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The 1987 MOS Microprocessors and Peripherals Data Book presents Advanced Micro
Devices’ full line of MOS fixed-instruction microprocessors, peripherals and microcontrollers.
Throughout our 18-year history, AMD has offered complete system solutions. This book is
your guide to an array of microprocessors, their associated peripherals and a variety of
microcontroller-based products.

The devices contained in this book are the building blocks needed to create innovative new
designs. Our worldwide hardware and software support team of Field Applications
Engineers can help you utilize these new products to complete your designs in a timely and
cost-effective manner.

Today more than ever your satisfaction is essential. At Advanced Micro Devices, we bring
you the quality, reliability and innovation you need from a leader in semiconductor VLSI
design and manufacturing. If you iiave questions about any of the products described in this
book or just want to know more about AMD and our complete product line, call your local
Advanced Micro Devices sales office, licensed representative or franchised distributor.

George Rigg

Vice President
Processor Products Division



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 iIAPX 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 biock 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 28530 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 Z8002 are trademarks of Zilog, Inc.
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MOS Microprocessor Family

Selector Guide

PROCESSOR 80186/ 8086/ Z8001/
PERIPHERAL FUNCTION 80286* 80188* 8088* 28002** (68000)
Clock Period 100 ns 125 ns 100 ns 165 ns 100 ns
Clock Generator 82284:10 On-Chip 8284A-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 8259A
DMA Controller 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 2964B 2964B 29648 29648 2964B
2968/69/70 2968/69/70 2968/69/70
Serial 1/0 8251A 8251A 8251A 8030A 8251A
8530A 8530A 8530A 7968/69 8530A
7968/69 7968/69 8030A 7968/69
7968/69
Parallel 1/0 8255A 8255A-5 8255A 5380 8255A-5
5380 5380 5380 8536A
5380
Counter Timer 1/0 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 1/0 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 29827/28 29827/28
Bus Transceivers 29861-4 29861-4 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 7992 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 95C60 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 8159 8159
8171/72 8171/72 8171/72 8171/72 8171/72
8175/76 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 79C32 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.




A - O 1 Sl 1 0 ™ 1 ITEDA 1
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: A.N.
AR.
H.B.
P.D.
R.R.

Application Note
Article Reprint
Hand Book
Product Description
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 Controller (P.D.)
Am9517A/8237A 92C 05/85 Multimode Direct Memory Access Controller (T.M.)
Am9518/AmZ8068 442B 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
(T.M)
Am9519 5186B 05/85 Am9519A Universal Interrupt Controller (T.M.)
Am9520/Am9521/ 1888A 03/82 The Am9520 Burst Error Processor (P.D.)
AmZ8065
Am9568 4862B 05/85 Data Ciphering Processors — Am9518, Am9568, AmZ8068,
(T.M)
Am9580/Am9580A 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.)
Am9582 8484A 08/86 Disk Controller IC Varies SCSI 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.)
7012B 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)
2Z8030/28530 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

(H.B)




INTERNATIONAL BIBLIOGRAPHY

For your reference we've included a listing of internationally published articles. Note: This list is for reference only; reprints of these
articles are not available from AMD's Literature Distribution Center.

DEVICE TITLE

Am9519A "Am9519A Universal Interrupt Controller,” by A.R. Shevekov (staff). Italy, Electronica Ogdi,
January 1983.

Am9518 "The Am9518 Data Chiphering Processor,” by Dave MacMillan. Germany, Elektronik Informa-
tionen, February 1983.

Am9513 'Sophisticated Counter Brings New Power to Microprocessor," by Dave MacMillan. Italy, Elec-
tronica Oggi, May 1983.

Am9518/AmZ8068 ""High-Speed Implementation of the Data Encryption Standard,”” by Subodh Banerjee. U.K.,
Communications Engineering International, June 1984,

Am9580/Am9581 ""Two-Chip Set Winchester Disk Controller Optimizes Disk Interfacing,’" by Mark Young,
Pradeep Padukone and Neil Adams. U.K., Micro Forecast, November 12, 1984. Australia,
Australian Electronic_Engineering, March 1985.
"Winchester Controller Eases Disk Interfacing,”" by Mark Young. France, Electronique
Industrielle, May 1985.

Am8052/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. ltaly, || Progettista, March
1987.

Am9518/Am9568 ""Changing the Sampling Rate of a DSP System,”" by Kenn Lamb. Italy, Electronica Oqgi,
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.
ltaly, Il Progettista, October 1986.

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

Am95C85 ""Hardware Sorting Chip Boosts Software Speed," Germany, Elektronik Industrie, December
1986. France, ETI, November 1986. Italy, Selezione, February 1987.
"An Achievement in Memory Systems," by Robert Cremades. France, Processeurs et
Systemes, November 1986.

Am9580/Am9582 "Disk Controller Board Handles ESD! or ST506,"" by Jochen Polster. Germany, Design &

Elektronik, May 27, 1986.




INTERFACE SUPPORT PRODUCTS

INTERFACE SUPPORT PRODUCTS*

Part Number Description

25182521 8-Bit Comparator

25182535 8-Bit Multiplexer for Control Storage

251.82536 8-Bit Decoder with Control Storage

25152548 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 28000 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

AmB284A Clock Generator & Driver for 8086, 8088 Processors

Am8288 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 E®-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.




SECTION 2 ADVANCED GENERAL-PURPOSE PERIPHERALS

e 4,,,);)APX6;6,,§AM;L${ '

_ SINGLE-CHIP MICROCONTROLLERS




ADVANCED GENERAL-PURPOSE PERIPHERALS

Am29000* Streamlined Instruction Processor ...........ccocoiviiiiiens 2-1
Am29027* Arithmetic Accelerator ..........c.oovieiiiiiiiiiiii e 2-2
Am5380* SCSI Controller.......o.eveiieiiii i 2-3
Am9511A/8231A Arithmetic Processor .......c..vviviiiiiiiini i 2-4
Am9513A System Timing Controller ...........coooviiiiiiiiiiiin, 2-30
Am9516A Universal DMA Controller ........coooiiiiiiiiiiiiiiieen 2-66
Am9517A/8237A Multimode DMA Controller........ccoovveiiiiiiiiiiiiiiiienieenns 2-119
Am9518/AmZ8068* Data Ciphering Processor...........cocvoviiiiiiiiiiiininnn. 2-136
Am9519A Universal Interrupt Controller.............c.coooviiiiiiiiiinnen.. 2-137
Am9520/Am9521/AmZ8065* Burst Error ProCeSSOr.......covvirirniiiiiiiiiiieieideiaens 2-147
Am9568* Data Ciphering Processor..........ccccovvviiiiiiiiiiiinininn, 2-148
Am9580A* Hard Disk Controller ..........cccoveviniiiiiiiiiiiiiien, 2-149
Am9582* Disk Data Separator ..........coociiiiiiiiiiiiiiiiiicee 2-150
Am95C85 Content Addressable Data Manager ...................oeue 2-151

*Note: The document included in this publication is a condensed version of a larger, stand-alone sheet. If
you would like a copy of the complete data sheet, please contact the AMD Literature Distrbution
Center.

AMD LITERATURE

To obtain literature in the U.S., write or call the AMD Literature Distribution Center, 901 Thompson Place, P.O. Box 3453 — M/S 82,
Sunnyvale, CA 94088; (408) 732-2400, TOLL FREE (800) 538-8450. To obtain literature from international locations, contact the
nearest AMD sales office or distributor (see listings in the back of this publication).



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, general-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 tools 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,
Inc. The information is intended to help you to evaluate this product. AMD reserves
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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

o Performs conversions between precisions and between
data formats

® Compatible with industry-standard floating-point formats
- IEEE 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
2.2 Issue Date: February 1987

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 I/0 mapped interface
® DMA or programmed 1/0O

® 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 ANS!I X3T9.2
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 /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

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

DESCRIPTION

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 1/0
or may be handled by a direct memory access controlier 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

Top View
DIP
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Note: Pin 1 is marked for orientation.
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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

AM9511A 1 D (0]

B
l———e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

d. TEMPERATURE RANGE*
C = Commercial (0 to +70°C)
| = 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
Am9511A
Arithmetic Processor
Valid Combinations Valid Combinations
AMOS11A DC, DCB, DI, Valid Combinations list configurations planned to be
AM9511A-1 biB supported in volume for this device. Consult the local AMD
AMO511A-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.




Am9511A/8231A*

PIN DESCRIPTION

Pin No.

170

Description

Veo

+5V Power Supply.

16

Vpp

+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.

22

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_aff d, but the cc d 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

IjxT|r|r

Y
ez~ |3
3

X

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 %N% output. Thus, such continuous
reading could conflict with internal logic setting the END flip-flop at the completion of command
execution.

(End AcknowledENg_e). 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-fiop
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

110

(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.

2-6




PIN DESCRIPTION (Cont.)

Pin No. Name 1/0

Description

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 TS input is made LOW. However, actual writing into the _
Am9511A/8231A cannot start_until 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 CS
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 TS
is made LOW. The read operation does not start until the RD input goes LOW. PAUJ§

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 lon
return_HIGH anytime after PAUSE goes HIGH. The C!
after RD returns HIGH. See Read Timing diagram for details.

E will go

as the RD input is LOW. The RD input can
input and C/D inputs can change anytime

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

location. The

details.

(Write). A LOW _on this input is used to transfer information from the data_bus into an internal
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).

17 PAUSE [¢]

PAUSE is LOW. The RD ma

(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 and RD should remain LOW when

S o high anytime after PAUSE goes HIGH. During a write_operation,
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 0, the PAUSE may not go LOW at all for fast devices.
WR may go HIGH anytime after PAUSE goes HIGH.

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:

| OPERATION |
SVREQ SINGLE = FIXED CODE
(sr) [ J L 1
7 6 5 4 3 2 1 )

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.

27
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Am9511A/8231A*

COMMAND SUMMARY

Command Code Command Command Description
7]e[s[4]3[2]1]0]| mnemonic
FIXED-POINT 16-BIT

st |1}11]J0}1]|1]|0}0O SADD Add TOS to NOS. Result to NOS. Pop Stack.
st {11011 1}107]1 SsuB Subtract TOS from NOS. Result to NOS. Pop Stack.
ss {1 1j0|l1}1]1]0 SMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.
sr | 1 1 11011 110 SMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr | 1 11011 1 1 1 SDIV Divide NOS by TOS. Result to NOS. Pop Stack.

. FIXED-POINT 32-BIT
st |]O]1]0]1}|1]0]0O DADD Add TOS to NOS. Result to NOS. Pop Stack.
sr 1O 1 0] 1 1 0] 1 DsuB Subtract TOS from NOS. Result to NOS. Pop Stack.
st O} 1]0]1 1 110 DMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.
st | 0|1 11011 110 DMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr |]O| 1O |11 }]1]1 DDIV Divide NOS by TOS. Result to NOS. Pop Stack.

FLOATING-POINT 32-BIT

srf0OfO]1]0OjO0O]O0]|O FADD Add TOS to NOS. Result to NOS. Pop Stack.
st fOJO|1|O0}JO]O|1 FSUB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr {fOJOj1|[O]JO]1]|O FMUL Multiply NOS by TOS. Result to NOS. Pop Stack.
sr |[O]JOjJ1[O]O]| 1|1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack.

DERIVED FLOATING-POINT FUNCTIONS
srfojlOojOoOjOjO]O]1 SQRT Square Root of TOS. Result in TOS.
sr|0OJOjO|O|O]1]|O SIN Sine of TOS. Result in TOS.
st {O}JO0JO|O[|O] 1 1 COos Cosine of TOS. Result in TOS.
st {O[O0Of[O0O}O{1 00 TAN Tangent of TOS. Result in TOS.
sr {fO|JOjJO|O}|1]O|1 ASIN Inverse Sine of TOS. Result in TOS.
st |0OJO|JO]O|1 110 ACOS Inverse Cosine of TOS. Result in TOS.
st {OJO|O}jJO}|1}|1}1 ATAN Inverse Tangent of TOS. Result in TOS.
srf0o|lojoj1iO0]O]O LOG Common Logarithm (base 10) of TOS. Result in TOS.
st [0O]JO]JO[1[O]O{1 LN Natural Logarithm (base e) of TOS. Result in TOS.
sr {0tOofoOo]J1]Of1}O EXP Exponential (¢¥) of TOS. Result in TOS.
st {fOJOjJOf1}]O}11]1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack.

DATA MANIPULATION COMMANDS
st foOJojJOoOfOofO0O]O|O NOP No Operation.
st |00} 1 1 1 1 1 FIXS Convert TOS from floating-point to 16-bit fixed-point format.
sr O[O} 1 1 1 1 0 FIXD Convert TOS from floating-point to 32-bit fixed-point format.
st |O]O| 1 1 110¢1 FLTS Convert TOS from 16-bit fixed-point to floating-point format.
st [0 ]O0 7} 1 1 1100 FLTD Convert TOS from 32-bit fixed-point to floating-point format.
sr | 1 1 1j0(1f07]o0 CHSS Change sign of 16-bit fixed-point operand on TOS.
st 0|1 1j0ftf{o}o CHSD Change sign of 32-bit fixed-point operand on TOS.
st |]0O]JOf1]O|1]O]1 CHSF Change sign of floating-point operand on TOS.
sr |1 1 1101 1 1 PTOS Push 16-bit fixed-point operand on TOS to NOS. (Copy.)
st 1O} 1 1 01 1 1 PTOD Push 32-bit fixed-point operand on TOS to NOS. (Copy.)
st OO 1]O0|1 1 1 PTOF Push floating-point operand on TOS to NOS. (Copy.)
st |1 }11]t}j1]0}jO0}O POPS Pop 16-bit fixed-point operand from TOS. NOS becomes TOS.
st {011 1 1 ojo}|o POPD Pop 32-bit fixed-point operand from TOS. NOS becomes TOS.
st OO} 1 1100} 0 POPF Pop floating-point operand from TOS. NOS becomes TOS.
sr | 1 1 1 1{0]0}1 XCHS Exchange 16-bit fixed-point operands TOS and NOS.
st | 0|1 1 11001 XCHD Exchange 32-bit fixed-point operands TOS and NOS.
sr |[0OfO}]1 110101} 1 XCHF Exchange floating-point operands TOS and NOS.
sr |f]OjJOj1}]1]O0f1}O PUP| Push floating-point constant "7'' onto TOS. Previous TOS becomes NOS.

Notes: 1. TOS means Top of Stack. NOS means Next on Stack.
data ranges, accuracies, stack configurations, etc.

several stack locations. See Application Brief for details.

ons W Mo

. 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.

. No remainder is available for the fixed-point divide functions.
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 - DB?7 lines.

. Establish HIGH on the C/D input.

. Establish LOW on the TS input.

. Establish LOW on the WR input after an appropriate
set-up time (see Timing diagrams).

5. Sometime after the HIGH-to-LOW level transition of

WR input, the PAUSE output will become LOW. After

a delay of TPPWW, it will go HIGH to acknowledge

the write operation. The WR input can return to HIGH

anytime after PAUSE going HIGH. The DBO - DB7,

C/D and CS inputs are allowed to change after the

AN -

hold time requirements are satisfied (see Timing dia-
gram).

* An attempt to issue a new command while the current

command execution is in progress is allowed. Under these
circumstances, the PAUSE output will not go HIGH until the
current command execution is completed.

Operand Entry

The Am9511A/8231A commands operate on the operands
located at the TOS and NOS, and results are returned to the
stack at NOS and then popped to TOS. The operands required
for the Am9511A/8231A are one of three formats - single
precision fixed-point (2 bytes), double precision fixed-point (4
bytes) or floating-point (4 bytes). The result of an operation




has the same format as the operands except for float to fix or
fix to float commands.

Operands are always entered into the stack least significant
byte first and most significant byte last. The following proce-
dure must be followed to enter operands onto the stack:

1. The lower significant operand byte is established on the
DBO - DB7 lines.

2. A LOW is established on the C/D input to specify that
data is to be entered into the stack.

3. The CS input is made LOW.

4. After appropriate set-up time (see Timing diagrams),
the WR input is made LOW. The PAUSE output will
become LOW.

5. Sometime after this event, the PAUSE will return HIGH
to indicate that the write operation has been acknowl-
edged.

6. Anytime after the PAUSE output goes HIGH, the WR
input can be made HIGH. The DB0O-DB7, C/D and
CS inputs can change after appropriate hold time re-
quirements are satisfied (see Timing diagrams).

The above procedure must be repeated until all bytes of the
operand are pushed onto the stack. It should be noted that for
single precision fixed-point operands, 2 bytes should be
pushed and 4 bytes must be pushed for double precision
fixed-point or floating-point. Not pushing all the bytes of a
quantity will result in byte pointer misalignment.

The Am9511A/8231A stack can accommodate 8 single preci-
sion fixed-point quantities or 4 double precision fixed-point or
floating-point quantities. Pushing more quantities than the
capacity of the stack will result in loss of data which is usual
with any LIFO stack.

Data Removal

Result from an operation will be available at the TOS. Results
can be transferred from the stack to the data bus by reading
the stack. When the stack is popped for results, the most
significant byte is available first and the least significant byte
last. A result is always of the same precision as the operands
that produced it except for format conversion commands.
Thus when the result is taken from the stack, the total number
of bytes popped out should agree with the precision - single
precision results are 2 bytes, and double precision and
floating-point results are 4 bytes. The following procedure
must be used for reading the result from the stack:

1. A LOW is established on the C/D input.

2. The CS input is made LOW.

3. After appropriate set-up time (see Timing diagrams),
the RD input is made LOW. The PAUSE will become
LOwW.

4. Sometime after this, PAUSE will return HIGH, indicating
that the data is available on the DBO -DB?7 lines. This
data will remain on the DBO - DB?7 lines as long as
the RD input remains LOW.

5. Anytime after PAUSE goes HIGH, the RD input can
return HIGH to complete transaction.

6. The CS and C/D inputs can change after appropriate
hold time requirements are satisfied (see Timing dia-
gram).

7. Repeat this procedure until all bytes appropriate for
the precision of the result are popped out.

Reading of the stack does not alter its data; it only adjusts the
byte pointer. If more data is popped than the capacity of the
stack, the internal byte pointer will wrap around and older data
will be read again, consistent with the LIFO stack.

Status Read

The Am9511A/8231A status register can be read without any
regard to whether a command is in progress or not. The only
implication that has to be considered is the effect this might
have on the END output discussed in the signal descriptions.

The following procedure must be followed to accomplish
status register reading:

1. Establish HIGH on the C/D input.

2. Establish LOW on the CS input.

3. After appropriate set-up time (see Timing diagram) RD
input is made LOW. The PAUSE will become LOW.

4. Sometime after the HIGH-to-LOW transition of RD in-
put, the PAUSE will become HIGH, indicating that sta-
tus register contents are available on the DBO - DB7
lines. The status data will remain on DBO - DB7 as
long as RD input is LOW.

5. The RD input can be returned HIGH anytime after
PAUSE goes HIGH.

6. The C/D input and CS input can change after satisfy-
ing appropriate hold time requirements (see Timing dia-
gram).

Data Formats

The Am9511A/8231A Arithmetic Processing Unit handles
operands in both fixed-point and floating-point formats. Fixed-
point operands may be represented in either single (16-bit
operands) or double precision (32-bit operands), and are
always represented as binary, two's complement values.

16-BIT FIXED-POINT FORMAT

s VALUE

NN

15
(MsB)

o

TB00064M

32-BIT FIXED-POINT FORMAT

VALUE j

s
NN RN

31
(MsB)

o
TB00065M

The sign (positive or negative) of the operand is located in the
most significant bit (MSB). Positive values are represented by
a sign bit of zero (S = 0). Negative values are represented by
the two's complement of the corresponding positive value with
a sign bit equal to 1 (S = 1). The range of values that may be
accommodated by each of these formats is -32,767 to
+32,767 for single precision and -2,147,483,647 to
+2,147,483,647 for double precision.

Floating point binary values are represented in a format that
permits arithmetic to be performed in a fashion analogous to
operations with decimal values expressed in scientific nota-
tion.

(5.83x 102)(8.16 x 10') = (4.75728 x 10%)

In the decimal system, data may be expressed as values
between 0 and 10 times 10 raised to a power that effectively
shifts the implied decimal point right or left the number of
places necessary to express the result in conventional form
(e.g., 47,572.8). The value-portion of the data is called the
mantissa. The exponent may be either negative or positive.

The concept of floating point notation has both a gain and a
loss associated with it. The gain is the ability to represent the
significant digits of data with values spanning a large dynamic
range limited only by the capacity of the exponent field. For

«VIEZ8/VIIS6WY
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example, in decimal notation if the exponent field is two digits
wide and the mantissa is five digits, a range of values (positive
or negative) from 1.000 x 10~%9 to 9.9999x 10799 can be
accommodated. The loss is that only the significant digits of
the value can be represented. Thus there is no distinction in
this representation between the values 123451 and 123452,
for example, since each would be expressed as: 1.2345 x 105,
The sixth digit has been discarded. In most applications where
the dynamic range of values to be represented is large, the
loss of significance, and hence accuracy of results, is a minor
consideration. For greater precision a fixed point format could
be chosen, although with a loss of potential dynamic range.

The Am9511/8231A is a binary arithmetic processor and
requires that floating point data be represented by a fractional
mantissa value between .5 and 1 multiplied by 2 raised to an
appropriate power. This is expressed as follows:

value = mantissa x 28xPonent

For example, the value 100.5 expressed in this form is
0.11001001 x 27. The decimal equivalent of this value may be
computed by summing the components (powers of two) of the
mantissa and then multiplying by the exponent as shown
below:

value = (21 + 272+ 275 4 278 x 27
= (0.5 + 0.25 + 0.03125 + 0.00290625) x 128
=0.78515625 x 128
=100.5

Floating Point Format

The format for floating-point values in the Am9511A/8231A is
given below. The mantissa is expressed as a 24-bit (fractional)
value; the exponent is expressed as an unbiased two's
complement 7-bit value having a range of —64 to +63. The
most significant bit is the sign of the mantissa (0 = positive,
1 = negative), for a total of 32 bits. The binary point is
assumed to be to the left of the most significant mantissa bit
(bit 23). All floating-point data values must be normalized. Bit

23 must be equal to 1, except for the value zero, which is
represented by all zeros.

I EXPONENT —=} MANTISSA |

SISU L
3130 2423 - o
TB000066

The range of values that can be represented in this format is
+(2.7x 1020 t0 9.2x 1018) and zero.

Status Register

The Am9511A/8231A contains an eight bit status register with
the following bit assignments:

| BUSY [ SIGN | ZERO | ERROR CODE |CARRY |
7 6 5 4 8 2 1 0

BUSY: Indicates that Am9511A/8231A is currently execut-
ing a command (1= Busy).

SIGN: Indicates that the value on the top of stack is
negative (1 = Negative).

ZERO: Indicates that the value on the top of stack is
zero (1 = Value is zero).

ERROR

CODE: This field contains an indication of the validity of
the result of the last operation. The error codes
are:
0000 - No error
1000 - Divide by error
0100 - Square root or log of negative number
1100 - Argument of inverse sine, cosine, or &*

too large
XX10 - Underflow
XX01 — Overflow

CARRY: Previous operation resulted in carry or borrow
from most significant bit (1 = Carry/Borrow,
0 = No Carry/No Borrow).

If the BUSY bit in the status register is a one, the other status
bits are not defined; if zero, indicating not busy, the operation
is complete, and the other status bits are defined as given
above.

2-10




Table 1.
Command Hex Code | Hex Code| Execution Summary
Mnemonic (sr=1) (sr=0) Cycles Description
16-BIT FIXED-POINT OPERATIONS
SADD EC 6C 16-18 Add TOS to NOS. Result to NOS. Pop Stack.
SsuB ED 6D 30-32 Subtract TOS from NOS. Result to NOS. Pop Stack.
SMUL EE 6E 84-94 Multiply NOS by TOS. Lower result to NOS. Pop Stack.
SMUU F6 76 80-98 Multiply NOS by TOS. Upper result to NOS. Pop Stack.
SDIV EF 6F 84-94 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FIXED-POINT OPERATIONS
DADD AC 2C 20-22 Add TOS to NOS. Result to NOS. Pop Stack.
DsuB AD 2D 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack.
DMUL AE 2E 194-210 Multiply NOS by TOS. Lower result to NOS. Pop Stack.
DMUU B6 36 182-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack.
DDIV AF 2F 196-210 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT PRIMARY OPERATIONS
FADD 90 10 54-368 Add TOS to NOS. Result to NOS. Pop Stack.
FsSuB 91 11 70-370 Subtract TOS from NOS. Result to NOS. Pop Stack.
FMUL 92 12 146-168 Multiply NOS by TOS. Result to NOS. Pop Stack.
FDIV 93 13 154-184 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FLOATING-POINT DERIVED OPERATIONS
SQRT 81 01 782-870 Square Root of TOS. Result to TOS.
SIN 82 02 3796-4808 Sine of TOS. Result to TOS.
cos 83 03 3840-4878 Cosine of TOS. Result to TOS.
TAN 84 04 4894-5886 Tangent of TOS. Result to TOS.
ASIN 85 05 6230-7938 Inverse Sine of TOS. Result to TOS.
ACOS 86 06 6304-8284 Increase Cosine of TOS. Result to TOS.
ATAN 87 07 4992-6536 Inverse Tangent of TOS. Result to TOS.
LOG 88 08 4474-7132 Common Logarithm of TOS. Result to TOS.
LN 89 09 4296-6956 Natural Logarithm of TOS. Result to TOS.
EXP 8A 0A 3794-4878 e raised to power in TOS. Result to TOS.
PWR 8B 0B 8290-12032 NOS raised to power in TOS. Result to NOS. Pop Stack.
DATA AND STACK MANIPULATION OPERATIONS
NOP 80 00 4 No Operation. Clear or set SVREQ.
FIXS 9F 1F 90-214
FIXD 9E 1E 90-336 } Convert TOS from floating-point format to fixed-point format.
FLTS 9D 1D 62-156
FLTD e 1c 56-342 l Convert TOS from fixed-point format to floating-point format.
CHSS Fa 74 22-24
CHSD B4 34 26-28 ] Change sign of fixed-point operand on TOS.
CHSF 95 15 16-20 Change sign of floating-point operandon TOS.
PTOS F7 77 16
PTOD B7 37 20 Push stack. Duplicate NOS in TOS.
PTOF 97 17 20
POPS F8 78 10
POPD B8 38 12 Pop stack. Old NOS becomes new TOS. Old TOS rotates to bottom.
POPF 98 18 12
XCHS F9 79 18
XCHD B9 39 26 Exchange TOS and NOS.
XCHF 99 19 26
PUPI 9A 1A 16 Push floating-point constant 7 onto TOS. Previous TOS becomes NOS.

211
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COMMAND DESCRIPTIONS

This section contains detailed descriptions of the APU com-
mands. They are arranged in alphabetical order by command
mnemonic. In the descriptions, TOS means Top Of Stack, and
NOS means Next On Stack.

All derived functions except Square Root use Chebyshev
polynomial approximating algorithms. This approach is used to
help minimize the internal microprogram, to minimize the
maximum error values and to provide a relatively even
distribution of errors over the data range. The basic arithmetic
operations are used by the derived functions to compute the
various Chebyshev terms. The basic operations may produce
error codes in the status register as a result.

Execution times are listed in terms of clock cycles and may be
converted into time values by multiplying by the clock period
used. For example, an execution time of 44 clock cycles when
running at a 3MHz rate translates to 14 microseconds

(44 x 32us = 14us). Variations in execution cycles reflect the
data dependency of the algorithms.

In some operations exponent overflow or underflow may be
possible. When this occurs, the exponent returned in the result
will be 128 greater or smaller than its true value.

Many of the functions use portions of the data stack as
scratch storage during development of the results. Thus,
previous values in those stack locations will be lost. Scratch
locations destroyed are listed in the command descriptions
and shown with the crossed-out locations in the Stack
Contents After diagram.

Table 1 is a summary of all the Am9511A/8231A commands.
It shows the hex codes for each command, the mnemonic
abbreviation, a brief description and the execution time in
clock cycles. The commands are grouped by functional
classes.

The command mnemonics in alphabetical order are shown
below in Table 2.

Table 2.
Command Mnemonics in Alphabetical Order.

ACOS ARCCOSINE

ASIN ARCSINE

ATAN ARCTANGENT

CHSD CHANGE SIGN DOUBLE
CHSF CHANGE SIGN FLOATING
CHSS CHANGE SIGN SINGLE
Ccos COSINE

DADD DOUBLE ADD

DDIV DOUBLE DIVIDE

DMUL DOUBLE MULTIPLY LOWER
DMUU DOUBLE MULTIPLY UPPER
DsuB DOUBLE SUBTRACT

EXP EXPONENTATION (e¥)
FADD FLOATING ADD

FDIV FLOATING DIVIDE

FIXD FIX DOUBLE

FIXS FIX SINGLE

FLTD FLOAT DOUBLE

FLTS FLOAT SINGLE

FMUL FLOATING MULTIPLY
FSuB FLOATING SUBTRACT

LOG COMMON LOGARITHM
LN NATURAL LOGARITHM
NOP NO OPERATION

POPD POP STACK DOUBLE
POPF POP STACK FLOATING
POPS POP STACK SINGLE
PTOD PUSH STACK DOUBLE
PTOF PUSH STACK FLOATING
PTOS PUSH STACK SINGLE

PUPI PUSH
PWR POWER (XY)

SADD SINGLE ADD

SDIV SINGLE DIVIDE

SIN SINE

SMUL SINGLE MULTIPLY LOWER
SMUU SINGLE MULTIPLY UPPER
SQRT SQUARE ROOT

SSUB SINGLE SUBTRACT

TAN TANGENT

XCHD EXCHANGE OPERANDS DOUBLE
XCHF EXCHANGE OPERANDS FLOATING
XCHS EXCHANGE OPERANDS SINGLE




ACOS

32-BIT FLOATING-POINT INVERSE COSINE
7 6 5 4 3 2 1 0

LelofofofJofJr]r]ol]

86 with sr=1
06 with sr=0
6304 to 8284 k cycles clock cycles

Binary Coding:
Hex Coding:

Execution Time:
Description:
The 32-bit fioating-point operand A at the TOS is replaced by the 32-
bit floating-point inverse cosine of A. The result R is a value in radians
between 0 and . Initial operands A, B, C and D are lost. ACOS will
accept all input data values within the range of -1.0 to + 1.0. Values
outside this range will return an error code of 1100 in the status
register.
Accuracy: ACOS exhibits a maximum relative error of 2.0x1077
over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

ATAN

32-BIT FLOATING-POINT
INVERSE TANGENT

7 6 5 4 3 2 1 0
Binary Coding: |sr4]0|0|070|1|1—|1]
Hex Coding: 87 with sr=1

07 with sr=0

Execution Time: 4992 to 6536 clock cycles

Description:

The 32-bit floating-point operand A at the TOS is replaced by the 32-

bit floating-point inverse tangent of A. The result R is a value in

radians between ~m/2 and + m/2. Initial operands A, C, and D are lost.

Operand B is unchanged.

ATAN will accept all input data values that can be represented in the

floating point format.

Accuracy: ATAN exhibits a maximum relative error of 3.0 x 107 over
the input data range.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A ~— TOS —= R A TOS R
B B B
c c
D D
Je——32 —= f 32 | 32 ! f——32—s|
TB000012 TB000013

ASIN

32-BIT FLOATING-POINT INVERSE SINE

7 6 5 4 3 2 1 0
Binary Coding: Lsrl 0 I OJ 0 IOJ 1 l 0 J 1 |
Hex Coding: 85 with sr=1
05 with sr=0

Execution Time:
Description:
The 32-bit floating-point operand A at the TOS is replaced by the 32-
bit floating-point inverse sine of A. The result R is a value in radians
between ~m/2 and + m/2. Initial operands A, B, C, and D are lost.
ASIN will accept all input data values within the range of - 1.0 to +1.0.
Values outside this range will return an error code of 1100 in the
status register.
Accuracy: ASIN exhibits a maximum relative error of 4.0 x 107 over
the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

6230 to 7938 k cycles clock cycles

CHSD

32-BIT FIXED-POINT SIGN CHANGE
7 6 5 4 3 2 1 0

Binary Coding: Isr|0|1|1|o|1|0LoJ
Hex Coding: B4 with sr=1
34 with sr=0

Execution Time:
Description:
The 32-bit fixed-point two's complement integer operand A at the TOS
is subtracted from zero. The result R replaces A at the TOS. Other
entries in the stack are not disturbed.

Overflow status will be set and the TOS will be returned unchanged
when A is input as the most negative value possible in the format
since no positive equivalent exists.

Status Affected: Sign, Zero, Error Field (overflow)

26 to 28 clock cycles

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A - TOS —= R A TOS R
B B B
c c c
D D D
fe— 32— } 32 | 32 | f—— 32—
TB000014 TB000047
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CHSF

32-BIT FLOATING-POINT SIGN CHANGE
7 6 5 4 3 2 1 0

Binary Coding: lsr|0]0]1lol1lol1l
Hex Coding: 95 with sr=1
15 with sr=0

Execution Time:
Description:
The sign of the mantissa of the 32-bit floating-point operand A at the
TOS is inverted. The result R replaces A at the TOS. Other stack
entries are unchanged.

If A is input as zero (mantissa MSB = 0), no change is made.
Status Affected: Sign, Zero

16 to 20 clock cycles

STACK CONTENTS

COsS

32-BIT FLOATING-POINT COSINE
7 6 5 4 3 2 1 0

Binary Coding: | sr| oo fofo]o|1]1]
Hex Coding: 83 with sr=1
03 with sr=0

Execution Time:

Description:

The 32-bit floating-point operand A at the TOS is replaced by R, the

32-bit floating-point cosine of A. A is assumed to be in radians.

Operands A, C and D are lost. B is unchanged.

The COS function can accept any input data value that can be

represented in the data format. All input values are range reduced to

fall within an interval of -n/2 to +m/2 radians.

Accuracy: COS exhibits a maximum relative error of 5.0 x 1077 for all
input data values in the range of -27 to + 27 radians.

3840 to 4878 clock cycles

BEFORE AFTER Status Affected: Sign, Zero
A TOS R
B B STACK CONTENTS
BEFORE AFTER
c c TOS R
D D A
B B
fa—— 32— I 32
TBG00048 C
D
CHSS f— 32— - 32—}
TB000015

16-BIT FIXED-POINT SIGN CHANGE
7 6 2 1

5 4 3 0
Binary Coding: [ sr [ 1 [ 1 [ 1[0 1[0o]o0]
Hex Coding: F4 with sr=1

74 with sr=0

Execution Time:
Description:
16-bit fixed-point two's complement integer operand A at the TOS is
subtracted from zero. The result R replaces A at the TOS. All other
operands are unchanged.

Overflow status will be set and the TOS will be returned unchanged
when A is input as the most negative value possible in the format
since no positive equivalent exists.

Status Affected: Sign, Zero, Overflow

22 to 24 clock cycles

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c c
D D
E E
F F
G G
H H
16— j—16 —
TB000049

DADD

32-BIT FIXED-POINT ADD
7 6 5 4 3 2 1 0

Lsrfoffofsf1]ofo]

AC with sr=1
2C with sr=0
20 to 22 clock cycles

Binary Coding:

Hex Coding:

Execution Time:
Description:

The 32-bit fixed-point two's complement integer operand A at the TOS
is added to the 32-bit fixed-point two's complement integer operand B
at the NOS. The result R replaces operand B, and the Stack is moved
up so that R occupies the TOS. Operand B is lost. Operands A, C and
D are unchanged. If the addition generates a carry, it is reported in the
status register.

If the result is too large to be represented by the data format, the least
significant 32 bits of the result are returned, and overflow status is
reported.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B C
c D
D A
|— 32— 32—

TB000050
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DDIV

32-BIT FIXED-POINT DIVIDE
7 6 5 4 3 2 1 0

leelofrfolsfrfr]n]
AF with sr=1

2F with sr=0

196 to 210 clock cycles when A #0

18 clock cycles when A =0.

Binary Coding:

Hex Coding:
Execution Time:

Description:

The 32-bit fixed-point two's complement integer operand B at NOS is
divided by the 32-bit fixed-point two's complement integer operand A
at the TOS. The 32-bit integer quotient R replaces B, and the stack is
moved up so that R occupies the TOS. No remainder is generated.
Operands A and B are lost. Operands C and D are unchanged.
If A is zero, R is set equal to B and the divided-by-zero error status will
be reported. If either A or B is the most negative value possible in the
format, R will be meaningless and the overflow error status will be
reported.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B C
C D
D
32 32
TB000016

DMUL

32-BIT FIXED-POINT MULTIPLY, LOWER
7 6 3 2 1

5 4 0
Binary Coding: Isr|0|1|0|1|1|1|0j
Hex Coding: AE with sr=1
2E with sr=0

Execution Time:
Description:

The 32-bit fixed-point two's complement integer operand A at the TOS
is multiplied by the 32-bit fixed-point two's complement integer
operand B at the NOS. The 32-bit least significant half of the product
R replaces B, and the stack is moved up so that R occupies the TOS.
The most significant half of the product is lost. Operands A and B are
lost. Operands C and D are unchanged.

The overflow status bit is set if the discarded upper half was non-zero.
If either A or B is the most negative value that can be represented in
the format, that value is returned as R and the overflow status is set.
Status Affected: Sign, Zero, Overflow

194 to 210 clock cycles

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
j——32—e] je———32—]
TB000018

DMUU

MULTIPLY, UPPER

32-BIT FIXED-POINT
7 6 5 4 3 2 1 0

Binary Coding: st |0 {1 [ 1o 1] 1]0]

B6 with sr=1
36 with sr=0
182 to 218 clock cycles

Hex Coding:

Execution Time:
Description:
The 32-bit fixed-point two's complement integer operand A at the TOS
is multiplied by the 32-bit fixed-point two's complement integer
operand B at the NOS. The 32-bit most significant half of the product
R replaces B and the stack is moved up so that R occupies the TOS.
The least significant half of the product is lost. Operands A and B are
lost. Operands C and D are unchanged.

If A or B was the most negative value possible in the format, overflow
status is set and R is meaningless.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A TOS R
B C
C D
D

~————— 32 ———l

TB000017

|¢—32—>

DSUB

32-BIT FIXED-POINT SUBTRACT
0

7 6 5 4 3 2 1
LsrfofsJofafiofn]

Binary Coding:

AD with sr=1
2D with sr=0
38 to 40 clock cycles

Hex Coding:

Execution Time:
Description:
The 32-bit fixed-point two's complement integer operand A at the TOS
is subtracted from the 32-bit fixed-point two's complement integer
operand B at the NOS. The difference R replaces operand B, and the
stack is moved up so that R occupies the TOS. Operand B is lost.
Operands A, C and D are unchanged.

If the subtraction generates a borrow, it is reported in the carry status
bit. If A is the most negative value that can be represented in the
format, the overflow status is set. If the result cannot be represented
in the data format range, the overflow bit is set, and the 32 least
significant bits of the result are returned as R.

Status Affected: Sign, Zero, Carry, Overflow

STACK CONTENTS

BEFORE AFTER
A TOS R
B ¢}
c D
D A
-~——— 32— 32
TB000051
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EXP

32-BIT FLOATING-POINT e*
7 6 5 4 3 2 1 0

Binary Coding: st oo o1 [o]1]0]
Hex Coding: 8A with sr=1

OA with sr=0
Execution Time: 3794 to 4878 clock cycles for

Al<1.0x25

34 clock cycles for IAl>1.0x 2%

Description:
The base of natural logarithms, e, is raised to an exponent value
specified by the 32-bit floating-point operand A at the TOS. The result
R of ? replaces A. Operands A, C and D are lost. Operand B is
unchanged.
EXP accepts all input data values within the range of —1.0 x 2*5 1o
+1.0x2+5, Input values outside this range will return a code of 1100
in the error field of the status register.
Accuracy: EXP exhibits a maximum relative error of 5.0 x 10~7 over

the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS —= R
B )
c
D
je——32———| |——32—]
TB00019M

FADD

32-BIT FLOATING-POINT ADD

FDIV

32-BIT FLOATING-POINT DIVIDE
7 6 5 4 3 2 A

[sr{ofol1]ofo]n

93 with sr=1

13 with sr=0

154 to 184 clock cycles for A#0
22 clock cycles for A=0

Binary Coding:
Hex Coding:

1]

Execution Time:

Description:

32-bit floating-point operand B at the NOS is divided by 32-bit floating-
point operand A at the TOS. The result R replaces B, and the stack is
moved up so that R occupies the TOS. Operands A and B are lost.
Operands C and D are unchanged.

If operand A is zero, R is set equal to B and the divide-by-zero error is
reported in the status register. Exponent overflow or underflow is
reported in the status register, in which case the mantissa portion of
the result is correct and the exponent portion is offset by 128.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
je—— 32— 32—

TB000020

FIXD

32-BIT FLOATING-POINT TO

32-BIT FIXED-POINT CONVERSION
7 6 5 4 3 2 1 0

Lelofofafelefr]ol]

Binary Coding

7 6 5 4 3 2 1 0
Binary Coding: [sr]ofol1]ofofo]o]
Hex Coding: 90 with sr=1

10 with sr=0"

Execution Time: 54 to 368 clock cycles for A#0

24 clock cycles for A=0

Description:

32-bit floating-point operand A at the TOS is added to 32-bit floating-
point operand B at the NOS. The result R replaces B, and the stack is
moved up so that R occupies the TOS. Operands A and B are lost.
Operands C and D are unchanged.

Exponent alignment before the addition and normalization of the result
accounts for the variation in execution time. Exponent overflow and
underflow are reported in the status register, in which case the
mantissa is correct and the exponent is offset by 128.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
|——32——=| fe——32—]
TB00021M

9E with str=1
1E with sr=0
90 to 336 clock cycles

Hex Coding:

Execution Time:
Description:
32-bit floating-point operand A at the TOS is converted to a 32-bit
fixed-point two's complement integer. The result R replaces A.
Operands A and D are lost. Operands B and C are unchanged.
If the integer portion of A is larger than 31 bits when converted, the
overflow status will be set and A will not be changed. Operand D,
however, will still be lost.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c c
D
fae——32— ] fe——32—

TB00022M




FIXS

32-BIT FLOATING-POINT TO

16-BIT FIXED-POINT CONVERSION
7 6 5 4 3 2 1 0

Binary Coding: [sr]ofo[ 1|1 ]1]1]1]
Hex Coding: 9F with sr=1
1F with sr=0

Execution Time:
Description:
32-bit floating-point operand A at the TOS is converted to a 16-bit
fixed-point two's complement integer. The result R replaces the lower
half of A, and the stack is moved up by two bytes so that R occupies
the TOS. Operands A and D are lost. Operands B and C are
unchanged, but appear as upper (u) and lower (l) halves on the 16-bit
wide stack if they are 32-bit operands.

If the integer portion of A is larger than 15 bits when converted, the
overflow status will be set and A will not be changed. Operand D,
however, will still be lost.

Status Affected: Sign, Zero, Overflow

90 to 214 clock cycles

STACK CONTENTS

BEFORE AFTER
A TOS ——— R
B Bu
(o} BI
D Cu
f——— 32—} ci
16—
TB000023

FLTD

32-BIT FIXED-POINT TO

32-BIT FLOATING- POINT CONVERSION
7 0
Binary Coding: |erOT T1|1l1l0|0|
Hex Coding: 9C with sr=1
1C with sr=0

Execution Time: 56 to 342 clock cycles

Description:

32-bit fixed-point two's complement integer operand A at the TOS is
converted to a 32-bit floating-point number. The result R replaces A at
the TOS. Operands A and D are lost. Operands B and C are
unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

FLTS

16-BIT FIXED-POINT TO

32-BIT FLOATING-POINT CONVERSION
7 6 5 4 3 2 1 0

Binary Coding:

oo [ Tolr]

9D with sr=1
1D with sr=0
62 to 156 clock cycles

Hex Coding:

Execution Time:
Description:
16-bit fixed-point two's complement integer A at the TOS is converted
to a 32-bit floating-point number. The lower half of the result R (RI)
replaces A; the upper half (Ru) replaces H, and the stack is moved
down so that Ru occupies the TOS. Operands A, F, G and H are lost.
Operands B, C, D and E are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A TOS Ru

B RI

c B

D c

E D

F E

G

H

l— 16— ja—16 —
TB000024

FMUL

32-BIT FLOATING-POINT

MULTIPLY
7 6 5 4 3 2 1 0

Binary Coding: (st | 0 o[ 1[ofo] 1|0 |
Hex Coding: 92 with sr=1
12 with sr=0

Execution Time:
Description:
32-bit floating-point operand A at the TOS is multiplied by the 32-bit
floating-point operand B at the NOS. The normalized result R replaces
B, and the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.

Exponent overflow or underflow is reported in the status register, in
which case the mantissa portion of the result is correct and the
exponent portion is offset by 128.

Status Affected: Sign, Zero, Error Field

146 to 168 clock cycles

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
| 32— fe—32 —s|

BEFORE AFTER
A TOS R
B B
c c
D
e——32— le——32 ]

TB00025M

TB00026M
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FSUB

32-BIT FLOATING-POINT SUBTRACTION
7 6 5 4 3 2 1 0

lslolof1]oJofol1 |
91 with sr=1
11 with sr=0

70 to 370 clock cycles for A#0
26 clock cycles for A=0

Binary Coding:

Hex Coding:
Execution Time:

Description:

32-bit floating-point operand A at the TOS is subtracted from 32-bit
floating-point operand B at the NOS. The normalized difference R
replaces B and the stack is moved up so that R occupies the TOS.
Operands A and B are lost. Operands C and D are unchanged.
Exponent alignment before the subtraction and normalization of the
result account for the variation in execution time.

Exponent overflow or underflow is reported in the status register, in
which case the mantissa portion of the result is correct and the
exponent portion is offset by 128.

Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
|[e—32—] je— 32—
TB000027

LOG

32-BIT FLOATING-POINT

COMMON LOGARITHM
6 5 4 3 2 1 0

7
Glololol JoJolo]
88 with sr=1
08 with sr=0
4474 to 7132 clock cycles for A>0
20 clock cycles for A<0

Binary Coding:

Hex Coding:
Execution Time:

Description:

The 32-bit floating-point operand A at the TOS is replaced by R, the

32-bit floating-point common logarithm (base 10) of A. Operands A, C

and D are lost. Operand B is unchanged.

The LOG function accepts any positive input data value that can be

represented by the data format. If LOG of a non-positive value is

attempted, an error status of 0100 is returned.

Accuracy: LOG exhibits a maximum absolute error of 2.0 x 107 for
the input range from 0.1 to 10, and a maximum relative
error of 2.0x 10~/ for positive values less than 0.1 or
greater than 10.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A ~— TOS —| R
B B
c
D
|e———32—] fe——32—]
TB000029

LN

32-BIT FLOATING-POINT

NATURAL LOGARITHM
7 6 5 4 83 2 1

[+ ]

Binary Coding: | sr (0| o[o[1]o]o0
Hex Coding: 89 with sr=1
09 with sr="0

Execution Time: 4298 to 6956 clock cycles for A>0

20 clock cycles for A<0

Description:

The 32-bit floating-point operand A at the TOS is replaced by R, the

32-bit floating-point natural logarithm (base e) of A. Operands A, C

and D are lost. Operand B is unchanged.

The LN function accepts all positive input data value that can be

represented by the data format. If LN of a non-positive value is

attempted, an error status of 0100 is returned.

Accuracy: LN exhibits a maximum absolute error of 2 x 10~7 for the
input range from e~ ' to e, and a maximum relative error of

2.0x 1077 for positive values less than e~ ' or greater
than e.
Status Affected: Sign, Zero, Error Field
STACK CONTENTS
BEFORE AFTER
A TOS R
B B
(o}
D
je——— 32— |e—— 32—
TB000028
NO
OPERATION
7 6 5 4 3 2 1 0
Binary Coding: |sr|0|0|0|0|0|0|0J
Hex Coding: 80 with sr=1
00 with sr=0

Execution Time:
Description:
The NOP command performs no internal data manipulations. It may
be used to set or clear the service request interface line without
changing the contents of the stack.

Status Affected: The status byte is cleared to all zeroes.

4 clock cycles
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POPD

32-BIT

STACK POP
7 6 5 4 3 2 1 0

lsJofr[1]1]ofofo |
B8 with sr=1

38 with sr=0
12 clock cycles

Binary Coding:

Hex Coding:

Execution Time:
Description:
The 32-bit stack is moved up so that the old NOS becomes the new
TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged. POPD and POPF execute the same
operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS B
B C
C D
D A

|<— 32————-—'

TB000082

I<—— 32 ——————l

POPF

32-BIT
STACK POP
7 6 5 4 3 2 1 0
Binary Coding: | st oo 1[1]ofofo]
Hex Coding: 98 with sr=1
18 with sr=0

Execution Time:
Description:
The 32-bit stack is moved up so that the old NOS becomes the new
TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged. POPF and POPD execute the same
operation.

Status Affected: Sign, Zero

STACK CONTENTS

12 clock cycles

POPS

16-BIT
STACK POP
7 6 5 4 3 2 1 0
Binary Coding: | sr| 1|1 [ 1]1]ofo]o |
Hex Coding: F8 with sr=1
78 with sr=0

Execution Time: 10 clock cycles

Description:

The 16-bit stack is moved up so that the old NOS becomes the new
TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A TOS B

B c

c D

D E

E F

F G

G H

H A

l— 16— f— 16—

TB000052

PTOD

PUSH 32-BIT

TOS ONTO STACK
7 6 5 4 3 2 1 0

Binary Coding: {sr]of1 {1 o1 ]{1]1]
Hex Coding: B7 with sr=1
37 with sr=0

Execution Time:
Description:

The 32-bit stack is moved down, and the previous TOS is copied into
the new TOS location. Operand D is lost. All other operand values are
unchanged. PTOD and PTOF execute the same operation.
Status Affected: Sign, Zero

20 clock cycles

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A TOS B A TOS A
B8 c ) A
c D c B
D A D c
|[—— 32— I 32 | 32— je—32 ——]
TB000053 TB000054

2-19

+Viges/viisewy



Am9511A/8231A*

Binary Coding:
Hex Coding:

Execution Time:
Description:

PTOF

PUSH 32-BIT
TOS ONTO STACK
7 6 5 2
LT ]
97 with sr=1
17 with sr=0

20 clock cycles

Binary Coding:

Hex Coding:

Execution Time:

Description:

PUPI

PUSH 32-BIT

FLOATING-POINT 7T

7 6 5 4

0

IsrL°I°L1l1I°T1l°1

9A with sr=1
1A with sr=0
16 clock cycles

The 32-bit stack is moved down, and the previous TOS is copied into
the new TOS location. Operand D is lost. All other operand values are
unchanged. PTOF and PTOD execute the same operation.

The 32-bit stack is moved down so that the previous TOS occupies
the new NOS location. 32-bit floating-point constant 7 is entered into
the new TOS location. Operand D is lost. Operands A, B and C are
unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

Status Affected: Sign, Zero
STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A |e—— TOS —==| A A [——TOS —=| T
B : A B A
c B c B
D c D c
fe—— 32— I 32 } 32 | f———32——]
TB000055 TB000056
PUSH 16-BIT
TOS ONTO STACK
6 5 4 0
Binary Coding: Ler IHEREEERE j 1)1 ]
Hex Coding: F7 with sr=1
77 with sr=0

Execution Time:
Description:

The 16-bit stack is moved down, and the previous TOS is copied into
the new TOS location. Operand H is lost, and all other operand values
are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

16 clock cycles

BEFORE AFTER
A TOS A
B A
c B
D c
E D
F E
G F
H G
f—16 —= la— 16—
TB000057




PWR

32-BIT

FLOATING-POINT XY
7 6 5 4 3 2

[sr]o]ofo]1]o]
8B with sr=1

0B with sr=0

8290 to 12032 clock cycles

0

il

1
Binary Coding: 1 [

Hex Coding:

Execution Time:
Description:
32-bit floating-point operand B at the NOS is raised to the power
specified by the 32-bit floating-point operand A at the TOS. The result
Rof BA replaces B, and the stack is moved up so that R occupies the
TOS. Operands A, B, and D are lost. Operand C is unchanged.
The PWR function accepts all input data values that can be
represented in the data format for operand A and all positive values
for operand B. If operand B is non-positive, an error status of 0100 will
be returned. The EXP and LN functions are used to implement PWR
" using the relationship BA = EXP [A(LN B)]. Thus, if the term [A(LN B)]
is outside the range of -1.0x2%5, to +1.0x2% 5, an error status of
1100 will be returned. Underflow and overflow conditions can occur.
| Accuracy: The error performance for PWR is a function of the LN
and EXP performance as expressed by:
l(Related Error)pwrl = (Relative Error)gxp + lA(Absolute
Error)n!
The maximum relative error for PWR occurs when A is at
its maximum value while [A(LN B)] is near 1.0 x 25 and the
EXP error is also at its maximum. For most practical
applications, the relative error for PWR will be less than
70x1077,
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c
D
fo——32——| fo—— 32—
TB000030

SADD

16-BIT

FIXED-POINT ADD
7 6 5 4 3 2 1

o]

Binary Coding: | sr | 1 |1 o[ 1]1]o0
Hex Coding: EC with sr=1
6C with sr=0

Execution Time:
Description:
16-bit fixed-point two's complement integer operand A at the TOS is
added to 16-bit fixed-point two's complement integer operand B at the
NOS. The result R replaces B, and the stack is moved up so that R
occupies the TOS. Operand B is lost. All other operands are
unchanged.

If the addition generates a carry bit, it is reported in the status register.
If an overflow occurs, it is reported in the status register, and the 16
least significant bits of the result are returned.

Status Affected: Sign, Zero, Carry, Error Field

16 to 18 clock cycles

STACK CONTENTS

BEFORE AFTER

A TOS R

B c

c D

D E

E F

F G

G H

H A

f— 16 —=1 f— 16—

TB000058
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SDIV

16-BIT

FIXED-POINT DIVIDE
7 6 5 4 3 2 1 0

Binary Coding: sl f1fol 11 ]1]1]
Hex Coding: EF with sr=1
6F with sr=0

Execution Time: 84 to 94 clock cycles for A#0

14 clock cycles for A=0

Description:

16-bit fixed-point two's complement integer operand B at the NOS is
divided by 16-bit fixed-point two's complement integer operand A at
the TOS. The 16-bit quotient R replaces B, and the stack is moved up
so that R occupies the TOS. No remainder is generated. Operands A
and B are lost. All other operands are unchanged.

If A is zero, R will be set equal to B and the divide-by-zero error status
will be reported.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE FTER
A TOS R
B c
c D
D E
E F
F G
G H
H
fe— 16— le— 16—
TB000031

SIN

32-BIT

FLOATING-POINT SINE
7 6 5 4 3 2 1 0

Binary Coding: [sr]ofofofofo]l1]of
Hex Coding: 82 with sr=1
02 with sr=0
Execution Time: 3796 to 4808 clock cycles for IAI> 2~ 12
radians

30 clock cycles for |Al< 2-12 radians

Description:
The 32-bit floating-point operand A at the TOS is replaced by R, the
32-bit floating-point sine of A. A is assumed to be in radians. Operands
A, C and D are lost. Operand B is unchanged.
The SIN function will accept any input data value that can be
represented by the data format. All input values are range reduced to
fall within the interval -n/2 to +7/2 radians.
Accuracy: SIN exhibits a maximum relative error of 5.0 x 1077 for

input values in the range of -2m to + 27 radians.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c
D
fe—— 32— fe——32—]
TB000032
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SMUL

16-BIT FIXED-POINT
MULTIPLY, LOWER

7 6 5 4 3 2 1 0
Binary Coding: [sr]a 1ol 1 {1]1]0]
Hex Coding: EE with sr=1

6E with sr=0

Execution Time:
Description:
16-bit fixed-point two's complement integer operand A at the TOS is
multiplied by the 16-bit fixed-point two's complement integer operand
B at the NOS. The 16-bit least significant half of the product R
replaces B, and the stack is moved up so that R occupies the TOS.
The most significant half of the product is lost. Operands A and B are
lost. All other operands are unchanged. The overflow status bit is set if
the discarded upper half was non-zero. If either A or B is the most
negative value that can be represented in the format, that value is
returned as R and the overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

84 to 94 clock cycles

BEFORE AFTER
A fe———TOS——= R
B c
c D
D E
E F
F G
G H
H
le— 16— f—16—=
TB000033

SMUU

16-BIT FIXED-POINT

MULTIPLY, UPPER
7 6 5 4 3 2 1 0

Binary Coding: [ st | 1|1 [1[o[1[1]o0
Hex Coding: F6 with sr=1
76 with sr=0

Execution Time:
Description:
16-bit fixed-point two's complement integer operand A at the TOS is
multiplied by the 16-bit fixed-point two's complement integer operand
B at the NOS. The 16-bit most significant half of the product R
replaces B, and the stack is moved up so that R occupies the TOS.
The least significant half of the product is lost. Operands A and B are
lost. All other operands are unchanged.

If either A or B is the most negative value that can be represented in
the format, that value is returned as R and the overflow status is set.
Status Affected: Sign, Zero, Error Field

80 to 98 clock cycles

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
o] D
D E
E F
F G
G H
H
16— le—16—=

TB000034
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SQRT

32-BIT FLOATING-POINT SQUARE ROOT
7 6 5 4 3 2 1 0

Binary Coding: [sr l 0 [ 07 0 TO l OT 0 I 1 | Binary Coding:
Hex Coding: 81 with sr=1
01 with sr=0

Execution Time:
Description:
32-bit floating-point operand A at the TOS is replaced by R, the 32-bit
floating-point square root of A. Operands A and D are lost. Operands
B and C are unchanged.

SQRT will accept any non-negative input data that can be represented
by the data format. If A is negative an error code of 0100 will be
returned in the status register.

Status Affected: Sign, Zero, Error Field

782 to 870 clock cycles

STACK CONTENTS

BEFORE AFTER
A ~—TO0S —| R
B B
c c
D
fe—32— fe——32— |
TB000035

SSUB

16-BIT FIXED-POINT SUBTRACT
7 6 5 4 3 2 1 0

Binary Coding: {sclr]1fol1]1]o]1]
Hex Coding: ED with sr=1
6D with sr=0

Execution Time:
Description:
16-bit fixed-point two's complement integer operand A at the TOS is
subtracted from 16-bit fixed-point two's complement integer operand
B at the NOS. The result R replaces B, and the stack is moved up so
that R occupies the TOS. Operand B is lost. All other operands are
unchanged.

If the subtraction generates a borrow, it is reported in the carry status
bit. If A is the most negative value that can be represented in the
format, the overflow status is set. If the result cannot be represented
in the format range, the overflow status is set and the 16 least
significant bits of the result are returned as R.

Status Affected: Sign, Zero, Carry, Error Field

30 to 32 clock cycles

STACK CONTENTS

BEFORE AFTER
A |e———TOS —————| R
B C
Cc D
D E
E F
F G
G H
H A
— 16 —! 16 —=1
TB000059

TAN

32-BIT FLOATING-POINT TANGENT
7 6 5 4 3 2 1 .0

LsrlofofoJoJrfofol]

Hex Coding: 84 with sr=1
04 with sr=0

Execution Time: 4894 to 5886 clock cycles for Al > 2-12
radians

30 clock cycle for |Al< 212 radians
Description:
The 32-bit floating-point operand A at the TOS is replaced by the 32-
bit floating-point tangent of A. Operand A is assumed to be in radians.
A, C and D are lost. B is unchanged.
The TAN function will accept any input data value that can be
represented in the data format. All input data values are range-
reduced to fall within -m/4 to +m/4 radians. TAN is unbounded for
input values near odd multiples of 7/2, and in such cases, the
overflow bit is set in the status register. For angles smaller than 2~ 12
radians, TAN returns A as the tangent of A.
Accuracy: TAN exhibits a maximum relative error of 5.0 x 1077 for
input data values in the range of -27 to +27 radians
except for data values near odd multiples of /2.
Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
c
D
fe— 32— | 32
TB000036

XCHD

EXCHANGE 32-BIT STACK OPERANDS
7 6 5 4 3 2 1 0

lelol1filaJoJof ]
B9 with sr=1
39 with sr=0
26 clock cycles

Binary Coding:

Hex Coding:

Execution Time:
Description:
32-bit operand A at the TOS and 32-bit operand B at the NOS are
exchanged. After execution, B is at the TOS and A is at the NOS. All
operands are unchanged. XCHD and XCHF execute the same
operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS B
B A
C C
D D
32 32
TB000060
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XCHF

EXCHANGE 32-BIT
STACK OPERANDS

XCHS

EXCHANGE 16-BIT
STACK OPERANDS

7 6 5 4 3 2 1 0 TR e EnANES
Binary Coding: | sr| 0| o |1 [1]o]o]n lBInaryCodIng: T ool ]
Hex Coding: ?g ::::: :: : ; Hex Coding: ;g x::: :::3

Execution Time:
Description:
32-bit operand A at all TOS and 32-bit operand B at the NOS are
exchanged. After execution, B is at the TOS and A is at the NOS. All
operands are unchanged. XCHD and XCHF execute the same
operation.

Status Affected: Sign, Zero

STACK CONTENTS

26 clock cycles

BEFORE AFTER
A TOS B
B A
c c
D D
32—+ 32
TB000061

Execution Time:
Description:
16-bit operand A at the TOS and 16-bit operand B at the NOS are
exchanged. After execution, B is at the TOS and A is at the NOS. All
operands are unchanged.

Status Affected: Sign, Zero

18 clock cycles

STACK CONTENTS

BEFORE AFTER
A Tos B
B A
o c
D D
E E
F F
G G
H H
16— f—16—=]
TB000062

2-25

+VIET8/VIIS6WY



Am9511A/8231A*

APPLICATIONS INFORMATION

The diagram in Figure 2 shows the interface connections for
the Am9511A/8231A APU with operand transfers handled by
an Am9517A DMA controller and CPU coordination handled
by an Am9519A Interrupt Controller. The APU interrupts the
CPU to indicate that a command has been completed. When
the performance enhancements provided by the DMA and

Interrupt operations are not required, the APU interface can be
simplified as shown in Figure 1. The Am9511A/8231A APU is
designed with a general purpose 8-bit data bus and interface
control so that it can be conveniently used with any general 8-
bit processor.
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Figure 1. Am9511A/8231A Minimum Configuration Example.
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Figure 2. Am9511A/8231A High Performance Configuration Example.




ABSOLUTE MAXIMUM RATINGS

Storage Temperature ....................ceuneens -65 to +150°C
VDD with Respect to VSS. -0.5V to +15.0V
VCC with Respect to VSS...........c......... -0.5V to +7.0V
All Signal Voltages

with Respect to VSS .....................,...=5.0V to +7.0V
Power Dissipation (Package Limitation) ................... 2.0W

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) .....ccvvivriniiiiiiiiiiniinnnns
Supply Voltage (Vcc)

(Vpp)
Industrial (l) Devices
Temperature (TA)......cooeevenevniiniinniennnn -40 to +85°C
Supply Voltage (Vce) ....5V £10%
[(775]0) I, 12 £10%

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

DC CHARACTERISTICS over operating range (Note 1)

Parameters Description Test Conditions Min Typ Max Units
VOH Output HIGH Voltage IOH = - 200pA 3.7 Volts
VoL Output LOW Voltage IOL = 3.2mA 0.4 Volts
VIH Input HIGH Voltage 20 VvCC Volts
viL Input LOW Voltage -0.5 0.8 Volits
nx Input Load Current VSS <VI<VCC +10 A

VO = 0.4V 10
10z Data Bus Leak:
O, ata Bus Leakage Vo= Voo o HA
Ta=+25°C 50 90
IcC VCC Supply C t mA
upply Surren Ta=0C 95
Ta = +25°C 50 90
IDD VDD Supply Current A mA
Ta=0°C 95
CcOo Output Capacitance 8 10 pF
Cl Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF
CIO 1/0 Capacitance 10 12 pF
Note: 1. Typical values are for Ta = 25°C, normal supply voltages and normal processing parameters.
SWITCHING TEST INPUT WAVEFORM
24
20~ rgsy 20
0.8 =——POINTS—_ ;o
0.45
WF004060

See Section 6 for Thermal Characteristics Information.
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Am9511A/8231A*

SWITCHING CHARACTERISTICS over operating range (Note 1)

Am9511A/8231A Am9511A-1/8231A Am9511A-4/8231A

Parameters Description Min Max Min Max Min Max Units
TAPW EACK LOW Pulse Width 100 75 50 ns
TCDR C/D to RD LOW Set-up Time 0 0 0 ns
TCDW C/D to WR LOW Set-up Time 0 0 0 ns
TCPH Clock Pulse HIGH Width 200 140 100 ns
TCPL Clock Pulse LOW Width 240 160 120 ns
CS LOW to RD LOW

TCSR Set-up Time 0 0 0 ns

TCSW CS LOW to WR LOW Set-up Time 0 0 0 ns

TCY Clock Period 480 5000 320 3300 250 2500 ns
Data Bus Stable to WR

TDW HIGH Set-up Time 150 100 (Note 9) 100 ns

TEAE EACK LOW to END HIGH Delay 200 175 150 ns

TEPW END LOW Pulse Width (Note 4) 400 270 200 ns
Data Bus Output Valid to

TOP PAUSE HIGH Delay 0 0 0 ns

TPPWR PAUSE LOW Pulse Data 3.5TCY +50 | 5.5TCY +300 | 3.5TCY+50 | 55TCY +200 | 3.5TCY+50 | 5.5TCY + 200 ns
Width Read (Note 5) Status 1.5TCY +50 | 3.5TCY +300 | 1.5TCY+50 | 35TCY+200 | 15TCY+50 | 35TCY +200
PAUSE LOW Pulse Width Write

TPPWW (Note 8) 50 50 50 ns
PAUSE HIGH to RD

TPR HIGH Hold Time 0 0 0 ns
PAUSE HIGH to WR

TPW HIGH Hold Time 0 0 0 ns

TRCD RD HIGH to C/D Hold Time 0 0 0 ns

TRCS RD HIGH to TS HIGH Hold Time 0 0 0 ns

TRO RD LOW to Data Bus ON Delay 50 50 50 ns
RD LOW to PAUSE LOW

TRP Delay (Note 6) 150 100 (Note 9) 100 ns

TRZ RD HIGH to Data Bus OFF Delay 50 200 50 150 50 120 ns

TSAPW SVACK LOW Pulse Width 100 75 50 ns
SVACK LOW to SVREQ

TSAR LOW Delay 300 200 150 ns

TWCD WR HIGH to C/D Hold Time 60 30 30 ns

TWCS WR HIGH to CS HIGH Hold Time 60 30 30 ns

TWD WR HIGH to Data Bus Hold Time 20 20 20 ns

TWI Write Inactive Time Command aToY aToyY 4Tov n

! Data 5TCY 5TCY 5TCY s

WR LOW to PAUSE LOW

TWP Delay (Note 6) 150 100 (Note 9) 100 ns

Notes: 1. Typical values are for Ta = 25°C, nominal supply voltages and nominal processing parameters.

2. Switching parameters are listed in alphabetical order.

3. Test conditions assume transition times of 20ns or less, output loading of one TTL gate plus 100pF +20pF and timing reference
levels of 0.8V and 2.0V.

4. END low pulse width is specified for EACK tied to VSS. Otherwise TEAE applies.

5. Minimum values shown assume_no greviously entered command is being executed for the data access. If a previously entered
command is being executed, PAUSE LOW Pulse Width is the time to complete execution plus the time shown. Status may be read
at an§ time without exceeding the time shown.

6. PAUSE is pulled low for both command and data operations.

7. TEX is the execution time of the current command (see the Command Execution Times table).

8. PAUSE low pulse width is less than 50ns when writing into the data port or the control port as long as the duty requirement (TWI)
is observed and no previous command is being executed. TWI may be safely _violated up to 500ns as long as the extended TPPWW
that results is observed. If a previously d cc d is being d, PAUSE LOW Pulse Width is the time to complete
execution plus the time shown.

9. 150ns for Military grade.
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Am9513A

Am9513A

System Timing Controller

DISTINCTIVE CHA

Five independent 16-bit counters

High speed counting rates

Up/down and binary/BCD counting
Internal oscillator frequency source
Tapped frequency scaler

Programmable frequency output

8-bit or 16-bit bus interface

Time-of-day option

Alarm comparators on counters 1 and 2

RACTERISTICS

Complex duty cycle outputs

One-shot or continuous outputs
Programmable count/gate source selection
Programmable input and output polarities
Programmable gating functions
Retriggering capability

+5 volt power supply

Standard 40-pin package

GENERAL DESCRIPTION

The Am9513A System Timing Controller is an LSI circuit
designed to service many types of counting, sequencing
and timing applications. It provides the capability for pro-
grammable frequency synthesis, high resolution program-
mable duty cycle waveforms, retriggerable digital one-
shots, time-of-day clocking, coincidence alarms, complex
pulse generation, high resolution baud rate generation,
frequency shift keying, stop-watching timing, event count
accumulation, waveform analysis, etc. A variety of program-
mable operating modes and control features allow the
Am9513A to be personalized for particular applications as
well as dynamically reconfigured under program control.

The STC includes five general-purpose 16-bit counters. A
variety of internal frequency sources and external pins may
be selected as inputs for individual counters with software
selectable active-high or active-low input polarity. Both
hardware and software gating of each counter is available.
Three-state outputs for each counter provide pulses or
levels and can be active-high or active-low. The counters
can be programmed to count up or down in either binary or
BCD. The host processor may read an accumulated count
at any time without disturbing the counting process. Any of
the counters may be internally concatenated to form any
effective counter length up to 80 bits.
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CONNECTION DIAGRAMS
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Top View
DIPs PLCC
B @ Q .“‘:’ EE ."‘3
+syvee —J1 0o ' wf3—eours _<5u50§<5§<
ourz —1 2 39 e aaTe 2 xoo2o050c000
our1 —{]3 38 [ J}— OuTs /6 5 4 3 2 1 444342 4140 )
GATE1 —={]4 37 [J—= outs x2[] 7 ° 39 [1 GATE4
X1t —{1s 36 [ J~— GATE3 Fout[] 8 38 [] GATES
X2 s 35 [ J=— GATE 4 i D) 37 |1 sourcet
Four [:: 7 u :: GATES c/br] 10 36 [] souRce2
B s 33 SOURCE 1 WR[ 1 35 [] SOURCE3
WR —={"]9 32 [ J=—— SOURCE 2 —
& —=J0 31 3~ SOuRCE3 csiy12 34 [ SOURCE4
AD —={J 1 30 [}=— SOURCE 4 RDL} 13 % [ SOURCES
DBO =—={] 12 29 [T}=— SOURCE S Nc[] 14 32 f1Nc
0Bt —-—={]13 28 [}=— DBIS pBo[] 15 31 [] pB1s
DB2 =—={"] 14 27 [}=—e DB14 pB1[] 16 30 [ pB14
0B3 15 26 [ e pe2[] 17 20 [1DB13
oBs 1 x5 x::/axrs A 18 19 20 21 22 23 24 25 26 27 28 ’
0BS =—={]17 24 [} DB11/GATE 4A 3B BE<O<<<s
oB6 =—{]18 23 [}~ DB10/GATE 3A nonngg’gggg
DB7 =—={_] 19 22 [}~ DB9/GATE 2A a <<g<
GATE 1A/DB8 ~—={—] 20 21 3 vss (GND) S g geg
o ooan
CD005212 eaao

CD009912

Note: Pin 1 is marked for orientation.

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

AM9513A D (0]

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

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

c. PACKAGE TYPE
P = 40-Pin Plastic DIP (PD 040)
D = 40-Pin Ceramic DIP (CD 040)
J = 44-Pin Plastic Leaded Chip Carrier
(PL 044)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am9513A
System Timing Controller

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

Valid Combinations
AM9513A | PC, DC, DCB, DIB, JC

*This device is also available in Military temperature
range. See MOS Microprocessors and Peripherals
Military Handbook (Order # 09275A/0) for electrical
performance characteristics.
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Am9513A

PIN DESCRIPTION

Pin No.

Name

170

Description

Vce

+5V Power Supply.

21

Vss

Ground.

5 6

X1, X2

(Crystal). X1 and X2 are the connections for an external crystal used to determine the frequency of the
internal oscillator. The crystal should be a parallel-resonant, fundamental-mode type. An RC or LC or other
reactive network may be used instead of a crystal. For driving from an external frequency source, X1 should
be left open and X2 should be connected to a TTL source and a pull-up resistor.

FOUT

(Frequency Out). The FOUT output is derived from a 4-bit counter that may be programmed to divide its
input by any integer value from 1 through 16 inclusive. The input to the counter is selected from any of 15
sources, including the internal scaled oscillator frequencies. FOUT may be gated on and off under software
control and when off will exhibit a low impedance to ground. Control over the various FOUT options resides
in the Master Mode register. After power-up, FOUT provides a frequency that is 1/16 that of the oscillator.
The input source on power-up is F1.

4, 39,
36-34

GATE1 - GATES

(Gate). The Gate inputs may be used to control the operations of individual counters by determining when
counting may proceed. The same Gate input may control up to three counters. Gate pins may also be
selected as count sources for any of the counters and for the FOUT divider. The active polarity for a
selected Gate input is programmed at each counter. Gating function options allow level-sensitive gating or
edge-initiated gating. Other gating modes are available including one that allows the Gate input to select
between two counter output frequencies. All gating functions may also be disabled. The active Gate input is
conditioned by an auxiliary input when the unit is operating with an external 8-bit data bus. See Data Bus
description. Schmitt-trigger circuitry on the GATE inputs allows slow transition times to be used.

33-29

SRC1 - SRC5

(Source).The Source inputs provide external signals that may be counted by any of the counters. Any
Source line may be routed to any or all of the counters and the FOUT divider. The active polarity for a
selected SRC input is programmed at each counter. Any duty cycle waveform will be accepted as long as
the minimum pulse width is at least half the period of the maximum specified counting frequency for the
part. Schmitt-trigger circuitry on the SRC inputs allows slow transition times to be used.

3, 2, 40,
38, 37

OUT1 - OUT5

(Counter). Each 3-state OUT signal is directly associated with a corresponding individual counter.
Depending on the counter configuration, the OUT signal may be a pulse, a square wave, or a complex duty
cycle waveform. OUT pulse polarities are individually programmable. The output circuitry detects the
counter state that would have been all bits zero in the absence of a reinitialization. That information is used
to generate the selected waveform type. An optional output mode for Counters 1 and 2 overrides the
normal output mode and provides a true OUT signal when the counter contents match the contents of an
Alarm register.

12-19, 20,
22-28

DBO - DB7,
DB8 - DB15

110

(Data Bus). The 16 bidirectional Data Bus lines are used for information exchanges with the host processor.
HIGH on a Data Bus line corresponds to one and LOW corresponds to zero. These lines act as inputs when
WR and CS are active and as outputs when RD and CS are active. When TS is inactive, these pins are
placed in a high-impedance state.

After power-up or reset, the data bus will be configured for 8-bit width and will use only DBO through DB7.
DBO is the least significant and DB7 is the most significant bit position. The data bus may be reconfigured
for 16-bit width by changing a control bit in the Master Mode register. This is accomplished by writing an 8-
bit command into the low-order DB lines while holding the DB13 - DB15 lines at a logic high level.
Thereafter, all 16 lines can be used, with DBO as the least significant and DB15 as the most significant bit
position. :

When operating in the 8-bit data bus environment, DB8 - DB15 will never be driven active by the Am9513A.
DB8 through DB12 may optionally be used as additional Gate inputs (see Figure 1-3). If unused, they
should be held HIGH. When pulled LOW, a GATENA signal will disable the action of the corresponding
counter N gating. DB13-DB15 should be held HIGH in 8-bit bus mode whenever CS and WR are
simultaneously active.

10

(Chip Select). The active-low Chip Select input enables Read and Write operations on the data bus. When
Chip Select is HIGH, the Read and Write inputs are ignored. The first Chip Select signal after power-up is
used to clear the power-on reset circuitry. If Chip Select is tied to ground permanently, the power-on reset
circuitry may not function. In such a configuration, the software reset command must be issued following
power-up to reset the Am9513A.

"

(Read). The active-low Read signal is conditioned by Chip Select and indicates that internal information is
to be transferred to the data bus. The source will be determined by the port being addressed and, for Data
Port reads, by the contents of the Data Pointer register. WR and RD should be mutually exclusive.

(Write). The active-low Write signal is conditioned by Chip Select and indicates that data bus information is
to be transferred to an internal location. The destination will be determined by the port being addressed
and, for Data Port writes, by the contents of the Data Pointer register. WR and should be mutually
exclusive.

c/D

(Control/Data). The Control/Data signal selects source and destination locations for Read and Write
operations on the data bus. Control Write operations load the Command register and the Data Pointer.
Control Read operations output the Status register. Data Read and Data Write transfers communicate with
all other internal registers. Indirect addressing at the data port is controlled internally by the Data Pointer
register.
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Signal Abbreviation Type | Pins
+5 Volts VvCC Power 1
Ground VSS Power 1
Crystal X1, X2 [oXN] 2
Read RD Input 1
Write WR Input 1
Chip Select [o] Input 1
Control/Data c/D Input 1
Source N SRC Input 5
Gate N GATE Input 5
Data Bus DB 1/0 16
Frequency Out FOUT Output

Out N ouT Output

Figure 1-2. Interface Signal Summary

Figure 1-2 summarizes the interface signals and
their abbreviations for the STC.

Data Bus Width (MM14)
Package
Pin 16 Bits 8 Bits
12 DBO DBO
13 DB1 DB1
14 DB2 DB2
15 DB3 DB3
16 DB4 DB4
17 DB5 DB5
18 DB6 DB6
19 DB7 DB7
20 DB8 GATE 1A
22 DB9 GATE 2A
23 DB10 GATE 3A
24 DB11 GATE 4A
25 DB12 GATE 5A
26 DB13 (VIH)
27 DB14 (VIH)
28 DB15 (VIH)
Figure 1-3. Data Bus Assignments

Interface Considerations

All of the input and output signals for the Am9513A are
specified with logic levels compatible with those of standard
TTL circuits. In addition to providing TTL compatible voltage
levels, other output conditions are specified to help configure
non-standard interface circuitry. The logic level specifications
take into account all worst-case combinations of the three
variables that affect the logic level thresholds: ambient tem-
perature, supply voltage and processing parameters. A
change in any of these toward nominal values will improve the
actual operating margins and will increase noise immunity.

Unprotected open gate inputs of high quality MOS transistors
exhibit very high resistances on the order of perhaps 104
ohms. It is easy, therefore, in some circumstances, for charge
to enter the gate node of such an input faster than it can be
discharged and consequently, for the gate voltage to rise high
enough to break down the oxides and destroy the transistor.

All inputs to the Am9513A include protection networks to help
prevent damaging accumulations of static charge. The protec-
tion circuitry is designed to slow the transitions of incoming
current surges and to provide low-impedance discharge paths
for voltages beyond the normal operating levels. Note, howev-
er, that input energy levels can nonetheless be too high to be
successfully absorbed. Conventional design, storage, and
handling precautions should be observed so that the protec-
tion networks themselves are not overstressed.

Within the limits of normal operation, the input protection
circuitry is inactive and may be modeled as a lumped series
RC as shown in Figure 1-4(a). The functionally active input
connection during normal operation is the gate of a MOS
transistor. No active sources or drains are connected to the
inputs so that neither transient nor steady-state currents are
impressed on the driving signals other than the charging or
discharging of the input capacitance and the accumulated
leakage associated with the protection network and the input
circuit.

a)

FUNCTIONALLY
ACTIVE
INTERNAL
CIRCUITRY
/
/
b)
x1} WA
>100k 3
S
x2 [} W :l:: —
L]
I j
AF002520

Figure 1-4. Input Circuitry

The only exception to the purely capacitive input case is the
X2 crystal input. As shown in Figure 1-4(b) an internal resistor
connects X1 and X2 in addition to the protection network. The
resistor is a modestly high value of more than 100kohms.

Fanout from the driving circuitry into the Am9513A inputs will
generally be limited by transition time considerations rather
than DC current limitations when the loading is dominated by
conventional MOS circuits. In an operating environment, all
inputs should be terminated so they do not float and therefore
will not accumulate stray static charges. Unused inputs should
be tied directly to Ground or VCC, as appropriate. An input in
use will have some type of logic output driving it, and
termination during operation will not be a problem. Where
inputs are driven from logic external to the card containing this
chip, however, on-board termination should be provided to
protect the chip when the board is unplugged (the input would
otherwise float). A pull-up resistor or a simple inverter or gate
will suffice.

2-33

velsewy



Am9513A

DETAILED DESCRIPTION

The Am9513A System Timing Controller (STC) is a support
device for processor oriented systems that is designed to
enhance the available capability with respect to counting and
timing operations. It provides the capability for programmable
frequency synthesis, high resolution programmable duty cycle
waveforms, retriggerable digital timing functions, time-of-day
clocking, coincidence alarms, complex pulse generation, high
resolution baud rate generation, frequency shift keying, stop-
watching timing, event count accumulation, waveform analysis
and many more. A variety of programmable operating modes
and control features allow the Am9513A to be personalized for
particular applications as well as dynamically reconfigured
under program control.

The STC includes five general-purpose 16-bit counters. A
variety of internal frequency sources and external pins may be
selected as inputs for individual counters with software select-
able active-high or active-low input polarity. Both hardware
and software gating of each counter is available. Three-state
outputs for each counter provide either pulses or levels. The
counters can be programmed to count up or down in either
binary or BCD. The accumulated count may be read without
disturbing the counting process. Any of the counters may be
internally concatenated to form an effective counter length of
up to 80 bits.

The Am9513A block diagrams indicate the interface signals
and the basic flow of information. Internal control lines and the
internal data bus have been omitted. The control and data
registers are all connected to a common internal 16-bit bus.
The external bus may be 8- or 16-bits wide; in the 8-bit mode,
the internal 16-bit information is multiplexed to the low order
data bus pins DBO through DB7.

An internal oscillator provides a convenient source of frequen-
cies for use as counter inputs. The oscillator's frequency is
controlled at the X1 and X2 interface pins by an external
reactive network such as a crystal. The oscillator output is
divided by the Frequency Scaler to provide several sub-
frequencies. One of the scaled frequencies (or one of ten input
signals) may be selected as an input to the FOUT divider and
then comes out of the chip at the FOUT interface pin.

The STC is addressed by the external system as two
locations: a Control port and a Data port. The Control port

provides direct access to the Status and Command registers,
as well as allowing the user to update the Data Pointer
register. The Data port is used to communicate with all other
addressable internal locations. The Data Pointer register
controls the Data port addressing.

Among the registers accessible through the Data port are the
Master Mode register and five Counter Mode registers, one for
each counter. The Master Mode register controls the program-
mable options that are not controlled by the Counter Mode
registers.

Each of the five general-purpose counters is 16-bits long and
is independently controlled by its Counter Mode register.
Through this register, a user can software select one of 16
sources as the counter input, a variety of gating and repetition
modes, up or down counting in binary or BCD and active-high
or active-low input and output polarities.

Associated with each counter are a Load register and a Hold
register, both accessible through the Data port. The Load
register is used to automatically reload the counter to any
predefined value, thus controlling the effective count period.
The Hold register is used to save count values without
disturbing the count process, permitting the host processor to
read intermediate counts. In addition, the Hold register may be
used as a second Load register to generate a number of
complex output waveforms.

All five counters have the same basic control logic and control
registers. Counters 1 and 2 have additional Alarm registers
and comparators associated with them, plus the extra logic
necessary for operating in a 24-hour time-of-day mode. For
real-time operation, the time-of-day logic will accept 50Hz,
60Hz or 100Hz input frequencies.

Each general counter has a single dedicated output pin. it may
be turned off when the output is not of interest or may be
configured in a variety of ways to drive interrupt controllers,
Darlington buffers, bus drivers, etc. The counter inputs, on the
other hand, are specifically not dedicated to any given
interface line. Considerable versatility is available for configur-
ing both the input and the gating of individual counters. This
not only permits dynamic reassignment of inputs under soft-
ware control, but also allows multiple counters to use a single
input and a single gate pin to control more than one counter.
Indeed, a single pin can be the gate for one counter and, at
the same time, the count source for another.
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s SELECT
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Figure 1-5. Counter Logic Groups 1 and 2
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Figure 1-6. Counter Logic Groups 3, 4 and 5
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A powerful command structure simplifies user interaction with
the counters. A counter must be armed by one of the ARM
commands before counting can commence. Once armed, the
counting process may be further enabled or disabled using the
hardware gating facilities. The ARM and DISARM commands
permit software gating of the count process in some modes.

The LOAD command causes the counter to be reloaded with
the value in either the associated Load register or the
associated Hold register. It will often be used as a software
retrigger or as counter initialization prior to active hardware
gating.

The DISARM command disables further counting independent
of any hardware gating. A disarmed counter may be reloaded
using the LOAD command, may be incremented or decrem-
ented using the STEP command and may be read using the
SAVE command. A count process may be resumed using an
ARM command.

The SAVE command transfers the contents of a counter to its
associated Hold register. This command will overwrite any
previous Hold register contents. The SAVE command is
designed to allow an accumulated count to be preserved so
that it can be read by the host CPU at some later time.

Two combinations of the basic commands exist to either
LOAD AND ARM or to DISARM AND SAVE any combination
of counters. Additional commands are provided to: step an
individual counter by one count; set and clear an output
toggle; issue a software reset; clear and set special bits in the
Master Mode register; and load the Data Pointer register.

Note: Separate LOAD and ARM commands should be used
for asynchronous operations.

Power Supply

The Am9513A requires only a single 5V power supply.
Maximum supply currents are specified in the electrical
specification at the high end of the voltage tolerance and the
low end of the temperature range. In addition, the current
specifications take into account the worstcase distribution of
processing parameters that may be encountered during the
manufacturing life of the product. Typical supply current
values, on the other hand, are specified at a nominal +5.0
volts, a nominal ambient temperature of 25°C, and nominal
processing parameters. Supply current always decreases with
increasing ambient temperature: thermal run-away is not a
problem.

Supply current will vary somewhat from part to part, but a
given unit at a given operating temperature will exhibit a nearly
constant power drain. There is no functional operating region
that will cause more than a few percent change in the supply
current. Decoupling of VCC, then, is straightforward and will
generally be used to isolate the Am9513A from VCC noise
originating externally

CONTROL PORT REGISTERS

The STC is addressed by the external system as only two
locations: a Control port and a Data port. Transfers at the
Control port (C/D = HIGH) allow direct access to the Com-
mand register when writing and the Status register when
reading. All other available internal locations are accessed for
both reading and writing via the Data port (C/D = LOW). Data

port transfers are executed to and from the location currently
addressed by the Data Pointer register. Options available in
the Master Mode register and the Data Pointer control
structure allow several types of transfer sequencing to be
used. See Figure 1-7.

Transfers to and from the Control port are always 8-bits wide.
Each access to the Control port will transfer data between the
Command register (writes) or Status register (reads) and Data
Bus pins DB0-DB?7, regardless of whether the Am9513A is in
8- or 16-bit bus mode. When the Am9513A is in 8-bus mode,
Data Bus pins DB13-DB15 should be held at a logic high
whenever CS and WR are both active.

Command Register

The Command register provides direct control over each of
the five general counters and controls access through the
Data port by allowing the user to update the Data Pointer
register. The "Command Description' section of this data
sheet explains the detailed operation of each command. A
summary of all commands appears in Figure 1-20. Six of the
command types are used for direct software control of the
counting process. Each of these six commands contains a 5-
bit S field. In a linear-select fashion, each bit in the S field
corresponds to one of the five general counters (S1 = Counter
1, 82 = Counter 2, etc.). When an S bit is a one, the specified
operation is performed on the counter so designated; when an
S bit is a zero, no operation occurs for the corresponding
counter.

Data Pointer Register

The 6-bit Data Pointer register is loaded by issuing the
appropriate command through the Control port to the Com-
mand register. As shown in Figure 1-7, the contents of the
Data Pointer register are used to control the Data port
multiplexer, selecting which internal register is to be accessi-
ble through the Data port.

The Data Pointer consists of a 3-bit Group Pointer, a 2-bit
Element Pointer and a 1-bit Byte Pointer, depicted in Figure 1-
8. The Byte Pointer bit indicates which byte of a 16-bit register
is to be transferred on the next access through the Data port.
Whenever the Data Pointer is loaded, the Byte Pointer bit is
set to one, indicating a least-significant byte is expected. The
Byte Pointer toggles following each 8-bit data transfer with an
8-bit data bus (MM13 = 0), or it always remains set with the
16-bit data bus option (MM13 = 1). The Element and Group
pointers are used to select which internal register is to be
accessible through the Data port. Although the contents of the
Element and Group Pointer in the Data Pointer register cannot
be read by the host processor, the Byte Pointer is available as
a bit in the Status register.

Random access to any available internal data location can be
accomplished by simply loading the Data Pointer using the
command shown in Figure 1-9 and then initiating a data read
or data write. This procedure can be used at any time,
regardless of the setting of the Data Pointer Control bit
(MM14). When the 8-bit data bus configuration is being used
(MM13 = 0), two bytes of data would normally be transferred
following the issuing of the ''Load Data Pointer"’ command.

To permit the host processor to rapidly access the various
internal registers, automatic sequencing of the Data Pointer is
provided.
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PORT
8
L
1 s STATUS ! LS
7 REGISTER 1
sne DATA . BYTE
R
sUs y: POINTE
MULTIPLEXER
- GROUP AND ELEMENT
ADORESS
-

[

Figure 1-8. Data Pointer Register
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Figure 1-7. Am9513A Register Access
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Element Cycle Hold Cycle
Mode Load Hold Hold
Register | Register | Register | Register

Counter 1 FFO1 FF09 FF11 FF19
Counter 2 FF02 FFOA FF12 FF1A
Counter 3 FFO3 FFOB FF13 FF1B
Counter 4 FFO4 FFOC FF14 FFiC
Counter 5 FFO5 FFOD FF15 FF1D

Master Mode Register = FF17

Alarm 1 Register = FFO7

Alarm 2 Register = FFOF

Status Register = FF1F

Notes:

1. All codes are in hex.

2. When used with an 8-bit bus, only the two low order hex
digits should be written to the command port; the 'FF' prefix
should be used only for a 16-bit data bus interface.

Figure 1-9. Load Data Pointer Commands

Sequencing is enabled by clearing Master Mode bit 14 (MM14)
to zero. As shown in Figure 1-10 several types of sequencing
are available depending on the data bus width being used and
the initial Data Pointer value entered by command.

When E1=0 or E2=0 and G4, G2, G1 points to|a Counter
Group, the Data Pointer will proceed through the Element
cycle. The Element field will automatically sequence through
the three values 00, 01 and 10 starting with the value entered.
When the transition from 10 to 00 occurs, the Group field will
also be incremented by one. Note that the Element field in this
case does not sequence to a value of 11. The Group field
circulates only within the five Counter Group codes.

If E2, E1 = 11 and a Counter Group are selected, then only the
Group field is sequenced. This is the Hold cycle. It allows the
Hold registers to be sequentially accessed while bypassing
the Mode and Load registers. The third type of sequencing is
the Control cycle. If G4, G2, G1 =111 and E2, E1 # 11, the
Element Pointer will be incremented through the values 00, 01
and 10, with no change to the Group Pointer.

When G4, G2, G1 =111 and E2, E1 = 11, no incrementing
takes place and only the Status register will be available
through the Data port. Note that the Status register can also
always be read directly through the Control port.

For all these auto-sequencing modes, if an 8-bit data bus is
used, the Byte pointer will toggle after every data transfer to
allow the least and most significant bytes to be transferred
before the Element or Group fields are incremented.

Prefetch Circuit

To minimize the read access time to internal Am9513A
registers, a prefetch circuit is used for all read operations
through the Data port. Following each read or write operation
through the Data port, the Data Pointer register is updated to
point to the next register to be accessed. Immediately
following this update, the new register data is transferred to a
special prefetch latch at the interface pad logic. When the user
performs a subsequent read of the Data port, the data bus
drivers are enabled, outputting the prefetched data on the bus.
Since the internal data register is accessed prior to the start of
the read operation, its access time is transparent to the user.
To keep the prefetched data consistent with the Data Pointer,
prefetches are also performed after each write to the Data
port and after execution of the ""Load Data Pointer'' com-

mand. The following rules should be kept in mind regarding

Data port Transfers.

R

Counter 1 Hold Reg.

f

Counter 2 Hold Reg.

{

f

Counter 5 Hold Reg.

|

HOLD CYCLE

B

Alarm Reg. 1

f

Alarm Reg. 2

f

Master Mode Reg.

N

CONTROL GROUP CYCLE

R

Counter 1 Mode Reg.

f

Counter 1 Load Reg.

f

Counter 1 Hold Reg.

f

Counter 2 Mode Reg.

f

Counter 2 Load Reg.

f

Counter 2 Hold Reg.

f

f

Counter 5 Hold Reg.

i

ELEMENT CYCLE

|

Status Reg.

I

STATUS CYCLE

LS001240

Figure 1-10. Data Pointer Sequencing

-

. The Data Pointer register should always be reloaded before
reading from the Data port if a command, other than ''Load
Data Pointer,”" was issued to the Am9513A following the
last Data port read or write. The Data Pointer does not have
to be loaded again if the first Data port transaction after a
command entry is a write, since the Data port write will
automatically cause a new prefetch to occur.

2. Operating modes N, O, Q, R and X allow the user to save
the counter contents in the Hold register by applying an
active-going gate edge. If the Data Pointer register had
been pointing to the Hold register in question, the pre-
fetched value will not correspond to the new value saved in
the Hold Register. To avoid reading an incorrect value, a
new ''Load Data Pointer” command should be issued
before attempting to read the saved data. A Data port write
(to another register) will also initiate a prefetch; subsequent
reads will access the recently saved Hold register data.
Many systems will use the '"saving' gate edge to interrupt
the host CPU. In systems such as this, the interrupt service
routine should issue a ''Load Data Pointer" command prior
to reading the saved data.

Status Register

The 8-bit read-only Status register indicates the state of the
Byte Pointer bit in the Data Pointer register and the state of the
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OUT signal for each of the general counters. See Figures 1-11
and 1-18. The OUT signals reported are those internal to the
chip after the polarity-select logic and just before the 3-state
interface buffer circuitry. Bits SR6 and SR7 may be 0 or 1.

The Status register OUT bit reflects an active-high or active-
low TC output, or a TC Toggled output, as programmed in the
Output Control Field of the Counter Mode register. That is, it
reflects the exact state of the OUT pin. When the low-
impedance to Ground Output option (CM2-CMO = 000) is
selected, the Status register will reflect an active-high TC
Output. When a high-impedance Output option (CM2-
CMO = 100) is selected, the Status register will reflect an
active-low TC output.

For Counters 1 and 2, the OUT pin will reflect the comparator
output if the comparators are enabled. The Status register bit
and OUT pin are active-high if CM2 =0 and active-low if
CM2 = 1. When the high-impedance option is selected and
the comparator is enabled, the status register bit will reflect an
active-high comparator output. When the low-impedance to
Ground option is selected and the comparator is enabled, the
status register bit will reflect an active-low comparator output.

The Status register is normally accessed by reading the
Control port (see Figure 1-7) but may also be read via the Data
port as part of the Control Group.

SR7 | SR6 | SR5 | SR4 | SR3 | SR2 | SR1 | SRO

— OuT 4 ouT 2 BYTE
O0OR 1 POINTER
OouT 5 ouT3 OouT 1

DF001900

Figure 1-11. Status Register Bit Assignments

DATA PORT REGISTERS
Counter Logic Groups

As shown in Figures 1-5 and 1-6, each of the five Counter
Logic Groups consists of a 16-bit general counter with
associated control and output logic, a 16-bit Load register, a
16-bit Hold register and a 16-bit Mode register. In addition,
Counter Groups 1 and 2 also include 16-bit Comparators and
16-bit Alarm registers. The comparator/alarm functions are
controlled by the Master Mode register. The operation of the
Counter Mode registers is the same for all five counters. The
host CPU has both read and write access to all registers in the
Counter Logic Groups through the Data port. The counter
itself is never directly accessed.

f

Load Register

The 16-bit read/write Load register is used to control the
effective length of the general counter. Any 16-bit value may
be written into the Load register. That value can then be
transferred into the counter each time the Terminal Count (TC)
occurs. ""Terminal Count" is defined as that period of time
when the counter contents would have been zero if an
external value had not been transferred into the counter. Thus,
the terminal count frequency can be the input frequency

divided by the value in the Load register. In all operating
modes, either the Load or Hold register will be transferred into
the counter when TC occurs. In cases where values are being
accumulated in the counter, the Load register action can
become transparent by filling the Load register with all zeros.

Hold Register

The 16-bit read/write Hold register is dual-purpose. It can be
used in the same way as the Load register, thus offering an
alternate source for module definition for the counter. The
Hold register may also be used to store accumulated counter
values for later transfer to the host processor. This allows the
count to be sampled while the counting process proceeds
without interruption. Transfer of the counter contents into the
Hold register is accomplished by the hardware interface in
some operating modes or by software commands at any time.

Counter Mode Register

The 16-bit read/write Counter Mode register controls the
gating, counting, output and source select functions within
each Counter Logic Group. The ''Counter Mode Control
Options'' section of this document describes the detailed
control options available. Figure 1-17 shows the bit assign-
ments for the Counter Mode registers.

Alarm Registers and Comparators

Added functions are available in the Counter Logic Groups for
Counters 1 and 2 (see Figure 1-5). Each contains a 16-bit
Alarm register and a 16-bit Comparator. When the value in the
counter reaches the value in the Alarm register, the Compara-
tor output will go true. The Master Mode register contains
control bits to individually enable/disable the comparators.
When enabled, the comparator output appears on the OUT pin
of the associated counter in place of the normal counter
output. The output will remain true as long as the comparison
is true, that is, until the next input causes the count to change.
The polarity of the Comparator output will be active-high if the
Output Control field of the Counter Mode register is 001 or 010
and active-low if the Output Control field is 101.

MASTER MODE CONTROL OPTIONS

The 16-bit Master Mode (MM) register is used to control those
internal activities that are not controlled by the individual
Counter Mode registers. This includes frequency control,
Time-of-Day operation, comparator controls, data bus width
and data pointer sequencing. Figure 1-12 shows the bit
assignments for the Master Mode register. This section
describes the use of each control field.

Master Mode register bits MM12, MM13 and MM14 can be
individually set and reset using commands issued to the
Command register. In addition, they can all be changed by
writing directly to the Master Mode register.

After power-on reset or a Master Reset command, the Master
Mode register is cleared to an all zero condition. This results in
the following configuration:

Time-of-Day disabled

Both Comparators disabled

FOUT Source is frequency F1
FOUT Divider set for divide-by-16
FOUT gated on

Data Bus 8 bits wide

Data Pointer Sequencing enabled
Frequency Scaler divides in binary
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FOUT Divider FOUT S
0000 = Divide by 16 0000 = E1
0001 = Divide by 1 0001 = SRC 1
0010 = Divide by 2 0010 = SRC 2
0011 = Divide by 3 0011 = SRC 3
0100 = Divide by 4 0100 = SRC 4
0101 = Divide by 5 0101 = SRC 5
0110 = Divide by 6 0110 = GATE 1
0111 = Divide by 7 0111 = GATE 2
1000 = Divide by 8 1000 = GATE 3
1001 = Divide by 9 1001 = GATE 4
1010 = Divide by 10 1010 = GATE 5
1011 = Divide by 11 1011 = F1
1100 = Divide by 12 1100 = F2
1101 = Divide by 13 1101 = F3
1110 = Divide by 14 1110 =F4
1111 = Divide by 15 1111 = F5
MM15 | MM14 | MM13 | MM12 | MM11]MM10] MM9 | MM8 | MM7 | MM6 | MMS | MM4 | MM3 | MM2 | MM1 | MMO
L rour Gate Compare 2 Enable —) D ma
0 = FOUT On 0 = Disabled
1 = FOUT Off (Low Z to GND) 1 = Enabled
Data Bus Width Compare 1 Enable
0 = 8-Bit Bus 0 = Disabled
1 =16-Bit Bus = Enabled
Data Pointer Control Time-of-Day Mode
0 = Enable Increment 00 = TOD Disabled
1 = Disable increment 01 = TOD Enabled; + 5 input
10 = TOD Enabled; + 6 Input
S nany Dision 11 = TOD Enabled; + 10 Input
1 = BCD Division
DF001911

Figure 1-12. Master Mode Register Bit Assignments

Time-of-Day

Bits MMO and MM1 of the Master Mode register specify the
Time-of-Day (TOD) options. When MMO = 0 and MM1 = 0, the
special logic used to implement TOD is disabled, and Count-
ers 1 and 2 will operate in exactly the same way as Counters
3, 4 and 5. When MMO =1 or MM1 = 1, additional counter
decoding and control logic is enabled on Counters 1 and 2,
which causes their decades to turn over at the counts that
generate appropriate 24-hour TOD accumulations. For addi-
tional information, see the Time-of-Day chapter in the 9513A
System timing controller technical manual.

Comparator Enable

Bits MM2 and MM3 control the Comparators associated with
Counters 1 and 2. When a Comparator is enabled, its output is
substituted for the normal counter output on the associated
OUT1 or OUT2 pin. The comparator output will be active-high
if the output control field of the Counter Mode register is 001
or 010 and active-low for a code of 101. Once the compare
output is true, it will remain so until the count changes and the
comparison therefore goes false.

The two Comparators can always be used individually in any
operating mode. One special case occurs when the Time-of-
Day option is revoked and both Comparators are enabled. The
operation of Comparator 2 will then be conditioned by
Comparator 1 so that a full 32-bit compare must be true in
order to generate a true signal on OUT2. OUT1 will continue,
as usual, to reflect the state of the 16-bit comparison between
Alarm 1 and Counter 1.

FOUT Source

Master Mode bits MM4 through MM7 specify the source input
for the FOUT divider. Fifteen inputs are available for selection,
and they include the five Source pins, the five Gate pins and
the five internal frequencies derived from the oscillator. The
16th combination of the four control bits (all zeros) is used to
assure that an active frequency is available at the input to the
FOUT divider following reset.

FOUT Divider

Bits MM8 through MM11 specify the dividing ratio for the
FOUT Divider. The FOUT source (selected by bits MM4
through MM?7) is divided by an integer value between 1 and 16,
inclusive, and is then passed to the FOUT output buffer. After
power-on or reset, the FOUT divider is set to divide-by-16.

FOUT Gate

Master Mode bit MM12 provides a software gating capability
for the FOUT signal. When MM12 =1, FOUT is off and in a
low-impedance state to ground. MM12 may be set or cleared
in conjunction with the loading of the other bits in the Master
Mode register; alternatively, there are commands that allow
MM12 to be individually set or cleared directly without chang-
ing any other Master Mode bits. After power-up or reset, FOUT
is gated on.

When changing the FOUT divider ratio or FOUT source,
transient pulses as short as half the period of the FOUT
source may appear on the FOUT pin. Turning the FOUT gate
on or off can also generate a transient. This should be
considered when using FOUT as a system clock source.
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Bus Width

Bit MM13 controls the multiplexer at the data bus interface in
order to configure the part for an 8-bit or 16-bit external bus.
The internal bus is always 16-bits wide. When MM13 = 1, 16-
bit data is transferred directly between the internal bus and all
16 of the external bus lines. In this configuration, the Byte
Pointer bit in the Data Pointer register remains set at all times.
When MM13 = 0, 16-bit internal data is transferred a byte at a
time to and from the eight low-order external data bus lines.
The Byte Pointer bit toggles with each byte transfer in this
mode.

When the Am9513A is set to operate with an 8-bit data bus
width, pins DB8 through DB15 are not used for the data bus
and are available for other functions. Pins DB13 through DB15
should be tied high. Pins DB8 through DB12 are used as
auxiliary gating inputs and are labeled GATE1A through
GATESA respectively. The auxiliary gate pin, GATENA, is
logically ANDed with the gate input to Counter N, as shown in
Figure 1-13. The output of the AND gate is then used as the
gating signal for Counter N.

Data Pointer Sequencing

Bit MM14 controls the Data Pointer logic to enable or disable
the automatic sequencing functions. When MM14 = 1, the
contents of the Data Pointer can be changed only directly by
entering a command. When MM14 =0, several types of
automatic sequencing of the Data Pointer are available. These
are described in the Data Pointer register section of this
document.

COUNTER MODE
REGISTER

I

TON-1 —]
GATE INPUT
GATEN-1 —=1  MuULTIPLEXER
GATEN —=] AND POLARITY EDGE
GATEN 1 SELECT LOGIC o
1 —]
EVEL b1 counteR
CONTROL
GATEN/A O
DF001920

Figure 1-13. Gating Control

Thus, the host processor, by controlling MM14, may repetitive-
ly read/write a single internal location, or may sequentially
read/write groups of locations. Bit MM14 can be loaded by
writing to the Master Mode register or can be set or cleared by
software command.

Scaler Ratios

Master Mode bit MM15 controls the counting configuration of
the Frequency Scaler counter. When MM15 = 0, the Scaler
divides the oscillator frequency in binary steps so that each
subfrequency is 1/16 of the preceding frequency. When
MM15 = 1, the Scaler divides in BCD steps so that adjacent
frequencies are related by ratios of 10 instead of 16 (see
Figure 1-14).

F1
F2
F3
F4
LA —
osc 48ITS 4 8ITS 4 8IS sBirs [
X2 —— o]
FREQUENCY SCALER
AF002540
BCD Binary
Scaling Scaling
Frequency MM15 =1 MM15=0
F1 0sC 0sC
F2 F1 + 10 F1 = 16
F3 F1 =+ 100 F1 + 256
Fa F1 = 1,000 F1 = 4,096
F5 F1 = 10,000 F1 = 65,536

Figure 1-14. Frequency Scaler Ratios
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Counter Mode

Special Gate (CM7)

Reload Source (CM6)
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Gate Control (CM15-CM13) LEVEL

EDGE

000 {LEVEL| EDGE | 000 |LEVEL| EDGE | 000 |LEVEL | EDGE

Count to TC once, then disarm X X

Count to TC twice, then disarm

X X X

Count to TC repeatedly without disarming

Gate input does not gate counter input X

Count only during active gate level X

Start count on active gate edge and stop count on
next TC

Start count on active gate edge and stop count on
second TC

No hardware retriggering X X

Reload counter from Load register on TC X X

Reload counter on each TC, alternating reload
source between Load and Hold registers

Transfer Load register into counter on each TC that
gate is LOW, transfer Hold register into counter on
each TC that gate is HIGH.

On active gate edge transfer counter into Hold
register and then reload counter from Load register

Counter Mode

Special Gate (CM7)

o|l=]2

Reload Source (CM6)

o|=]0O

g Uy )

olo|=I=Z

Repetition (CM5) 0

slof=]w
o|=|O
~<lo|=|z
of=|=|n
o|l=|=]c
==l =]<
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alalalx

1

Gate Control (CM15-CM13) 000 |LEVEL

EDGE

000 |LEVEL | EDGE LEVEL | EDGE | 000 |LEVEL| EDGE

Count to TC once, then disarm X

Count to TC twice, then disarm

Count to TC repeatedly without disarming

Gate input does not gate counter input

Count only during active gate level X

Start count on active gate edge and stop count on
next TC

Start count on active gate edge and stop count on
second TC

No hardware retriggering

Reload counter from Load register on TC X

Reload counter on each TC, alternating reload
source between Load and Hold registers.

Transfer Load register into counter on each TC that
gate is LOW, transfer Hold register into counter on
each TC that gate is HIGH.

On active gate edge transfer counter into Hold X
register and then reload counter from Load register

On active gate edge transfer counter into Hold
register, but counting continues

Notes: 1. Counter modes M, P, T, U and W are reserved and should not be used.

2. Mode X is available for Am9513A only.

Figure 1-15 Counter Mode Operating Summary

COUNTER MODE DESCRIPTIONS

Counter Mode register bits CM15-CM13 and CM7-CM5 select
the operating mode for each counter (see Figure 1-15). To
simplify references to a particular mode, each mode is
assigned a letter from A through X. Representative waveforms
for the counter modes are illustrated in Figures 1-16a through
1-16v. (Because the letter suffix in the figure number is keyed
to the mode, Figures 1-16m, 1-16p, 1-16t, 1-16u and 1-16w do
not exist.) The figures assume down counting on rising source
edges. Those modes which automatically disarm the counter
(CM5 = 0) are shown with the WR plus entering the required
ARM command; for modes which count repetitively (CM5 = 1),

the ARM command is omitted. The retriggering modes (N, O,
Q and R) are shown with one retrigger operation. Both a TC
output waveform and a TC Toggled output waveform are
shown for each mode. The symbols L and H are used to
represent count values equal to the Load and Hold register
contents, respectively. The symbols K and N represent
arbitrary count values. For each mode, the required bit pattern
in the Counter Mode register is shown; ''don't care'" bits are
marked ""X." These figures are designed to clarify the mode
descriptions; the Am9513A Electrical Specification should be
used as the authoritative reference for timing relationships
between signals.
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To keep the following mode descriptions concise and to the
point, the phrase "'source edges' is used to refer to active-
going source edges only, not to inactive-going edges. Similar-
ly, the phrase '""gate edges" refers only to active-going gate
edges. Also, again to avoid verbosity and euphuism, the
descriptions of some modes state that a counter is stopped or
disarmed "'on a TG, inhibiting further counting.”" As is fully
explained in the TC section of this document, for these modes
the counter is actually stopped or disarmed following the
active-going source edge which drives the counter out of TC.
In other words, since a counter in the TC state always counts,
irrespective of its gating or arming status, the stopping or
disarming of the count sequence is delayed until TC is
terminated.

MODE A

Software-Triggered Strobe with No Hardware
Gating

CM15 | CM14 | CM13 [ CM12 | CM11 |CM10 | CM9 | CM8

0 0 0 X X X X X

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

Mode A, shown in Figure 1-16a, is one of the simplest
operating modes. The counter will be available for counting
source edges when it is issued an ARM command. On each
TC, the counter will reload from the Load register and
automatically disarm itself, inhibiting further counting. Counting
will resume when a new ARM command is issued.

MODE B
Software-Triggered Strobe with Level Gating

cm15 | cM14 | cM13 | cm12|cmi1 | cmio] cMe | cms
LEVEL x | x| x| x| x

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMo
o | o] o | x| x| x| x| x

Mode B, shown in Figure 1-16b, is identical to Mode A except
that source edges are counted only when the assigned Gate is
active. The counter must be armed before counting can occur.
Once armed, the counter will count all source edges which
occur while the Gate is active and disregard those edges
which occur while the Gate is inactive. This permits the Gate
to turn the count process on and off. On each TC the counter
will reload from the Load register and automatically disarm
itself, inhibiting further counting unitl a new ARM command is
issued.
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Figure 1-16a. Mode A Waveforms
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Figure 1-16b. Mode B Waveforms

MODE C armed counter. The counter must be armed before application

Hardware-Triggered Strobe

CM15 | CM14 [ CM13 [ CM12 | CM11 [CcM10| CM9 | cM8

EDGE X X X X X

CM7 [ CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

0 0 0 X X X X X

Mode C, shown in Figure 1-16c, is identical to Mode A, except
that counting will not begin until a Gate edge is applied to the

of the triggered Gate edge; Gate edges applied to a disarmed
counter are disregarded. The counter will start counting on the
first source edge after the triggering Gate edge and will
continue counting until TC. At TC, the counter will reload from
the Load register and automatically disarm itself. Counting will
then remain inhibited until a new ARM command and a new
Gate edge are applied in that order. Note that after application
of a triggered Gate edge, the Gate input will be disregarded for
the remainder of the count cycle. This differs from Mode B,
where the Gate can be modulated throughout the count cycle
to stop and start the counter.
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Figure 1-16¢c. Mode C Waveforms
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MODE D MODE E
Rate Generator with No Hardware Gating Rate Generator with Level Gating
CM15 | CM14 | CM13 | CM12 | CM11 [ CM10| CM9 | CM8 cm15 | cm14 | cm13 | cm12]| om11 [ cmio| cme | cms
0 0 0 X X X X X LEVEL X X X X X
CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO
0 0 1 X X X X X 0 0 1 X X X X X
Mode D, shown in Figure 1-16d, is typically used in frequency Mode E, shown in Figure 1-16e, is identical to Mode D, except
generation applications. In this mode, the Gate input does not the counter will only count those source edges which occur
affect counter operation. Once armed, the counter will count while the Gate input is active. This feature allows the counting
to TC repetitively. Op each TC, the counter will rgload itself process to be enabled and disabled under hardware control. A
from the Load register; hence, the Load register value square wave rate generator may be obtained by specifying the
determines the time between TCs. A square wave rate TC Toggled output mode.

generator may be obtained by specifying the TC Toggled
output mode in the Counter Mode register.
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Figure 1-16d. Mode D Waveforms
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Figure 1-16e. Mode E Waveforms
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MODE F
Non-Retriggerable One-Shot
cM15 | cM14 | cM13 | cM12 | cm11 [ cm10 | cme | cus
EDGE x | x| x [ x| x
cm7 | oMe | cms | oma | o3 | oMz | cM1 | cmo
o [ o | 1 [ x| x| x| x| x

Mode F, shown in Figure 1-16f, provides a non-retriggerable
one-shot timing function. The counter must be armed before it
will function. Application of a Gate edge to the armed counter
will enable counting. When the counter reaches TC, it will
reload itself from the Load register. The counter will then stop
counting, awaiting a new Gate edge. Note that unlike Mode C,
a new ARM command is not needed after TC, only a new Gate
. edge. After application of a triggering Gate edge, the Gate
] input is disregarded until TC.

MODE G
Software-Triggered Delayed Pulse One-Shot

CM15 | CM14 | CM13 | CM12 [ CM11 | CM10 | CM9 | CM8

0 0 0 X X X X X

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 [ CMO

0 1 0 X X X X X

In Mode G, the Gate does not affect the counter's operation.
Once armed, the counter will count to TC twice and then
automatically disarm itself. For most applications, the counter
will initially be loaded from the Load register either by a LOAD
command or by the last TC of an earlier timing cycle. Upon
counting to the first TC, the counter will reload itself from the
Hold register. Counting will proceed until the second TC, when
the counter will reload itself from the Load register and
automatically disarm itself, inhibiting further counting. Counting
can be resumed by issuing a new ARM command. A software-
triggered delayed pulse one-shot may be generated by speci-
fying the TC Toggled output mode in the Counter Mode
register. The initial counter contents control the delay from the
ARM command until the output pulse starts. The Hold register
contents control the pulse duration. Mode G is shown in Figure
1-16g.
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Figure 1-16f. Mode F Waveforms
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Figure 1-16g. Mode G Waveforms
MODE H MODE |
Software-Triggered Delayed Pulse One-Shot Hardware-Triggered Delayed Pulse Strobe

with Hardware Gating
cM15 | cM14 | om13 | cm12 | cm11 | cmio| cme | oms

cM15 | cM14 | cm13 | cm12 | CcM11 | cm10| ome | oms EDOE <1 x| x 1 x| x

LEVEL X X X X X

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO 0 1 0 X X X X X

0 1 0 X X X X X

Mode |, shown in Figure 1-16i, is identical to Mode G, except

Mode H, shown in Figure 1-16h, is identical to Mode G except that counting will not begin until a Gate edge is applied to an
that the Gate input is used to qualify which source edges are armed counter. The counter must be armed before application
to be counted. The counter must be armed for counting to of the triggering Gate edge; Gate edges applied to a disarmed
occur. Once armed, the counter will count all source edges counter are disregarded. An armed counter will start counting
that occur while the Gate is inactive. This permits the Gate to on the first source edge after the triggering Gate edge.
turn the count process on and off. As with Mode G, the Counting will then proceed in the same manner as in Mode G.
counter will be reloaded from the Hold register on the first TC After the second TG, the counter will disarm itself. An ARM
and reloaded from the Load register and disarmed on the command and Gate edge must be issued in this order to
second TC. This mode allows the Gate to control the restart counting. Note that after application of a triggering
extension of both the initial output delay time and the pulse Gate edge, the Gate input will be disregarded until the second
width. TC. This differs from Mode H, where the Gate can be
modulated throughout the count cycle to stop and start the
counter.
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Figure 1-16h. Mode H Waveforms
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Figure 1-16i. Mode | Waveforms

MODE J

Variable Duty Cycle Rate Generator with No
Hardware Gating

MODE K

Variable Duty Cycle Rate Generator with Level
Gating

CM15 | CM14 | CM13 | CM12 | CM11 | CM10 | CM9 | CM8 CM15 | CM14 | CM13 [ CM12 | CM11 [CM10| CM9 | CM8
0 o] 0 X X X X X LEVEL X X X X X
CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO CM7 | CM6 | CM5 | CM4 [ CM3 | CM2 | CM1 | CMO
0 1 1 X X X X X 0 1 1 X X X X X

Mode J, shown in Figure 1-16i, will find the greatest usage in
frequency generation applications with variable duty cycle
requirements. Once armed, the counter will count continuously
until it is issued a DISARM command. On the first TC, the
counter will be reloaded from the Hold register. Counting will
then proceed until the second TC at which time the counter
will be reloaded from the Load register. Counting will continue,
with the reload source alternating on each TC, until a DISARM
command is issued to the counter. (The third TC reloads from
the Hold register, the fourth TC reloads from the Load register,
etc.) A variable duty cycle output can be generated by
specifying the TC Toggled output in the Counter Mode
register. The Load and Hold values then directly control the
output duty cycle, with high resolution available when relatively
high count values are used.

Mode K, shown in Figure 1-16k, is identical to Mode J, except
that source edges are only counted when the Gate is active.
The counter must be armed for counting to occur. Once
armed, the counter will count all source edges which occur
while Gate is active and disregard those source edges which
occur while the Gate is inactive. This permits the Gate to turn
the count process on and off. As with Mode J, the reload
source used will alternate on each TC, starting with the Hold
register on the first TC after any ARM command. When the TC
Toggled output is used, this mode allows the Gate to modulate
the duty cycle of the output waveform. It can affect both the
HIGH and LOW portions of the output waveform.
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Figure 1-16j. Mode J Waveforms
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Figure 1-16k. Mode K Waveforms

MODE L MODE N

Software-Triggered Strobe with Level Gating

Hardware-Triggered Delayed Pulse One-Shot and Hardware Retriggering

CM15 | CM14 | CM13 | CM12 | OM11 ] CM10 | OM9 | CM8 cm15 [ cm14]cmia[cmi2[oMi1[cMio| cmo [ cms
EDGE X | X | x| x{X LEVEL X | x | x| x| x

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO
o [ 1+ [ 1 [ x| x| x| x| x 1 o [ o [ x [x [ x ] xT]x

Mode N, shown in Figure 1-16n, provides a software-triggered
strobe with level gating that is also hardware retriggerable.
The counter must be issued an ARM command before
counting can occur. Once armed, the counter will count all
source edges which occur while the gate is active and
disregard those source edges which occur while the Gate is
inactive. This permits the Gate to turn the count process on
and off. After the issuance of the ARM command and the
application of an active Gate, the counter will count to TC.
Upon reaching TC, the counter will reload from the Load
register and automatically disarm itself, inhibiting further count-
ing. Counting will resume upon the issuance of a new ARM
command. All active-going Gate edges issued to an armed
counter will cause a retrigger operation. Upon application of
the Gate edge, the counter contents will be saved in the Hold
register. On the first qualified source edge after application of
the retriggering gate edge, the contents of the Load register
will be transferred into the counter. Counting will resume on
the second qualified source edge after the retriggering Gate
edge. Qualified source edges are active-going edges which
occur while the Gate is active.

Mode L, shown in Figure 1-16l, is similar to Mode J except that
counting will not begin until a Gate edge is applied to an armed
counter. The counter must be armed before application of the
triggering Gate edge; Gate edges applied to a disarmed
counter are disregarded. The counter will start counting
source edges after the triggering Gate edge, and counting will
proceed until the second TC. Note that after application of a
triggering Gate edge, the Gate input will be disregarded for the
remainder of the count cycle. This differs from Mode K, where
the gate can be modulated throughout the count cycle to stop
and start the counter. On the first TC after application of the
triggering Gate edge, the counter will be reloaded from the
Hold register. On the second TC, the counter will be reloaded
from the Load register, and counting will stop until a new gate
edge is issued to the counter. Note that unlike Mode K, new
Gate edges are required after every second TC to continue
counting.
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Figure 1-16n. Mode N Waveforms
MODE O modulate counting. The counter must be armed before appli-
cation of the triggering Gate edge; Gate edges applied to a
Software-Triggered Strobe with Edge Gating disarmed counter are disregarded. Irrespective of the Gate
and Hardware Retriggering level, the counter will count all source edges after the
triggering Gate edge until the first TC. On the first TC,the
CM15 I CM14 rCM13 CM12|CM11 [CM10| CM9 | CM8 counter will be reloaded from the Load register and disarmed.

A new ARM command and a new Gate edge must be applied

EDGE X X X X X in that order to initiate a new counting cycle. Unlike Modes C,

F, I and L, which disregard the Gate input once counting starts,

CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO in Mode O the count process will be retriggered on all active-

going Gate edges, including the first Gate edge used to start

! 0 0 X X X X X the counter. On each retriggering Gate edge, the counter

contents will be transferred into the Hold register. On the first

Mode O, shown in Figure 1-160, is similar Mode N, except that source edge after the retriggering Gate edge, the Load

counting will not begin until an active-going Gate edge is register contents will be transferred into the counter. Counting
applied to an armed counter and the Gate level is not used to will resume on the second-source edge after a retrigger.
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Figure 1-160. Mode O Waveforms
MODE Q MODE R
Rate Generator with Synchronization (Event Retriggerable One-Shot
Counter with Auto-Read/Reset)
CM15 | cM14 | cM13 | cM12 [ cM11 | cm10| oM | cus
CM15 | CM14 | cM13 | cM12 | CM11 [CM10| GM9 | cms CDGE ~ T x 1 x 1 x | x
LEVEL X X X X X
CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO
CM7‘ CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO 1 0 1 X X X X X
1 0 1 X X X X X

Mode Q, shown in Figure 1-16q, provides a rate generator with
synchronization or an event counter with auto-read/reset. The
counter must first be issued an ARM command before
counting can occur. Once armed, the counter will count all
source edges which occur while the Gate is active and
disregard those edges which cccur while the Gate is inactive.
This permits the Gate to turn the count process on and off.
After the issuance of an ARM command and the application of
an active Gate, the counter will count to TC repetitively. On
each TC,the counter will reload itself from the Load register.
The counter may be retriggered at any time by presenting an
active-going Gate edge to the Gate input. The retriggering
Gate edge will transfer the contents of the counter into the
Hold register. The first qualified source edge after the retrig-
gering Gate edge will transfer the contents of the Load
register into the Counter. Counting will resume on the second
qualified source edge after the retriggering Gate edge. Quali-
fied source edges are active-going edges which occur while
the Gate is active.

Mode R, shown in Figure 1-16r, is similar to Mode Q, except
that edge gating rather than level gating is used. In other
words, rather than use the Gate level to qualify which source
edges to count, Gate edges are used to start the counting
operation. The counter must be armed before application of
the triggering Gate edge; Gate edges applied to a disarmed
counter are disregarded. After application of a Gate edge, an
armed counter will count all source edges until TC, irrespec-
tive of the Gate level. On the first TC, the counter will be
reloaded from the Load register and stopped. Subsequent
counting will not occur until a new Gate edge is applied. All
Gate edges applied to the counter, including the first used to
trigger counting, initiate a retrigger operation. Upon application
of a Gate edge, the counter contents are saved in the Hold
register. On the first source edge after the retriggering Gate
edge, the Load register contents will be transferred into the
counter. Counting will resume on the second source edge
after the retriggering Gate edge.
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Figure 1-16q. Mode Q Waveforms
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Figure 1-16r. Mode R Waveforms

MODE S . MODE V

RELOAD SOURCE Frequency-Shift Keying

CM15 | CM14 | CM13 | CM12 | CM11| CM10| CM9 | CM8 CM1S | OM14 ] CM13 | CM12 | CM11] CM10) OMS | CM8

0 0 0 X X X X X 0 0 0 X X X X X

M7 1 OM6 | CM5 | CMa | oM3 | oMz | cM1 | oMo CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO

1 1 0 X X X X X 1 1 1 X X X X X

Mode V, shown in Figure 1-16v, provides frequency-shift
In this mode, the reload source for LOAD commands (irre- keying modulation capability. Gate operation in this mode is
spective of whether the counter is armed or disarmed) and for identical to that in Mode S. If the Gate is Low, a LOAD
TC-initiated reloads is determined by the Gate input. The Gate command or a TC-induced reload will reload the counter from
input in Mode S is used only to select the reload source, not to the Load register. If the Gate is HIGH, LOADs and reloads will
start or modulate counting. When the Gate is Low, the Load occur from the Hold register. The polarity of the Gate only
register is used; when the Gate is High, the Hold register is selects the reload source; it does not start or modulate
used. Note the Low-Load, High-Hold mnemonic convention. counting. Once armed, the counter will count repetitively to
Once armed, the counter will count to TC twice and then TC. On each TC, the counter will reload itself from the register
disarm itself. On each TC, the counter will be reloaded from determined by the polarity of the Gate. Counting will continue
the reload source selected by the Gate. Following the second in this manner until a DISARM command is issued to the
TC, an ARM command is required to start a new counting counter. Frequency shift keying may be obtained by specifying
cycle. Mode S is shown in Figure 1-16s. a TC Toggled output mode in the Counter Mode register. The

switching of frequencies is achieved by modulating the Gate.

2-51

velLsewy



Am9513A

es NNANNNNNNNNNNN

WR ARM
COMMAND

are KOOOOOOROOOCOO0CCKY  OO000ROCR000000  AXXOONXXXX
ourers . /\ . /\
o " X X

b

WF004750

Figure 1-16s. Mode S Waveforms
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Figure 1-16v. Mode V Waveforms
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Figure 1-16x. Mode X Waveforms
MODE X After power-on reset or a Master Reset command, the
. Counter Mode registers are initialized to a preset condition.
Hardware Save (available in Am9513A only) The value entered is 0BOO hex and results in the following
cM15 | cM14 | cm13 | cM12 [cMi1 [ cm10] cMe | cms control configuration:
Edge X X X X X Output low-impedance to ground
Count down
Count binary
CM7 | CM6 | CM5 | CM4 | CM3 | CM2 | CM1 | CMO Count once
1 1 1 X X X X X Load register selected

Mode X, as shown in Figure 1-16x, provides a hardware
sampling of the counter contents without interrupting the
count. A LOAD AND ARM command or a LOAD command
followed by an ARM command is required to initialize the
counter. Once armed, a Gate edge starts the counting
operation; Gate edges applied to a disarmed counter are
disregarded. After application of the Triggering Gate edge, the
counter will count all qualified source edges until the first TC,
irrespective of the gate level. All gate edges applied during the
counting sequence will store the current count in the Hold
register, but they will not interrupt the counting sequence. On
each TC, the counter will be reloaded from the Load register
and stopped. Subsequent counting requires a new triggering
Gate edge; counting resumes on the first source edge
following the triggering Gate edge.

Note: Mode X is only available in the Am9513'A' devices.

COUNTER MODE CONTROL OPTIONS

Each Counter Logic Group includes a 16-bit Counter Mode
(CM) register used to control all of the individual options
available with its associated general counter. These options
include output configuration, count control, count source and
gating control. Figure 1-17 shows the bit assignments for the
Counter Mode registers. This section describes the control
options in detail. Note that generally each counter is indepen-
dently configured and does not depend on information outside
its Counter Logic Group. The Counter Mode register should be
loaded only when the counter is Disarmed. Attempts to load
the Counter Mode register when the counter is armed may
result in erratic counter operation.

No retriggering

F1 input source selected
Positive-true input polarity
No gating

Output Control

Counter mode bits CMO through CM2 specify the output
control configuration. Figure 1-18 shows a schematic repre-
sentation of the output control logic. The OUT pin may be off
(a high-impedance state), or it may be inactive with a low-
impedance to ground. The three remaining valid combinations
represent the active-high, active-low or TC Toggle output
waveforms.

One output form available is called Terminal Count (TC) and
represents the period in time that the counter reaches an
equivalent value of zero. TC will occur on the next count when
the counter is at 0001 for down counting, at 9999 (BCD) for
BCD up counting or at FFFF (hex) for binary up counting.
Figure 1-19 shows a Terminal Count pulse and an example
context that generated it. The TC width is determined by the
period of the counting source. Regardless of any gating input
or whether the counter is Armed or Disarmed, the terminal
count will go active for only one clock cycle. Figure 1-19
assumes active-high source polarity, counter armed, counter
decrementing and an external reload value of K.

The counter will always be loaded from an external location
when TC occurs; the user can choose the source location and
the value. If a non-zero value is picked, the counter will never
really attain a zero state, and TC will indicate the counter state
that would have been zero had no parallel transfer occurred.
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Count Source Selection ———— Count Control

0000 = TCN-1 0 = Disable Special Gate
0001 = SRC1 1 = Enable Special Gate
0010 = SRC2 0 = Reload from Load
0011 = SRC3 1 = Reload from Load or Hold
0100 = SRC4 Except in Mode X Which
0101 = SRCS Reloads Only from Load
o1 = GATE? "0 = CountOnce

1= fively
1000 = GATES3 Count Repetitiv
1001 = GATE4 0 = Binary Count
1010 = GATES 1 = BCD Count
1011 = F1 0 = Count Down
1100 = F2 1 = CountUp
1101 = F3
1110 = F4
111 = F5

IOM'S]OMMICM‘ISIOM!ZIOM“ICIMO CMQICW]CM7[CMS]CM5J CM‘lCW I CMm2 I CM‘IICMO]

—————————

Soumﬁdoo
= Counton Rising Edge
= Count on Falling Edge

Gating Control
000 = No
001 = Active High TCN-1
010 = ActiveHighLevel GATEN+1
011 = ActiveHighLevel GATEN-1
100 = ActiveHighLevel GATE N

————————

000 = Inactive, OutputLow

001 = Active High Terminal Count Pulse
010 = TC Toggled

011 = ilegal

100 = Inactive, Output High —impedance

101 = ActivelLow Level GATEN 101 = ActiveLow Terminal Count Pulse
110 = ActiveHighEdge GATEN 110 = Ilegal
111 = ActiveLow Edge GATE N 111 = lilegal
DF003782

Note: See Figure 1-16 for restrictions on Count Control and Gating Control bit combinations.

Figure 1-17. Counter Mode Register Bit Assignments

o il a r_—_——_"
| |
+Soueen ma ) 1 21
L SR | |
CLEAR | T |
7 | seLECT |
TC/TC TOGGLE | companaton | oLanmry
I SELECT ouTPuT |eoomo|.

TC CONNECTION
TO N + 1 COUNTER

ewmm1mozouw

Figure 1-18. Output Control Logic
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Figure 1-19. Counter Output Waveforms

The other output form, TC Toggled, uses the trailing edge of
TC to toggle a flip-flop to generate an output level instead of a
pulse. The toggle output is 1/2 the frequency of TC. The TC
Toggled output will frequently be used to generate variable
duty-cycle square waves in Operating Modes G through K.

In Mode L the TC Toggled output can be used to generate a
one-shot function, with the delay to the start of the output
pulse and the width of the output pulse separately programma-
ble. With selection of the minimum delay to the start of the
pulse, the output will toggle on the second source pulse
following application of the triggering Gate edge.

Note that the TC Toggled output form contains no implication
about whether the output is active-high or active-low. Unlike
the TC output, which generates a transient pulse which can
clearly be active-high or active-low, the TC Toggled output
waveform only flips the state of the output on each TC. The
sole criterion of whether the TC Toggled output is active-high
or active-low is the level of the output at the start of the count
cycle. This can be controlled by the Set and Clear Output
commands. (See Figure 1-20.)

TC (Terminal Count)

On each Terminal Count (TC), the counter will reload itself
from the Load or Hold register. TC is defined as that period of
time when the counter contents would have been zero had no
reload occurred. Some special conditions apply to counter
operation immediately before and during TC.

1. In the clock cycle before TC, an internal signal is generated
that commits the counter to go to TC on the next count, and
retriggering by a hardware Gate edge (Modes N, O, Q and
R) or a software LOAD or LOAD AND ARM command will
not extend the time to TC. Note that the '"next count"
driving the counter to TC can be caused by the application
of a count source edge (in level gating modes, the edge
must occur while the gate is active, or it will be disregarded),
by the application of a LOAD or LOAD AND ARM command
(see 2 below) or by the application of a STEP command.

. If a LOAD or LOAD AND ARM command is executed during
the cycle preceding TC, the counter will immediately go to
TC. If these commands are issued during TC, the TC state
will immediately terminate.

n

3. When TC is active, the counter will always count the next
source edge issued to it, even if it is disarmed or gated off
during TC. This means that TC will never be active for
longer than one count period and it may, in fact, be shorter if
a STEP command or a LOAD or LOAD AND ARM command
is applied during TC (see item 2 above). This also means
that a counter that is disarmed or stopped on TC is actually
disarmed/stopped immediately following TC.

This may cause count sequences different from what a user
might expect. Since the counter is always reloaded at the start
of TC and since it always counts at the end of TC, the counter
contents following TC will differ by one from the reloaded
value, irrespective of the operating mode used.

If the reloaded value was 0001 for down counting, 9999 (BCD)
for BCD up counting or FFFF (hex) for binary up counting, the
count at the end of TC will drive the counter into TC again
regardless of whether the counter is gated off or disarmed. As
long as these values are reloaded, the TC output will stay
active. If a TC Toggled output is selected, it will toggle on each
count. Execution of a LOAD, LOAD AND ARM or STEP
command with these counter contents will act the same as
application of a source pulse, causing TC to remain active and
a TC Toggled output to toggle.

Count Control

Counter Mode bits CM3 through CM7 specify the various
options available for direct control of the counting process.
CM3 and CM4 operate independently of the others and
control up/down and BCD/binary counting. They may be
combined freely with other control bits to form many types of
counting configurations. The other three bits and the Gating
Control field interact in complex ways. Bit CM5 controls the
repetition of the count process. When CM5 = 1, counting will
proceed in the specified mode until the counter is disarmed.
When CM5 = 0, the count process will proceed only until one
full cycle of operation occurs. This may occur after one or two
TC events. The counter is then disarmed automatically. The
single or double TC requirement will depend on the state of
other control bits. Note that even if the counter is automatical-
ly disarmed upon a TC, it always counts the count source edge
which generates the trailing TC edge.

When TC occurs, the counter is always reloaded with a value
from either the Load register of the Hold register. Bit CM6
specifies the source options for reloading the counter. When
CM®6 = 0, the contents of the Load register will be transferred
into the counter at every occurrence of TC. When CM6 = 1,
the counter reload location will be either the Load or Hold
Register. The reload location in this case may be controlled
externally by using a Gate pin (Modes S and V) or may
alternate on each TC (Modes G through L). With alternating
sources and with the TC Toggled output selected, the duty
cycle of the output waveform is controlled by the relative Load
and Hold values and very fine resolution of duty cycles ratios
may be achieved.

Bit CM7 controls the special gating functions that allow
retriggering and the selection of Load or Hold sources for
counter reloading. The use and definition of CM7 will depend
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on the status of the Gating Control field and bits CM5 and
CMé.

Hardware Retriggering

Whenever hardware retriggering is enabled (Modes N, O, Q,
and R), all active-going Gate edges initiate retrigger opera-
tions. On application of the Gate edge, the counter contents
will be transferred to the Hold register. On the first qualified
source edge after application of the retriggering Gate edge,
the Load register contents will be transferred into the counter.
(Qualified source edges are edges which occur while the
counter is gated on and Armed.)

This means that, if level gating is used, the edge occurring on
active-going gate transitions will initiate a retrigger. Similarly,
when edge gating is enabled, an edge used to start the
counter will also initiate a retrigger. The first count source
edge applied after the Gate edge will not increment/decre-
ment the counter but retrigger it.

Iif a LOAD, LOAD AND ARM, or a STEP Command occurs
between the retriggering Gate edge and the first qualified
source edge, it will be interpreted as a source edge and
transfer the Load register contents into the counter. Thereaf-
ter, the counter will count all qualified source edges.

When some form of Gating is specified, CM7 controls hard-
ware retriggering. In this case, when CM7 =0, hardware
retriggering does not occur; when CM7 = 1, the counter is
retriggered any time an active-going Gate edge occurs.
Retriggering causes the counter value to be saved in the Hold
register and the Load register contents to be transferred into
the counter.

When No Gating is specified, the definition of CM7 changes. In
this case, when CM7 = 0, the Gate input has no effect on the
counting; when CM7 = 1, the Gate input specifies the source
(selecting either the Load or Hold register) used to reload the
counter when TC occurs. Figure 1-15 shows the various
available control combinations for these interrelated bits.

Count Source Selection

Counter Mode bits CM8 through CM12 specify the source
used as input to the counter and the active edge that is
counted. Bit CM12 controls the polarity for all the sources;
logic zero counts rising edges and logic one counts falling
edges. Bits CM8 through CM11 select 1 of 16 counting
sources to route to the counter input. Five of the available
inputs are internal frequencies derived from the internal
oscillator (see Figure 1-14 for frequency assignments). Ten of
the available inputs are interface pins; five are labeled SRC
and five are labeled GATE.

The 16th available input is the TC output from the adjacent
lower-numbered counter. (The Counter 5 TC wraps around to
the Counter 1 input.) This option allows internal concatenating
that permits very long counts to be accumulated. Since all five
counters may be concatenated, it is possible to configure a
counter that is 80-bits long on one Am9513A chip. When TCN-
1 is the source, the count ripples between the connected
counters. External connections can also be made, and can
use the toggle bit for even longer counts. This is easily
accomplished by selecting a TC Toggled output mode and
wiring OUTN to one of the SRC inputs.

Gating Control

Counter Mode bits CM15, CM14, CM13 specify the hardware
gating options. When "'no gating" is selected (000),the count-

er will proceed unconditionally as long as it is armed. For any
other gating mode, the count process is conditioned by the
specified gating configuration.

For a code of 100 in this field, counting can proceed only when
the pin labeled GATEN associated with Counter N is at a logic
high level. When it goes LOW, counting is simply suspended
until the Gate goes HIGH again. A code of 101 performs the
same function with an opposite active polarity. Codes 010 and
011 offer the same function as 100, but specify alternate input
pins as Gating Sources. This allows any of three interface pins
to be used as gates for a given counter. On Counter 4, for
example, pin 34, pin 35 or pin 36 may be used to perform the
gating function. This also allows a single Gate pin to simulta-
neously control up to three counters. Counters 1 and 5 are
considered adjacent when using TCN - 1 (001), Gate N +1
(010) and Gate N —1 (011) controls.

For codes of 110 or 111 in this field, counting proceeds after
the specified active Gate edge until one or two TC events
occur. Within this interval, the Gate input is ignored, except for
the retriggering option. When repetition is selected, a cycle will
be repeated as soon as another Gate edge occurs. With
repetition selected, any Gate edge applied after TC goes
active will start a new count cycle. Edge gating is useful when
implementing a digital single-shot since the gate can serve as
a convenient firing trigger.

A 001 code in this field selects the TC (not TOGGLE) output
from the adjacent lower-numbered counter as the gate. This is
useful for synchronous counting when adjacent counters are
concatenated. .

COMMAND DESCRIPTIONS

The command set for the Am9513A allows the host processor
to customize and manage the operating modes and features
for particular applications, to initialize and update both the
internal data and control information, and to manipulate
operating bits during operation. Commands are entered direct-
ly into the 8-bit Command register by writing into the Control
port (see Figure 1-7).

All available commands are described in the following text.
Figure 1-20 summarizes the command codes and includes a
brief description of each function. Figure 1-21 shows all the
unused code combinations; unused codes should not be
entered into the Command register since undefined activities
may occur.

Six of the command types are used for direct software control
of the counting process and they each contain a 5-bit S field.
In a linear-select fashion, each bit in the S field corresponds to
one of five general counters (S1 = Counter 1, S2 = Counter 2,
etc.). When an S bit is a one, the specified operation is
performed on the counter so designated; when an S bit is a
zero, no operation occurs for the corresponding counter. This
type of command format has three basic advantages. It saves
host software by allowing any combination of counters to be
acted on by a single command. It allows simultaneous action
on multiple counters where synchronization of commands is
important. It allows counter-specific service routines to control
individual counters without needing to be aware of the
operating context of other counters.

Three of the commands use a 3-bit binary code (N4, N2, N1)
to identify the affected counter (a 001 programs counter 1,
etc.). Unlike the previously mentioned commands, these
commands allow you to program only one counter at a time.
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Command Code
c7 Cé6 | C5|(C4|C3|C2|C1|CoO Command Description
0 0 0 E2 E1 G4 | G2 | Gt Load Data Pointer register with contents of E and G fields.
(G #000, G #110)
0 0 1 S5 S4 S3 S2 S1 Arm counting for all selected counters
0 1 0 S5 S4 S3 S2 S1 Load contents of specified source into all selected counters
0 1 1 S5 S4 S3 S2 S1 Load and Arm all selected counters*
1 0 0 S5 S4 S3 S2 S1 Disarm and Save all selected counters
1 0 1 S5 S4 S3 s2 S1 Save all selected counters in Hold register
1 1 0 S5 S4 S3 S2 S1 Disarm all selected counters
1 1 1 0 1 N4 N2 N1 Set Toggle out (HIGH) for counter N (001 <N < 101)
1 1 1 0 0 N4 | N2 | Nt Clear Toggle out (LOW) for counter N (001 <N < 101)
1 1 1 1 0 N4 N2 N1 Step counter N (001 <N < 101)
1 1 1 0 1 0 0 0 Set MM14 (Disable Data Pointer Sequencing)
1 1 1 0 1 1 1 0 Set MM12 (Gate off FOUT)
1 1 1 0 1 1 1 1 Set MM13 (Enter 16-bit bus mode)
1 1 1 0 0 0 0 0 Clear MM14 (Enable Data Pointer Sequencing)
1 1 1 0 0 1 1 0 Clear MM12 (Gate on FOUT)
1 1 1 0 0 1 1 1 Clear MM13 (Enter 8-bit bus mode)
1 1 1 1 1 0 0 0 Enable Prefetch for Write operations (Am9513'A" only)
1 1 1 1 1 0 0 1 Disable Prefetch for Write operations (Am9513'A’ only)
1 1 1 1 1 1 1 1 Master reset

*Not to be used for asynchronous operations.

Figure
c7|ce|cs|ca(c3|c2|Cc1]|cCO
1111 ojfo|o]oO
1] 1)1 o1 |1]o0

Tt )1 ] 1]0}11]1]1
ojlofX|X|1[1]oO
ojlo|(X|X|o|oOo]|oO
Tl1 |1 [ 1] 1] X]|X]|X

*Unused except when XXX = 111, 001 or 000.

Figure 1-21. Am9513A Unused
Command Codes

Arm Counters

C7 C6 C5 C4 C3 C2 C1 CO
0 O 1 S5 S4 S3 S2 St

Coding:

Description: Any combination of counters, as specified by the
S field, will be enabled for counting. A counter must be armed
before counting can commerce. Once armed, the counting
process may be further enabled or disabled using the hard-
ware gating facilities. This command can only arm or do
nothing for a given counter; a zero in the S field does not
disarm the counter.

ARM and DISARM commands can be used to gate counter
operation on and off under software control. DISARM com-
mands entered while a counter is in the TC state will not take
effect until the counter leaves TC. This ensures that the
counter never latches up in a TC state. (The counter may
leave the TC state because of application of a count source
edge, execution of a LOAD or LOAD AND ARM command, or
execution of a STEP command.)

In modes which alternate reload sources (Modes G-L), the
ARMing operation is used as a reset for the logic which

1-20. Am9513A Command Summary

determines which reload source to use on the upcoming TC.
Following each ARM or LOAD AND ARM command, a counter
in one of these modes will reload from the Hold register on the
first TC and alternate reload sources thereafter (reload from
the Load register on the second TC, the Hold register on the
third, etc.).

Load Counters

C7 Cé6 C5 C4 C3 C2 C1 Co
0 1 0 S5 S4 S3 S2 St

Coding:

Description: Any combination of counters, as specified in the S
field, will be loaded with previously entered values. The source
of information for each counter will be either the associated
Load register or the associated Hold register, as determined
by the operating configuration in the Mode register. The Load/
Hold contents are not changed. This command will cause a
transfer independent of any current operating configuration for
the counter. It will often be used as a software retrigger or as
counter initialization prior to active hardware gating.

If a LOAD or LOAD AND ARM command is executed during
the cycle preceding TC, the counter will go immediately to TC.
This occurs because the LOAD operation is performed by
generating a pseudo-count pulse internal to the Am9513A,
and the Am9513A is expecting to go into TC on the next count
pulse. The reload source used to reload the counter will be the
same as that which would have been used if the TC were
generated by a source edge rather than by the LOAD
operation.

Execution of a LOAD or LOAD AND ARM command while the
counter is in TC will cause the TC to end. For Armed counters
in all modes except S or V, the LOAD source used will be that
to be used for the upcoming TC. (The LOADing operation will
not alter the selection of reload source for the upcoming TC.)
For Disarmed counters in modes except S or V, the reload
sources used will be the LOAD register. For modes S or V, the
reload source will be selected by the GATE input, regardless
of whether the counter is Armed or Disarmed.
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Special considerations apply when modes with alternating
reload sources are used (Modes G-L). If a LOAD command
drives the counter to TC in these modes, the reload source for
the next TC will be from the opposite reload location. In other
words, the LOAD-generated TC will cause the reload sources
to alternate just as a TC generated by a source edge would.
Note that if a second LOAD command is issued during the
LOAD-generated TC (or during any other TC, for that matter),
the second LOAD command will terminate the TC and cause a
reload from the source designated for use with the next TC.
The second LOAD will not alter the reload source for the next
TC since the second LOAD does not generate a TC; reload
sources alternate on TCs only, not on LOAD commands.

Load and Arm Counters*

C7 C6 C5 C4 C3 C2 C1 CO
0 1 1 S5 S84 S3 S2 S1

Coding:

Description: Any combination of counters, as specified in the S
field, will be first loaded and then armed. This command is
equivalent to issuing a LOAD command and then an ARM
command.

A LOAD AND ARM command which drives a counter to TC
generates the same sequence of operations as execution of a
LOAD command and then an ARM command. In modes which
disarm on TC (Modes A-C and N-O, and Modes G-l and S if
the current TC is the second in the cycle), the ARM part of the
LOAD AND ARM command will re-enable counting for another
cycle. In modes which alternate reload sources (Modes G-L),
the ARMing operation will cause the next TC to reload from
the HOLD register, irrespective of which reload source the
current TC used.

*This command should not be used during asynchronous

operations.

Disarm Counters

C7 C6 C5 C4 C3 C2 C1 CoO
1 1 0 S5 S4 S3 S2 St

Coding:

Description: Any combination of counters, as specified by the
S field, will be disabled from counting. A disarmed counter will
cease all counting independent of other conditions. The only
exception to this is that a counter in the TC state will always
count once, in order to leave TC, before DISARMing. This
count may be generated by a source edge, by a LOAD or
LOAD AND ARM command (the LOAD AND ARM command
will negate the DISARM command) or by a STEP command. A
disarmed counter may be updated using the LOAD command
and may be read using the SAVE command. A count process
may be resumed using an ARM command. See the ARM
command description for further details.

Save Counters

C7 C6 C5 C4 C3 C2 C1 CoO
1 0 1 S5 S4 S3 S2 Si1

Coding:

Description: Any combination of counters, as specified by S
field, will have their contents transferred into their associated
Hold register. The transfer takes place without interfering with
any counting that may be underway. This command will
overwrite any previous Hold register contents. The SAVE
command is designed to allow an accumulated count to be
preserved so that it can be read by the host CPU at some later
time.

Disarm and Save Counters

C7 C6 C5 C4 C3 C2 C1 CoO
1 0 O S5 S4 S3 S2 St

Coding:

Description: Any combination of counters, as specified by the
S field, will be disarmed, and the contents of the counter will
be transferred into the associated Hold registers. This com-
mand is identical to issuing a DISARM command followed by a
SAVE command.

Set TC Toggle Output

C7 C6 C5 C4 C3 C2 Ct Co
1 1 1 0 1 N4 N2 Ni
(001 <N <101)

Coding:

Description: The initial output level for TC Toggle mode is set
(HIGH) for counter N selected by N4, N2, N1 = 001 (Counter
1) thru 101 (Counter 5) respectively. This command conditions
the TC Toggle flip-flop (see Figure 1-18), but does not appear
at the counter output unless TC Toggle mode (CM2, CM1,
CMO = 010) is selected.

Clear TC Toggle Output

C7 C6 C5 C4 C3 C2 C1 CoO
1 1 1 0 0 N4 N2 Ni
(001 <N <101)

Coding:

Description: The initial output level for TC Toggle mode is
Cleared (LOW) for counter N selected by N4, N2, N1 = 001
(Counter 1) thru 101 (Counter 5) respectively. This command
conditions the TC Toggle flip-flop (see Figure 1-18, but does
not appear at the counter output unless TC Toggle mode
(CM2, CM1, CMO =010) is selected.

Step Counter

C7 C6 C5 C4 C3 C2 C1 CO
1 1 1 1 0 N4 N2 Ni
(001 <N <101)

Coding:

Description: Counter N is incremented or decremented by one,
depending on its operating configuration. If the Counter Mode
register associated with the selected counter has its CM3 bit
cleared to zero, this command will cause the counter to
decrement by one. If CM3 is set to a logic high, this command
will increment the counter by one. The STEP command will
take effect even on a disarmed counter.

Load Data Pointer Register

C7 C6 C5 C4 C3 C2 C1 Co
0 0 0 E2 E1 G4 G2 G1
(G4, G2, G1+#000, # 110)

Coding:

Description: Bits in the E and G fields will be transferred into
the corresponding Element and Group fields of the Data
Pointer register as shown in Figure 1-8. The Byte Pointer bit in
the Data Pointer register is set. Transfers into the Data Pointer
only occur for G field values of 001, 010, 011, 100, 101 and
111. Values of 000 and 110 for G should not be used. See the
"'Setting the Data Pointer Register'' section of this document
for additional details.

Disable Data Pointer Sequencing

C7 C6 C5 C4 C3 C2 C1 CO
i 1 1 0 1 0 0 O

Coding:

Description: This command sets Master Mode bit 14 without
affecting other bits in the Master Mode register. MM14
controls the automatic sequencing of the Data Pointer regis-
ter. Disabling the sequencing allows repetitive host processor
access to a given internal location without repetitive updating
of the Data Pointer. MM14 may also be controlled by loading a
full word into the Master Mode register.
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Enable Data Pointer Sequencing

Coding: C7 C6 C5 C4 C3 C2 C1 CO

i 1 1 0 0 0 O 0

Description: This command clears Master Mode bit 14 without
affecting other bits in the Master Mode register. MM14
controls the automatic sequencing of the Data Pointer regis-
ter. Enabling the sequencing allows sequential host processor
access to several internal locations without repetitive updating
of the Data Pointer. MM14 may also be controlled by loading a
full word into the Master Mode register. See the ''Data Pointer
Register'' section of this document for additional information
on Data Pointer sequencing

Enable 16-Bit Data Bus

C7 C6 C5 C4 C3 C2 Ct CoO
t 1 1 0 1 1 1 1

Coding:

Description: This command sets Master Mode bit 13 without
affecting other bits in the Master Mode register. MM13
controls the multiplexer in the data bus buffer. When MM13 is
set, no multiplexing takes place and all 16 external data bus
lines are used to transfer information into and out of the STC.
MM13 may also be controlled by loading the full Master Mode
register in parallel.

Enable 8-Bit Data Bus
Coding:

C7 C6 C5 C4 C3 C2 C1 CO
1 1 1 0 0 1+ 1 1

Description: This command clears Master Mode bit 13 without
affecting other bits in the Master Mode register. MM13
controls the multiplexer in the data bus buffer. When MM13 is
cleared, the multiplexer is enabled and 16-bit internal informa-
tion is transferred eight bits at a time to the eight low-order
external data bus lines. MM13 may also be controlled by
loading the full Master Mode register in parallel.

Gate Off FOUT
Coding:

C7 C6 C5 C4 C3 C2 Ct CO
i 1 1 0 1 1 1 0

Description: This command sets Master Mode bit 12 without
affecting other bits in the Master Mode register. MM12
controls the output state of the FOUT signal. When gated off,
the FOUT line will exhibit a low-impedance to ground. MM12
may also be controlled by loading the full Master Mode
register in parallel.

Gate On FOUT

Coding:

C7 C6 C5 C4 C3 C2 Ct CO
1 1 1 0 0 1 t 0

Description: This command clears Master Mode bit 12 without
affecting other bits in the Master Mode register. MM12

controls the output status of the FOUT signal. When MM12 is
cleared, FOUT will become active and will drive out the
selected and divided FOUT signal. MM12 may also be
controlled by loading the full Master Mode register in parallel.
When FOUT is gated on or off, a transient pulse may be
generated on the FOUT signal.

Disable Prefetch for Write Operations

Coding: C7 C6 C5 C4 C3 C2 C1 CoO

1 1 1 1 i 0 0 1

Description: This command disables the prefetch circuitry
during Write operations (if does not affect Read operations).
This reduces the write recovery time and allows the user to
use block move instructions for initialization of the Am9513A
registers. Once prefetch is disabled for writing, an Enable
Prefetch for Write or a Reset command is necessary to re-
enable the prefetch circuitry for writing. Note: This command is
only available in Am9513'A’ devices; it is an illegal command
in the "non-A Am9513" device.

Enable Prefetch for Write Operations

Coding: C7 C6 C5 C4 C3 C2 C1 CO

i 1 1 1 1 0 0 O

Description: This command re-enables the prefetch circuitry
for Write operations. It is used only to terminate the Disable
Prefetch Command. Note: This command is only available in
Am9513'A’ devices; it is an illegal command in the '"non-A
Am9513"" device.

Master Reset

C7 C6 C5 C4 C3 C2 C1 Co
i 1 1 1 1 1 1 1

Coding:

Description: The Master Reset command duplicates the action
of the power-on reset circuitry. It disarms all counters, enters
0000 in the Master Mode, Load and Hold registers and enters
0B00 (hex) in the Counter Mode registers.

Following either a power-up or software reset, the LOAD
command should be applied to all the counters to clear any
that may be in a TC state. The Data Pointer register should
also be set to a legal value, since reset does not initialize it. A
complete reset operation follows.

1. Using the procedure given in the ''Command Initiation"
section of this document, enter the FF (hex) command to
perform a software reset.

2. Using the ""Command Initiation'" procedure, enter the LOAD
command for all counters, opcode 5F (hex).
3. Using the procedure given in the "'Setting the Data Pointer
Register'' section of this document, set the Data Pointer to
a valid code. The legal Data Pointer codes are given in

Figure 1-9.

The Master Mode, Counter Mode, Load and Hold registers
can now be initialized to the desired values.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ................c..ceeee. -65°C to +150°C
VCC with Respect to VSS.................. -05Vto +70 V
All Signal Voltages

with Respect to VSS..........ceeevnenen -05Vto +70V
Power Dissipitation (Package Limitation)................. 15 W

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).....oeeevvininiiniiiniiniinnnes 0 to +70°C

Supply Voltage (VCC) «.vvvvvevinniriiniiniiniinne 5V 5%
Industrial (I) Devices

Temperature (TA).....cccoeviiiuniniinniiiinns -40 to +85°C

Supply Voltage (VGC) -vvvvvvrvinrinriniinninninnnen, 5V +5%

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

DC CHARACTERISTICS over operating ranges unless otherwise specified.

Parameters Description Test Conditions Min Max Units
All Inputs Except X2 VSS - 0.5 0.8
VIL Input Low Voltage P id Volts
X2 Input VSS -0.5 0.8
All Input Except X2 22V VCC
VIH Input High Voltage P id Volts
X2 Input 38 vCcC
VITH Input Hysteresis (SRC and GATE Inputs Only) 0.2 Volts
VvOL Output Low Voltage IOL=3.2 mA 0.4 Volts
VOH Output High Voltage IOH = -200 pA 24 Volts
X Input Load Current (Except X2) VSS <VIN <VCC +10 MA
X Input Load Current X2 VSS < VIN <VCC +100 MA
VSS + 0.4 <VOUT <VCC
10z Output Leakage Current (Except X1) High-Impedance State +25 MA
ICC VCC Supply Current (Steady State) 255 mA
CIN Input Capacitance f=1 MHz, Ta=+25°C. 10*
couT Output Capacitance All pins not under 15* pF
" test at 0 V. *
CIO IN/OUT Capacitance 20

* Guaranteed by design.

SWITCHING TEST INPUT/OUTPUT WAVEFORMS

24v

X1
18pF

Xz.o ~—_ TEST = 20

0.8 —a—POINTS ——_ 0.8
0.45V

L
<

1

-

:{ 18pF .
<

WF004810

TC002000

Crystal is fundamental mode parallel resonant 32 pF load capacitance less than 100 2 ESR C, less than 100 pF.

See Section 6 for Thermal Characteristics Information.
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Note 1)

Am9513A
Parameters Description Figure | Min | Max | Units
TAVRL C/D Valid to Read Low 23 25 ns
TAVWH C/D Valid to Write High 23 170 ns
TCHCH X2 High to X2 High (X2 Period) (Note 13) 24 145 ns
TCHCL X2 High to X2 Low (X2 High Pulse Width) (Note 13) 24 70 ns
TCLCH X2 Low to X2 High (X2 Low Pulse Width) (Note 13) 24 70 ns
TDVWH Data In Valid to Write High 23 80 ns
TEHEH Count Source High to Count Source High (Source Cycle Time) (Note 7) 24 145 ns
1?:5"_] Count Source Pulse Duration (Note 7) 24 70 ns
TEHFV Count Source High to FOUT Valid (Note 7) 24 500 ns
TEHGV Count Source High to Gate Valid (Level Gating Hold Time) (Notes 7, 9, 10) 24 10 ns
TEHRL Count Source High to Read Low (Set-up Time) (Notes 2, 7) 23 190 ns
TEHWH Count Source High to Write High (Set-up Time) (Notes 3, 7) 23 -100 ns
TC Output 24 300
TEHYV Count Source High to Out Valid (Note 7) Immediate or Delayed Toggle Output 24 300 ns
Comparator Output 24 350
TFN FN High to FN + 1 Valid (Note 11) 24 75 ns
TGVEH Gate Valid to Count Source High (Level Gating Set-up Time) (Notes 7, 9, 10) 24 100 ns
TGVGV Gate Valid to Gate Valid (Gate Pulse Duration) (Notes 8, 10) 24 145 ns
TGVWH Gate Valid to Write High (Notes 3, 10) 23 -100 ns
TRHAX Read High to C/D Don't Care 23 0 ns
TRHEH Read High to Count Source High (Notes 4, 7) 23 0 ns
TRHQX Read High to Data Out Invalid 23 10 ns
TRHQZ Read High to Data Out at High-Impedance (Data Bus Release Time) 23 85 ns
TRHRL Read High to Read Low (Read Recovery Time) 23 1000 ns
TRHSH Read High to CS High (Note 12) 23 0 ns
TRHWL Read High to Write Low (Read Recovery Time) 23 1000 ns
TRLQV Read Low to Data Out Valid 23 110 ns
TRLQX Read Low to Data Bus Driven (Data Bus Drive Time) 23 20 ns
TRLRH Read Low to Read High (Read Pulse Duration) (Note 12) 23 160 ns
TSLRL CS Low to Read Low (Note 12) 23 20 ns
TSLWH CS Low to Write High (Note 12) 23 170 ns
TWHAX Write High to C/D Don't Care 23 20 ns
TWHDX Write High to Data In Don't Care 23 20 ns
TWHEH Write High to Count Source High (Notes 5, 7, 14, 15) 23 550 ns
TWHGV Write High to Gate Valid (Notes 5, 10, 14) 23 475 - ns
TWHRL Write High to Read Low (Write Recovery Time) (Note 16) 23 1500* ns
TWHSH Write High to CS High (Note 12) 23 20 ns
TWHWL Write High to Write Low (Write Recovery Time) (Note 16) 23 1500* ns
TWHYV Write High to Out Valid (Notes 6, 14) 23 650 ns
TWLWH Write Low to Write High (Write Pulse Duration) (Note 12) 23 150 ns
TGVEH2 Gate Valid to Count Source High (Special Gate) (Notes 10, 13, 17) 24 200 ns
TEHGV2 Count Source High to Gate Valid (Special Gate) (Notes 10, 13, 18) 24 80 ns
Notes: E (Enabled counter source input) = SRC1-SRCS,

1. Abbreviations used for the switching parameter symbols are
given as the letter T followed by four or five characters. The
first and third characters represent the signal names on
which the measurements start and end. Signal abbrevia-
tions used are:

F = FOUT

R (Read)=RD
S (Chip Select) = CS

A (Address) = C/D W (Write) = WR

C (Clock) = X2

D (Data In) = DB0O-DB15

Y (Output) = OUT1-OUTS

GATE1-GATES, F1-F5,TCN-1

G (Counter gate input) = GATE1-GATES5, TCN-1
Q (Data Out) = DB0-DB15
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The second and fourth letters designate the reference states
of the signals named in the first and third letters respectively,
using the following abbreviations.

H = HIGH

L=LOW

V = VALID

X = Unknown or Don't care
Z = High-Impedance

2. Any input transition that occurs before this minimum setup
requirement will be reflected in the contents read from the
status register.

3. Any input transition that occurs before this minimum setup
requirement will act on the counter before the execution of
the operation initiated by the write and the counter may be
off by one count.

4. Any input transition that occurs after this minimum hold time
is guaranteed to not influence the contents read from the
status register on the current read operation.

5. Any input transition that occurs after this minimum hold time
is guaranteed to be seen by the counter as occurring after
the action initiated by the write operation and the counter
may be off by one count.

6. This parameter applies to cases where the write operation
causes a change in the output bit.

7. The enabled count source is one of F1-F5, TCN-1 SRC1-
SRC5 or GATE1-GATE 5, as selected in the applicable
Counter Mode register. The timing diagram assumes the
counter counts on rising source edges. The timing specifica-
tions are the same for falling-edge counting.

8. This parameter applies to edge gating (CM15-CM13 = 110
or 111) and gating when both CM7=1 and CM15-
CM13 #000. This parameter represents the minimum
GATE pulse width needed to ensure that the pulse initiates
counting or counter reloading.

9. This parameter applies to both edge and level gating
(CM15-CM13 = 001 through 111 and CM7 = 0). This pa-

rameter represents the minimum setup or hold times to
ensure that the Gate input is seen at the intended level on
the active source edge and the counter may be off by one
count.

10. This parameter assumes that the GATENA input is unused
(16-bit bus mode) or is tied high. In cases where the
GATENA input is used, this timing specification must be
met by both the GATE and GATENA inputs.

. Signals F1-F5 cannot be directly monitored by the user.
The phase difference between these signals will manifest
itself by causing counters using two different F signals to
count at different times on nominally simultaneous transi-
tions in the F signals. F1 = X2.

1

—ry

12. This timing specification assumes that CS is active when-
ever RD or WR are active. CS may be held active
indefinitely.

13. This parameter assumes X2 is driven from an external gate
with a square wave.

14. This parameter assumes that the write operation is to the
command register.

16. This timing specification applies to single-action com-
mands only (e.g., LOAD, ARM, SAVE, etc.). For double-
action commands such as LOAD AND ARM and DISARM
AND SAVE, TWHEH minimum = 700 ns.

16.In short data write mode, TWHRL and TWHWL mini-
mum = 1000 ns.

17. This parameter applies to the hardware retrigger/save
modes N, O, Q, R, and X (CM7 =1 and CM15 — CM13
<> 000). This parameter ensures that the gating pulse
initiates a hardware retrigger/save operation.

18. This parameter applies to hardware load source select
modes S and V (CM7 = 1 and CM15 — CM13 = 000). This
parameter represents the minimum hold time to ensure
that the GATE input selects the correct load source on the
active source edge.

SWITCHING TEST CIRCUIT

TC003852

This test circuit is the dynamic load of a Teradyne J941.
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APPENDIX A

Design Hints

1) When a crystal is not being used, X1 and X2 should be
connected as shown for TTL input (Figure 1) and no input
(Figure 2).

2) Recommended oscillator capacitor values are 18 pF on X4
and Xa.

3) Unused inputs should be tied to Vgc.

4) The TC output can glitch when the counter is loaded. For
this reason this output should not be connected to edge
sensitive interrupts. The counter output should be set or
cleared after the LOAD command.

5. The two most significant bits of the status register are not
specified. They may be zero or one.

6. The mode register should not be modified when the counter
is armed.

7.The LOAD and HOLD registers should not be changed
during TC.

8. When using the different clocks for different counters be
aware that there is a 75 ns skew between F1, F2, F3, F4
and F5.

9. The TC output will remain inactive if programmed to be in
the TC TOGGLE mode and the step command is used to
increment or decrement the counter. The output will go into
TC if programmed to be in the active High or active Low
terminal count modes. The only two ways out of TC in this
case are:

—Arming the counter and having an active source connect-
ed to it.

—Issuing another step command.

10) Timing parameters TEHWH and TGVWH are specified as
negative. The diagrams in Figure 3 show the relationship
between these signals.

11) in mode X the counter will count all qualified source edges
until the second (not the first) TC and then stop.

12) A TC can occur when the counters are loaded if the
counter was stopped at FFFFH or 99991¢ in the count up
mode or at count 0001 when counting down. This is
because an internal TC is generated which forces TC to be
generated on the next count pulse.

13) In modes that alternate the reload source between the
load and the hold registers (e.g., mode J), if the counter is
disarmed at 0001 for down counting or 999919 for BCD
up counting or FFFF for binary up counting and rearmed,
the reload source after the first TC will be the load register
instead of the hold register. To avoid this, issue a software
""dummy"’ load to the counter immediately after the disarm
command.

14) In the down counting mode of the Am9513A, if a 0001 is
loaded into the counter and another LOAD COUNTER
command is issued, the TC of that counter will go active. If
the load register contents are subsequently changed, and
the counter armed, the first clock edge will cause the new
load register contents to transfer into the counter and the
next clock edge will decrement the counter and make it go
out of TC.

15) Glitches on CS just before the RD or WR pulse may cause
the part to behave incorrectly.

16) Timing parameters TGVEH & TEHGV must not be violat-
ed; Figure 4 shows a method.

Troubleshooting (Symptom: Solution)

1) Registers not being programmed correctly: Check READ or WRITE recovery time.
2) Setup and hold problems observed in synchronous systems: Try switching from positive edge to negative edge triggering.

X1 (OUTPUT)

Am9513A

Vce
R1
Vce
R2
CLOCK
DRIVER
CIRCUITRY

X2 (INPUT)

TC004080

R1=6.8 k2 £10%

R2 = Function of Driver Circuitry
X1 V=38V
X2 V.=08V

Figure A1. Crystal Input Configuration




NC

—1

X1

Am9513A

TC004090

Figure A2. Crystal Input Configuration
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Figure A3. TEHWH/TGVWH Timing Diagram
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>
Am9513A
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Figure A4. GATE/SRC Configuration Suggestion
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Am9516A

Universal DMA Controller (UDC)

DISTINCTIVE CHARACTERISTICS

Transfer Modes: Single, demand dedicated with bus
hold, demand dedicated with bus release, demand

interleave
16 Megabyte physical addressing range

Automatic loading/reloading of control parameters by

each channel
Optional automatic chaining of operations

Channel interleave operations

Interleave operations with system bus

Masked data pattern matching for search operations
Vectored interrupts on selected transfer conditions
Software DMA request

Software or hardware wait state insertion

Transfer up to 6.66 Mbytes/second at 10MHz clock

BLOCK DIAGRAM

SYSTEM BUS
BUS
INTERFACE
CHANNEL 1 CHANNEL 2
REGISTERS INTERNAL BUS REGISTERS
oot MASTER MODE
—t COMMAND
INTERFACE TO
PERIPHERALS
| CHAIN CONTROL
CONTROL LOGIC
oot TEMPORARY
POINTER
=
BD003830
Figure 1.
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GENERAL DESCRIPTION

The Am9516A Universal DMA Controller (UDC) is a high
performance peripheral interface circuit for 8086 and 68000
CPUs. In addition to providing data block transfer capability
between memory and peripherals, each of the UDC's two
channels can perform peripheral-to-peripheral as well as
memory-to-memory transfer. A special Search Mode of
Operation compares data read from a memory or peripheral
source to the content of a pattern register.

For all DMA operations (search, transfer, and transfer-and-
search), the UDC can operate with either byte or word data
sizes. In some system configurations it may be necessary
to transfer between word-organized memory and a byte-
oriented peripheral. The UDC provides a byte packing/
unpacking capability through its byte-word funneling trans-
fer or transfer-and-search option. Some DMA applications
may continuously transfer data between the same two
memory areas. These applications may not require the
flexibility inherent in reloading registers from memory ta-
bles. To service these repetitive DMA operations, base
registers are provided on each channel which re-initialize
the current source and destination Address and Operation
Count registers. To change the data transfer direction

under CPU control, provision is made for reassigning the
source address as a destination and the destination as a
source, eliminating the need for actual reloading of these
address registers.

Frequently DMA devices must interface to slow peripherals
or slow memory. In addition to providing a hardware WAIT
input, the Am9516A UDC allows the user to select indepen-
dently for both source and destination addresses and
automatic insertion of 0, 1, 2 or 4 wait states. The user may
even disable the WAIT input pin function altogether and use
these software programmed wait states exclusively.

High throughput and powerful transfer options are of limited
usefulness if a DMA requires frequent reloading by the host
CPU. The Am8516A UDC minimizes CPU interactions by
allowing each channel to load its control parameters from
memory into the channel's control registers. The only
action required of the CPU is to load the address of the
control parameter table into the channel's Chain Address
register and then issue a ''Start Chain" Command to start
the register loading operation.

The Am9516A UDC is packaged in a 48-pin DIP and uses a
single +5V Power Supply.
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CONNECTION DIAGRAMS
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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

4 D (0]

a. DEVICE NUMBER/DESCRIPTION
Am9516A
Universal DMA Controller

Valid Combinations
AM9516A-4
AM9516A-6 DC,DCB,PC,JC
AM9516A-8
AMO516A-1 DC

*This device is also available in Military temperature range.
See MOS Microprocessors and Peripherals Military Handbook
(Order #09275A/0) for electrical performance characteris-
tics.

**Preliminary; to be announced.

. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

. TEMPERATURE RANGE*

C = Commercial (0 to +70°C)

. PACKAGE TYPE

P = 48-Pin Plastic DIP (PD 048)
D = 48-Pin Sidebrazed Ceramic DIP (SD 048)
J= 68-Pin Plastic Leaded Chip Carrier (PL 068)

. SPEED OPTION

~4 =4 MHz
-6=6 MHz
-8 =8 MHz**
-1=10 MHz**

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 combinations, and

to obtain additional data on AMD's standard military grade

products.
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PIN DESCRIPTION

Pin No.

170

Description

Vee

+5V Power Supply.

26

Vss

Ground.

46

CLOCK

Clock.

46

CLOCK

(Clock). The Clock signal controls the internal operations and the rates of data transfers. It is usually
derived from a master system clock or the associated CPU clock. The Clock input requires a high
voltage input signal. Many UDC input signals can make transitions independent of the UDC clock; these
signals can be asynchronous to the UDC clock. On other signals, such as WAIT inputs, transitions must
meet setup and hold requirements relative to the UDC clock. See the Timing diagrams for details.

ADg-AD1s

110

(Address-Data Bus, Three-State). The Address Data Bus is a time-mulitiplexed, bidirectional, active-
high, three-state bus used for all /0O and memory transactions. HIGH on the bus corresponds to 1 and
LOW corresponds to 0. ADg is the least significant bit position and AD1s is the most significant. The
presence of addresses is defined by the timing edge of ALE, and the asserted or requested presence of
data is defined by the DS signal. The status output lines M/’IU and N/S indicate the type of transaction,
either memory or 1/0. The R/W line indicates the direction of the transaction. When the UDC is in
control of the system bus, it dominates the AD Bus; when the UDC is not in control of the system bus,
the CPU or other external devices dominate the AD Bus.

The presence of address of data on the ADg - AD15 bus is defined only by ALE and DS. When the UDC
is not in control of the bus, there is no required relation between the presence of address or data and
the UDC clock. This allows the UDC to be used with a system bus which does not have a bussed clock
signal.

43

110

(Data Strobe, Three-State). Data Strobe is a bidirectional, active-low, three-state signal. A LOW on this
signal indicates that the ADg-AD15 bus is being used for data transfer. When the UDC is not in control of
the system bus and the external system is transferring information to or from the UDC, DS is a timing
input used by the UDC to move data to or from the ADg - AD15 bus. Data is written into the UDC by the
external ststem on the LOW-to-HIGH DS transition. Data is read from the UDC by the external system
while DS is LOW. There are no timing requirements between DS as an input and the UDC clock; this
allows use of the UDC with a system bus which does not have a bussed clock. During a DMA operation
when the UDC is in control of the ststem, DS is an output generated by the UDC and used by the system
to move data to or from the ADg - AD15 bus. When the UDC has bus control, it writes to the external
system by placing data on the ADg - AD15 bus before the HIGH-to LOW DS transition and holding the
data stable until after the LOW-to-HIGH DS transition; while reading from the external system, the LOW-
to-HIGH transition of DS inputs data from the ADg - AD45 bus into the UDC (see Timing diagram).

41

R/W

170

(Read/Write, Three-State). Read/Write is a bidirectional, three-state signal. Read polarity is HIGH and
write polarity is LOW. R/W indicates the data direction of the current bus transaction, and is stable
starting when ALE is HIGH until the bus transaction ends (see Timing diagram). When the UDC is not in
control of the system bus and the external system is transferring information to or from the UDC, R/W is
a status input used by the UDC to determine if data is entering or leaving on the ADg — AD15 bus during
DS time. In such a case, Read (HIGH) indicates that the system is requesting data from the UDC, and
Write (LOW) indicates that the system is presenting data to the UDC. There are no timing requirements
between R/W as an input and the UDC clock; transitions on R/W as an input are only defined relative to
DS. When the UDC is in control of the system bus, R/W is an output generated by the UDC, with Read
indicating that data is being requested from the addressed location or device. the addressed location or
device and Write indicating that data is being presented to the addressed location or device. Flyby DMA
operations are a special case where R/W is valid for the normally addressed memory or peripheral
locations and must be interpreted in reverse by the "Flyby'' peripheral that uses it.

33

(Transmit Buffer Enable, Open Drain). Transmit Buffer Enable is an active-low, open drain output. When
UDC is a bus master, a LOW on this output indicates that the data is being transferred from the UDC to
the data bus lines through the buffer. The purpose of this signal is to eliminate bus contention. When
UDC is not in control of the system bus, these pins float to three-statq OFF.

32

(Receive Buffer Enable, Open Drain). Receive Buffer Enable is an active-low, open drain output. When
UDC is in control of system bus, a LOW on this output indicates that the data is being transferred from
the data bus lines to the UDC through the buffer. The purpose of this signal is to eliminate bus
contention. This pin floats to three-state OFF when the UDC is not in control of the system bus.

45

ALE

(Address Latch Enable). This active HIGH signal is provided by the UDC to latch the address signals
ADg - AD15 into the address latch. This pin is never floated.

44

P/D

(Pointer/Data). Pointer/Data is an input signal to indicate the information is on the ADg - AD45 bus only
when the UDC is the bus slave. A HIGH on this signal indicates the information is on the AD bus is an
address of the internal register to be accessed. The data on the AD bus is loaded into the Pointer
register of UDC. A LOW on this signal indicates that a data transfer is taking place between the bus and
the internal register designated by the Pointer register. Note that if a transaction is carried out with R/W
HIGH and P/D HIGH, the contents of the Pointer register will be read.

31

M/10

(Memory/Input-Output, Three-State). This signal specifies the type of transaction. A HIGH on this pin
indicates a memory transaction. A LOW on this pin indicates an I/0O transaction. It floats to three-state
OFF when UDC is not in control of the ststem bus.

30

N/S

(Normal/System, Three-State). This output is a three-state signal activated only when the UDC is the
bus master. Normal is indicated when N/S is HIGH, and System is indicated when N/3 is LOW. This
signal supplements the M/IO line and is used to indicate which memory or I/0 space is being accessed.

35

B/W

(Byte/Word, Three-State). This output indicates the size of data transferred on the ADg - AD1s bus.
HIGH indicates a byte (8-bit) and LOW indicates a word (16-bit) transfer. This output is activated when
ALE is HIGH and remains valid for the duration of the whole transaction (see Timing diagram). All word-
sized data are word-aligned and must be addressed by even addresses (Ap = 0). When addressing byte
read transactions, the least significant address bit determines which byte is needed; an even address
specifies the most significant byte (ADg —~ AD15), and an odd address specifies the least significant byte
(ADg - ADy). (Note that the higher address specifies the least significant bytel) This addressing
mechanism applies to memory accesses as well as I/0 accesses. When the UDC is a slave, it ignores
the B/W signal and this pin floats to three-state OFF.
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PIN DESCRIPTION (Cont.)

Pin No.

170

Description

42

A

(Chip Select). This pin is an active-low input. A CPU or other external device uses CS to activate the
UDC for reading and writing of its internal registers. There are no timing requirements between the CS
input and the UDC clock; the CS input timing requirements are only defined relative to DS. This pin is
ignored when UDC is in control of system bus.

34

WAI

AIT). This pin is an active-low input. Slow memories and peripheral devices may use WAIT to extend
DS and RBEN or TBEN during operation. Unlike the CS input, transitions on the WAIT input must meet
certain timing requirements relative to the UDC clock. See Timing Diagram 4 for details. The Wait
function may be disabled using a control bit in the Master Mode register (MM2).

BREQ

(Bus Request). Bus Request is an active-HIGH signalsignal used by the UDC to obtain control of the bus
from the CPU. BREQ lines from multiple devices are connected to a priority encoder.

BACK

(Bus Acknowledge). BACK is an active-HIGH, asynchronchronous input, indicating that the CPU has
relinquished the bus and that no higher priority device has assumed bus control. Since BACK is
internally synchronized by the UDC before being used, transitions on BACK do not have to be
synchronous with the UDC clock. The BACK input is usually connected to the HLDA line from the CPU
or to the output of a priority decoder.

(Interrupt Request, Open Drain). Interrupt Request is an active-low output used to interrupt the CPU. Itis
driven LOW whenever the IP and CIE bits of the Status Register are set. It is cleared by UDC after
receiving a clear IP command.

48

INTACK

(Interrupt Acknowledge). Interrupt Acknowledge is an active-low input indicating that the request for
interrupt has been granted. The UDC will place a vector onto the AD bus if the No Vector or Interrupt bit
(MM3) is reset.

47

RESET

(Reset). Reset is an active-low input to disable the UDC and clear its Master Mode register.

36, 37

DREQ4, DREQp

(DMA Request). The DMA Request lines are two active-low inputs, one per channel. They may make
transitions independent of the UDC clock and are used by external logic to initiate and control DMA
operations performed by the UDC.

40, 39

DACK,, DACK2

(DMA Acknowledge). The DMA Acknowledge lines are active-low outputs, one per channel, which
indicate that the channel is performing a DMA operation. DACK is pulsed, held active or held inactive
during DMA operations as programmed in the Channel Mode register. For Flowthru operations, the
peripheral is fully addressed using the conventional /0 addressing protocols and therefore may choose
to ignore DACK. DACK is always output as programmed in the Channel Mode register for a DMA
operation, even when the operation is intiated by a CPU software request command or as a result of
chaining. DACK is not output during the chaining operations.

38

110

(End of Process). EOP is an active-low, open-drain, bidirectional signal. It must be pulled up with an
external resistor of 1.8kohm or more. The UDC emits an output pulse on EOP when a TC or MC
termination occurs, as defined later. An external source may terminate a DMA operation in progress by
driving EOP low. EOP always applies to the active channel; if no channel is active, EOP is ignored.

29-27
25-21

At1g—-Az3

(Upper Address Bus, Three-state). The A1g — A23 address lines are three-state outputs activated only
when the UDC is controlling the system bus. Combined with the lower 16 address bits appearing on ADg
through AD15 respectively, this 24-bit linear address allows the UDC to access anywhere within 16
Megabytes of memory.

Note: All inputs to the UDC, except the clock are directly TTL compatible.
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Figure 2. UDC Configurations

PRODUCT OVERVIEW
Register Description

The Am9516A UDC block diagram illustrates the internal
registers. Figure 3 lists each register along with its size and
read/write access restrictions. Registers which can be read by
the CPU are either fast (F) or slow (S) readable. Fast registers
can be read by a normal CPU 1/0 operation without additional
wait states. Reading slow registers requires multiple wait
states. Registers can be written to by the host CPU (W) and/or
can be loaded by the DMA channel itself during chaining (C).
All reads or writes must be word accesses since the UDC
ignores the B/W line in slave mode. It is the responsibility of
the user to supply the necessary external logic if slow
readable registers are to be read.

The UDC registers can be categorized into chip-level registers,
which control the overall operation and configuration of the
UDC, and channel-level registers which are duplicated for
each channel. The five chip-level registers are the Master
Mode register, the Command register, the Chain Control
register, the Pointer register, and the Temporary register. The
Master Mode register selects the way the UDC chip interfaces
to the system. The Command register is written to by the host
CPU to initiate certain operations within the UDC chip, such as
resetting the unit. The Chain Control register is used by a
channel while it is reloading its channel-level registers from
memory. The Pointer register is written to by the host CPU
when the P/D input is HIGH. The data in Pointer register is the
address of the internal register to be accessed. The Tempo-
rary register is used to hold data for Flowthru Transfer/
Transfer-and-Searches.

The channel-level registers can be divided into two subcatego-
ries: general purpose registers, which would be found on most
DMA chips, and special purpose registers, which provide
additional features and functionality. The general purpose
registers are the Base and Current Operation Count registers,
the Base and Current Address registers A and B, and the
Channel Mode register. The special purpose registers are the
Pattern and Mask registers, the Status register, the Interrupt
Vector register, the Interrupt Save register, and the Chain
Address register.

The internal registers are read or written in two steps. First, the
address of the register to be accessed is written to the Pointer

register, when the P/D input is HIGH. Then, the data is read
from or written into the desired register, which is indicated by
the Pointer register, when P/D input is LOW. Note that a read
with P/D HIGH causes the contents of the Pointer register to
be read on AD4 through ADg.

Master Mode Register

The 4-bit Master Mode register, shown in Figure 4, controls
the chip-level interfaces. It can be read from and written to by
the host CPU without wait states through pins ADg - AD3, but
it is not loadable by chaining. On a reset, the Master Mode
register is cleared to all zeroes. The function of each of the
Master Mode bits is described in the following paragraphs.

The Chip Enable bit CE = 1 enables the UDC to request the
bus. When enabled, the UDC can perform DMA Operations
and reload registers. It can always issue interrupts and
respond to interrupt acknowledges. When the Chip Enable bit
is cleared, the UDC is inhibited from requesting control of the
system bus and, therefore, inhibited from performing chaining
or DMA operations.

The CPU Interleave bit enables interleaving between the CPU
and the UDC.

The Wait Line Enable bit is used to enable sampling of the
WAIT line during Memory and 1/0 transactions. Because the
UDC provides the ability to insert software programmable wait
states, many users may disable sampling of the WAIT pin to
eliminate the logic driving this pin. The Wait Line Enable bit
provides this flexibility. See the ''Wait States' section of this
document for details on wait state insertion.

The ""No Vector on Interrupt'" bit selects whether the UDC
channel or a peripheral returns a vector during interrupt
acknowledge cycles. When this bit is cleared, a channel
receiving an interrupt acknowledge will drive the contents of
its Interrupt Save register onto the ADg - AD15 data bus while
INTACK is LOW. If this bit is set, interrupts are serviced in an
identical manner, but the ADg - AD15 data bus remains in a
high-impedance state throughout the acknowledge cycle.

Pointer Register

The Pointer register contains the address of the internal
register to be accessed. It can be read from or written to by
the CPU when the P/D line is HIGH.




Access Port Address
Name Size Number Type CH-1/CH-2
Master Mode Register 4 bits 1 FW 38
Pointer Register 6 bits 1 FW
Chain-Control Register 10 bits 1 C
Temporary Register 16 bits 1 D .
Command Register 8 bits 1 w 2E/2C
Current Address Register - A:
Up-Addr/Tag field 14 bits 2 CFW 1A/18
Lower Address field 16 bits 2 CFW 0A/08
Current Address Register — B:
Up-Addr/Tag field 14 bits 2 CFW 12/10
Lower Address field 16 bits 2 CFW 02/00
Base Address Register - A:
Up-Addr/Tag field 14 bits 2 CFW 1E/1C
Lower Address field 16 bits 2 CFW 0E/0C
Base Address Register - B:
Up-Addr/Tag field 14 bits 2 CFW 16/14
Lower Address field 16 bits 2 CFW 06/04
Current Operation Count 16 bits 2 CFW 32/30
Base Operation Count 16 bits 2 CFW 36/34
Pattern Register 16 bits 2 CsSw 4A/48
Mask Register 16 bits 2 csw 4E/4C
Status Register 16 bits 2 F 2E/2C
Interrupt Save Register 16 bits 2 F 2A/28
Interrupt Vector Register 8 bits 2 csw 5A/58
Channel Mode Register - HIGH 5 bits 2 CS 56/54
Channel Mode Register - LOW 16 bits 2 csw 52/50
Chain Address Register:
Up-Addr/Tag field 10 bits 2 CFW 26/24
Lower Address field 16 bits 2 CFw 22/20
Access Codes: C = Chain Loadable
D = Accessible by UDC channel
F = Fast Readable
S = Slow Readable
W = Writable by CPU

Note: The address of the register to be accessed is stored in the Pointer register.
“Port addresses of the Command register can be used alternately for both channels except when issuing

a "'set or clear IP" command.

Figure 3. UDC Internal Register

Chain Control Register

When a channel starts a chaining operation, it fetches a
Reload word from the memory location pointed to by the
Chain Address register (Figure 11). This word is then stored in
the Chain Control register. The Chain Control register cannot
be written to or read from by the CPU. Once a channel starts a
chain operation, the channel will not relinquish bus control
until all registers specified in the Reload word are reloaded
unless an EOP signal is issued to the chip. Issuing an EOP to a
channel during chaining will prevent the chain operation from
resuming and the contents of the Reload Word register can be
discarded.

MM3 | MM2 | MM1 | MMO

L— Chip Enable

CPU Interl
Enable

b WaitLine Enable

No Vector on

Interrupt
DF003470

Figure 4. Master Mode Register

Temporary Register

The Temporary register is used to stage data during Flowthru
transfers and to hold data being compared during a Search or
a Transfer-and-Search. The temporary register cannot be
written to or read from by the CPU. In byte-word funneling,

data may be loaded into or from the Temporary register on a
byte-by-byte basis, with bytes sometimes moving between the
low byte of the data bus and the high byte of the Temporary
register or vice-versa. See the '"Transfer'" section for details.

Command Register

The UDC Command register (Figure 20) is an 8-bit write-only
register written to by the host CPU. The Command register is
loaded from the data on AD7 - ADg; the data on AD15 ~ ADg is
disregarded. A complete discussion of the commands is given
in the "Command Descriptions' section.

Current and Base Address Registers A and B

The Current Address registers A and B (Current ARA and
ARB) are used to point to the source and destination
addresses for DMA operations. The contents of the Base ARA
and ARB registers are loaded into the Current ARA and ARB
registers at the end of a DMA operation if the user enables
Base-to-Current reloading in the Completion Field of the
Channel Mode register. This facilitates DMA operations with-
out reloading of the Current registers. The ARA and ARB
registers can be loaded during chaining, can be written to by
the host CPU without wait states and can be read by the CPU.

Each of the Base and Current ARA and ARB registers consists
of two words organized as a 6-bit Tag Field and an 8-bit Upper
Address in one word and a 16-bit Lower Address in the other.
See Figure 5. The Tag Field selects whether the address is to
be incremented, decremented or left unchanged, and the
status codes associated with the address. The Tag field also
allows the user to insert 0, 1, 2 or 4 wait states into memory or
1/0 accesses addressed by the offset and segment fields.
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The Address Reference Select Field in the Tag field selects
whether the address pertains to memory space or I/0 space.
Note that the N/S output pin may be either HIGH (indicating
Normal) or LOW (indicating System) for space. At the end of
each iteration of a DMA Operation, the user may select to
leave the address unchanged or to increment it or to decre-
ment it. I/O addresses, if changed, are always incremented/
decremented by 2. Memory addresses are changed by 1 if the
address points to a byte operand (as programmed in the
Channel Mode register's Operation field) and by 2 if the
address points to a word operand. Note that, if an 1/0 or
memory address is used to point to a word operand, the
address must be even to avoid unpredictable results. An
address used to point to a byte operand may be even or odd.
Since memory byte operand addresses will increment/decre-
ment by 1, they will toggle between even and odd values.
Since 1/0 byte operand addresses will increment/decrement
by 2, once programmed to an even or odd value, they will
remain even or odd, allowing consecutive 1/0 operations to
access the same half of the data bus. High bus is for even
address and low bus for odd.

Current and Base Operation Count Registers

Both the Current and Base Operation Count registers may be
loaded during chaining, and may be written to and read from
by the host CPU.

The 16-bit Current Operation Count register is used to specify
the number of words or bytes to be transferred, searched or
transferred-and-searched. For word-to-word operations and
byte-word funneling, the Current Operation Count register
must be programmed with the number of words to be
transferred or searched.

Each time a datum is transferred or searched, the Operation
Count register is decremented by 1. Once all of the data is
transferred or searched, the transfer or search operation will
stop, the Current Operation Count register will contain all
zeroes, and the TC bit in Status Register will be '"1." If the
transfer or search stops before the Current Operation Count
register reaches 0, the contents of the register will indicate the
number of bytes or words remaining to be transferred or
searched. This allows a channel which had been stopped
prematurely to be restarted where it left off without requiring
reloading of the Current Operation Count register.

For the byte-to-byte operations, the Current Operation Count
register should specify the number of bytes to be transferred
or searched. The maximum number of bytes which can be
specified is 64K bytes by setting the Current Operation Count
register to 0000.

15 8

ADDRESS CONTROL FIELD
00 = Increment Address
01 = Decrement Address
1X = Hold Address

WAIT CONTROL FIELD
00 = 0 Wait States
01 = 1 Wait States
10 = 2 Wait States
11 = 4 Wait States

Upper Address (Az3-Aqg)

Lower Address (A5-Ag)

DF003390

Figure 5. Address Registers A and B

Pattern and Mask Registers

The 16-bit Pattern and Mask registers are used in Search and
Transfer-and-Search operations. Both the Pattern and Mask
registers may be loaded by chaining, may be written to by the
host CPU, and may be read from by the host CPU, provided
wait states are inserted, since these registers are slow
readable. The Pattern register contains the pattern that the
read data is compared to. Setting a Mask register bit to "'1"
specifies that the bit always matches. See the ""Search' and
""Transfer-and-Search' sections for further details.

Status Register

The two 16-bit Status registers, depicted in Figure 6, are read-
only registers which can be read by the CPU without wait
states. Each of these registers reports on the status of its
associated channel.

The Interrupt Status Field in the Status register contains the
Channel Interrupt Enable (CIE) and Interrupt Pending (IP) bits.
These bits are described in detail in the "Interrupt’’ section of
this document.

The UDC status field contains the current channel status. The

""channel initialized and waiting for request” status is not
explicitly stated -it is reflected by Status register bits ST12
through STg being all zero. The "Waiting for Bus' (WFB)
status will cause bit ST1p to be set and indicates that the
channel wants bus control to perform a DMA operation. The
channel may or may not actually be asserting BREQ HIGH,
depending on the programming of the Master Mode Chip
Enable bit (MMO) when the channel decided it wanted the
bus. See the ""Bus Request/Grant'" section for details. If a
channel completes a DMA operation and neither Base-to-
Current reloading nor auto-chaining were enabled, the No
Auto-Reload or Chaining (NAC) bit will be set. The NAC bit will
be reset when the channel receives a '"Start Chain Com-
mand." If two interrupts are queued, the Second Interrupt
Pending bit (SIP) will be set and the channel will be inhibited
from further activity until an interrupt acknowledge occurs. See
the "Interrupt’” section for details. Finally, if the channel is
issued an EOP during chaining, the Chaining Abort (CA) and
the NAC will be set. These bits are also set when a '"'reset' is
issued to the UDC. The CA bit holds the NAC bit in the set
state. The CA bit is cleared when a new Chain Upper Address
and Tag word or Lower Address word is loaded into the
channel.
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The Hardware Interface Field provides a Hardware Request
(HRQ) bit which provides a means of monitoring the channels
DREQ input pin. When the DREQ pin is LOW, the HRQ bit will
be ""1" and vice-versa. The Hardware Mask (HM) bit, when
set, prevents the UDC from responding to a LOW on DREQ.
Note, however, that the Hardware Request bit always reports
the true (unmasked) status of DREQ regardiess of the setting
of the HM bit.

The Completion Field stores data at the end of each DMA
operation. This data indicates why the DMA operation ended.
When the next DMA operation ends, new data is loaded into
these bits overwriting, thereby erasing the old setting. Three
bits indicate whether the DMA operation ended as a result of a
TC, MC or EOP termination. The TC bit will be 1" if the
Operation Count reaching zero ended the DMA operation. The
MC bit will be '"1" if an MC termination occurred regardless of
whether Stop-on-Match or Stop-on-no-Match was selected.
The EOP bit is set only when an external EOP ends a DMA
transfer; it is not set for EOP issued during chaining. Note that
two or even all three of MC, TC and EOP may be set if multiple
reasons exist for ending the DMA operation. The MCH and
MCL bits report on the match state of the upper and lower
comparator bytes, respectively. These bits are set when the
associated comparator byte has a match and are reset
otherwise, regardless of whether Stop-on-Match or Stop-on-
no-Match is programmed. Regardless of the DMA operation
performed, these bits will reflect the comparator status at the
end of the DMA operation. These two bits are provided to help

determine which byte matched or did not match when using 8-
bit matches with word searches and transfer-and-searches.
The three reserved bits return zeroes during reads.

Interrupt Vector and Interrupt Save Registers

Each channel has an Interrupt Vector register and an Interrupt
Save register. The Interrupt Vector is 8-bit wide and is written
to and read from on ADg - AD7. The Interrupt Save register
may be read by the CPU without wait states. The Interrupt
Vector register contains the vector or identifier to be output
during an Interrupt Acknowledge cycle. When an interrupt
occurs (IP = 1), either because a DMA operation terminated or
because EOP was driven LOW during chaining, the contents
of the Interrupt Vector register and part of the Channel Status
register are stored in the 16-bit Interrupt Save register (See
Figure 7).

Because the vector and status are stored, a new vector can be
loaded into the Interrupt Vector register during chaining, and a
new DMA operation can be performed before an interrupt
acknowledge cycle occurs. If another interrupt occurs on the
channel before the first is acknowledged, further channel
activity is suspended.

As soon as the first clear IP command is issued, the status and
vector for the second interrupt are loaded into the Interrupt
Save register and Channel Operation resumes. The UDC can
retain only two interrupts for each channel; a third operation
cannot be initiated until the first interrupt has been cleared.
See the "Interrupt’" section for further details.

INTERRUPT ubc

HARDWARE

INTERFACE
TA
RESERVED STATUS PLETION
l STATUS

STATUS L STATUS FJ\

CIE HM
RESERVED HRQ
P — MCH

CA mMcL

NAC MC

WFB EOP

siP TC

OOnononoEnnnnnnn
_
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Figure 6. Status Register
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Figure 7. Interrupt Save Register
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Channel Mode Register

The Channel Mode registers are two words wide. There are 21
bits defined in each Channel Mode register; the other 11 bits
are unused. See Figure 8. The Channel Mode registers may be
loaded during chaining and may be read by the host CPU. CPU
reads of the Channel Mode register are slow reads and require
insertion of multiple wait states. The Channel Mode Low word
(bits 0 - 15) may be written to directly by the host CPU. The
Channel Mode register selects what type of DMA operation
the channel is to perform, how the operation is to be executed,
and what action, if any, is to be taken when the channel
finishes.

The Data Operation Field and the Transfer Type field select
the type of operation the channel is to perform. It also selects
the operand size of bytes or words (see Figure 9 for code-
definition). The different types of operations are described in
detail in the ""DMA Operations'* section. The Flip bit is used to
select whether the Current ARA register points to the source
and the Current ARB register points to the destination or vice-
versa.

MASK MATCH

SOFTWARE REQUEST FIELD
' P

312110
JC MC EOP TC MC EOP TC MC EOP
. t——
CHAIN  B—~C RELOAD INTERRUPT OPERATION
ENABLE ENABLE ENABLE FIELD
FLIPBIT
COMPLETION FIELD 0 — ARA = SRC, ARB = DEST
1 - ARA = DEST, ARB = SRC
TRANSFER TYPE FIELD
DF003420

Figure 8. Channel Mode Register

The Completion Field is used to program the action taken by
the channel at the end of a DMA operation. This field is
discussed in the "Completion Options' section. The 2-bit
Match Control field selects whether matches use an 8-bit or
16-bit pattern and whether the channel is to stop-on-match or
stop-on-no-match. See Figure 9 and the "'Search'* section for
details. The Software Request bit and Hardware Mask bit can
be set and cleared by software command in addition to being
loaded in parallel with other Channel Mode bits. These bits are
described in detail in the "'Initiating DMA Operations' section.

The DACK Control bit is used to specify when the DACK pin is
driven active. When this bit is cleared, the channel's DACK pin
will be active whenever the channel is performing a DMA
Operation, regardless of the type of transaction. Note that the
pin will not be active while the channel is chaining. If this bit is

set, the DACK pin will be inactive during chaining, during both
Flowthru Transfers and Flowthru Transfer-and-Searches, and
during Searches, but DACK will be pulsed active during Flyby
Transfers and Flyby Transfers-and-Searches at the time
necessary to strobe data into or out of the Flyby peripheral.
Flyby operations are discussed in detail in the "'Flyby Transac-
tions' section.

DATA OPERATION FIELD
Operand Size
a Transaction
Code/Operation ARA ARB Type
Transfer
0001 Byte Byte Flowthru
100X Byte Word Flowthru
0000 Word Word Flowthru
0011 Byte Byte Flyby
0010 Word Word Flyby
Transfer-and-Search
0101 Byte Byte Flowthru
110X Byte Word Flowthru
0100 Word Word Flowthru
0111 Byte Byte Flyby
0110 Word Word Flyby
Search
1111 Byte Byte N/A
1110 Word Word N/A
101X lllegal
TRANSFER TYPE FIELD AND MATCH CONTROL FIELD
Transfer Type Code | Match Control
Single Transfer 00 |Stop on No Match
Demand Dedicated/Bus Hold 01 [Stop on No Match
Demand Dedicated/Bus Release 10 |Stop on Word Match
Demand Interleave 11 |Stop on Byte Match

Figure 9. Channel Mode Coding

Chain Address Register

Each channel has a Chain Address register which points to the
chain control table in memory containing data to be loaded
into the channel's registers. The Chain Address register, as
shown in Figure 10, is two words long. The first word consists
of an Upper Address and Tag field. The second word contains
the 16-bit Lower Address portion of the memory address. The
Tag field contains 2 bits used to designate the number of wait
states to be inserted during accesses to the Chain Control
Table.

The Chain Address register may be loaded during chaining
and may be read from and written to by the host CPU without
wait states. If an EOP is issued to the UDC during chaining, the
Chain Address register holds the old address. This is true even
if the access failure occurred while new Chain Address data
was being loaded, since the oid data is restored unless both
words of the new data are successfully read. Note, however,
that EOPs that occur when chaining and while loading a new
Chain Address cause the new data to be lost.

15

PROGRAMMABLE WAIT FIELD
00 = 0 Wait States

DF003430

Figure 10. Chain Address Register




DETAILED DESCRIPTION

Any given DMA operation, be it a Transfer, a Search, or a
Transfer-and-Search operation, consists of three phases. In
the first phase, the channel's registers are initialized to specify
and control the desired DMA operation. In the second phase,
the DMA operation itself is started and performed. The final
phase involves terminating the DMA operation and performing
any actions selected to occur on termination. Each of these
different phases is described in detail in the following sections.

Reset

The UDC can be reset either by hardware or software. The
software reset command is described in the '"Commands"
section. Hardware resets are applied by pulling RESET LOW.
The UDC may be in control of the bus when a reset is applied.
BACK is removed internally causing the outputs to go tri-state.
If BACK remains HIGH after reset, the UDC will not drive the
bus unless BREQ is active. As soon as BACK goes inactive,
the UDC places the ADg - AD1s, A1g - AD23, R/W, DS, N/S,
M/IO B/W, TBEN and RBEN signals in the high-impedance
state.

Both software and hardware resets clear the Master Mode
register, clear the CIE, IP and SIP bits, and set the CA and
NAC bits in each Channel's Status register. The contents of all
other UDC registers will be unchanged for a software reset.
Since a hardware reset may have been applied partway
through a DMA operation being performed by a UDC channel,
the channel's registers should be assumed to contain indeter-
minate data following a hardware reset.

The Master Mode register contains all zeroes after a reset.
The UDC is disabled, and the CPU interleave and hardware
wait are inhibited.

Because the CA and NAC bits in the Status register are set by
a reset, the channel will be prevented from starting a DMA
operation until its Chain Address register's Segment, Tag and
Offset fields are programmed and the channel is issued a
"'Start Chain" Command.

Channel Initialization

The philosophy behind the Am9516A UDC design is that the
UDC should be able to operate with a minimum of interaction
with the host CPU. This goal is achieved by having the UDC
load its own control parameters from memory into each
channel. The CPU has to program only the Master Mode
register and each Channel's Chain Address register. All other
registers are loaded by the channels themselves from a table
located in the System memory space and pointed to by the
Chain Address register. This reloading operation is called
chaining, and the table is called the Chain Control Table.

The Upper and Lower Address fields of the Chain Address
register form a 24-bit address which points to a location in
system memory space. Chaining is performed by repetitively
reading words from memory. Note that the Chain Address
register should always be loaded with an even Address;
loading an odd Address will cause unpredictable results. The
2-bit Tag field facilitates interfacing to slow memory by
allowing the user to select 0, 1, 2 or 4 programmable wait
states. The UDC will automatically insert the programmed
number of wait states in each memory access during chaining.

The Chain Address register points to the first word in the Chain
Control Table. This word is called the Reload Word. See
Figure 11. The purpose of the Reload Word is to specify which
registers in the channel are to be reloaded. Reload Word bits
10-15 are undefined and may be 0 or 1. Each of bits 0
through 9 in the Reload Word correspond to either one or two
registers in the channel (see Figure 12). When a Reload Word
bitis "'1,"" it means that the register or registers corresponding
to that bit are to be reloaded. If a Reload Word bit is ''0,'"" the
register or registers corresponding to that bit are not to be
reloaded. The data to be loaded into the selected register(s)
follow the Reload Word in memory (i.e., the data are stored at
successively larger memory addresses). The Chain Control
Table is a variable length table. Only the data to be loaded are
in the table, and the data are packed together.

ubpc

CHAIN ADDR. J
REGISTER

—

SYSTEM
- MEMORY o
RELOAD WORD
REGISTER coNTROL
DATA TABLE-1
NEW CHAIN ADDR.
RELOAD WORD
CHAIN
CONTROL
REGISTER
pyeh TABLE-2
AF003110

Figure 11. Chaining and Chain Control Tables
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CURRENT ARA (2 WORDS)

CURRENT ARB (2 WORDS)

CURRENT OP-COUNT (1 WORD)

BASE ARA (2 WORDS)

BASE ARB (2 WORDS)

BASE OP-COUNT (1 WORD)
PATTERN AND MASK (2 WORDS)
INTERRUPT VECTOR (1 WORD)
——— CHANNEL MODE (2 WORDS)
CHAIN ADDRESS (2 WORDS)

Ll leleefefe] ]

DF003440

Figure 12, Reload Word/Chain Control Register

When the channel is to reload itself, it first uses the Chain
Address register contents to load the Reload Word into the
UDC's Chain Control register. Next, the Chain Address regis-
ter contents are incremented by two to point to the next word
in memory. The channel than scans the Reload Word register
from bit 9 down to bit 0 to see which registers are to be
reloaded. If no registers are specified (bits 9 -0 are all 0), no
registers will be reloaded. If at least one of bits 9 -0 is set to
"1," the register(s) corresponding to the set bit are reloaded,
the bit is cleared and the Chain Address register is increment-
ed by 2. The channel continues this operation of scanning the
bits from the most significant to least significant bit position,
clearing each set bit after reloading its associated registers
and incrementing the Chain Address register by 2. If all of bits
9 to 0 are set, all the registers will be reloaded in the order:
Current ARA, Current ARB, Current Operation Count,. . .
Channel Mode and Chain Address. Figure 13 shows two
examples of Chain Control Tables. Example 1 shows the
ordering of data when all rogisters are to be reloaded. In
example 2 only some registers are reloaded. Once the
channel is reloaded, it is ready to perform a DMA operation.
Note when loading address registers, the Upper Address and
Tag word are loaded first, then the Lower Address word. Also,
the Pattern register is loaded before the Mask register.

Initiating DMA Operations

DMA operations can be initiated in one of three ways - by
software request, by hardware request and by loading a set
software request bit into the Channel Mode register during
Chaining.

Starting After Chaining

If the software request bit of the Channel Mode register is
loaded with a "'1'" during chaining, the channel will perform the
programmed DMA operation at the end of chaining. If the
channel is programmed for Single Operation or Demand, it will
perform the operation immediately. The channel will give up
the bus after chaining and before the operation if the CPU
interleave bit in the Master Mode register is set. See the
""Channel Response" section for details. Note that once a
channel starts a chaining operation by fetching a Reload
Word, it retains bus control at least until chaining of the last
register's data is performed.

Software Requests

The CPU can issue Software Request commands to start
DMA operations on a channel. This will cause the channel to

request the bus and perform transfers. See the description of
the software request command for details.

~
1]TI1FFI|1'1I1|1 1

CURRENT ARA (2 WORDS)*

CURRENT ARB (2 WORDS)*

CURRENT OP COUNT (1 WORD)

BASE ARA (2 WORDS)*

BASE ARB (2 WORDS)*

BASE OP COUNT (1 WORD)

PATTERN REGISTER (1 WORD)
MASK REGISTER (1 WORD)

INTERRUPT VECTOR
(1 WORD)

CHANNEL MODE (2 WORDS)

CHAIN ADDRESS (2 WORDS)*

L A
~ ~
EXAMPLE-2: J1lo]1]olofo]o]o]1]4
CURRENT ARA (2 WORDS)*
CURRENT OP COUNT (1 WORD)
CHANNEL MODE (2 WORDS)
CHAIN ADDRESS (2 WORDS)*
1 A
DF003450

Figure 13. Examples of Chain Control Table

*Load the Upper Address and Tag Word first, then the
Lower Address Word. .

Hardware Requests

DMA operations will often be started by applying a LOW on
the channel's DREQ input. The "'Channel Response'" section
describes when the LOW DREQ signals are sampled and
when the DREQ requests can be applied to start the next DMA
operation after chaining (see Timing Diagrams 1 and 2).
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Bus Request/Grant

Before the UDC can perform a DMA Operation, it must gain
control of the system bus. The BREQ and BACK interface pins
provide connections between the UDC and the host CPU and
other devices, if present, to arbitrate which device has control
of the system bus. When the UDC wants to gain bus control, it
drives BREQ HIGH.

Some period of time after the UDC drives BREQ HIGH, the
CPU will relinquish bus control and drive its HLDA signal
HIGH. When the UDC's BACK input goes HIGH, it may begin
performing operations on the system bus. When the UDC
finishes its operation, it stops driving BREQ HIGH.

When more than one device is used, a priority encoder and a
priority decoder are used to decide the bus grant priority.

DMA Operations

There are three types of DMA operations: Transfer, Search,
and Transfer-and-Search. Transfers move data from a source
location to a destination location. Two types of transfers are
provided: Flowthru and Flyby. Searches read data from a
source and compare the read data to the contents of the
Pattern register. A Mask register allows the user to declare
""don't care" bits.

The user can program that the search is to stop either when
the read data matches the masked pattern or when the read
data fails to match the masked pattern. This capability is called
Stop-on-Match and Stop-on-no-Match. Transfer-and-Search
combines the two functions to facilitate the transferring of
variable length data blocks. Like Transfer, Transfer-and-
Search can be performed in either Flowthru or Flyby mode.

Transfers

Transfers use four of the Channel registers to control the
transfer operation: the Current ARA and ARB registers; the
Current Operation Count register; and the Channel Mode
register. Channel Mode register bit CM4 is called the Flip bit
and is used to select whether ARA is to point to the source
and ARB is to point to the destination or vice-versa. The
Current Operation Count register specifies the number of
words or bytes to be transferred.

Bits CM3 ~ Mg in the Channel Mode register program whether
a Flowthru or Flyby transfer is to be performed. Flowthru
transfers are performed in either two or three steps. First, the
channel outputs the address of the source and reads the
source data into the UDC's Temporary register. In two-step
Flowthru Transfer, the channel will then address the destina-
tion and write the Temporary register data to the destination
location. The three-step Flowthru operation (i.e., the byte-word
funneling) is described later in this section. The source and
destination for Flowthru Transfers can both be memory
locations or both peripheral devices, or one may be a memory
location and the other a peripheral device. The DACK output
for the transferring channel may be programmed to be inactive
throughout the transfer or active during the transfer. This is
controlled by bit CM4g in the Channel Mode register.

Flyby transfers provide improved transfer throughput over
Flowthru but are restricted to transfers between memory and
peripherals or between two peripherals. Flyby operations are
described in detail in the "Flyby Transactions" section.

Transfers can use both byte- and word-sized data. Flowthru
byte-to-byte transfers are performed by reading a byte from
the source and writing a byte to the destination. The Current
Operation Count register must be loaded with the number of
bytes to be transferred. Both the Current ARA and Current
ARB registers, if programmed to increment/decrement, will
change by *1 if the register points to a memory space

(TGe =2) and by +2 if the register points to an I/O space
(TGg = 0).

Flowthru word-to-word transfers require that the Current
Operation Count specify the number of words to be trans-
ferred. Both the Current ARA and Current ARB registers, if
programmed to increment/decrement, will change by *2
regardless of whether the register points to memory or I/0
space.

Byte-word funneling provides packing and unpacking of byte
data to facilitate high speed transfers between byte and word
peripherals and/or memory. This funneling option can only be
used in Flowthru mode. Funneled Flowthru transfers are
performed in three steps. For transfers from a byte source to a
word destination, two consecutive byte reads are performed
from the source address. The data read is assembled into the
UDC's Temporary register. In the third step, the Temporary
register data is written to the destination address in a word
transfer. Funneled transfers from a word source to a byte
destination are performed by first loading a word from the
source into the UDC's Temporary register. The word is then
written out to the destination in two byte writes. For funnel
operations, the byte-oriented address must be in the Current
ARA register, and the word-oriented address must be in the
Current ARB register. The Flip bit (CMg) in the Channel Mode
register is used to specify which address is the source and
which is the destination. When the byte address is to be
incremented or decremented, the increment/decrement oper-
ation occurs after each of the two reads or writes. The Current
Operation Count Register must be loaded with the number of
words to be transferred.

In byte-to-word funneling operations, it is necessary to specify
which half of the Temporary register (upper or lower byte) is
loaded with the first byte of data. Similarly, for word-to-byte
funneling operations, it is necessary to define which half of the
Temporary register is written out first. Figure 14 summarizes
these characteristics for both byte-to-word and word-to-byte
funneling operations. The criterion used to determine the
packing/unpacking order is based on whether the Current
ARB register is programmed for incrementing or decrementing
of the address. Note that if the address is to remain un-
changed (i.e., if bit TG4 in the Tag Field of the Current ARB
register is 1), the increment/decrement bit (bit TGg) still
specifies the packing order.

Search

Searches use five of the Channel registers to control the
operation: either the Current ARA or ARB, the Operation
Count, the Pattern and Mask registers, and the Channel Mode
register.. Channel Mode register bit CM4 is called the Flip bit
and is used to select either Current ARA or ARB as the
register specifying the source for the search. Only one of the
Current Address registers is used for search operations since
there is no destination address required. The Current Opera-
tion Count register specifies the maximum number of words or
bytes to be searched.

Search operations involve repetitive reads from the peripheral
or memory until the specified match condition is met. The
search then stops. This is called a Match Condition or MC
termination. Each time a read is performed, the Source
address, if so programmed, is incremented or decremented
and the Operation Count is decremented by 1. If the match
condition has not been met by the time the Operation Count
reaches zero, the zero value will force a TC termination,
ending the search. Searches can also stop due to a LOW
being applied to the EOP interface pin. During a Search
operation, the channel's DACK output will be either inactive or
active throughout the search. This is controlled by bit CM4g in
the Channel Mode register. The reads from the peripheral or

2-79

volsewy



‘Am9516A

memory performed during Search follow the timing sequences
described in the "'Flowthru Transactions' sections.

On each read during a Search operation, the UDC's Tempo-
rary register is loaded with data and compared to the Pattern
register. The user can select that the Search is to stop when
the Pattern and Temporary register contents match or when
they don't match. This Stop-On-Match/Stop-On-No-Match
feature is programmed in bit CM4y7 of the Channel Mode
register. CM2 is an enable for the output of the comparator
and allows the MC signal to be generated. A Mask register
allows the user to exclude or mask selected Temporary
register bits from the comparison by setting the corresponding
Mask register bit to '"1."" The masked bits are defined to
always match. Thus, in Stop-On-Match, successful matching
of the unmasked bits, in conjunction with the always-matched
masked bits, will cause the search to stop. For Stop-On-No-
Match, the always-matched masked bits are by definition
excluded from not matching and therefore excluded from
stopping the search.

For word reads the user may select either 8-bit or 16-bit
compares through the Channel Mode register bit CMye. In an
8-bit, Stop-On-Match, word-read operation, successful match-
ing of either the upper or lower byte of unmasked Pattern and
Temporary registers bits will stop the search. Both bytes do
not have to match. In 16-bit Stop-On-Match with word reads,

all unmasked Pattern and Temporary register bits must match
to stop the search. In an 8-bit or 16-bit, Stop-On-No-Match,
word-read Search operation, failure of any bit to match will
terminate the Search operation.

In an 8-bit Stop-On-Match with byte-reads, the Search will
stop if either the upper or lower byte of unmasked Pattern and
Temporary register bits match. For an 8-bit Stop-On-No-Match
with byte reads, failure of matching in any unmasked Pattern
and Temporary register bit will cause the Search to stop. For
8-bit searches, the upper and lower bytes of the Pattern and
Mask register should usually be programmed with the same
data. Failure to set the upper and lower bytes of the Pattern
and Mask registers to identical values will result in different
comparison criteria being used for the upper and lower bytes
of the Temporary register. Users failing to program identical
values for the upper and lower bytes can predict the results by
recognizing that in 8-bit Stop-On-Match, the search will end if
all the unmasked bits in either the upper or lower bytes match,
and for 8-bit Stop-On-No-Match, the failure of any unmasked
bit to match will end the Search. For accurate predictions, it is
also necessary to know that for word reads the Temporary
register high and low bytes are loaded from AD1s - ADg and
AD7-ADg respectively. In byte reads, the read byte is
duplicated in both halves of the Temporary register except in
funneling.

Funneling Current ARB Increment/Decrement and
Direction Tag Field Packing/Unpacking Rules
TG4 TG3
Word-to-Byte o] 0 Increment ARB, Write High Byte First
(CM4=1) 0 1 Decrement ARB, Write Low Byte First
1 0 Hold ARB, Write High Byte First
1 1 Hold ARB, Write Low Byte First
Byte-to-Word 0 0 Increment ARB, Read High Half of Word First
(CMs=0) 0 1 Decrement ARB, Read Low Half of Word First
1 0 Hold ARB, Read High Half of Word First
1 1 Hold ARB, Read Low Half of Word First
Figure 14. Byte/Word Funneling
Transfer-and-Search byte word funneling. In funneling, the match is an 8-bit match

Transfer-and-Search combines the operations of the Transfer
and the Search functions. The registers used to control
Transfer-and-Searches are the Current ARA and ARB regis-
ters, the Operation Count register, the Pattern and Mask
registers, and the Channel Mode register.

A Transfer-and-Search operation will end when the data
transferred meets the match condition specified in Channel
Mode register bits CM{7-CMye. The Mask and Pattern
registers indicate those bits being compared with the Tempo-
rary register contents. Like Transfers and Searches, Trans-
fers-and-Searches will also be terminated if the operation
count goes to zero or if a LOW is applied to the EOP pin.
Regardless of whether Transfer-and-Search stops because of
a TC, MC or EOP, it will always complete the iteration by

‘writing to the destination address before ending (writing twice

for word-to-byte funneling).

In Flowthru mode, the Transfer-and-Search timing is identical
to Flowthru Transfer. While the data is in the Temporary
register, it is masked by the Mask register and compared to
the Pattern register. For word Transfer and Transfer-and-
Search, the high and low bytes of the Temporary register are
always written to and read from AD15-ADg and AD7 - ADg
respectively. For byte Transfer and Transfer-and-Search, the
byte read is always loaded into both halves of the Temporary
register, and the entire register is driven directly out onto the
AD15 - ADg bus. Transfer-and-Search can also be used with

or 16-bit match as determined by the setting of bit CM1e.

Flyby Transfer-and-Search can be used to increase through-
put for transfer between two peripherals or between memory
and a peripheral. Memory-to-Memory Flyby is not supported.
Also, in Flyby, the operand sizes of the source and destination
must be the same, funneling is not supported. A complete
discussion of Flyby timing is given the ''Flyby Transactions"
section. During a Flyby Transfer-and-Search, data is loaded
into the Temporary register to facilitate the comparison
operation, and at the same time, data is transferred from the
source to the destination. When byte operands are used, data
is loaded into both bytes of the Temporary register, from the
ADq5 - ADg bus if the Current ARA register is even and from
AD7 - ADg line if the Current ARA register is odd. This will
alternate for memory bytes so the user must drive both halves
of the bus to use the search. When word operands are used,
data is loaded directly from AD15-ADg and AD7 — ADg into
the Temporary register's high and low bytes respectively.

Channel Response

Channel Mode register bits CMg - CM5 select the channel's
response to the request to start a DMA operation. The

‘response falls into either of two types: Single Operation or

Demand. There are three subtypes for Demand operations:
Demand Dedicated with Bus Hold, Demand Dedicated with
Bus Release, and Demand Interleave. To make discussions
clear, it is necessary to define the term ''single iteration of a
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DMA operation."" For Search operations, one iteration consists
of a single read operation and a comparison of the read data
to the unmasked Pattern register bits. The Operation count will
be decremented by 1, and the Current Address register used
incremented or decremented if so programmed. For Transfer
and Transfer-and-Search operations, a single iteration com-
prises reading a datum from the source, writing it to the
destination, comparing the read datum to the unmasked
Pattern register bits (Transfer-and-Search only), decrementing
the Operation count by 1 and incrementing/decrementing the
Current ARA and ARB registers if so programmed. In byte-
word funneling, a single iteration consists of two reads
followed by a write (Byte-to-Word funneling) or one read
followed by two writes (Word-to-Byte funneling). In all Transfer
and Transfer-and-Search cases, the iteration will not stop until
the data in the Temporary register is written to the destination.
See Appendix B for flowchart.

Single Operation

The Single Operation response is intended for use with
peripherals which transfer single bytes or words at irregular

intervals. Each application of a Software request command
will cause the channel to perform a single iteration of the DMA
operation. Similarly, if the Software request bit is set by
chaining, at the end of chaining the channel will perform a
single iteration of the DMA operation. Each application of a
HIGH-to-LOW transition on the DREQ input will also cause a
single iteration of the DMA operation. If the Hardware mask bit
is set when the transition is made, the iteration will be
performed when the mask is cleared, providing the DMA
operation has not terminated. See the Set/Clear Hardware
mask bit command for details. Each time a Single Operation
ends, the channel will give up control of the bus unless a new
transition has occurred on DREQ. The new transition can
occur anytime after the HIGH-to-LOW ALE transition of a read
or Flyby memory or 1/0 access of the DMA iteration. Timing
Diagram 1 shows the times after which a new transition can be
applied and recognized to avoid giving up the us at the end of
the current iteration.

*TIMING DIAGRAM 1. Sampling DREQ During Single Transfer DMA Operations

READ OR FLYBY |

LAST ACCESS OF

DMA ITERATION

DREQ

DMA ITERATION

@ dores

F'_Twm—‘i@

WF007460

Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock

during T4 of a read or flyby DMA iteration.

2. A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c)
before state T3 of the last access of the DMA iteration if the channel is to retain bus control and
immediately start the next iteration. DREQ may go HIGH before TsDRQ(c) if it has met the TwDRQ

parameter.

3. Flyby and Search transactions have only a single access; parameter TsDRQ(c) should be referenced
to the start of T3 of the access. All other operations will always have two or three accesses per

iteration.

*See Appendix D for timing parameters.
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TIMING DIAGRAM 2. DREQ Sampling in Demand Mode
(a) Sampling of DREQ while in Bus Hold Mode
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(b) DREQ Sampling in Demand Mode During DMA Operations
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(¢) Sampling DREQ at the End of Chaining
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(d) Sampling DREQ at the End of Base-to-Current Reloading
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R
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Notes: 1. DREQ must be LOW from the start of TsDRQ(c) to the end of ThDREQ(c) to ensure that the
request is recognized.
2. Failure to meet this setup time will result in the channel releasing the bus.
3. Ts is a setup state, generated before entering DMA operation cycle.

4. TAUp, TAU3 and TAU4 are auto-reload states, followed by TCD (chain decision) state.
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Demand Dedicated With Bus Hold

In Demand Dedicated with Bus Hold (abbreviated Bus Hold),
the application of a Software request command or the setting
of the software request bit during chaining or applying a LOW
level on the DREQ input will cause the channel to acquire bus
control.

If DACK is programmed as a level output (CM1g = 0), DACK
will be active from when the channel acquires bus control to
when it relinquishes control. A Software Request will cause
the channel to request the bus and perform the DMA
operations until TC, MC or EOP.

Once the channel gains bus control due to a LOW DREQ
level, it samples DREQ as shown in Timing Diagram 2. If
DREQ s LOW, an iteration of the DMA operation is performed.
If DREQ is HIGH, the channel retains bus control and
continues to drive all bus control signals active or inactive, but
performs no DMA operation. Thus the user can start or stop
execution of DMA operations by modulating DREQ. Once TC,
MC or EOP occurs, the channel will either release the bus or, if
chaining or Base-to-Current reloading is to occur, perform the
desired operation. After chaining or Base-to-Current reloading,
if the channel is still in Bus Hold mode and does not have a set
software request bit (set either by chaining or command), the
channel will relinquish bus control unless a LOW DREQ level
occurs within the time limits.

Demand Dedicated With Bus Release

In Demand Dedicated with Bus Release (abbreviated Bus
Release), the application of a Software Request will cause the
channel to request the bus and perform the programmed DMA
operation until TC, MC or EOP. If the channel was pro-
grammed for Bus Release and the software request bit was
set during chaining, the channel will start the DMA operation
as soon as chaining ends, without releasing the bus and will
continue performing the operation until TC, MC or EOP.

When an active LOW DREQ is applied to a channel pro-
grammed for Bus Release, the channel will acquire the bus
and perform DMA operations: (a) until TC, MC or EOP or (b)
until DREQ goes inactive. Timing Diagram 2 shows when
DREQ is sampled to determine if the channel should perform
another cycle or release the bus. Note that this sampling also
occurs on the last cycle of a chaining operation. If a channel
has an active DREQ at the end of chaining, it will begin
performing DMA operations immediately, without releasing the
bus. When a TC, MC or EOP occurs, terminating a Bus
Release mode operation, the channel, if enabled for chaining
and/or Base-to-Current reloading, will perform reloading and/
or chaining (assuming the Status register's SIP bit is clear)
without releasing the bus.

If the SIP bit in the Channel Status register is set when a DMA
termination occurs, the channel will relinquish the bus control
until an Interrupt Acknowledge has been received and the SIP
bit is cleared. After an interrupt has been serviced, the channel
will perform the Base-to-Current reloading and/or chaining if
enabled for the termination.

If an active request is not applied and the channel is in
Demand Dedicated with Bus Hold, the channel will go into
state THLD (see Timing Diagram 2(a)). If an active request is
not applied and the channel is in Demand Dedicated with Bus
Release or Demand Interleave mode, it will release the bus.
Note that even if an active request is applied in Demand

Interleave, the channel may still release the bus. The request
for Demand Interleave should continue to be applied to ensure
that the channel eventually responds to the request by
acquiring the bus (i.e., the request is not latched by the
channel).

Demand Interleave

Demand Interleave behaves in different ways depending on
the setting of Master Mode register bit MM. If MM is set, the
UDC will always relinquish bus control and then re-request it
after each DMA iteration. This permits the CPU and other
devices to gain bus control. If MM is clear, control can pass
from one UDC channel to the other without requiring the UDC
to release bus control. If both channels have active requests,
control will pass to the channel which did not just have control.
For instance if MM is clear and both channels have active
requests and are in Demand Interleave mode, control will
toggle between the channels after each DMA operation
iteration and the UDC will retain bus control until both
channels are finished with the bus. If MM is set and both
channels have active requests and are in Demand Interleave
mode, each channel will relinquish control to the CPU after
each iteration resulting in the following control sequence:
channel 1, CPU, channel 2, CPU, etc. Note that if there are
other devices on the bus, they may gain control during the part
of the sequence labelled CPU. See Appendix B for flowchart.

A software or hardware request will cause a channel pro-
grammed for Demand Interleave to perform interleaved DMA
operations until TC, MC or EOP. If the Software request bit is
set during chaining, the channel will retain the bus after
chaining and will immediately start performing a DMA iteration
and will interleave all DMA iterations after the first. If DREQ is
LOW on the last cycle during chaining, the channel will
perform a single iteration immediately after chaining and
interleave thereafter until: (a) TC, MC or EOP or (b) DREQ
goes HIGH. If (b) occurs, the channel will relinquish the bus
until DREQ goes LOW again and the channel again starts
performing interleaved operations. If (a) occurs, the channel
will not interleave before first performing chaining and/or
Base-to-Current reloading (assuming SIP is cleared).

The waveform of DACK is programmed in Channel Mode
Register (CM1g). The Pulsed DACK is for flyby transaction
only. See Timing Diagram 3. Note: This figure shows a single
Search or Flyby iteration. State TWA is optionally inserted if
programmed. For more than one iteration, the level DACK
output would stay active during the time the channel had bus
control. When CMyg is set, the DACK output will be inactive
for all nonflyby modes.

Wait States

The number of wait states to be added to the memory or 1/0
transfer can be programmed by the user as 0, 1, 2 or 4 and
can be separately programmed for the Current Address
registers A and B and for the Chain Address register. This
allows different speed memories and peripherals to be associ-
ated with each of these addresses. The Base Address
registers A and B also have a Tag Field which is loaded into
the Current ARA and ARB registers during Base-to-Current
reloading. Because many users utilizing the software program-
mable wait states will not need the ability to generate
hardware wait states through the WAIT pin, the wait function
can be disabled by clearing the Wait Line Enable bit (MM>) in
the Master Mode register.
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TIMING DIAGRAM 3. DACK Timing
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Notes: 1. Level DACK RE occurs as shown if auto-reloading is not programmed; otherwise, it stays LOW for

three additional clocks.

2. This extra DACK pulse occurs only at EOP. It should be used to distinguish which channel got the

EOP.

During DMA transactions, the WAIT input is sampled in the
middle of the T state. If WAIT is HIGH, and if no programma-
ble wait states are selected, the UDC will proceed to state Ta.
Otherwise, at least one wait state will be inserted. The WAIT
line is then sampled in the middle of state TWA. If WAIT is
HIGH, the UDC will proceed to state T3. Otherwise additional
wait states will be inserted. (See Timing Diagram 4.)

Consider what happens in a transaction when both hardware
and software wait states are inserted. Each time the WAIT line
is sampled, if it is LOW, a hardware wait state will be inserted
in the next cycle. The software wait state insertion will be
suspended until WAIT is sampled and is HIGH. The hardware
wait states may be inserted anytime during the software wait
state sequence. It is important to know that hardware wait
states are served consecutively rather than concurrently with
software wait states. For example, assume for a Flowthru /0
Transaction that a user has programmed 4 software wait
states. Driving a LOW on the WATT input during T2 for 2 cycles
would insert 2 hardware wait states. Driving WAIT HIGH for 3
cycles would allow insertion of three of the four software wait
states. Driving WAIT LOW for 2 more cycles would insert 2
more hardware wait states. Finally, driving WAIT HIGH would
allow the final software wait state to be inserted. During this
last software wait state, the WAIT pin would be sampled for
the last time. If it is HIGH, the channel will proceed to state T3.
If the pin is LOW, the channel will insert hardware wait states
until the pin goes HIGH and the channel would then enter
state T3 to complete the 1/0 transaction.

DMA Transactions

There are three types of transactions performed by the
Am9516A UDC: Flowthru, Flyby and Search. Figures 15 and
16 show the configurations of Flowthru and Flyby Transac-
tions.

Flowthru Transactions

A Flowthru Transaction consists of Read and Write cycles.
Each cycle consists of three states: T4, T2, and T3 as shown

in Timing Diagram 5. The user may select to insert software
wait states through the Tag fields of the Current ARA and ARB
registers. In addition, if Master Mode register bit MMa = 1,
hardware wait states may be inserted by driving a LOW signal
on the pin.

The M/TO and N/3 lines will reflect the appropriate level for
the current cycle early in T1. The TGg and TGz bits of the
current ARA and ARB registers should be programmed
properly. The ALE output will be pulsed HIGH to mark the
beginning of the cycle. The offset portion of the address for
the peripheral being accessed will appear on ADg-ADqs5
during T4. The R/W and B/W lines will select a read or write
operation for bytes or words. The R/W, N/8, M/IO and B/W
lines will become stable during T4 and will remain stable until
after T3.

1/0 address space is byte-addressed, but both 8- and 16-bit
data sizes are supported. During 1/0 transactions the B/W
output signal will be HIGH for byte transactions and LOW for
word transactions. For /0O transactions, both even and odd
addresses can be output; hence, the address bit output on
ADgo may be 0 or 1.

The channel can perform both 1/0 read and 1/0 write
operations; the M/TO line will be LOW. During an I/0 read, the
ADg - AD15 bus will be placed in the high-impedance state by
the UDC during T2. The UDC will drive the DS output LOW to
signal the peripheral that data can be gated onto the bus. The
UDC will strobe the data into its Temporary register during T3.
DS will be driven HIGH to signal the end of the 1/0
transaction. During 1/0 write, the UDC will drive the contents
of the Temporary register onto the ADg — AD15 bus and shortly
after will drive the DS output LOW until T3. Peripherals may
strobe the data on AD bus into their internal registers on either
the falling or rising edge. If the peripheral is to be accessed in
a Flyby transaction also, data should be written on the rising
edge of DS only.
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TIMING DIAGRAM 4. WAIT Timing
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Figure 15. Configuration of Flowthru Transaction

Figure 16. Configuration of Flyby Transaction

For byte 1/0 writes, the channel will drive the same data on
data bus lines ADg-AD7 and ADg - AD45. During byte I/0
reads when the address bit on ADg is O, the UDC will strobe
data in from data lines ADg - AD1s. During byte I/0 reads
when the address bit on ADg is 1, the UDC will strobe data in
from data lines ADg - AD7. Thus, when an 8-bit peripheral is
connected to the bus, its internal registers will typically be
mapped at all even or all odd addresses. To simplify accesses
to 8-bit peripherals, byte oriented 1/0 addresses are incre-
mented/decremented by 2.

The channel can perform the 1/0 read and memory write
operation, the memory read and 1/0 write operation, and the
memory read and memory write operation, also. The timing for
all Flowthru transactions is the same.

During chaining operations the UDC reads words from an
address in System memory pointed to by the active channel's
Chain Address register. Those chaining operations are per-
formed identically to the Flowthru memory read transactions,
except that the data is loaded into an internal UDC channel
register rather than the Temporary register. Note that chaining

never causes a write or a byte read; thus, all memory writes or
all byte accesses are due to DMA operations. A typical
memory operation consists of three states: T4, T, and T3, as
shown in Timing Diagram 5. The user may select to insert 1, 2
or 4 software wait states after state To and before state T3 by
programming the Tag field of the Current Address register or
the Chain Address register. If the Wait Line Enable bit in the
Master Mode register is set, the user may also insert hardware
wait states after state T2 and before state T3 by driving a LOW
on the WAIT line. The operation of Flowthru memory transac-
tions is performed identically to the Flowthru I/0 transactions.
(See Timing Diagram 5.)

Flyby Transactions

Flyby Transfer and Flyby Transfer-and-Search operations are
performed in a single cycle, providing a transfer rate signifi-
cantly faster than that available from Flowthrus. In Flyby,
operations can only be performed between memory and
peripheral or between peripheral and peripheral. Memory-to-
Memory operations cannot be performed in Flyby mode; these
must be done using Flowthru.
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TIMING DIAGRAM 5. Flowthru Transactions
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The Flyby Transaction can only be used with peripherals
having a special Flyby signal input or with external logic. This
Flyby input is connected to the channel's DACK output. For
memory-peripheral Flyby, the address of the source memory
location must be programmed in the Current ARA register. The
Current ARB register must be programmed with the destina-
tion memory location for peripheral-memory Flyby. For Flyby
peripheral-to-peripheral transaction, if both peripherals have a
Flyby input, only one (called "flyby peripheral'’) should be
connected to DACK; the other peripheral's Flyby input should
be held high during the Flyby operation. The address of the
peripheral (called ''non-flyby peripheral'') not connected to the
channel's DACK output should be programmed in the Current
ARB register when it is a destination. When the non-flyby
peripheral is a source, its address should be programmed in
the current ARA register. Note that a set Flip bit (CM4 = 1) is
for Flyby peripheral to Non-Flyby peripheral or Memory Write
transaction (defined as "'From Flyby Transaction'), and a
clear Flip bit (CMgq=0) is for the memory or non-flyby
peripheral read to Flyby peripheral transaction (defined as "'To
Flyby Transaction').

__ | Address of Memory or
Transaction | CM4 | R/W | Non-Flyby Peripheral
To Flyby 0 HIGH ARA
From Flyby 1 LOW ARB

A Flyby operation is performed using three states: T1, T2, and
T3. During T4 the channel pulses ALE and outputs the address
information. See Timing Diagram 6. The R/W line is HIGH for
""To Flyby" Transaction, and the R/W line is LOW for "From
Flyby'"" Transaction.

The channel's M/IO and N/S lines are coded as specified by
the Current ARA or ARB Tag field. The B/W line indicates the
operand size programmed in the Channel Mode register
Operation field. During state T4 the channel drives R/W line to
indicate the transaction direction. During state To the channel
drives both DS and DACK active. The Flyby Peripheral
connected to DACK inverts the R/W signal to determine
whether it is being read from or written to (see Figure 17).




R/W Ay Yy .ﬂ cme wa
—t; By
74LS157
55— A
o5
DACR —————— 82 Y2 --- ——:D_ FD
~——————
Ses USE FOR INTEL INTERFACE
BACK ————J

R/W' = BACK - R/W + BACK - R/W

D8’ = BACK. DACK + BACK - DS

AD = DACK:R/W-BACK + DS - R/W - BACK
WR

= DACK-R/W-BACK + DS - R/W - BACK

AF003140

Figure 17. Flyby Peripheral Interface

The pulsed DACK input serves two purposes: to select the
peripheral for the Read/Write, and to provide timing informa-
tion on when to drive data onto or input data from the
ADg - AD1s bus. Note that because the 'Flyby Peripheral"
never gets explicitly addressed by ADg — AD1s, it must know
which internal register is to be loaded from or driven onto the
ADg -ADj5 bus. On state T3, the DS and DACK lines are
driven inactive to conclude the transfer. In Transfer-and-
Search mode, data is loaded into the UDC's Temporary
register on the LOW-to-HIGH DS transition to perform the
Search function.

To provide adequate data setup time, the rising edge of DS or
DACK should be the edge used to perform the write to the
transfer destination. To extend the active time of DS and
DACK, wait states can be inserted between T2 and Ta.
Software wait states can be inserted by programming the
appropriate code in the Tag field of the Current ARA or ARB
registers. Hardware wait states can be inserted by pulling
WAIT LOW if the Wait Line Enable bit in the Master Mode
register is set. The WAIT line is sampled in the middie of the
T2 or TWA state.

Termination

There are three ways a Transfer-and-Search or Search
operation can end and two ways a Transfer operation can end.
When a channel's Current Operation count goes to 0, the
DMA operation being performed will end. This is called a TC or
Terminal Count termination. A DMA operation can also be

stopped by driving the EOP pin LOW with external logic. This
is called an EOP termination. Search and Transfer-and-Search
operations have a third method of terminating called Match
Condition or MC termination. An MC termination occurs when
the data being Transferred-and-Searched or Searched meets
the match condition programmed in Channel Mode register
bits CM17 - CM1¢. These bits allow the user to stop when a
match occurs between the unmasked Pattern register bits and
the data read from the source, or when a no-match occurs.
Both byte and word matches are supported. MC terminations
do not apply to Transfer operations since the pattern matching
logic is disabled in Transfer mode.

End-of-Process

The End-of-Process (EOP) interface pin is a bi-directional
signal. Whenever a TC, MC or EOP termination occurs, the
UDC will drive the EOP pin LOW. During DMA operations, the
EOP pin is sampled by the UDC to determine if the EOP is
being driven LOW by external logic. Timing Diagram 7 shows
when internal EOPs are generated marking termination of all
Transfers. These figures also show the point during the DMA
iteration when the EOP pin is sampled. The generation of
internal EOPs and sampling of external EOPs for Transfer-
and-Searches follow the same timing used for Transfers.
Since there is a single EOP pin for both channels, EOP should
only be driven LOW by a channel while that channel is being
serviced. This can be accomplished by selecting a level DACK
output (CMR1g = 0) and gating each channel's EOP request
with DACK, as shown in Figure 18.

If an EOP is detected while the channel is trying to reload the
Chain Address register, the new Chain Address Offset and
Segment are discarded and the old address +2 is preserved
to allow inspection of the erroneous address.

Programming Completion Options

When a channel ends a DMA operation, the reason for ending
is stored in the Completion Status Field of the channel's
Status register. See Figure 6. This information is retained until
the next DMA operation ends at which time the Status register
is updated to reflect the reason(s) for the latest termination.
Note that it is conceivable that more than one bit in the
Completion Field could be set. An as extreme example, if a
channel decremented its Current Operation count to zero,
causing a TC termination; input data from the source generat-
ed a match causing an MC termination; and there was a LOW
on the EOP pin resulting in an EOP termination, all three of the
channel's Status register completion bits would be set.
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TIMING DIAGRAM 7. EOP Timing
(a) EOP Sampling and Generation During DMA Operations

S N e
—s N I

._@ TEW (BH)

oy N 77z

WF007570

Notes: 1. The diagram lists state names for both 1/0 and memory accesses. Sampling of EOP will occur on

the falling edge of state Ta.
2. State Tqp is a pseudo-T4 state, generated following termination of any DMA operation.
3. Taut is an auto-intialization state, generated following the TC, MC or EOP termination.

PERIPHERAL 1

PERIPHERAL 2

AF003150

Figure 18. EOP Connection
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When a DMA operation ends, the channel can:

(a) Issue an Interrupt request (i.e., setting the IP or SIP bit of
the channel's Status register);

(b) Perform Base-to-Current reloading;

(c) Chain reload the next DMA operation;

(d) Perform any combination of the above; or
(e) None of the above.

The user selects the action to be performed by the channel in
the Completion option field of the Channel Mode register. For
each type of termination (TC, MC. or EOP), the user can
choose which action or actions are to be taken. If no reloading
is selected for the type of termination that occurred, the NAC
bit in the Status register will be set.

More than one action can occur when a DMA operation ends.
This may arise because more than one action was pro-
grammed for the applicable termination. The priorities of those
actions are Interrupt request first, Base-to-Current reloading
second, and then chaining. The Interrupt cannot be serviced
unless the UDC has relinquished the bus.

Interrupts

To allow the UDC to start executing a new DMA operation
after issuing an Interrupt, but before an Interrupt acknowledge
is received, a two-deep Interrupt queue is implemented on
each channel. The following discussion will describe the
standard Interrupt structure and then elaborate on the addi-
tional Interrupt queuing capability of the UDC.

A complete Interrupt cycle consists of an Interrupt request
followed by an Interrupt-acknowledge transaction. The re-
quest, which consists of INT being pulled LOW, notifies the
CPU that an Interrupt is pending. The Interrupt-acknowledge
transaction, which is initiated by the CPU as a result of the
request, performs two functions: it selects the peripheral
whose Interrupt is to be acknowledged, and it obtains a vector
that identifies the selected device and operation - the cause of
the Interrupt.

A peripheral can have one or more sources of Interrupt. Each
Interrupt source has two bits that control how it generates
Interrupts. These bits are a Channel Interrupt Enable bit (CIE)
and an Interrupt Pending bit (IP). On the UDC, each channel is
an Interrupt source. The two Interrupt control bits are located
in bits CMy5 and CM43 of each channel's Status register.

Each channel has its own vector register for identifying the
source of the Interrupt during an Interrupt acknowledge
transaction. There is one bit (MM3) in the Master Mode
register used for controlling Interrupt behavior for the whole
device.

Once a channel issues an Interrupt, it is desirable to allow the
channel to proceed with the next DMA operation before the
Interrupt is acknowledged. This could lead to problems if the
UDC channel attempted to chain reload the Vector register
contents. In such a situation, it may not be clear whether the
old or new vector would be returned during the acknowledge.
This dilemma is resolved in the UDC by providing each
channel with an Interrupt Save register. When the channel
sets IP as part of the procedure followed to issue an Interrupt,
the contents of the Vector register and some of the Status
register bits are saved in an Interrupt Save register. See Figure
8. When an Interrupt Acknowledge cycle is performed, the
contents of the Interrupt Save register are driven onto the bus.
Although the use of an Interrupt Save register allows the

channel to proceed with a new task, problems can still
potentially arise if a second Interrupt is to be issued by the
channel before the first Interrupt is acknowledged. To avoid
conflicts between the first and second Interrupt, each channel
has a Second Interrupt Pending (SIP) bit in its Status register.
When a second Interrupt is to be issued before the first
Interrupt is acknowledged, the SIP bit is set and the channel
relinquishes the bus until an acknowledge occurs. For compat-
ibility with polled Interrupt schemes, the Interrupt save register
can be read by the host CPU without wait states. As an aid to
debugging a system's Interrupt logic, whenever IP is set, the
Interrupt Save register is loaded from the Vector and Status
registers.

Note that the SIP bit is transferred to the IP bit when IP is
cleared by the host CPU. Whenever CIE is set, INT will go
LOW as soon as IP is set.

Base-to-Current Reloading

When a channel finishes a DMA operation, the user may
select to perform a Base-to-Current reload. (Base-to-Current
reloading is also referred to as Auto-reloading in this docu-
ment.) In this type of reload, the Current Address registers A
and B are loaded with the data in the Base Address registers A
and B respectively, and the Current Operation Count register
is loaded with the data in the Base Operation Count. The
Base-to-Current reload operation facilitates repetitve DMA
operations without the multiple memory accesses required by
chaining. Although the channel must have bus control to
perform Base-to-Current reloading, the complete reloading
operation occurs in four clock cycles (i.e., TAUy through
TAU4). Note that if the channel had to relinquish the bus
because two unacknowledged interrupts were queued, it will
have to regain bus control to perform any Base-to-Current
reloading (or chaining, for that matter). In this case it acquires
the system bus once an Interrupt acknowledge is received,
even if it immediately afterward will relinquish the bus because
no hardware/software request is present.

Chaining

If the channel is programmed to chain at the end of a DMA
operation, it will use the Chain Address register to point to a
Chain Control Table in memory. The first word in the table is a
Reload word, specifying the register(s) to be loaded. Following
the Reload word are the data values to be transferred into the
register(s). Chaining is described in detail in the ''Channel
Initialization" section.

Because chaining occurs after Base-to-Current reloading, it is
possible to reset the Current Address registers A and B and
the Current Operation Count register to the values used for
previous DMA operations, then chain reload one or two of
these registers to some special value to be used, perhaps, for
this DMA operation only. If the Base values are not reloaded
during chaining, the channel can revert back to the Base
values at a later cycle.

If an all zero Reload word is fetched during chaining, the chain
operation will not reload any registers, but in all other respects,
it will perform like any other chaining operation. Thus, the
Chain Address will be incremented by 2 to point to the next
word in memory, and at the end of the all Zero-Reload word
chain operation, the channel will be ready to perform a DMA
operation. All Zero-Reload words are useful as ''Stubs" to
start or terminate linked lists of DMA operations traversed by
chaining. On the other hand, care must be taken in their use
since the channel may perform an erroneous operation if it is
unintentionally started after the chaining operation.

2-90




COMMAND DESCRIPTIONS

Figure 19 shows a list of UDC commands. The commands are
executed immediately after being written by the host CPU into
the UDC's Command register (Figure 20). A description of
each command follows.

Reset (00)

This command causes the UDC to be set to the same state
generated by a Hardware Reset. The Master Mode register is
set to all zeros; the CIE, IP and SIP bits are cleared; the NAC
and CA bits in each channel's Status register are set; and the
channel activity is forbidden. The Chain Address must be
programmed since its state may be indeterminate after a
Reset. The lockout preventing channel activity is cleared by
issuing a Start Chain command.

Start Chain Channel 1/Channel 2 (Ag/A1)

This command causes the selected channel to clear the No
Auto-Reload or Chain (NAC) bit in the channel's Status
register and to start a chain reload operation of the channel's
registers, as described in the '"Channel Initialization'" section.
These effects will take place even if the fetched Reload word
is all zeros. This command will only be honored if the Chain
Abort (CA) bit and the Second Interrupt Pending (SIP) bit in the
channel's Status register are clear. If either the CA or SIP bit is
set, this command is disregarded.

When the Waiting For Bus (WFB) bit of Status register is set, if
the "'Start Chain'' command is issued, the channel will honor
the command after one DMA iteration. It is nearly impossible
for the CPU to issue a command when WFB = 1 and the UDC
is enabled.

Opcode Bits
Example
Command 7654 3210 Code HEX
Reset 000X XXXX 00
Start Chain Channel 1 101X XXX0 A0
Start Chain Channel 2 101X XXX1 Al
Set Software Request Channel 1 010X XX10 42
Set Software Request Channel 2 010X XX11 43
Clear Software Request Channel 1 010X XX00 40
Clear Software Request Channel 2 010X XX01 41
Set Hardware Mask Channel 1 100X XX10 82
Set Hardware Mask Channel 2 100X XX11 83
Clear Hardware Mask Channel 1 100X XX00 80
Clear Hardware Mask Channel 2 100X XX01 81
Set CIE, or, IP Channel 1 001E XP10 32:
Set CIE, or, IP Channel 2 001E XP11 33,
Clear CIE, or, IP Channel 1 001E XP0O 30,
Clear CIE, or, IP Channel 2 001E XPO1 31
Set Flip Bit Channel 1 011X XX10 62
Set Flip Bit Channel 2 011X XX11 63
Clear Flip Bit Channel 1 011X XX00 60
Clear Flip Bit Channel 2 011X XX01 61

*Notes: 1. E=Set to 1 to perform set/clear on CIE; Clear to 0 for no effect on CIE.
2. P=Set to 1 to perform set/clear on IP; Clear to 0 for no effect on IP.
3. X="don't care'" bit. This bit is not decoded and may be 0 or 1.

Figure 19. UDC Command Summary

Lo Lo fosfo]omfor]ofon]

FUNCTION FIELD ]

000 Reset
001 interrupt Control

010 Software Request
011 Flip Bit

I— Channel 2/Channel 1
Set/Clear

P g

Don’t Care

100 Hardware Mask
101 Start Chain

110 Not Recognized
111 Not Recognized

Channel Interrupt Enable

DF003460

Figure 20. Command Register

Software Request Channel 1/Channel 2
(Set: 42/43, Clear: 40/41)

This command sets or clears the software request bit in the
selected channel's Mode register. If the Second Interrupt
Pending (SIP) bit and No Auto-Reload or Chain (NAC) bit in
the channel's Status register are both cleared, the channel will
start executing the programmed DMA operation. If either the
SIP or NAC bit is set, the channel will not start executing a
DMA operation until both bits are cleared. The SIP bit will clear

when the channel receives an Interrupt acknowledge. One
way to clear the NAC bit is to issue a Start Chain command to
the channel. If the fetched Reload Word is all zeros, the
channel's registers will remain unchanged and the software
request bit, if set earlier by command, will cause the pro-
grammed DMA operation to start immediately. If during
chaining new information is loaded into the Channel Mode
register, this new information will, of course, overwrite the
software request bit.
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Set/Clear Hardware Mask 1/Mask 2
(Set: 82/83; Clear: 80/81)

This command sets or clears the Hardware Mask bit in the
selected channel's Mode register. This command always
takes effect. The Hardware Mask bit inhibits recognition of an
active signal on the channel's DREQ input; this bit does not
affect recognition of a software request. If the channel is in
single transfer mode, it performs DMA operations upon receipt
of a transition on DREQ rather than in response to a DREQ
level. Transitions occurring while the Hardware Mask bit is set
will be stored and serviced when the Hardware Mask is
cleared, assuming the Channel has not chained. The UDC will
request the system bus 1 1/2 to 2 clocks after the receipt of
any , after which a minimum of one DMA iteration is
unavoidable. DREQ transitions are only stored for the current
DMA operation. If the channel performs a chain operation of
single transfer mode, any DREQ transition stored for later
service is cleared.

Timing Diagrams 1 and 2 show the minimum times when a
new DREQ can be applied if it is to be serviced by the new
DMA operation. Note in Diagram 1 the notation of First
iteration and Last iteration. This means, for example, DREQ
may be asserted during the write cycle T4 of a Flowthru

transaction, but may never be asserted during T1 of a Flyby
transaction because Flyby is done in one iteration.

Set/Clear CIE, and IP Channel 1/Channel 2 (see Figure 19)

This command allows the user to either set or clear any
combination of the CIE and IP bits in the selected channel's
Status register. These bits control the operation of the
channel's Interrupt structure and are described in detail in the
"Interrupts' section. Setting the IP bit causes the Interrupt
Save register to be loaded with the current Vector and Status.
The IP bit is cleared to facilitate an efficient conclusion to the
processing of an interrupt.

Set/Clear Flip Bit Channel 1/Channel 2
(Set: 62/63; Clear: 60/61)

The Flip Bit in the selected channel's Mode register can be
cleared and set by this command. This allows the user to
reverse the source and destination and thereby reverse the
data transfer direction without reprogramming the channel.
This- command will be most useful when repetitve DMA
operations are being performed by the channel, using Base-to-
Current reloading for channel reinitialization and using this
command to control the direction of transfer. Chaining new
information into the Channel Mode register will, of course,
overwrite the Flip bit.

TIMING DIAGRAM 8. AC Timing when UDC is a Bus Slave
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TIMING DIAGRAM 9. AC Timing when UDC is a Bus Master
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TIMING DIAGRAM 11. Bus Exchange Timing
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2.0ne extra ALE occurs each time the 9516 releases the bus. No DS accompanies it, so this should not

present a problem.

TIMING DIAGRAM 12. Reset Timing
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TIMING DIAGRAM 13. Clock Waveform
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TIMING DIAGRAM 14. Timing During Chaining
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APPLICATIONS INFORMATION

Figures 21(a) and 21(b) show the configuration of an
Am9516A UDC and an Am8086 microprocessor on the same
board. Figure 22 shows a configuration for them when the
Am9516A UDC is on a different board. The configuration of an

Am9516A UDC to 68000 CPU interface is shown in Figure 23.
An example of an Am8086 initialization program is shown in
Figure 24. Figure 25 shows the reload table for chaining. The
details of the Programmable Array Logic (PAL*) for those
interfaces are described in Appendix B.

HOLD BREQ
HLDA BACK
i
DY/R ov/R TBEN TBEN
BEN BN RBEN RBEN
ALE(D) ALE'
Am8086 AEP) s AmoS16A
. AmMPALI6LS ar f— ~
— B/W 8/
L 5 5
L R/W R/W
_ _ cs
/10 w/i6
1 &
g oscooen
Am25LS138
G -
LATCH T TRANSCEIVER
R Am2sae
w/io RD WR
AF003161

Figure 21(a). Am9516A UDC to Am8086 CPU Interface (Minimum Mode)

AmPAL16L8 PALASM FILE

PAL16L8
Pat 001

Am9516A to Am8086 min mode interface chip

Advanced Micro Devices

NC ALED ALEP HLDA BW ADg DT/DEN/SEL GND
NC/RBEN/RD ALE Ag/RW/DS/WR/TBEN Vcc

If (/HLDA) DS =RD + WR
If (/HLDA) RW =DT

If (/HLDA) TBEN =/DT*/SEL*DEN
If (/HLDA) RBEN = DT*/SEL*DEN

If (HLDA) RD=/RW * DS
If (HLDA) WR=RW * DS
ALE = /ALEP * /ALED

Ao = /ADg*/BW*HLDA*ALED +
/ADo*BW*HLDA*ALED +

/ADg*/HLAD*ALEP + Ag*/ALEP + Ag*/ALED

DESCRIPTION

This PAL converts the control signals to interface the Am8086 in
min mode to the Am9516A DMA controller. Another example
shows how this is done in max mode.

*PAL is a of
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Figure 21(b). Am9516A UDC to 8086 CPU Interface (Maximum Mode)
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Timing Diagram of AmPAL16R6
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CLOCK (CLK)

N e
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AmPAL16R6 PALASM FILE

AmPAL16R6

PAT003

Am8086 to AmZ85XX Peripheral Interface
Advanced Micro Devices

CLOCK RESET CLK/Sg/S1/S2 NC NC NC GND
/OE/AS/P1/RW/DS/PO/LACK/RDY CLKD Vco

Po: = /RESET*Sg*/Po*/P1 +
/RESET*S1*/Pg*/Py +
/RESET*S2*/Pg*/Py +
/RESET*So*P1 +
/RESET*S1*P4 +
/RESET*S2*P4

Py: = /RESET*Pp*/P4
/RESET*P1*So
/RESET*P1*S4
/RESET*P¢*S»

+ 4+

DS: = /IACK*/Pg*P1*S0*/S1*Sp +
/IACK*/Pg*P1*/S0*S1*Sp +

WF007650
IACK*Sp*S1*S2 +
DS*Po*P4
RW: = Sp*/84
IACK: = /RESET*Sp*S1*Sp + IACK*Po*P¢1*/DS +
IACK*/Pg*/P4

RDY: = /RESET*So*/S1*S2*Po*P1 +
/RESET*/S0*S1*S2*Po*P1 +
/RESET*DS*RDY*Po*P4

/CLKD = CLK
AS = /CLKD*Pg*/P1*/IACK*CLK

DESCRIPTION

This PAL translates Am8086 bus signals into compatible
signals for the Am9516A. It is also applicable to AmZ85XX
peripherals by altering/RW and /DS to/RD and /WR. One flip-
flop is available to give the necessary delay to the falling edge
of/WR.

Note: The CLK signal must be externally inverted for this
design.
A>
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AmPAL16R4 Timing
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AmPAL16R4 PALASM FILE

B > Type Am9516A PAL

PAL16R4

Am8086 to Am9516A interface

Advanced Micro Devices

CLK/RQGT HOLD NC NC NC/RW/DS MIO GND
/OE/MWTC/MRDC HLDA/D2/R2/R1/IOWC/IORC Vce

If (HLDA) IORC = /MIO*DS*/RW
If (HLDA) IOWC = /MIO*DS*RW
If (HLDA) MRDC = MIO*DS*/RW
If (HLDA) MWTC = MIO*DS*RW

Ry:=HOLD
R2:= /R4
D2: =Rq

/HLDA: = /R4 + /D2*/HLDA + /RQGT*/HLDA

DESCRIPTION

This device converts the min mode signals HOLD and HLDA to
the max mode /RQGT protocol. Additionally, it generates the 8288
equivalent control outputs /MRDC, /MWTC, /IORC, and /IOWC.
This PAL was used to connect the Am9516A to the Am8086 in
max mode.

B>

Note: If HOLD is taken away prior to grant pulse, design will not work correctly because the release pulse
will overlap the grant pulse.
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Figure 22. Am9516A to 8086 in a MULTIBUS Environment
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Figure 23. The Am9516A UDC to 68000 CPU Interface
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TO/FROM SYSTEM 74LS74
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BR 18R BREQ |« 8REQ
AmPAL16R4
BaRck 4< BACK iosi IE
B8 —» /86 0s0
xS »{ias _':@c 03
cLx T 7 > CLK 18w |&- oW
0sc 1UDS /LDS /RW
8OR
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| Hm
74LS74
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s
AS UDS iDS RIW
—_—
TO SYSTEM
BD003941
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PAL16R4 PAL DESIGN SPECIFICATION
PAT006 JOE BRCICH 9/01/83

68000 TO Am9516A INTERFACE WITH DATA HOLD CORRECTION
ADVANCED MICRO DEVICES

CLK RW AO BREQ /BG /DSI /AS /BW /CS
/OE /LDS /UDS DSO /C BACK /BR /TB /RB
IF (/BACK) RB = /CS * RW * UDS +

/CS * RW * LDS
IF (/BACK) TB = /CS * /RW

IF (BACK) UDS DSl * /A0 * /BW +

BW * DSI
IF (BACK) LDS = DSI * A0 * /BW +
BW * DSI
BR := BREQ * BG * BR * AS +
BREQ * /BG * /BACK
/BACK : = /BREQ +
/BREQ * /BG +
/BREQ * AS +
/BREQ * /BACK +
/BG * /BACK +
AS * /BACK
C:= UDS * /BACK +
LDS * /BACK
/DSO := BACK ' +

/BACK * /RW * C

DESCRIPTION

IF BREQ*BACK IS TRUE THE Am9516A HAS THE BUS, OTHERWISE THE 68000 HAS THE BUS.
THIS PAL CONNECTS THE Am9516A TO THE 68000 WITH ONE WAIT STATE DURING WRITES
WHILE SHORTENING /DS TO ACHIEVE PROPER DATA HOLD TIME. IT ALSO CONVERTS THE
BUS EXCHANGE PROTOCOL INTO 68000 FORMAT. THIS DESIGN ASSUMES NO OTHER BUS
MASTERS IN THE SYSTEM. /RB AND /TB CONTROL THE TRANCEIVERS WHEN CPU IS BUS
MASTER. /CS MUST BE FUNCTION OF ALL DEVICES CONNECTED TO THE CPU BUS NOT
JUST THE Am9516A /CS AS SHOWN HERE.

The /CS to /DS set-up time of 30ns is met in the following ways:

(1) During a read cycle the only effect from not meeting this set-up time is that the data valid
access time from the Am9516A will be delayed by a proportional amount. Since the minimum
/DS Low width from the 10-MHz 68000 (during a read) is 193ns and the minimum /DS Low
width to the Am9516A is 150ns, we have 43ns margin not counting gate delays which will
further increase this margin.

(2) During a write cycle this is not an issue since the /DS comes later and is stretched longer
due to the Wait state.

AmPAL16R4 68K9516M PALASM File
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PAL16L8 PAL DESIGN SPECIFICATION 9516MBC
PAT 003 JOE BRCICH 26 JULY 84
MULTIBUS CONTROL FOR Am9516A

ADVANCED MICRO DEVICES

BACK MIO NC NC /DACK NC NC NC /CEN GND
NC /RD /IORC /DS /MWTC /MRDC /IOWC /RW /WR VCC

IF (BACK) IORC = /MIO * DS * /RW * CEN
IF (BACK) IOWC = /MIO * DS * RW * CEN
IF (BACK) MRDC = MIO * DS * /RW * CEN
IF (BACK) MWTC MIO * DS * RW * CEN

RD = DACK * RW * BACK +
IORC * /BACK

WR = DACK * /RW * BACK +
'IOWC * /BACK

IF (/BACK) DS = IORC + IOWC
IF (/BACK) RW = IOWC

DESCRIPTION

THIS PAL CONVERTS MULTIBUS SIGNALS INTO Am9516A COMPATIBLE SIGNALS AND VICE
VERSA. IT ALSO SUPPORTS THE 8530 IN FLYBY MODE.

MULTIBUS Control for Am9516A (AmPAL16L8)

PAL16R4 PAL DESIGN SPECIFICATION 9516MBA
PAT 004 JOE BRCICH 30 July 84
MULTIBUS ARBITER FOR Am9516A

ADVANCED MICRO DEVICES

/BCLK /XACK  BRQ /BSY /BPRN /DS NC /IORC /CS GND
/OE /RBEN /TBEN BACK /CEN /BREQ /BUSY /BPRO /WAIT VCC

IF (/BACK) TBEN = IORC * CS
IF (/BACK) RBEN /IORC * CS
WAIT = /XACK * BACK

BREQ : = BRQ

BPRO = /BRQ * BPRN

/BACK := /BUSY

BUSY : = BREQ * BPRN * /BSY * /BUSY +
BREQ * BUSY * BPRN +
BREQ * BUSY

CEN : = BACK

DESCRIPTION
/CEN DELAYS THE COMMANDS TO MEET THE MULTIBUS REQUIREMENT THAT ADDRESS
AND DATA BE VALID AT LEAST 50NS PRIOR TO CONTROL ACTIVE. /IOWC WAS NOT USED

SINCE USING /IORC IMPROVES HOLD TIME. THIS DESIGN DOES NOT SUPPORT THE /CBRQ
FUNCTION.

MULTIBUS Arbiter for Am9516A (AmPAL16R4)

2-103

volsewy



Am9516A

.

BO 38
E6 12
B8 07 00
E7 10
BO 26
E6 12
B8 00 00
E7 10
BO 22
E6 12
B8 20 10
E7 10
BO 2C
E6 12
BO A0
E6 10

MOV
ouT
MOV
outTW
MOV
ouT
MOV
ouTW
MOV
ouT
MOV
ouTW
MOV
ouT
MOV
ouT

AL,38H
12H
AX,007H
10H
AL,26H
12H
AX,0000H
10H
AL,22H
12H
AX,1020H
10H
AL,2CH
12H
AL,AOH
10H

;LOADING POINTER OF MASTER
;MODE REGISTER
;LOADING MMR CODE

;LOADING POINTER OF CHAIN
;ADDRESS REGISTER'S SEGMENT
;LOADING SEGMENT OF CAR-1

‘LOADING POINTER OF CHAIN
:ADDRESS REGISTER'S OFFSET
‘LOADING OFFSET OF CAR-1

;LOADING POINTER OF COMMAND
;REGISTER

;LOADING ""START CHAIN" COMMAND
;ISSUING "START CHAIN" COMMAND

Figure 24. Initialization Program for 8086 CPU

Notes: The P/D input is connected to A1 line; CS is decoded from A7 through A4 (all O).

Reload
Word

ADDRESS 0

4

6 8 A Cc E

0000
2

10010

11

1020 0005 0006 0005

1mn 0000

1050 0000 1020 0018 1020 2222 1007
1060 CACA CACA CACA CACA CACA CACA cCcAcA
1070 CACA CACA CACA CACA CACA CACA CACA
TB000084
Figure 25. Reload Table for Chaining
APPENDIX A
UDC REGISTER SUMMARY
Master Mode Register
A7 A0
Address [Xx 0 1 1 1 0 0 X
Fast Readable
Writable
mM2 | MMt | mmo
I-— Chip Enable
CPU Interieave
Enable
Wait Line Enable
No Vector on
Interrupt
DF003470
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Miscellaneous Registers

A7 A0

Address X 0 1 1 0 1 X

X 0 1 1 0 0 X

X 0 1 1 0 1 X

X 0 1 1 0 1 0 X

X 1 0 0 1 0 1 X

X 1 0 0 1 0 0 X

X 1 0 0 1 1 1 X

X 1 0 0 1 1 0 X
Chain Loadable

Writable

Pattern and Mask - Slow Readable
Operation Count - Fast Readable

Current Operation Count
Current Operation Count
Base Operation Count
Base Operation Count
Pattern

Pattern

Mask

Mask

[015|D14ID13|D12|D11ID10I09|DarD7|Dlele4|Ds|Dle1IDo|

CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2

Chain Loadable Only

Chain Control Register

L]

[elelelof=] 1o

Current ARA (2 Words)
Current ARB (2 Words)
Current Op-Count (1 Word)
Base ARA (2 Words)

Base ARB (2 Words)

Base Op-Count (1 Word)
Pattern and Mask (2 Words)
Interrupt Vector (1 Word)
— Channel Mode (2 Words)
Chain Address (2 Words)

DF003480
Command Register
A7 A0
Address X 0 1 1 1 1 X | CHi
Writable Only X 0 1t 0 1 1 0 X | CH2

Lofoe]ofo]ofo]ofo]

Channel 2/Channel 1

- Set/Clear

pt Pending

Channel Enable

DF003490
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Status Register

A7 A0
Address X 0o t 0 1t 1 1 X | CH
X 0 1t 0 1 1 0 X CH2

Fast Readable

ubc
STATUS
INTERRUPT
STATUS _l

HARDWARE
RESERVED INTERFACE
STATUS COMPLETION
l | STATUS

oe

nonnnonoEnnnnnan
o —)

RESERVED HRQ ————
P MCH —————
CA MCL
NAC MC
WFB EOP
SiP TC
DF003500
Interrupt Save Register
A7 A0
Address | X 0 1 0 1 0 1 X | CH1
X 01 0 1 0 0 X | CH2

Fast Readable

OEOENonoEoonnang

l—me

Channel Number
(0=ch.1, 1=ch.2)
T
EOP
MC
Chain Aborted
McL
MCH
Request
DF003510
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Channel Mode Register

A7 A0
X 1 0 1 0 1 1 X | High CH1
X 1 0 1 0 1 0 X | High CH2
X 1 0 1 0 0 1 X | LowCH1
X 1 0 1 0 0 0 X | LowCH2
Chain Loadable
Writable (Lower 16 bits)
Slow Readable
MATCH CONTROL FIELD
DACK CONTROL 00 Stop on No Match
MASK 01 Stop on No Match

10 Stop on Word Match

SOFTWARE REQUEST 11 Stop on Byte Match
I —

1vj18]17]16

3j21140

TC_MC EOP TC MC EOP_TC MC EOP
CHAIN  B~C RELOAD INTERRUPT I
ENABLE ENABLE ENABLE DATA OPERATION FIELD
Operand Size
COMPLETION FIELD CodelOperation ARA  ARB  Type
Transfer
0001 Byte  Byte  Flowthru
TRANSFER TYPE FIELD ;g%( s}c'-d wov: :wwmm
or lowth
B Sl Tt s Bre e Pwy
01  Demand Dedicated/Bus Hold g0t Word  Word  Fiyby
10 Demand Dedicated/Bus Release Transfer-
" Demand Interleave and-Search
0101 Byte  Byte  Flowthru
110X Byte  Word  Flowth
:UP:; SRC, ARB = DEST o wy‘:m Word  Fiowtru
- = SRC, ARB = 0111 B
1 — ARA = DEST, ARB = SRC o110 w‘::a 3/‘5,'« m;
Search
1 Byte  Byte  NA
1110 Word  Word  N/A
101X lliegal
DF003520
Chain Address Register
A7 AO
Address | X 0 1 0 O 1 1 X | Up-Addr CH1
X 0 1 0 0 1 0 X | Up-Addr CH2
X 0 1 0 0 0 1 X | Low-Addr CH1
X 0 1 0 0 O 0 X | Low-Addr CH2
PROGRAMMABLE WAIT FIELD
00 = 0 Wait States
01 = 1 Wait States
10 = 2 Wait States
11 = 4 Wait States
15 8 7 32 10

UP-ADDR

LOWER ADDRESS

DF003530
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Address Registers

>
N
3

Address X 0 0 1 1 0 1 X Current ARA Up-Addr/Tag
X 0 0 1 1 0 0 X | Current ARA Up-Addr/Tag
X 0 0 o© 1 0 1 X | Current ARA Low-Addr
X o0 0 0 1 0 0 X | Current ARA Low-Addr
X 0 0 1 o] 0 1 X Current ARB Up-Addr/Tag
X 0 0 1 0 0 0 X Current ARB Up-Addr/Tag
X 0 0 o0 O 0 1 X | Current ARB Low-Addr
X 0 0 0 0 0 0 X | Current ARB Low-Addr
X 0 0 1 1 1 1 X Base ARA Up-Addr/Tag
X 0 0 1 1 1 0 X | Base ARA Up-Addr/Tag
X 0 0 0 1 1 1 X Base ARA Low-Addr
X 0 0 0 1 1 0 X Base ARA Low-Addr
X 0 0 1 0 1 1 X Base ARB Up-Addr/Tag
X 0 0 1 0 1 0 X Base ARB Up-Addr/Tag
X o0 o0 o o 1 1 X | Base ARB Low-Addr
X o0 0 0 O 1 0 X | Base ARB Low-Addr
Chain Loadable
Fast Readable and Writable
ADDRESS REFERENCE FIELD ADDRESS CONTROL FIELD
01 = Ducremont Address
1X = Hold Address
MEMORY/(1/0) PROGRAMMABLE WAIT FIELD
00 = 0 Walt States
N B2 s,
11 = 4 Wait States
15 3 2 1
UP-ADDR TAG

DF003540

CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2
CH1
CH2
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APPENDIX B

Flow Charts of DMA Operations:
Figure B-1 shows the basic DMA operations with software or hardware request. The Demand Interleave operations are shown in
Figure B-2.

(a) Single Operation (c) Demand Dedicated with Bus Release
(Hardware Request)

ONE DMA ITERATION
INTERRUPT
BTOCLOAD BTOC
OTHER
CHANNEL
OR
RELEASE BUS
PF001250 PF001260
(b) Demand Operation when Software (d) Demand Dedicated with Bus Hold
Requesting (Hardware Request)
ONE DMA ITERATION ONE DMA ITERATION
ves INTERRUPT INTERRUPT
= @ BYOCLOAD BTOCLOAD
CHAINING CHAINING
OTHER
CHAOI:'N!L CH%NNEL
R
RELEASE BUS RELEASE BUS
PF001270 PF001280
Figure B-1. Basic DMA Operations of Am9516A UDC
NT**Muitibus is a trademark of Intel Corp.
CH-1: INTERLEAVE CH-1: DEMAND INTERLEAVE CH-1: DEMAND INTERLEAVE CH-1: DEMAND INTERLEAVE CH-1: DEMAND INTERLEAVE
CH-2: INTERLEAVE CH-2: DEMAND/BUS RELEASE CH-2: DEMAND/BUS HOLD CH-2: DEMAND/BUS RELEASE CH.2: DEMAND/BUS HOLD OR BUS RELEASE
CPU: INTERLEAVE CPU: NO INTERLEAVE CPU: NO INTERLEAVE CPU: INTERLEAVE CPU: INTERLEAVE

CH-1: INTERLEAVE CH-1: INTERLEAVE
CH-2: INTERLEAVE CH-2: :SOFTWARE DEMAND
CPU: NO INTERLEAVE CPU: INTERLEAVE

ORES:
ACTIVE

CH-1 CH-2
TERMINATE TERMINATE

O-O-O0-O
O-@-O-@-0O
©
©

@)
@) maci

BRES,
ACTIVE

Figure B-2. Demand Interleave Operations of Am9516A UDC PRO01300
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APPENDIX C
Am9516A STATE DIAGRAM

Am9516A INTERNAL OPERATION ROUTINES

1. "Start Chain'' command issued or start updating rou-
tine* after an interrupt has been served.**

. Normal DMA operation.
. Demand with Bus hold while DREQ is inactive.
. DREQ is active while bus held.

. Single transfer, CPU interleave enabled, or demand
with bus release while current DREQ is inactive and
no DMA request is pending.

0 A~ O N

6. Single Transfer or Demand/Bus release while current
DREQ is inactive, but the other DMA request is pend-
ing.

7. TC, MC or EOP termination occurs.

8. One DMA or chain transaction is done and the upper

address is not changed.

. One DMA or chain transaction is done and the upper

address is changed.

ACKNOWLEDGE
: TRANSFER/ } setop - i m——‘
AF003180
10. Base-to-current auto-reloading is enabled.
11. Base-to-current auto-reloading is disabled.
12. Chaining is enabled.
13. Chaining is disabled and another DMA request is
pending.
14. Chaining is disabled and no DMA request is pending.
15. Chaining ends and another DMA request is pending.
16. Chaining ends and no DMA request is pending.
17. EOP termination of Bus Hold.

*Updating routine includes base-to-current auto-reloading
and chaining.

**When a second interrupt is to be issued before the

first interrupt is acknowledged, the SIP bit of a Status
register is set and the channel relinquishes the bus un-
til the first interrupt has been served. If the channel
was to perform the updating routine, once the SIP bit
is cleared, DTC will reacquire the bus and perform the
appropriate operation (i.e., 1).
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ......................... -65°C to +150°C
Vce with Respect to Vsg ....cevveninninninns -0.5V to +7.0V
All Signal Voltages with Respect to Vgg ..-~0.5V to +7.0V

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

OPERATING RANGES

Commercial (C) Devices
Temperature (TA) .. ..ccoveeerernrenrennennieninens 0 to +70°C
Supply Voltage (Vco)
Operating ranges define those limits between which the
functionality of the device is guaranteed.

reliability.

DC CHARACTERISTICS over operating range unless otherwise specified

Parameters Description Test Conditions Min Max Units
VCH Clock Input High Voltage Driven by External Clock Generator 38 Vce +03 Volts
VoL Clock Input Low Voltage Driven by External Clock Generator -05 0.45 Volts
VIH1 Input High Voltage All Pins Except 2, 36, 37, 38, 47, 48 2.0 Vce +0.3 Volts
ViH2 Input High Voltage Pins 2, 36, 37, 38, 47, 48 22 Vec + 0.3 Volts
ViL Input Low Voltage -0.5 0.8 Volts
VOH1 Output High Voltage !\%‘ = -250pA (Except Pins 1, 32, 33, 2.4 Volts
VOH2 Output High Voltage loH =-200 wA, Pins 1, 32, 33, 38 2.0 Volts
VoL Output Low Voltage oL = 32 mA 0.45 Volts
e Input Leakage Vss <VINS<Vce +10 MA
loL Output Leakage Vss < Vout <Vcc +10 A
Icc Vce Supply Current I: - (7’0(30 Z:g :ﬁ

Unmeasured pins returned to ground.
CCLK C f=1 MHz over specified temperature 25 pF
range.
CiIN Input Capacitance (Except Pin 46) Ur ed pins returned 10 pF
Cout Output Capacitance to ground. f = 1MHz over 15 pF
Ci/0 Bidirectional Capacitance specified temperature range. 20 pF

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are refer-

enced to GND. Positive current flows into the referenced pin. Standard conditions are as follows:
+4.75 <V<CC> < +5.25V
GND =0V
0°C<TA<+70°C

Standard Test Load

Open-Drain Test Load

+5V +5V
22K
FROM OUTPUT 22K
UNDER TEST
FROM OUTPUT
S0pF 25044 UNDER TEST
S0pF :[
TC002010 TC002020

See Section 6 for Thermal Characteristics Information.
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SWITCHING TEST WAVEFORMS

DRIVE 43 V
DRIVE 02 V
WF024210
A. External CLOCK Generator
DRIVE 26 V
TEST POINT 20 V
TEST POINT 08 V
DRIVE 045 V
WF024220

B. BACK, DREQ1, DREQ2, RESET, INTACK, and EOP only

DRIVE 24 V

TEST POINT 20 V

TEST POINT 08 V

DRIVE 045 V
. WF024230

C. ALL pins except BACK, DREQ1, DREQ2, RESET, INTACK, and EOP.

2-112




SWITCHING CHARACTERISTICS over operating range unless otherwise specified
TIMING FOR UDC AS BUS MASTER

Preliminary
4MHz 6MHz 8MHz 10MHz
Number | Parameters Description Min | Max | Min | Max | Min | Max | Min | Max |Units

1 TcC IClock Cycle Time 250 | 2000 | 165 | 2000 | 125 | 2000 | 100 | 2000 | ns
2 TwCh Clock Width (HIGH) 105 [ 1000 | 70 | 1000 | 55 45 ns
3 TwCl Clock Width (LOW) 105 70 55 45 ns
4 TfC Clock Fall Time 20 10 5 5 ns
5 ITrC Clock Rise Time 20 15 10 5 ns
6 TdC(AUv) Clock RE to Upper Address (A1g-A23) Valid Delay 90 80 60 50 ns
7 ThC(AUv) IClock RE to Upper Address Valid Hold Time 5 5 5 5 ns
8 TdC(ST) Clock RE to R/W and B/W Valid Delay 110 90 60 50 ns
9 TdC(A) Clock RE to Lower Address (Ag-A1s) Valid Delay 90 90 60 50 ns
10 TdC(Az) Clock RE to Lower Address (Ag-A1s) Float Delay 60 60 50 40 ns
1 ITdC(ALr) Clock RE to ALE RE Delay 70 60 50 30 ns
12 TdC(AL) IClock FE to ALE FE Delay 70 60 50 40 ns
13 TdC(DS) Clock RE to DS (Read) FE Delay 60 60 50 40 ns
14 TdC(DS) Clock FE to DS (Write) FE Delay 60 60 50 45 ns
15 ITdC(DSr) Clock FE to DS RE Delay 60 60 50 40 ns
16 ITdC(DO) Clock RE to Data Out Valid Delay 90 90 65 60 ns
17 ITsDI(C) Data in to Clock FE Set-up Time 20 15 10 10 ns
18 TAA(AL) |Address Valid to ALE FE Delay 50 35 20 20 ns
19 ThAL(A) IALE FE to Lower Address Valid Hold Time 60 40 30 30 ns
20 ITWAL IALE Width (HIGH) 80 60 45 40 ns
21 TdAz(DS) Lower Address Float to DS LOW Delay 0 0 0 0 ns
22 ITJAL(DS) ALE FE to DS (Read) FE Delay 75 35 35 35 ns
23 TdAL(DI) IALE FE to Data in Required Valid Delay 300 215 190 150 ns
24 ITAA(DI) /Address Valid to Data in Required Valid Delay 410 305 240 190 ns
25 TdDS(A) IDS RE to Address Active Delay 80 45 30 20 ns
26 ITdDS(AI) IDS RE 10 ALE RL Delay 75 40 40 35 ns
27 ITdA(DS) Address Valid to DS (Read) FE Delay 160 110 90 70 ns
28 ITdDO(DST) Data Out Valid to DS RE Delay 230 150 125 80 ns
29 ITdDO(DSf) Data Out Valid to DS FE Delay 55 35 20 15 ns
30 IThDS(DO) IDS RE to Data Out Valid Hold Time 85 45 40 25 ns
31 TdDS(DI) DS (Read) FE to Data in Required Valid Delay 205 155 125 100 ns
33  [ThDI(DS) DS RE to Data in Hold Time 0 0 0 0 ns
34 ITwDSmw IDS (Write) Width (LOW) 185 110 105 80 ns
35 TwDSmr IDS (Read) Width (LOW) 275 220 160 130 ns
36 ITdC(RBr) Clock FE to RBEN RE Delay* 70 65 50 30 ns
37  [ThDS(ST) IDS RE to B/W, N/S, R/W and M/IO Valid Hold Time 70 45 40 25 ns
38  [TdC(TRf) Clock RE to TBEN or RBEN FE Delay 60 60 50 35 | ns
39  [TdC(TRr) Clock RE to TBEN RE Delay 60 60 45 45 | ns
40  [TdC(ST) Clock RE to M/IO and N/S Valid Delay 90 75 65 50 | ns
41 |TdS(AL) R/W, M/IO, B/W and N/S Valid to ALE FE Delay 60 35 20 20 ns
42 [TsWT(C) WAIT to Clock FF Set-up Time 20 20 10 10 ns
43-  [ThWT(C) IWAIT to Clock FE Hold Time 20 20 35 35 ns
44  [TwDRQ [DREQ Pulse Width (Single Transfer Mode) 20 20 20 20 ns
45  [TsDRQ(C) [DREQ Valid to Clock RE Set-up Time 60 50 30 20 ns
46 ThDRQ(C) Clock RE to DREQ Valid Hold Time 20 20 20 20 ns
47 TAC(INT) [Clock FE to INT FE Delay 150 150 105 105 ns

*These must not occur simultaneously.
Note: RE =rising edge
FE = falling edge
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Am9516A CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS

The parameters listed below are also shown in the Switching specification. However, they are dependent on the actual values of
the clock periods. The equations below define that dependence so that the exact limit for these parameters may be determined for
any given system in relation to its specific clock characteristics.

Number Parameters Derivation
18 TdA (AL) 0.5TcC- #9+ (#12-1r)
19 ThAL (A) 0.5TcC- #12 (ALE FE @ 0.8V) + #10
21 TdAz (DS) #13- #10
22 TdAL (DS) 0.5TcC- #12 + #13
23 TdAL (DI) 2TcC- #12- #17
24 TdA (DI) 2.5TcC - #9- #17
25 TdDS (A) 0.5TcC - #15 + #9
26 TsDS (AL) 0.5TcC - #15 + #11 (ALE RE)
27 TdA (DS) TcC- #9+ #13
28 TdDO (DSr) 1.5TcC- #16 + #15
29 TdDO (DSf) 0.5TcC - #16 + #14
30 ThDS (DO) 0.5TcC— #15 + #32
31 TdDS (DI) 1.5TcC - #13- #17
34 TwDSmw TcC- #14 + #15
35 TwDSmr 1.5TcC- #13 + #15
37 ThDS (ST) 0.5TcC - #15 + (#40-1r)
41 TdS (AL) 0.5TcC - #40 + (#12-1tr)

NOTE: tr (nominal) = 10ns
#32 CLCK RE to Data Out Not Valid Delay = 20ns (4 and 6 MHz)
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AIT Timing

T, T w ™w T |

@mwt(c)
—_ TRXRXXTRXXTIXXTIXTRN | | RTRRERR RRXIFRXRXR XX XXX IXKIR
W XXX TN A

WF007680
Sampling DREQ During Single Transfer DMA Operations
R | o ‘
A { K L”‘"" +— b |
wore 1 ~@® oren
- TS, 777,
' —rwo—@

WF007670

Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock
during T4 of a read or flyby DMA iteration.
2.A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c) before
state T3 of the last access of the DMA iteration if the channel is to retain bus control and immediately
start the next iteration. DREQ may go HIGH before TsDRQ(c) if it has met the TWDRQ parameter.

3.Flyby and Search transactions have only a single access; parameter TsDRQ(c) should be referenced to
the start of T3 of the access. All other operations will always have two or three accesses per iteration.

2-115

volsewy



Am9516A

SWITCHING CHARACTERISTICS
UDC AS BUS SLAVE BUS EXCHANGE

Preliminary
4MHz 6MHz 8MHz 10MHz
Number | Parameters Description Min | Max | Min | Max | Min | Max | Min | Max |Units
61 [TAIN(DO) @ FE to Data Output Valid Delay 135 135 120 110 | ns
62  [TdIN(DOz) INTACK RE to Data Output Float Delay 80 80 45 35 ns
63  [TdDS(DO) IDS FE (IOR) to Data Output Driven Delay 135* 135 120 110 | ns
64 TdDS(DOz2) IDS RE (IOR) to Data Output Float Delay 80 80 45 40 ns
65 [TsDI(DS) Data Valid to DS RE (IOW) Set-up Time 40 40 40 35 ns
66  [ThDS(DI) IDS RE (IOW) to Data Valid Hold Time 40 30 0 0 ns
67 [TwDS IDS Low Width 150* 150* 125 100 ns
68 [TwIN [INTACK Low Width 150 150 125 100 ns
69  [ThDS(CS) IDS RE to CS Valid Hold Time 20 20 15 10 ns
70  [ThDS(PD) IDS RE to P/D Valid Hold Time 20 20 15 10 ns
P/D Valid to DS FE Set-up Time (IOR) 10 10 10 10

7 [TSPDOS) 5 Vald to DS FE Setup Time (OW) 50 50 20 30 ns
72 [TsCS(DS) ICS Valid to DS FE Set-up Time 30 30 20 10 ns
73 [TDS DS RE to DS FE Recovery Time (for Commands Only) | 4TcC 4TcC 4Tce 4Tcc ns
74 TWRST Low Width 3TcC 3TcC 3Tcc 3Tce ns
75  |TdC(BRQf) Clock RE to BREQ RE Delay 165 150 125 100 | ns
76 'TdC(BRQr) IClock FE to BREQ FE Delay 150 150 125 100 ns
77 ITdBRQ(CTRz) |BREQ FE to Control Bus Float Delay 140 140 100 60 ns
78  [TdBRQ(ADz) |BREQ FE to AD Bus Float Delay 140 140 100 60 ns
79 |TdBRQ(BAK) [BREQ RE to BACK RE Required Delay 0 0 0 0 ns
80  [TsBAK(C) [BACK Valid to Clock RE Set-up Time 50 45 30 20 ns
81 ITdRES(ADz) I(Reset) FE to A and AD Buses Float Delay 135 135 125 100 ns
82 ITdRES(CTRz) [(Reset) FE to Control Bus Float Delay 100 100 100 75 ns
83 TdRES(DSz)  |(Reset) FE to DS Float Delay 90 90 80 60 ns
84  [TsRW(DS) R/W Valid to DS FE Set-up Time (IOW) 2 2 2 2 ns
85  [ThDS(RW) IDS RE to R/W Valid Hold Time (IOW) -10 -10 -10 -10 ns
86  [TsRW(DS) R/W Valid to DS FE Set-up Time (IOR) 20 20 15 15 ns
87  [ThDS(RW) IDS RE to R/W Valid Hold Time (IOR) 20 20 15 15 ns

*2000ns for slow readable registers (worst case)

Note: RE =rising edge

FE = falling edge
SWITCHING CHARACTERISTICS
UDC-PERIPHERAL INTERFACE
Preliminary
4MHz 6MHz 8MHz 10MHz
Number | Parameters Description Min | Max | Min | Max | Min | Max | Min | Max |Units

90 [TCHDL g':;%’; ?Ea;gazggﬁdg‘%‘z FE Delay 100 85 50 40 | ns
91  [TCHDH ((.7,!2"';,;:5 %ai:f;%r?gﬁy? Delay 100 85 50 40 | ns
92 [TDSK gion,ﬁ }?,ys;"ﬁgnﬁsng%fg;“ 10 10 10 10 ns
93 [TDAD Clock RE to Level DACK Valid Delay 100 85 60 50 ns
94  [TDAH Clock FE to Level DACK Valid Hold Time 100 85 60 50 ns
95 [TEIDL Clock FE to Internal EOP LOW Delay 110 90 80 70 ns
96 [TEIDH Clock FE to Internal EOP RE Delay 110 90 80 70 ns
97 [TES %’;‘Zf"g{fg’s o"’)g'rigm‘)‘; Clock RE Set-up 10 10 10 10 ns
98 [TEW External EOP Pulse Width Required During Operation 20 20 20 20 ns
99  [TES(BH) |External EOP Valid to Clock RE Set-up Time During Bus Hold| 10 10 10 10 ns
100 |TEW(BH) |External EOP Pulse Width Required During Bus Hold 20 20 20 20 ns

Note: RE =rising edge

FE = falling edge
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Am9517A/8237A

Multimode DMA Controller

DISTINCTIVE CHARACTERISTICS

® Four independent DMA channels, each with separate
registers for Mode Control, Current Address, Base
Address, Current Word Count and Base Word Count
Transfer modes: Block, Demand, Single Word, Cascade
Independent Autoinitialization of all channels
Memory-to-memory transfers

Memory block initialization

Address increment or decrement

Master system disable

Enable/disable control of individual DMA requests
Directly expandable to any number of channels

® End of Process input for terminating transfers

® Software DMA requests

® Independent polarity control for DREQ and DACK sig-
nals

Compressed timing option speeds transfers - up to
2.5M bytes/second

+5 volt power supply

Advanced N-channel silicon gate MOS technology
40-pin Hermetic DIP package, 44-pin PLCC package
New 9517A-5 5MHz version for higher speed CPU
compatability

GENERAL DESCRIPTION

The Am9517A/8237A Multimode Direct Memory Access
(DMA) Controller is a peripheral interface circuit for micro-
processor systems. It is designed to improve system
performance by allowing external devices to directly trans-
fer information to or from the system memory. Memory-to-
memory transfer capability is also provided. The Am9517A/
8237A offers a wide variety of programmable control
features to enhance data throughput and system optimiza-
tion and to allow dynamic reconfiguration under program
control.

The Am9517A/8237A is designed to be used in conjunc-
tion with an external 8-bit address register such as the

Am74LS373. It contains four independent channels and
may be expanded to any number of channels by cascading
additional controller chips.

The three basic transfer modes allow programmability of
the types of DMA service by the user. Each channel can be
individually programmed to Autoinitialize to its original
condition following an End of Process (EOP).

Each channel has a full 64K address and word count
capability. An external EOP signal can terminate a DMA or
memory-to-memory transfer. This is useful for block search
or compare operations using external comparators or for
intelligent peripherals to abort erroneous services.

BLOCK DIAGRAM

DECREMENTOR INC/DECREMENTOR
1/0 BUFFER
TEMP WORD TEMP ADDRESS
T REG (1 REG (16)
o COUNT REG (16) £G (16)
Reser ' 16 817 BUS 1
& —eq 6 617 BUS v
A
BUFFER
CLOCK ——=1 TG READ BUFFER READ/WRITE BUFFER
AEN ~=—d
conTRoL BASE I ease CURRENT I cwegv
ADSTE ~—] ADDRESS | WORD ADDRESS hystied
WMEMR ~—d L] o ne (6
| v® 1 )
MEMW ~—d] g
iOR ~—eq] COMMAND
1oR 3| CONTROL
OW ~—e(
WRITE BUFFER READ BUFFER
0001
ﬁ t q } A4 080.087
DREQO-DREQ3 PRIORITY COMMAND (8) INTERNAL DATA BUS 1/0 BUFFER —
HACK ———o] coo
HREQ =———  ROTATING
) PRIORITY
DACKO.DACKS =——544 ' Locic
MODE STATUS (8) TEMPORARY (0)
“4X6)
REQUEST (4)
BD003250
*The 8237A is an AMD-invented device more commonly referred to as the Am9517A.
Publication # Rev. Amendment
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Am9517A/8237A

CONNECTION DIAGRAMS

Top View
DIPs PLCC
OR ‘——: 10 ~ O }— A7 2
iow =—={]2 [ J—e n¢ °E|E|;lm ,\cmclg
WEMR ~—{]3 B }— A5 SEEiBIc g2l
wEww ~—1 14 73— a¢ 6 5 4 3 2 1 444342 41 40
* (NOTE 11) —={_1 6 36 [ J—e EOP . °
reapy —={_]6 36 [ Ja—e A3 (NOTE 1)} 7 39 [INC
HACK —={"]7 34 [Je—e A2 READY[] 8 38 [ A3
ADSTB ~—~ 18 33 [ J—e At HACK} 37 [ A2
AN ~=— ]9 32 [ Jee—e a0 ADSTB[] 10 36 F A1
HREQ ~—— 110 31 [J——— vec (+5v) AEN[] 11 35 [] A0
G —={Mn 30 [_J=—= DBO HREQ[] 12 34 :IVCC
otk —={ ] 12 29 [}=—= pp1 cs s 33 {1 bBo
RESET —={ 13 28 [J=—= DB2 CLK[] 14 32 [] pB1
DACk2 =—{] 14 27 [J=— D83 RESET[] 15 31 []pB2
DACK3 ~——{ ] 15 26 [ J=— D84 pack2[] 16 30 [] oe3
prReas —={_] 16 25 [ }——= DACKO NC[} 17 29 [ DB4
OREQ2 v - 28— packa 18 19 20 21 22 23 24 25 26 27 28
| WU [ NN U N
preq1 —={_]18 23 [ }=—= DB5 S8 858258859
DREQ0 —=["] 19 22 [T}=—= DB6 SLLEE>88828%
(GND) v§s ———{ ] 20 21 DB? 568565 58
CD005072 CD009911

Note: Pin 1 is marked for orientation.
*See Note 11 under DC Characteristics table.
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ORDERING INFORMATION
Am9517A

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

AMO517A -4 D c B

|————-e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

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

c. PACKAGE TYPE
P = 40-Pin Plastic DIP (PD 040)
D = 40-Pin Ceramic DIP (CD 040)
J = 44-Pin Plastic Leaded Chip Carrier
(PL 044)

b. SPEED OPTION
-4=4 MHz
-5=5 MHz

a. DEVICE NUMBER/DESCRIPTION
Am9517A
Multimode DMA Controller

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local AMD
AMO517A-4 PC, DC, DCB, sales office to confirm availability of specific valid
AMZ517A-5 DIB, JC combinations, to check on newly released combinations, and
to obtain additional data on AMD's standard military grade
products.

Valid Combinations

*This device is also available in Military temperature range.
See MOS Microprocessor and Peripheral Military Handbook
(Order #09275A/0) for electrical performance characteris-
tics.
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Am9517A/8237A

ORDERING INFORMATION (Cont'd.)
8237A

AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of: a. Temperature Range

b. Package Type

c. Device Number

d. Speed Option

e. Optional Processing

_ D 8237A =5

|-
=]

B
-L e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

d. SPEED OPTION
-4=4 MHz
~5=5 MHz

o

DEVICE NUMBER/DESCRIPTION
8237A
Multimode DMA Controller

b. PACKAGE TYPE
P = 40-Pin Plastic DIP (PD 040)
D = 40-Pin Ceramic DIP (CD 040)

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

Valid Combinations
Valid Combinations
rev—rw Valid Combinations list configurations planned to be

P. D supported in volume for this device. Consult the local AMD

i 8237A°5 sales office to confirm availability of specific valid

8237A-4B combinations, to check on newly released valid combinations,

8237A-5B and to obtain additional data on AMD's standard military
grade products.
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PIN DESCRIPTION

Pin No.*

170

Description

31

Vee

Power: +5 Volt supply.

20

Vss

Ground.

12

CLK

Clock Input: Clock Input controls the internal operations of the Am9517A/8237A and its rate of data
transfers. The input may be driven at up to 3MHz for the standard Am9517A/8237A and up to
5MHz for the Am9517A-5/8237A-5.

"

[

Chip Select: Chip Select is an active low input used to select the Am9517A/8237A as an 1/0 device
during the Idle cycle.This allows CPU communication on the data bus.

13

RESET

Reset: Reset is an active high input which clears the Command, Status, Request and Temporary
registers. It also clears the First/Last Flip/Flop and sets the Mask register. Following a Reset the
device is in the Idle cycle.

READY

Ready: Ready is an input used to extend the memory read and write pulses from the Am9517A/
8237A to accommodate slow memories or |/O peripheral devices. Ready must not make transitions
during its specified setup/hold time.

HACK

Hold Acknowledge: The active high Hold Acknowledge from the CPU indicates that it has
relinquished control of the system buses.

19-16

DREQO-DREQ3

DMA Request: The DMA Request lines are individual asynchronous channel request inputs used by
peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest priority and
DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a channel.
DACK will acknowledge the recognition of DREQ signal. Polarity of DREQ is programmable. Reset
initializes these lines to active high. DREQ must be maintained until the corresponding DACK goes
active.

30-26,
23-21

DB0-DB7

110

DATA Bus: The Data Bus lines are bidirectional three-state signals connected to the system data
bus. The outputs are enabled in the Program condition during the 1/0 Read to output the contents
of an Address register, a Status register, the Temporary register or a Word Count register to the
CPU. The outputs are disabled and the inputs are read during an 1/0 Write cycle when the CPU is
programming the Am9517A/8237A control registers. During DMA cycles the most significant 8 bits
of the address are output onto the data bus to be strobed into an external latch by ADSTB. In
memory-to-memory operations, data from the memory comes into the Am9517A/8237A on the
data bus during the read-from-memory transfer. In the write-to-memory transfer, the data bus
outputs place the data into the new memory location.

170

1/0 Read: 1/0 Read is a bidirectional active low three-state line. In the Idle cycle, it is an input
control signal used by the CPU to read the control registers. In the Active cycle, it is an output
control signal used by the Am9517A/8237A to access data from a peripheral during a DMA Write
transfer.

170

170 Write: 1/0 Write is a bidirectional active low three-state line. In the ldle cycle, it is an input
control signal used by the CPU to load information into the Am9517A/8237A. In the Active cycle, it
is an output control signal used by the Am9517A/8237A to load data to the peripheral during a DMA
Read transfer.

36

170

End of Process: End of Process is an active low bidirectional open-drain signal. Information
concerning the completion of DMA service is available at the bidirectional EOP pin. The Am9517A/
8237A allows an external signal to terminate an active DMA service. This is accomplished by pulling
the EOP input low with an external EOP signal. The Am9517A/8237A also generates a pulse when
the terminal count (TC) for any channel is reached. This generates an EOP signal which is output
through the EOP Line. The reception of EOP, either internal or external, will cause the Am9517A/
8237A to terminate the service, reset the request, and, if Autoinitialize is enabled, to write the base
registers to the current registers of that channel. The mask bit and TC bit in the status word will be
set for the currently active channel by EOP unless the channel is programmed for Autoinitialize. In
that case, the mask bit remains unchanged. During memory-to-memory transfers, EOP will be
output when the TC for channel 1 occurs.%b'ﬁ should be tied high with a pull-up resistor if it is not
used to prvent erroneous end of process inputs.

32-35

A0-A3

170

Address: The four least significant address lines are bidirectional three-state signals. In the Idle
cycle, they are inputs and are used by the CPU to address the registers to be load or read. In the
Active cycle, they are outputs and provide the lower 4 bits of the output address.

37-40

A4-A7

Address: The four most significant address lines are three-state outputs and provide 4 bits of
address. These lines are enabled only during DMA service.

10

HREQ

Hold Request: This is the Hold Request to the CPU and is used to request control of the system
bus. if the corresponding mask bit is clear, the presence of any valid DREQ causes the Am9517A/
8237A to issue the HRQ. After HRQ goes active, at least one clock cycle (TCY) must occur before
HLDA goes active.

25, 24
14, 15

DACKO-DACK3

DMA Acknowledge: DMA Acknowledge is used to notify the individual peripherals when one has
been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to
active low.

AEN

Address Enable. Address Enable enables the 8-bit latch containing the upper 8 address bits onto
the system address bus. AEN can also be used to disable in other system bus drivers during DMA
transfers. AEN is active-high.

ADSTB

Address Strobe. The active-high Address Strobe is used to strobe the upper address byte into an
external latch.

Memory Read: The Memory Read signal is an active low three-state output used to access data
from the selected memory location during a DMA Read or a memory-to-memory transfer.

MEMR
MEMW

Memory Write: The Memory Write signal is an active low three-state output used to write data to the
selected memory location during a DMA Write or a a memory-to-memory transfer.

*Applies to DIPs only.
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Am9517A/8237A

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Am9517/8237A Internal Registers.

DETAILED DESCRIPTION

The Am9517A/8237A block diagram includes the major logic
blocks and all of the internal registers. The data interconnec-
tion paths are also shown. Not shown are the various control
signals between the blocks. The Am9517A/8237A contains
344 bits of internal memory in the form of registers. The table
shown above lists these registers by name and shows the size
of each. A detailed description of the registers and their
functions can be found under Register Description.

The Am9517A/8237A contains three basic blocks of control
logic. The Timing Control block generates internal timing and
external control signals for the Am9517A/8237A. The Pro-
gram Command Control block decodes the various commands
given to the Am9517A/8237A by the microprocessor prior to
servicing a DMA Request. It also decodes each channel's
Mode Control word. The Priority Encoder block resolves
priority contention among DMA channels requesting service
simultaneously.

The Timing Control block derives internal timing from the clock
input. In Am9080A systems this input will usually be the ¢2
TTL clock from an Am8224. However, any appropriate system
clock will suffice.

DMA Operation

The Am9517A/8237A is designed to operate in two major
cycles. These are called Idle and Active cycles. Each device
cycle is made up of a number of states. The Am9517A/8237A
can assume seven separate states, each composed of one
full clock period. State | (SI) is the inactive state. It is entered
when the Am9517A/8237A has no valid DMA requests
pending. While in Sl, the DMA controller is inactive but may be
in the Program Condition, being programmed by the proces-
sor. State 0 (SO0) is the first state of a DMA service. The
Am9517A/8237A has requested a hold but the processor has
not yet returned an acknowledge. An acknowledge from the
CPU will signal that transfers may begin. S1, S2, S3, and S4
are the working states of the DMA service. If more time is
needed to complete a transfer than is available with normal
timing, wait states (SW) can be inserted before S4 by the use
of the Ready line on the Am9517A/8237A.

Memory-to-memory transfers require a read-from and a write-
to-memory to complete each transfer. The states, which
resemble the normal working states, use two digit numbers for
identification. Eight states are required for each complete
transfer. The first four states (S11, S12, S13, S14) are used for
the read-from-memory half and the last four states (S21, S22,
S$23 and S24) for the write-to-memory half of the transfer. The
Temporary Data register is used for intermediate storage of
the memory byte.

Idle Cycle

When no channel is requesting service, the Am9517A/8237A
will enter the Idle cycle and perform '"'SI'"" states. In this cycle
the Am9517A/8237A will sample the DREQ lines every clock
cycle to determine if any channel is requesting a DMA service.
The device will also sample TS, looking for an attempt by the
microprocessor to write or read the internal registers of the
Am9517A/8237A. When TS is LOW and HACK is LOW, the
Am9517A/8237A enters the Program Condition. The CPU can
now establish, change or inspect the internal definition of the
part by reading from or writing to the internal registers.
Address lines A0-A3 are inputs to the device and select which
registers will be read or written. The TOR and TOW lines are
used to select and time reads or writes. Due to the number
and size of the internal registers, an internal flip/flop is used to
generate an additional bit of address. This bit is used to
determine the upper or lower byte of the 16-bit Address and
Word Count registers. The flip/flop is reset by Master Clear or

-Reset. A separate software command can also reset this flip/

flop.

Special software commands can be executed by the
Am9517A/8237A in the Program Condition. These commands
are decoded as sets of addresses when both CS and IOW are
active and do not make use of the data bus. Functions include
Clear First/Last Flip/Flop and Master Clear.

Active Cycle

When the Am9517A/8237A is in the idle cycle and a channel
requests a DMA service, the device will output a HREQ to the
microprocessor and enter the Active cycle. It is in this cycle
that the DMA service will take place in one of four modes:

Single Transfer Mode: In Single Transfer mode, the
Am9517A/8237A will make a one-byte transfer during each
HREQ/HACK handshake. When DREQ goes active, HREQ
will go active. After the CPU responds by driving HACK active,
a one-byte transfer will take place. Following the transfer,
HREQ will go inactive, the word count will be decremented
and the address will be either incremented or decremented.
When the word count goes to zero, a Terminal Count (TC) will
cause an Autoinitialize if the channel has been programmed to
do so.

To perform a single transfer, DREQ must be held active only
until the corresponding DACK goes active. If DREQ is held
continuously active, HREQ will go inactive following each
transfer and then will go active again and a new one-byte
transfer will be made following each rising edge of HACK. In
8080A/Am9080A systems, this will ensure one full machine
cycle of execution between DMA transfers. Details of timing
between the Am9517A/8237A and other bus control proto-
cols will depend upon the characteristics of the microproces-
sor involved.

Block Transfer Mode: In Block Transfer mode, the
Am9517A/8237A will continue making transfers until a TC
(caused by the word count going to zero) or an external End of
Process (EOP) is encountered. DREQ need be held active
only until DACK becomes active. An Autoinitialize will occur at
the end of the service if the channel has been programmed for
it.

Demand Transfer Mode: In Demand Transfer mode the
device will continue making transfers until a TC or external
EOP is encountered or until DREQ goes inactive. Thus, the
device requesting service may discontinue transfers by bring-
ing DREQ inactive. Service may be resumed by asserting an
active DREQ once again. During the time between services
when the microprocessor is allowed to operate, the intermedi-
ate values of address and word count may be read from the
Am9517A/8237A Current Address and Current Word Count
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registers. Autoinitialization will only occur following a TC or
EOP at the end of service. Following Autoinitialization, an
active-going DREQ edge is required to initiate a new DMA
service.

Cascade Mode: This mode is used to cascade more than one
Am9517A/8237A together for simple system expansion. The
HREQ and HACK signals from the additional Am9517A/
8237A are connected to the DREQ and DACK signals of a
channel of the initial Am9517A/8237A. This allows the DMA
requests of the additional device to propagate through the
priority network circuitry of the preceding device. The priority
chain is preserved and the new device must wait for its turn to
acknowledge requests. Since the cascade channel in the
initial device is used only for prioritizing the additional device, it
does not output any address or control signals of its own.
These would conflict with the outputs of the active channel in
the added device. The Am9517A/8237A will respond to
DREQ with DACK but all other outputs except HREQ will be
disabled.

Figure 1 shows two additional devices cascaded into an initial
device using two of the previous channels. This forms a two
level DMA system. More Am9517A/8237As could be added at
the second level by using the remaining channels of the first
level. Additional devices can also be added by cascading into
the channels of the second level devices forming a third level.

2ND LEVEL

18T LEVEL Am9517A/8237A

HOLD REQ
HOLD ACK

HREQ
HACK

DREQ
DACK

HREQ
HACK

AmB517A/8237A

HREQ
HACK

DREQ
DACK

INITIAL DEVICE AmB517A/8237A

ADDITIONAL
DEVICES

AF002171

Figure 1. Cascaded Am9517A/8237As

Transfer Types

Each of the three active transfer modes can perform three
different types of transfers. These are Read, Write and Verify.
Write transfers move data from an 1/0 device to the memory
by activating TOR and MEMW. Read transfers move data from
memory to an 1/0 device by activating MEMR and TOW. Verify
transfers are pseudo transfers; the Am9517A/8237A operates
as in Read or Write transfers generating addresses, respond-
ing to EOP, etc. However, the memory and 1/0 control lines
remain inactive.

Memory-to-Memory: The Am9517A/8237A includes a block
move capability that allows blocks of data to be moved from
one memory address space to another. When Bit CO in the
Command register is set to a logical 1, channels 0 and 1 will
operate as memory-to-memory transfer channels. Channel 0
forms the source address and channel 1 forms the destination
address. The channel 1 word count is used. A memory-to-
memory transfer is initiated by setting a software DMA request
for channel 0. Block Transfer Mode should be used for
memory-to-memory. When channel 0 is programmed for a
fixed source address, a single source word may be written into
a block of memory.

When setting up the Am9517A/8237A for memory-to-memory
operation, it is suggested that both channels 0 and 1 be
masked out. Further, the channel 0 word count should be
initialized to the same value used in channel 1. No DACK
outputs will be active during memory-to-memory transfers.

The Am9517A/8237A will respond to external EOP signals
during memory-to-memory transfers. Data comparators in
block search schemes may use this input to terminate the
service when a match is found. The timing of memory-to-
memory transfers may be found in Timing Diagram 2.

Autoinitialize: By programming a bit in the Mode register, a
channel may be set up for an Autoinitialize operation. During
Autoinitialization, the original values of the Current Address
and Current Word Count registers are automatically restored
from the Base Address and Base Word Count registers of that
channel following EOP. The base registers are loaded simulta-
neously with the current registers by the microprocessor and
remain unchanged throughout the DMA service. The mask bit
is not set by EOP when the channel is in Autoinitialize.
Following Autoinitialize the channel is ready to repeat its
service without CPU intervention.

Priority: The Am9517A/8237A has two types of priority
encoding available as software selectable options. The first is
Fixed Priority which fixes the channels in priority order based
upon the descending value of their number. The channel with
the lowest priority is 3 followed by 2, 1 and the highest priority
channel, 0.

The second scheme is Rotating Priority. The last channel to
get service becomes the lowest priority channel with the
others rotating accordingly. With Rotating Priority in a single
chip DMA system, any device requesting service is guaranteed
to be recognized after no more than three higher priority
services have occurred. This prevents any one channel from
monopolizing the system.

2nd Service

1st Service 3rd Service

highest 0 2 -a— service 3 ~—— service
1 —=— service 3 —=— request 0
2 N\ 1

lowest 3 1 2

TB000008

The priority encoder selects the highest priority channel
requesting service on each active-going HACK edge. Once a
channel is started, its operation will not be suspended if a
request is received by a higher priority channel. The high
priority channel will only gain control after the lower priority
channel releases HREQ. When control is passed from one
channel to another, the CPU will always gain bus control. This
ensures generation of rising HACK edge to be used to initiate
selection of the new highest-priority requesting channel.

Compressed Timing: To achieve even greater throughput
where system characteristics permit, the Am9517A/8237A
can compress the transfer time to two clock cycles. From
Timing Diagram 3 it can be seen that state S3 is used to
extend the access time of the read pulse. By removing state
S3 the read pulse width is made equal to the write pulse width,
and a transfer consists only of state S2 to change the address
and state S4 to perform the read/write. S1 states will still
occur when A8-A15 need updating (see Address Generation).
Timing for compressed transfers is found in Timing Diagram 4.

Extended Write: For Flyby Transactions late write is normally
used, as this allows sufficient time for the TOR signal to get
data from the peripheral onto the bus before MEMW is
activated. In some systems, performance can be improved by
starting the write cycle earlier. This is especially true for
memory-to-memory transactions.
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Am9517A/8237A

Address Generation: To reduce pin count, the Am9517A/
8237A multiplexes the eight higher order address bits on the
data lines. State S1 is used to output the higher order address
bits to an external latch from which they may be placed on the
address bus. The falling edge of Address Strobe (ADSTB) is
used to load these bits from the data lines to the latch.
Address Enable (AEN) is used to enable the bits onto the
address bus through a 3-state enable. The lower order
address bits are output by the Am9517A/8237A directly. Lines
AO0-A7 should be connected to the address bus. Timing
Diagram 1 shows the time relationships between CLK, AEN,
ADSTB, DB0-DB7 and AO-A7.

During Block and Demand Transfer mode services which
include multiple transfers, the addresses generated will be
sequential. For many transfers the data held in the external
address latch will remain the same. This data need only
change when a carry or borrow from A7 to A8 takes place in
the normal sequence of addresses. To save time and speed
transfers, the Am9517A/8237A executes S1 states only when
updating of A8-A15 in the latch is necessary. This means for
long services that S1 states may occur only once every 256
transfers, a savings of 255 clock cycles for each 256 transfers.

Register Description

Current Address Register: Each channel has a 16-bit
Current Address register. This register holds the value of the
address used during DMA transfers. The address is automati-
cally incremented or decremented after each transfer and the
intermediate values of the address are stored in the Current
Address register during the transfer. This register is written or
read by the microprocessor in successive 8-bit bytes. It may
also be reinitialized by an Autoinitialize back to its original
value. Autoinitialization takes place only after an EOP.

Current Word Count Register: Each channel has a 16-bit
Current Word Count register. This register should be pro-
grammed with, and will return on a CPU read, a value one less
than the number of words to be transferred. The word count is
decremented after each transfer. The intermediate value of
the word count is stored in the register during the transfer.
When the value in the register goes to zero, a TC will be
generated. This register is loaded or read in successive 8-bit
bytes by the microprocessor in the Program Condition. Follow-
ing the end of a DMA service, it may also be reinitialized by an
Autoinitialize back to its original value. Autoinitialize can occur
only when an EOP occurs. Note that the contents of the Word
Count register will be FFFF (hex) following on internally
generated EOP.

Base Address and Base Word Count Registers: Each
channel has a pair of Base Address and Base Word Count
registers. These 16-bit registers store the original values of
their associated current registers. During Autoinitialize these
values are used to restore the current registers to their original
values. The base registers are written simultaneously with
their corresponding current register in 8-bit bytes during DMA,
programming by the microprocessor. Accordingly, writing to
these registers when intermediate values are in the Current
registers will overwrite the intermediate values. The Base
registers cannot be read by the microprocessor.

Command Register: This 8-bit register controls the operation
of the Am9517A/8237A. It is programmed by the microproces-
sor in the Program Condition and is cleared by Reset. The
following table lists the function of the command bits. See
Figure 2 for address coding.

0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel 0 address hold disable
1 Channel 0 address hold enable
X fbit0=0

0 Controller enable
1 Controller disable

0 Normal timing
1 Comp d timing
X ifbit0=1

| |

&

-

I

l

—{ 3 Roraing iy

(

{

[

l

0 Late write selection
1 Extended write selection
X Ifbit3=1

0 DREQ sense active high
1 DREQ sense active low

0 DACK sense active low
1 DACK sense active high

DF000970
Mode Register: Each channel has a 6-bit Mode register
associated with it. When the register is being written to by the

microprocessor in the Program Condition, bits 0 and 1
determine which channel Mode register is to be written to.

7 6 5 4 3 2 1 0 -=—Bit Number

LLITTTTT]

N— — N— o—
00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegal

XX If bits6and 7 = 11

0 Autoinitialize disable
1 Autoinitialize enable

0 Address increment select
1 Address decrement select

00 Demand mode select

01 Single mode select

10 Block mode select

11 Cascade mode select
DF000980

Request Register: The Am9517A/8237A can respond to
requests for DMA service which are initiated by software as
well as by a DREQ. Each channel has a request bit associated
with it in the 4-bit Request register. These are nonmaskable
and subject to prioritization by the Priority Encoder network.
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Each register bit is set or reset separately under software
control or is cleared upon generation of a TC or external EOP.
The entire register is cleared by a Reset. To set or reset a bit,
the software loads the proper form of the data word. See
Figure 2 for address coding.

6 5 4 3 2 1 0 -=— Bit Number

HEEEEEEN

00 Select channel O
01 Select channel 1
10 Select channel 2
11 Select channel 3

0 Reset request bit
: 1

Set request bit
DF000990

Don’t Care

Software requests will be serviced only if the channel is in
Block mode. When initiating a memory-to-memory transfer,
the software request for channel 0 should be set.

Mask Register: Each channel has associated with it a mask
bit which can be set to disable the incoming DREQ. Each
mask bit is set when its associated channel produces an EOP
if the channel is not programmed for Autoinitialize. Each bit of
the 4-bit Mask register may also be set or cleared separately
under software control. The entire register is also set by a
Reset. This disables all DMA requests until a clear Mask
register instruction allows them to occur. The instruction to
separately set or clear the mask bits is similar in form to that
used with the Request register. See Figure 2 for instruction
addressing.

7 6 5 4 3 2 1 0 -=-— Bit Number

LI LT T[]

Don‘t Care

00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

0 Clear mask bit
‘ 1

Set mask bit

DF001000

All four bits of the Mask Register may also be written with a
single command.

7 6 5 4 3 2 1 0 —=—BitNumber

LTI TTT]

Don’t Care

0 Clear Channel 0 mask bit
1 Set Channel 0 mask bit
1

Clear Channel 1 mask bit

- o

Set Channel 1 mask bit

Clear Channel 2 mask bit

{ 0
1 Set Channel 2 mask bit
___{ 0

Clear.Channel 3 mask bit
Set Channel 3 mask bit

DF001010

Status Register: The Status registers may be read out of the
Am9517A/8237A by the microprocessor. It indicates which
channels have reached a terminal count and which channels
have pending DMA requests. Bits 0-3 are set each time a TC is
reached by that channel, including after each Autoinitialization.
These bits are cleared by Reset and each Status Read. Bits 4-
7 are set whenever their corresponding channel is requesting
service.

7 6 5 4 3 2 1 0 -=—BitNumber

HHIIIIU

Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

- - a =

Channel 0 request
Channel 1 request
Channel 2 request
Channel 3 request

DF001020

- m =

Temporary Register: The Temporary register is used to hold
data during memory-to-memory transfers. Following the com-
pletion of the transfers, the last word moved can be read by
the microprocessor in the Program Condition. The Temporary
register always contains the last byte transferred in the
previous memory-to-memory operation, unless cleared by a
Reset.

Software Commands: There are three special software
commands which can be executed in the Program Condition.
They do not depend on any specific bit pattern on the data
bus. The three software commands are:

Clear First/Last Flip/Flop: This command may be issued
prior to writing or reading Am9517A/8237A address or word
count information. This initializes the Flip/Flop to a known
state so that subsequent accesses to register contents by
the microprocessor will address lower and upper bytes in
the correct sequence. When the Flip/Flop is cleared it
addresses the lower byte and when set it addresses the
upper byte. .

Master Clear: This software instruction has the same effect
as the hardware Reset. The Command, Status, Request,
Temporary and Internal First/Last Flip/Flop registers are
cleared and the Mask register is set. The Am9517A/8237A
will enter the Idle cycle.

Clear Mask Register: This command clears the mask bits of
all four channels, enabling them to accept DMA requests.
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Am9517A/8237A

Interface Signals
A3 A2 At A0 IOR Iow Operation
1 0 0 0 0 1 Read Status Register
1 0 0 0 1 0 Write Command Register
1 0 0 1 0 1 egal
1 0 0 1 1 0 Write Request Register
1 0 1 0 0 1 lllegal
1 0 1 0 1 0 Write Single Mask Register Bit
1 0 1 1 0 1 lllegal
1 [} 1 1 1 0 Write Mode Register
1 1 0 0 0 1 lilegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 lilegal
1 1 1 0 1 0 Clear Mask Register
1 1 1 1 0 1 lliegal
i 1 1 1 1 0 Write All Mask Register Bits
Figure 2. Register and Function Addressing
Signals t I D ’
Channel Register Operation — F'I? 7':;: D;t:_a;;
€S TOR 1OW A3 A2 A1 A0 p/Flop
0 Base & Current Write 0 1 0 0 0 0 0 0 A0 - A7
Address 0 1 0 0 [ 0 0 1 A8-A15
Current Read 0 0 1 0 0 0 0 0 A0 -A7
Address 0 0 1 0 0 0 0 1 A8 -A15
Base & Current Write 0 1 0 0 V] 0 1 0 WO - W7
Word Count 0 1 0 0 0 0 1 1 w8 -w15
Current Read 0 0 1 0 0 0 1 0 WO - W7
Word Count 0 0 1 0 0 0 1 1 W8 -W15
1 Base & Current Write 0 1 0 0 0 1 0 0 A0 - A7
Address 0 1 0 0 0 1 0 1 A8-A15
Current Read 0 0 1 0 0 1 0 0 A0 - A7
Address 0 0 1 0 0 1 0 1 A8-A15
Base & Current Write 0 1 0 0 0 1 1 0 W0 -W7
Word Count 0 1 0 0 0 1 1 1 W8 -W15
Current Read 0 0 1 0 0 1 1 0 W0 -W7
Word Count 0 0 1 0 0 1 1 1 W8 -W15
Base & Current . 0 1 0 0 1 0 0 0 A0 -A7
2 Address Write 0 1 0 0 1 0 0 1 A8-A15
Current Read 0 0 1 0 1 0 0 0 AO0-A7
Address 0 0 1 0 1 0 0 1 A8-A15
Base & Current Write 0 1 0 0 1 0 1 0 WO - W7
Word Count 0 1 0 0 1 0 1 1 W8 - W15
Current Read 0 0 1 0 1 0 1 0 W0 -W7
Word Count 0 0 1 0 1 0 1 1 W8 - W15
Base & Current . 0 1 0 0 1 1 0 0 AO0-A7
3 Address Write 0 1 0 0 1 1 0 1 AB-A15
Current Read 0 0 1 0 1 1 0 0 A0 - A7
Address ] 0 1 0 1 1 0 1 A8 - A15
Base & Current Write 0 1 0 0 1 1 1 0 WO - W7
Word Count. 0 1 0 0 1 1 1 1 W8 -W15
Current Read 0 0 1 0 1 1 1 0 WO -W7
Word Count 0 0 1 0 1 1 1 1 W8 - W15
Figure 3. Word Count and Address Register Command Codes
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APPLICATIONS INFORMATION

Figure 4 shows a convenient method for configuring a DMA
system with the Am9517A/8237A Controller and a micropro-
cessor system. The Multimode DMA Controller issues a Hold
Request to the processor whenever there is at least one valid
DMA Request from a peripheral device. When the processor
replies with a Hold Acknowledge signal, the Am9517A/8237A
takes control of the Address Bus, the Data Bus and the
Control Bus. The address for the first transfer operation

comes out in two bytes — the least significant eight bits on the
eight Address outputs and the most significant eight bits on
the Data Bus. The contents of the Data Bus are then latched
into the Am74LS373 register to complete the full 16 bits of the
Address Bus. The Am74LS373 is a high-speed, low power, 8-
bit, 3-state register in a 20-pin package. After the initial
transfer takes place, the register is updated only after a carry
or borrow is generated in the least significant address byte.
Four DMA channels are provided when one Am9517A/8237A

ADDRESS BUS A0—A15 )

is used.

i i AB-A15
Do———o oF
Am74LS373
cp
& I 8-BIT LATCH
A0-A15 741574 AEN AO-A3 A4-A7 CS ADSTB A
BUSEN |~=—
HLDA D a HACK
Am9517A/8237A T G obso-
— - o DB7
5oE 1B 8 ¢
x o |2 2 = |2 woQ
HLDRQ HREQ § z [z |= IQ |9 & 3
cru f S 0 O
CLOCK ap a
RESET
WEMR jo-
MEMW jO— CONTROL
oR Jo— BUS
ow o
DBO—DB7

SYSTEM DATA BUS

B

AF002181

Figure 4. Basic DMA Configuration
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Am9517A/8237A

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage temperature.... -65 to +150°C Commercial (C) Devices
Vee with Respect to Vsg ...=0.5 to +7.0V Temperature (TA).....ceoviiuiiiiiniiiniiiiniinnennind 0 to 70°C
All Signal Voltages with Respect to Vgs ..-0.5V to +7.0V Supply Voltage (VCG) .vvvvvverrnnnnenns R 5V 5%
Power Dissipation (Package Limitation) ................... 1.5W Industrial (I) Devices
Stresses above those listed under ABSOLUTE MAXIMUM Temperature (TA)......coceveeeinrininninnnnnnn. -40 to +85°C
RATINGS may cause permanent device failure. Functionality Supply Voltage (VCC) «wvvveevrerereneiiiainninnn. 5V £10%
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device Operating ranges define those limits between which the
reliability. functionality of the device is guaranteed.

DC CHARACTERISTICS over operating ranges unless otherwise specified. (Note 1)

Parameters Description Test Conditions Min Typ Max Units
IOH =-200 pA 24
VOH Output HIGH Voltage 1OH=-100 1A, (HREQ Only) 33 Volts
VOL Output LOW Voltage IOL=3.2 mA 0.40 V Volts
VIH Input HIGH Voltage 2.0 VCC + 0.5 Volts
VIL Input LOW Voltage -0.5 0.8 Volts
(b4 Input Load Current VSS <VI<VCC -10 +10 MA
102 Output Leakage Current VCC <VO <VSS +0.40 -10 +10 MA
Ta=+25°C 65 130
ICC VCC Supply Current Ta=0°C 75 150 mA
cO Output Capacitance (Note 14) 4 8 pF
Cl Input Capacitance fc =1.0 MHz, Inputs =0 V 8 15 pF
Clo 1/0 Capacitance 10 18 pF
COHREQ Output Capicitance (HREQ) fc =1.0 MHz, Inputs =0 V 18 20 pF

Notes:

Typical values are for Ta = 25°C, nominal supply voltage and nominal processing parameters.

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0

Eali od

V for HIGH and 0.8 V for LOW, unless otherwise noted.

Output Ioa_glg is 1 Standard TTL gate plus 50 pF capacitance unless noted otherwise.

The new TOW or MEMW pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net TOR or
MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns.

5. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0 V. TDQ2 is measured at 3.3 V. The value for TDQ2

No

assumes an external 3.3 kS2 pull-up resistor connected from HREQ to VCC.
DREQ should be held active until DACK is returned.

DREQ and DACK signals may be active high or active low.

Timing diagrams assume the active high mode.

8. Output loading on the data bus is 1 Standard TTL gate plus 15 pF for the minimum value and 1 Standard TTL gate plus 100 pF for the

maximum value.

9. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least

450 ns for the Am9517A-4/8237A-4, and 400 ns for the Am9517A-5/8237A-5 as recovery time between active read or write pulses.

10. Parameters are listed in alphabetical order.
11.  Pin 5 is an input that should always be at a logic high level.

An internal pull-up resistor will establish a logic high when the pin is left floating. Alternatively, pin 5 may be tied to VCC.

12.  Signals READ and WRITE refer to TOR and MEMW respectively for peripheral-to-memory DMA operations and to MEMR and TOW

respectively for memory-to-peripheral DMA operations.

13. If N wait states are added during the write-to-memory half of a memory-to-memory transfer, this parameter will increase by N (TCY).
14. Al output pins except HREQ.
15. Because EOP high from clock high is load dependent, users wishing to test these parameters should use a 2k pull-up resistor and a tester

with 50 pF or less load capacitance. Time constant RC = 120 ns is added to the specified number in the data sheet for testing.

SWITCHING TEST INPUT WAVEFORM

24
20 =\ = 20
TEST POINTS
0.8 "—/ \—- 0.8
0.45

WF003310

See Section 6 for Thermal Characteristics Information.
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified
ACTIVE CYCLE (Notes 2, 3, 10, 11, and 12)

Am9517A-4/8237A-4 | Am9517A-5/8237A-5

Parameters Description Min Max Min Max Units
TAEL AEN HIGH from CLK LOW (S1) Delay Time 225 200 ns
TAET AEN LOW from CLK HIGH (S1) Delay Time 150 130 ns
TAFAB ADR Active to Float Delay from CLK HIGH 120 90 ns
TAFC READ or WRITE Float from CLK HIGH 120 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 190 170 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 ns
TAHS DB from ADSTB LOW Hold Time 40 30 ns
TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 ns

DACK Valid from CLK LOW Delay Time 220 170 ns
TAK EOP HIGH from CLK HIGH Delay Time 190 170 ns

EOP LOW to CLK HIGH Delay Time 190 170 ns
TASM ADR Stable from CLK HIGH 190 170 ns
TASS DB to ADSTB LOW Set-up Time 100 100 ns
TCH Clock High Time (Transitions < 10ns) 100 80 ns
TCL Clock Low Time (Transitions < 10ns) 110 68 ns
TCY CLK Cycle Time 250 200 ns
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 4) 200 190 ns
TDCTR Read HIGH from CLK HIGH (S4) Delay Time (Note 4) 210 190 ns
TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time (Note 4) 150 130 ns
TDQ1 120 120 ns
T0Q2 HREQ Valid from CLK HIGH Delay Time (Note 5) 190 120 s
TEPS EOP LOW from CLK LOW Set-up Time 45 40 ns
TEPW EOP Pulse Width 225 220 ns
TFAAB ADR Float to Active Delay from CLK HIGH 190 170 ns
TFAC READ or WRITE Active from CLK HIGH 150 150 ns
TFADB DB Float to Active Delay from CLK HIGH 225 200 ns
THS HACK Valid to CLK HIGH Set-up Time 75 75 ns
TIDH Input Data from MEMR HIGH Hold Time 0 0 ns
TIDS Input Data to MEMR HIGH Set-up Time 190 170 ns
TODH Output Data from MEMW HIGH Hold Time 20 10 ns
TODV Output Data Valid to MEMW HIGH (Note 13) 125 125 ns
TQS DREQ to CLK LOW (S1, S4) Set-up Time 0 0 ns
TRH CLK to READY LOW Hold Time 20 20 ns
TRS READY to CLK LOW Set-up Time 60 60 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 150 130 ns
TSTT ADSTB LOW from CLK HIGH Delay Time 110 90 ns

Notes: See notes under DC Characteristics table.
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SWITCHING CHARACTERISTICS over operating ranges (Cont'd.)
PROGRAM CONDITION (ldle Cycle) (Notes 2, 3, 10, and 11)

Am9517A/8237A

Am9517A-4/8237A-4 | Am9517A-5/8237A-5
Parameters Description Min Max Min Max Units
TAR ADR Valid or CS LOW to READ LOW 50 50 ns
TAW ADR Valid to WRITE HIGH Set-up Time 150 130 ns
TCW CS LOW to WRITE HIGH Set-up Time 150 130 ns
TOW Data Valid to WRITE HIGH Set-up Time 150 130 ns
TRA ADR or CS Hold from READ HIGH 0 0 ns
TRDE Data Access from READ LOW (Note 8) 200 140 ns
TRDF DB Float Delay from READ HIGH 20 100 0 70 ns
TRSTD Power Supply HIGH to RESET LOW Set-up Time 500 500 us
TRSTS RESET to First OWR 21CY 2TCY ns
TRSTW RESET Pulse Width 300 300 ns
TRW READ Width 250 200 ns
TWA ADR from WRITE HIGH Hold Time 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 ns
TWD Data from WRITE HIGH Hold Time 30 . 30 ns
TWWS Write Width 200 160 ns

Notes: See notes under DC Characteristics table.
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SWITCHING WAVEFORMS

Timing Diagram 1. Active Cycle Timing Diagram

S|

TCY
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Tas
—
OREQ
ar AARARAAAN
100 h—— YoM | l | | 1004'
—
¥
HREQ
|
THS—em{ | l I
|
YRoNA —e| TAELT I TAET
AEN
Ay ] s
TSTL |l "F" t—TEPS
o . |
J :
TASS TAK
TFADB i | TaHs
|
080 - 087 Ay AB-ATS ;
L"FDB »—TYASMl —a  j—TaFAB
TFAAB [=—ef | | TAHW ! TAHW
™ l
A0 - A7 — \F ADDRESS VALID ADDRESS VALID
TAK | | |
‘ | ll TAN|R | TAHR
DACK a ‘
i\
’ TOCL i TOCL
TFAC TOCTR oot TOCTR TAFC
READ — \r
TOCL
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I
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Note: EOP must precede AEN in single transfer mode.

WF003300
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Am9517A/8237A

s s22 sz s24 s
CLK
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L
ADSTB S
|
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SWITCHING WAVEFORMS (Cont'd.)

Timing Diagram 2. Memory-to-Memory
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Timing Diagram 3. Ready Timing
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Timing Diagram 4. Compressed Timing
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Timing Diagram 5. Reset Timing
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SWITCHING WAVEFORMS (Cont'd.)
Timing Diagram 6. Program Condition Write Timing
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Timing Diagram 7.
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Am9518/AmZ8068

Am9518/AmZ8068

Data Ciphering Processor

DISTINCTIVE CHARACTERISTICS

® Encrypts and decrypts data
Implements National Bureau of Standards standard data
encryption algorithm.

® High-Speed Operation
Am9518 and AmZ8068 throughput over 1.3 and 1.7M
bytes per second, respectively. Operates at data rates
fast enough for disk controllers, high-speed DMA, tele-
communication channels.

® Supports three ciphering options
Electronic Code Book for disk applications. Chain Block
Cipher for high-speed telecommunications. Cipher
Feedback for low-to-medium speed, byte-oriented com-
munications.

® Three separate key registers on-chip
Separate registers for encryption key, decryption key
and master key improve system security and throughput
by eliminating need to reload keys frequently.

® Three separate data ports provide flexible inter-
face, improved security
The DCP utilizes a master port, slave port and key port.
Functions of the three ports can be programmed by the
user to provide for simple interface to AmZ8000 and
Am2900 systems and to provide total hardware separa-
tion of encrypted data, clear data and keys.

GENERAL DESCRIPTION

The Am9518/AmZ8068 Data Ciphering Processor is an N-
channel silicon gate LS| product containing the circuitry
necessary to encrypt and decrypt data using the National
Bureau of Standards encryption algorithm. It is designed to
be used in a variety of environments, including dedicated
controllers, communication concentrators, terminals and
peripheral task processors in general processor systems.

The DCP provides a high throughput rate using Cipher
Feedback, Electronic Code Book or Cipher Block Chain
operating modes. Separate ports for key input, clear data
and enciphered data enhance security.

The system communicates with the DCP using commands
entered in the master port and through auxiliary control
lines. Once set up, data can flow through the DCP at high
speeds because input, output and ciphering activities are all
performed concurrently. External DMA control can easily
be used to enhance throughput in some system configura-
tions.

This device is designed to interface directly to the
AmZ8000 CPU bus and, with a minimum of external logic,
to the 2900, MC68000, 8086, 8085, and 8051 families of
processors.
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Am9519A

Universal Interrupt Controller

DISTINCTIVE CHARACTERISTICS

® Eight individually maskable interrupt inputs reduce CPU
overhead

® Unlimited interrupt channel expansion with no extra
hardware

® Programmable 1-byte to 4-byte response provides vec-
tor address and message protocol for 8-bit CPUs

® Rotating and fixed priority resolution logic

® Software interrupt request capability

e Common vector and polled mode options

® Automatic hardware clear of in-service interrupts re-
duces software overhead

® Polarity control of interrupt inputs and outputs

® Reset minimizes software initialization by automatically
generating CALL to location zero

GENERAL DESCRIPTION

The Am9519A Universal Interrupt Controller is a processor
support circuit that provides a powerful interrupt structure to
increase the efficiency and versatility of microcomputer-
based systems. A single Am9519A manages up to eight
maskable interrupt request inputs, resolves priorities and
supplies up to four bytes of fully programmable response
for each interrupt. It uses a simple expansion structure that
allows many units to be cascaded for control of large
numbers of interrupts. Several programmable control fea-
tures are provided to enhance system flexibiiity and optimi-
zation.

The Universal Interrupt Controller is designed with a
general purpose interface to facilitate its use with a wide

range of digital systems, including most popular 8-bit
microprocessors. Since the response bytes are fully pro-
grammable, any instruction or vectoning protocol appropri-
ate for the host processor may be used.

When the Am9519A controller receives an unmasked
interrupt request, it issues a Group Interrupt output to the
CPU. When the interrupt is acknowledged, the controller
outputs the one-to-four byte response associated with the
highest priority unmasked interrupt request. The ability of
the CPU to set interrupt requests under software control
permits hardware prioritization of software tasks and aids
system diagnostic and maintenance procedures.

BLOCK DIAGRAM

o BYTE
— DE CONTROL
s —=0Of REGISTER MEMORY
w5 8x2 RESPONSE
Ao 9 MEMORY
WR —eOf 8us \ 8x 32
CONTROL N AW RAM
o ——i
—— COMMAND STATUS
PAUSE —=—O) REGISTER REGISTER
8 BUS 8
080-087 =>={  gyrrer
1SR
—_ ACR MR
ACK —=Of AUTO CLEAR el INTERRUPT
. REGISTER AEGISTER MASK REGISTER
RIP
A inrernuer
o CONTROL
PRIORITY
€0 CONTROL wrerRupT|_ 8, NTERRUPT
i 1
Losic REQUEST |7 REQUESTS
REGISTER
GINT
BD003280
Publication Rev. Amendmen
00147 [ /0
2.137 Issue Date: May 1987

vélsewy



Am9519A

CONNECTION DIAGRAMS
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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

1 D o B

a. DEVICE NUMBER/DESCRIPTION
Am9519A
Universal Interrupt Controller

AMS519A PC, DC, DCB, DIB, JC
AM9519A-1 PC, DC, DCB, JC
*This device is also available in Military temperature range. See

MOS Microprocessors and Peripherals Military Handbook (Order
# 09275A/0) for electrical performance characteristics.

-I-——e. 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
P = 28-Pin Plastic DIP (PD 028)
D = 28-Pin Ceramic DIP (CD 028)
J = 28-Pin Plastic Leaded Chip Carrier (PL 028)

b. SPEED OPTION
-1 =Faster Response Time (see Switching

Characteristics)

Valid Combinations

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

Description

(Data Bus). The eight bidirectional data bus signals are used to transfer information between the
Am9519A and the system data bus. The direction of transfer is controlled by the TACK, WR and
RD input signals. Programming and control information are written into the device; status and

(Chip Select). The active low Chip Select input enables read and write operations on the data
bus. Interrupt acknowledge responses are not conditioned by CS.

(Read). The active low Read signal is conditioned by CS and indicates that information is to be
transferred from the Am9519A to the data bus.

(Write). The active low Write signal is conditioned by CS and indicates that data bus information
is to be transferred from the data bus to a location within the Am8519A.

(Control/Data). The C/D control signal selects source and destination locations for data bus
read and write operations. Data read or write transfers are made to or from preselected internal
registers or memory locations. Control write operations load the command register and control
read operations output the status register.

(Interrupt Request). The Interrupt Request signals are used by external devices to indicate that
service by the host CPU is desired. IREQ inputs are accepted asynchronously and they may be
programmed for either a HIGH-to-LOW or LOW-to-HIGH edge transition. Active inputs are
latched internally in the Interrupt Request Register. After the IRR bit is cleared, an IREQ
transition of the programmed polarity must occur to initiate another request.

(Response In Process). Response In Process is a bidirectional signal used when two or more
Am9519A circuits are cascaded. It permits multibyte response transfers to be completed without
interference from higher priority interrupts. An Am9519A that is responding to an acknowledged
interrupt will treat RIP as an output and hold it LOW until the acknowledge response is finished.
An Am9519A without an acknowledged interrupt will treat RIP as an input and will ignore IACK
pulses as long as RIP is LOW. The RIP output is open drain and requires an external pull-up

(Interrupt Acknowledge). The active-low Interrupt Acknowledge line indicates that the external
system is asking for interrupt response information. Depending on the programmed state of the
AmO519A, it will accept 1, 2, 3 or 4 TACK pulses; one response byte is transferred per pulse. The
first TACK pulse causes selection of the highest priority unmasked pending interrupt request and

(Pause). The active-low Pause signal is used to coordinate interrupt responses with data bus and
control timing. Pause goes LOW when the first TACK is received and remains LOW until RIP goes
LOW. The external system can use Pause to stretch the acknowledge cycle and allow the
control timing to automatically adjust to the actual priority resolution delays in the interrupt
system. Second, third and fourth response bytes do not cause Pause to go LOW. Pause is an
open drain output and requires an external pull-up resistor to VCC.

(Enable Out). The active-high EO signal is used to implement daisy-chained cascading of several
Am9519A circuits. EO is connected to the El input of the next lower priority chip. On receipt of an
interrupt acknowledge, each EO will go inactive until it has been determined that no valid
interrupt request is pending on that chip. If an active request is present, EO remains LOW. EO is
also held LOW when the master mask bit is active, thus disabling all lower priority chips.

(Enable in). The active-high EI signal is used to implement daisy-chained cascading of several
Am9519A circuits. El is connected to EO of the next higher priority chip. it may also be used as a
hardware disable input for the interrlglg_system. When El is LOW, | inputs will not affect ISR;

P goes LOW. El is internally pulled up to VCC so that no
external pull-up is needed when El is not used.

(Group Interrupt). The Group Interrupt output signal indicates that at least one unmasked
interrupt request is pending. It may be programmed for active-high or active-low polarity. When
active-low, the output is open drain and requires an external pull-up resistor to VCC. Since a
glitch on GINT occurs approximately 100nsec after the last IACK pulse, this pin should not be

Pin No. Name 1710
28 Vce +5 Volt Power Supply.
14 Vss Ground.
11-4 DB0-DB7 1710
response data are output by it.
1 [ |
3 RD [
2 WR [
27 c/D 1
18-25 IREQO-IREQ7 |
12 RIP 170
resistor to VCC.
26 IACK |
generates a RIP output signal.
15 PAUSE o
16 EO o
13 El |
however, PAUSE will go LOW until
17 GINT o
connected to edge sensitive devices.

PRODUCT OVERVIEW

Register Description

ISR bit must be cleared by the CPU under program control
when it is desired to permit interrupts from lower priority
devices. When the interrupt is programmed for automatic
clearing, the ISR bit is automatically reset during the acknowl-

Interrupt Request Register (IRR): The 8-bit IRR is used to
store pending interrupt requests. A bit in the IRR is set
whenever the corresponding IREQ input goes active. Bits may
also be set under program control from the CPU, thus
permitting software generated interrupts. IRR bits may be
cleared under program control. An IRR bit is automatically
cleared when its interrupt is acknowledged. All IRR bits are
cleared by a reset function.

Interrupt Service Register (ISR): The 8-bit ISR contains one
bit for each IREQ input. It is used to indicate that a pending
interrupt has been acknowledged and to mask all lower priority
interrupts. When a bit is set by the acknowledge logic in the
ISR, the corresponding IRR bit is cleared. If an acknowledged
interrupt is not programmed to be automatically cleared, its

edge sequence. All ISR bits are cleared by a reset function.

Interrupt Mask Register (IMR): The 8-bit IMR is used to
enable or disable the individual interrupt inputs. The IMR bits
correspond to the IREQ inputs, and all eight may be loaded,
set or cleared in parallel under program control. In addition,
individual IMR bits may be set or cleared by the CPU. Care
must be taken therefore when disabling a specific channel by
setting its IMR bit. If that bit is causing the GINT pin to be
active, a lock-up condition can occur if the CPU recognizes the
interrupt and then the Am9519A removes the request. During
the TACK cycle, PAUSE will go LOW and stay LOW. The
solution is to disable CPU interrupts prior to writing to the IMR
and then re-enable them. A reset function will set all eight
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mask bits, disabling all requests. A mask bit that is set does
not disable the IRR, and an IREQ that arrives while a
corresponding mask bit is set will cause an interrupt later when
the mask bit is cleared. Only unmasked interrupt inputs can
generate a Group Interrupt output.

Response Memory: An 8 x 32 read/write response memory
is included in the Am9519A. It is used to store up to four bytes
of response information for each of the eight interrupt request
inputs. All bits in the memory are programmable, allowing any
desired vector, opcode, instruction or other data to be entered.
The Am9519A transfers the interrupt response information for
the highest priority unmasked interrupt from the memory to the
data bus when the TACK input is active.

Auto Clear Register: The 8-bit Auto Clear register contains
one bit for each IREQ input and specifies the operating mode
for each of the ISR bits. When an auto clear bit is off, the
corresponding ISR bit is set when that interrupt is acknowl-
edged and is cleared by software command. When an auto
clear bit is on, the corresponding ISR bit is cleared by the
hardware by the rising edge of the last acknowledge pulse. A
reset function clears all auto clear bits.

Status Register: The 8-bit Status register contains informa-
tion concerning the internal state of the chip. It is especially
useful when operating in the polled mode to identify interrupt-
ing devices. Figure 1 shows the status register bit assign-
ments. The polarity of the GINT bit 7 is not affected by the
GINT polarity control. Bits S0-S2 are set asynchronously to a
status register read operation. It is recommended to read the

register twice and to compare the binary vectors for equality
prior to proceeding with the device service in polled mode. The
polarity of the GINT bit 7 is not affected by the GINT polarity
control (Mode bit 3). The Status register is read by executing a
read operation (CS =0, RS =0) with the control location
selected (C/D = 1).

Mode Register: The 8-bit Mode register controls the operat-
ing options of the Am9519A. Figure 2 shows the bit assign-
ments for the Mode register. The five low order mode bits (0
through 4) are loaded in parallel by command. Bits 5, 6 and 7
are controlled by separate commands. (See Figure 4.) The
Mode register cannot be read out directly to the data bus, but
Mode bits 0, 2 and 7 are available as part of the Status
register.

Command Register: The 8-bit Command register stores the
last command entered. Depending upon the command op-
code, it may initiate internal actions or precondition the part for
subsequent data bus transfers. The Command register is
loaded by executing a write operation (WR = 0) with the
control location selected (C/D = 1), as shown in Figure 3.

Byte Count Register: The length in bytes of the response
associated with each interrupt is independently programmed
so that different interrupts may have different length re-
sponses. The byte count for each response is stored in eight
2-bit Byte Count registers. For a given interrupt, the Am9519A
will expect to receive a number of TACK pulses that equal the
corresponding byte count and will hold RIP LOW until the
count is satisfied.

S7|S6|S5|S4|s3]|s2]s1]so0

‘: Binary vector indicating the

number of the highest priority
unmasked bit that is set in IRR.
Valid only when S7 = 0.

Master Mask Bit
0 Chip disarmed
1 Chip armed

Interrupt Mode
0 Interrupt
1 Polled

Priority Mode
0 Fixed
1 Rotating

Enable Input
0 Chip disabled
1 Chip enabled

Group Interrupt

1 No unmasked
IRR bit set

0 At least one

M7 | M6 | M5 | M4 | M3 | M2 | M1 | MO

L Priority Mode

0 Fixed
1 Rotating

Vector Selection
0 Individual vector
1 Common vector

Interrupt Mode
0 Interrupt
1 Polled

GINT Polarity
0 Active low
1 Active high

IREQ Polarity
0 Active low
1 Active high

Register Pr
00 Interrupt service register
01 Interrupt mask register
10 Interrupt request register
11 Auto clear register

IRR bit set
DF001250

Figure 1. Status Register Bit Assignments

Master Mask Bit
0 Chip disarmed
1 Chjp armed

DF001260

Figure 2. Mode Register Bit Assignments

DETAILED DESCRIPTION

Interrupts are used to improve system throughput and re-
sponse time by eliminating heavy dependence on software
polling procedures. Interrupts allow external devices to asyn-
chronously modify the instruction sequence of a program

being executed. In systems with multiple interrupts, vectoring
can further improve performance by allowing direct identifica-
tion of the interrupting device and its associated service
routine. The Am9519A Universal Interrupt Controller contains,
on one chip, all of the circuitry necessary to detect, prioritize
and manage eight vectored interrupts. It includes many
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options and operating modes that permit the design of
sophisticated interrupt systems.

Reset

The reset function is accomplished by software command or
automatically during power-up. The reset command may be
issued by the CPU at any time. Internal power-up circuitry is
triggered when VCC reaches a predetermined threshold,
causing a brief internal reset pulse. In both cases, the resulting
internal state of the machine is that all registers are cleared
except the Mask register which is set. Thus, no Group
Interrupt will be generated, and no interrupt requests will be
recognized. The response memory and Byte Count registers
are not affected by reset. Their contents after power-up are
unpredictable and must be established by the host CPU during
initialization.

Operating Sequence

A brief description of a typical sequence of events in an
operating interrupt system will illustrate the general interac-
tions among the host CPU, the interrupt controller and the
interrupting peripheral.

1. The Am9519A controller is initialized by the CPU to custom-
ize its configuration and operation for the application at
hand. Both the controller and the CPU are then enabled to
accept interrupts.

2.0ne (or more) of the interrupt request inputs to the
controller becomes active indicating that peripheral equip-
ment is asking for service. The controller asynchronously
accepts and latches the request(s).

w

If the request is masked, no further action takes place. If the
request is not masked, a Group Interrupt output is generat-
ed by the controller.

>

The GINT signal is recognized by the CPU which normally
will complete the execution of the current instruction, insert
an interrupt acknowledge sequence into its instruction
execution stream, and disable its internal interrupt structure.
The controller expects to receive one or more IACK signals
from the CPU during the acknowledge sequence.

5.When the controller receives the TACK signal, it brings
PAUSE low and selects the highest priority unmasked
pending request. When selection is complete, the RIP
output is brought low and the first byte in the response
memory associated with the selected request is output on
the data bus. PAUSE stays low until RIP goes low. RIP stays
low until the last byte of the response has been transferred.

6. During the acknowledge sequence, the IRR bit correspond-
ing to the selected request is automatically cleared, and the
corresponding ISR bit is set by the falling edge of TACK.
When the ISR bit is set, the Group Interrupt output is
disabled until a higher priority request arrives or the ISR bit
is cleared. The ISR bit will be cleared by either hardware or
software.

~N

. If a higher priority request arrives while the current request
is being serviced, GINT will be output by the controller, but
will be recognized and acknowledged only if the CPU has its
interrupt input enabled. If acknowledged, the corresponding
higher priority ISR bit will be set and the requests nested.

Information Transfers

Figure 3 shows the control signal configurations for all
information transfer operations between the Am9519A and the
data bus. The following conventions are assumed: RD and
WR active are mutually exclusive; RD, WR and C/D have no
meaning unless CS is LOW; active TACK pulses occur only
when TS is HIGH.

For reading, the Status register is selected directly by the C/D
control input. Other internal registers are read by preselecting
the desired register with mode bits 5 and 6, and then
executing a data read. The response memory can be read only
with TACK pulses. For writing, the Command register is
selected directly by the C/D control input. The Mask and Auto
Clear registers are loaded following specific commands to that
effect. To load each level of the response memory, the
response preselect command is issued to select the desired
level. An appropriate number of data write operations are then
executed to load that level.

CONTROL INPUT

_ I DATA BUS

CS |C/D| RD R | IACK OPERATION
Transfer contents of prese-

0 0 0 1 1 lected data register to data
bus

0 0 1 0 1 Transfer contents of data bus

to preselected data register

1 Transfer contents of status
register to data bus

Transfer contents of data bus
to command register

Transfer contents of selected
response memory location to
data bus

No information transferred

1 X X X 0

1 X X X 1

Figure 3. Summary of Data Bus Transfers

The Pause output may be used by the host CPU to ensure that
propertiming relationships are maintained with the Am9519A
when TACK is active. The TACK pulse width required depends
on several variables, including: operating temperature, internal
logic delays, number of interrupt controllers chained together,
and the priority level of the interrupt being acknowledged.
When delays in these variables combine to delay selection of
a request following the falling edge of the first TACK, the Pause
output may be used to extend the TACK pulse, if necessary.
Pause will remain LOW until a request has been selected, as
indicated by the falling edge of RIP. Typically, the internal
interrupt selection process is quite fast, especially for systems
with a single Am9519A, and Pause will consequently remain
LOW for only a very brief interval and will not cause extension
of the TACK timing.

Operating Options

The Mode register specifies the various combinations of
operating options that may be selected by the CPU. It is
cleared by power-up or by a reset command. Mode bit 0
specifies the rotating/fixed priority mode (see Figure 2). In the
fixed mode, priority is assigned to the request inputs based
upon their physical location at the chip interface, with IREQO
the highest and IREQ7 the lowest. In the rotating mode,
relative priority is the same as for the fixed mode and the most
recently serviced request is assigned the lowest priority. In the
fixed mode, a lower priority request might never receive
service if enough higher priority requests are active. In the
rotating mode, any request will receive service within a
maximum of seven other service cycles no matter what
pattern the request inputs follow.

Mode bit 1 selects the individual/common vector option.
Individual vectoring provides a unique location in the response
memory for each interrupt request. The common vector option
always supplies the response associated with IREQO no
matter which request is being acknowledged.

Mode bit 2 specifies interrupt or polled operation. In the polled
mode, the Group Interrupt output is disabled. The CPU may
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read the Status register to determine if a request is pending.
Since TACK pulses are not normally supplied in polled mode,
the IRR bit is not automatically cleared, but may be cleared by
command. With no TACK input, the ISR and the response
memory are not used. An Am9519A in the polled mode has El
connected to EO so that in multichip interrupt systems the
polled chip is functionally removed from the priority hierarchy.

Mode bit 3 specifies the sense of the GINT output. When
active high polarity is selected, the output is a two-state
configuration. For active low polarity, the output is open drain
and requires an external pull-up resistor to provide the high
logic level. The open drain output allows wired-or configura-
tions with other similar output signals.

Mode bit 4 specifies the sense of the IREQ inputs. When
active low polarity is selected, the IRR responds to falling
edges on the request inputs. When active high is selected, the
IRR responds to rising edges.

Mode bits 5 and 6 specify the register that will read on
subsequent data read operations (C/D = 0, RD = 0). This
preselection remains valid until changed by a reset or a
command.

Mode bit 7 is the master mask bit that disables all request
inputs. It is used to disable all interrupts without modifying the
IMR so that the previous IMR contents are valid when
interrupts are re-enabled. When the master mask bit is LOW, it
causes the EO line to remain disabled (LOW). Thus, for
multiple-chip interrupt systems, one master mask bit can
disable the whole interrupt structure. Alternatively, portions of
the structure may be disabled. The state of the master mask
bit is available as bit S3 of the Status register.

Programming

After reset, the Am9519A must be initialized by the CPU to
perform useful work. At a minimum, the master mask bit and at

least one of the IMR bits should be enabled. If vectoring is to
be used, the response memory must be loaded; if not, the
mode must be changed to a non-vectored configuration.
Normally, the first step will be to modify the Mode register and
the Auto clear register to establish the configuration desired
for the application. Then the response memory and byte count
will be loaded for those request levels that will be in use. The
response memory for every channel must be written even if
the channel is not used. Every byte need not be written, only
those specified by the byte count. Finally, the master mask bit
and at least portions of the IMR will be enabled to allow
interrupt processing to proceed.

Commands

The host CPU configures, changes and inspects the internal
condition of the Am9519A using the set of commands shown
in Figure 4. An ""X"" entry in the table indicates a ''don’t care"'
state. All commands are entered by directly loading the
Command register as shown in Figure 3 (C/D = 1, WR = 0).
Figure 5 shows the coding assignments for the Byte Count
registers. (A detailed description of each command is con-
tained in the Am9519A Application Note AMPUB-071.)

BY1 BYO COUNT
0 0 1
0 1 2
1 0 3
1 1 4

Figure 5. Byte Count Coding

COMMAND CODE

7 6 5 4 3 1 0 COMMAND DESCRIPTION
0 0 0 0 0 0 0 Reset

0 0 0 1 0 X X X |Clear all IRR and all IMR bits

0 0 0 1 1 B2 B1 B0 |Clear IRR and IMR bit specified by B2, B1, BO

0 0 1 0 0 X X X Clear all IMR bits

0 0 1 0 1 B2 B1 BO |[Clear IMR bit specified by B2, B1, BO

0 0 1 1 0 X X X | Set all IMR bits

0 0 1 1 1 B2 B1 BO [Set IMR bit specified by B2, B1, BO

0 1 0 0 0 X X X |Clear all IRR bits

0 1 0 0 1 B2 B1 BO |Clear IRR bit specified by B2, B1, BO

0 1 0 1 0 X X X Set all IRR bits

0 1 0 1 1 B2 B1 B0 |[Set IRR bit specified by B2, B1, BO

0 1 1 0 X X X X Clear highest priority ISR bit

0 1 1 1 0 X X X |Clear all ISR bits

0 1 1 1 1 B2 B1 B0 |Clear ISR bit specified by B2, B1, BO

1 [ 0 M4 M3 M2 M1 MO |[Load Mode register bits 0 -4 with specified pattern
1 0 1 0 Mé M5 0 0 Load Mode register bits 5, 6 with specified pattern
1 0 1 0 M6 M5 0 1 Load Mode register bits 5, 6 and set mode bit 7

1 0 1 0 M6 M5 1 0 Load Mode register bits 5, 6 and clear mode bit 7
1 0 1 1 X X X X Py ted IMR for subsequent loading from data bus
1 1 0 0 X X X X Preselected Auto Clear register for subsequent loading from data bus

Figure 4. Am9519A Command Summary
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APPLICATIONS
ADDRESS BUS >
+
A0-A15
s ¢
ioR RD g
oW
Am9519A 8
chy NT GINT |e—>’— IREQ
INTA TACK
RDY PAUSE
o8
DBO-DB7
+
SYSTEM DATA BUS >
AF002200
Figure 6. Base Interrupt System Configuration
A0-A15 ADDRESS BUS >
] A g i o—
B 3 Vijo—
HLDA 43 E V3 o
INY L vip-—
XTAL S060A) A
TANK D Am9OBOA
ﬁ }-l b—e{ HLDA
INTA [O
WA p——q| WR
0 » ow
RESIN 02 92 oBIN DBIN oR
ROY ROY
RESET RESET Am8228
SYNC SYNC 00-D7 K *
RDYIN +
s q e <5 R WA &S TRR oo
AmB224 GINT
Am9519A AP L Am9519A
N El EO El
PAUSE IREQ PAUSE IREQ
i : ik '
INTERRUPT INTERRUPT
REQUESTS l REQUESTS
SYSTEM DATA BUS (DBO—DB7) >

Figure 7. Expanded Interrupt System Configuration

AF002211
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ...............c.ceueeee. -65°C to +150°C
VCC with Respect to VSS...........cceuvenens -0.5V to +7.0V
All Signal Voltages

with Respect to VSS.........cccceveniinninn -0.5V to +7.0V

Power Dissipitation (Package Limitation).................. 1.5W

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.

DC CHARACTERISTICS over operating range.

OPERATING RANGES

Commercial (C) Devices
Temperature (TA)....ccooveiiiieiiniiniinennene. 0 to +70°C
Supply Voltage (VCE) «vvvevvvrerenneniiiiinnnnans 5V * 5%

Industrial (I) Devices
Temperature (TA).......covevveiiinienninnenns
Supply Voltage (Vco)

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

Parameters Description Test Conditions Min Max Units
IOH = -200uA 2.4
VOH Output High Voltage (Note 8 Volts
utput o ge (Note §) 10H = 100A (EO only) 24
IOL = 3.2mA 0.4
VoL Output Low Voltage Volts
uput Low Voliag 10L = 1.0mA (EO only) 04
VIH Input High Voltage 20 VCC Volts
VIL Input Low Voltage -05 0.8 Volts
El Input -60 10
11X Input Load Current VSS < VIN <VCC P A
Other Inputs -10 10
102 Output Leakage Current VSS < VOUT < VCC, Output Off -10 10 HA
Commercial 125
IcC VGG Supply Current o mA
Industrial 185
CO Output Capacitance fc = 1.0MHz 15
Cl Input Capacitance Ta=25°C 10 pF
CIO 1/0 Capacitance All pins at OV 20

SWITCHING TEST CIRCUIT

TC004200

This test circuit is the dynamic load of a Teradyne J941.

SWITCHING TEST INPUT/OUTPUT WAVEFORM

24
20~ qge7 20
0.5 «—POINTS—_ oo

0.45

WF007820

See section 6 for Thermal Characteristics Information.
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SWITCHING CHARACTERISTICS over operating ranges (Notes 1, 2)

Am9519A Am9519A-1
Parameters Description Units
Min Max Min Max
TAVRL | G/D Valid and CS LOW to Read LOW 0 0 ns
TAVWL C/D Valid and CS LOW to Write LOW 0 0 ns
TCLPH RIP LOW to PAUSE HIGH (Note 3) 75 375 75 375 ns
TCcLQv RIP LOW to Data Out Valid (Note 4) 50 40 ns
TDVWH Data in Valid to Write HIGH 250 200 ns
TEHCL Enable in HIGH to RIP LOW (Note 5) 30 300 30 300 ns
TIVGV Interrupt Request Valid to Group Interrupt Valid 100 800 650 ns
TIVIX :?ézraupgu?seeqtﬁta t\igar:i)cl to Interrupt Request Don't Care 250 250 ns
TKHCH TACK HIGH to RIP HIGH (Note 5) 450 350 ns
TKHKL TACK HIGH to IACK LOW (IACK Recovery) 140 120 ns
TKHNH TACK HIGH to EO HIGH (Notes 6, 7) 975 750 ns
TKHQX TACK HIGH to Data Out Invalid 20 200 20 100 ns
TKLCL TACK LOW to RIP LOW (Notes 5, 9) 75 600 75 450 ns
TKLKH TACK LOW to TACK HIGH (1st TACK) (Note 9) 975 800 ns
TKLNL JACK LOW to EO LOW (Notes 6, 7, 9) 126 100 ns
TKLPL TACK LOW to PAUSE LOW (Note 9) 25 175 25 125 ns
TKLQV TACK LOW to Data Out Valid (Notes 4, 9) 25 300 25 200 ns
TKLQV1 1st TACK LOW to Data Out Valid (Note 9) 75 650 75 490 ns
TPHKH PAUSE HIGH to TACK HIGH (1] 0 ns
TRHAX Read HIGH to C/D and TS Don't Care 0 0 ns
TRHQX Read HIGH to Data Out Invalid 20 200 20 100 ns
TRLQV Read LOW to Data Out Valid 300 200 ns
TRLQX Read LOW to Data Out Unknown 35 35 ns
TRLRH Read LOW to Read HIGH (RD Pulse Duration) 300 250 ns
TWHAX Write HIGH to C/D and CS Don't Care 25 25 ns
TWHDX Write HIGH to Data in Don't Care 25 25 ns
TWHRW Write HIGH to Read or Write LOW (Write Recovery) 600 400 ns
TWLWH Write LOW to Write HIGH (WR Pulse Duration) 300 250 ns
TKHIH TACK HIGH to GINT inactive 1000 800 ns

Notes: 1. Transition abbreviations used for the switching parameter symbols include: H = HIGH, L = LOW, V = Valid, X = unknown or don't care,
Z = high-impedance.

2. Signal abbreviations used for the switching parameter symbols include: R = Read, W = Write, Q = Data Out, D = Data In, A = Address

3.

o

(CS and C/D), K = Interrupt Acknowledge, N = Enable Out, E = Enable In, P = Pause, C= —Iﬁ

During the first TACK pulse, PAUSE will be LOW long enough to allow for priority resolution and will not go HIGH until after RIP goes
LOW (TCLPH).

. TKLQV applies only to second, third and fourth TACK pulses while RIP is LOW. During the first TACK pulse, Data Out will be valid

following the falling edge of RIP (TCLQV).

. RIP is pulled LOW to indicate that an interrupt request_has been selected. RIP cannot be pulled LOW until El is HIGH following an

internal delay. TKLCL will govern the falling edge of RIP when El is always HIGH or is HIGH early in the acknowledge cycle. The
TEHCL will govern when El goes HIGH later in the cycle. The rising edge of El will be determined by the length of the preceding
priority resolution chain.

RIP remains LOW until after the rising edge of the TACK pulse that transfers the last response byte for the selected IREQ.

. Test conditions for the EO line assume an output loading of 1IOL = 1.0 mA and IOH =-100 wA. Since EO normally only drives El of

another Am9519A, higher speed operations can be specified with this more realistic test condition.

. The arrival of TACK will cause EO to go LOW, disabling additional circuits that may be connected to EO. If no valid interrupt is

pending, EO will return HIGH when El is HIGH. If a pending request is selected, EO will stay LOW until after the last TACK pulse for
that interrupt is complete and RIP goes HIGH.

. VOH specifications do not apply to RIP, PAUSE, or to GINT when active-low. These outputs are open drain, and VOH levels will be

determined by external circuitry.

. CS must be HIGH for at least 100ns prior to TACK going LOW.
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Am9519A

SWITCHING WAVEFORMS

Data Bus Transfers
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Am9520/Am9521/AmZ8065

Burst Error Processor

DISTINCTIVE CHARACTERISTICS

® Provides for detection and correction of burst
errors
Detects errors in serial data up to 585K bits long. Allows
correction of error bursts of up to 12 bits.

e High-Speed Operation
Effective data rates up to 20 Mbits/second for Am9520/
Am9521/AmZ8065 and 30 Mbits/second for -1 ver-
sions. Fast enough for high-performance hard and soft
disk systems.

® Selectable Industry-Standard Polynomials
35-bit and 32-bit polynomials on Am9521. Am9520/
AmZ8065 additionally has popular IBM 56-bit and 48-bit
versions.

® Three correction algorithms provide flexibility
Full-period clock-around method for conforming to cur-
rent practices. Chinese remainder theorem reduces
correction time by orders of magnitude. Reciprocal
polynomial makes correction possible with 48-bit code.

® Designed for use in both microprogrammed and
microprocessor disk controller systems
Device complements both AmZ8000 and Am2900
microprocessor families and can also be used with other
microprocessors.

GENERAL DESCRIPTION

The Burst Error Processor (BEP) provides for error detec-
tion and correction for high-performance disk systems and
other systems in which high-speed serial data transfer
takes place. As data density and transfer rates increase in
both hard and floppy disks and other storage media, error
detection and correction become increasingly important.
The BEP is an LSl circuit that facilitates the most common
error detection and correction schemes accommodating
data streams of up to 585K bits at up to 20M bits/second
effective data rate.

The BEP provides a choice of four standard polynomials,
including the popular 56-bit and 48-bit versions, to satisfy a
broad range of applications. The device divides the data
stream by the selected polynomial using the rules of
algebra in polynomial fields. The resulting remainder is the
check word, which is then appended to the data for writing
on the disk as a record. When the record is read back, the
BEP computes the syndrome for data validation. If an error
is detected, the location and pattern of this burst in the data
stream is determined for corrections.
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Am9568

Am9568

Data Ciphering Processor
(DCP)

DISTINCTIVE CHARACTERISTICS

® Encrypts and decrypts data
Implements National Bureau of Standards Data Encryp-
tion Standard (DES) algorithm

® Throughput over 1.5M bytes per second
Operates at data rates fast enough for disk controllers,
high-speed DMA, telecommunication channels

® Supports three ciphering options
Electronic Code Book for disk applications, Cipher Block
Chain for high-speed telecommunications, and Cipher
Feedback for low-to-medium speed, byte-oriented com-
munications

® Three separate key registers on one chip
Separate registers for encryption key, decryption key
and master key improve system security and throughput
by eliminating need to reload keys frequently.

® Three separate data ports provide flexible inter-
face, improved security
The DCP utilizes a Master Port, Slave Port and Key Port.
Functions of the three ports can be programmed by the
user to provide for simple interface to iAPX86 and
Am2900 systems and to provide total hardware separa-
tion of encrypted data, clear data and keys.

GENERAL DESCRIPTION

The Am9568 Data Ciphering Processor is an N-channel
silicon gate LS| product containing the circuitry necessary
to encrypt and decrypt data using the National Bureau of
Standards Encryption Algorithm. It is designed to be used in
a variety of environments, including dedicated controllers,
communication concentrators, terminals and peripheral
task processors in general processor systems.

The DCP provides a high throughput rate using Cipher
Feedback, Electronic Code Book or Cipher Block Chain
operating modes. Separate ports for key input, clear data
and enciphered data enhance security.

The system communicates with the DCP using commands
entered in the Master Port and through auxiliary control
lines. Once set up, data can flow through the DCP at high
speeds because input, output and ciphering activities are all
performed concurrently. External DMA control can easily
be used to enhance throughput in some system configura-
tions.

This device is designed to interface directly to the iAPX86,
88 CPU bus and, with a minimum of external logic, to the
2900 and 8051 families of processors.
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Am9580A

Hard Disk Controller (HDC)

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

® Supports ST506/412 and IBM double density-floppy
format

® Controls up to four drives, any mix of hard and floppy
disk drives

® Two on-chip 512-byte sector buffers support zero-sector
interleaving

® Error correct algorithms supported:
- CRC/CCITT

- Single-Burst Reed-Solomon
~ Double-Burst Reed-Solomon
- External ECC (user-definable Error Correcting Code)
® Linked-list command and data structure
® On-chip DMA controller supports 32-bit addressing and
8/16-bit data

GENERAL DESCRIPTION

The Am9580A Hard Disk Controller (HDC) is a single-chip
solution to the problems encountered in designing Data
Formatters and Disk System Controllers. Together with its
companion part, the Am9582 Disk Data Separator (DDS),
the Am9580A provides all the functions which, until now,
have been found only on sophisticated board-level prod-
ucts.

The Am9580A is flexible enough to cope with the differing
requirements in today's broad marketplace while using the
advanced technology and innovative features that tomor-
row's market will demand.

The Am9580A supports both rigid and flexible disk drives
and their respective data formats. The Am9580A can
control up to four drives, allowing any mix of rigid and
flexible drives. The characteristics of each drive are inde-
pendently user-programmable.

A sophisticated on-chip DMA Controller fetches com-
mands, writes status information, fetches data to be written
on disk and writes data that has been read from disk. The
DMA operation is programmable to adjust the bus occupan-
cy, data bus width (8-bit or 16-bit), and Wait State insertion.
Two sector buffers allow zero sector interleaving to access
data on physically adjacent sectors, improving both file
access time and system throughput. Sector sizes of 128,
256 and 512 bytes are programmable.

The Am9580A insures data integrity by selecting one of two
methods: either by selecting an error detecting code (CRC-
CCITT), or one of two error correcting codes (Single- or
Double-Burst Reed-Solomon). Additionally, the HDC pro-
vides handshake signals to control external ECC circuitry to
implement any user-definable ECC algorithm.

The Am9580A provides signals which are necessary to
control external Encode/Decode and Address Mark circuit-
ry (e.g., the Am9582). By partitioning the disk control
system this way, future developments in the field of data
encoding (e.g., RLL codes) will be able to take advantage
of the HDC's advanced data formatting and control capabil-
ities.

The flexible, user-programmable disk interface can be
configured to control ST506/412 or standard double-
density floppy-disk interfaces. With additional circuitry, it
can easily be adapted to other interface standards.

The Am9580A provides a comprehensive, high-level com-
mand set for multi-sector disk 1/0, marginal data recovery,
diagnostics, and error recovery. Commands may be linked
together to be executed sequentially by the Am9580
without any host intervention. This linked-list command
structure also simplifies command insertion, deletion, or
rearrangement.

Publication #  Rev.

Amendment
05308 B /0

2.149 Issue Date: August 1986

vogsewy



Am9582

Am9582

Disk Data Separator (DDS)

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

® Complete Single-Chip Disk Data Separator for Floppy
Disk and Hard Disk Drives (minimal external compo-
nents)

® Complete on-chip Phase-Locked-Loop (PLL), frequency
may be dynamically changed

® Supports:
- 4 to 16 Mbit/sec MFM data rate for hard disks
—~ 125 to 500 kbit/sec FM data rate for single-density

floppy disks

- 250 to 1000 kbit/sec MFM data rate for double-
density floppy disks

® On-chip Write Pre-Compensation Logic (frequency pro-
portional)

® On-chip Address Mark Generator/Detector

® One Am9582 can support both floppy- and hard-disk
drives. The on- chip analog section can be dynamically
switched between the two modes. No external compo-
nent needs to be switched.

GENERAL DESCRIPTION

The Am9582 Disk Data Separator (DDS) is a single-chip
solution to several functions associated with reading and
writing data to systems having floppy- or hard-disk drives.
The Am9582 is divided into two basic sections: the Read
Section and the Write Section.

The Read Section contains an on-chip Phase-Locked-Loop
(PLL) to provide a read clock signal that tracks the FM
(Frequency Modulation) or MFM (Modified Frequency Mod-
ulation) serial data from the disk. The MFM or FM data is
then fed into the MFM/FM decoder to be converted into
NRZ (Non Return to Zero) data. A built-in Address Mark
detector recognizes the standard address marks for both
floppy and hard disks.

The Write Section contains an encoder which encodes the
incoming NRZ data and the write (reference) clock into a

single stream of either FM or MFM encoded data. The
Write Section also contains an Address Mark generator and
the Write Pre-Compensation Logic. This Address Mark
generator can generate the standard Address Marks for
both floppy- and hard-disk data formats. Write Pre-Com-
pensation compensates bit-shifting caused by the charac-
teristics (pulse superpositioning) of the magnetic media.

The Am9582 is the companion device for the Am9580A
Hard Disk Controller or the Am9590 ESDI Hard Disk
Controller. These chip sets provide a complete disk-
controller solution to interface systems with ST506- or
ST412-type hard-disk drives and floppy-disk drives. Also,
the Am9582 can be integrated on disk drives offering a
NRZ data interface (e.g., ESDI or SMD) to implement the
on-drive data separator functions (MFM) or the PLL func-
tions (RLL).
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Am95C85

Content Addressable Data Manager

PRELIMINARY

DISTINCTIVE CHARACTERISTICS

High-performance sorting, searching, and updating
1K byte software-reconfigurable memory array
Programmable record size

Cascadable up to 256 devices

Content-addressable operation, independent of record
size

® |ntelligent peripheral with sixteen powerful instructions
® Stack mode allows inserting of data without resorting
® Up to 16-MHz operation

® CMOS technology

GENERAL DESCRIPTION

The Am95C85 Content Addressable Data Manager
(CADM) is an intelligent CMOS peripheral device designed
to enhance the performance of applications involving
sorting, searching, and insertion or deletion. Orders of
magnitude performance improvement can be seen when
compared to the implementation using software algorithms.

The CADM uses an on-chip proprietary 1K byte memory for
data manipulation. This specially designed memory can be
easily reconfigured to meet different application require-
ments. The data stored in the CADM are collated into
records that consist of a key field and a pointer field. The
length of these two fields are software programmable. The
sorting and searching of records are based on the values of
the key fields. A mask register is also provided to selective-
ly mask out unwanted bits in the key field for comparison.
For applications that require large storage area for data

manipulation, the CADM can be easily cascaded up to 256
devices.

Content-addressable operation allows the host to retrieve
data without having to do extensive searching. Address
generation for memory access is done internally, relieving
the host from the burden of physical address calculation.
Stack-mode operation allows the user to delete records
simply by popping the records out of memory, and to insert
records by pushing the records into the memory.

By providing content-addressable searching, automatic
sorting, programmable record length, and address-indepen-
dent operation, the CADM allows the host to off-load
repetitive, time-consuming data manipulation. For applica-
tions that require substantial sorting, searching, and updat-
ing operations, the CADM offers significant improvement in
overall performance.
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Am95C85

CONNECTION DIAGRAM

Top View
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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

AM95C85 2

B e

(o]
{2

OPTIONAL PROCESSING
Blank = Standard processing
B = Burn-in

a

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

c. PACKAGE TYPE
J = 44-Pin Plastic Leaded Chip Carrier
(PL 044)

L4

SPEED OPTION
Blank = 16 MHz
-12 =12 MHz

a. DEVICE NUMBER/DESCRIPTION
Am95C85
Content Addressable Data Manager

Valid Combinations

Valid Combinations list configurations planned to be

Valid Combinations supported in volume for this device. Consult the local AMD

AM95CBS 5C. JcB sales office to confirm availability of specific valid

AM95C85-12 ' combinations, to check on newly released combinations, and
to obtain additional data on AMD's standard military grade
products.
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Am95C85

PIN DESCRIPTION

Host Interface

C/D Command/Data (Input)
A HIGH on this input allows the command register to be
loaded with the information on the data bus. A LOW on this
input allows the data to be read from, or written into, the
internal RAM.

CS Chip Select (Input; Active LOW)
The CS input enables the host CPU to perform read or write
operations with the Am95C85 devices. The read and write
inputs are ignored when CS is HIGH.

Dg-D7 Data Bus (Input/Output; Three State)

The eight bidirectional data pins are used for information
exchanges between the Am95C85 (CADM) and the host
processor, and between CADM parts themselves. A HIGH
on a data line corresponds to a Logic ''1,"” and a LOW
corresponds to a Logic ""0."" These lines act as inputs when
WE and CS are active, and as outputs when RE and CS are
active. Dg is the least significant bit and D7 the most
significant bit.

DONE Done (Input/Output; Active LOW, Three State)
This signal indicates the termination of an operation, and is
precharged to HIGH at the beginning of a new command,
data writes, or data reads. A LOW on this output indicates
the device is ready for the next command or data transfer.

RE Read Enable (Input; Active LOW)
The RE input, together with CS and C/D inputs, are used to
control data transfer from the Am95C85 to the host. The
Am95C85 will put the data onto the data bus when RE, CS,
and C/D inputs are LOW.

RST Reset (Input; Active LOW)
A LOW on this input will reset the Am95C85. Any command
under execution is terminated.

STAT Status (Output; Active LOW, Three State)
When LOW, the STAT output indicates that an exception
condition has occurred following the execution of an
instruction or data transfer. This pin is precharged to HIGH
at the beginning of a new command, or when a write or read
is initiated.

WE Write Enable (Input; Active LOW)

The simultaneous occurrence of WE and CS indicates that
information from the data bus is to be transferred to the
Am95C85. The C/D input determines whether the data will
be loaded into the command register or internal RAM.

Chip-to-Chip Communication

These pins are used in chip-to-chip communications in
multiple Am95C85 memory configurations. They do not affect
the system interface.

GLB Global (Input/Output; Active LOW, Three State)
This signal is used for part-to-part synchronization during
instruction execution. All CADM devices in the same bank
should have this pin connected together and pulled up

through a resistor to the power supply. This pin is
precharged to HIGH at the beginning of a new command, or
when a Write or Read is initiated.

RDWN Receive from Downward (Input; Active HIGH)
This pin should be connected to TUP of the next lower order
CADM in cascade. The last chip in the daisy chain should
have this pin pulled up to the power supply through a
resistor.

RUP Receive from Upward (Input; Active HIGH)
This pin should be connected to TDWN of the next higher
order CADM in cascade. The first chip in the daisy chain
should have this pin pulled up to the power supply through a
resistor.

TDWN Transmit Downward (Output; Active HIGH)
This signal is issued by the higher order CADM to the next
lower order CADM, in cascade, to synchronize the chip-to-
chip data transfer. It should be connected to RUP of the
next lower order CADM.

TUP Transmit Upward (Output; Active HIGH)
This handshaking signal is issued by the lower order CADM
to the next higher order CADM, in cascade, during chip-to-
chip data transfer. It should be connected to RDWN of the
next higher order CADM.

Bank-to-Bank Control

Bank-to-bank communication is needed when multiple banks
of Am95C85 devices are used in a system. The CADM array
can be grouped into multiple banks and separated by buffers.
The following signals are used to control the direction of buffer
signals that separate the banks. They can be left unconnected
if only one bank is used.

DIRD Direction of Done Signal (Output; Active LOW,
Three State)

This signal is used to control the direction of the circuit that
is buffering the DONE signal. All CADMs in the same bank
should have this pin connected together and pulled up
through a resistor to the power supply. When driven LOW,
this signal indicates that the CADM is driving the DONE
signal. This pin is precharged to HIGH at the beginning of a
new command, or when a Write or Read is initiated.

DIRG Direction of Global Signal (Output; Active
LOW, Three State)
This signal is used to control the direction of the circuit that
is buffering the GLB signal. All CADMs in the same bank
should have this pin connected together and pulled up
through a resistor to the power supply. When driven LOW,
this signal indicates that the CADM is driving the GLB signal.
This pin is precharged to HIGH at the beginning of a new
command, or when a Write or Read is initiated.

R/T Receive/Transmit (Output)
This output is driven LOW when the Am95C85 is driving the
data bus. It should be used to control the direction of buffers
which isolate the data bus from specific Am95C85 banks.
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FUNCTIONAL DESCRIPTION
Introduction

The Am95C85 Content Addressable Data Manager (CADM) is
an intelligent peripheral device intended to relieve the host
CPU of many of the time-consuming tasks associated with
data-list manipulation. Sorting and finding data are tasks
implemented by both applications software and operating
systems. By providing these functions in hardware, which were
previously the responsibility of software, execution time is
reduced. This performance improvement can be 100 to 500
times, depending upon the application.

The 44-pin Am95C85 contains 1K byte of RAM whose
organization is programmable. It contains a micro-engine,
registers, pointers, and an instruction decoder. Most of these
functions are transparent to the user.

The Programmer's View
Hardware

The Am95C85 CADM interacts with the host system through
the use of a command port, data port, and two status pins
called STAT and DONE. Both the command and data ports
are accessed through the single 8-bit data bus. The two ports
are differentiated by the use of a Command/Data pin (C/D).
The familiar signals, RE, WE, and CS are used to write and
read data or commands.

Data Array

The CADM contains 1K byte of internal RAM. It consists of a
mask area, a record area, an unused area, and an input buffer
area as shown in Figure 1. The mask area exists only if an
SMB command is issued. The length of the mask area is the
same length as the key, as specified by the KPL command.
The data stored in this area is used to select the desired bits in
the key field for comparison during the sorting and searching
process. Those mask bits with ''0'"" will cause the associated
bits in the key field to be ignored during the comparison. The
record space stores data as records in the CADM. This area
starts from address "'K" if the masking option is chosen, or
"'0" if the masking option is not chosen. It ends at the last
address as programmed by the KPL command. The length of
this area should be a multiple of (K + P) bytes. The last (K + P)
bytes are designated as input buffer area. They are reserved
to temporarily store the incoming record. The remaining area
between the record area and the input buffer is unused area
and is not accessible by the user. This area should be kept as
small as possible to optimize the performance of the CADM.

The internal RAM structure, a patented AMD design, is unique
in that the record width is controlled by the CPU, using the KPL
command. Each record is comprised of two fields, referred to
as a key field (K) and a pointer field (P). The KPL command
sets the width of these two fields, then partitions the entire
array into records, each with a length of K + P bytes. Figure 2
shows the logical model of the CADM data array. The length of
K may vary from 1 to 255 bytes, and P may be set between 0
and 255 bytes. The variable record width provides significant
flexibility that is very useful for general-purpose data manipula-
tion. It allows complex operations, such as sort and search, to
be performed on virtually any type of data. For example, the
Am95C85 devices can be used to search a file-allocation table
for a particular file address. It may then be reprogrammed to
manipulate a disk-directory table. The Am95C85 can sort a
database index file and is versatile enough to handle each of
the tasks described above, even though each has a differernt
record width.

The maximum number of records stored in each CADM
depends on the record width (K + P) and the value of Last

Address (LA). To efficiently use the memory space of the
CADM, the LA should be programmed with the following value:

if mask bytes are used,

LA = {INT[(1024 - 2+K - P)/(K+ P)]} + (K+P)+K-1
if mask bytes are not used,

LA = {INT[(1024 -K-P)/(K+ P)]} * (K+P)~1

The Am95C85 array can be easily expanded if the application
requires more record storage; up to 256 CADMs can be
cascaded to meet the application requirements. The addition
of hardware is transparent to software. The programmer still
sees one command port, one data port, one STAT pin and one
DONE pin. The only difference is that there is more record
space for data manipulation. The number of CADM devices in
cascade can be easily determined by reading the data port
after a hardware or software reset.

Addressing Flexibility

To take advantage of the flexibility of the unique memory
array, the Am95C85 allows several different addressing
modes:

1) Auto-Increment Access

2) Stack Access

3) Indirect Random Access

4) Content-Addressable Access

The programmer will first issue a command that either directly,
or by implication, places the Am95C85 CADM in a particular
addressing mode. For example, the command AIM allows the
host to read or write the currently addressed location, while
subsequent reads and writes will be to the next byte (i.e., the
CADM auto-increments the address pointer after each data
access). Alternatively, STK sets the Stack-Access mode,
which means that any subsequent data access physically
moves all data below the current location for a read or write. A
data read pops the byte at the current location, and moves all
the data below up. A data write pushes a byte on the array at
the address pointer moving all the data below down. The
Stack-Access mode allows for immediate insertion or deletion
of records (in previously sorted data), without the need for re-
sorting.

The pointer into the memory array, the address pointer, is
maintained by the Am95C85, although the programmer can
load the address pointer through the use of the LAL (Load
Address Long) and LAS (Load Address Short) commands.

The Find (FND) instruction implies a Content-Addressable
Access mode. The description of the FND command is ''set
the address pointer to the key whose value is equal to the
following bytes. If not present, point to the next higher value
key."" Following this instruction, the Am95C85 may be read to
acquire the key plus pointer that was found. Since the FND
instruction relies on the Am95C85 CADM data being in sorted
order, the next section describes how a sort can be accom-
plished.

If more records matching a particular key value are to be
located, additional FND commands without a key following the
command can be issued. In this case, the value of the key
contained in the input buffer space from the previous FND is
used. The Address Pointer is incremented and the key
comparisons are performed. This continues with each subse-
quent FND. To terminate this mode of operation, for instance
to allow a new record to be sought, a command other than
FND or RRB should be issued. The CADMs will then expect a
subsequent FND command to be followed by a new key for
which to search.
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Host-Independent Sorting

Sorting may be accomplished on data which is in the form of a
relational database index file. The programmer sets the length
of the key and pointer fields by the KPL. command and sets up
K bytes of mask if the masking option is used. The data list
may be loaded into the Am95C85 devices via DMA or slower
programmed 1/0. Two methods of sorting are possible:

1) Load data by DMA or I/0 and then issue a Sort-Off-Line
(SOF) command. This method loads all the data first and
then performs the sort. The CPU can be performing other
functions during the SOF execution. DMA completion must
be detected by software before the SOF command is
issued. DONE must be detected after the SOF command to
signal that the sort has been completed.

2) Sort-On-Line (SON) command, followed by I/0O or DMA
load, allows each record to be placed in sorted order as it is
loaded. If DMA is utilized, the CPU is free to perform other
tasks during the entire operation. DMA complete, followed
by DONE, defines the end of the sort.

The DONE pin signals the acceptance of each byte of data
and indicates the device is ready for the next byte. It also
signals the completion of the active sort for the SOF com-
mand. In the case of SON, after the last byte of each record is
received, DONE is asserted after the record is merged with
existing records. After the last record is sent to the CADM
array, the final DONE signal represents the end of Sort On
Line.

The Hardware Designer's View
Reset

The CADM will go into the reset cycle after the hardware reset
is asserted or a software-reset command is issued. Each
device in an array will number itself and determine its chip
address. The first device with RUP tied to HIGH assumes it
has a chip address of 0, the next chip assumes an address of
1, and so on, until the last device with RDWN tied to HIGH
numbers itself. Completion of reset is signaled by DONE going
LOW. After reset, the address pointer is set to the first byte
location in the last chip. The key length, K, is set to 1; the
pointer length, P, is set to 0, and the last address is set to
1023. Masking is disabled. A hardware reset is required after
power-up to bring the internal logic into a known state.

System Interface

All system interface signals are designed to be standard TTL
compatible.

The system-control signals, RE, WE, CS, and C/D are used to
control the interface between the host and the CADM array.
The command port access, with CS="'""LOW' and
C/D = "HIGH," is used to send commands to the device and
is write-only. The data port access, with CS ="LOW" and
C/D ="LOW," is used to transfer data between the host and
the CADM array when reading and writing. These control
signals should be connected to all the CADM devices in
cascade.

The CADM data bus is used for host interface and chip-to-chip
data transfer. Because of this, the CADM should not be
directly connected to the host data bus. A transceiver is

required to isolate the CADM data bus from the host data bus
to avoid possible contention.

Two pins indicate the status of the Am95C85. DONE is used to
indicate the completion of a command execution or data
transfer. STAT going active indicates an exception condition
following the execution of command or data transfer. The host
should not drive the CADM data bus when DONE is inactive;
otherwise, an unexpected outcome may occur. DONE may
stay inactive forever if an invalid command sequence is
issued. In this case, a reset is required to bring DONE back to
LOW. if there is more than one CADM in cascade, the DONE
pin from each CADM should be connected together and pulled
up through a resistor to the power supply. Similarly, the STAT
pin from each CADM should be connected together and also
tied to the power supply through a pull-up resistor.

The CLK signal should reside between 1 MHz and its
maximum rating.

Chip-To-Chip Communications

During the execution of some commands, it may be necessary
to transfer data from one chip to another. These signals, TUP,
RUP, TDWN, RDWN, and GLB are used to perform handshak-
ing between the devices involved in the transfer. RDWN
should be connected to the TUP of the next lower order chip,
and TDWN should be connected to the RUP of the next lower
order chip. The first device should have RUP pulled HIGH
through a resistor to the power supply as should RDWN of the
last device. Figure 3 shows the signal connections for cascad-
ing multiple devices.

Bank-To-Bank Control

As the number of CADMs used in the system increases, the
capacitive load seen by each CADM device will increase.
Depending on the system environment, up to 16 devices may
be cascaded. If the effective load exceeds the specified test
load, the designer will have two choices:

1) Reduce the clock frequency to the CADM array.

2) Insert a buffer circuit between banks of CADMSs to increase
driving capabilities.

If Option 1 is chosen, DIRD, DIRG and T/R are not used and
can be left unconnected. If Option 2 is chosen, DIRD, DIRG
and T/R signals are used to control the direction of buffering
circuitry between banks. Even if the designer chooses Option
2, the clock frequency still has to be slowed down from its
maximum rating because of buffer delay. The designer must
decide which option is best suited to the system.

Command Summary

There are 16 commands to control the operation of the CADM.
These commands are used to initialize the CADM, to control
the internal pointers, to load the data, and perform sorting and
searching. A command is loaded into the command register by
writing an operation code into the command port. The
command port is used to load the operation code only. For
commands that require parameters following the command
operation code, the parameters should be loaded through the
data port. Commands requiring literal data are: LAS, FND,
KPL, SMB, SON, LUD, and LAL. Table 1 summarizes the
operation code, mnemonic, and functional description for each
command.
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TABLE 1. COMMAND DESCRIPTIONS

OpCode Mnemonic Operands Functional Description
O0H RST Software reset command.
Load Address Short. Load the following two bytes of data at
OtH LAS Addr (LSB), Addr (MSB) the address pointer of the currently active device.
02H DEC Decrement the address pointer by one.
03H FND Key (MSB), ... , Key (LSB) Find the key specified following this command. Asserted STAT
(Note 1) LOW if the key is not found.
04H NXT Set the address pointer to the first byte of the next record.
05H RRB Restore the address pointer to the first byte of the current
record.
Set Auto-Increment Mode. Address pointer is incremented by
06H AIM N
one after each data read/write.
Set Stack Mode. In Stack-Access mode, a read will pop data
o7H STK out of the data array at the address pointer and a write will
push data into data array at the address pointer. The address
pointer remains unchanged.
08H KPL K, P, LA (LSB), LA (MSB) Logd length of key and pointer fields and set the last address
pointer.
09H SMB Mask (MSB), ... , Mask Set Mask Byte. The following K bytes of data will be used as
(LSB) (Note 1) mask during sorting and searching.
0AH SON Data (MSB), ... , Data Sort On Line. The CADM will insert the record into the data
(LSB) (Note 2) array in sorted order after the last byte of the record is loaded.
Load Unsorted Data. Data loaded following this command will
0BH LUD Data (MSB), ... , Data be placed in the locations after existing meaningful data, if
(LSB), ... (Note 3) ]
there is any.
OCH SOF Sort Off Line. Sort the existing data in the CADM in ascending
order.
Load Address Long. Load the following two bytes at the
ODH LAL Ad.dr (LSB), Addr (MSB), address pointer of the chip whose number is specified by the
Chip Addr "
third byte.
OEH PRE Set the address pointer to the first byte of the previous record.
OFH GSF Get Status Full. Asserted STAT LOW if the CADM record space

is full.

Notes: 1. Requires K Bytes following Opcode.
2. Requires integer multiples of (K + P) Bytes. Execution begins after each (K + P) Bytes are written.
3. Requires integer multiples of (K + P) Bytes.
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Command Execution Time

The execution time of each command is expressed in clock cycles per byte of transfer. The execution times are measured from WE
or RE to DONE as shown below.

WE or
RE

DONE

| |
—1 CADM ACTIVITY I
It
E Time
WF024170
Clock Cycles
Command per Byte Conditions
LUD 6 Command
6 Per byte within a chip
7 If crosses chip boundary
SMB 8 Command: first occurrence
7 Command: all other occurrences
6 Per mask byte for first k-1 bytes
8 For last byte
SON 8 Command
6 For first K+ P -1 bytes
16+S For last byte (where S = binary search time; see FND perfor-
mance equation)
AIM 6 Command
(Read/Write 6 If on same chip
in AIM mode) 9 If crosses chip boundary
KPL 9 Command; (+1 if only one chip in system)
6 K: (+1 if user erroneously sets K= 0)
7+2*(9-x) P: where x = number of lower order zeros in K+ P (binary)
5 LA: (Isb)
7 LA: (msb)
SOF (See Sort-Off-Line performance equation)
RST 8+4*N Where N = number of chips in system (Note: this applies to
hardware and software RESETS).
LAL 4 Command
5 Isb
4 msb
7 chip
LAS 4 Command
5 Isb
7 msb
DEC 8 If on same chip
10 If crosses chip boundary
PRE 10 If on same chip
13 If crosses chip boundary
RRB 7 Command
GSF 6 Command
FND (See FIND performance equation)
NXT 1 If on same chip
14 If crosses chip boundary
STK 6 Command
—Push- 8 If on same chip. Add one clock cycle for every chip boundary
(data write in crossing.
Stack mode)
—Pop- 14 If on same chip. Add one clock cycle for every chip boundary
(data read in crossing.
Stack mode)
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0
MASK SPACE ('K" BYTES)
Kot (OPTIONAL USAGE)
K
RECORD SPACE
[n (K+P) BYTES]
LA
LAST RECORD DETECTION SPACE (UNUSABLE)
1024 - (K + P)
INPUT BUFFER SPACE (K + P BYTES)
1023

Figure 1. Am95C85 CADM Physical Model

L MASK REGISTER

KEY FIELD

POINTER FIELD

- -~

THE NUMBER OF 95C85 CHIPS SETS THIS LENGTH

T T

SOFTWARE-

SOFTWARE-

[e————— PROGRAMMABLE
WIDTH

WIDTH

Figure 2. Am95C85 CADM Programmer's Model
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Performance
"FND (Find)"" Performance Equation

The '"'Find" performance equation assumes that the non-
matching keys are different from the search key (in the most
significant byte), and that the first match is found at the end of
the longest possible binary search. The Find command's
binary search is executed in parallel by all the CADM devices
in an array. The device that finds the first occurrence
terminates the operation by pulling DONE LOW. This explains
why, for multi-chip arrays, the "'Find'’ performance is indepen-

dent of the total number of records. This equation includes the
time required to load the search key.

""SOF (Sort-Off-Line)'' Performance Equations

The Am95C85 CADM sorting performance is data-dependent.
Best-case performance, quickest sort, is achieved from previ-
ously sorted data with no matching most significant bytes. The
data which takes the longest time to sort is already sorted in
reverse or descending order, and contains matching most
significant bytes, where only the least significant bytes differ.
The following two equations establish performance bounds for
these two extremes.

"FIND" PERFORMANCE EQUATION

39 + 5K + (5.

5+3K) (Llogz(n) ] +1)

F

""SORT OFF-LINE" PERFORMANCE EQUATIONS

Best-Case Performance:

9+N[ 20+6 (K+P)+8.5 (Llog2 (n+1)_j)]

Tsg =

Worst-Case Performance:

F

N
9+N [21+(9+ f;'l) (K+P)+ (Llogz (0 ] +1) (55+3K)]

Tsw =

F

Where: N = Total no. of records

n = No. of records in each chip
K= No. of bytes/key

P = No. of bytes/pointer

F = Frequency of Am95C85 clock
L J = Truncate notation
[ 7 =Round up notation
Tsg = Time for sort (best case)
Tsw = Time for sort (worst case)
Tg = Time for find

1024 -K-P-M
- |

K+P

M =K (if masking is used)
0 (if masking not used)

2-160




SORT TIME
(ms)

Am95C85 CADM SORT PERFORMANCE
(K=8, P=2)

WORST CASE

BEST CASE

- Il

0 500 1000 1500

NUMBER OF RECORDS

OP001821
For This Case:
Tr=6.4 us
CLK =16 MHz
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+5V
HOST ®
HOST INTERFACE = Va4
CIRCUITRY p
& < |
N\ CK TUP RUP
N =T
™\ rE
™\ WE
N\ 5 Am95C85 GLB __._¢
CADM
N\ o oRs |-
N—- STAT RIT |-
N DATA
ROWN TDWN
This diagram shows the connections ™\ cK  TuP RUP
required for cascading up to sixteen N e
Am85C85s. DIRG, DIRD and T/R are
control signals which are used when N\ RE
connecting multiple banks (of up to N
18 devices) together. WE
N = AmosCes  G(B _q
CADM
N\— o/b oG |—
®- STAT RT |-
?— BONE RS |—
N\ DATA
RDWN TDWN
[\ CLK TUP RUP
N\ At
N\ nE
N\ 1 we
N\ Amo5C85
\ capm GLB
c/b oRs
STAT R/T |—
] tonE oW
— DATA
RDWN TDWN

+5V

Figure 3. Am95C85 Cascade Circuit

DEVICE ‘0

DEVICE '1'

DEVICE 'N'

AF003833
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ...............occueeeennnen -65 to +150°C
Voltage on Any Pin
with Respect t0 GND .........cccoceviiiveniennnn, -05 to +7

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.

DC CHARACTERISTICS over operating ranges unless otherwise specified

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta) .
Supply Voltage (Vce)

..... 0 to +70°C

+45 to +55 V

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

16 MHz
Parameter Parameter
Symbol Description Test Conditions Min. Max. Units
loH=-16 mA
VOH Output HIGH Voltage (%HH s :A for TUP, TDWN) 24 vee v
loL =16 mA
VoL Output LOW Voltage (%H _s SA for TUP, TOWN) 0 0.45 v
ViH Input HIGH Voltage 2.0 Vce +0.5 v
ViL Input LOW Voltage -0.5 0.8 )
i Input Leakage Current 0 VL VIN< Ve +10 HA
ILo Output Leakage Current 0 V< Vour<Vce +10 MA
Maximum Average Power Supply
lcc Current 200 mA
Maximum Average Pow /i
lccs Standby Current utputs unloaded, No-ops 125 mA
Vee Power Su 4.5 5.5 v
CAPACITANCE*
16 MHz
Parameter Parameter
Symbol Description Test Conditions Min. Max. Units
Cy Input Capacitance 10
" fc =1 MHz,
Co Output Capacitance L(J:nmeasurezd Pins at GND 13 pF
Cio 1/0 Capacitance 17

*The capacitance values are guaranteed by design and are not tested.

See Section 6 for Thermal Characteristics Information.
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified

16 MHz 12 MHz
Parameter Parameter -

No. Symbol Description Min. Max. Min. Max. Units
SYSTEM-TO-CADM TIMINGS

1 tcc CLK Period 62 1000 82 1000 ns

2 toH CLK HIGH Time 26 36 ns

3 tcL CLK LOW Time 26 36 ns

4 tps Data Setup Before CLK LOW for Write 5 5 ns

5 toH Data Hold After CLK LOW for Write 24 24 ns

6 tws WE Setup Before CLK LOW 10 10 ns

7 tww WE Pulse Width ) 86 106 ns

8 twH WE Hold After CLK LOW 14 14 ns

9 tRs RE Setup Before CLK LOW 10 10 ns
10 tRR RE Pulse Width 86 106 ns
1 tRH RE Hold After CLK LOW 14 14 ns
12 tcss CS Setup Before CLK LOW 10 y 10 ns
13 tcsw CS Pulse Width 106 ns
14 tcSH CS Hold After CLK LOW 14 ns
15 tcps C/D Setup Before CLK LO 10 ns
16 tcow 86 106 ns
17 tcoH 14 14 ns
18 tss 10 10 ns
19 tsw 210 270 ns
20 tsH RST Hold After CLK LOW 14 14 ns
CADM-TO-SYSTEM TIMINGS

21 tLDVR CLK LOW to Data Valid for Read 26 37 ns
22 tHDTR CLK HIGH to Data Three-State for Read . 20 30 ns
23 tCHDH CLK HIGH to DONE, DIRD HIGH 20 30 ns
24 tcLoT CLK LOW to DONE, DIRD Three State 20 30 ns
25 tcHDL CLK HIGH to DONE, DIRD LOW 20 30 ns
26 tCHSH CLK HIGH to STAT HIGH 20 30 ns
27 toLsT CLK LOW to STAT Three State 20 30 ns
28 toHSL CLK HIGH to STAT LOW 20 30 ns
29 toLRL CLK LOW to R/T LOW 26 37 ns
30 tCHRH CLK HIGH to R/T HIGH 20 30 ns




SWITCHING CHARACTERISTIC (Cont'd.)

§8Jos6WY

16 MHz 12 MHz
Parameter Parameter
No. Symbol Description Min. Max. Min. Max. Units

CADM-TO-CADM TIMINGS

31 — ?A':)seH'GH to R/T LOW for Interchip Data 20 30 ns
32 tHDVI (”ZAI(.)I:SHIGH to Data Valid for Interchip Data 5 20 5 30 ns
a3 tHoTI 8::; Fh‘,:gye to Data Three State for Interchip 20 30 ns
34 tCHGH CLK HIGH to GLB HIGH 20 30 ns
35 toLaT CLK LOW to GLB Three State 20 30 ns
36 tCHGL CLK HIGH to GLB, DIRG LOW 20 30 ns
37 tLDGH CLK LOW to DIRG HIGH 26 37 ns
38 tHDGT CLK HIGH to DIRG Three State 20 30 ns
39 tHTUH CLK HIGH to TUP HIGH 20 30 ns
40 tHTUL CLK HIGH to TUP LOW 20 30 ns
41 tLTUL CLK LOW to TUP LOW 15 20 ns
42 tRDSL RDWN Setup Before CLK LOW 6 ns
43 tRDHL RDWN Hold After CLK LOW 36 ns
44 tRUSL RUP Setup Before CLK LOW 6 ns
45 tRUHL RUP Hold After CLK LOW 36 ns
46 tHTDH 20 30 ns
47 tHTDL 20 30 ns
48 tLTDH 15 20 ns
49 tRUDT RUP HIGH to Data Three State 0 15 0 20 ns
50 tRURH RUP HIGH to R/T HIGH (for Pop) 0 15 0 25 ns
51 tRDDT RDWN LOW to Data Three State 0 15 0 20 ns
52 tRDRH RDWN LOW to R/T HIGH (for Push) 0 15 0 25 ns
53 tDHTD 32‘:6":'00'? ;\;;e)r TDWN HIGH for Interchip Data 0 0 ns

Data Hold After TUP LOW for Interchip Data
54 tDHTU Move 0 0 ns
(for Push)

55 tpsL DONE Setup Before CLK LOW 6 6 ns
56 toHL DONE Hold Afier CLK LOW 26 36 ns
57 tgsL GLB Setup Before CLK LOW 6 6 ns
58 tGHL GLB Hold After CLK LOW 26 36 ns
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SWITCHING TEST CIRCUITS

DEVICE

AC Loading
1 KN
DEVICE
UNDER
TEST
300 pF * 20 pF
GLB, DIRG, DIRD T
DONE, STAT
TC003981
DEVICE

UNDER
TEST |
C

All other outputs T

UNDER
TEST l

DATABUS T

L

where C = 100 pF * 20 pF for R/T

CL= 20 pF for TUP,

TDWN
TC003991

300 pF = 20 pF

TC004001

SWITCHING TEST WAVEFORMS

CLK

Clock

A

/_
_@

WF023670

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45

Input/Output

WF009540
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SWITCHING WAVEFORMS

CLK r\./'\f\f\.;b\;;"\_;‘ch\f\ﬁfqu\flrf\/\/'\./'\f\./\.}"\
— 50\
RST | ©® N ,
‘@ >
RUP |7 "
Tup [P 4
69— |<-— B hadl
RDWN 1) . \ )
TDWN [(1) i «
RUP [@ E) ) @v
RT &— J:‘ «
1 2
i — 5 ®
RDWN |[(0-) A e
TUP | @l - I‘
TDWN |(-1) 47
RUP |(n) a5l e :
Rﬁ {@ é) > ._
(n-1) hd £J
RDWN «
() / v
TOWN [\ "
DDy _
DONE A J:
{4n+8) cycles [where n is the number of CADMs] >

Hardware Reset Timing
Note: TUP and TDWN are guaranteed to be LOW only when the CLK is LOW.
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SWITCHING WAVEFORMS (Cont'd.)

&

%

(NOTE 1)

e W W WV U5 IV SN o U S VAR NVA AN S VAR
©-_’|4 [ — 0 {C (4 (4
——mw J\7)———$ {//////// P’ " ﬁl L
@ |+ —» 4
T O— % § %
R\ % .
W
@ % § $

(NOTE 3)_. @

Command Write Timing
Notes: 1. Any CADM may drive the data bus at any time during the command.
2. STAT is indeterminate one cycle before %NE. It must be qualified with DONE being asserted.
3. GLB and DIRG may occur multiple times or not at all during the command.
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SWITCHING WAVEFORMS (Cont'd.)

TN W SV W B eV Sa N b S5 NIV NIVEAN o NVAn W
@—»L — —> ®
{C {C N (4
wE o AP/ $
s Sl - y g g
{C
@—»L l— T 47
& — § ——
on| N R B —
@ — (NOTE 1)
DyDy |- - -f-- - omen PoA--q---F-4----- F--t--F---- e B .
R/-'f { ‘g g (4
—
ot el - [~®
DONE f——— "~ i St r’""ﬁ' """ il iy Satil- ) Mttt {"""'&

NOTE 3
( ) &)

WF024060

Data Write Timing

Notes: 1. Any CADM may drive the data bus at any time during the write.
2. STAT is indeterminate one cycle before DéNE It must be qualified with DONE being asserted.

3. GLB and DIRG may occur multiple times or not at all during the write.

m 68056WY



0LL-2

Am95C85

SWITCHING WAVEFORMS (Cont'd.)

af L W B aV oS o SNV NS e
e o P y | 4 4
—WQH — ¥ —»] ‘{////
O 4 4 4
C/iSF_w1 % —4 1] )
O - @ (NOTE 1)
P - P SR Y B I S
07
RT
DONE
DIRD

STAT

DIRG |-=======-- * P e I

WoTES) | &

Data Read Timing
Notes: 1. Any CADM may drive the data bus at any time during the read.
2. STAT is indeterminate one cycle before DONE. It must be qualified with DONE being asserted.
3. GLB and DIRG may or may not occur during the read. _
4. TUP and TDWN are not guaranteed to be LOW during the cycle’when T/R switches LOW during a read.
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CLK

TUP

RUP
TDWN
Do 07

RDWN

SWITCHING WAVEFORMS (Cont'd.)

......

X A \ w

...........

Pop Timing
Note: TUP and TDWN are guaranteed to be LOW only when the CLK is LOW.

start
chip

propagate
chip

end
chip
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CLK

TUP

Do-D7

3

RDWN

Do-D7

TUP

RDWN

Do D7

TR

SWITCHING WAVEFORMS (Cont'd.)

start
chip

propagate
chip

) 7 \ A X ;t :L___
e — @ o]
i
Oz __,l )
------------ -  nmcripreass - -1- £ D R R R
Jr@ 3
@ - [«6 <
----------- .-< propagme chp [y _ 4 — (propageme cipready ~ = = = = = = = = = ~ = 4
CD—tfer ® 4+ [«6d)
\ vl
—» @
®
I \
@
y
@ — &
------------- £ - -1- ondchipdrives [y - - = = = = = = = = = -
® —il-e
p S
Push Timing

Note: TUP and TDWN are guaranteed to be LOW only when the CLK is LOW.

end
chip
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SWITCHING WAVEFORMS (Cont'd.)

CLK ZAAWE WAV/AAWE VAV A VA YA WA

®
DONE 5 ®_i:! 5 f

@+ T®
RUP & f i R
@ 8
RDWN « « «
D)) V4 »
WF024100

Drive GLB, DONE, RUP, RDWN Timing
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INPUT/OUTPUT CIRCUIT DIAGRAMS

Inputs: RE, WE, CS, C/D, RST, RDWN, RUP

*

ESD
PROTECTION

—
L,

ESD
PROTECTION

L

Bi-Directional: DONE, D0-7, GLB, TUP, TDWN*

TC004110

? -
ESD
PROTECTION
—
— E
ESD
PROTECTION
= _-[_-— e
TC004120
*TUP and TDWN are inputs for test mode only
Outputs: STAT, DIRG, DIRD, R/T
_*
ESD
PROTECTION
—
—oud
—
ESD
PROTECTION
. T
TC004130
Clocks: CLK
* i
ESD
PROTECTION
x> |
ESD
PROTECTION 4
L

TC004140
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80186

High Integration 16-Bit Microprocessor
iAPX86 Family

DISTINCTIVE CHARACTERISTICS

® |Integrated feature set
- Enhanced 10MHz 8086-1 CPU
— Clock generator
— Two independent, high-speed DMA channels
— Programmable interrupt controller
— Three programmable 16-bit timers

— Programmable memory and peripheral chip-select

logic
— Programmable wait state generator
— Local bus controller
® Available in 10MHz (80186-10), 8MHz (80186)
® High performance processor
- Two times the performance of the standard 8086

— 4M byte/sec bus bandwidth interface

Direct addressing capability to 1M byte of memory

Completely object code compatible with all existing

iAPX 86, 88 software

- Ten new instruction types

—~ Compatible with 29843/45, 29833/63, 8284, and
8288 bus support components

Optional numeric processor extension

Available in 68-pin Plastic Leaded Chip Carrier (PLCC),

Ceramic Leadless Chip Carrier (LCC), and Pin Grid Array

(PGA) packages.

GENERAL DESCRIPTION

The 80186 is a highly integrated 16-bit microprocessor. It
effectively combines 15-20 of the most common iAPX 86

system components onto one. The 80186 provides two

times greater throughput than the standard 5MHz 8086.
The 80186 is upward compatible with 8086 and 8088

software and adds 10 new instruction types to the existing
set.

The 80186 comes in a 68-pin package and requires a single
+5V power supply.
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ORDERING INFORMATION

Commodity Products

AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of: a. Temperature Range

b. Package Type

c. Device Number

d. Speed Option

e. Optional Processing

il R 80186 B

—L— e. OPTIONAL PROCESSING

Blank = Standard Processing
B =Burn in

a

. SPEED OPTION
Blank = 8 MHz
-10=10 MHz

o

. DEVICE NUMBER/DESCRIPTION
80186

High-Integration 16-Bit Microprocessor

b. PACKAGE TYPE
R = 68-Pin Ceramic Leadless Chip Carrier (CA2068)
A =68-Terminal Pin Grid Array (CGX068)
N = 68-Pin Plastic Leaded Chip Carrier (PL 068)

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

Valid Combinations
Valid Combinations list configurations planned to be supported in

Valid Combinations volume for this device. Consult the local AMD sales office to
confirm availability of specific valid combinations, to check on
80186 newly released valid combinations, and to obtain additional data
A R N 8018610 on AMD's standard military grade products.
A R, 1A, IR 80186B *This device is also available in Military temperature range. See

MOS Microprocessors and Peripherals Military Handbook (Order
#09275A/0) for electrical performance characteristics.

3-3
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80186

PIN DESCRIPTION

Pin No. Name 170 Description

9, 43 Vce, Voo | System Power: +5 volt power supply.

26, 60 Vss, Vss | System Ground.

57 RESET o Reset Output indicates that the 80186 CPU is being reset; and can be used as a system reset. It is
active HIGH, synchronized with the Erocessor clock, and lasts an integer number of clock periods
corresponding to the length of the signal.

59, 58 X1, X2 | Crystal inputs, X1 and X2, provide an external connection for a fundamental mode parallel resonant
crystal for the internal crystal oscillator. X1 can interface to an external clock instead of a crystal. The
input or oscillator frequency is internally divided by two to generate the clock signal (CLKOUT).

56 CLKOUT o Clock Output provides the system with a 50% duty cycle waveform. All device pin timings are specified
relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities for a numeric processor extension.

24 RES | System Reset causes the 80186 to immediately terminate its present activity, clear the internal logic,
and enter a dormant state. This signal may be asynchronous to the 80186 clock. The 80186 begins
fetching instructions approximately 7 clock cycles after RES is returned HIGH. RES is required to be
LOW for greater than 4 clock cycles and is internally synchronized. For proper initialization, the LOW-to-
HIGH transition of RES must occur no sooner than 50 microseconds after power up. This input is
provided with a Schmitt-trigger to facilitate power-on RES generation via an RC network. When RES
occurs, the 80186 will drive the status lines to an inactive level for one clock, and then tri-state them.

47 TEST | TEST is examined by the WAIT instruction. If the TEST input is HIGH when "WAIT" execution begins,
instruction execution will suspend. TEST will be resampled until it goes LOW, at which time execution
will resume. If interrupts are enabled while the 80186 is waiting for TEST, interrupts will be serviced.
This input is synchronized internally.

20 TMR in 0, | Timer inputs are used either as clock or control signals, depending upon the programmed timer mode.

21 TMR IN1 | These inputs are active HIGH (or LOW-to-HIGH transitions are counted) and internally synchronized.

22 TMR OUT 0, o Timer outputs are used to provide single pulse or continuous waveform generation, depending upon the

23 TMR OUT 1 o timer mode selected.

18 DRQO | DMA Request is driven HIGH by an external device when it desires that a DMA channel (Channel 0 or 1)

19 DRQ1 | perform a transfer. These signals are active HIGH, level-triggered, and internally synchronized.

46 NMI | Non-Maskable Interrupt is an edge-triggered input which causes a type 2 interrupt. NMI is not maskable
internally. A transition from a LOW to HIGH initiates the interrupt at the next instruction boundary. NMI is
latched internally. An NMI duration of one clock or more will guarantee service. This input is internally
synchronized.

45, 44 INTO, INT1 | Maskable Interrupt Requests can be requested by strobing one of these pins. When configured as

42 INT2/INTAO 1/0 inputs, these pins are active HIGH. Interrupt Requests are synchronized internally. INT2 and INT3 may

41 INT3/INTA1 1/0 be configured via software to provide active-LOW interrupt-acknowledge output signals. All interrupt
inputs may be configured via software to be either edge- or level-triggereed. To ensure recognition, all
interrupt requests must remain active until the interrupt is acknowledged. When iRMX mode is selected,
the function of these pins changes (see Interrupt Controller section of this data sheet).

65-68 A19/S6 o Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most significant address bits

A18/S5 [e] during T4. These signals are active HIGH. During T, T3, Tw, and T4, status information is available on
A17/84, o these lines as encoded below:
A16/S3 o
Low High
S6 Processor Cycle DMA Cycle
S3, S4, and S5 are defined as LOW during T2-T4.

10-17 AD15-ADO 170 Address/Data Bus (0-15) signals constitute the time multiplexed memory or I/0 address (T1) and data

1-8 (T2, T3, Tw, and T4) bus. The bus is active HIGH. Ag is analogous to BHE for the lower byte of the data
bus, pins D7 through Dg. It is LOW during T4 when a byte is to be transferred onto the lower portion of
the bus in memory or |/O operations.

64 BHE/S7 [¢] During T4 the Bus High Enable signal should be used to determine if data is to be enabled onto the
most significant half of the data bus, pins D15-Dg. BHE is LOW during T4 for read, write, an interrupt
acknowledge cycles when a byte is to be transferred on the higher half of the bus. The Sy status
information is available during To, T3, and T4. S7 is logically equivalent to BHE. The signal is active
LOW, and is tristated OFF during bus HOLD.

BHE and A0 Encodings
HE Value A0 Value Function
0 0 Work Transfer
0 1 Byte Transfer on upper half of data bus (D15-D8)
1 0 Byte Transfer on lower half of data bus (D7-Do)
1 1 Reserved
61 ALE/QSO [¢] Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the address into the 8282/

8283 address latches. ALE is active HIGH. Addresses are guaranteed to be valid on the trailing edge of
ALE. The ALE rising edge is generated off the rising edge of the CLKOUT immediately preceding T4 of
the associated bus cycle, effectively one-half clock cycle earlier than in the standard 8086. The trailing
edge is generated off the CLKOUT rising edge in T4 as in the 8086. Note that ALE is never floated.




PIN DESCRIPTION (Cont.)

Pin No.

170

Description

63

WR/Qs1

Write Strobe/Queue Status 1 indicates that the data on the bus is to be written into a memory or an I/0
device. WR is active for Tp, T3, and Ty of any write cycle. It is active LOW, and floats during ""HOLD." It
is driven HIGH for one clock during Reset, and then floated. When the 80186 is in queue status mode,
the ALE/QSO0 and WR/QS1 pins provide information about processor/instruction queue interaction.

Qs1 Qso Queue Operation

No queue operation

First opcode byte fetched from the queue
Subsequent byte fetched from the queue
Empty the queue

~<|alolo
o|lal=alo

62

RD/QSMD

Read Strobe indicates that the 80186 is performing a memory or I/0 read cycle. RD is active LOW for
To, T, and Tw of any read cycle. It is guaranteed not to go LOW in T2 until after the Address Bus is
floated. RD is active LOW, and floats during ""HOLD." RD is driven HIGH for one clock during Reset,
and then the output driver is floated. A weak internal pull-up mechanism on the RD line holds it HIGH
when the line_is not driven. During RESET the pin is sampled to determine whether the 80186 should
provide ALE, WR, and RD, or if the Queue-Status should be provided. RD should be connected to GND
to provide Queue-Status data.

55

ARDY

Asynchronous Ready informs the 80186 that the addressed memory space or I/0O device will complete
a data transfer. The ARDY input pin will accept an asynchronous input, and is active HIGH. Only the
rising edge is internally synchronized by the 80186. This means that the falling edge of ARDY must be
synchronized to the 80186 clock. If connected to Vcc, no WAIT states are inserted. Asynchronous
ready (ARDY) or synchronous ready (SRDY) must be active to terminate a bus cycle. If line is unused, it
may remain connected to Vcg or it may be connected to Vgs (in which case the programmer must
initialize the part to inhibit the external pins).

49

SRDY

Synchronous Ready must be synchronized externally to the 80186. The use of SRDY provides a
relaxed system-timing specification on the Ready input. This is accomplished by eliminating the one-half
clock cycle which is required for internally resolving the signal level when using the ARDY input. This
line is active HIGH. If this line is connected to Vcc no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active before a bus cycle is terminated. If line is unused,
it may remain connected to Vcc or it may be connected to Vgg (in which case the programmer must
initialize the part to inhibit the external pins).

48

LOCK output indicates that other system bus masters are not to gain control of the system bus while
LOCK is active LOW. The [LOCK signal is requested by the LOCK prefix instruction and is activated at
the beginning of the first data cycle associated with the instruction following the LOCK prefix. It remains
active until the completion of the instruction following the LOCK prefix. No prefetches will occur while
LOCK is asserted. When executing more than one LOCK instruction, always make sure there are six
bytes of code between the end of the first LOCK instruction and the start of the second LOCK
instruction. COCK is active LOW, is driven HIGH for one clock during RESET, and then floated.

52-54

Bus cycle status SO-S2 are encoded to provide bus-transaction information:
80186 Bus Cycle Status Information

Bus Cycle Initiated
Interrupt Acknowledge
Read 1/0

Write 1/0

Halt

Instruction Fetch
Read Data from Memory
Write Data to Memory
1 1 Passive (no bus cycle)

The status pins float during ""HOLD."" _ _
S2 may be used as a logical M/IO indicator, and S1 as a DT/R indicator.
The status lines are driven HIGH for one clock during Reset, and then floated until a bus cycle begins.

)
-
7]
ol

=|o|Oo|=|=|O|C
Oo|=|Oo|=|O|=|OC

NIRRT Fl

50
51

HOLD (input)
HLDA (output)

HOLD indicates that another bus master is requesting the local bus. The HOLD input is active HIGH.
HOLD may be asynchronous with respect to the 80186 clock. The 80186 will issue a HLDA in response
to a HOLD request at the end of T4 or T1 Simultaneous with the issuance of HLDA, the 80186 will float
the local bus and control lines. After HOLD is detected as being LOW, the 80186 will lower HLDA. When
the 80186 needs to run another bus cycle, it will again drive the local bus and control lines.

34

ucs

Upper Memory Chip Select is an active LOW output whenever a memory reference is made to the
defined upper portion (1K-=256K block) of memory. This line is not floated during bus HOLD. The
address range activating UCS is software programmable.

33

Lower Memory Chip Select is active LOW whenever a memory reference is made to the defined lower
portion (1K-256K) of memory. This line is not floated during bus HOLD. The address range activating
LCS is software programmable.

38, 37, 36,
35

Mid-Range Memory Chip Select signals are active LOW when a memory reference is made to the
defined mid-range portion of memory (8K-512K). These lines are not floated during bus HOLD. The
address ranges activating MCS0-3 are software programmable.

25
27-30

7

PCS1-4

[e)e]

Peripheral Chip Select signals 0-4 are active LOW when a reference is made to the defined peripheral
area (65K byte 1/0 space). These lines are not floated during bus HOLD. The address ranges activating
PCS0-4 are software programmable.

3-5
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80186

PIN DESCRIPTION (Cont.)

Pin No. Name 1/0 Description

31 PCS5/A1 o Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth peripheral chip select, or
to provide an internally latched A1 signal. The address range activating PCS5 is software
programmable. When programmed to provide latched A1, rather than PCS5, this pin will retain the
previously ‘latched value of A1 during a bus HOLD. At is active HIGH.

32 PCS6/A2 o Peripheral Chip Select 6 or Latched A2 may be programmed to provide a seventh peri%heral chip select,
or to provide an internally latched A2 signal. The address range activating PCS6 is software
programmable. When programmed to provide latched A2, rather than PCSS, this pin will retain the
previously latched value of A2 during a bus HOLD. A2 is active HIGH.

40 DT/R o Data Transmit/Receive controls the direction of data flow through the external 29833/29863 data bus
transceiver. When LOW, data is transferred to the 80186. When HIGH the 80186 places write data on
the data bus.

39 DEN (o} Data Enable is provided as a 29833/29863 data bus transceiver output enable. DEN is active LOW
during each memory and 1/0 access. DEN is HIGH whenever DT/R changes state.

DETAILED DESCRIPTION

Introduction

The following Functional Description describes the base archi-
tecture of the 80186. The architecture is common to the 8086,
8088, and 80286 microprocessor families as well. The 80186 is
a very high integration 16-bit microprocessor. It combines 15-
20 of the most common microprocessor system components
onto one chip while providing twice the performance of the
standard 8086. The 80186 is object code compatible with the
8086, 8088 microprocessors and adds 10 new instruction types
to the existing 8086, 8088 instruction set.

80186 BASE ARCHITECTURE

The 8086, 8088, 80186, and 80286 family all contain the same
basic set of registers, instructions, and addressing modes. The
80186 processor is upward compatible with the 8086, 8088,
and 80286 CPUs.

Register Set

The 80186 base architecture has fourteen registers as shown
in Figures 3a and 3b. These registers are grouped into the
following categories.

General Registers

Eight 16-bit general purpose registers used to contain arithme-
tic and logical operands. Four of these (AX, BX, CX, and DX)
can be used as 16-bit registers or split into pairs of separate 8-
bit registers.

Segment Registers

Four 16-bit special purpose registers select, at any given time,
the segments of memory that are immediately addressable for
code, stack, and data. (For usage, refer to Memory Organiza-
tion.)

Base and Index Registers

Four of the general purpose registers may also be used to
determine offset addresses of operands in memory. These
registers may contain base addresses or indexes to particular
locations within a segment. The addressing mode selects the
specific registers for operand and address calculations.

Status and Control Registers

Two 16-bit special purpose registers record or alter certain
aspects of the 80186 processor state. These are the Instruc-
tion Pointer Register, which contains the offset address of the
next sequential instruction to be executed, and the Status
Word Register, which contains status and control flag bits (see
Figures 3a and 3b).

Status Word Description

The Status Word records specific characteristics of the result
of logical and arithmetic instructions (bits 0, 2, 4, 6, 7, and 11)
and controls the operation of the 80186 within a given
operating mode (bits 8, 9, and 10). The Status Word Register
is 16-bits wide. The function of the Status Word bits is shown
in Table 2.

16-8IT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 ]
oonessamie | - |t ) HSTENENES,
IN
(8-BIT oX OH oL
REGISTER .
NAMES cx CH cL ) LOOP/SHIFT/REPEAT/COUNT
SHOWN)
8x B8H BL
BASE REGISTERS
8P
St
INDEX REGISTERS
o .
sp ) STACK POINTER
15 [
GENERAL
REGISTERS

5 0
cs CODE SEGMENT SELECTOR
os DATA SEGMENT SELECTOR
s STACK SEGMENT SELECTOR
ES EXTRA SEGMENT SELECTOR
SEGMENT REGISTERS
15 0
F 8TATUS WORD
1d INSTRUCTION POINTER
STATUS AND CONTROL
REGISTERS

TB000045

Figure 3a. 80186 General Purpose Register Set
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AUXILIARY CARRY

STATUS FLAGS:

CARRY

PARITY

ZERO

SIGN
OVERFLOW

15 14 13 12 1

[o] ‘ EAEAERNNEINWEINES,

CONTROL FLAGS:
TRAP FLAG
INTERRUPT ENABLE

DIRECTION FLAG

RESERVED

DF002910

Figure 3b. Status Word Format

Table 2. Status Word Bit Function

Bit
Position

Name

Function

CF

Carry Flag — Set on high-order bit carry
or borrow; cleared otherwise.

PF

Parity Flag — Set if low-order 8 bits or
result contain an even number of 1-bits;
cleared otherwise.

AF

Set on carry from or borrow to the low
order four bits of AL; cleared otherwise.

ZF

Zero Flag — Set if result is zero; cleared
otherwise.

SF

Sign Flag— Set equal to high-order bit
of result (0 if positive, 1 if negative).

TF

Single Step Flag— Once set, a single
step interrupt occurs after the next in-
struction executes. TF is cleared by the
single step interrupt.

Interrupt-enable Flag — When set,
maskable interrupts will cause the CPU
to transfer control to an interrupt vector
specified location.

10

DF

Direction Flag— Causes string instruc-
tions to auto decrement the appropriate
index register when set. Clearing DF
causes auto increment.

11

OF

Overflow Flag — Set if the signed result
cannot be expressed within the number
of bits in the destination operand;
cleared otherwise.

Instruction Set

The instruction set is divided into seven categories: data
transfer, arithmetic, shift/rotate/logical, string manipulation,
control transfer, high-level instructions, and processor control.
These categories are summarized in Figure 4.

An 80186 instruction can reference anywhere from zero to
several operands. An operand can reside in a register, in the
instruction itself, or in memory. Specific operand addressing
modes are discussed later in this data sheet.

Memory Organization

Memory is organized in sets of segments. Each segment is a
linear contiguous sequence of up to 64K (216) 8-bit bytes.
Memory is addressed using a two-component address (a
pointer) that consists of a 16-bit base segment and a 16-bit
offset. The 16-bit base values are contained i one of four
internal segment registers (code, data, stack, extra). The
physical address is calculated by shifting the base value LEFT
by four bits and adding the 16-bit offset value to yield a 20-bit
physical address (see Figure 5). This allows for a 1 MByte
physical address size.

All instructions that address operands in memory must specifiy
the base segment and the 16-bit offset value. For speed and
compact instruction encoding, the segment register used for
physical address generation is implied by the addressing
mode used (see Table 3). These rules follow the way
programs are written (see Figure 6) as independent modules
that require areas for code and data, a stack, and access to
external data areas.

Special segment override instruction prefixes allow the implicit
segment register selection rules to be overridden for special
cases. The stack, data, and extra segments may coincide for
simple programs.

3-7
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80186

GENERAL PURPOSE INS Input bytes or word string
MOV Move byte or word ouTs Output bytes or word string
PUSH Push word onto stack CMPS Compare byte or word string
POP Pop word off stack SCAS Scan byte or word string
PUSHA Push all registers on stack LODS Load byte or word string
POPA Pop all registers from stack STOS Store byte or word string
XCHG Exchange byte or word REP Repeat
XLAT Translate byte ggggl Repeat while equal/zero
INPUT/OUTPUT
IN Input byte or word SEE,’E/ Repeat while not equal/not zero
ouT Output byte or word
ADDRESS OBJECT LOGICALS
LEA Load effective address NOT "Not" byte or word
LDS Load pointer using DS AND "And" byte or word
LES Load pointer using ES OR "Inclusive or" byte or word
FLAG TRANSFER XOR ""Exclusive or' byte or word
LAHF Load AH register from flags TEST "Test" byte or word
SAHF Store AH register in flags SHIFTS
PUSHF Push flags onto stack SHL/SAL Shift logical/arithmetic left byte or word
POPF Pop flags off stack SHR Shift logical right byte or word
SAR Shift arithmetic right byte or word
ADDITION ROTATES
ADD Add byte or word ROL Rotate left byte or word
ADC Add byte or word with carry ROR Rotate right byte or word
INC Increment byte or word by 1 RCL Rotate through carry left byte or word
AAA ASCIl adjust for addition RCR Rotate through carry right byte or word
DAA Decimal adjust for addition
SUBTRACTION FLAG OPERATIONS
SuB Subtract byte or word STC Set carry flag
SBB Subtract byte or word with borrow CLC Clear carry flag
DEC Decrement byte or word by 1 CMC Complement carry flag
NEG Negate byte or word STD Set direction flag
CMP Compare byte or word CLD Clear direction flag
AAS ASCII adjust for subtraction STI Set interrupt enable flag
DAS Decimal adjust for subtraction CLI Clear interrupt enable flag
MULTIPLICATION EXTERNAL SYNCHRONIZATION
MUL Multiply byte or word unsigned HLT Halt until interrupt or reset
IMUL Integer multiply byte or word WAIT Wait for TEST pin active
AAM ASCIl adjust for multiply ESC Escape to extension processor
DIVISION LOCK Lock bus during next instruction
DIV Divide byte or word unsigned NO OPERATION
IDIV Integer divide byte or word NOP l No operation
AAD ASCI! adjust for division HIGH LEVEL INSTRUCTIONS
CBW Convert byte to word ENTER Format stack for procedure entry
CWD Convert word to doubleword LEAVE Restore stack for procedure exit
MOVsS Move byte or word string BOUND Detects values outside prescribed range

All mnemonics copyright Intel Corp.

Figure 4. 80186 Instruction Set
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CONDITIONAL TRANSFERS

UNCONDITIONAL TRANSFERS

JA/JNBE Jump if above/not below nor equal CALL Call procedure
JAE/JNB Jump if above or equal/not below RET Return from procedure
JB/JNAE Jump if below/not above nor equal JMP Jump

JBE/JNA Jump if below or equal/not above

JC Jump if carry ITERATION CONTROLS
JE/JZ Jump if equal/zero

JG/JNLE Jump if greater/not less nor equal LOOP Loop

JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/JNG Jump if less or equal/not greater JCXZ Jump if register CX =0
JNC Jump if not carry

JNE/JINZ Jump if not equal/not zero INTERRUPTS

JNO Jump if not overflow

JNP/JPO Jump if not parity/parity odd INT Interrupt

JINS Jump if not sign INTO Interrupt if overflow

JO Jump if overflow IRET Interrupt return

JP/JPE Jump if parity/parity even

Js Jump if sign

Figure 4. 80186 Instruction Set (continued)

All mnemonics copyright Intel Corp.

To access operands that do not reside in one of the four
immediately available segments, a full 32-bit pointer can be
used to reload both the base (segment) and offset values.

SHIFT LEFT 4 BITS
LOGICAL
ADDRESS
- B

= PHYSICAL ADDRESS

19 0
TO MEMORY
DF002920

Figure 5. Two Component Address

Table 3. Segment Register Selection Rule

Memory Segment
Reference Register Implicit Segment
Needed Used Selection Rule
Instructions Code (CS) | Instruction prefetch and im-
mediate data.
Stack Stack (SS) | All stack pushes and pops;
any memory references
which use BP Register as a
base register.
External Extra (ES) All string instruction refer-
Data ences which use the DI reg-
(Global) ister as an index.
Local Data Data (DS) All other data references.
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Figure 6. Segmented Memory Helps
Structure Software
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80186

Addressing Modes

The 80186 provides eight categories of addressing modes to

specify operands. Two addressing modes are provided for

instructions that operate on register or immediate operands:

® Register Operand Mode: The operand is located in one of
the 8- or 16-bit general registers.

® /mmediate Operand Mode: The operand is included in the
instruction.

Six modes are provided to specify the location of an operand

in a memory segment. A memory operand address consists of

two 16-bit components: a segment base and an offset. The

segment base is supplied by a 16-bit segment register either

implicity chosen by the addressing mode or explicitly chosen

by a segment override prefix. The offset, also called the

effective address, is calculated by summing any combination

of the following three address elements:

® the displacement (an 8- or 16-bit immediate value con-
tained in the instruction);

® the base (contents of either the BX or BP base registers);
and

® the index (contents of either the Sl or DI index registers)

Any carry out from the 16-bit addition is ignored. Eight-bit
displacements are sign extended to 16-bit values.

Combinations of these three address elements define the six

memory addressing modes, described below.

® Direct Mode: The operand's offset is contained in the
instruction as an 8- or 16-bit displacement element.

® Register Indirect Mode:The operand's offset is in one of the
registers Si, DI, BX, or BP.

® Based Mode: The operand's offset is the sum of an 8- or
16-bit displacement and the contents of a base register (BX
or BP).

® Indexed Mode: The operand's offset is the sum of an 8- or
16-bit displacement and the contents of an index register
(Sl or DI).

® Based Indexed Mode: The operand's offset is the sum of
the contents of a base register and an index register.

® Based Indexed Mode with Displacement: The operand's
offset is the sum of a base register's contents, an index
register's contents, and an 8- or 16-bit displacement.

Data Types

The 80186 directly supports the following data types:

® nteger: A signed binary numeric value contained in an 8-bit
byte or a 16-bit word. All operations assume a 2's comple-
ment representation. Signed 32 and 64 bit integers are
supported using a numeric data processor.

® Ordinal: An unsigned binary numeric value contained in an
8-bit byte or a 16-bit word.

® Pointer: A 16- or 32-bit quantity, composed of a 16-bit offset
component or a 16-bit segment base component in addition
to a 16-bit offset component.

® String: A contiguous sequence of bytes or words. A string
may contain from 1K to 64K bytes.

® ASCII: A byte representation of alphanumeric and control
characters using the ASCI! standard of character represen-
tation.

® BCD: A byte (unpacked) representation of the decimal
digits 0-9.

® Packed BCD: A byte (packed) representation of two deci-
mal digits (0-9). One digit is stored in each nibble (4-bits) of
the byte.

® Floating Point: A signed 32-, 64-, or 80-bit real number
representation. (Floating point operands are supported
using a numeric data process