermediate values during command execution.

Communication between the external world and the
Am9511A/8231A takes place on eight bidirectional input/
output lines DBO through DB7 (Data Bus). These signals are
gated to the internal eight-bit bus through appropriate inter-
face and buffer circuitry. Multiplexing facilities exist for bidirec-
tional communication between the internal eight- and sixteen-
bit buses. The Status Register and Command Register are
also accessible via the eight-bit bus.

The Am9511A/8231A operations are controlled by the micro-
program contained in the Control ROM. The Program Counter
supplies the microprogram addresses and can be partially
loaded from the Command Register. Associated with the
Program Counter is the Subroutine Stack where return ad-
dresses are held during subroutine calls in the microprogram.
The Microinstruction Register holds the current microinstruc-

tion being executed. This register facilitates pipelined micro-
program execution. The Instruction Decode logic generates
various internal control signals needed for the Am9511A/
8231A operation.

The Interface Control logic receives several external inputs
and provides handshake related outputs to facilitate interfac-
ing the Am9511A/8231A to microprocessors.

Command Format

Each command entered into the Am9511A/8231A consists of
a single 8-bit byte having the format illustrated below:

SVREQ SINGLE FIXED = OPECRO‘:)TE‘ON |
a i N bl AR
7 6 5 4 3 2 1

o
TB000063

Bits 0 - 4 select the operation to be performed as shown in the
table. Bits 5 - 6 select the data format for the operation. If bit 5
is a 1, a fixed point data format is specified. If bit 5 is a 0,
floating point format is specified. Bit 6 selects the precision of
the data to be operated on by fixed point commands (if bit
5 =0, bit 6 must be 0). If bit 6 is a 1, single-precision (16-bit)
operands are indicated; if bit 6 is a 0, double-precision (32-bit)
operands are indicated. Results are undefined for all illegal
combinations of bits in the command byte. Bit 7 indicates
whether a service request is to be issued after the command is
executed. If bit 7 is a 1, the service request output (SVREQ)
will go HIGH at the conclusion of the command and will remain
HIGH until reset by a LOW level on the service acknowledge
pin (SVACK) or until completion of execution of a succeeding
command where bit 7 is 0. Each command issued to the
Am9511A/8231A requests post execution service based upon
the state of bit 7 in the command byte. When bit 7 is a 0,
SVREQ remains LOW.

2-7
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Am9511A/8231A*

COMMAND SUMMARY

Command Code Command Command Description

7e]s[a]a]2]1]0] mnemonic
FIXED-POINT 16-BIT
sr| 1 11011 1{o0jo0 SADD Add TOS to NOS. Result to NOS. Pop Stack.
sr |1 1101} 1 110711 SsuB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr 1 1 0|1 1 1 0 SMUL Multiply NOS by TOS. Lower haif of result to NOS. Pop Stack.
sr 1 1 1 0|1 1 0 SMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr 1 1 0 1 1 1 1 SDIV Divide NOS by TOS. Result to NOS. Pop Stack.
FIXED-POINT 32-BIT
sr | 0|1 0|1 1 00 DADD Add TOS to NOS. Result to NOS. Pop Stack.
sr 0|1 0] 1 11011 DSuUB Subtract TOS from NOS. Result to NOS. Pop Stack.
st |Of[1]0]1 111410 DMUL Multiply NOS by TOS. Lower half of resuit to NOS. Pop Stack.
st | 0|1 1 0|1 1 0 DMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr 0 1 0 1 1 1 1 DDIV Divide NOS by TOS. Result to NOS. Pop Stack.
FLOATING-POINT 32-BIT
sr o} o 1 ojo0jo0o}|o FADD Add TOS to NOS. Result to NOS. Pop Stack.
sr 0}l0 ] 1 oOjofo¢|1 FsuB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr J]OJOf1}j0]0}]1}O0 FMUL Multiply NOS by TOS. Result to NOS. Pop Stack.
sr 0|0 1 0|0 1 1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack.
DERIVED FLOATING-POINT FUNCTIONS
sr ojojojojo}jo 1 SQRT Square Root of TOS. Result in TOS.
sr (O3 ] 0 0 0 1 0 SIN Sine of TOS. Result in TOS.
st {f0Ojofojo}foOo|1 1 COs Cosine of TOS. Result in TOS.
sr |OjJO|JO}oO]|1 0|0 TAN Tangent of TOS. Result in TOS.
sr 0 0 0 0 1 0 1 ASIN Inverse Sine of TOS. Result in TOS.
sr ojOoOf|O0O}|O]}| 1 1 0 ACOS Inverse Cosine of TOS. Result in TOS.
sr ojo0f[O0}0O 1 1 1 ATAN Inverse Tangent of TOS. Result in TOS.
sr 0|0 |O0]1 ojJo}|o LOG Common Logarithm (base 10) of TOS. Result in TOS.
sr 00|01 0]0 |1 LN Natural Logarithm (base e) of TOS. Result in TOS.
sr ojojo 1 0 1 0 EXP Exponential (€¥) of TOS. Result in TOS.
sr o|0]O 1 0 1 1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack.
DATA MANIPULATION COMMANDS

sr |{OjJO}JO}fO}JO}]O0O]O NOP No Operation.
st | OO} 1 1 1 1 1 FIXS Convert TOS from floating-point to 16-bit fixed-point format.
sr 00|11 1 1 1 0 FIXD Convert TOS from floating-point to 32-bit fixed-point format.
sr oo 1 1 1 0 1 FLTS Convert TOS from 16-bit fixed-point to floating-peint format.
sr 0 0 1 1 1 0 0 FLTD Convert TOS from 32-bit fixed-point to floating-point format.
sr 1 1 1 0] 010 CHSS Change sign of 16-bit fixed-point operand on TOS.
sr 0|1 1 0|1 0]o0 CHSD Change sign of 32-bit fixed-point operand on TOS.
sr 0101} 1 0|1 0|1 CHSF Change sign of floating-point operand on TOS.
sr 1 1 1 0 1 1 1 PTOS Push 16-bit fixed-point operand on TOS to NOS. (Copy.)
sr 0|1 1 0|1 1 1 PTOD Push 32-bit fixed-point operand on TOS to NOS. (Copy.)
sr 0 0 1 0 1 1 1 PTOF Push floating-point operand on TOS to NOS. (Copy.)
sr 1 1 1 1 ofojo POPS Pop 16-bit fixed-point operand from TOS. NOS becomes TOS.
sr 0 1 1 1 ofojo POPD Pop 32-bit fixed-point operand from TOS. NOS becomes TOS.
sr 0|0 1 1 ofoj]o POPF Pop floating-point operand from TOS. NOS becomes TOS.
sr 1 1 1 1 of|o0 1 XCHS Exchange 16-bit fixed-point operands TOS and NOS.
sr 0 1 1 1 0|0 1 XCHD Exchange 32-bit fixed-point operands TOS and NOS.
sr o]0 1 1 0|0 1 XCHF Exchange floating-point operands TOS and NOS.
sr (V3 ] 1 1 0 1 0 pUP! Pugh floating-point constant "' onto TOS. Previous TOS becomes NOS.

. TOS means Top of Stack. NOS means Next on Stack.
data ranges, accuracies, stack configurations, etc.
several stack locations. See Application Brief for details.

. No remainder is available for the fixed-point divide functions.

oNs W M=

. AMD Application Brief "Algorithm Details for the Am9511A APU" provides detailed descriptions of each command function, including
Many commands destroy one stack location (bottom of stack) during development of the result. The derived functions may destroy
. The trigonometric functions handle angles in radians, not degrees.

. Results will be undefined for any combination of command coding bits not specified in this table.

Command Initiation

After properly positioning the required operands on the stack,
a command may be issued. The procedure for initiating a
command execution is as follows:

. Enter the appropriate command on the DBO - DB7 lines.

. Establish HIGH on the C/D input.

. Establish LOW on the CS input.

. Esta