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PREFACE

The present state of MOS LSI semiconductor technology has permitted powerful and complex general-
purpose processors to be economically incorporated into single silicon chips. This capability ushers in a new era
of system design, where for the first time low cost tools are available for solving many complex problems.
Significant levels of computing power are now available inexpensively and can be used both to lower the cost of
high performance systems and to improve the efficiency of programmers in their increasingly more complex
tasks.

The AmZ8000 Family is the first integrated processor family to fully exploit this new era, breaking tradition with
the legacy of compromised performance dictated by past manufacturing technologies. The two processors in the
family incorporate many of the features heuristically evolved from both minicomputer and main-frame systems.
This gives the applications programmer, the systems programmer and the system designer the power and
flexibility required for today’s complex systems.

This Data Book is one of a series of documents that support the AmZ8000 Family. The AmZ8000 Processor
Instruction Set book (AM-PUBO086) provides a complete, detailed description of all the processor instructions;
the AmZ8000 Interface Manual (AM-PUBO089) provides a detailed discussion of the CPU interface and its use
with several support devices; AmZ8010 Memory Management introduction (AM-PUB093). Additional informa-
tion is currently being prepared for publication. ‘
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INTRODUCTION

Advanced Micro Devices has undertaken a significant commit-
ment to the world of 16-bit fixed-instruction-set processors. AMD
is bringing to the market:

A new, advanced processor architecture,

A complete family of LS| peripheral circuits,

e A complete family of system support circuits,

e A complete family of memories and memory support circuits,
o Complete technical documentation,

e Effective development system products,

e Extensive support software.

This book describes all of these items in as much detail as is
available at press time. Future editions will be propagated as new
information is aenerated. Some of the data included here is
preliminary and is intended to aid long-term planning. The factory
should be contacted for the latest technical data on specific
products and for the latest product availability information.

A farge majority of future microprocessor applications will be
serviced by a combination of single-chip microcomputer products
such as the Am8048 series and by 16-bit microprocessors such
as the AmZB000. Where applications are simple enough, the 8-bit
microcomputer chips will tend to be used. Increasing software

costs and throughput requirements will cause the 16-bit CPUs to

dominate the balance of the designs because they can answer
these problems more efficiently. Conventional 8-bit micro-
processors will serve a shrinking share of new designs.

In addition to significant increases in throughput that flow directly
from the 16-bit structures, improved technology and more
sophisticated architectures add even more performance.
Software cost savings are being realized due to more powerful
instruction sets, and in conjunction with sophisticated high-level
languages such as PASCAL. Language compilers allow the pro-
grammers to write, debug and document programs in a shorter
time span. This is vitally important for such a labor-intensive
activity where costs are rapidly rising. The declining costs of
technology-intensive LS| hardware can be used to improve
software costs.

The AmZB8000 processors, in terms of resources, system fea-
tures, instructions, interface and architecture, represents a major
advance in microprocessor sophistication and system-level per-
formance. The processors form the heart of a large family of
components, systems, software, documentation and support. In
addition to existing peripheral chips, a variety of new advanced
peripherals has been designed to support the AmZ8001 and

AmZ8002 processors. Figure 1 shows these new MOS/LSI

components.

Several types of products are available for buffering, driving,
latching, decoding and control functions. These are useful within
the system as well as for external interface and for implementing
memory subsystems. Additional specialized components have
been designed for control of specific memory subsystem func-
tions such as refreshing and error correction.

A wide variety of memory devices are available to support the
AmZB000 Family. Advanced Micro Devices manufactures many
types of RAMs, ROMs, PROMs, EPROMs and FIFOs. Memories,
of course, are essential elements in any processor design. In-
deed, processors can be considered as tools for converting logic
gates and algorithms into memory cells, thus providing user
access to the excelient levels of technology available via
memories.

An AmZ8000 Evaluation Board is available from Advanced Micro
Computers for quick hands-on experience with the AmZ8000. Itis
a complete small computer with RAM, ROM and several 1/O
ports. Available software includes a resident monitor and a simple
line-by-line assembler. The AmMSYS™8/8 Microcomputer De-
velopment System supports the AmZ8000 Family as well as other
microprocessors such as the Am8080, Am8085 and Z80. The
system includes RAM, dual 8 inch Floppy Disk drives and several
serial and parallel interfaces.

A powerful set of development software is available with the
AmMSYS /8 to make the complex process of product development
easier and faster. The software includes a sophisticated Disk
Operating System, Macro Assemblers, a linking loader, a pow-
erful editor and debugger and a PASCAL compiler.

Advanced Micro Devices has an educational department which
offers courses on the AmZ8000 microprocessor family, Am2900
bit-slice family and on related topics. Check with your AMD sales
office for course outlines and schedules.

Advanced Micro Devices was conceived on the premise that
there was a place in the semiconductor community for a manu-
facturer dedicated to excellence. This attitude is manifested in
many ways throughout the structure of the company and has
been maintained consistently throughout the life of AMD. In prod-
uct assurance procedures, Advanced Micro Devices is unique.
Only AMD processes all integrated circuits, commercial as well
as military, to the demanding requirements of MIL-STD-883. The
AmZ8000 microprocessors and its family of support devices are
no exception; every component is 100% screened to MIL-STD-
883, Method 5004, Class C.
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CPUs

Amz8001 SEGMENTED CPU

AmZ8002 NON-SEGMENTED CPU

CLOCK GENERATOR

Amz8127 SYSTEM CLOCK
GENERATOR

BUFFERS

AmZ8103/4/7/8 OCTAL BIDIRECTIONAL
BUFFERS

AmZ8140/44 OCTAL BUFFERS

REGISTERS AND LATCHES

Am28133/73  OCTAL LATCH
Amz8120 OCTAL REGISTER
DECODERS

Amzs121 OCTAL COMPARATOR
AmZ8136 1 OF 8 DECODER
AmZ8148 1 OF 8 DECODER

ANALOG INTERFACE

Am8080 8-BIT D/A
Am608t 8-BIT D/A
Am6012 12-BIT D/A
Am6108 A/D

LSI PERIPHERALS

AmZz8010 MEMORY MANAGEMENT UNIT
Am28016 DMA TRANSFER CONTROLLER
AmZ8030 SERIAL COMMUNICATION CONTROLLER
AmZ8036 COUNTER/TIMER AND PARALLEL

110 UNIT _
AmZ8038 FIFO INPUT/OUTPUT INTERFACE UNIT
AmZz8052 CRT CONTROLLER
AmZ8060 FIFO BUFFER UNIT AND FIO EXPANDER
AmZ8065 BURST ERROR PROCESSOR
Am28068 DATA CIPHERING PROCESSOR
AmZ8073 SYSTEM TIMING CONTROLLER
Am8255A PROGRAMMABLE PERIPHERAL INTERFACE
AmI5TIA ARITHMETIC PROCESSING UNIT
AmO512 FLOATING-POINT PROCESSOR
AmISI7A MULTIMODE DMA CONTROLLER
Am9519 UNIVERSAL INTERRUPT CONTROLLER
MEMORY INTERFACE
AmZz8160 ERROR DETECTION AND CORRECTION
AmZ8161/62  MULTIPLE BUS BUFFERS
AmZz8163 DYNAMIC MEMORY TIMING,

REFRESH AND EDC CONTROLLER
AmZz8164 DYNAMIC MEMORY CONTROLLER
AmZz8165/66  OCTAL MEMORY DRIVER

Figure 1. The AmZ8000 Family.

MOS-320
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PROCESSOR ARCHITECTURAL OVERVIEW
INTRODUCTION

The AmZ8000 is an advanced high-end 16-bit microprocessor
designed to span a wide variety of applications. Its features allow
itto be used effectively in complex, high-throughput systems, yet
it remains efficient for simpler systems as well. The AmZ8000 is
available in two versions: the AmZ8001 48-pin segmented CPU
and the AmZ8002 40-pin non-segmented CPU. The difference
between the two devices is the addressing range: the AmZ8001
can directly address eight megabytes of memory per memory
space and the AmZ8002 can directly address 65 kilobytes of
memory per memory space. To meet the requirements of com-
plex, memory intensive applications, the AmZ8010 Memory
Management Unit offers logical-to-physical address transiation
and several memory protection features.

The AmZ8000 has abundant CPU resources that include numer-
ous registers, many data element types, a large instruction set
and several addressing modes. Not only are the CPU resources
abundant, but they exhibit a consistency and regularity not found
in previous microprocessor architectures. Regularity of register
organization, data types, instructions and addressing modes

greatly simplifies the programming process and reduces program
length.

Compiler, compiler-produced, and operating system code all run
efficiently on the AmZ8000. The AmZ8000 supports compilers
with features such as a consistent instruction set, large address
space, relocation, multiple stacks and some specific instructions
(Push, Pop, Increment, Test).

Operating systems are supported by features such as system
and normal modes, system and normal stacks, specific instruc-
tions (System Call, Load Program Status and privileged instruc-
tions), and by a sophisticated interrupt and trap structure. This
structure includes three types of interrupts (non-maskable, non-
vectored and vectored) and four types of traps (system calls,
illegal instructions, privileged instructions and segment errors).

Multi-microprocessor systems are supported in software by ex-
clusion and synchronization instructions and in hardware by the
Micro In and Micro Out interface lines.

~—-] AS AD15
sus | |gs AD14
TIMING i
-] WREG AD13
AD12 [=—m
~——] READ/WAITE A1
AD10 e
~—] NORMAL/SYSTEM ADS fa—em
~—] BYTE/WORD AD8 [:: ADDRESS/DATA
Ap7
-—s13 ADG [
-] s72 ADS [=—
STATUS S
—1sT1 AD4
~—{s10 AD3
AmZ8001/2 AD2
cpu E:
cpu| —| warE Aot
CONTROL) —] 5708 Apo
ous | — 5UsAG SNG |—
CONTROL | ] BUSAR SN5 |—~
L sS4 SEGMENT
J— —
[ N SN3 NUMBER
INTERRUPTS | ——=] Vi SN2
l —]mw SNt |—= AmZ8001
SNO f—= ONLY
MuLTIMICRO | a
CONTROL = a— SEGMENT
| ree] SEGT f=— rpap
‘ I l l In—essr
+5V  GND CLK DECOUPLE
(DO NOT USE) MOS-273

CPU Pin Configuration

ro | RHO | RLO |
RRO
m| RH1 1 RL1 1
RQO
Rz | RH2 1 RL2 |
RR2
R | RH3 | RL3 ]
re| AW R |
RR4
Rs|  RHs 1 RLS |
RQ4
e |  RWs J RLG |
AR
A7 | RH7 1 RLT 1
Re [ ]
RR8
Ro | ]
RQ8
ao | ]
RR10
A1 | ]
m2 | ]
RR12
A1 | |
re | | } o
R | NORMAL STACK POINTER
RR14
rs | SYSTEM STACK POINTER ] |\__amzsoor
ONLY
ris | NORMAL STACK POINTER |
MOS-274

General-Purpose Registers
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CPU RESOURCES

Not only must the address space of an advanced architecture by
large, but its CPU resources must be abundant enough for the
solution of large problems.

Registers

The AmZ8000 offers sixteen 16-bit general-purpose registers in
addition to special system registers. All 16 general-purpose reg-
isters may be used as accumulators and all but RO as index
registers and stack pointers. The first eight registers (R0-R7) can
be used as sixteen 8-bit byte registers. For operations requiring
long words (32 bits), the general purpose registers are grouped in
pairs (RR0-RR14). For certain 64-bit operands (i.e., multiplication
and division with long words), the register set is grouped in
quadruples (RQO-RQ12) to form 64-bit registers.

The CPU instruction set supports seven main data types: bits,
BCD digits, bytes, words (16 bits), long words (32 bits) byte
strings and word strings. Additionally, many other data elements
suich as memory addr , /O addr , segment table en-
tries and program status words may also be manipulated.

Stacks

.The AmZ8000 allows data stacks to be located anywhere in
memory. Push and Pop instructions allow any register (except
RRO (AmZ8001) and RO (AmZ8002)) to be designated as data
stack pointers. Call and Return instructions, as well as interrupts
and traps use the (implied) linkage stack pointers. For the
AmZ8001, the register pair RR14 (R14 and R15) is the linkage
stack pointer, while for the AmZ8002 register R15 is the linkage
stack pointer.

The CPUs operate in one of two selectable modes: System and
Normal. The System mode is sometimes called a Supervisor or
Privileged mode and the Normal mode is sometimes known as
User or Task or Nonprivileged mode. Separation from system
information is provided by a dual set of linkage stack pointers. In
the AmZ8001, the register pair R14’ and R15’ will be used in the
System mode as the implied stack pointer, while the AmZ8002
will use the R15' register. Because the implied stack pointers are
part of the general-purpose register group, the user can manip-
ulate the stack pointers with any of the instructions available for
register operation.

Program Status Information

This group of status registers contains the program counter (PC),
the flag and control word (FCW) and the new program status area

pointer (NPSAP). When an interrupt or trap occurs, the Program
Status registers (PC and FCW) are saved on the system stack.
An Identifier that describes the reason for interruption is also
saved. The NPSAP provides the memory location for loading new
information into the PC and FCW registers.

The CPU Control bits occupy the upper byte of the Flag and

- Control Word. The bits may be read and loaded by the privileged

LDCTL instruction. The Control bits are:

— SEG Segmented Mode Enable
— S/N  System or Normal Mode
—~ VIE Vectored Interrupt Enable

— NVIE Non-Vectored Interrupt Enable

The SEG bitindicates segmented operation in the AmZ8001 if set
to 1. When the SEG bit is 0, the AmZ8001 is forced into non-seg-
mented operation and will interpret all programs as non-seg-
mented. In this mode, the AmZ8001 executes AmZ8002 non-
segmented code. The AmZ8002 SEG bit is always set to 0 and
cannot be altered by the programmer.

The CPU Flags occupy the lower byte of the Flag and Control
Word. The privileged instructions LDCTLB, RESFLG and
SETFLG are used to load, read, set and clear the flags. The Flag
bits are:

— C Carry Result

- Z  Zero Result

— 8 Sign Result

~ P/V Even Parity or Overflow
— DA Decimal Adjust

- H Half Carry

Interrupt and Trap Structure

The AmZ8000 provides a flexible and powerful interrupt and trap
structure. Interrupts are asynchronous events triggered by an
external device requesting service, while traps are synchronous
events occurring upon the execution of certain instructions. The
AmZ8000 supports three types of interrupts (non-maskable,
vectored and non-vectored) and four traps (system call, unim-
plemented instruction, privileged instructions and segmentation
trap). The vectored and non-vectored interrupts are maskable.
When an interrupt or trap occurs, a 16-bit identifier (in addition to
the PC and FCW registers) is pushed onto the system stack.

15
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The identifier contains the reason for the trap or interrupt. For
internal traps, the identifier is the first word of the trapped instruc-
tion. For external traps or interrupts, the identifier is placed on the
data bus by the interrupting or trapping peripheral.

Memory Refresh

The AmZ8000 CPUs contain a refresh counter for automaticaily
refreshing dynamic memory. A 9-bit row counter can address up
to 256 rows and thereby assures compatibility with the latest 64K
dynamic memories. It is incremented by two each time the rate
counter reaches end-of-count. The rate counter determines the
time between successive refreshes and can be programmed
from 1 to 64usec assuming a 4MHz CPU clock. The refresh
mechanism can be disabled under software control.

ROW

J S . |

15 14 9 8
AL Lmlﬁl IJ Lt )}

Refresh Counter MOS-276

Large Addressing Space

High-level languages, sophisticated operating systems, large
data bases, large programs and decreasing memory prices are
all accelerating the trend toward larger memories. The AmZ8000
processors can directly address up to eight megabytes of mem-
ory per address space. Four convenient, separate address
spaces exist in both versions of the AmZ8000 processors: code
and data for both the system mode and the normal mode.

Each space is addressed by a 16-bit or 23-bit address. Thus the
total system addressing for a user is 32M bytes for the AmZ8001
and 256K bytes for the AmZ8002. Instructions are always ad-
dressed on word boundaries (even-numbered addresses) while
data is addressed by byte, word, long word, or quadruple word
addresses. A specific bit can also be addressed within a byte or
word address.

The AmZ8000 also has a 16-bit /O addressing space which is
separate from the memory address space. An attractive comple-
ment of single element |/O and block I/O instructions exist for
bytes and words.

Additionally, many useful memory management features, are
provided by the AmZ8010 Memory Management Unit when used
as a companion to the AmZ8001. These features will extend the
life of the architecture by avoiding memory address limitations
that have hampered microprocessors in the past.

The only drawback of the long addresses required by the large
addressing space is the larger size of the instructions and the
need for register pairs for some addressing modes. This problem
is minimized by segmented addressing features, the use of short
addresses in many situations, relative addressing ability and by
the availability of a large number of general-purpose registers.

Memory Management

AmZ8001 programs can directly access the entire address
space. A full address mode is available where 23 bits are set
aside within the instruction for the address. The AmZ8001 also
offers a mode called short offset mode in which the same address
can be expressed by 16 bits in many situations where the higher-
order offset bits are zeros.

Alternative methods commonly employ fixed internal registers
that contain address extensions. Although these methods may
use shorter instruction addresses, the byte savings are lost be-

cause many instructions are required to explicitly manage the
contents of the registers. The AmZ8001 can use variations of
these methods; however, it also provides direct addressing that
removes the necessity for those extra instructions and unburdens
the programmer from managing the register contents.

Another important feature provided to the system designer is the
ability to distinguish externally between System code and Normal
code, and in both cases, to distinguish between instruction space
and data space. If this feature is utilized, the AmZ8001 can
address up to 32 megabytes of memory. Aided by system pro-
grams, the memory management unit can help manage the large
address space on behalf of the user.

Segmentation is the mechanism provided to address the large
amount of memory addressable by the AmZ8001. A segmented
address is made of two parts: a segment number and an offset
value. The AMZ8G001 can designate up to 128 scgments that
reference areas of memory variable in size from 256 bytes to 64
kilobytes, in increments of 256 bytes.

The only difference between running segmented or non-seg-
mented code is the number of bytes per address and the number
of registers used for full addresses. Code written for the non-
segmented AmZ8002 can run in one segment of the segmented
AmZ8001. Thus, full compatibility exists between the two
versions.

The AmZ8010 Memory Management Unitessentially doubles the
silicon area available for the processor function (and adds pins as
well). Hence, it also doubles the hardware available to the de-
signer for implementing more high-end features than otherwise
would have been possible. Some of these features inciude vari-
able sized segments, more sophisticated dynamic memory relo-
cation and several types of memory protection attributes.

Addresses manipulated by the programmer are called logical
addresses. The MMU translates these logical addresses to
physical addresses required for accessing the memory. This
address transformation makes user software addresses inde-
pendent of the actual physical memory thus freeing the user from
specifying where information is actually located in memory. The
translation table in the Memory Management Unit associates the
7-bit segment number with the base address of the physical
memory segment. The 16-bit offset portion of the logical address
from the CPU is added to the physical base address to obtain the
actual physical address. The system may dynamically reload
translation tables as tasks are created, suspended, or changed.
Memory protection features preventillegal uses of segment, such
as writing into a write-protected zone. Several Memory Manage-
ment Units may be used with a single CPU.
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Instructions

Compared to other microprocessors or to 16-bit minicomputers,
the number and power of individual instructions has been greatly
increased. Over 110 distinct instruction types are available with
the AmZ8000. Byte, word and long-word data elements can be
processed by all the core instructions. Each instruction, with few
exceptions, can use most of the addressing modes. Over 410
meaningful combinations of instruction types, data elements and
addressing modes are available.

The instruction set provides nine basic instruction groups: Load
and Exchange, Arithmetic, Logical, Program Control, Bit Manip-
ulation, Shift and Rotate, String Manipulation, CPU Control, and
InputOutput. Instructions vary in length from one to five words
depending on the operation and addressing mode. String and
block move instructions are interruptable to enhance response
time. Also provided are signed-multiply and signed-divide in-
structions implemented in hardware for both 16-bit and 32-bit
values.

The instruction set provides several user-selectable addressing
modes including five main modes: Register (R), Indirect Register
(IR), Direct Address (DA), Indexed (X) and Immediate (IM). For
certain instructions, there are other modes: Base Address (BA),
Base indexed (BX), Relative Address (RA), Autoincrement and
Autodecrement.

Code Density

For a given hardware technology, microprocessor speed is
largely dependent on the number of executed instruction words
needed for a particular function. Therefore, code density be-
comes an important issue in high-performance systems. The
AmZ8000 offers several advantages in this respect.

The number of words required to specify frequently executed
instructions has been minimized. A special group of high fre-
quency instructions has been designed into single words. This
not only improves speed, but increases code density as well.

A short offset mechanism is also designed to allow certain 23-bit
addresses to be reduced to a single word. It can be automatically
invoked by assemblers and compilers.

Additional large improvements in program size and speed result
from the consistent and regular architecture, and the greater
power of the instruction set. These factors allow fewer instruc-
tions to accomplish a given task.

Compiler Efficiency

It is tempting to adapt a computer architecture that efficiently
executes a particular high-level language. Any special-purpose
match between an architecture and a language is efficient for that
language, but most likely inefficient for unrelated languages.
Since the AmZ8000 is a general-purpose microprocessor, gen-
eral language support has been provided through the inclusion of
features that ease typical compilation and code-generation
problems for all high-level languages.

Among these features is the regularity of the AmZ8000 addres-
sing modes, registers and data element types. In addition, any

register can be used as a data stack pointer with the Push and
Pop instructions. Segmentation and relocation are useful fea-
tures for high-level language procedure implementation. Proce-
dure parameter passing is aided by these features as well as by
special increment and decrement instructions which are usefulin
stack frame allocation and de-allocation. Base Address and Base
Indexed addressing modes are also useful for stack frames.
Useful testing and comparison of data, logical evaluation and
initialization are made very efficient by several special instruction
types. Compilers and assemblers handle character blocks quite
frequently and the string manipulation instructions provide un-
usual efficiency compared to software simulations of these im-
portant tasks. '

Operating System Support

Interrupt and task-switching features are included to improve
operating system implementations. The memory-management
and compiler-support features also contribute effectiveness in
this environment.

The interrupt structure has three levels: non-maskable, non- -
vectored and vectored. When an interrupt occurs, the program
status is saved on the stack with an indication of the reason for
this state switching. A new program status is then loaded from
memory and execution proceeds using the new Program
Counter. In the case of a vectored interrupt, each vector points to
a unique new Program Counter, providing direct access to par-
ticular service routines.

’The System/Normal partition improves operating system integrity

and organization. In the System mode, all operations are allowed;
in the Normal mode, certain system instructions are prohibited.
The System Call instruction allows a controlled switch of mode,
and the implementation of traps enforces these restrictions. Dual
linkage stack pointers also support the System/Normal partition.

Traps result in the same type of program status saving as inter-
rupts; in both cases, the information saved is pushed on the
system linkage stack and keeps the normal stack undisturbed.
The Load Multiple instruction allows the contents of any group of
the general registers to be saved and restored efficiently in mem-
ory. Running system programs can cause selective or general
program status changes under direct software control.
Finally, exclusion and serialization can be achieved with the
“atomic” Test and Set instruction that synchronizes cooperating
processes.

Multiprocessor Support

The AmZ8000 exclusion/serialization mechanism is designed for
multimicroprocessor systems. Any CPU in a multiprocessor sys-
tem can exclude all other asynchronous CPUs from any critical
shared resource by using the Micro In (ul) input and Micro Out
(1O) output in conjunction with several coordinating instructions.

In addition, the large address space of the AmZ8000 proves to be
a beneficial feature in most multiprocessor systems.
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SYSTEM ARCHITECTURE OVERVIEW
INTRODUCTION

The AmZ8000 CPU and peripheral device family support a vari-
ety of interface exchanges. The AmZ8000 processors are de-
signed to handle five basic types of transfers: memory opera-
tions, I/O operations, resource request daisy chain, bus request
daisy chain and interrupt request daisy chain. These interface
exchanges share most of a common set of control signals. Most
of the AmZ8000 peripherals use a similar control structure and
some subset of the five basic transfer types. Some of the features
of the system structure are:

Juxtaposition and coordination of five different buses.
Transparent bus for asynchronous peripheral operations.
Multiptexed /0 and memory cperations.

Multiplexed Address and Data transfers.

Full parallel 23-bit addresses.

Preemptive interrupt daisy chains.

Interrupt protocol allows vectors for peripheral identification.
Resource allocation uses exclude/grant daisy chain.

Bus requests use daisy chain for contention resolution.

® 006 00 000

Memory Operations

The AmZ8000 CPU offers a powerful combination of memory
access techniques to a word organized memory. The CPU distin-
guishes between instructions, data and stack entries in both
System and Normal modes and outputs a combination of status
and bus timing signals. The status lines consist of four outputs
whichindicate the type of bus access; a Normal/System line to aid
in selecting system or user memory space; a Byte/Word output
line to allow addressing of an individual byte or a 16-bit word; and
the Read/Write output indicating the direction of data flow.

Both versions of the AmZ8000 exhibit the identical set of status
lines thereby allowing convenient access to separate 64K byte
address spaces: system code, normal code, system data, nor-
mal data. The AmZ8001, through its additional seven segment
number outputs allows extension of its address spaces to 8M
bytes each. The AmZ8010 Memory Management Unit can further
enhance memory space usage and allocation in the AmZ8001.
The MMU offers the capability of generating.a 24-bit physical
address from the 23-bit logical addresses emitted by the CPU.
Thus the AmZ8001 can directly address any 8M bytes within a
16M byte physical memory. Furthermore, memory address seg-

Status Line Codes

ST3-STO Definition
0000 Internal operation
0001 Memory refresh
0010 1/O reference
0011 Special I/O reference
0100 Segment trap acknowledge
0101 Non-maskable interrupt acknowledge
0110 Non-vectored interrupt acknowledge
0111 Vectored interrupt acknowledge
1000 Data memory request
1001 Stack memory request
1100 Frograim refeiencs, mn word
1101 Instruction fetch, first word

ments can be of any size that is a multiple of 256 bytes and may
overlap. Each Memory Management Unit may transtate up to 64
address segments. If more segments are required, several Mem-
ory Management Units may simply be paralieled.

The AmZ8000 bus timing signals consisting of three signals:
MREQ whose level indicates a memory or /O type transfer; AS
which is an address strobe (an address is indicated valid by its
rising edge); and DS which s the data strobe (data read or written
is also indicated valid by the rising edge of DS). A typical memory
fetch cycle occurs within three CPU clock cycles thereby allowing
the usage of moderate access time memories for price/perfor-
mance enhancement. A WAIT bus control input is also available
on the CPU thus allowing even slower memory operation.

I/O Operations

1/O operations between the AmZ8000 CPU and its peripherals
are transacted on the same multiplexed address/data bus lines
and are distinguished only by status outputs. (MREQ HIGH
specifies an I/O operation while status lines ST0-ST3 specify
either a standard I/O address space or a special 1/O address
space: for example, an AmZ8010 MMU.) The /O address space
can, therefore, be two separate 16-bit address spaces, in addition
to the memory space, if the status lines are decoded in conjunc-
tion with MREQ signal. The large I/O address space allows great

WAIT
(OPTIONAL)

_ RW
STATUS N/S(OPTIONBAL | N
* \s70-3 (OPTIONAL) cEgmoL
— GIC
As
TIMING 0%
MREG
J L A0 u
A1S A15
HIGH Low
ADDR ORDER ORDER
BYTES BYTES
ADIS Al M
MUX D15 D8 o7 oo
ADO
< DATA
MOS-278

Figure 1. Typical Memory Organization.
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Figure 2. AmZ8010 Managed Segmented Memory.
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versatility for accessing intensive register oriented peripher-
als: AmZ8000 -peripherals typically follow the philosophy of al-
lowing read and write operations to all their internal registers.

1/O mapped 8-bit peripherals can be located on either the upper or
lower half of the address/data bus for data transfers; the
AmZ8000 CPU duplicates a data byte on both halves of the bus
when executing a byte write I/O operation.

A byte read I/O operation follows the same principle as byte read
memory operations: Odd addresses refer to the low-order byte
(ADO-AD7 bus) and even addresses to the high-order byte
(AD8-AD15 bus).

Eight and 16-bit wide peripherals can be intermixed on the same
bus, as the AmZ8000 provides both pyte and word I/O oriented
instructions, as well as Block I/O instructions for rapid data trans-
fers (i.e., /O peripheral register initialization).

AmZ8000 peripherals are not required to be synchronous with the
CPU, because no clock is transmitted. AS and DS strobe signals
provide the timing. In addition, the CPU inserts an automatic wait
state whenever an I/O operation is performed. Additional wait
states can be inserted by a slow peripheral by activating the
AmZ8000 CPU wait status input.

he] T2 T

cLocK I

o TR X
STATUSES
(BIW, N'S, X
STO-ST3)

SNO-SN6

_

{=- INSERT WAIT STATE

M

kﬁtu
UJ

SEGMENT NUMBER

X

/
wa [\ /]
|/
s X
|

READ | DS

mw___/
X

AD MEMORY ADDRES! DATA OUT

WRITE | DS

/]

N A A

MOS-280

Figure 3. Memory Read and Write Timing.
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Figure 4. Input/Output Timing.

Interrupt Daisy Chain Protocol

An interrupt daisy chain protocol enables peripherals to act as
slaves to the CPU. In contrast to I/O transactions which occur on
the data bus in an orderly fashion; each peripheral, with interrupt
capability, may attempt to use it simultaneously with another
interrupting device. A daisy chain link between peripherals im-
plements a distributed arbitration policy between interrupt re-
quests to achieve an orderly, prioritized sharing of the CPU’'s
resources.

The majority of the AmZ8000 family peripherals have the ability to
request interrupts due to several internal reasons (for example,
the AmZ8036 CIO can have three reasons to interrupt and the
AmZ8030 SCC, eight). The peripheral itself contains an internal

interrupt structure for prioritizing its internal interrupt request
sources; for requesting service according to its priority status
among other peripherals sharing the system bus; for outputting a
proper vector identification, with or without additional status bits,
when acknowledged by the CPU. The 8-bit vector allows efficient
program transfers to the appropriate service routine without addi-
tional polling of the peripheral by the CPU. The peripheral self-
vectoring and daisy chain prioritizing precludes the requirement
for an additional interrupt controlier device in the system.

The AmZ8000 CPU recognizes three interrupt inputs (non-mask-
able, vectored,'and non-vectored), and a segmentation trap input
(normally intended to be generated by an AmZ8010 MMU).
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Interrupt inputs are asynchronous, and the interrupt acknowledge
is decodable from the ST0-ST3 status lines for each interrupt
type. An explicit completion code must be emitted by the CPU to
terminate some peripheral’s interrupt service. An appropriate I/O
instruction easily accomplishes it.

To ensure data integrity and proper settling of IEO signals in the
daisy chain link, the AmZ8000 CPU automatically inserts five wait
states following interrupt acknowledge and before asynchron-
ously strobing in the peripheral's identification vector (“lden-
tifier”). The peripheral may activate the CPU's WAIT line and
cause additional wait cycles, if required.

HIGHEST LOWEST
PRIORITY PRIORITY
AmZ8000 AmZ8000 AmZ8000
PERIPHERAL PERIPHERAL PERIPHERAL
vcc
= 3 Z|
3 3 ;‘
= 3| 8 @ = 3 3 @ - 3 8 @
LR 7 328 m 328
Amzsoot2 | N7 R
CPU
INTACK
MOS-282
Figure 5. Interrupt Daisy Chain Connections.
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T1 T2 T3 T T2
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NV TN
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mTEm:ﬁ.l . . /
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Figure 6. CPU Interrupt and Segment Trap Request Acknowledge Timing.
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Peripheral Internal Interrupt Protocol

In general, AmZ8000 family peripherals have three bits for control
and status of the internal interrupt logic: an Interrupt Pending bit,
an Interrupt Under Service bit and an Interrupt Enable bit. For a
multisourced internal interrupt structure, the three above bits are
duplicated for each interrupt source, and the interrupt sources are
internally prioritized. Lower priority peripherals in the daisy chain
link are disabled by the status of another internal list: Disable
Lower Chain bit. The peripheral will output a vector for interrupt
source identification, when acknowledged by the CPU, according
to the status of its No Vector bit. The 8-bit vector (usually defined

eight megabyte AmZ8001 CPU address space capability for mul-
tiple microprocessor systems with large shared memory
requirements.

A resource request protocol is easily implemented in hardware
through simple SS| logic where each resource user is connected
to the resource-sharing system by four unidirectional lines.

Unlike an interrupt or bus request chain no user is a default
master and no user can therefore be preempted. The resource
request protocol uses the request algorithm described below:

1. Auser process checks the status of the uST (resource status)

by an internally programmed register) may include status infor-
mation as specified by the Vector Include Status bit.

line to see if the resource is busy. (The AmZ8000 CPU would
look at its ul input pin via the privileged MBIT instruction.)
2. If the ST line is active, then another user is either using the
resource or is in the process of requestingit. In both cases, the
resource request is terminated with the indication of a busy

Resource Request Chain Protocol

Multimicroprocessor systems are well supported in hardware and
software. Resources, like buses with their associated peripherals resource via internal flag. This implements the policy of no
or common memories, are easily shared in an orderly and expe- preemption.

dient fashion by several CPUs in a system. In general, the re- 3. If the uST line is not active, then the user:

source user need not be a CPU (i.e., it could be an I/O Channel a. Activates its uRQ line (O output on the AmZ8000) and,
Processor, an Arithmetic Processor, etc.) as long as it can imple- b. Waits for a finite delay (the AmZ8000 CPU MREQ instruc-
ment a meaningful resource sharing protocol. This is in contrast tion computes the delay by decrementing a 16-bit register).
to a bus request chain (i.e., DMA operations) in which system The delay is required in the case of several users request-
exists a default master and a defined bus with a tailored protocol. ing access to a particular resource. In this case, the daisy
The AmZ8000 CPU supports resource protoco! with two chain link lines (Al, ©AQ) in the resource arbitration logic
hardware pins: the MultiMicro Out (uO) to issue requests for the resolves the conflict by granting the resource to the highest
resource and the MultiMicro In («l) to recognize or test the state priority requestor.

of the resource. Four special instructions allow the CPU to test c. Tests the uAl — if active, then the resource.is granted (the
and request a resource, and to exclude or allow other users to the AmZ8000 again sets an internal flag); otherwise, the re-
resource. These functions are particularly interesting with the quest is terminated.

WIRE OR
USERS L RESOURCE
uAl
i ‘ST ST
AmZ8001/2 Lk z
cPyu |
0 “RQ #RQ
4RO
HAT
m RESOURCE “ST
28001/2
AmZgan ARBITRATION
. LOGIC
MO uRQ
ZRO
wAl
m -
RESOURCE
OTHER ARBITRATION
- LOGIC
9] R
#RO

MOS-284

Figure 7. Multimicro Resource Daisy Sharing Chain Link.
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Bus Request Chain Protocol

Typical data bus transactions follow a master/slave protocol be-
tween the AmZ8000 CPU and its peripherals. The CPU is the
default bus master and does not require arbitration to access the
bus. Some complex peripherals, like the AmZ8016 DMA, may
require to obtain bus mastership in order to perform more com-
plex bus transactions than the typical peripheral.

A Bus Request protocol is easily implemented to orderly request
the AmZ8000 CPU to grant its bus mastership to one of several
peripherals capable of commanding the bus. A daisy chain link
priority resolution among bus requestors, along with a bus re-
quest protocol, forms an efficient bus mastership transfer. As
common to most microcomputers, the AmZ8000 CPU recognizes
asynchronous bus requests on its BUSRQ input pin, and grants it
upon completion of the current machine cycle by causing its
address/data, control and status outputs to go to high impedance
and its BUSAK output pin to become active.

The algorithm for bus priority and request for bus requestors is as
follows:

1. The requestor looks at its BRQ line to see if it is active. The

BRQ line is bidirectional.

If the BRQ line is active, then the requestor waits. This imple-

ments the policy of non-preemption, since another peripheral

could be in process of using or requesting the bus.

. Ifthe BRQ line is inactive, then the requestor activates its BRQ
output and waits for its BAl input to go active. Upon BAl active,
the requestor deactivates its BAO output (as opposed to let-
ting the BAI input to ripple-thru to the BAO output), and takes
control of the bus. '

2.

It is easy to see how the daisy chain link among peripherals is
implemented to determine peripheral bus mastership priority.

Typical System Structures

The complexity of an AmZ8000 system mainly depends on the
application and the needs of the user. Interface peripheral and
memory devices can vary widely upon this complexity. At various
stages of complexity, different types of system interface logic
must be used depending on the loading requirements. A
minimum AmZ8002 system is shown in Figure 9. The AmZ8002
CPU can drive one standard TTL load. An AmZ8127 clock
generator is used to provide the system clock. Since the
address and data are multiplexed together, an AmZ8173 octal
latch is used to latch the addresses. Status is decoded by a
Am74LS139 decoder. If ioading excesds ong TT
should be used as in Figure 10. On the data bus, two AmZ8104s
are used to provide 16 bidirectional data lines. While an AmZ8144
buffer is used to give extra fan-out to the control signals. Direct
addressing is available up to 64K bytes.

In Figure 11, an AmZ8001 segmented CPU is shown with the
AmZ8010 Memory Management Unit. The AmZ8010 extends the
memory into 64 segments where each segment can vary be-
tween 256 to 64K bytes. Without the AmZ8010, the AmZ8001
CPU can only access 8M bytes directly. This example can drive
only TTL load. More drive capability could be added as in Figure
12. The buffering example is the same as Figure 11 with the
exception of the AmZ8010 and the AmZ8144 to buffer the seg-
ment addresses.

tamd by
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CPU
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REQUESTORS
BAT
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Figure 8. Bus Request Chain Link.
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MEMORY
RAM
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ONE TTL EPROM
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CONTROL
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ADDRESS/DATA
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MOS-286

Figure 9. Simple AmZ8002 System Requires Few MSI Circuits, but has Limited Drive Capability.
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Figure 10. Fully Buffered AmZ8002 System Provides Plenty of Drive for Backplane Buses and Peripherals.
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Figure 11. Simple AmZ8001 System with MMU.
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Figure 12. Fully Buffered AmZ8001 System with MMU.
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AmZ8001

16-Bit Microprocessor

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS

GENERAL DESCRIPTION

The AmZ8001 is a general-purpose 16-bit CPU belonging to the
AmZ8000 family of microprocessors. Its architecture is centered
around sixteen 16-bit general registers. The CPU deals with
23-bit address spaces and hence can address directly 8MB of
memory. The 23-bit address consists of two components: 7-bit
segment number and 16-bit offset. Facilities are provided to
maintain three distinct address spaces — code, data and stack.
The AmZ8001 implements a powerful instruction set with flexible
addressing modes. These instructions operate on several data
types — bit, byte, word (16-bit), long word (32-bit), byte string
and word string. The CPU can execute instructions in one of two
modes — System and Normal. Sometimes these modes are also
known as Privileged and Non-Privileged, respectively. The CPU
also contains an on-chip memory refresh facility. The AmZ8001
is software compatible with the AmZ8002 microprocessor. The
AmZ8001 is fabricated using silicon-gate N-MOS technology
and is packaged in a 48-pin DIP. The AmZ8001 requires a single
+5 power supply and a single phase clock for its operation.

Sixteen general purpose registers
Direct addressing up to 8MB segmented memory
Software compatible with AmZ8002 microprocessor
Powerful instructions with flexible addressing modes
Privileged/Non-Privileged mode of operation
Sophisticated interrupt structure
On-chip memory refresh facility
TTL compatible inputs and outputs
Single phase clock

 Single +5V power supply
48-pin package

LOGIC SYMBOL CONNECTION DIAGRAM

Top View
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5TOP ADO [ i [] 13 36 [ GND
SEGT [] 14 35 [ ] cLock
sus | —{BUSRG SN NMi (] 15 U 1As
CONTROL | w— BUSAK SN5 f— RESET [} 16 33 [] DECOUPLE
SN4 [— »0 17 32 BW
— WM SEGMENT " : =
_ SN3 | [ NUMBER MREQ [] 18 I[INS
INTERRUPTS l —V ss:z1 —— 55 [ 10 %0 [ AW
—1 NVI [
SNO sTa [] 20 29 [} BUSAK
_ st2 [ 21 28 WAIT
MULTIMICRO | — 4!
CONTROL | 176 SEGT [~ SEGMENT st [] 22 27 BUSRG
TRAP sTo [] 23 26 [ sNo
1 ' | | ' SN3 [] 24 25 SN1
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Type Temperature 4MHz
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AmZ8001

INTERFACE SIGNAL DESCRIPTION

Veg: +5V Power Supply
Vgs: Ground

ADO0-AD15: Address/Data Bus (Bidirectional, 3-State)

This 16-bit multiplexed address/data bus is used for all /O and
memory transactions. HIGH on the bus corresponds to 1 and
LOW corresponds to 0. ADO is the least significant bit position
with AD15 is most significant. The AS output and DS output will
indicate whether the bus is used for address offset or data. The
status output lines ST0-ST3 will indicate the type of transaction;
memory or 1/O.

AS: Address Strobe (Output, 3-State)

LOW on this output indicates that the AD0-AD15 bus contains
address information. The address information is stable by the
time of the LOW-to-HIGH transition of the AS output (see timina
diagrams). The status outputs STO-ST3 indicate whether the bus
contains a memory address or /O address.

DS: Data Strobe (Output, 3-State)

LOW on this output indicates that the AD0-AD15 bus is being
used for data transfer. The R/W output indicates the direction of
data transfer — read (or in) means data into the CPU and write
(or out) means data from the CPU. During a read operation, data
can be gated on to the bus when DS goes LOW. A LOW-to-
HIGH transition on the DS output indicates that the CPU has
accepted the data (see timing diagram). During a write opera-
tion, LOW on the DS output indicates that data is setup on the
bus. Data will be removed sometime after the LOW-to-HIGH
transition of the DS output (see timing diagram).

R/W: Read/Write (Output, 3-State)

This output indicates the direction of data flow on the AD0-AD15
bus. HIGH indicates a read operation, i.e., data into the CPU
and LOW indicates a write operation, i.e., data from the CPU.
This output is activated at the same time as AS going LOW and
remains stable for the duration of the whole transaction (see
timing diagram).

B/W: Byte/Word (Output, 3-State)

This output indicates the type of data transferred on the
ADO-AD15 bus. HIGH indicates byte (8-bit) and LOW indicates
word (16-bit) transfer. This output is activated at the same stage
as AS going LOW and remains valid for the duration of the whole
transaction (see timing diagram). The address generated by the
CPU is always a byte address. However, the memory is or-
ganized as 16-bit words. All instructions and word operands are
word aligned and are addressed by even addresses. Thus, for
all word transactions with the memory the least significant ad-
dress bit will be zero. When addressing the memory for byte
transactions, the least significant address bit determines which
byte of the memory word is needed; even address specifies the
most significant byte and odd address specifies the least sig-
nificant byte. In the case of I/O transactions, the address infor-
mation on the ADO-AD15 bus refers to an I/O port and B/W
determines whether a data word or data byte will be transacted.
During 1/0 byte transactions, the least significant address bit AO
determines which half of the AD0-AD15 bus will be used for the
I/O transactions. The ST0O-ST3 outputs will indicate whether the
current transaction is for memory, rormal l/O or special I/O.

STO-ST3: Status (Outputs, 3-State)

These four outputs contain information regarding the current
transaction in a coded form. The status line codes are shown in
the following table:

ST3 ST2 ST1 STO
L L L L Internal Operation
L L L H Memory Refresh
L L H L Normal I/O Transaction
L L H H Special I/O Transaction
L H L L Segment Trap Acknowledge
L H L H Non-Maskable Interrupt Acknowledge
L H H L Non-Vectored Interrupt Acknowledge
L H H H Vectored Interrupt Acknowledge
H L L L Memory Transaction for Operand
H L L H Memory Transaction for Stack
H L R L Reserved
H L H H Reserved
H H L L Memory Transaction for Instruction
Fetch (Subsequent Word)
H H L H I'\:/I;r::?; i":'srtanwsggi)on for Instruction
H H H Reserved
H H H Reserved

WAIT: Wait (Input)

LOW on this input indicates to the CPU that memory or I/O is not
ready for the data transfer and hence the current transaction
should be stretched. The WAIT input is sampled by the CPU at
certain instances during the transaction (see timing diagram). If
WAIT input is LOW at these instances, the CPU will go into wait
state to prolong the transaction. The wait state will repeat until
the WAIT input is HIGH at the sampling instant.

N/S: Normal/System Mode (Output, 3-State)

HIGH on this output indicates that the CPU is operating in Nor-
mal Mode and LOW indicates operation in System Mode. This
output is derived from the Flag Control Word (FCW) register.
The FCW register is described under the program status infor- ;
mation section of this document.

MREQ: Memory Request (Output, 3-State)

LOW on this output indicates that a CPU transaction with mem-
ory is taking place.

BUSRQ: Bus Request (Input)

LOW on this input indicates to the CPU that another device
(such as DMA) is requesting to take control of the bus. The
BUSRQ input can be driven LOW anytime. The CPU syn-
chronizes this input internally. The CPU responds by activating
BUSAK output LOW to indicate that the bus has been relin-
quished. Relinquishing the bus means that the ADO-AD15, AS,
DS, B/W, RW, N/, ST0-ST3, SNO-SN6 and MREQ outputs will be
in the high impedance state. The requesting device should control
these lines in an identical fashion to the CPU to accomplish
transactions. The BUSRQ input must remain LOW as long as
needed to perform all the transactions and the CPU will keep the
BUSAK output LOW. After completing the transactions, the de-
vice must disable the AD0-AD15, AS, DS, B/W, R/W, N/S,
STO-ST3, SN0-SN6 and MREQ into the high impedance state
and stop driving the BUSRQ input LOW. The CPU will make
BUSAK output HIGH sometime later and take back the bus
control.

BUSAK: Bus Acknowledge (Output)

LOW on this output indicates that the CPU has relinquished the
bus in response to a bus request.
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NMI: Non-Maskable Interrupt (Input)

HIGH to LOW transition on this input constitutes non-maskable
interrupt request. The CPU will respond with the Non-maskable
Interrupt Acknowledge on the ST0-ST3 outputs and will enter an
interrupt sequence. The transition on the NMI can occur any-
time. Of the three kinds of interrupts available, the non-mask-
able interrupt has the highest priority.

Vi: Vectored Interrupt (Input)

LOW on this input constitutes vectored interrupt request. Vec-
tored interrupt is next lower to the non-maskable interrupt in
priority. The VIE bit in the Flag and Control Word register must
be 1 for the vectored interrupt to be honored. The CPU will
respond with Vectored Interrupt Acknowledge code on the
STO0-ST3 outputs and will begin the interrupt sequence. The VI
input can be driven LOW anytime and should be held LOW until
acknowledged.

NVI: Non-Vectored Interrupt (Input)

LOW on this input constitutes non-vectored interrupt request.
Non-vectored has the lowest priority of the three types of inter-
rupts. The NVIE bit in the Flag and Control Word register must
be 1 for this request to be honored. The CPU will respond with
Non-Vectored Interrupt Acknowledge code on the STQ-ST3 out-
puts and will begin the interrupt sequence. The NVI input
can be driven LOW anytime and should be held LOW until
acknowledged.

‘ul: Micro-In (Input)

This input participates in the resource request daisy chain. See
the section on multimicroprocessor support facilities in this
document.

wO: Micro-Out (Output)

This output participates in the resource request daisy chain. See
the section on multimicroprocessor support facilities in this
document.

RESET: Reset (Input)

LOW on this input initiates a reset sequence in the CPU. See the
section on Initialization for details on reset sequence.

CLK: Clock (Input)

All CPU operations are controlled from the signal fed into
this input. See DC characteristics for clock voltage level
requirements.

DECOUPLE: (Output)
Output from the on-chip substrate bias generator. Do not use.

STOP: Stop (Input)

This active LOW input facilitates one instruction at a time opera-
tion. See the section on single stepping.

SNO-SN6: Segment Number (Outputs, 3-State)

These seven outputs contain the segment number part of a
memory address. A HIGH on the output corresponds to 1 and a
LOW corresponds to 0. SNO is the least significant bit position
and SN6 is the most significant bit position.

SEGT: Segmen; Trap (Input)

LOW on this input constitutes a segment trap request. If the line
is driven LOW, the CPU will respond with the Segment Trap
Acknowledge code on the Status lines, and commence a trap
sequence. The SEGT input may be driven LOW at any time and
is customarily held LOW until acknowledged. This input has
priority over the interrupts.

PROCESSOR ORGANIZATION

The following is a brief discussion of the AmZ8001 CPU. For
detailed information, see the AmZ8001/AmZ8002 Processor In-
struction Set Manual (Publication No. AM-PUB086).

GENERAL PURPOSE REGISTERS

The CPU is organized around sixteen 16-bit general purpose
registers RO through R15 as shown in Figure 1. For byte opera-
tions, the first eight registers (RO through R7) can also be ad-
dressed as sixteen 8-bit registers designated as RLO, RHO and
so on to RL7 and RH7. The sixteen registers can also be
grouped in pairs RR0, RR2 and so on to RR14 to form eight long
word (32-bit) registers. Similarly, the sixteen registers can be
grouped in quadruples RQO, RQ4, RQ8 and RQ12 to form four
64-bit registers.

Ro | RHO | RLO |
RRO
| RH1 1 ALY |
RQO
Rz | Rw2 | RL2 |
RR2
e[ AM3 i RL3 |
Ra| R4 1 RL4 ]
RR4
Rs | RH5 H RLS ]
RO4
re [ RHG 1 RL6 |
RR6
a7 | RH? 1 AL7 ]
rs | |
RR8
R9 I |
RQB
Rio | ]
RR10
Rit | l
Rz | ]
RR12
CER |
L | SYSTEM STACK POINTER | RQ12
Ri4 | NORMAL STACK POINTER i
RA14
i SYSTEM STACK POINTER B
ais | NORMAL STACK POINTER |
Figure 1. AmZ8001 General Registers. MOS 242

STACK POINTER

The AmZ8001 architecture allows stacks to be maintained in
memory. Any general-purpose register pair except RRO can be
used as a stack pointer in stack manipulating instructions such
as PUSH and POP. The designated register pair holds a 23-bit
segmented address. Certain instructions (such as subroutine
call and return) make implicit use of the register pair RR14 as the
stack pointer. Two implicit stacks are allowed —~ normal stack
using RA14 as the stack pointer, and system stack using RR14'
as the system stack pointer (see Figure 1). If the CPU is operat-
ing in the Normal Mode, RR14 is active, and if the CPU is in
System Mode, RR14' will be used instead of RR14. The implied
stack pointer is a part of the general registers and hence can be
manipulated using the instructions available for register
operations.
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PROCESSOR STATUS

The CPU status consists of the 16-bit flag and control word
(FCW) register, and the 23-bit program counter (see Figure 2). A
reserved word is also included for future expansion. The follow-
ing is a brief description of the FCW bits.

SEG: Segmented/Non-Segmented Bit. Indicates whether the
AmZ8001 is running in segmented or non-segmented
mode. 1 indicates segmented, 0 indicates non-seg-
mented. See the section on non-segmented mode,
elsewhere in this document.

S/N: System/Normal — 1 indicates System Mode and 0 indi-
cates Normal Mode.

VIE: Vectored Interrupt Enable — 1 indicates that Vectored
Interrupt requests will be honored.

NVIE: Non-Vectored Interrupt Enable — 1 indicates that Non-
vectored interrupt requests will be honored.

C: Carry — 1 indicates that a carry has occurred from the
most significant bit position when performing arithmetic
operations.

Z: Zero — 1indicates that the result of an operation is zero.

S: Sign — 1 indicates that the result of an operation is nega-
tive i.e., most significant bit is one.

P/V: Parity/Overflow — 1 indicates that there was an overflow
during arithmetic operations. For byte logical operations
this bit indicates parity of the resuilt.

DA: Decimal Adjust — Records byte arithmetic operations.

H: Half Carry — 1 indicates that there was a carry from the
most significant bit of the lower. digit during byte
arithmetic.

DATA TYPES

The AmZ8001 instructions operate on bits, digits (4 bits), bytes
(8 bits), words (16 bits), long words (32 bits), byte strings and
word strings type operands. Bits can be set, reset or tested.
Digits are used to facilitate BCD arithmetic operations. Bytes are
used for characters and small integers. Words are used for in-
teger values and addresses while long words are used for large
integer values and addresses. All operands except strings can
reside either in memory or general registers. Strings can reside in
memory only.

INTERRUPT AND TRAP STRUCTURE

Interrupt is defined as an external asynchronous event requiring
program interruption. For example, interruption is caused by a
peripheral needing service. Traps are synchronous events re-
sulting from execution of certain instructions under-some de-
fined circumstances. Both interrupts and traps are handled in a
similar manner by the AmZ8001.

The AmZ8001 supports three types of interrupts in order of de-
scending priority — non-maskable, vectored and non-vectored.

The vectored and non-vectored interrupts can be disabled by
appropriate control bits in the FCW. The AmZ8001 has four
traps — system call, segment trap, unimplemented opcode and
privileged instruction. The traps have higher priority than
interrupts.

When an interrupt or trap occurs, the current program status is
automatically pushed on to the system stack. The program
status consists of processor status (i.e., PC and FCW) plus a
16-bit identifier. The identifier contains the reason, source and
other coded information relating to the interrupt or trap.

After saving the current program status, the new processor
status is automatically loaded from the new program status area
located in the memory. This area is designated by the New
Program Status Area Pointer (NPSAP) register. See AM-
PUB086 publication for further details.

SEGMENTED ADDRESSING

The AmZB8001 can directly address up to 8MB of memory space,
using a 23-bit segmented address. The memory space is di-
vided up into 128 segments, each up to 64KB in size. The upper
seven bits of address designate the segment number, and are
available on the SNO-SN6 outputs during a memory transaction.
See the section on memory transactions for details.

The lower sixteen bits of address designate an offset within the
segment, relative to the start of the segment, and are available
on ADO-AD15 during part of the memory transaction. See the
section on memory transactions for details.

The segmented address may be stored as a long word in mem-
ory, or in a register pair. The segment number and offset can be
manipulated separately or together, by suitable use of the in-
struction set.

When the segmented address is contained in code space, a short
offset format may be adopted. The segmented address is stored
as one word, seven bits of segment number and eight bits of
offset. Figure 3 shows the format for segmented addresses.

ADDRESSING MODES

Information contained in the AmZ8001 instructions consists of
the operation to be performed, the operand type and the location
of the operands. Operand locations are designated by general
register addresses, memory addr or /O addr The
addressing mode of a given instruction defines the address
space referenced and the method to compute the operand ad-
dress. Addressing modes are explicitly specified or implied in an
instruction. Figure 4 illustrates the eight explicit addressing
modes: Register (R), Inmediate (IM), Indirect Register (IR), Di-
rect Address (DA), Indexed (X), Relative Address (RA), Base
Address (BA) and Base Indexed (BX).
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Figure 3. Segmented Address Formats.
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When an effective segmented address is being computed ac-
cording to the designated addressing mode, the segment
number is not affected by any carry from the 16-bit offset.

NON-SEGMENTED MODE ON THE AmZ8001

The AmZ8001 can execute code designed to run on the non-
segmented AmZ8002. This is achieved by changing the mode of
execution of the AmZ8001 from segmented to non-segmented
by writing a 0 to the SEG bit in the FCW. (See the section on
processor status.) The change to non-segmented mode sets up
a suitable environment for running non-segmented code. How-
ever, this environment only exists within the code segment that
caused the change of mode from segmented to non-segmented.

SNO-SN6 will continue to indicate the code segment. until a
reset, interruption or return to segmented mode is encountered.

The effects of the non-segmented mode of operation on the
AmZ8001 are described below.

a) The AmZ8001 will interpret instruction length as if it was a
non-segmented AmZ8002.

b) The AmZ8001 will implement address computatxon in an
identical manner to the AmZ8002.

Other CPU functions, such as interrupt and trap handling, reset
and stack pointer manipulation are unaltered. These functions
are characterized by the type of CPU, not by the state of the
SEG bit in the FCW.

INPUT/QUTPUT

A set of /O instructions are provided to accomplish byte or word
transfers between the AmZ8001 and I/O devices. I/O devices
are addressed using 16-bit I/O port addresses and /O address
space is not a part of the memory address space. Two types of
/O instructions are provided; each with its own 16-bit address
space. I/O instructions include a comprehensive set of In, Out
and Block transfers.

CPU TIMING

The AmZ8001 accomplishes instruction execution by stepping
through a pre-determined sequence of machine cycles, such as
memory read, memory write, etc. Each machine cycle requires
between three and ten clock cycles. Bus Requests by DMA
devices are granted at machine cycle boundaries. No machine
cycle is fonger than ten clock cycles; thus assuring fast response
to a Bus Request (assuming no extra wait states). The startof a -
machine cycle is always marked by a LOW pulse on the AS
output. The status output lines ST0-ST3 indicate the nature of

_the current cycle in a coded form.

STATUS LINE CODES

Status line coding was listed in the table shown under STO-ST3
oulpuls in lhe Interface Signal Description. The foiowing is a
detailed description of the status codes.

Internal Operation:

This status code indicates that the AmZ8001 is going through a
machine cycle for its internal operation. Figure 5 depicts an
internal operation cycle. It consists of three clock periods iden-
tified as T1, T2 and T3. The AS output will be activated with a
LOW pulse by the AmZ8001 to mark the start of a machine
cycle. The STO-ST3 will reflect the code for the internal opera-
tion. The MREQ, DS and R/W outputs will be HIGH. The N/S
and SNO-SN6 outputs will remain at the same level as in the
previous machine cycle. The AmZ8001 will ignore the WAIT
input during the internal operation cycle. The CPU will drive the
ADO-AD15 bus with unspecified information during T1. However,
the bus will go into high impedance during T2 and remain in that
state for the remainder of the cycle. The B/W output is also
activated by the CPU with unspecified information.

Memory Refresh:

This status code indicates that AmZ8001 is accessing the mem-
ory to refresh. The refresh cycle consists of three clock periods
as depicted in Figure 6. The CPU will activate the AS output with
a LOW pulse to mark the beginning of a machine cycle and
ST0-ST3 outputs will reflect the refresh cycle code. The least
significant 9 lines of the AD0-AD15 bus contain the refresh ad-
dress. Because the memory is word organized, the ADO will
always be LOW.. The most significant 7 bus lines are not
specified. The DS output will remain HIGH for the entire cycle
while R/W, B/W, SNO-SN6 and N/S outputs will remain at the
same level as in the. machine cycle prior to refresh. The
ADO-AD15 bus will go into high impedance state during T2
period and remain there for the remainder of the cycle. The
AmZ8001 will activate the MREQ output LOW during the refresh
cycle. It should be noted that WAIT input is ignored by the CPU
for refresh operations.

/0 Transactions:

There are two status line codes used for I/O transaction cycles.
The AmZ8001 provides two separate I/O spaces and two types
of instructions called Normal /O and Special I/O. Each /O
space is addressed by a 16-bit address called port address. The
timing for both types of I/O transactions is essentially identical. A
typical I/O cycle consists of four clock periods T1, T2, TWA and
T3 as shown in Figure 7. The TWA is the wait state; insertion of
one wait state for an I/O cycle is always automatic. Additional
wait cycles can be inserted by LOW on the WAIT input. The
WAIT input is' sampled during every TW state.  If this input is
LOW, one more wait state will be inserted. Insertion of wait
states continues until WAIT input is HIGH. T3 state will follow the
last wait state to complete the I/O cycle.
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Mode Operand Addressing Operand Value
In the Instruction  In a Register In Memory
Register [ recisTER ADDRESS |——] OPERAND | The content of the register.
Immediate In the instruction
Indirect The content of the location whose
h REGISTER ADDRESS ADDRESS I————-OPERAND = A
Register L ﬂ _ address is in the register.
Direct The content of the location whose
Address [avoress - {orenano] address is in the instruction.
The content of the location whose
REGISTER ADDRESS ——lglspLACEMENﬂ——,L address is the address in the
Index ) .
BASE ADDRESS O] =0PERAND I instruction, offset by the content
of the working register.
The content of the location whose
Relative I_Pm—l-__j\ address is the content of the program
Address | DISPLACEMENT 'l @ !OPERANDI counter, offset by the displacement in
the instruction.
The content of the location whose
Base REGISTER ADDRESS |—={ BASE ADDRESSJ—’L address is the address in the
Address DISPLACEMENT ® }OPERANDI register, offset by the
displacement in the instruction.
The content of the location whose
Base REGISTER ADDRESS [—=| BASE ADDRESS | address is the address in the
Index REGISTER ADDRESS DISPLACEMENT register, offset by the

: displacement in the register.

Figure 4. Addressing Modes.

MOS-245

During I/O cycles the STO-ST3 outputs will reflect appropriate
code depending on the type of instruction being executed (Nor-
mal I/O or Special I/0). AS output will be pulsed LOW to mark
the beginning of the cycle. The CPU drives the AD0-AD15 bus
with the 16-bit port address specified by the current instruction.
The N/S output will be LOW indicating that CPU is operating in
the system mode. It should be recalled that the N/S output is
derived from the appropriate bit in the FCW register. All I/O
instructions are privileged instructions and will be allowed to
execute only if the FCW specifies system mode operation. The
MREQ output will be HIGH. The AmZ8001 I/O instructions pro-
vide both word or byte transactions. The B/W output will be
HIGH or LOW depending whether the instruction specifies a

byte or word transfer. The SNO-SN6 output will remain at the
same level as in the machine cycle prior to the /O cycle.

Two kinds of I/O transfers should be considered: Data In means
reading from the device and Data Out means writing into the
device. For In operations, the R/W output will be HIGH. The
ADO-AD15 bus will go into high impedance state during T2.
During byte input instructions, the CPU reads either the even
or odd half of the Data Bus dependent upon the port address. if
the port address is even, the most significant half of the Data
Bus is read. If the port address is odd, the least significant half of
the Data Bus is read. During word input instructions, the CPU
reads all 16 bits of the Data Bus. The AmZ8001 will drive the DS
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ST0-ST3 X INTERNAL OPERATION
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AD X UNDEFINED

M

MREQ, DS, AW HIGH
BW UNDEFINED
SNO-SN6 SAME AS PREVIQUS CYCLE
|

Figure 5. Internal Operation Cycle.
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MREQ \ /
AD X REFRESH ADDRESS > ’ \
DS HIGH
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SNO-SN6B SAME AS PREVIOUS CYICLE X
T
Figure 6. Refresh Cycle. MOS-247
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Figure 7. AmZ8001 I/O Cycle. MOS-248
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output LOW to signal to the device that data can be gated on to
the bus. The CPU will accept the data during T3 and DS output
will go HIGH signalling the end of an |/O transaction.

For Data Out, the R/W output will be LOW. The AmZ8001 will
provide data on the AD0-AD15 bus and activates the DS output
LOW during T2. During byte output instructions, the CPU dupli-
cates the byte data onto both the high and low halves of the Data
Bus and external logic, using AQ, enables the appropriate byte
port. During word output instructions the CPU outputs data onto
all 16 bits of the Data Bus. The DS output goes HIGH during T3
and the cycle is complete.

Memory Transactions:
There are jour siaius iine codes i
action:

a) Memory transaction to read or write an operand
b} Memory transaction to read from or write into the stack

¢) Memory transaction to fetch the first word of an instruction
(sometimes called IF1)

d) Memory transaction to fetch the subsequent word of an in-
struction (sometimes called IFN).

It can be appreciated that all the above transactions essentially
fall into two categories: memory read and memory write. In the
case of IF1 and IFN cycles, the memory will be read at the
address supplied by the program counter. All AmZ8001 instruc-
tions are multiples of 16-bit words. Words are always addressed
by an even address. Thus IF1 and IFN cycles invelve performing
a memory read for words. On the other hand, a memory trans-
action for operand and stack operation could be a read or write.
Moreover, an operand could be a word or a byte. For stack
operation involving the implied stack pointer the address will be
supplied by the RR14 (or RR14’). For operand transactions, the
memory address will come from several sources depending on
the instruction and the addressing mode. Memory transaction
cycle timing is shown in Figure 8. It typically consists of three
clock periods T1, T2 and T3. Wait states (TW) can be inserted

m T2 3
cLock | |
w AW
|+ INSERT WAIT STATE
T
STATUSES
(BIW, NS, K
ST0-5T3)
SNO-SN6 SEGMENT NUMBER X
5 _\___/
WREQ \ f
AD X MEMORY ADDRESS >———C
READ § DS \ /—
RIW / \
AD MEMORY ADDRESS X DATA OUT X
WRITE DS \ /
RW \ /

Figure 8. Memory Transactions.

MOS-249
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between T2 and T3 by activating the WAIT input LOW. The
WAIT input will be sampled during T2 and during every sub-
sequent TW. The ST0-ST3 outputs will reflect the appropriate
code for the current cycle early in T1 and the AS output will be
puised LOW to mark the beginning of the cycle. The N/S output
will indicate whether the normal or system address space will be
used for the current cycle. As shown in the figure the MREQ
output will go LOW during T1 to indicate a memory operation.

The segment number becomes valid on the segment lines one
clock period before the start of the memory operation, and re-
mains valid until the start of T3.

Consider a read operation first. The R/W output will be HIGH.
The AmZ8001 will drive the ADO-AD15 with the appropriate ad-
dress early in T1. During T2, the bus will go into high-impedance
state and DS output will be activated LOW by the CPU. The data

can be gated on to the bus when DS is LOW. During T1 the BJW

will also be activated to indicate byte or word will be transacted.
The AmZ8001 memory is word organized and words are ad-
dressed by even addresses. However, when addressing bytes,
the memory address may be odd or even; an even address for
most significant byte of a word and the next odd address for the
least significant byte of that word. When reading a byte from the
memory, the least significant address bit can be ignored and the
whole word containing the desired byte is gated on to the bus.
The CPU will pick the appropriate byte automatically. The
AmZ8001 will drive the DS output HIGH indicating data
acceptance.

Consider the write operation next. The RIW output will be LOW.
The AmZ8001 removes the address and gates out the data to be
written on the bus and activates the DS output LOW during T2. If
the data to be written is a byte then the same byte will be on both
halves of the bus. The DS output will go HIGH during T3 sig-
nifying completion of the cycle.

Interrupt and Segment Trap Acknowledge:

There are four status line codes devoted to interrupt and trap
acknowledgement. These correspond to non-maskable, vec-
tored and non-vectored interrupts, as well as segment trap. The
Interrupt Acknowledge cycle is illustrated in Figure 9. The NMI
input of the AmZ8001 is edge detected i.e., a HIGH to LOW input
level change is stored in an internal latch. Similar internal stor-
age is not provided for the Vi, NVI, and SEGT inputs. For VI and
NVl inputs to cause an interruption, the corresponding interrupt
enable bits in the FCW must be 1. For the following discussion,
both the VIE and NVIE bits in the FCW are assumed to be 1.

As shown in the figure, the VI, NVi and SEGT input and the
internal NMI latch output are sampled during T3 of the last
machine cycle of an instruction.

A LOW on these signals triggers the corresponding interrupt
acknowledge sequence described on the following page. The
AmZ8001 executes a dummy IF1 cycle prior to entering the
actual acknowledge cycle (see memory transactions for IF1
cycle description).

LAST MACHINE

| CYCLE OF ANY UMMy

ACKNOWLEDGE STATUS '

INSTRUCTION IF1 CYCLE

e pigigiginfigainipipgipipinininininiy

T2

CYCLE SAVING |
i

AUTOMATIC WAIT STATES

TWA TWA TWA TWA TWA T3 T4 T5

WAIT

RS

RSN

N e s

A4

i XS
f--—-—SAMPLE
INTER':T‘;AEI (( {( /
77 )
— L
RW

ST0-ST3

>< w7
— [
s

ACKNOWLEDGE

/T

—{ IDENTIFIER )

— 7

MREQ

HIGH

SNO-SN6

SAME AS PREVIOUS CYCLE

Figure 9. Interrupt Acknowledge Cycle.
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During this dummy IF1 cycle, the program counter- is not up-
dated; instead the implied- system stack pointer (RR14’) will be
decremented. Following the dummy IF1 cycle is the actual inter-
rupt/trap acknowledge cycle.

The interrupt acknowledge cycle typically consists of 10 clock
periods; T1_through T5 and five automatic TW (wait states). As
usual, the AS output will be pulsed LOW during T1 to mark the
beginning of a cycle. The STO-ST3 outputs will reflect the
appropriate interrupt acknowledge code, the MREQ output will
be HIGH, the N/S output remains the same as in the preceding
cycle, the R/W output will be HIGH and the B/W output will be
LOW. The AmZ8001 will drive the ADO-AD15 bus with un-
specified information during T1 and the bus will go into the high
impedance state during T2. Three TWA states will automatically
follow T2. The WAIT input will be sampled during the third TWA
state.

If LOW, an extra TW state will be inserted and the WAIT will be
sampled again during TW. Such insertion of TW states con-
tinues until the WAIT input is HIGH. After the last TW state, the
DS output will go LOW and two more automatic wait states
(TWA) follow. The interrupting device can gate up to a 16-bit
identifier on to the bus when the DS output is LOW. The WAIT
input will be sampled again during the tast TWA state. If the
WAIT input is LOW one TW state will be inserted and the WAIT
will be sampled during TW. Such TW insertion continues untit
the WAIT input is HIGH. After completing the last TW state T3
will be entered and the DS output will go HIGH. The interrupting
device should remove the identifier and cease driving the bus.
T4 and T5 states will follow T3 to complete the cycle. Following

the interrupt acknowledge cycle will be memory transaction cy-
cles to save the status on the stack. Note that the N/S output will
be automatically LOW during status saving. The SNO-SN6 out-
puts are undefined during the acknowledge cycle.

The internal NMI latch will be reset to the initial state at AS going
HIGH in the interrupt acknowledge cycle. The VI, NVl and SEGT
input should be kept LOW until this time also.

STATUS SAVING SEQUENCE:

The machine cycles following the interrupt acknowledge cycle
push the old status information on the system stack in the follow-
ing order: program counter, the flag and control word and the
interrupt/trap identifier. Subsequent machine cycles fetch the
new program status from the new program status area, and then
branch to the interrupt/service routine.

BUS REQUEST/BUS ACKNOWLEDCE TIMING:

A LOW on the BUSRQ input is an indication to the AmZ8001 that
another device (such as DMA) is requesting control of the bus.
The BUSRAQ input is synchronized internally at T1 of any
machine cycle. (See next paragraph for exception.) The BUSAK
will go LOW after the last clock period of the machine cycle. The
LOW on the BUSAK output indicates acknowledgement. When
BUSAK is LOW the following outputs will go into the high imped-
ance state; ADO-AD15, AS, DS, MREQ, ST0-ST3, B/W, R/W,
SNO-SN6 and N/S. The BUSRQ must be held LOW until all
transactions are completed. When BUSRQ goes HIGH, it is
synchronized internally, the BUSAK output will go HIGH and
normal CPU operation will resume. Figure 10 illustrates the
BUSRQ/BUSAK timing.

ANY M CYCLE

T2 TX

CLOCK

BUSRQ

BUS AVAILABLE

T X ™ TX X hal

pieE

INTERNAL
BUSRQ

BUSAK

IS \ / ™\ /
SN \ /
/ \
AD ' \ /__
/o A
a/’;%?wg:s%;‘s: > \/ SAME AS previous CVCILEX

Figure 10. Bus Request/Acknowledge Cycle.
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It was mentioned that BUSRQ will be honored during any
machine cycle with one exception. This exception is during the
execution of TSET/TSETB instructions. BUSRQ will not be hon-
ored once execution of these instructions has started.

SINGLE STEPPING

The STOP input of the AmZ8001 facilitates one instruction at a
time or single step operation. Figure 11 illustrates STOP input
timing. The STOP input is sampled on the HIGH to LOW transi-
tion of the clock input that immediately precedes an IF1 cycle. If
the STOP is found LOW, AmZ8001 introduces a memory refresh
cycle after T3. Moreover, STOP input will be sampled again at
T3 in the refresh cycle. If STOP is LOW one more refresh cycle
will follow the previous refresh cycle. The STOP will be sampled
during T3 of the refresh cycle also. One additional refresh cycle
will be added every time STOP input is sampled LOW. After
completing the last refresh cycle which will occur after STOP is
HIGH, the CPU will insert two dummy states T4 and T5 to com-
plete the IF1 cycle and resume its normal operations for execut-
ing the instruction. See appropriate sections on memory trans-
actions and memory refresh. It should be noted that refresh
cycles will occur even if the refresh facility is disabled during
single stepping.

MULTIMICROPROCESSOR FACILITIES

The AmZ8001 is provided with hardware and software facilities
to support multiple microprocessor systems. The uO and i
signals of the AmZ8001 are used in conjunction with the MBIT,
MREQ, MRES and MSET instructions for this purpose. The uO
output can be activated LOW by using appropriate instruction to
signal a request from the AmZ8001 for a resource. The ul input
is tested by the AmZ8001 before activating the »O output. LOW
at the ul input indicates that the resource is busy. The AmZ8001

can examine the w1 input after activating the 2O output LOW.
The ul will be tested again to see if the requested resource
became available. For detailed information on the Multimicro-
processor facilities, AmZ8001/AmZ8002 Processor Interface
Manual (Publication No. AM-PUBO089) should be consulted.

INITIALIZATION

A LOW on the Reset input starts the CPU initialization. The
initialization sequence is shown in Figure 12. Within five clock
periods after the HIGH to LOW level change of the Reset input
the following will occur:

a) ADO-AD15 bus will be in the HIGH impedance state

b) AS, DS, MREQ, BUSAK and 1O outputs will be HIGH

¢) STO-ST3 outputs will be LOW

d) Refresh will be disabled

e) R/W, B/W and N/S outputs are not affected. For a power on
reset the state of these outputs is not specified.

f) SNO-SN6 outputs will be LOW.

After the Reset input returns HIGH and remains HIGH for three
clock periods, three 16-bit memory read operations will be per-
formed as follows from segment C. Note that the N/S output will
be LOW and STO0-ST3 outputs will reflect IFN code.

a) The contents of the memory location 0002 will be read. This
information will be loaded into the FCW of the AmZ8001.

b) The contents of the memory location 0004 will be read. This
information will be loaded into the program counter segment
number.

. ¢) The contents of the memory location 0006 will be read. This

information will be loaded into the program counter offset.

This completes initialization sequence and an IF1 cycle will fol-
low to fetch the first instruction to begin program execution. See
the section on ' memory transactions for timing.

o
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| REFRESH

T T | TIR T2R
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Figure 11. Single Step Timing.
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AmZ8001 INSTRUCTION SET

LOAD AND EXCHANGE ARITHMETIC
Mne- Addr. Mne- Addr.
monics | Operands | Modes Operation monics |Operands | Modes Operation
CLR dst R Clear ADC R, src R Add with Carry
CLRB IR dst <0 ADCB R < R + src + carry
2(/\ ADD R, src R Add
ADDB M R« R + src
“EX R, src R Exchange ADDL - IR
EXB IR R «src DA
DA X
X CcP R, src R Compare with Register
LD R, src R Load into Register cpPB IM R - src
LDB M R «src : CPL IR
LbL M DA
IR X
DXA CP dst, IM IR Compare with immediate
cpPB DA | dst—IM
BA X
BX
AB st R Decimal Adjust
LD dst, R IR Load into Memory (Store) D d ima_ Adju
LDB DA |dst<R DEC dst, n R Decrement by n
LDL X DECB ' IR dst < dst — n
BA DA (n=1...16)
BX X
LD dst, IM IR Load Immediate into Memory DIV R, src R Divide (signed)
LDB DA | dst<« M DIVL 1Y) Word: Rnyq < Ry nyq + SIC
X IR Rp « remainder
DA Long Word: R
LDA R,sc | DA | Load Address X 9 TR e
X | R « source address A, n:';'"
BA - 'remainder
BX
- EXTS dst R Extend Sign
LDAR R, src RA | Load Address Relative EXTSB Extend sign of low order half of
R « source address EXTSL st through high order half of
LDK R, src M Load Constant dst
Renin=0...15 INC dst, n R | Increment by n
LDM R, src, n IR Load Multiple INCB IR dst «~dst + n
DA | R « src (n consecutive words) DA | (n=1...16)
X (n=1...16) X
LDM dst, R, n IR | Load Multiple (Store Multiple) MULT R, src R Muttiply (signed)
DA | dst < R (n consecutive words) MULTL IM Word: Rp ni1 < Rpyq @ src
X |(h=1...16) IR | Long Word: Ry, ..n+a
- DA < Rpionezesic
LDR R, src RA | Load Relative X *Plus seven cycles for each 1
- LDRB : R« src in the muttiplicand
LDRL (range —32768 . .. +32767)
N NEG dst R Negate
LDR dst, R RA | Load Relative (Store Relative) NEGB R dst < 0 — dst
LDRB dst <R DA
LDRL (range —32768 ... +32767) X
- PopP dst, R R Pop SBC R, sic R Subtract-with Carry
POPL R dst<IR SBCB R« R - sic — cany
DA | Autoincrement contents of R
X suB R,src R Subtract
suBsB M R« R ~src
PUSH IR, src R Push SUBL R
PUSHL M Autodecrement contents of R DA
IR IR « src X
DA
X
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LOGICAL BIT MANIPULATION
Mne- Addr. Mne- Addr.
monics | Operands | Modes Operation monics | Operand | Modes Operation
AND R, src R AND BIT dst, b R Test Bit Static
ANDB M R « R AND src BITB IR Z flag « NOT dst bit specified by b
IR DA
DA X
X BIT ds,R | R | TestBit Dynamic
COM dst R Complement BITB Z flag « NOT dst bit specified
comB IM dst <= NOT dst by contents of R
gj\ RES dst, b R Reset Bit Static
RESB IR Reset dst bit specified by b
X
DA
OR. R, src R OR X
ORB II’\F/l' R < ROR st RES dst, R R Reset Bit Dynamic
RESB Reset dst bit specified by
DA -
X contents of R
SET dst, b R Set Bit Static
TEST dst R TEST ’ . "
TESTB R dst OR 0 SETB I;l: Set dst bit specified by b
TESTL DA
% X
TCC cc,dst | R | Test Condition Code SET | dstR | R | SetBit Dynamic
TCeB Set LSB if cc is true SETB Set dst bit specified by
contents of R
o Rosie | R | ke on TSET | dst R | Testand Set
TSETB IR S flag < MSB of dst
IR X
DA dst < all 1s
DA X
X
PROGRAM CONTROL
ROTATE AND SHIFT
Mne- Addr.
monics |Operands|Modes Operation Mne- Addr.
i
CALL | dst IR | Call Subroutine monics | Operand | Modes Operation
DA | Autodecrement SP - RLDB | R, src R Rotate Digit Left
X @ SP « PC RR I
PC < dst DB | R, src R Rotate Digit Right
CALR | dst | RA | CallRelative AP L A E;t:fit';e(: -1.2)
Autodecrement SP !
@ SP < PC RLC dst, n R Rotate Left through Carry
PC « PC + dst RLCB R by n bits (n = 1, 2)
{range. —4094 to +4096) RR dst, n R Rotate Right
DINZ | R,dst RA | Decrement and Jump if Non-Zero RRB R by n bits (n = 1, 2)
DBJNZ R—R-1 RRC | ast R | Rotate Right through C
IFR = 0: PC « PC + dst rree | ML R o '? 1r°;‘)’ ary
n ol n=
(range —254 to 0) y s i
" SDA dst, R R Shift Dynamic Arithmetic
IRET B - 'I:éerrupt F;T;urn SDAB Shift dst left or right by
-~ @ SDAL contents of R
Autoincrement SP
- SDL dst, R R Shift Dynamic Logical
9P codst | 1R | ump Conditional st SDLB Shift dst left or right by
DA celstrue: FL «—ds SDLL contents of R
X SLA dst, n R Shift Left Arithmetic
JR cc, dst RA Jump Conditional Relative 23? by n bits
If cc is true: PC « PC + dst
(range —256 to +254) SLL dst, n R Shift Left Logical
RET cc - Return Conditional g::ts by n bits
If cc is true: PC «— @ SP
Autodecrement SP SRA dst, n R Shift Right Arithmetic
SC src M System Call 22:5 by n bits
Autodecrement SP
@ SP «old PS SRL dst, n R Shift Right Logical
Push instruction SRLB by n bits
PS « System Call PS SRLL

*Privileged instructions. Executed in system mode only.
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BLOCK TRANSFER AND STRING MANIPULATION BLOCK TRANSFER AND STRING MANIPULATION (Cont.)
Mne- Addr. Mne- Addr.
monics | Operands | Modes Operation monics | Operands |Modes Operation
CPD Ry, src, IR Compare and Decrement LDI dst, src, IR Load and Increment
CPDB Ry, cc Ry — src tDIB R dst « src
Autodecrement src address Autoincrement dst and src
Ry <Ry - 1 addresses
R«<R-1
CPDR Ry, src, IR Compare, Decrement and Repeat
CPDRB Ry, cc Rx — src LDIR dst, src, IR Load, Increment and Repeat
Autodecrement src address LDIRB R dst < src
Ry <Ry - 1 Autoincrement dst and src
Repeat until cc is true or Ry = 0 addresses
R«<R-1
CPI Ry, src, IR Compare and Increment o
CPB Ry, co Ry - src Repeat untiiR = 0
Autoincrement src address TROB dst,src, | IR Translate and Decrement
Ry <~ Ry - 1 R dst « src (dst)
CPIR Ry, src, IR Compare, Increment and Repeat éu(tgd;cieqnent dst address
CPIRB Ry, cc Rx — src
Autoincrement src address TRDRB dst, src, IR Translate, Decrement and Repeat
Ry <Ry - 1 R dst « src (dst)
Repeat until cc is true or Ry = 0 Autodecrement dst address
CPSD dst, src, IR Compare String and Decrement ge;:t ;n:il R=0
CPSbB R, cc dst — src
Autodecrement dst and src TRIB dst, src, IR Translate and Increment
addresses R dst « src (dst)
R<R -1 Autoincrement dst address
CPSDR | dst src, | IR | Compare String, Decr. and Repeat RoR-1
CPSDRB R, cc dst — src TRIRB dst, src, IR Translate, Increment and Repeat
Autodecrement dst and src R dst « src (dst)
addresses Autoincrement dst address
R<R-1 R«<R-1
Repeat until ccis true or R = 0 Repeat until R = 0
CPSI dst, src, IR Compare String and Increment TRTDB src 1, IR Translate and Test, Decrement
CPSIB R, cc dst - src src 2, R RH1 « src 2 (src 1)
Autoincrement dst and src Autodecrement src 1 address
addresses R«<R-1
R-R-1 TRTDRB src 1, IR Translate and Test,
CPSIR dst, src, IR Compare String, Incr. and Repeat src 2, R Decrement and Repeat
CPSIRB R, cc dst — src RH1 < src 2 (src 1)
Autoincrement dst and src Autodecrement src 1 address
addresses R«R-1
R«<R -1 Repeat until R = 0 or RH1 = 0
Repeat until cc is true or R = 0 TRTIB src 1, IR Translate and Test, Increment
LDD dst, src, IR Load and Decrement src 2, R RH1 «—src 2 (src 1)
LDDB R dst < src Autoincrement src 1 address
Autodecrement dst and src R<~R-1
gdiegsfﬂ TRTIRB | sc1, | IR |Transiate and Test,
src 2, R Increment and Repeat
LDDR dst, src, IR Load, Decrement and Repeat - RH1 «src 2 (src 1)
LDDRB R dst < src Autoincrement src 1 address
Autodecrement dst and src R—~R-1
addresses Repeat until R = 0 or RH1 = 0
R«<R-1
Repeat untilR = 0
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INPUT/OUTPUT INPUT/OUTPUT (Cont.)
Mne- Addr. Mne- Addr.

monics |Operands | Modes Operation monics |Operands|Modes Operation

IN* R, src IR | Input SOuT* dst, src DA | Special Output

INB* DA [R e« src souTte* dst « src

IND* dst, src, IR Input and Decrement SOUTD* | dst, src, IR Special Output and Decrement

INDB* R dst « src SOuUTDB* R dst « src
Autodecrement dst address Autodecrement src address
R«<R-1 R«~R-1

INDR* dst, src, IR Input, Decrement and Repeat SOTDR* | dst, src, IR Special Output, Decr. and Repeat

INDRB* R dst « src SOTDRB* R dst « src
Autodecrement dst address Autodecrement src address
R<R -1 R—R-1
Repeat untiiR = 0 Repeat until R = 0

INI* dst, src, IR Input and Increment souTr* dst, src, IR Special Output and Increment

INIB* R dst « src SouTIB* 3] dst « src
Autoincrement dst address Autoincrement src address
R«<R-1 R<R-1

INIR* dst, src, IR Input, Increment and Repeat SOTIR* dst, src, R Speciél Output, Incr. and Repeat

INIRB* R dst « src SOTIRB* R dst « src
Autoincrement dst address Autoincrement src address
R«R-1 R<R-1
Repeat until R = 0 Repeat unti R = 0

ouT* dst, R IR | Output

ouTte* DA |dst<R

ouTD* dst, src, IR | Output and Decrement

ouTDB* R dst < src CPU CONTROL
Autodecrement src address
R«<R-1 Mne- Addr.

OTDR* dst, src, IR | Output, Decrement and Repeat monics °Pf’“‘“"s Modes Operation

OTDRB* R dst « src COMFLG| flags - Complement Flag
Autodecrement src address (Any combination of C, Z, S, P/V)
R«<R -1 "

P o]l int - Disable Interrupt
Repeat untii R = 0 (Any combination of NVI, Vi)
*

ouTi . dst, sre, IR | Output and Increment £l int — Enable Interrupt

outis R dst — sre (Any combination of NVI, V1)
Autoincrement src address y ;
R<R-1 HALT* - - HALT

OTIR* dst, src, IR Ouput, Increment and Repeat LDCTL* CTLR, R Load into Control Register

OTIRB* R dst « src src CTLR «src
Fuoincrement stc address LDCTL* | dst, R | Load from Control Register
Repeat until R = 0 CTLR dst— CTLR

SIN® R, src DA | Special Input LDCTLB | FLGR, R IE(E(anleo Flag Byte Register

SINB* R « src sre < sre

SIND* | dst,src, | IR | Special Input and Decrement LbCTLB Ffj‘;h R ;Zf‘r’:&';ag Byte Register

SINDB* R dst « src
Autodecrement dst address LDPS* src IR Load Program Status
R—R-1 DA | PS «src

SINDR* | dst, src, IR Special Input, Decr. and Repeat X

SINDRB* R dst « src MBIT* - - Test Multi-Micro Bit _
Autodecrement dst address Set S if ul is High; reset S if ul
R<R-1 is Low.
bk MREQ" | dst | R |Multi-Micro Request

SINI* dst, src, IR Special Input and Increment T

SINIB® R dst < src MRES* - - Multi-Micro Reset
Autoincrement dst address MSET* - - Multi-Micro Set
RR-1 NOP - - No Operation

. -

SINIR . dst, src, IR Special Input, Incr. and Repeat RESFLG flag _ Reset Flag

SINIRS R dst < src (Any combination of C, Z, S, PIV)
Autoincrement dst address Y 10 Uit
R<R -1 SETFLG flag - Set Flag
Repeat until R = 0 (Any combination of C, Z, S, P/V)

*Privileged instructions

. Executed in system mode only.
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This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the
detailed timing relationships of individual edges. Use the preceding iliustrations as an explanation .of the

various timing sequences. MOS-255
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SWITCHING CHARACTERISTICS over operating range Amz8001DC
Number Parameter Description Min Max Units
1 TcC Clock Cycle Time 250 2000 ns
2 TwCh Clock Width (High) 105 2000 ns
3 TwCl Clock Width (Low} 105 2000 ns
4 TfC Clock Fall Time 20 ns
5 TrC Clock Rise Time 20 . ns
6 TdC(SNv) Clock 1 to Segment Number Valid (50pF Load) 130 ns
7 TdC(SNn) Clock 1 to Segment Number Not Valid 20 ns
8 TdC(Bz) Clock 1 to Bus Float 65 ns
9 TdC(A) Clock 1 to Address Valid 100 ns
10 TdC(Az2) Clock 1 to Address Float 65 ns
1" TdA(DY) Address Valid to Data In Required Valid 400 ns
12 TsDI(C) Data In to Clock | Set-up Time 70 ns
13 TdDS(A) DS 1 to Address Active 80 ns
14 TdC(DO) Clock 1 to Data Out Valid 100 ns
15 ThDI(DS) Data In to DS 1 Hold Time 0 ns
16 TdDO(DS) Data Out Valid to DS 1 Delay 230 ns
17 TdA(MR) Address Valid to MREQ | Delay 55 ns
18 TdC(MR) Clock | to MREQ | Delay 80 ns
19 TwMRh MREQ Width (High) 190 ns
20 TdAMR(A) MREQ | to Address Not Active 70 ns
21 TdDO(DSW) Data Out Valid to DS | (Write) Delay 55 ns
22 TAMR(DH ~ MREQ | to Data In Required Valid 330 ns
23 TAC(MR) Clock | to MREQ 1 Delay 80 ns
24 TAC(ASH) Clock 1 to AS | Delay 80 ns
25 TdA(AS) Address Valid to AS 1 Delay 55 ns
26 TdC(AST) Clock | to AS 1 Delay 90 ns
27 TdAS(DI) AS 1 to Data In Required Valid 290 ns
28 TdDS(AS) DS 1 to AS | Delay 70 ns
29 TWAS AS Width (Low) 80 ns
30 TdAS(A) AS 1 to Address Not Active Delay 60 ns
31 TdAz(DSR) Address Float to DS (Read) | Deiay 0 ns
32 TdAS(DSR) AS 1 to DS (Read) | Delay 70 ns
33 TdDSR(DI) Ds (Read) | to Data In Required Valid 155 ns
34 TdC(DSY) Clock | to DS 1 Delay 70 ns
35 TdDS(DO) ﬁT to Data Out and STATUS Not Valid 80 ns
36 TdA(DSR) Address Valid to DS (Read) | Delay 120 ns
37 TdC(DSR} Clock 1 to ﬁ(ﬁead) | Delay 120 ns
38 TwDSR DS (Read) Width (Low) 275 ns
39 TdC(DSW) Clock | to DS (Write) | Delay 95 ns
40 TwDSW DS (Write) Width (Low) 160 ns
41 TdDSI(DI) DS (Input) | to Data In Required Valid 315 ns
42 TdC(DSf) Clock | 1o DS (1/0) | Delay 120 ns
43 TwDS DS (I/0) Width (Low) 400 ns
44 TJAS(DSA) AS 1 to DS (Acknowledge) | Delay 960 ns
45 TdC(DSA) Clock 1 to DS (Acknowledge) | Delay 120 ns
46 TdDSA(DI1) E(Acknowledge) | to Data In Required Delay 420 ns
47 TdC(S) Clock 1 to Status Valid Delay ) 110 ns
48 TdS(AS) Status Valid to AS 1 Delay 40 ns -
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SWITCHING CHARACTERISTICS (Cont.) Amz8001DC
Number Parameter Description Min Max Units
49 TsR(C) RESET to Clock 1 Set-up Time 180 ns
50 ThR(C) RESET to Clock 1 Hold Time (o} ns
51 TwNMI NMI Width (Low) 100 ns
52 TsNMI(C) NMI to Clock 1 Set-up Time 140 ns
53 TsVI(C) VI, NVi to Clock 1 Set-up Time 110 ns
54 ThVI(C) VI, NVI to Clock 1 Hold Time 0 ns
55 TsSGT(C) SEGT to Clock 1 Set-up Time 70 ns
56 ThSGT(C) SEGT to Clock 1 Hold Time 0 ns
57 Tsul(C) wi to Clock 1 Set-up Time 180 ns
58 Thu)(C) i to Clock 1 Hold Time 0 ns
59 TdC(uo) Clock 1 to no Delay 120 ns’
60 TsSTP(C) STOP to Clock | Set-up Time 140 ns
61 ThSTP(C) STOP to Clock | Hold Time 0 ns
62 TsSWT(C) WAIT to Clock | Set-up Time 70 ns
63 ThWT(C) WAIT to Clock | Hold Time 0 ns
64 TsBRQ(C) BUSRQ to Clock 1 Set-up Time 90 ns
65 ThBRQ(C) BUSRQ to Clock 1 Hold Time 0 ns
66 TdC(BAKTr) Clock 1 to B_USA_KT Delay 100 ns
67 TAC(BAK() Clock 1 to BUSAK | Delay 100 ns
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MAXIMUM RATINGS above which useful life'may be impaired.

Voltages on all inputs and outputs with respect to GND -0.3Vto +7.0V
Operating Ambient Temperature 0to +70°C
Storage Temperature —65 to +150°C

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid -
exposure to excessive voltages.

ELECTRICAL CHARACTERISTICS over operating range (Note 1)

Parameter Description Test Conditions Min Max Units
VeH Ciock inpul High Voilage Driven by Exieinal Cioek Generator Vee-04 Vect0.2 Velts
Veu Clock Input Low Voltage Driven by External Clock Generator -0.3 0.45 Volts
Vin Input High Voltage 2.0 Vec+0.3 Volts
ViL Input Low Voltage . -03 0.8 Volts
Vou Output High Voltage loy = —250uA 2.4 Volts
VoL Output Low Voltage loL = +2.0mA 0.4 Volts
liL Input Leakage 0.4 < V|y < +2.4V +10 uA
loL Output Leakage 0.4 < Voyt < +24V +10 pA
lce V¢ Supply Current 300 mA

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voitages are referenced to
GND. Positive current flows into the referenced pin. Standard conditions are as follows:

+4.75V < Vcc < +5.25V
GND = oV
0°C < T, < +70°C

Vec
21K
FROM OUTPUT
UNDER TEST
100pF 250pA
MOS-254 = =

All AC parameters assume a load capacitance of 100pF max, except for
parameter 6, TdC(SNv) (50pF max). Timing references between two
output signals assume a load difference of 50pF max.

For more information, refer to these AMD publications:

Processor Instruction Set (AM-PUB086).

Describes each instruction in detail. 250 pp.

Processor Interface Manual (AM-PUB089).

Describes hardware interfacing for interrupts .and 1/O, including the Am9511A Arithmetic Processor, the
Am9517A DMA Controller, and the Am9519 Interrupt Controlier. 81 pp.
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16-Bit Microprocessor

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS

Sixteen general purpose registers

Direct addressing up to 64KB memory
Software compatible with AmZ8001 microprocessor
Powerful instructions with flexible addressing modes

Privileged/Non-Privileged mode of operation
Sophisticated interrupt structure
On-chip memory refresh facility

TTL compatible inputs and outputs

Single phase clock
Single +5V power supply

40-pin package

GENERAL DESCRIPTION

The AmZ8002 is a general-purpose 16-bit CPU belonging to the
AmZ8000 family of microprocessors. Its architecture is centered
around sixteen 16-bit general registers. The CPU deals with
16-bit address spaces and hence can address directly 64 Kilo-
bytes of memory. Facilities are provided to maintain three dis-
tinct address spaces — code, data and stack. The AmZ8002
implements a powerful instruction set with flexible addressing
modes. These instructions operate on several data types — bit,
byte, word (16-bit), long word (32-bit), byte string and word
string. The CPU can execute instructions in one of two modes —
System and Normal. Sometimes these modes are also known
as Privileged and Non-Privileged, respectively. The CPU also
contains an on-chip memory refresh facility. The AmZ8002 is
software compatible with the AmZ8001 microprocessor. The
AmZ8002 is fabricated using silicon-gate N-MOS technology
and is packaged in a 40-pin DIP. The AmZ8002 requires a single
+5 power supply and a single phase clock for its operation.

LOGIC SYMBOL

CONNECTION DIAGRAM

Top View
8 ——o] AS AD15 |
N1 — 55 - -/ o
TIMING AD14 as |1 @ 40 [ ] ADo
—— MREQ AD13 fo—em apto[] 2 39 [] AD8
——| reao/wrRE AD12 fo—e ap11[]3 38|} AD7
——] NORMAL/SYSTEM AD11 f—em AD12 [] 4 37 ] AD6
BYTE/WORD AD10 Jo—e AD13 s 36 [ ] Aps
STATUS | ——]sT3 AD9 fem sTop s 35 [ ] ADs
—=—s12 AD8 |=—e Frid o K 3a [ ap3
- 2:) AD7 fa—em ap1s[ )8 33 [T] AD2
-—
AmZ8002 AD6 f=o—e AD14[ ]9 32 []AD1
CPU | ——=f WAIT AD5 jo—e 7 10 31 GND
CONTROL{ —} 5T0P e ] AmZ8002 1
AD4 %— vig] 30 [ cLock
BUS { —4 BUSRQ AD3 j—e- ni[]12 29 [ as
controL | ——{ Busak AD2 Jo—e- i [ 13 28 [ ] DECOUPLE
— M AD1 fo—e RESET [_] 14 27 [ a/_W
INTERRUPTS{ —]W ADO fro—e- o] s 26 [NS
—f Vi MREG [] 16 25 [T1RW
i D3 24 BUSAK
muLTimicro | —= A1 os ] 17 1 BUSAK
CONTROL | ~—1 40 sT3[] 18 23 [ ] WAIT
st2[] 19 22 [ BUSRa
‘ 1 1 1 sTi[ ] 20 21 STO
+5V GND CLK | RESET

DECOUPLE

(DO NOT USE)

MOS-225

Note: Pin 1 is marked for orientation.

MOS-226

ORDERING INFORMATION

Maximum Clock Frequency

Package Ambient
Type Temperature 4MHz
Hermetic DIP 0°C = Tp = 70°C

AmZ8002DC
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INTERFACE SIGNAL DESCRIPTION

Vcg: +5V Power Supply
Vgg: Ground

ADO0-AD15: Address/Data Bus (Bidirectional, 3-State)

This 16-bit multiplexed address/data bus is used for all I/O and
memory transactions. HIGH on the bus corresponds to 1 and
LOW corresponds to 0. ADO is the least significant bit position
with AD15 the most significant. The AS output and DS output will
indicate whether the bus is used for address or data. The status
output lines STO-ST3 will indicate the type of transaction; mem-
ory or I/O.

AS: Address Strobe (Output, 3-State)

LOW on this output indicates that the AD0-AD15 bus contains
address information. The address information is stable by the
time of the LOW-to-HIGH transition of the AS output (see timing

. diagrams). The status outputs STO-ST3 indicate whether the
bus contains a memory address or I/O address.

DS: Data Strobe (Output, 3-State)

LOW on this output indicates that the ADO-AD15 bus is being
used for data transfer. The R/W output indicates the direction of
data transfer — read (or in) means data into the CPU and write
(or out) means data from the CPU. During a read operation, data
can be gated on to the bus when DS goes LOW. A LOW-to-
HIGH transition on the DS output indicates that the CPU has
accepted the data (see timing diagram). During a write opera-
tion, LOW on the DS output indicates that data is setup on the
bus. Data will be removed sometime after the LOW-to-HIGH
transition of the DS output (see timing diagram).

R/W: Read/Write (Output, 3-State)

This output indicates the direction of data flow on the AD0O-AD15
bus. HIGH indicates a read operation, i.e., data into the CPU
and LOW indicates a write operation, i.e., data from the CPU.
This output is activated at the same time as AS going LOW and
remains stable for the duration of the whole transaction (see
timing diagram).

B/W: Byte/Word (Output, 3-State)

This output indicates the type of data transferred on the
ADO-AD15 bus. HIGH indicates byte (8-bit} and LOW indicates
word (16-bit) transfer. This output is activated at the same stage
as AS going LOW and remains valid for the duration of the whole
transaction (see timing diagram). The address generated by the
CPU is always a byte address. However, the memory is or-
ganized as 16-bit words. All instructions and word operands are
word aligned and are addressed by even addresses. Thus, for
all word transactions with the memory the least significanf ad-
dress bit will be zero. When addressing the memory for byte
transactions, the least significant address bit determines which
byte of the memory word is needed; even address specifies the
most significant byte and odd address specifies the least sig-
nificant byte. In the case of I/O transactions, the address infor-
mation on the-ADO-AD15 bus refers to an /O pcrt and B/W
determines whether a data word or data byte will be transacted.
During I/O byte transactions, the least significant address bit AO
determines which half of the AD0-AD15 bus will be used for the
I/O transactions. The ST0-ST3 outputs will indicate whether the
current transaction is for memory, normal I/O or special }/O.

ST0-ST3: Status (Outputs, 3-State)

These four outputs contain information regarding the current
transaction in a coded form. The status line codes are shown in
the following table:

ST3 ST2 ST1 STO
L L L L Internal Operation
L L L H Memory Refresh
L L H L Normal I/O Transaction
L L H H Special I/O Transaction
L H L L Reserved
L H L H Non-Maskable Interrupt Acknowledge
L H H L Non-Vectored Interrupt Acknowledge
L H H H Vectored Interrupt Acknowledge
H L L L Memory Transaction for Operand
H L L H Memory Transaction for Stack
H L H L Reserved
H L H H Reserved
H H L L Memory Transaction for Instruction
Fetch (Subsequent Word)
H H L H gleetz:‘oa(: i:'srtac‘;e.oa::;)ion for Instruction
H H H L Reserved
H H H Reserved

WAIT: Wait (Input)

LOW on this input indicates to the CPU that memory or I/O is not
ready for the data transfer and hence the current transaction
should be stretched. The WAIT input is sampled by the CPU at
certain instances during the transaction (see timing diagram). If *
WAIT input is LOW at these instances, the CPU will go into wait
state to prolong the transaction. The wait state will repeat until
the WAIT input is HIGH at the sampling instant.

N/S: Normal/System Mode (Output, 3-State)

HIGH on this output indicates that the CPU is operating in Nor-
mal Mode and LOW indicates operation in System Mode. This
output is derived from the Flag Control Word (FCW) register.
The FCW register is described under the program status infor-
mation section of this document.

MREQ: Memory Request (Output, 3-State)

LOW on this output indicates that a CPU transaction with mem-
ory is taking place.

BUSRQ: Bus Request (Input)

LOW on this input indicates to the CPU that another device
(such as DMA) is requesting to take control of the bus. The
BUSRQ input can be driven LOW anytime. The CPU syn-
chronizes this input internally. The CPU responds by activating
BUSAK output LOW to indicate that the bus has been relin-
quished. Relinquishing the bus means that the AD0-AD15, AS,
DS, B/W, R/W, N/S, ST0-ST3 and MREQ outputs will be in the
high impedance state. The requesting device should contro!
these lines in an identical fashion to the CPU to accomplish
transactions. The BUSRQ input must remain LOW as long as
needed to perform all the transactions and the CPU will keep the
BUSAK output LOW. After completing the transactions, the de-
vice must disable the AD0-AD15, AS, DS, B/W, R/W, N/S,
STO0-ST3 and MREQ into the high impedance state and stop
driving the BUSRQ input LOW. The CPU will make BUSAK
output HIGH sometime later and take back the bus control.

BUSAK: Bus Acknowledge (Output)

LOW on this output indicates that the CPU has relinquished the
bus in response to a bus request.
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NMI: Non-Maskablée Interrupt (Input)

HIGH-to-LOW transition on this input constitutes non-maskable
interrupt request. The CPU will respond with the non-maskable
Interrupt Acknowledge on the STO-ST3 outputs and will enter an
interrupt sequence. The transition on the NMI can occur any-
time. Of the three kinds of interrupts available, the non-mask-
able interrupt has the highest priority.

VI: Vectored Interrupt (input)

LOW on this input constitutes vectored interrupt request. Vec-
tored interrupt is next lower to the non-maskable interrupt in
priority. The VIE bit in the Flag and Control Word register must
be 1 for the vectored interrupt to be honored. The CPU will
respond with Vectored Interrupt Acknowledge code on the
ST0-ST3 outputs and will begin the interrupt sequence. The Vi
input can be driven LOW any time and should be held LOW until
acknowledged.

NVI: Non-Vectored Interrupt (Input)

LOW on this input constitutes non-vectored interrupt request.
Non-vectored has the lowest priority of the three types of inter-
rupts. The NVIE bit in the Flag and Control Word register must
be 1 for this request to be honored. The CPU will respond with
Non-Vectored Interrupt Acknowledge code on the ST0-ST3
outputs and will begin the interrupt sequence. The NVI input
can be driven LOW anytime and should be held LOW untif
acknowledged.

;TI: Micro-In (Input)

This input participates in the resource request daisy chain. See
the section on multimicroprocessor support facilities in this
document.

Ez Micro-Out (Output)

This output participates in the resource request daisy chain. See
the section on multimicroprocessor support facilities in this
document.

RESET: Reset (Input)

LOW on this input initiates a reset sequence in the CPU. See the
section on Initialization for details on reset sequence.

CLK: Clock (Input)

All CPU operations are controlled from the signal fed into
this input. See DC Characteristics for clock voltage level
requirements.

DECOUPLE: (Output)
Output from the on-chip substrate bias generator. Do not use.

STOP: Stop (Input)

This active LOW input facilitates one instruction at a time opera-
tion. See the section on ‘single stepping.

PROCESSOR ORGANIZATION

The following is a brief discussion of the AmZ8002 CPU. For
detailed information, see the AmZ8001/AmZ8002 Processor In-
struction Set Manual (Publication No. AM-PUBO086).

General Purpose Registers

The CPU is organized around sixteen 16-bit general purpose
registers RO through R15 as shown in Figure 1. For byte opera-
tions, the first eight registers (RO through R7) can also be ad-
dressed as sixteen 8-bit registers designated as RLO, RHO and
so on to RL7 and RH7. The sixteen registers can also be
grouped in pairs RR0, RR2 and so on to RR14 to form eight long

Ro [ RHO 1 RLO ]
RRO
m| R T RLY ]
RQO
Rz | RH2 H RL2 H
RR2
s RM3 HEE ]
Ra | RH4 | AL |
RR4
Rs | RHS5 1 RLS |
RQ4
Re [ Res ! Rs |
RRS
rel AW ] az |
re [ ]
RRS
o =
RQ8
rio | |
RR10
rit | |
a2 | |
RR12
ri3 | |
R14 l 1 RQt2
AR ms | SYSTEM STACK POINTER |
Ris [ NORMAL STACK POINTER I
Figure 1. AmZ8002 General Registers.
MOS-227

word (32-bit) registers. Similarly, the sixteen registers can be
grouped in quadruples RQO, RQ4, RQ8 and RQ12 to form four
64-bit registers.

STACK POINTER

The AmZ8002 architecture allows stacks to be maintained in the
memory. Any general purpose register except RO can be used
as a stack pointer in stack manipulating instructions such as
PUSH and POP. However, certain instructions such as sub-
routine call and return make implicit use of the register R15 as
the stack pointer. Two implicit stacks are maintained — normai
stack using R15 as the stack pointer and system stack using
R15’ as the system stack pointer (see Figure 1). If the CPU is
operating in the Normal Mode, R15 is active, and ifthe CPU is in
System Mode R15’ will be used instead of R15. The implied
stack pointer is a part of the general registers and hence can
be manipulated using the instructions available for register
operations.

PROCESSOR STATUS

The CPU status consists of the 16-bit Program Counter (PC)
and the 16-bit Flag and Control Word (FCW) register (see Figure
2). The following is a brief description of the FCW bits.

S/N:  System/Normal — 1 indicates System Mode and 0 indi-
cates Normal Mode.

VIE: Vectored Interrupt Enable — 1 indicates that Vectored
Interrupt requests will be honored.

NVIE: Non-Vectored Interrupt Enable — 1 indicates that non-
vectored interrupt requests will be honored.

C: Carry — 1 indicates that a carry has occurred from the
most significant bit position when performing arithmetic
operations.

Z: Zero — 1 indicates that the result of an operation is zero.
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15

0
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L 1l WORD

PROGRAM
| | COUNTER

Figure 2. AmZ8002 Processor Status.
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S: Sign — 1 indicates that the result of an operation is nega-
tive i.e., most significant bit is one.

P/V: Parity/Overflow — 1 indicates that there was an overflow
during arithmetic operations. For logical operations this
bit indicates parity of the result.

DA:  Decimal Adjust — Records byte arithmetic operations.

H: Half Carry — 1 indicates that there was a carry from the
most significant bit of the lower digit during byte
arithmetic.

DATA TYPES

The AmZ8002 instructions operate on bits, digits (4 bits), bytes
(8 bits), words (16 bits), long words (32 bits), byte strings and
word strings type operands. Bits can be set, reset or tested.
Digits are used to facilitate BCD arithmetic operations. Bytes are
used for characters and small integers. Words are used for in-
teger values and addresses while long words are used for large
integer values. All operands except strings can reside either in
memory or general registers. Strings can reside in memory only.

INTERRUPT AND TRAP STRUCTURE

Interrupt is defined as an external asynchronous event requiring
program interruption. For example, interruption is caused by a
peripheral needing service. Traps are synchronous events re-
sulting from execution of certain instructions under some de-
fined circumstances. Both interrupts and traps are handled in a
similar manner by the AmZ8002.

The AmZ8002 supports three types of interrupts in order of de-
scending priority — non-maskable, vectored and non-vectored.
The vectored and non-vectored interrupts can be disabled by
appropriate control bits in the FCW. The AmZ8002 has three
traps — system call, unimplemented opcode and privileged in-
struction. The traps have higher priority than interrupts.

When an interrupt or trap occurs, the current program status is
automatically pushed on to the system stack. The program
status consists of processor status (i.e., PC and FCW) plus a
16-bit identifier. The identifier contains the reason, source and
other coded information relating to the interrupt or trap.

After saving the current program status, the new processor
status is automatically loaded from the new program status area
located in the memory. This area is designated by the New
Program Status Area Pointer (NPSAP) register. See AM-
PUBO086 publication for further details.

ADDRESSING MODES

Information contained in the AmZ8002 instructions consists of
the operation to be performed, the operand type and the location
of the operands. Operand locations are designated by general
register addresses, memory addresses or |/O addresses. The
addressing mode of a given instruction defines the address
space referenced and the method to compute the operand ad-
dress. Addressing modes are explicitly specified or implied in an
instruction. Figure 3 illustrates the eight explicit addressing
modes: Register (R), Immediate (IM), Indirect Register (IR), Di-
rect Address (DA), Indexed (X), Relative Address (RA), Base
Address (BA) and Base Indexed (BX).

INPUT/OUTPUT

A set of I/O instructions are provided to accomplish byte or word
transfers between the AmZ8002 and I/O devices. /O devices
are addressed using 16-bit I/O port addresses and I/O address
space is not a part of the memory address space. Two types of
O insiructions are provided; sach with itc cwn 16-bit address
space. |/O instructions include a comprehensive set of In, Out
and Block transfers.

CPU TIMING

The AmZ8002 accomplishes instruction execution by stepping
through a pre-determined sequence of machine cycles, such as
memory read, memory write, etc. Each machine cycle requires
between three and ten clock cycles. Bus Requests by DMA
devices are granted at machine cycle boundaries. No machine
cycle is longer than ten clock cycles; thus assuring fast response
to a Bus Request (assuming no extra wait states). The start of a
machine cycle is always marked by a LOW pulse on the AS
output. The status output lines ST0-ST3 indicate the nature of
the current cycle in a coded form.

STATUS LINE CODES

Status line coding was listed in the table shown under ST0-ST3
outputs in the Interface Signal Description. The: following is a
detailed description of the status codes.

Internal Operation:

This status code indicates that the AmZ8002 is going through a
machine cycle for its internal operation. Figure 4 depicts an
internal operation cycle. It consists of three clock periods iden-
tified as T1, T2 and T3. The AS output will be activated with a
LOW pulse by the AmZ8002 to mark the start of a machine
cycle. The ST0-ST3 will reflect the code for the internal opera-
tion. The MREQ, DS and R/W outputs will be HIGH. The N/S
output will remain at the same level as in the previous machine
cycle. The AmZ8002 will ignore the WAIT input during the inter-
nal operation cycle. The CPU will drive the ADO-AD15 bus with
unspecified information during T1. However, the bus will go into
high impedance during T2 and remain in that state for the re-
mainder of the cycle. The B/W output is also activated by the
CPU with unspecified information.

Memory Refresh:

This status code indicates that AmZ8002 is accessing the mem-
ory to refresh. The refresh cycle consists of three clock periods
as depicted in Figure 5. The CPU will activate the AS output with
a LOW pulse to mark the beginning of a machine cycle and
STO0-ST3 outputs will reflect the refresh cycle code. The least
significant 9 lines of the AD0O-AD15 bus contain the refresh ad-
dress. Because the memory is word organized, the ADO will
always be LOW. The most significant 7 bus lines are not
specified. The [ DS output will remain HIGH for the entire cycle
while R/W, B/W and N/S outputs will remain at the same level as
in the machine cycle prior to refresh. The AD0-AD15 bus will go
into high impedance state during T2 period and remain there for
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Mode Operand Addressing Operand Value
In the Instruction  In a Register In Memory
Register [ recisTER ADDRESS |—=] OPERAND | The content of the register.
Immediate In the instruction
Indirect The content of the location whose
) REGISTER ADDRESS |—~{ ADDRESS [———————-OPERAND . )
Register [  opERAND | address is in the register.
Direct The content of the location whose
Address @S] @] address is in the instruction.
7
The content of the location whose
REGISTER ADDRESS —’I DISPLACEMENT address is the address in the
Index N .
BASE ADDRESS O] l OPERAND | instruction, offset by the content
of the working register.
The content of the location whose
Relative @:LUE_I—)\ . address is the content of the program
Address | DISPLACEMENT 'l @ I OPERANDI counter, offset by the displacement in
the instruction.
The content of the location whose
Base REGISTER ADDRESS BASE ADDRESS address is the address in the
Address DISPLACEMENT G register, offset by the
displacement in the instruction.
The content of the location whose
Base REGISTER ADDRESS |—=| BASE ADDRESS | address is the address in the
Index REGISTER ADDRESS DISPLACEMENT ® register, offset by the

displacement in the register.

Figure 3. Addressing Médes.
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the _remainder of the cycle. The AmZ8002 will activate the
MREQ output LOW during the refresh cycle. It should be noted
that WAIT input is ignored by the CPU for refresh operations.

/O Transactions:

There are two status line codes used for I/O transaction cycles.
The AmZB002 provides two separate 1/O spaces and two types
of instructions called Normal /O and Special /0. Each /O
space is addressed by a 16-bit address called port address. The
timing for both types of I/O transactions is essentially identical. A
typical I/O cycle consists of four clock periods T1, T2, TWA and
T3 as shown in Figure 6. The TWA is the wait state; insertion*of
one wait state for an I/O cycle is always automatic. Additional

wait cycles can be inserted by LOW on the WAIT input. The
WAIT input is sampled during every TW state. If this input is
LOW, one more wait state will be inserted. Insertion of wait
states continues until WAIT inputis HIGH. T3 state will follow the
last wait state to complete the 1/O cycle.

During /O cycles the ST0-ST3 outputs will reflect appropriate
code depending on the type of instruction being executed (Nor-
mal /O or Special I/O). AS output will be.pulsed LOW to mark
the beginning of the cycle. The CPU drives the AD0-AD15 bus
with the_16-bit port address specified by the current instruction.
The N/S output will be LOW indicating that CPU is operating in
the system mode. It should be recalled that the N/S output is
derived from the appropriate bit in the FCW register. All I/O
instructions are privileged instructions and will be allowed to
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T T2 T3
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STO-ST3 X INTERNAL OPERATION

s | \ /
/

AD X UNDEFINED
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A
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Figure 4. Internal Operation Cycle.
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AD X REFRESH ADDRESS > {
DS HIGH
R/W, BIW, N/S SAME AS PREVIOUS CYCLE
]
T
Figure 5. Refresh Cycle.
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\ ——
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pata § DS
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Figure 6. AmZ8002 I/O Cycle.
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execute only if the FCW specifies system mode operation. The
MREQ output will be HIGH. The AmZ8002 I/O instructions pro-
vide both word or byte transactions. The B/W output will be
HIGH or LOW depending whether the instruction specifies a
byte or word transfer.

Two kinds of I/O transfers should be considered: Data In means
reading from the device and Data Out means writing into the
device. For In operations, the R/W output will be HIGH. The
ADO-AD15 bus will go into high impedance state during T2.
During byte input instructions, the CPU reads either the even or
odd half of the Data Bus, dependent upon the port address. If
the port address is even, the most significant half of the Data
Bus is read. If the port address is odd, the least significant half of

the Data Bus is read. During word input instructions, the CPU
reads all 16 bits of the Data Bus. The AmZ8002 will drive the DS
output LOW to signal to the device that data can be gated on to
the bus. The CPU will accept the data during T3 and DS output
will go HIGH signalling the end of an I/O transaction.

For Data Out, the R/W output will be LOW. The AmZ8002 will
provide data on the ADO-AD15 bus and activates the DS output
LOW during T2. During byte output instructions, the CPU dupli-
cates the byte data onto both the high and low halves of the Data
Bus and external logic, using A0, enables the appropriate byte
port. During word output instructions the CPU outputs data onto
all 16 bits of the Data Bus. The DS output goes HIGH during T3
and the cycle is complete.
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Memory Transactions:

There are four status line codes that indicate a memory trans-
action:

a) Memory transaction to read or write an operand

b) Memory transaction to read from or write into the stack

¢) Memory transaction to fetch the first word of an instruction
(sometimes called IF1)

d) Memory transaction to fetch the subsequent word of an in-
struction (sometimes called IFN).

It can be appreciated that all the above transactions essentially
fall into two categories: memory read and memory write. In the
case of IF1 and IFN cycles, the memory will be read at the
address supplied by the program counter. All AmZ8002 instruc-
tions are multiples of 16-bit words. Words are always addressed
by an even address. Thus 71 and IFN cycles involve performing
a memory read for words. On the other hand, a memory trans-
action for operand and stack operation could be a read or write.
Moreover, an operand could be a word or a byte. For stack
operation involving the implied stack pointer the address will be
supplied by the R15 (or R15"). For operand.transactions, the

memory address will come from several sources depending on
the instruction and the addressing mode. Memory transaction
cycle timing is shown in Figure 7: 't typically consists of three
clock periods T1, T2 and T3. Wait states (TW) can be inserted
between T2 and T3 by activating the WAIT input LOW. The
WAIT input will be sampled during T2 and during every sub-
sequent TW. The STO-ST3 outputs will reflect the appropriate
code for the current cycle early in T1 and the AS output will be
pulsed LOW to mark the beginning of the cycle. The N/S output
will indicate whether the normal or system address space wil! be
used for the current cycle. As shown in the figure the MREQ
output will go LOW during T1 to indicate a memory operation.

Consider a read operation first. The R/W output will be HIGH.
The AmZ8002 will drive the AD0-AD15 with the appropriate ad-
dress early in T1. During T2, the bus will go into high impedance
state and DS output witl be activated LOW by the CPU. The
can be gated on to the bus when DS is LOW. During T1 the B/W
will also be activated to indicate byte or word will be transacted.
The AmZ8002 memory is word organized and words are ad-
dressed by even addresses. However, when addressing bytes,
the memory address may be odd or even; an even address for

e
ala

T

T2 T3

CLOCK

L

o=

KX, R

{=- INSERT WAIT STATE

STATUSES
(B/IW, N/S,

X

MREQ

—
"TI/
—\

A

a0 X ewon sooness >—_C

READ DS \ /
RIW / \
AD x MEMORY ADDRESS X DATA OUT ><
WRITE DS

RW \

/]

Figure 7. Memory Transactions.
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most significant byte of a word and the next odd address for the
least significant byte of that word. When reading a byte from the
memory, the least significant address bit can be ignored and the
whole word containing the desired byte is gated on to the bus.
The CPU will pick the appropriate byte automatically. The
AmZ8002 will drive the DS output HIGH indicating data accep-
tance.

Consider the write operation next. The R/W output will be LOW.
The AmZ8002 removes the address and gates out the data to be
written on the bus and activates the DS output LOW during T2. If
the data to be written is a byte then the same byte will be on both
halves of the bus. The DS output will go HIGH during T3 sig-
nifying completion of the cycle.

Interrupt Acknowledge:

There are three status line codes devoted to interrupt acknowil-
edgement. These correspond to non-maskable, vectored and
non-vectored interrupts. The Interrupt Acknowledge cycle is
illustrated in Figure 8. The NMI input of the AmZ8002 is edge
detected i.e., a HIGH to LOW input level change is stored in an
internal latch. Similar internal storage is not provided for the Vi
and NVl inputs. For VI and NVI inputs to cause an interruption,
the corresponding interrupt enable bits in the FCW must be 1.
For the following discussion, both the VIE and NVIE bits in the
FCW are assumed to be 1.

As shown in the figure, the VI input, NVI input and the internal
NMI latch output are sampled during T3 of the last machine
cycle of an instruction.

A LOW on these signals triggers the corresponding interrupt
acknowledge sequence described below. The AmZ8002 exe-
cutes a dummy IF1 cycle prior to entering the actual acknowl-
edge cycle (see memory transactions for IF1 cycle description).
During this dummy IF1 cycle, the program counter is not up-
dated; instead the implied system stack pointer (R15') will be
decremented. Following the dummy IF1 cycle is the actual inter-
rupt acknowledge cycle.

The interrupt acknowledge cycle typically consists of 10 clock
periods; T1 through T5 and five automatic TW (wait) states. As
usual, the AS output will be pulsed LOW during T1 to mark the
beginning of a cycle. The ST0-ST3 outputs will reflect the
appropriate interrupt acknowledge code, the MREQ output will
be HIGH, the N/S output remains the same as in the preceding
cycle, the R/W output will be HIGH and the B/W output will be
LOW. The AmZ8002 will drive the ADO-AD15 bus with un-
specified information during T1 and the bus will go into the high
impedance state during T2. Three TWA states will automatically
follow T2. The WAIT input will be sampled during the third TWA
state.

If LOW, an extra TW state will be inserted and the WAIT will be
sampled again during TW. Such insertion of TW states con-
tinues until the WAIT input is HIGH. After the last TW state, the
DS output will go LOW and two more automatic wait states
follow. The interrupting device can gate up to a 16-bit identifier
on to the bus when the DS output is LOW. The WAIT input will
be sampled again during the last TWA state. If the WAIT input is
LOW one TW state will be inserted and the WAIT will be sam-
pled during TW. Such TW insertion continues until the WAIT
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Figure 8. Interrupt Acknowledge Cycle.
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input is HIGH. After completing the last TW state T3 will be
entered and the DS output will go HIGH. The interrupting device
should remove the identifier and cease driving the bus. T4 and
T5 states will follow T3 to complete the cycle. Following the
interrupt acknowledge cycle will be memory transaction cycles
to save the status on the stack. Note that the N/S output will be
automatically LOW during status saving.

The internal NMI latch will be reset to the initial state at AS going
HIGH in the interrupt acknowledge cycle. The VI and NVI inputs
should be kept LOW until this time also.

Status Saving Sequence:

The machine cycles following the interrupt acknowledge cycle
push the old status information on the system stack in the fol-
lowing order: the 16-bit program counter; the flag and control
word; and finally the interrupt/trap indentifier. Subsequent
machine cycles fetch the new program status from the new pro-
gram status area, and then branch to the interrupt/service
routine.

BUS REQUEST/BUS ACKNOWLEDGE TIMING:

A LOW on the BUSRAQ input is an indication to the AmZ8002
that another device (such as DMA) is requesting control of the
bus. The BUSRQ input is synchronized internally at T1 of any
machine cycle. (See below for exception.) The BUSAK will go
LOW after the last clock period of the machine cycle. The LOW
on the BUSAK output indicates acknowledgement. When
BUSAK is LOW the following outputs will go into the high imped-
ance state; ADO-AD15, AS, DS, MREQ, ST0-ST3, B/W, RiW

and N/S. The BUSRQ must be held LOW until all transactions
are completed. When BUSRQ goes HIGH, it is synchronized
internally, the BUSAK output will go HIGH and normal CPU
operation will resume. Figure 9 illustrates the BUSRQ/BUSAK
timing.

It was mentioned that BUSRQ will be honored during any
machine cycle with one exception. This exception is during the
execution of TSET/TSETB instructions. BUSRQ will not be hon-
ored once execution of these instructions has started.

SINGLE STEPPING

The STOP input of the AmZ8002 facilitates one instruction at a
time or single step operation. Figure 10 illustrates STOP input
timing. The STOP input is sampled on the HIGH to LOW transi-
tion of the clock input that immediately precedes an IF1 cycle. If
the STOP is found LOW, AmZ80U2 introduces a memory re-
fresh cycle after T3. Moreover, STOP input will be sampled
again at T3. If STOP is LOW one more refresh cycle will follow
the previous refresh cycle. The STOP will be sampled during T3
of the refresh cycle also. One additional refresh cycle will be
added every time STOP input is sampled LOW. After completing
the last refresh cycle which will occur after STOP is HIGH, the
CPU will insert two dummy states T4 and T5 to complete the IF1
cycle and resume its normal operations for executing the in-
struction. See appropriate sections on memory transactions and
memory refresh.

It should be noted that refresh cycles will occur in the stop mode
even if the refresh facility is disabled in the refresh register.
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MULTIMICROPROCESSOR FACILITIES a) ADO0-AD15 bus will be in the HIGH impedance state

b) AS, DS, MREQ, BUSAK and xO outputs will be HIGH

c) STO-ST3 outputs will be LOW

d) Refresh will be disabled

e) R/W, B/W and N/S outputs are not affected. For a power on
reset the state of these outputs is not specified.

The AmZ8002 is provided with hardware and software facilities
to support multiple microprocessor systems. The uO and ul
signals of the AmZB002 are used in conjunction with the MBIT,
MREQ, MRES and MSET instructions for this purpose. The nO
output can be activated LOW by using an appropriate instruction
to signal a request from the AmZ8002 for a resource. The ul
input is tested by the AmZ8002 before activating the 1O output. After the Reset input returns HIGH and remains HIGH for three
LOW at the ul input at this time indicatﬁs that the resource is clock periods, two 16-bit memory read operations will be per-
busy. The AmZ8002 can examine the wl input after activating formed as follows. Note that the N/S output will be LOW and
the O output LOW. The ul will be tested again to see if the STO-ST3 outputs will reflect IFN code.

requested resource became available. For detailed information

on the Multimicroprocessor facilities the AmZ8001/AmZ8002 a) The contents of the memory location 0002 will be read. This

Processor Interface Manual (Publication No. AM-PUB089) information will be loaded into the FCW of the AmZ8002.
should be consulted. b) The contents of the memory location 0004 will be read. This
INITIALIZATION g;fsnr;r;?uon will be loaded into the AmZ8002 program

A LOW on the Reset input starts the CPU initialization. The

initialization sequence is shown in Figure 11. Within five clock This completes initialization sequence and an IF1 cycle will fol-
periods after the HIGH to LOW level change of the Reset input low to fetch the first instruction to begin program execution. See
the following will occur: the section on memory transactions for timing.
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AmZ8002 INSTRUCTION SET

LOAD AND EXCHANGE ARITHMETIC
Mne- Addr. Mne- Addr.
monics | Operands | Modes Operation monics | Operands | Modes Operation
CLR dst R Clear ADC R, src R Add with Carry
CLRB IR dst <0 ADCB R <R + src + carry
oA ADD Rsc | R | Add
ADDB M R« R + src
EX R, src R Exchange ADDL IR
EXB IR R «src DA
DA X
X CcP R, src R Compare with Register
LD R, src R Load into Register CcPB M R — src
LDB M R « src CPL IR
LbL M DA
IR X
E(A CcP dst, M IR Compare with Immediate
CPB DA dst — IM
BA %
BX
t R Decimal Adjust
LD dst, R R Load into Memory (Store) DAB ds ! e
LDB DA jdst<R DEC dst, n R Decrement by n
LDL X DECB IR dst < dst — n
BA DA | (n=1...16)
BX X
LD dst, IM IR Load Immediate into Memory DIV R, src R Divide (signed)
LDB DA |dst«IM DIVL IM Word: Ry41 < Ry ny1 = SIC
X IR Ry < remainder
DA Long Word: R
LDA R.sc | DA | Load Address x| e Tz
X | R« source address R 1‘1""“
n,n
g; <« remainder
- EXTS dst R Extend Sign
LDAR R, sre RA Load Address Relative EXTSB Extend sign of low order half of
R « source address EXTSL st through high order half of
LDK R, src M Load Constant dst
Ren=0...19 INC dst, n R Increment by n
LDM R, src, n IR Load Multiple INCB IR dst <~ dst + n
DA R « src {n consecutive words) DA (n=1...16)
X (n=1...16) X
LDM dst, R, n IR | Load Multiple (Store Multiple) MULT R, src R Multiply (signed)
DA | dst < R (n consecutive words) MULTL IM | Word: Rn,n4y <= Rpiq@sic
X (n=1...16) IR Long Word: R, n+3
- DA < Rny2,ntgesrc
LDR R, src RA | Load Relative X *Plus seven cycles for each 1
LDRB R« src in the multiplicand
LDRL (range —32768 ... +32767)
- - NEG dst R Negate
LDR dst, R RA Load Relative (Store Relative) NEGB R dst < 0 — dst
LDRB dst < R DA
LDRL (range —32768 ... +32767) X
ggEL dst, R :; ::tp R SBC R, src R Subtract with Carry
-
BCB R<R- -
DA Autoincrement contents of R S8C = sre — carmy
X suB R,src R Subtract
SuBB M R« R - src
PUSH | IR src R |Push aUBL R -
PUSHL M Autodecrement contents of R DA
IR IR « src X
DA
X

434
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LOGICAL BIT MANIPULATION
Mne- Addr. Mne- Addr.
monics | Operands | Modes Operation monics | Operand | Modes Operation
AND R, src R AND BIT dst, b R Test Bit Static
ANDB M R < R AND src BITB IR Z flag <« NOT dst bit specified by b
IR DA
DA X
X BIT dst, R R Test Bit Dynamic
COM dst R Complement BITB Z flag < NOT dst bit specified
COMB IM dst < NOT dst by contents of R
['JF; RES | dstb | R | ResetBit Staic
X RESB IR Reset dst bit specified by b
DA
OR R, src R OR X
ORB lth? R < ROR src RES dst, R R Reset Bit Dynamic
DA " RESB Resel dst bil specified by
X contents of R
SET dst, b R Set Bit Static
TEST dst R TEST ’ . y
TESTB IR dstOR 0 SETB IIJF}\ Set dst bit specified by b
TESTL DA
X
X
TCC cc, dst R | Test Condition Code gga dst, R R gg 5; Dbiytnsame::cmed "
TCCB Set LSB if cc s true contents of B y
§828 R, src l; E"f_'“g";o%ﬂsm TSET | dst R | Testand Set
IR TSETB IR S flag < MSB of dst
DA dst < all 1s
DA X
X
PROGRAM CONTROL
ROTATE AND SHIFT
Mne- Addr.
monics |Operands|Modes Operation Mne- Addr.
moni Operand | Mode: Operati
CALL | st (R | Call Subroutine cs |Operan d peration
DA Autodecrement SP RLDB R, src R Rotate Digit Left
X @ SP <« PC o
R R
PC < dst RRDB , SIC Rotate Digit Right
RL dst, n R Rotate Left
CALR dst RA Call Relative .
RLB =1,
Autodecrement SP R by nbits (n = 1, 2)
@ SP « PC RLC dst, n R Rotate Left through Carry
PC < PC + dst RLCB R by n bits (n = 1, 2)
(range —4094 to +4096) RR dst, n R | Rotate Right
DJINZ R, dst RA Decrement and Jump if Non-Zero RRB R by n bits (n = 1, 2)
DBJNZ ﬁz(ﬂ—? (; 1PC < PC + dt RRC dst, n R Rotate Right through Carry
(range —254 (o 0) RRCB R by n bits (n = 1, 2)
" SDA dst, R R Shift Dynamic Arithmetic
IRET - - :;"89"“9‘ Rse';“’“ SDAB Shift dst left or right by
—@ SDAL contents of R
Autoincrement SP
— SDL dst, R R Shift Dynamic Logical
JP cc, dst IR Jump Conditional SDLB Shift dgt left or rigght by
IR If cc is true: PC <« dst SDLL contents of R
DA
X SLA dst, n R Shift Left Arithmetic
SLAB by n bit:
JR cc,dst | RA | Jump Conditional Relative SLAL ynols
if cc is true: PC « PC + dst
(range —256 to +254) SLL dst, n R Shift Left Logical
SLLI bit
RET cc - Return Conditional SLLE by n bits
If cc is true: PC <« @ SP
Autodecrement SP SRA dst, n R Shift Right Arithmetic
SRAB by n bits
sC sIc M System Call SRAL Y
Autodecrement SP
@ SP «old PS SRL dst, n R Shift Right Logical
Push instruction SRLB by n bits
PS « System Call PS SRLL .

*Privileged instructions.

Executed in system mode only. -
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BLOCK TRANSFER AND STRING MANIPULATION

BLOCK TRANSFER AND STRING MANIPULATION (Cont.)

Mne- Addr. Mne- Addr,
monics | Operands|Modes Operation monics | Operands | Modes Operation
CPD Ry, src, IR | Compare and Decrement LD! dst, src, IR | Load and Increment
CPDB Ry, cc Ry — src LDIB R dst < src
Autodecrement src address Autoincrement dst and src
Ry <Ry — 1 addresses
R<R-1
CPDR Ry, src, IR Compare, Decrement and Repeat
CPDRB Ry, cc Ry — src LDIR dst, src, IR Load, Increment and Repeat
Autodecrement src address LDIRB R dst « src
Ry <Ry -~ 1 Autoincrement dst and src
Repeat until cc is true or Ry = 0 addresses
CPI Ry, src, IR | Compare and Increment Ee:egt un:" R=0
CPIB Ry, cc Ry — src
Autoincrement src address TRDB dst, src, IR Translate and Decrement
Ry <Ry - 1 R dst « src (dst)
CPIR Ry, src, IR Compare, Increment and Repeat gu:gd;c:er;\ent dst address
CPIRB Ry, cc Ry — src
Autoincrement src address TRDRB dst, src, IR Translate, Decrement and Repeat
Ry <Ry — 1 R dst « src (dst)
Repeat until cc is true or Ry = 0 Autodecrement dst address
CPSD dst, src, IR Compare String and Decrement ge;e':t ;n:il R=0
CPSDB R, cc dst — src
Autodecrement dst and src TRIB dst, src, IR Translate and Increment
addresses R dst « src (dst)
R«<R-1 Autoincrement dst address
CPSDR dst, src, IR Compare String, Decr. and Repeat ReR-1
CPSDRB R, cc dst — src TRIRB dst, src, IR Translate, Increment and Repeat
Autodecrement dst and src R dst «- src (dst)
addresses Autoincrement dst address
R«<R-1 R<R-1
Repeat until ccis true or R = 0 Repeat until R = 0
CPsI dst, src, IR Compare String and Increment TRTDB src 1, IR | Translate and Test, Decrement
CPSIB R, cc dst — src sric 2, R RH1 «src 2 (src 1)
’ Autoincrement dst and src Autodecrement src 1 address
addresses R<~R-1
ReR-1 TRTDRB | sic1, | IR |Translate and Test,
CPSIR dst, src, IR Compare String, Incr. and Repeat src 2, R Decrement and Repeat
CPSIRB R, cc dst — src RH1 « src 2 (src 1)
Autoincrement dst and src Autodecrement src 1 address
addresses R«R -1
R<R-1 Repeat untit R = 0 or RH1 = 0
Repeat until ccis true or R = 0 TRTIB src 1, IR Translate and Test, Increment
LDD dst, src, IR Load and Decrement src2, R RH1 «src 2 (src 1)
LDDB R dst « src Autoincrement src 1 address
Autodecrement dst and src R<—R-1
addresses TRTIRB src 1, IR Translate and Test,
R«~R-1
src2, R Increment and Repeat
LDDR dst, src, IR Load, Decrement and Repeat RH1 « src 2 (src 1)
LDDRB R dst « src Autoincrement src 1 address
Autodecrement dst and src R—R-1
addresses Repeat until R = 0 or RH1 = 0
Re<~R-1
Repeat until R = 0
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INPUT/OUTPUT INPUT/OUTPUT (Cont.)
Mne- Addr. Mne- Addr.
monics |Operands | Modes Operation monics |Operands|Modes Operation
IN* R, src IR | Input souT* dst, src DA |Special Output
INB* DA |Resrc souTB* dst < src
IND* dst, src, IR Input and Decrement SOUTD* | dst, src, IR Special Output and Decrement
INDB* R dst « src SOuUTDB* R dst < src
Autodecrement dst address Autodecrement src address
R<R-1 R<R-1
INDR* dst, src, IR | Input, Decrement and Repeat SOTDR* | dst, src, IR Special Output, Decr. and Repeat
INDRB* R dst « src SOTDRB* R dst « src
Autodecrement dst address Autodecrement src address
R<R-1 R«<R-1
Repeat until R = 0 Repeat untiR = 0
INI* dst, src, IR input and Increment SOuUTI* dst, src, IR Special Output and Increment
INIB* R dst « src SOuUTIB* R dsl « sic
Autoincrement dst address Autoincrement src address
R«<R-1 R<R-1
INIR* dst, src, IR Input, Increment and Repeat SOTIR* dst, src, R Special Output, Incr. and Repeat
INIRB* R dst < src SOTIRB* R dst < src
Autoincrement dst address Autoincrement src address
R«<R-1 R«R-1
Repeat until R = 0 Repeat untiiR = 0
ourt* dst, R IR | Output
ouTts* DA |dst«<R
OouTD* dst, src, IR Output and Decrement .
ouTDB* R dst « src CPU CONTROL
Autodecrement src address
R<R-1 Mne- Addr.
OTDR* dst, src, IR Output, Decrement and Repeat monics | Operands | Modes Operation
OTDRB* R dst «- src COMFLG| flags - Complement Flag
Autodecrement src address (Any combination of C, Z, S, P/V)
R<R-1 N N
M DI* int - Disable Interrupt
Repeat until R = 0 (Any combination of NVI, V)
OuUT! . dst, src, IR Output and increment e int — Enable Interrupt
ouTiB R dst < src (Any combination of NVI, V1)
Autoincrement src address 4 !
R«<R-1 HALT* - N HALT
OTIR* dst, src, IR Ouput, Increment and Repeat LDCTL* CTLR, R Load into Control Register
OTIRB* R dst « src src CTLR « src
Q”(‘f";;"f”}em src address LDCTL* dst, R Load from Control Register
Repeat until R = 0 CTLR dst < CTLA
SIN* R, st DA | Special Input LDCTLB Fl;(riR, R I;t:éiﬂm(t_o sl'-'rI(:::\g Byte Register
SINB* R « src c
SIND* dst, src, IR Special Input and Decrement LbCTLB F‘Ij.g,R R I&Zta:i_frglr_neglag Byte Register
SINDB* R dst « src
Autodecrement dst address LDPS* src IR Load Program Status
R<R-1 DA | PS «src
SINDR* | dst, src, IR |Special Input, Decr. and Repeat X
SINDRB* R dst « src MBIT* - - Test Multi-Micro Bit _
Autodecrement dst address Set S if ul is High; reset S if ul
R<R-1 is Low.
Repeat until R = 0 MREQ* dst R Multi-Micro Request
SINI* dst, src, IR Special Input and Increment — e
SINIB* R dst < src MRES* - Multi-Micro Reset
Autoincrement dst address MSET* - - Multi-Micro Set
ReR-1 NOP - - | No Operation
SINIR . dst, src, IR Special Input, Incr. and Repeat RESFLG flag — Reset Flag
SINIRB R dst < src (Any combination of C, Z, S, PIV)
Autoincrement dst address Y e
R<R-1 SETFLG flag - Set Flag
Repeat until R = 0 (Any combination of C, Z, S, P/V)

*Privileged instructions

. Executed in system mode only.
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MAXIMUM RATINGS above which useful life may be impaired

Voltages on all inputs and outputs with respect to GND -0.3 to +7.0V
Ambient Temperature under bias 0 to 70°C
Storage Temperature —-65to +150°C

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

ELECTRICAL CHARACTEVRISTICS over operating range (Note 1)

AmZ8002DC

Parameter Description Test Conditions Min Max Units
VcH Clock Input High Voltage Driven by External Clock Generator Vee—04 Vee+0.3 Volts
VoL Clock Input Low Voltage Driven by External Clock Generator -0.3 045 Volts
Vin Input High Voitage : 2.0 Vee+0.3 Volts
ViL Input Low Voltage . -0.3 08 Volts
VoH Output High Voltage loy = —250uA 24 Volts
VoL Output Low Voltage lop = +2.0mA 0.4 Volts
e Input Leakage 0.4 < V|y < +24V =10 pA
loL Output Leakage 0.4 < Voyt = +24V +10 nA
lcc Ve Supply Current 300 mA

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to
GND: Positive current flows into the referenced pin. Standard conditions are as follows:

+4.75V < Vgg < +5.25V
GND = 0V
0°C < Tp < +70°C

FROM OUTPUT
UNDER TEST

100pF 250uA

MOS-238

All AC parameters assume a load capacitance of 100pF max. Timing
references between two output signals assume a load.difterence of
50pF max.
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SWITCHING CHARACTERISTICS over operating range

AmZ8002

AmZ8002DC
Number Parameter Description Min Max Units
1 TcC Clock Cycle Time 250 2000 ns
2 TwCh Clock Width (High) 105 2000 ns
3 TwCl Clock Width (Low) 105 2000 ns
4 TtC Clock Fall Time 20 ns
5 TrC Clock Rise Time 20 ns
6
7
8 TdC(Bz) Clock 1 to Bus Float 65 ns
9 TdC(A) Clock 1 to Address Valid 100 ns
10 TdC(Az) Clock 1 to Address Float 65 ns
1 TdA(DY) Address Valid to Data In Required Valid 400 ns
12 TsDI(C) Data !n to Clock | Set-up Time 70 ns
13 TdDS(A) DS 1 to Address Active 80 ns
14 TdC(DO}) Clock 1 to Data Out Valid 100 ns
15 ThDI(DS) Data In to DS 1 Hold Time 0 ns
16 TdDO(DS) Data Out Valid to DS 1 Delay 230 ns
17 TdA(MR) Address Valid to MREQ | Delay 55 ns
18 TAC(MR) Clock | to MREQ | Delay 80 ns
19 TwMRh MREQ Width (High) 190 ns
20 TdMR(A) MREQ | to Address Not Active 70 ns
21 TdDO(DSW) Data Out Valid to DS | (Write) Delay 55 ns
22 TdMR(DI) MREQ | to Data In Required Valid 330 ns
23 TdC(MR) Clock | to MREQ 1 Delay 80 ns
24 TdC(ASH) Clock 1 to AS | Delay 80 ns
25 TdA(AS) Address Valid to AS 1 Delay 55 ns
26 TdC(AST) Clock | to AS 1 Delay 90 ns
27 TdAS(DI) ET to Data In Required Valid 290 ns
28 TdDS(AS) DS 1 to AS | Delay 70 ns
29 TwAS AS Width (Low) 80 ns
30 TdAS(A) ET to Address Not Active Delay 60 ns
31 TdAz(DSR) Address Float to DS (Read) | Delay 0 ns
32 TdAS(DSR) AS 1 to DS (Read) | Delay 70 ns
33 TdDSR(DI) DS (Read) | to Data In Required Valid 155 ns
34 TdC(DSN) Clock | to DS 1 Delay 70 ns
35 TdDS(DO) oS 1 to Data Out and STATUS Not Valid 80 ns
36 TdA(DSR) Address Valid to DS (Read) | Delay 120 ns
37 TdC(DSR) Clock 1 to DS (Read) | Delay 120 ns
38 TwDSR DS (Read) Width (Low) 275 ns
39 TdC(DSW) Clock | to DS (Write) | Delay 95 ns
40 TwDSW DS (Write) Width (Low) 160 ns
41 TdDSI(D) DS (Input) | to Data In Required Valid 315 ns
42 TdC(DSH) Clock | to DS (1/0) | Delay 120 ns
[ 43 TwDS DS (1/0) Width (Low) 400 ns
44 TdAS(DSA) AS 1 to DS (Acknowledge) | Delay 960 ns.
45 TdC(DSA) Clock 1 to DS (Acknowledge) | Delay 120 ns
46 TdDSA(DI) DS (Acknowledge) | to Data In Required Delay 420 ns
47 TdC(S) Clock 1 to Status Valid Delay 110 ns
48 TdS(AS) Status Valid to AS 1 Delay 40 ns
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SWITCHING CHARACTERISTICS (Cont.)

AmZ8002DC
Number Parameter Description Min Max Units

49 TsR(C) RESET to Clock 1 Set-up Time 180 ns
50 ThR(C) RESET to Clock 1 Hold Time . 0 ns
51 TwNMI NMI Width (Low) 100 ns
52 TsNMI(C) ‘NMI to Clock 1 Set-up Time 140 ns
53 TsVI(C) Vi, NVI to Clock 1 Set-up Time 110 ns
54 ThVI(C) Vi, NVI to Clock 1 Hold Time 0 ns
55

56

57 TsulC) i to Clock 1 Set-up Time 180 ns
58 Thui(C) i to Clock 1 Hold Time o] ns
59 TdC(uo0) Clock 1 to uo Delay 120 ns
60 TsSTP(C) 'STOP to Clock | Set-up Time 140 ns
61 ThSTP(C) 'STOP to Clock | Hold Time 0 ns
62 TsWT(C) ‘WAIT to Clock | Set-up Time 70 ns
63 ThWT(C) ‘WAIT to Clock | Hold Time 0 ns
64 TsBRQ(C) BUSRQ to Clock 1 Set-up Time 90 ns
65 ThBRQ(C) BUSRQ to Clock 1 Hold Time 0 ns
66 TdC(BAKr) Clock 1 to BUSAK 1 Delay 100 ns
67 TdC(BAKf) Clock 1 to BUSAK | Delay 100 ns

For more information, refer to these AMD publications:

Processor Instruction Set (AM-PUBO08E6).

Describes each instruction in detail. 250 pp.

Processor Interface Manual (AM-PUB089).

Describes hardware interfacing for interrupts and 1/O, including the Am9511A Arithmetic Processor, the
Am9517A DMA Controller, and the Am9519 Interrupt Controlier. 81 pp.
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AC TIMING DIAGRAM
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This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the
detailed timing relationships of individual edges. Use the preceding illustrations as an explanation of the

various timing sequences.
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AmZ8010

Memory Management Unit

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

Logical to Physical address translation

Dynamic segment relocation

64 segments per MMU

Segment sizes individually assignable from 256 to 64K bytes
Size limit protection

Segment protection attributes for system security
— System only

— Execute only

— Read only

- CPU only

— Segment invatid

Segment history aids paging

— Segment referenced

— Segment changed

GENERAL DESCRIPTION

The AmZ8010 Memory Management Unit (MMU) is a high-per-
formance, LSI product which adds sophisticated address trans-
lation and memory protection capabilities to AmZ8001 CPU
systems. Addresses output by the CPU consist of a 7-bit seg-
ment number and a 16-bit offset. The MMU uses the segment
number to index an address translation table. The offset is
added to the segment base to form the physical address. A
separate table allows the user to individually program each
segment size from 256 to 64K bytes.

The MMU also contains a table of access attributes which are
individually programmable for each segment. Attributes pro-
vided are Read Only, System Mode Only, Invalid Segment,
Execute Only, and CPU Only (Exclude DMA). A trap is issued to
the CPU and writes to memory are suppressed if an access is
attempted which is prohibited by the attributes or which falls
outside of the programmed segment size.

INTERFACE FLOW

48 PINS

STATUS

SEG

PHYSICAL

MMU ADDRESS

—

f————— sup

AD BUS

SEGT

LT

BUS
CONTROL

MOS-290

For more information see “The AmZ8010 Memory Management
Unit” AM-PUB093.

CONNECTION DIAGRAM

Top View

cs 1°® N/ a8 [ING
DMASYNC [] 2 a7 [ IrRW
SEGT[ |3 46 []AS
SUP[ ] 4 45 108
RESET[_] 5 aa [Isto
Aa23[]e6 43 [ Ism
A2[]7 42 [sm2
A21 8 M1 [ JsT3
Azog ] 40 {1 AD8
a9 [] 10 39 [] Ape
+sv ] 1 38 [ ] Ap10
a8 ] 12 A“’)Izn:ﬂ"’ a7 [T aon
ar[] 13 36 [ _]CLK
A6 [ 14 35 [JanD
A5 ] 15 3s [_Jap12
Aa[ |16 33 [ ap13
a3 17 32 [ ]AD14
a1z2[] 18 31 [ ]ADI5
A[_J19 30 [_]sNo
a0 20 29 SN1
As[ 2 28 Esnz
as[] 22 27 [JsN3
DECOUPLE [} 23 26 SN4
SN6 [} 24 25 ESNS

MOS-291

Note: Pin 1 is marked for orientation.
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AmZ8010

BLOCK DIAGRAM ADDRESS TRANSLATION MECHANISM
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AmZ8016

DMA Transfer Controller

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e Two independent high-speed DMA channels The AmZ8016 Direct Memory Access Transfer Controller (DTC)
o Memory/Peripheral transfers up to 2M bytes/sec is a high-performance, LSI peripheral support circuit. With full
® Memory/Memory transfers up to 1.3M bytes/sec AmZ8000 family bus compatibility, the DTC has been designed
o Fully compatible with AmZ8000 systems for ease of use in a variety of environments.
e Full 8M byte logical addressing range . The AmZ8016 supports high-speed transfers between any mix of
® Supports both logical and physical addressing word/byte and memory/IO sources. To support variable length
@ Control parameters self-loaded from memory ) data blocks, the DTC permits search and transfer-and-search
® Successive transfer operations automatically chained without operations. Either 8-bit -or 16-bit. patterns may be used with
CPU lnterventlon B o ) masking, to permit searching for control codes or other
Base registers for efficient repetitive operations specialized bit patterns. Communications between the DTC and
» Programmable data matching with masking the CPU is enhanced by an interrupt interface.

48-pin DIP package Included on the DTC are base registers permitting automatic
+5V power supply reloading of the source, destination and byte count registers

: without bus overhead. Moreover, each channe! contains circuitry
capable of reloading any of the channel's registers from a control
block in memory. Control blocks can be chained together. Since
the DTC may be programmed to generate either physical or
logical addresses it may. be used either with or without an
AmZ8010 Memory Management Unit and may be physically
positioned with the peripheral (distributed DMA) or with the CPU
(central DMA). o

.
L]
® Vectored interrupts facilitate control coordination with CPU
[ ]
.

INTERFACE FLOW

48 PINS
ng<:> e
INTERFACE
w2 e KT i
Y

MOS-285
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AmZ8016

BLOCK DIAGRAM
SEGO- DMA Transfer Controller
SEG7
ADO-
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MOS-296
DTC CONFIGURATION OPTIONS
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cPU
Az PERIPHERALS =] ~ ATZENS MEMORY
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AmZ8030

Serial Communications Controller

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

e Two independent serial full-duplex channels

o Buffered receiver and transmitter data registers
o All popular data formats

- Asynchronous

— Synchronous Byte Oriented protocols

— Synchronous Bit Oriented protocols

Data rates up to 880K bits/sec

CRC-16 or CCITT block frame check

Internal baud rate generation

Separate modem controls for both channels
Interrupt interface with programmable interrupt vectors
40-pin DIP package

+5V power supply

GENERAL DESCRIPTION

The AmZ8030 is a high-performance dual-channel multifunction
serial communication controller (SCC). It is capable of handiing
serial-to-parallel and parallel-to-serial conversions for asyn-
chronous modes, synchronous byte-oriented protocols such as
IBM bisync, and synchronous bit-oriented protocols such as
HDLC and SDLC. It generates and checks CRC codes in any
synchronous mode.

It features two independent sets of four modem control signals
with quadruply buffered receiver data and doubly buffered
transmitter data for more tolerant host processor or DMA data
transfers. Each channel includes baud rate generation.

Its flexible daisy chain priority interrupt structure allows it to out-
put an interrupt vector pointing to the correct routine by providing
prioritized status information for the transmitter, receiver and
External/Status interrupts. It can also be used in a polled envi-
ronment or can output interrupt without vector.

INTERFACE FLOW

40 PINS
DATA MODEM A
BUS CONTROL
| -+—————a=— SERIAL DATA A
BUS
CONTROL scc

INTERRUPT

gl

[~#—————a— SERIAL DATA B

MODEM B
CONTROL

MOS-298

CONNECTION DIAGRAM

Top View
AaD1[]1 ®© S 40 [ apo
AD3[]2 39 [ ]AD2
ADs [ 13 38 [ ] apa
a7 [ 4 a7 [ Jaos
iNT[]s 36 [ ]bs
0[] 6 35 | _]AS
'] 34 [Jrw
INTACK [] 8 33 [_]Jcso
+5v[ o 32 [Jcest
wmea [ 10 A“‘Sz:gm 31[Janp
SYNCA [ 11 30 [ Jw/REQ
RTxCA [] 12 29'[ ] svynce
AxoA [ 13 28 [ ) ATxcE
TRxCA ] 14. 27 | ]RxDB
TxDA [} 15 26 | JTRxCB
DTRREG [ 16 25 [ ]7x0B
RTSA ] 17 24 I 1bTRIREG
cTsa[] 18 23 | _JRTs8B
bcoa [ 19 22 [cTse
PcLK [ 20 21 bcos

MOS-299

Note: Pin 1 is marked for orientation.
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AmZ8030

BLOCK DIAGRAM
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AmZ8036

Counter/Timer and Parallel /O Unit

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

Two general purpose 8-bit I/O ports
Special purpose 4-bit control port
Three independent 16-bit counter/timers
Data Pattern matching with masking
Interrupt control and interface

Bit interface option

One’s catching input option

Open drain output option

Interlocked, pulsed, strobed or 3-wire handshaking
40-pin DIP package

+5V power supply

GENERAL DESCRIPTION

The AmZ8036 counter/timer and parallel |/O is a general pur-
pose peripheral device. It can perform as an interrupt controller
as well as a flexible paralle! data interface with various hand-
shaking modes. Two double-buffered general purpose 8-bit
ports can be used independently or linked to form a 16-bit port.
The port bits can also operate individually with each bit direction
individually programmable. A 4-bit port can be used as I/O or to
provide handshake controls. Data pattern matching with indi-
vidually maskable bits is available for each 8-bit port.

Three independent 16-bit counters can operate in single or con-
tinous cycles. Two may be linked together internally. The count-
ers can count internal clocks or can count external events.

INTERFACE FLOW

40 PINS
INTERRUPT <_:_> <:> PORT A
AD BUS <:> cio <:> PORT C
8us
MOS-301

CONNECTION DIAGRAM
Top View

Aaps[]1 @ -/ 40 [JAD3
aps[] 2 39 [ ] AD2
AD6[ ] 3 38 [ Jap
AD7T[] 4 a7 [ ] apbo
ps[]s 36 []cso
RWL_]6 35| _Jcst
GND[ |7 W[ JAs
po[ 18 33 PAO
PB1[ o 32 §PA!
PB2 E 10 AmZ8036 3t Jpaz
PB3 1 30 [JPa3
“pBa ] 12 29 [ Pas
pBs [] 13 28 [ pas
pBs [] 14 27 E PAG
PB7 : 15 26 PA7
peik [ 16 25 [T
E|1[] 17 24 []INTACK

IEO[]18 23] rc3
pco [ 19 2 [Trc2
pc1[] 20 21 +5V

Note: Pin 1 is marked for orientation.




AmZ8036

INTERRUPT
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DATA BUS
6

CONTROL
INPUTS

BLOCK DIAGRAM
INTERRUPT > 8
AT Ry 16-BIT poAnr
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cFu 18-81T oo AN
runi
INTERFACE c \,—.L/
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AmZ8038

FIFO Input/Output Interface Unit

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

General purpose FIFO buffered 8-bit I/0O port
128 x 8 internal bidirectional FIFO
Expandable in width and depth

Buffers CPU to CPU and CPU to peripheral
Simultaneous asynchronous read and write operations
Interrupt Daisy Chain Interface

Eight prioritized vectored interrupt sources
General purpose or CPU-Bus interface

Flyby DMA interface

Pattern matching with mask

|EEE-488 or Interlocked handshake post
40-pin DIP package

+5V power supply

GENERAL. DESCRIPTION

The AmZ8038 FIFO I/O (FIO) is a general-purpose 8-bit I/O port
with a 128 x 8 bidirectional FIFO buffer memory between the
port and the CPU bus. It functions as a buffered “elastic” gen-
eral purpose interface. It has an 8-bit Master side which controls
direction of data transfer, and 8-bit slave side which follows the
data direction. It is capable of simultaneous, asynchronous, in-
dependent read and write operations.

The AmZ8038 has several control lines that may be used to
interface to a DMA device or to synchronize the servicing pro-
cessor. Two handshake lines allow direct interfacing to other
peripheral devices. Buffer status (FULL and EMPTY) is also
available as separate pins. Byte pattern matching with individual
bit masking is available to generate an interrupt or to disable
data loading. A daisy chain interrupt structure with eight
prioritized Vectors is available for status information to the host
processor.

Many types of handshaking interfaces are available including
Interlocked and IEEE-488.

INTERFACE FLOW

40 PINS

DATA
BUS

DATA
BUS

BUS
CONTROL

BUS
CONTROL

FIO

INTERRUPT INTERRUPT

HANDSHAKE HANDSHAKE

gy
Jyy

MOS-304

CONNECTION DIAGRAM

Top View
icl1e oy
Hi ]2 38 ["Joo
a[]s 38 [ o
F[]a 37[Jo2
15 3 [Jo3
p[]s 35 [ Jpa
c[]~7 34| Jos
s[]s 33 [1ps
A]e 32[Jo7
1 31f Mo
A n FIO 30 [ ]GND
B[] 12 29 [mi
c[]12 28 [ Jo7
p[}14 27 [Jos
e[} 26 [Jos
F] 16 25 [ JD4
a7 24 o3
H[]1s 23 [Jo2
1119 2o
J[] 20 21 Do

MOS-305

Note: Pin 1 is marked for orientation.
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AmZ8038

BLOCK DIAGRAM

TO AmZ8001:2
TO Amz8001/2 DATA 128 X 8 ‘ DATA OR GENERAL
OR GENERAL BUFFER 8 RAM BUFFER MICROPROCESSOR
MICROPROCESSOR A MUF FER B OR PORT WITH
EMORY HANDSHAKE
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A — [4 N
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A s 8 Aa s oaa Ya B A B []
<I> N/ amzso0 \l""':> Am28060 <‘l:> <1l:>
FIFO FIFO
RFD/DAV ACKIN RFD/DAV ACKIN
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BUS ' BUS
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MOS-306
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AmZ8052

CRT Controller

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

16-bit Address/Data port for host processor

Multiple character attributes on a per-character basis
Redefinable row attributes

Linked list buffer addressing

External source vertical frame rate sync input

Flexible vertical and horizontal sync and blank control
Programmable vertical and horizontal split-screen capability
5-bit Character Generator row addressing
Super/subscript capability

Multiple cursors

Variable scans per row

48-pin package

Various blink rates and duty cycles for characters and
cursor

Variable character clock frequency

+5V power supply

GENERAL DESCRIPTION

The AmZ8052 CRTC is a new generation raster scan alpha-
numeric display controller. It features host processor access to
the display memory without contention; linked list addressing of
character data; double character per cell display with variable
vertical position; vertical retrace synchronization to an external
source; and a variable character clock frequency input for
character justification or character font mix. Scan lines per
character are variable on row-by-row basis. Blinking rates are
individually selectable for cursors and characters.

Row attributes define the address of the character data, scan line
count of the current row, vertical shift options per character row
and vertical split screen location. Character attributes are stored
on a character-by-character basis.

INTERFACE FLOW

48 PINS

VIDEO
CONTROL

AD BUS
SCAN
ADDRESS

CRTC

CHARACTER
DATA

g8y

BUS
CONTROL

MOS-307

CONNECTION DIAGRAM
Top View
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Note: Pin 1 is marked for orientation. MOS-308
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AmZ8060

FIFO Buffer Unit and FIO Expander

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

e General purpose 8-bit FIFO

128 x 8 bidirectional FIFO

Expandable in width and depth
e Extends depth capability of AmZ8038 FIO
® Asynchronous

+5V power supply

GENERAL DESCRIPTION

The AmZ8030 FIFO is a 128 x 8 bidirectional buffer. It is de-
signed to operate as a stand-alone FIFO or to be used to expand
the AmZ8033 buffer depth. The FIFO buffers can be cascaded
without limit by daisy-chaining the RFD/DAV and ACKIN signals.
The structure of the AmZ8038 FIFOs are similar to the Am2812.
The FIFO is capable of simultaneous, asynchronous, indepen-
dent read and write operations.

The AmZ8038 has control lines that may be used to interface to
other devices or to synchronize the servicing processor. Two
handshake lines allow direct interfacing to other peripheral de-
vices. Buffer status (FULL and EMPTY) is also available as
separate pins.

BUS
CONTROL

COMMON
CONTROL

INTERFACE FLOW

DATA
BUS

Il

FIFO

(——
C—

DATA
BUS

BUS
CONTROL

MOS-309

CONNECTION DIAGRAM

Top View
A B
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BUS | w—eip3 03 fo——— BUS
AmZ8060
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e | DA D1 jo————
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—— AR ATKN |=—r
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ENABLE ENABLE |
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MOS-310

Note: Pin 1 is marked for orientation.




AmZ8060
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AmZ8065

Burst Error Processor

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

Burst error detection and correction

Four selectable industry-standard- polynomials including 56
and 48-bit IBM versions

Serial data rates up to 20M bits/sec

12-bit error pattern output

High-speed correction facilities based on Chinese Remainder
theorem

Single burst error correction

Selectable error check modes in write mode

8-bit data port

40-pin DIP package

—5V power supply

GENERAL DESCRIPTION

The AmZ8065 Burst Error Processor (BEP) is a peripheral
interface circuit for serial or parallel data error detection and
correction. It is used in applications such as high performance
disk systems. Four different generator polynomials are internally
encoded to satisfy a broad range of applications.

Data is entered in 8-bit (byte) parallel format and check bits are
provided in the same parallel format.

Write data is entered on the fly into the AmZ8065 while blocks
are written to the associated disk and check bits are extracted
following the last data byte. A Read Normal mode performs
extraction of the error pattern and location while a Read High
Speed mode allows direct division of data by the factors of the
generator polynomial. A Divide mode generates output check
bits and validates data. The Compute mode initiates a data cor-
rection process by locating and outputting the error pattern for
correction.

INTERFACE FLOW

40 PINS

DATA

DATA
iN ourt

BEP

ERROR

CONTROL STATUS

=
=

MOS-312

CONNECTION DIAGRAM

Top View
1 @ A 40 ] vce
e[| 2 39 ] Eo
2|3 38 | ] PaR
er3[ |4 7] MR
cp[]s 36 [ Lo
pr[]s 35 ]Lm
pe []7 ‘[ Jp2
ps[Js 33 [ _JLps
pa o 32{ 3 ac
p3 [ ] AmZ8065 siJa
o2 [ 30 [ a2
o1 12 29[ ] a3
po ] 13 28] a4
mope [ 14 27[]as
P3| 15 26 ] as
P2[] 16 25 [Ja7
c1[{17 24 :] REP
co[]1s 23| Jro
st]19 2[]Pr
vss [{ 20 21 so

MOS-313

Note: Pin 1 is marked for orientation.
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AmZ8065

BLOCK DIAGRAM
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AmZ8068

Data Ciphering Processor

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

Standard encryption and decryption algorithms
Throughput rates greater than 1 megabyte per second
Supports three standard ciphering options

— Electronic Code Book

— Cipher Feedback

— Chain Block

Master, Encrypt and Decrypt key registers

Key parity check

Separate key port

Session keys and Initializing Vectors may be entered
encrypted or clear

Master data port for bidirectional bus operation

Slave data port for pipelined operation

40-pin DIP package

+5V power supply

GENERAL DESCRIPTION

The AmZ8068 Data Ciphering Processor is an N-channel silicon
gate LSI product containing the circuitry necessary to encrypt
and decrypt data using the National Bureau of Standards en-
cryption algorithm. It is designed to be used in a variety of envi-
ronments including dedicated controllers, communication con-
centrators, terminals and peripheral task processors in general
processor systems. The DCP provides a high throughput rate
using Cipher Feedback, Electronic Code Book or Chain Block
Cipher operating modes. Separate ports are provided for key
input, clear data and enciphered data to enhance security.

The system communicates with the Am8068 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 en-
hance throughput in some system configurations. This device is
designed to interface directly to the AmZ8000 CPU bus and,
with a minimum of external logic, to the 2900, 8080, 8085 and
8048 families of processors.

INTERFACE FLOW

48 PINS

MASTER
PORT

SLAVE
PORT

BUS
CONTROL bcp

KEY
PORT

my

DMA
CONTROL

glg

MOS-315

CONNECTION DIAGRAM

Top View
vss[]1 @ S 40 vee
spo[] 2 39[ ] spa
spi[]3 38 [ sps
sP2[]4 a7 C] SP6
sp3s[]s 36 [ sp7
auxo[] s 35 [ ] auxa
auxi[]7 38 [] Auxs
Aux2["]e 33 [] Auxe
Auxa[]o 32 [ auxz
FE[fo  ATEN® 5[ sEa
ASTB 11 30[] §¢5
PAR [] 12 29 [] SBS
cik[]1s 28 ] MRW
cLk [ 14 27| ] AS
WFLG[ ] 15 26 [ ] MDS
mpPo [] 16 25 [] wcs
MP1 [} 17 24 [ ] mPa
mpP2 [ 18 23{ ] Mps
MP3[] 19 22 [] mPs
vss [] 20 21 [ mpP7
Note: Pin 1 is marked for orientation. MOS-326
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AmZ8068

BLOCK DIAGRAM
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AmzZ8073

System Timing Controller

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS

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
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

100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The AmZ8073 System Timing Controller is an LSl circuit de-
signed to service many types of counting, sequencing and tim-
ing applications. It provides the capability for programmable fre-
quency synthesis, high resolution programmable 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 and many
more. A variety of programmable operating modes and control
features allow the AmZ8073 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 ac-
tive-low. The counters can be programmed to count up ordown in
either binary or BCD. The host processor may read an accumu-
lated 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.

INTERFACE FLOW

40 PINS

K SRC

K GATE
> out

| e

XTAL

STC

BUS
CONTROL

DATA
BUS

- FOUT

MOS-317

CONNECTION DIAGRAM
Top View

(+5V) vee 10 40 ouT3
outz =—{ ]2 39 [ J=—— GATE 2
out1 =——{]3 38 [ }—= ouT4
GATE1 —={] 4 37 [ 13— outs
X1 —{ s 36 [_}=— GATE 3
x2 — s 35 [J=—— GATE 4
FOUT —=—~117 34 | }=— GATES
cbD —={"]s 33 [J=—— SOURCE 1
WR —={]9 32 [ J=—— SOURCE 2
& —={"J10 amgor3 3! [}=—— SOURCE 3
RD 1 30 [ }=— SOURCE 4
DBO 12 29 [ J=—— SOURCE 5
DBt ~—={"]13 28 [_J=—a DB15
DB2 ——={"]14 27 [ J=— DB14
DB3 —=—={ 115 26 [ }=— DB13
DB4 ~—{"{16 25 [ J=—= DB12/GATE 5A
DBS ~—e["]17 24 [ J~— DB11/GATE 4A
DB6 —=—{"]18 23 [ J=—= DB10/GATE 3A
DB7 =—={"] 19 22 [ J=—= DB9/GATE 2A
GATE 1A/DB8 ~—={"] 20 21 VSS (GND)
MOS-318

Note: Pin 1 is marked for orientation.
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FUNCTIONAL BLOCK DIAGRAM

SOURCE 1-5 5//
GATE 1.5 5z —
x1
; 16-BIT COUNTER 5,
- OSCILLATOR e o aaaen [— COUNTER 5 LOGIC GROUP |———=
INPUT
FouT ————— B O SELECT COUNTER 4 LOGIC GROUP |——~
LOGIC
[)
8-BIT 6-BIT 8-BIT
COMMAND || DaTA STATUS COUNTER 3 LOGIC GROUP |———
REGISTER POINTER REGISTER
L
. t e { |
DB0-DB7 ~=—F— BUS 1
16-BIT MASTER
K BUFFER 72 COUNTER 2 LOGIC GROUP |———=
DE8.DB1S ~—2F AND MUX T MODE REGISTER
I * I |
WA ——— BUS | POWER ON COUNTER 1 LOGIC GROUP |——
RD INTERFACE
B | CONTROL
cio vee vss L1 l
<5
MOS-319

ouTS

ouT4

ouT3

ouT2

out
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AmZ8103 - AmZ8104

Octal Three-State Bidirectional Bus Transceivers

DISTINCTIVE CHARACTERISTICS

e 8-bit bidirectional data flow reduces system package count
o 3-state inputs/outputs for interfacing with bus-oriented
systems

PNP inputs reduce input loading

VCC - 1.15V VOH interfaces with TTL, MOS and CMOS
48mA, 300pF bus drive capability

AmZ8103 inverting transceivers

AmZ8104 non-inverting transceivers

Transmit/Receive and Chip Disable simplify control logic
20-pin ceramic and molded DIP package

Low power — 8mA per bidirectional bit

Advanced Schottky processing

Bus port stays in hi-impedance state during power up/down
100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8103 and AmZ8104 are 8-bit 3-state Schottky transceiv-
ers. They provide bidirectional drive for bus-oriented micro-
processor and digital communications systems. Straight through
bidirectional transceivers are featured, with 24mA drive capability
on the A ports and 48mA bus drive capability on the B ports. PNP
inputs are incorporated to reduce input loading.

One input, Transmit/Receive determines the direction of logic
signals through the bidirectional transceiver. The Chip Disable
input disables both A and B ports by placing them in a 3-state
condition. Chip Disable is functionally the same as an active LOW
chip select.

The output high voltage (VOH) is specified at VCC — 1.15V
minimum to allow interfacing withMOS, CMOS, TTL, ROM, RAM,
Or Microprocessors. )

AmZ8104
LOGIC DIAGRAM

A

A2

— 3

Az

L

— &

CHIP
DISABLE
(CD}

TRANSMIT/

RECEIVE
(T/R)

—
pE—
—_
—
—

AmZ8103 has inverting transceivers. BUI-216
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
APORT
Vec Bo By By B3 B B Bg By 7§ iiiiiiii
o000 00On
20 19 18 17 16 15 4 13 12 11 Ap A1 A2 A3 A4 A5 Ag A7
9——co
AmZ8103/
) -t o
o Bo By By By By B Bg By
1.2 3 4 5 6 7 8 9 10 |IIIIIII
[ERERERNRRREREREEN 19 18 17 16 141‘12
Ag Ay A, Ay Ay Ag Ag A; CD GND o e 3
BPORT
BLI-169 BLK170
VCC = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10
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AmZ8103 «
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired)

Amz8104

AmZ8103 - AmZ8104

Storage Temperature

—65 to +150°C

Supply Voltage 7.0V
Input Voltage 5.5V
Output Voltage 5.5V
Lead Temperature (Soldering, 10 seconds) 300°C
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Noted:
MIL Tp = —~55to +125°C ° VCC MIN = 4.5V VCC MAX = 5.5V
COML Tpj =0to 70°C VCC MIN = 475V VCC MAX = 5.25V
DC ELECTRICAL CHARACTERISTICS over operating temperature range Typ
Paramatars Descrintion Test Conditions Min (Note 1) Max  Units
A PORT (A0-A7)
VIH Logical “1” Input Voltage CD = VIL MAX, T/R = 2.0V . 20 Volts
- CD = VIL MAX, COM'L 0.8
VIL Logical “0" Input Voltage TR = 2.0V MIL 07 Volts
. CD = VIL MAX, IOH = —-0.4mA VCC-1.15 VCC-0.7
VOH Logical “1” Output Voltage TR = 08V 1OH = —3.0mA 27 305 Volts
= IOL = 12mA 0.3 0.4
voL Logical “0" Vol €0 = VIL MAX, Vot
gical "0” Output Voltage TR - 0.8V COML, IOL = 24mA 035 os0 | 'O
10S Output Short Circuit Current sg;!;lﬂ‘ Ah;(A)r&oZF; =08V, VO =0V, -10 -38 -75 mA
IIH Logical “1" Input Current CD = VIL MAX, T/R = 2.0V, VI = 2.7V 0.1 80 nA
L[} Input Current at Maximum input Voltage CD = 2.0V, VCC = MAX, VI = VCC MAX 1 mA
i Logical “0” Input Current CD = VIL MAX, T/R = 2.0V, VI = 0.4V -70 —200 RA
vC Input Clamp Voltage CD = 2.0V, IIN = —12mA -0.7 -1.5 Voits
VO = 04V —200
10D Output/Input 3-State Current CD = 2.0V HA
VO = 4.0V 80
B PORT (B0-B7)
VIH Logical “1” Input Voltage CD = VIL MAX, T/R = VIL MAX 2.0 Volts
inal O CD = VIL MAX, COM'L 0.8
ViL Logical “0” input Voltage T/R = VIL MAX I o7 Volts
IOH = —-0.4mA VCC—-1.15 VvCC-08
VOH Logical “1" Output Voltage SR YL x. 10H = —5mA 27 3.9 Volts
’ IOH = —10mA 2.4 36
- iOL = 20mA 0.3 0.4
voL Logical “0” Output Voltage CD = VL. MAX, Volts
9 P 9 TR = 2.0V 10L = 48mA 4 05
o CD = VIL MAX, T/R = 20V, VO = 0V, _ _ _
108 Output Short Circuit Current VCC = MAX, Note 2 25 50 150 mA
ItH Logical “1” Input Current CD = VIL MAX, T/R = VIL MAX, VI = 2.7V 0.1 80 uA
[} Input Current at Maximum Input Voltage CD = 2.0V, VCC = MAX, VI = VCC MAX 1 mA
L. Logical “0” Input Current CD = VIL MAX, TR = VIL MAX, VI = 0.4V =70 —-200 pA
vC Input Clamp Voltage CD = 2.0V, IIN = —12mA -0.7 -1.5 Volts
10D Output/Input 3-State Current CD =20V VO = 04V ~200 A
puinpu ss VO = 4.0V 200 |
CONTROL INPUTS CD, T/R
VIH Logical “1” Input Voltage 2.0 Volts
. COM'L 0.8
VIL Logical “0” Input Voltage Volts
MIL 07
IH Logical “1” Input Current Vi=27V 0.5 20 nA
L} input Current at Maximum Input Voltage VCC = MAX, VI = VCC MAX 1.0 mA
! TR -0.1 ~.25
liL Logical “0" Input Current VI =04V mA
cD =01 -0.25
vC Input Clamp Voltage IIN = —12mA -0.8 -15 Volts
POWER SUPPLY CURRENT
CD =, Vi = 2,0V, VCC = MAX 70 100
AmZ8103 =
CD = 0.4V, VINA = T/R = 2V, VCC = MAX 100 150
IcC Power Supply Current mA
CD = 2.0V, VI = 0.4V, VCC = MAX 70 100
AmZ8104 —
CD = VINA = 0.4V, T/R = 2V, VCC = MAX 90 140
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AmZ8103 - AmZ8104

AmZ8103
AC ELECTRICAL CHARACTERISTICS (vCC = 5.0V, T, = 25°C) Typ
Parameters Description Test Conditions Min (Note 1) Max Units
A PORT DATA/MODE SPECIFICATIONS
Propagation Delay to a Logical “0" from CD = 0.4V, T/R = 0.4V (Figure 1) .
PDHLA | B port 10 A Port R1 = 1k, R2 = 5k, C1 = 30pF 8 12 ns
Propagation Delay to a Logical “1” from CD = 0.4V, T/R = 0.4V (Figure 1)
POLHA | B port to A Port R1 = 1k, A2 = 5k, C1 = 30pF " 16 ns
Propagation Delay from a Logical “0” to BO to B7 = 2.4V, T/R = 0.4V (Figure 3)
tPLZA 3-State from CD to A Port S3 =1, R5 = 1k, C4 = 15pF 10 5 ns
{PHZA Propagation Delay from a Logica! “1" to B0 to B7 = 0.4V, T/R = 0.4V (Figure 3) 8 15 ns
3-State from CD to A Port S3 = 0, R5 = 1k, C4 = 15pF
Propagation Delay from 3-State to BO to B7 = 2.4V, T/R = 0.4V (Figure 3)
PZLA a Logical “0” from CD to A Port S3 = 1, A5 = 1k, C4 = 30pF 20 30 ns
Propagation Delay from 3-State to BO to B7 = 0.4V, T/R = 0.4V (Figure 3)
tPZHA a Logical “1" from CD to A Port S3 = 0, R5 = 5k, C4 = 30pF 19 30 ns
B PORT DATA/MODE SPECIFICATIONS
. ol Locical 0" CD = 0.4V, T/R = 2.4V (Figure 1) | 12 18
ropagation Delay to a Logical “0” from — _ —
tPDHLB A Port to B Port R1 = 100Q, R2 = 1k, C1 = 300pF ns
R1 = 667Q, R2 = 5k, C1 = 45pF 7 12
. ol Locical “1" 1 CD = 0.4V, T/R = 2.4V (Figure 1) | 5 20
ropagation Delay to a Logical “1” from _ _ _
tPDLHB A Port to B Port R1 = 10002, R2 = 1k, C1 = 300pF ns
R1 = 667Q, R2 = 5k, C1 = 45pF 9 14
Propagation Delay from a Logical “0” to AOto A7 = 2.4V, T/R = 2.4V (Figure 3)
1PLZB 3-State from CD to B Port $3 =1, R5 = 1k, C4 = 15pF 8 18 ns
tPHZB Propagation Delay from A Logical “1”to | AOto A7 = 0.4V, T/R = 2.4V (Figure 3) 8 15 ns
3-State from CD to B Port S3 = 0, R5 = 1k, C4 = 15pF
o rom a8 AD to A7 = 2.4V, T/R = 2.4V (Figure 3) | 25 s
ropagation Delay from 3-State to — — _
tPZLB a Logical “0” from CD to B Port S3 = 1, R5 = 1002, C4 = 300pF ns
S3 = 1, R5 = 6672, C4 = 45pF 16 25
b Delay from 5.5 AO to A7 = 0.4V, T/R = 2.4V (Figure 3) . 35
ropagation Delay from 3-State to — — —
tPZHB a'Logical “1” from CD to B Port S3 = 0, R5 = 1k, C4 = 300pF . ns
S3 = 0, R5 = 5kf), C4 = 45pF 14 25
TRANSMIT RECEIVE MODE SPECIFICATIONS
Propagation Delay from Transmit Mod CD = 0.4V (Figure 2) )
. = 3 =
AL to Receive a Logical “0,” T/R to A Port §1 =1, R4 = 1000, C3 = 5pF 23 35 ns
S2 = 1, R3 = 1k, C2 = 30pF
Propagation Delay from Transmit Mod CD = 0.4V (Figure 2)
ropagation y from Transmit Mode _ _ _
{TRH to Receive a Logical “1,” T/Rto A Port |, S1 =0, R4 = 1000, C3 = SpF 22 35 ns
: S2 = 0, R3 = 5k, C2 = 30pF
Propagation Delay from Receive Mode CD = 0.4V (Figure 2)
1
1RTL to Transmit a Logical “0,” T/R to B Port St =1, R4 = 1000, C3 = 300pF 2 35 ns
S2 = 1, A3 = 30002, C2 = 5pF
. R CD = 0.4V (Figure 2)
Propagation Delay from Receive Mode _ . _
1RTH to Transmit a Logical “1,” T/R to B Port §1 =0, R4 = 1k, C3 = 300pF 27 35 ns
S2 = 0, A3 = 3000, C2 = 5pF
Notes: 1. All typical values given are for VCC = 5.0V and T = 25°C.
2. Only one output at a time should be shorted.
FUNCTIONAL TABLE
Inputs Conditions
Chip Disable 0 0 1
Transmit/Receive 0 1 X
A Port Out In HI-Z
B Port In QOut HI-Z
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AmZ8104
AC ELECTRICAL CHARACTERISTICS (VCC = 5.0V, T, = 25°C) Typ
Parameters Description Test Conditions Min (Note 1) Max Units
A PORT DATA/MODE SPECIFICATIONS
Propagation Delay to a Logical “0” from CD = 0.4V, T/R = 0.4V (Figure 1)
PDHLA | B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 1 18 ns
Propagation Delay to a Logical “1” from CD =0.4V, T/R = 0.4V (Figure 1)
PDLHA | B Port to A Port R1 = 1k, A2 = 5k, C1 = 30pF 13 18 ns
Propagation Delay from a Logical “0" to BO to B7 = 0.4V, T/R = 0.4V (Figure 3)
tPLZA 3-State from CD to A Port S3 =1, A5 = 1k, C4 = 15pF " 1 ns
) Propagation Delay from a Logical “1" to BO to B7 = 2.4V, T/R = 0.4V (Figure 3)
tPHZA 3-State from CD to A Port S3 =0, RS = 1k, C4 = 15pF 8 15 ns
Propagation Delay from 3-State to BO to B7 = 0.4V, T/R = 0.4V (Figure 3)
tPZLA a Logical 0" from CD to A Port S3 = 1, R5 = 1k, C4 = 30pF 2 35 ns
PZHA Propggation Delay from 3-State to BO to B7 = 2.4V, T/R = 0.4V (Figure 3) 19 25 ns
a Logical 1" from CD to A Port 83 = 0, R5 = 5k, C4 = 30pF
B PORT DATA/MODE SPECIFICATIONS
CD = 0.4V, T/R = 2.4V (Figure 1) | R »s
Propagation Delay to Logical “0" from — — —
tPDHLB A Port to B Port R1 = 100Q, R2 = 1k, C1 = 300pF ns
R1 = 6670}, R2 = 5k, C1 = 45pF " 18
o D o Locieal 1" 1 CD = 0.4V, T/R = 2.4V (Figure 1) | © 28
ropagation Delay to Logical “1" from - _ — :
tPDLHB A Port o B Port R1 = 100Q, R2 = 1k, C1 = 300pF ns
R1 = 667Q2, R2 = 5k, C1 = 45pF " 18
Propagation Delay from a Logical “0" to A0 to A7 = 0.4V, T/R = 2.4V (Figure 3)
tPLZB 3-State from CD to B Port S3 =1, R5 = 1k, C4 = 15pF 13 18 ns
tPHZB Propagation Delay from a Logical “1" to AO to A7 = 2.4V, T/R = 2.4V (Figure 3) 8 15 ns
3-State from CD to B Port 83 = 0, R5 = 1k, C4 = 15pF
o . A0 to A7 = 0.4V, T/R = 2.4V (Figure 3) | o 0
ropagation Delay from 3-State to — — —
tPZLB a Logical "0” from CD 1o B Port S3 = 1, R5 = 1001}, C4 = 300pF ns
S3 =1, R5 = 667(, C4 = 45pF 16 22
Dotan . AO to A7 = 2.4V, T/R = 2.4V (Figure 3) | 5 s
Propagation Delay from 3-State to _ _ —
tPZHB a Logical “1" from CD to B Port S3 = 0, RS = 1k, C4 = 300pF ns
S3 = 0, R5 = 5k(2, C4 = 45pF 14 22
TRANSMIT RECEIVE MODE SPECIFICATIONS
Pro tion Delay f T it Mod CD = 0.4V (Figure 2)
ropagation Delay from Transmit Mode _ _ _
fTRL to Receive a Logical “0,” T/R to A Port S1 =0, R4 = 1000, C3 = 5pF 30 40 ns
S2 = 1, R3 = 1k, C2 = 30pF
. ) CD = 0.4V (Figure 2)
Propagation Delay from Transmit Mode _ . _
TTRH to Receive a Logical “1,” T/R to A Port S1 =1, R4 = 1000, C3 =5pF 28 40 ns
S2 = 0, R3 = 5k, C2 = 30pF
P ation Delay fi Receive Mod CD = 0.4V (Figure 2) .
ropagation Delay from Receive e _ _ _
1RTL to Transmit a Logical "0, TR to B Port | o' ~ 1+ B4 = 1009, C3 = 300pF 3t 40 ns
S2 = 0, R3 = 3009, C2 = 5pF
Pro tion Delay Receive Mod CD = 0.4V (Figure 2)
ropagation Delay from Receive Mode _ _ _
1RTH to Transmit a Logical “1,” T/R to B Port S1=0. R4 = 1k, C3 = 300pF 28 40 ns
S2 = 1, R3 = 3001, C2 = 5pF
Notes: 1. All typical values given are for VCC = 5.0V and Tp = 25°C.
2. Only one output at a time should be shorted.
DEFINITION OF FUNCTIONAL TERMS CD Chip Disable forces all output drivers into 3-state when
. . . HIGH (same function as active LOW chip select, CS).
A0-A7 A port inputs/outputs are receiver output drivers when _ ( p )
T/R is LOW and are transmit inputs when T/R is HIGH. T/R  Transmit/Receive direction control determines whether A
port or B port drivers are in 3-state. With T/R HIGH A port
B0-B7 B port inputs/outputs are transmit output drivers when is the input and B portis the output. With T/R LOW A port
T/R is HIGH and receiver inputs when T/R is LOW. is the output and B port is the input.
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"‘SWITCHING TIME WAVEFORMS
AND AC TEST CIRCUITS

Vee Vec
. R
Am28103 bl INPUT ouTpuT !
A 'g‘:‘;: tr %mv 15V X’/ ki
Am28104 ov
" t , ovce
PDLH PDHL GENERATOR TEST
{ 500
Bﬁlg‘ﬁ?:: 1.5V :\_ l
tp =t < 10ns
10% to 90% Note: C, includes test fixture capacitance.
BLI-17Y BLI-172
Figure 1. Propagation Delay from A Port to B Port
or from B Port to A Port.
% X 30v vee
INPUT.
”_R% 15V 15v it
| L ov APORT O —O BPORT
Vee DEVICE Vee
UNDER $1=1
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15v 15v 3 v
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RTH— tTRH— - = = - =
15V 15v PULSE jgri
GENERATOR v |
tr =t < 10ns
10% to 90% Note: C, and Cj include test fixture capacitance.
BL-73 _ BLI-174
Figure 2. Propagation Delay from T/R to A Port or B Port.
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t i
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o5V P2 - INPUT DEVICE Vee
UNDER Sa=1
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tHZ .: vz - ___l I_ 500 :I_: [ I
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tr=t; < 10ns Note: C4 includes test fixture capacitance.
10% to 90% Port input is in a fixed logical condition.
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Figure 3. Propagation Delay from CD to A Port or B Port.
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GND

AmZ8103 -

Metallization and Pad Layouts

©® N O e bW N

3

DIE SIZE .069” X .089"

TR

AmZ8104

>
o
© @ N G B W N

GND

o

DIE SIZE .069” X .089"

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

ORDERING INFORMATION

AmZ8103 AmZ8104 Package Operating Screening
Order Number ~ Order Number ~ Type (Note 1)  Range (Note 2)  Level (Note 3)
AMZ8103DC AMZ8104DC D-20 C CA1
AMZ8103DCB AMZ8104DCB D-20 Cc B-1
AMZ8103DM AMZ8104DM D-20 M C-3
AMZ8103DMB  AMZ8104DMB D-20 M B-3
AMZ8103PC AMZ8104PC P-20 [o] C-1
AMZ8103PCB  AMZ8104PCB P-20 C C-1

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads.
2. C =010 70°C, VCC = 4.75V t0 5.25V, M = —55 to +125°C, VCC = 4.50V to 5.50V.
3.- Levels C-1 and C-3 conform to MIL-STD-883, Class C. Levei B-3 conforms to MIL-STD-883, Class B.
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AmZ8107

AmZ8108

Octal Three-State Bidirectional Bus Transceivers

DISTINCTIVE CHARACTERISTICS

® 8-bit bidirectional data flow reduces system package count
e 3-state inputs/outputs for interfacing with bus-oriented
systems

PNP inputs reduce input loading

VCC -~ 1.15V VOH interfaces with TTL, MOS, and CMOS
48mA, 300pF bus drive capability

AmZ8107 has inverting tranceivers

AmZ8108 has non-inverting transceivers

Separate TRANSMIT and RECEIVE Enables

20 pin ceramic and molded DIP package

Low power — 8mA per bidirectional bit

Advanced Schottky processing

Bus port stays in hi-impedance state during power up/down
100% product assurance screening to MIL-STD-883
requirements

GENERAL DESCRIPTION

The AmZ8107 and AmZ8108 are 8-bit, 3-state Schottky trans-
ceivers. They provide bidirectional drive for bus-oriented micro-
processor and digital communications systems. Straight through
bidirectional transceivers are featured, with 24mA drive capabil-
ity on the A ports and 48mA bus drive capability on the B ports.
PNP inputs are incorporated to reduce input loading.

Separate TRANSMIT and RECEIVE Enables are provided for
microprocessor system with separated read and write control
bus lines.

The output high voltage (VOH) is specified at VCC — 1.15V
minimum to allow interfacing with MOS, CMOS, TTL, ROM,
RAM, or microprocessors.

AmZ8108
LO%IC DIAGRAM

Ag A7
(TRANSMIT
71—
{RECEIVE) . .
3 —Do—
By Bg Bg By
AmZ8107 has inverting transceivers B8LI77
‘}a'
CbNNECTION DIAGRAM LOGIC SYMBOL
Top View
APORT
Vee By B, By By B B By T 1 2 3 4 5 6 7 8
nnnoonnnn I
20 19 18 17 16 15 18 13 12 1 Ao A1 Az A3 Ag As Ag A7
9 —T
Amz8107/
AmZ8107/
) A:zews/ n—J% Amz8108
L] Bo By By By By Bs Bg By
1 2 3 4 5 6 7 8 9 10
EpupupngapRgapnye RN
Ag Ay Ay A3 Ay Ag Ag A; T GND
8 PORT
Note: Pin 1 is marked for orientation. VCC = Pin 20
AmZ8107 is inverting from Ai to Bi BUI-178 GND = Pin 10 BLI-179
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AmZ8i20

Octal D-Type Flip-Flop with Clear, Clock Enable and 3-State Control

DISTINCTIVE CHARACTERISTICS

® Buffered common clock enable input

Buffered common asynchronous clear input

Three-state outputs

8-bit, high-speed parallel register with positive edge-triggered,
D-type flip-flops

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8120 is an 8-bit register built using advanced Low-
Power Schottky technology. The register consists of eight
D-type flip-flops with a buffered common clock, a buffered
common clock enable, a buffered asynchronous clear input,
and three-state outputs.

When the clear input is LOW, the internal flip-flops of the
register are reset to logic 0 (LOW), independent of all other
inputs. When the clear input is HIGH, the register operates in
the normal fashion.

When the three-state output enable (OE) input is LOW, the
Y outputs are enabled and appear as normal TTL outputs.
When the output enable (OE) input is HIGH, the Y outputs
are in the high impedance (three-state) condition. This does
not affect the internal state of the flip-flop Q output.

The clock enable input (E)_is used to selectively load data
into the register. When the E input is HIGH, the register will
retain its current data. When the E is LOW, new data is entered
into the register on the LOW-to-HIGH transition of the clock
input.

This device is packaged in a slim 24-pin package (0.3 inch
row spacing). ‘

LOGIC DIAGRAM
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Yo \7 Y, Y3 Yg Yg Yg Yy
L CONNECTION DIAGRAM LOGIC SYMBOL
181 .
Top View
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ONNnaNnNnon0nn LI
24 23 22 21 20 19 18 17 16 15 14 13 Dy Dy D, D3 Dy Dg Dg Dg
23 —O|E
1 —Oo[TR AmZ8120
R 20 11— OCTAL REGISTER
22 —O| OE
Yo Yy Yz Yz Y4 Ys Yg Yy
®i 2 3 4 5 & 7 8 9 10 11 12 —]l |j|||
ooy Peoe s mmw
CLR Yo Dy Dy Yy Y, D, D3 Y; # CP GND Ve = Pin 24
Note: Pin 1 is marked for orientation. *Reserved — do not use. GND = Pin 12 BLI-182
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AmZ8120

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COM’L Tp =0°Cto +70°C
MIL Ta=-55"Cto+125°C

DC CHARACTERISTICS OVER OPERATING RANGE

Vee = 5.0V 5%
Vee = 6.0V £10%

MIN. =475V  MAX. =5.25V
MIN,. =450V MAX. =5.50V

Typ.
Parameters Description Test Conditians (Note 1) Min. (Note 2) Max. Units
Vee = MIN, MIL, IoH = —~1.0mA 24 34
VoH Output HIGH Voltage Vin =V v Volts
IN = ViH or Vi COM'L,IgH = —2.6mA 24 34
vee = MIN. loL =4.0mA 04
VoL Output LOW Voltage VIN = ViH or V)i | Volts
oL =8.0mA 0.45
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volits
Guaranteed input logical LOW MiL 0.7
ViL Input LOW Level voltage for all inputs coM'L 0.8 Volts
V) Input Clamp Voltage Vee =MIN, |y = —18mA -1.5 Volts
TN Input LOW Current Voo = MAX., ViN =04V ~0.36 mA
WH Input HIGH Current Vee = MAX,, VN = 2.7V 20 HA
Iy Input HIGH Current Vee = MAX,, VIN =7.0V 0.1 mA
. Va =04V _
o Off-State (High-Impedance) Ve = MAX. 0=04 20 uA
Output Current Vo =24V 20
Isc Output Short Circuit Current Vee = MAX. _15 _85 mA
{Note 3)
Power Supply Current -
1 =MAX.
cc. {Note 4) Vee =M 24 37 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

2.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4.

All outputs open, E = GND, Di inputs = CLR =0F = 4.5V. Apply momentary ground, then 4.5V to clock input.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V

DC Voltage Applied to Outputs for High Output State

~0.5V to +V¢e max;

DC Input Voltage -0.5V to +7.0V
DC Qutput Current, Into Outputs 30ma
DC Input Current —30mA to +5.0mA
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AmZ8120

SWITCHING CHARACTERISTICS
(Ta = +25°C, Vcc = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t — 27
PLH Clock to Y (O LOW) 18 ns
tPHL 24 36
tPH L Clearto Y 22 35 ns
tg Data (D;) 10 3 ns
th Data (D;) 10 3 ns
£ ® Active 15 10
t nable ns
s Inactive 20 12 C = 15pF
— RL = 2.0ks2
th Enable (E) 0 [¢] ns
tg Clear Recovery (In-Active) to Clock 1 7 ns
¢ Clock HIGH 20 14
n
pw o¢ Low 25 13 °
tow Clear 20 13 ns
tZH — 9 13
Y; ns
20 OEtoY; 13 2
tHZ — 20 30 Cp =5.0pF
oy OE to Y; 24 % ns R = 2.0k
frmax Maximum Clock Freguency (Note 1) 40 MHz

Note 1. Per industry convention, fmay is the worst case value of the maximum device operating frequency with no constraints on t,, t¢, pulse
width or duty cycle.

SWITCHING CHARACTERISTICS COM'L MIL
OVER OPERATING RANGE*
Ta =0°C to +70°C Ta =-55°Cto+125°C
Vee =5.0V £ 5% Vce =5.0V £ 10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
t] — 33 39
PLH Clock to Y; (OE LOW) - ns
tPHL 45 54
tPHL Clearto Y 43 51 ns
tg Data (D;) 12 15 ns
th Data (D;) 12 15 ns
Active 17 20
tg Enable (E) v ns
Inactive 20 23 Cy = 50pF
th Enable (E} 0 0 ns Rl = 2.0k
tg Clear Recovery (In-Active) to Clock 13 15 ns
| HIGH 25 30
fow Clock Low 30 35 n
(pw Clear 22 25 ns
t J— 19 25
LI OEtoY; ns
tz1 30 39
tHz — 35 40 Cp =5.0pF
T OE to Y; 39 42 ns Ry =2.0kQ
finax Maximum Clock Freguency (Note 1) 25 20 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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AmZ8120

DEFINITION OF FUNCTIONAL TERMS ‘ FUNCTION TABLE
. Inputs Internal | Outputs
R in-f . — —
i The D flip-flop data inputs Function | OE | CLR | E | D; [CP | @ Yi
CLR When the clear input is LOW, the Q; outputs are -
LOW, regardless of the other inputs. When the Hi-Z H X XX | X X
clear input is HIGH, data can be entered into the Clear H L X | X | X L
register. L L X | X | X L L
cP Clock Pulse for the Register; enters data into the Hold H H H X )X NC z
register on the LOW-to-HIGH transition. L H H X [ X NC NC
Y; The register three-state outputs. Load H H LpLft L z
E Clock Enable, When the clock enable is LOW, H H LyH)t H 2
data on the Dj input is transferred to the Qj L H Lt L L
output on the LOW-to-HIGH clock transition. L H L{H]? H H
When the clock enable is HIGH, the Q; outputs H = HIGH . NC = No Change
do not change state, regardless of the data or clock L = LOW t = LOW-to-HIGH Transition
input transitions. X = Don’t Care 2 = High Impedance
OE Output Control. When the OE input is HIGH,
the Y; outputs are in the high impedance state.
When the OE input is LOW, the TRUE register
data is present at the Y; outputs.
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
DRIVING OUTPUT I DRIVEN INPUT
|
|
|
|
|
|
|
|
I .
[
|
{
Note: Actual current flow direction shown. BLI-183
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AmZ8i21

Eight-Bit Equal-To Comparator

DISTINCTIVE CHARACTERISTICS

8-bit byte oriented equal-to comparator
Cascadable using E|N

High-speed, Low-Power Schottky technology
tpd A@B to EgyT in 9ns

Standard 20-pin package
100% product assurance screening to MILL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8121 is an 8-bit “‘equal to’’ comparator capable to
comparing two 8-bit words for ‘‘equal to” with provision
for expansion or external enabling. The matching of the two
8-bit inputs plus a logic LOW on the E|y produces an active
LOW on the output EQUT.

The logic_expression for the device can be expressed as:
EouT = {Ag @ Bg) (A1 ®B1) (A2 ©B3) (A3 @B3) (A4 ©By)
(A5 ® Bg) (A7 ® B7) EN. It is obvious that the expression is
valid where Ag — A7 and Bg — B7 are expressed ds either
assertions or negations. This is also true for pair of terms i.e.
Ap can be compared with Bg at the same time K-] is compared
with B4. It is only essential that the polarity of the paired
terms be maintained.

LOGIC DIAGRAM

BLI-184
CONNECTION DIAGRAM LOGIC SYMBOL
Vec Eout B7 A7 Bg Ag Bs A By Ag %615 1413 211 9 8 7 6 5 4 3 2
Oonnnnoonninng l I I
20 19 18 17 16 15 14 13 12 1 ]
By A7 Bg Ag Bs A By Ay B3z Az Bz Az By Ay Bg Ag
) 11— Ey AmZ8121 8-BIT COMPARATOR
L] —_—
vt 2 3 4 5 6 7 8 9 10 EouT
goouoguoound T
E;v Ao Bo A1 By A2 B2 A3 B3 GND
19
Ve = Pin 20
Note: Pin 1 is marked for orientation GND = Pin 10
BLI-185 BLI-186
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AmZ8121

AmZ8i21

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COM’L  Tp =0°Cto+70°C Ve =5.0V 5%  MIN. =475V MAX.=5.25V
MIL Ta=-55°Ct0+125°C  Vgc =5.0V $10% MIN. =450V MAX. =5.50V

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vce = MIN. MIL 2.5
Y Output HIGH Voltage ; 1oH = —440uA Volts
OH P 9 VIN = Vi or Vi CoM'L. 27
! =4.0mA
y ow Ve = MIN. oL 0.4
t Vol =
oL Outpu oltage VIN = ViH or VL loL = 8.0mA 0.45 Volts
oL = 12mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Voits
- : MIL 0.7
viL Input LOW Level Guaranteed input logical LOW Volts
voltage for all inputs COM‘L 0.8
V| Input Clamp Voltage Vee =MIN,, Iy = —18mA -1.5 Volts
Ai, B -0.36
TR Input LOW Current Vee =MAX., VN =04V = mA
E -0.72
Aj, B; 20
H Input HIGH Current Vee = MAX,, VN = 2.7V 3 pr kA
Ai, Bj 0.1
11 Input HIGH Current Vee = MAX, VN = 7.0V 3 02 mA
Isc Output Short Circuit Current Ve = MAX. _15 _85 mA
(Note 3)
Power Supply Current _
' = MAX.
cc (Note 4) Vee 7 40 mA
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. E = GND, all other inputs and outputs open.
AmZ8121
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to +7.0\
DC Voltage Applied to Outputs for High Output State —0.5V to +V ¢ max
DC Input Voltage —0.5V to #7.0\
DC Output Current, Into Outputs 30m/#

DC Input Current —30mA to +5.0m/
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SWITCHING CHARACTERISTICS
(Ta = +25°C, Ve = 5.0V)

AmZ8121

Parameters Description Min. Typ. Max. Units Test Conditions
tpLH —_— 9 15
Aj or B; to Equal
tpHL vorFifoFqua 9 15 ns Cy = 15pF
tpLH = eee— 5 7 R = 2.0k
t
o E to Equal 5 8 ns
com’L MIL

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Ta = 0°C to +70°C
Vce = 5.0V 5%

Ta = —55°C to +125°C
Vce = 5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH Aj or B; to 20 22 ns
tpHL Equal Qutput 19 21 C_ = 50pF
toLn JE— 10.5 12 Ry = 2.0k
tonL E to Equal Output 125 5 ns

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

DEFINITION OF FUNCTIONAL TERMS

Ag—A; A input to comparator
EO—B7 B input to comparator
Ein Enable active LOW
Eout EQUAL output active LOW
METALLIZATION AND PAD LAYOUT
20 Vee
Ein
Ag
By
A
By
Az
By
A3
B3

DIE SIZE 0.063" x 0.074"

LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING CUTPUT

DRIVEN INPUT

Note: Actual current flow direction shown.

BLI-187
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AmzZ8121

MICROPROCESSOR ADDRESS BUS

APPLICATIONS

MICROPROCESSOR ENABLE CONTROLLED,
SELECTABLE, ADDRESS DECODER

:: Ag 8o |—o
A By
A2 Ay B2l—o
A3 s 8
! Aq B0
:: As 85f—0
Ag Bg
& A7 87
Ein - Eout
Ag Ag Eout 8o
A9 Ay By
Ao A2 B2 l—0
A Az B3
A2 As 84 |——0
A3 Ag 85
A4 Ag Bg
A15 Ay P
EiN

WRITE ENABLE,
READ ENABLE

i ADDRESS SELECT

ENABLE TERM

MAX. ENABLE (HIGH-to-LOW) DELAY

OVER 16-BITS
{Commercial Range)

Ai or Bi
tPHL to EOUT 19ns
’ Ento
= 12.5ns
to Eour
Total 31.5ns

OR BOTH
8LI-188
STATUS LINE DECODING
/0 REFERENCE
ENABLE
=
A7 ° B7
AmZB002 Ag Bg _4
. o
By
B = Amz8121
N/S Ay
ST; Ay Bj
ST Az Bz H
ST, A, B1 —
STy Ay —_ By —
Ein L
bs
BLI-189
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AmZ8127

AmZ8000 Clock Generator and Controller

Advanced Information

DISTINCTIVE CHARACTERISTICS

e High-drive high-level clock output
Special output provides clock signal matched to
requirements of AmZ8000 CPU, MMU and DMA
devices.

® Four TTL-level clocks
Generates synchronized TTL compatible clocks
at 16MHz, 2MHz and 1MHz to drive memory
circuits and LS| peripheral devices. An
additional TTL clock is synchronized with the
high-level clock for registers, latches and other
peripherals.

e Synchronized WAIT state and time-out
controls
On-chip logic generates WAIT signal under
control of Halt, Single-step and Ready signals.
Automatic time-out of peripheral wait requests.

FUNCTIONAL DESCRIPTION

The AmZ8127 Clock Generator and Controller provides the
clock oscillator, frequency dividers and clock drivers for the
complete array of AmZ8000 CPUs, peripherals and memory
system configurations. In addition to the special 4MHz output
driver for the AmZ8001 and AmZ8002 CPUs, a standard buf-
fered TTL 16MHz oscillator output is provided for dynamic
memory timing and control. The AmZ8127 forms an integral part
of the dynamic memory support chip set including the AmZ8163
EDC and Refresh Controller, AmZ8164 Dynamic Memory Con-
troller, AmZ8160 Error Detection and Correction Unit and
AmZ8161/AmZ8162 EDC Bus Buffers. The oscillator is designed
to operate with a 16MHz crystal or with external 16MHz drive.
The AmZ8127 uses an internal divide-by-4 to provide 4MHz
clock drive to the AmZ8001/AmZ8002 CPU. Additional dividers
generate synchronous buffered 2MHz and 1MHz clock outputs
for use by peripheral devices. The clock divider counters are
clearable to allow synchronizing the multiple clock outputs.

The controller functions include RESET, RUN/HALT, SINGLE-
STEP, READY and a READY TIMEOUT counter which limits a
peripheral's wait request to 16 clock cycles. The CPU's WAIT
input is controlled by RUN/HALT, SINGLE-STEP and READY. A
HALT command to the AmZ8127 drives the WAIT output LOW
causing the CPU to add wait states (TW to TW). The READY
input is used by peripherals to request wait states. The active
HIGH input TIMEOUT ENABLE is used to force TIMEOUT and
WAIT to HIGH 16 clock cycles after a peripheral has requested a
wait but fails to release the request. The CPU status lines ST1,
ST2 and ST3 are decoded in the AmZ8127 to disable the TIME-
OUT counter during CPU “Internal Operations” and during
refresh.

BLOCK DIAGRAM
CLOCK GENERATOR

RESET N RESET RESETOUT
SYNC
x1 = XTAL osc
2 osc
28000
BUFFER
34 +30R4 —‘V\ ZcK
CYCLE
r- COUNTER TCK
- 7
T TCKi2
RUN/HALT RUNHALT CLOCK
AND DIVIDER
SSHES SINGLE STEP ek
ssno CONTROL
. WATE
A N
READY conmsL TIMEOUT
CPU STATUS
TIME OUT
ENABLE
BLI-168
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AmZ8133

AmZ8173

Octal Latches with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

e 18ns max data in to data out

o Non-inverting AmZ8173, inverting AmZ8133

e Three-state outputs interface directly with bus organized
systems

e Hysteresis on latch enable input for improved noise margin

® 100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8133 and AmZ8173 are octal latches with three-state
outputs for bus organized system applications. The latches ap-
pear to be transparent to the data (data changes asynchronously)
when latch enable, G, is HIGH. When G is LOW, the data that
meets the set-up times is latched. Data appears on the bus when
the output enable, OE, is LOW. When OE is HIGH the bus output
is in the high-impedance state.

The AmZ8173 has non-inverted data inputs while the AmZ8133
is inverting.

LOGIC DIAGRAM
AmZ8173

D2 D3
D D

re 0,
D —0D

-

LATCH

-
$—O| o
o
}
L—ol o
(<]

enaBLE ©

Inputs Dy through D5 are inverted on the AmZ8133.

Y6 A\t

BLI-041
CONNECTION DIAGRAMS LOGIC SYMBOL
Top Views
Vec Y7 07 Dg Yo Ys Dg Dg Y4 G
o000 n0nnn
20 19 18 17 16 15 14 13 12 11 3 4 7 8 13 14 17 18
REREEEN
Dg Dy Dy Dy Dy Dg Dg Dy
[ ] 1—AG
l 1 2 3 4 5 6 7 8 9 10 AmZ8173
oo oouUoog 1 —fo
OF Yo Dp Dy Y1 Y2 Dy D3 Y3 GND Yo Y1 Y2 Y3 Ya Ys Yg Y7
Vec Y7 D7 Dg Y6 Y5 Ty Dy Ya G ]I||||I—[
Onnnnn nmnn 2 5 6 9 12 15 16 19 BLI-043

AmZ8133

8 9 10

aguu

D3 Y3 GND

g~

Note: Pin 1 is marked for orientation. BLI-042

Inputs Dy through D7 are inverted on the AmZ8133.
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AmZ8133 - AmZ8173

- AmZ8133 « AmZ8173
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’L T =0°Cto+70°C Vee = 5.0V 5% MIN. =475V MAX. =5.25V
MIL Ta=-55°Cto+125°C  Vee =5.0V £10%  MIN. =450V  MAX. =5.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN. 1 =~1.0mA MiL 24 34
VOH Output HIGH Voltage VCC_ v = Volts
IN=VIHOTViL| 1oy =—26mA | COM'L 24 34
Vee = MIN. loL = 12mA 0.4
VoL Output LOW Voltage Vin = ViH or Vi Volts
loL = 24mA 05
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
. . MIL 0.7
viL Input LOW Level Guaranteed ln[:)ut logical LOW Volts
voltage for all inputs coM'L 08
Vi Input Clamp Voltage Vee =MIN,, Iy = —18mA -1.5 Volts
LT Input LOW Current Vee = MAX,, ViN =04V -0.4 mA
Uy Input HIGH Current Vee = MAX., VN = 2.7V 20 kA
1y input HIGH Current Vee = MAX., VN = 7.0V 0.1 mA
X igh- Vo =04V —-20
102 Off-State (High-lmpedance) Vee = MAX. (¢} WA
Output Current Vg =24V 20
Isc Output Short Circuit Current Vee = MAX. _30 -85 mA
(Note 3)
Power Supply Current
1 =MAX.
cc (Note 4) Vee AX 24 40 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

. Inputs grounded; cutputs open.

hON

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
DC Input Voltage -0.5V to +7.0V
DC Output Current, Into Outputs 30mA
DC Input Current —30mA to +5.0mA

4-79



AmZ8133 « AmZ8173
AmZ8133

SWITCHING CHARACTERISTICS

(Ta = +25°C, Ve = 5.0V)

Parameters Description Min Typ Max Units Test Conditions
t 20 30
PLH Enable to Output ns
tpHL 18 30
t 13 20
PLH Data Input to Output ns
tpHL 15 23
ts(H) HIGH Data to Enable 3
to(L LOW Data to Enabl 0 " Ci = 45pF
s(L) ata to Enable R = 667Q
th(H) HIGH Data to Enable 13 n
S
thiL) LOW Data to Enable 7
tow Enable Pulse Width 15 ns
t —_— 28
ZH OE to Y; ns
tzL 36
thz —_— 20 Cp = 5pF
" OE to Y; 25 ns R = 667Q
AmZ8133 COM'L MIL

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE

Ta =0°C to +70°C
Vee = 5.0V 5%

Ta =-55°C to +125°C

Vce = 5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions
tPLH 3 40
L Enable to Output 5 ns
PPHL 35 40
t
PLH Data Input to Output 20 21 ns
tPHL 25 30
ts(H) HIGH Data tc Enable 5 5
t(L) LOW Data to Enable 0 0 ns :'—_‘g:;’;
th(H) HIGH Data to Enable 14 15 -
thiL) LOW Data to Enable 9 10 ns
tow Enable Pulse Width 17 20 ns
t —
2H OEto Y; 28 28 ns
tzL 36 36
tHZ s 33 36 CL =5pF
EtoY;
tz o 33 36 ns RL = 6670
*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
DRIVING OUTPUT | DRIVEN INPUTS D; I DRIVEN I:::TJTSG,E
Vee I
II | 1.6k82
> NOM.
lon | it |
|
‘ , I“_
| |
[
! | ,
lou ‘| H E | | ‘2
E: |
I ||
|
Note: Actual current flow direction shown. BLI-044
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AmZ8173

SWITCHING CHARACTERISTICS
(Ta = 25°C, Ve = 5.0V)

AmZ8133 « AmZ8173

Parameters Description Min Typ Max Units Test Conditions

t 20 30

PLH Enable to Output ns

teHL 18 30

t 10 18

PLH Data Input to Output ns

tpHL 12 18

ts(H) HIGH Data to Enable 0

ns C_ = 45pF

oL LOW Data to E L=

s(L) ata to Enable 0 R, = 6670

th(H) HIGH Data to Enable 10

th(l) LOW Data to Enable 10 ns

tow Enable Pulse Width 15 ns

t _— 28

ZH OEtoY; ns

tzL 36

uz = 20 Ci = 5pF

. OE to Y; 25 ns R = 667Q
AmZ8173 CcoM'L MIL

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE

Ta =0°Cto +70°C
Vee =5.0V 5%

Ta =-55°C.to +125°C
Vee =5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions
t 35 40
PLH Enable to Output ns
tPHL 35 40
t 20
PLH Data Input to Output 19 ns
tPHL 20 25
tg(H) HIGH Data to Enable 0 [o}
(L) LOW Data to Enable 0 0 i Cy = 45pF
Ry =667Q
thi{H) HIGH Data to Enable 11 12
thiL) LOW Data to Enable 15 17 ns
tow Enable Pulse Width 17 20 ns
t —
2H OEtoY; 28 28 ns
tzL 36 36
tHz = 33 36 CL =5pF
EtoY;
tz o 33 36 ns RL = 6670

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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AmZ8133 « AmZ8173

AmZ8173

Metallization and Pad Layouts

20

———— 18

— 13

"

Vee

Y7
D;
Dg
\0
Ys
Ds

D,

Y,

GND

AmZ8133

& ——

DIE SIZE 0.073" X 0.089"

FUNCTION TABLES

X = Don't Care

AmZ8173
Inputs Internal Outputs Function
OE | G | D; Qj Yi
H X | X X z Hi-Z
L H L H L Transparent
L H | H L H
L L | X NC NC Latched
AmZ8133
Inputs Internal Outputs Function
OE | G | Dj Qj Yi
H X X X z Hi-Z
L H L H H Transparent
L H H L L
L L | X NC NC Latched
H = HIGH NC = No Change
L=LOW Z = High Impedance

2

0|_,<
m

o 9

| =<

(o]
m

DEFINITION OF FUNCTIONAL TERMS

AmZ8173
The latch data inputs.

The latch enable input. The latches are transparent when G
is HIGH. Input data is latched on the HIGH-to-LOW transi-
tion.

The three-state latch outputs.

The output enable control. When OE is LOW, the outputs
Y; are enabled. When OE is HIGH, the outputs Y; are-in
the high-impedance (off) state.

AmZ8133
The latch inverting data inputs.

The latch enable input. The latches are transparent when G
is HIGH. Input data is latched on the HIGH-to-LOW transi-
tion.

The three-state latch outputs.

The ouiput enable control. Wh@ is LOW, the inverted
outputs Y; are enabled. When OE is HIGH, the outputs Y;
are in the high-impedance (off} state.
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AmZ8136

Eight-Bit Decoder With Control Storage

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
e 8-bit decoder/demultiplexer with control storage The AmZ8136 is an eight-bit decoder with control storage. It
e 3-state outputs provides a conventional 8-bit decoder function with two enable
® Common clock enable inputs which may also be used for data input. This can be used to
e Common clear implement a demultiplexer function. In addition, the “exclu-
® Polarity control sive-OR” gates provide polarity control of the selected output.
® Advanced Low Power Schottky Process The 3-state out_p_uts are enabled by an active LOW input on the
® 100% nroduct assurance screening to MIL-STD-883 output enable, OE.

requirements The three control bits representing the output selection and the

single bit potarity contro! are stored in “D” type flip-flops. These
flip-flops have Clear, Clock, and Clock Enable functions provided.
The G, and G, inputs provide either polarity for input control or
data.

LOGIC DIAGRAM
8-Bit Decoder/Demultiplexer with Control Storage

P Q
CLR

51T
] 1. . QW J
= it

Ll il 1 1l 1]
CLR
9
—0 a
POL — X P
CLR
CLOCK
CLOCK P
ENABLE CLEAR At} Ye s Ya Y3 Y2 ] Yo
< iR BLI-190
CONNECTION DIAGRAM LOGIC SYMBOL
8
Vee G1 G2 Y7 Y6 Y5 Ya Y3 Y2 Yy l
| OO0 00 OE vy 9
20 19 18 17 16 15 18 13 12 1 19 —1G Yip—mn
18— 6, Yo p—12
Am28136 3 —|FTCE Y3 p—13
Yo f—14
2 3 4 5 6 7 8 3w 2 — TR Ys}— 15
ooogoguggy 1—cp Yo p— 16
cP CLA CE A B C POL OE Yo GND Y7 b— 17
A B C pOL Vee =20
L =
Note: Pin 1 is marked for orientation. BLI9T [ BLI192 456 7 GND =10
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AmZ8136

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COM'L Tp =0°Cto+70°C Vee =5.0V 5%  MIN.=4.75V MAX. =525V
MIL TA=-55°Ct0+125°C  Vgg =5.0V £10%  MIN. =450V  MAX. = 5.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN. | =-2.6mA, COM’'L 24 3.2
VOH Output HIGH Voltage VCC_ v v OH Volts
IN=ViHor VL loH = —1.0mA, MIL 24 34
Vee = MIN. oL = 24mA, COM'L 0.4 05
VoL Output LOW Voltage ViN = Vi or V)L Volts
loL = 12mA, MIL 0.35 04
Guaranteed input logical HIGH
ViH Input HIGH Leve! voltage for all inputs 20 Volts
Guaranteed input logical LOW MiL 0.7
ViL Input LOW Leve! voltage for all inputs oML 0B Volts
\7 Input Clamp Voltage Vee =MIN,, Iy = —18mA -1.5 Volts
he Input LOW Current Vee = MAX, VN =04V -0.4 mA
"hH Input HIGH Current Vee = MAX, VN = 2.7V 20 RA
I Input HIGH Current Vee =MAX., VN =7.0V 0.1 mA
10 Off-State (High-lmpedance) Vee = MAX. Vo =04V —20 uA
Output Current Vo =24V 20
Isc Output Short Circuit Current Vee = MAX. _15 _8s mA
{Note 3)
Power Supply Current -
Icc (Note 4) Vee = MAX. 37 56 mA
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output sho_uld be shoﬂi at_atime. Duration of the short circuit test should not exceed one second.
4. Test Conditions: A=B=C=G1=G2=0E=CE=GND;CLK=CLR=POL=45V.
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature {Ambient) Under Bias —55°Cto +125°C
Supply Voitage to Ground Potential Continuous —-0.5V to +7.0V

DC Voltage Applied to Outputs for High Output State

—0.5V to +Vc max.

DC Input Voltage —0.5V to +7.0V
DC Qutput Current, Into Outputs 30mA
DC Input Current —30mA to +5.0mA
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SWITCHING CHARACTERISTICS
(Ta = +25°C, V¢ = 5.0V)

AmZ8136

Parameters Description Min. Typ. Max. Units Test Conditions
Toin GitoYg — Y7 23 34 ns
tPLH _ 20 30
oL GatoYg - Y7 26 39 ns
tPLH _ 24 36
teyL CPloYo ~ ¥y 30 45 ns Cy = 45pF
R_ = 6670
tpLH = B 24 36
Tonn LRto Yo — Yy 3 i ns
ts — 25
i CEtoCP 5 ns
ts A, B, C, POL to CP 15 ns
th V]
thz B _ 9 14 C, = 5pF
¥ OBt Yo - ¥ 11 17 ns RL = 6670
tzy — B 15 22
17, OEtoYg — Y7 16 24 ns
C, = 45pF
ts Set-up Time, Clear Recovery to CP 20 ns R = 6670
t Pulse Width Clock 15 ns
1
pw Clear 15
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*
CcCoM'L MIL

Tp = 0°C to +70°C
Vce = 5.0V £5%

Tp = —55°C to +125°C
Vee = 5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions
t — 29 31
PLH GytoYp - Y7 ns
tpHL 39 42
t 34 37
PLH Gz to Yo - Y7 ns
toHL 44 48 :
t 40 42
PLH CPtoYg - Yy ns
tpHL 51 55 C_ = 45pF
teLn _— 47 54 . R_ = 6670
.CLRto Yg - Yy ns
[ 58 66
tg __ 27 30
ns
1, CE to CP o o
ts 17 20
A, B, C, POL to CP ns
th 0 0
thz — 17 18 CL = 5.0pF
OEto Yy - Y ns L
17 o 27 34 R, = 6670
t — 25 27
ZH OEtoYq - Yy ns
tz 28 30
. CL = 5,0pF
tg Set-up Time, Clear Recovery to CP 23 25 ns R = 6670
Clock 17 20
tow Pulse Width ns
Clear 15 15

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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AmZ8136

FUNCTION TABLE

Inputs

Internal
Registers

Three-State Outputs

Mode

POL CE CLR

[~]
*
(2]
o
o]
(]

Qg QA QpoL

Yo Y1 Y2 Y3 Y4 Y5 Yg Y7

Clear

x
-
-

L
L

Ir
-

L
L

L
L

H H H H H H H H
L H H H H H H H

Hold

4
O
2
(¢

NC

NC

2
Q

NC NC NC NC NC

2
(9]
2
o
z
(2]

Select

-

XX IIIXITIrrrr-r P IXIIIFCCECCX[Xx[O
X X I I rrIIrC-IIrCrC-IIrCrixXx|Xxx|®@
X X IrIrIrICcIr-CrICIrCCIrCX(Xxi»
rIrcCc - P I TTIIIIIXIX
rrrrrCrrrrrroCoCCCcrCrrCcCCcCcCC|INX X
I I IIIIIXIIXIIIIIIIITI(I|\r
rCP I I I I IIIIIIIIIIII
I‘l‘l‘l‘r‘l‘l‘l‘l‘l‘l‘!‘l‘f‘l‘l‘l‘r‘l‘l‘rgl
> > > > > > > > > > > > XX
XX ITIxTITrrrrrC-rIIIXIIcCcCCor

XX I Irr-rIIr-cXIXIIrFCFCIITrC

XX IrIIrr-rIr-rIr-rXIrCrIcCcICIr

rr-rCcCCCrC-CCCCIIIIIIIX

-
-
-

IrrIrrrxrrrxrrxxrrCccCc K rx
IrITIIIICrICFCFC-rC-reCCXIT
IFfFrIIIIIFCIICCCCCIC
IrIIIxXC-CIIICCCCICCC
IrrXrrrIrxrrIxIIIrC-rr-rCcITr-Ccecror
IrIICrIIIIIrCrCICCCrCE
It‘Il‘IVIIIIII—IrI—r‘r—r‘r
IrCFIIIIIIIICCCECCC

[2]]
B4

(2]
N

Output
Disable

X
x
X
x
x
x
x
I
x
z
o
2
(e}

b4
(3]

2
Q

N
N
N
N
N
N
N
N

IIrr

IrIr

rrxC| O

NC = No Change

X = Don’t Care Z = High-lmpedance

t= Low-to-High Transition

CLR

cP

A,B,C

POL

G>
Yn

DEFINITION OF TERMS

CLEAR — When the CLEAR input is LOW, the control
register outputs (Qa, Qg, Q¢, Qpg) are set LOW
regardless of any other inputs.

CLOCK — Enters data into the control register on the
LOW-to-HIGH transition.

CLOCK ENABLE — Allows data to enter the control
register when CE is LOW. When CE is HIGH, the Q;
outputs do not change state, regardless of data or
clock input transitions.

Inputs to the control register which are entered on
the LOW-to-HIGH clock transition if CE is LOW.

Input to the cantrol register bit used for determin-
ing the polarity of the selected output.

Active LOW part of the expression G = G4G, [or G =
{G4) G2] where G is either data input for the selected
Y, or is used as an input enable.

Active HIGH part of the expression G = G4Gj.

The three-state outputs. When active (OE = LOW),
one of eight outputs is selected by the code stored in
the control register, with the polarity of all eight
determined by the bit stored in the POL flip-flop of
the control register. The selected output can further
be controlled by G according to the expression
YseLecten = G @ Qpor

OUTPUT ENABLE. When OE is HIGH the Y, outputs
are in the high impedance state; when OE is LOW
the Y,,'s are in their active state as determined by the
other control logic. The OE input affects the Y, out-
put buffers only and has no effect on the control
register or any other logic.

> Ql

|

POL

METALLIZATION AND PAD LAYOUT

|

DIE SIZE 0.084" X 0.099"

G2

A\t
Ye

Ys
Ya

Y3

Y2

Yi
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AmZ8140 - AmZ8144

Octal Three-State Buffers

DISTINCTIVE CHARACTERISTICS

Three-state outputs drive bus lines directly
Hysteresis at inputs inproves noise margin

PNP inputs reduce DC loading on bus lines
Data-to-output propagation delay times — 16ns MAX
Enable-to-output — 20ns MAX

48mA output current

20-pin hermetic and molded DIP packages

100% product assurance testing to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8140 and AmZ8144 are octal buffers fabricated using
advanced low-power Schottky technology. The 20-pin package
provides improved printed circuit board density for use in memory
address and clock driver applications.

Three-state outputs are provided to drive bus lines directly. The
AmZ8140 and AmZ8144 are specified at 48mA and 24mA output
sink currenl. Four buiiers are enabied from one comman linc and
the other four from a second enable line. The AmZ8140 and
AmZ8144 enables are of similar polarity for use as a unidirectional
buffer in which both halves are enabled simultaneously.

Improved nbise rejection and high fan-out are provided by input
hysteresis and low current PNP inputs.

LOGIC DIAGRAMS

AmZ8140 AmZ8144
' OE | D Y - - OE | D;. Y
S AR R = =N H
! b L IH L 1 [ L H H
D3 —Z— ¥a o7 =7 | L | L H 03—2:[— Ya o7 —k— ¥7 L L L
OED3 —o>— oEa7 OEG3 —o>— oEar —o>—
BLI-193 Note: All devices have input hysteresis. BLI-194
CONNECTION DIAGRAMS LOGIC SYMBOLS
Top Views 2 4 6 8 1M 13 15 17
oem[]1® -/ 20 [ vee oEa 1 A 2] vee DO DI D2 D3 D4 D5 D6 D7
o] 2 19 [ o ooz 10 [ oEw 1 ———{ OE03 AmZ8140 OE4? 19
Yo i Y2 V3 Ya Y5 Y6 Y7
v7[] 3 18V v7[]3 18] vo BL-197
R D = e N NEREERR
o v 18 16 14 12 9 7 5 3
Vi
wlls AmZ8140 v ve[s Amzsias 1Vt
p2[]s 15[ D6 p2[]e 15[ "] o6
vs[]7 1] V2 vs[17 1]y A W
3]s 13[Jos pa[]s 13["]Jbs l | | | l l l
w]s 2Fv s v im D2 D3 D4 D5 us—m_
ano [ 10 o oo 10 wF0e 1 ——{ OE03 AmZ8144 OE47 f—— 19
BU-198 YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
BLI195 - Pin1i ientati BLI-196 l | T r | ] VCC = Pin 20
Note: Pin 1 is marked for orientation. ® 16 14 12 e 7 5 3 GND = Pin 10
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AmZ8140 -« AmZ8144
ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COoM'L Ta =0t070°C VCC = 5.0V +5%
VCC = 5.0V £10%

MiL Ta = —-55t0 +125°C

DC CHARACTERISTICS OVER OPERATING RANGE

(MIN = 475V MAX = 5.25V)
(MIN = 450V MAX = 5.50V)

Parameters Description Test Conditions (Note 1) Min (N?{epz) Max Units
VCC = MIN, VIH = 2.0V 2.4 3.4
VOH High-Level Output Voltage IOH = ~3.0mA, VIL = VIL MAX Volts
VCC = MIN, MIL, IOH = —12mA 2.0
VIL = 0.5V COML, I0H = ~15mA 2.0
All IOL = 12mA 0.25 0.4
VoL Low-Level Output Voltage VCC = MIN All IOL = 24mA 0.35 0.5 Volts
COML, IOL = 48mA 0.55
VIH High-Level Input Voltage &‘ftaa'gag‘gda:m‘mgica' HIGH 2.0  Volts
ViL Low-Level Input Voltage ;iM'L g: Volts
VIK Input Clamp Voltage VCC = MIN, Il = —18mA -15 Volts
Hysteresis (VT+ — VT-) VCC = MIN 0.2 0.4 Volts
e
VIH = 2.0V uA
1 :ESL’: 3;’;:’;; at Maximum VCC = MAX, VI = 7.0V 0.1 mA
IIH High-Level Input Current, Any Input VCC = MAX, VIH = 2.7V 20 nA
1L Low-Leve! Input Current VCC = MAX, VIiL = 0.4V -200 uA
1ISC Short Circuit Output Current (Note 3) VCC = MAX -50 -225 mA
All Outputs HIGH 13 23
ICC AmZ8140 All Outputs LOW 26 44 ;nA
Supply Current Outputs at Hi-Z 29 50
VCC = MAX
Outputs Open All Outputs HIGH 13 23
ICC AmZ8144 All Outputs LOW 27 46 mA
Outputs at Hi-Z 32 54
Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
2. All typical values are VCC = 5.0V, Ty = 25°C.
3. Not more than one output should be shorted at a time, and duration of the short-circuits should not exceed one second.
MAXIMUM RATINGS above which the-useful life may be impaired
Storage Temperature -65°C to +150°C
Temperature (Ambient) Under Bias -55°C to +125°C
Supply Voltage to Ground Potential -0.5V to +7.0V
DC Voltage Applied to Outputs for HIGH Output State ~0.5V to +V ¢ max.
DC Input Voltage -0.5V to +7.0V
DC Output Current 150mA

DC Input Current

-30mA to +5.0mA
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AmZ8140 - AmZ8144

AmZ8140 - AmZ8144

SWITCHING CHARACTERISTICS
(Ta = +25°C, VCC = 5.0V)

Am28140 AmZ8144 Test Conditions
Parameters Description Min Typ Max |Min Typ Max | Units (Notes 1-5)
| L e S o | o JEE
PR | oo don-Lovel oupot o | ® e | oL = dsor
tPZL Output Enable Time to Low Level 13| 20 13 | 20 [ ns
tPZH Output Enable Time to High Level 8 14 8 14 ns
tPLZ Output Disable Time from Low Level 13 20 13 20 ns CL = 5.0pF
tPHZ Output Disable Time from High Level 12 18 12 18 ns RL = 6670
AmZ8140
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*
comM’L MIL
Ta = 0to 70°C Tp = —55t0 +125°C
VCC = 5.0V =5% VCC = 5.0V +10%
Parameters Description Min Max Min Max Units Test Conditions
lE 1 s | .
PHL | [ragaton by T, s e | m | o
tPZL Output Enable Time to Low Level 25 30 ns
tPZH Output Enable Time to High Level 18 21 ns
tPLZ Output Disable Time from Low Level 25 30 ns CL = 5.0pF
tPHZ Output Disable Time from High Level ' 21 25 ns RL = 6670
AmZ8144
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*
COM'L MIL
Ta = 0to 70°C Tp = —55to +125°C
VCC = 5.0V =5% VCC = 5.0V £10%
Parameters Description Min Max Min Max Units Test Conditions
Pt | g Ser e s K
PH | e b T o o | w | c-a
tPZL Output Enable Time to Low Level 25 30 ns
tPZH Qutput Enable Time to High Level 18 21 ns
tPLZ Output Disable Time from Low Level 25 30 ns CL = 5.0pF
tPHZ Output Disable Time from High Level 21 25 ns RL = 66702

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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AmZ8140 « AmZ8144

Amz8002

APPLICATION
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METALLIZATION AND PAD LAYOUTS

AmZ8140

DIE SIZE 0.060" X 0.103"
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AmZ8148

Chip Select Address Decoder With Acknowledge

DISTINCTIVE CHARACTERISTICS

One-of-Eight Decoder provides eight chip select outputs
Acknowledge output responds to enables and acknowledge
input command

Open-collector Acknowledge output for wired-OR application
Inverting and non-inverting enable inputs for upper address
decoding

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8148 Address Decoder combines a three-line to eight-
line decoder with four qualifying enable inputs (two active
HIGH and two active LOW) and the acknowledge output re-
quired for “ready” or “wait state” control of all popular MOS
microprocessors.

The acknowledge output, ACK, is active LOW and responds to
the combination of all enables and an acknowledge active, input
command.

The eight chip select outputs are individually active LOW in
response to the combination of all enables active and the corres-
ponding 3-bit input code at the S inputs.

The AmZ8148 is intended for chip select decoding in small,
medium or large systems where muitiple chip selects must be
generated and address space must be allocated conservatively.

LOGIC DIAGRAM

SO—DC I
SELECT D o
npuTs | S1 I
Sz——Dc I
E
ENABLE | E,
INPUTS
Ez
. U
ACKNOWLEDGE [ Ao
INPUTS | &, T
Y, Ve Ys Y Y, Y, Y, Yo
B8LI-045
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
Vee Y3 V4 S; Ey E; E3 E4 Yo Y, I I |
AN AoO0ooMomn — S S S
20 19 18 17 16 15 14 13 12 11 —E 0 ! 2
—1%,
) Amz8148 —E&
—] E4 AmZz8148 ACK |—
.
1 2 3 4 5 & 7 8 9 10 i
EpNyugEpEEEREEERE ¥
Yo Vy ACK A, A; Sy S; Y5 Vs GND A TV Y Ve Y Ve Ve ¥y
Note: Pin 1 is marked for orientation.
BLI-046 BLI-047
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AmZ8148

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COML  Tp = 0°Cto +70°C Vee = 5.0V £5% (MIN. = 475V MAX. = 5.25V)
MiL Ta = —55°C to +125°C Vee = 5.0V 210% (MIN. = 450V MAX. = 5.50V)
DC CHARACTERISTICS OVER OPERATING RANGE
Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vce = MIN.
v, Output HIGH Voltage cc lon = ~440uA 2.4 34 Volts
OH P 9 ViN=Vigorvy | oM *
Vee = MIN. loL = 40mA 0.4
v Output LOW Voltage cc Volts
ot P 9 VIN = Vig or Vi, loL = 8.0mA 0.45
Vi Input HIGH Level Guaranteed |nput logical HIGH 20 Volts
voltage for all inputs
i i MIL 07
Vi Input LOW Level Guaranteed |nPut logical LOW Volts
voltage for all inputs cCOM'L 0.8
' Input Clamp Voltage Voo = MIN, Ijy = —18mA -1.5 Volts
e Input LOW Current Vece = MAX,, Viy = 0.4V -0.36 mA
Iy Input HIGH Current Vce = MAX, Vi = 2.7V 20 uA
Iy Input HIGH Current Voo = MAX,, Viy = 7.0V 0.1 mA
Output Short Circuit Current _ _ -
Isc (Note 3) Vee = MAX. 15 85 mA
Icc Power Supply Current (Note 4) | Voc = MAX. 15 20 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

4. TEST CONDITIONS: Sp = Sy = Sp = Ey = Ep = GND: Ag = A; = E3 = E4 = 4.5V.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature -65°C to +150°C
Tempetrature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous -0.5Vto +7.0V
DC Voltage Applied to Outputs for High Output State -0.5V to +V¢gc max.
DC input Voltage -0.5Vto +7.0V
DC Output Current Into Outputs 30mA

DC Input Current

~30mA to +5.0mA
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AmZ8148

SWITCHING CHARACTERISTICS
(Ta = +25°C, Ve = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t - 14 - 20 ns
PLH S; to Y; (Three Level Delay)
tpHL 19 27 ns
t 13 18 ns
PLH S; to Y; (Two Level Delay)
tpHL 15 21 ns
t —~ = — 13 18 ns
PLH E, ExtoY;
tPHL 16 23 ns
t — 15 21 ns =
PLH Es Eqto ¥, ) C = 15pF
tPHL 19 27 ns RL = 2.0k}
t - 25 35 ns
PLH A to ACK
tpHL 16 22 ns
t — — JR— 29 40 ns
PLH Eq, Eo to ACK
tpHL 25 35 ns
t JE— 29 40 ns
PLH Ej. E4 to ACK
tPHL 25 35 ns

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE

COM’L MiL
Tp = 0°C to +70°C Tp = —55°C to +125°C
Vce = 5.0V £5% Ve = 5.0V =10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
P S; to Y; (Three Level Del 27 3 ns
—y i to Y;j (Three Level Delay) ” % s
tPLH 23 25 ns
Sj to Y; (Two Level Delay)
tPHL 28 31 ns
t - = = 23 25 ns
PLH Eq,ExtoY;
teHL 29 31 ns
tPLH < 27 28 ns C, = 50pF
Ej, Ejqto Y; -
tpHL =T 34 36 ns R, = 2.0kQ
t — 45 45 ns
PLH A; to ACK
tPHL 31 35 ns
t e — 45 45 ns
PLH E;, E, to ACK
tPHL 39 40 ns
t _ 45 45 ns
PLH Es. E4 to ACK
tPHL 39 40 ’ ns
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AmZ8148

Eh E2

ES: E4

AO! A1

DEFINITION OF FUNCTIONAL TERMS
So, S1, S, Three-line to eight-line chip select decoder inputs.

The active LOW enable inputs. A HIGH on either the

METALLIZATION AND PAD LAYOUT

E, or E, input forces all decoded functions to be v
disabled, and forces ACK HIGH. Y,

The active HIGH enable inputs. ALOW on either Ez or
E, inputs forces all the decoded functions to be inhib-
ited, and forces ACK HIGH.

The acknowledge inputs, Ay and A, are active LOW

inputs used as conditions for an active LOW output at A
the acknowledge, ACK, output. Ry
The acknowledge output, ACK, is an active LOW So
output used to signal the microprocessor that specific sy

devices have been selected. ACK goes LOW only
when Eq and E; are LOW, Ez and E4 are HIGH and Ag
or Ay is LOW.

The eight active LOW chip select outputs.

s

GND

DIE SIZE: 0.081” X 0.096"

LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

ACK OUTPUT

DRIVING OUTPUT

DRIVEN INPUT

PAY

Note: Actual current flow direction shown.

BL1-04
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AmZ8160

Cascadable 16-Bit Error Detection and Correction Unit

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

e Modified Hamming Code
Detects multiple errors and corrects single bit errors in a
parallel data word. Ideal for use in dynamic memory
systems.

Syndromes provided
The AmZ8160 makes available the syndrome bits when an

error occurs so the location of memory faults can be logged.

Microprocessor compatible !
The AmZ8160 is designed to work with AmZ8000
microprocessor systems.

Advanced circuit and process technologies
Newest bipolar LSI techniques provide very high
performance.

Data-in to error detection typically 30ns

Data-in to corrected data out typically 50ns

Built-in Diagnostics
Extra logic on the chip provides diagnostic functions to be
used during device test and for system diagnostics.

GENERAL DESCRIPTION

The AmZ8160 Error Detection and Correction Unit (EDC) con-
tains the logic necessary to generate 6 check bits on a 16-bit
data field according to a modified Hamming Code, and to correct
the data word when check bits are supplied. Operating on data
read from memory, the AmZ8160 will correct any single bit error
and will detect all double on some triple bit errors. The AmZ8160
is expandable to operate on 32-bit words (7 check bits) and
64-bit words (8 check bits). In all configurations, the device
makes the error syndrome available on separate outputs for
data logging.

The AmZ8160 also features two diagnostic modes, in which
diagnostic data can be forced into portions of the chip to simplify
device testing and to execute system diagnostic functions. The
product is supplied in a 48 lead hermetic DIP package.

SYSTEM EXAMPLE

AmZ8165
7 OR 7
f~| amzates [F—]A
AmZz8002 RAM
5 AmZ8164 DRIVER Amots
DYNAMIC m
MEMORY A DYNAMIC RAMs
-CONTROLLER Amz8165 [——| RAS B
OR 4, .
cpu RAS | o4—] AmZetcs cAs . CHECK
SRS RAM : -
CAS |—] DRIVER WE , DATA BITS ;%
IE $1e ,
AmZz8001 . i 6
i 1 Amzetet (1, ,
5 7 OR :
7 AmzB162 7 AmZ8160
AmZ8163 EDC BUS “ EDC
REFRESH BUFFERS — .
Amz8127 . AND =
CLOCK 4, . _EnC T
GENERATOR 7 CONTROLLER 5
. //»
4a]a]a
AAAA

S DATA BUS s

BLI-200

4-96




L6y

to2-ng

LEOUTI >

OE BYTE 0 D7
CBo.g I > L
(CHECK ’
BITS
1TS) 8 DATA s
DATag s R Yon [
BYTE 0 CORREC- | 15 BIT-IN- | 5
Y TION +— ERROR + MUX
8 8 LOGIC DECODE
DATAg. 15 [T+ e =+
BYTE 1
oEBYTE1[ > }
DATA 7 \ 7 SCo-6
|| weur MUX 7 DRIVERS [—/{_> SYNDROME/
LATCH CHECK CHECK BITS
BYTE 0 7
16, BIT +
DATA 4 GENERA-
e —
BYTE 1 OE SC
cHEckBIT |
a’;g 7+ ] —— > ERROR
SYNDROME |7 ERROR
LEW ’ G'f,':g;'“‘ 7 DETECTION
= —— —————{"> MULT ERROR
.|
DIAGNOSTIC 7
LATCH Mux 7
-t
LE DIAG D——* 7/
3
CODEID [ >—f—=
DIAG MODE[ > 24— ]
PASS THRU [ > cc:ngr;lgL
GENERATE [_>——
CORRECT[>— |
BLOCK DIAGRAM

09igZwy



AmZ8160

EDC Architecture

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

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

— Data Input Latch

— Check Bit Input Latch

— Check Bit Generation Logic
— Syndrome Generation Logic
— Error Detection Logic

— Error Correction Logic

— Data Output Latch

— Diagnostic Latch

— Control Logic

Data Input Latch

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

Check Bit Input Latch

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

Check Bit Generation Logic

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

Syndrome Generation Logic

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

The syndrome bits are produced by an exclusive-OR of the two
sets of check bits. If the two sets of check bits are identical

(meaning there are no errors) the syndrome bits will be all
zeroes. If there are errors, the syndrome bits can be decoded to
determine the number of errors and the bit-in-error. o

Error Detection Logic

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

Error Correction Logic

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

Data Output Latch

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

The Data Output Latch is split into two 8-bit (byte) latches which
may be enabled independently for reading onto the bidirectional
data lines.

Diagnostic Latch

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

Control Logic

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

DATA .15

CBo.g

LEIN

GENERATE

SCo-6

OE sC

ERROR

MULTI
ERROR

16 bidirectional data lines. They provide input to
the Data Input Latch and Diagnostic Latch, and
receive output from the Data Output Latch. DATAg
is the least significant bit; DATA5 the most sig-
nificant.

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

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

Generate Check Bits input. When this input is
LOW the EDC is in the Check Bit Generate Mode.
When HIGH the EDC is in the Detect Mode or
Correct Mode.

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

In the Detect or Correct Modes the EDC detects
single and multiple errors, and generates syn-
drome bits based upon the contents of the Data
Input Latch and Check Bit Input Latch. In Correct
Mode, single-bit errors are also automatically cor-
rected — corrected data is placed at the inputs of
the Data Output Latch. The syndrome result is
placed on the SC outputs and indicates in a coded
form the number of errors and the bit-in-error.

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

Output Enable — Syndrome/Check Bits. When
LOW, the 3-state output lines SCy.g are enabled.
When HIGH, the SC outputs are in the high im-
pedance state.

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

Multiple Errors Detected output. When the EDC is
in Detect or Correct Mode, this output if LOW indi-
cates that there are two or more bit errors that
have been detected. If HIGH this indicates that
either one or no errors have been detected. In

CORRECT

LE OUT

OE BYTE 0,
OE BYTE 1

PASS
THRU

DIAG
MODEj

CODE Dy,

LE DIAG

Generate Mode, MULTI ERROR is forced HIGH.
(In a 64-bit configuration, MULTI ERROR must be
externally implemented.)

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

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

Output Enable — Bytes 0 and 1, Data Output
Latch. These lines control the 3-state outputs for
each of the two bytes of the Data Output Latch.
When LOW these lines enable the Data Output
Latch and when HIGH these lines force the Data
Output Latch into the high impedance state. The
two enable lines can be separately activated to
enable only one byte of the Data Output Latch ata
time.

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

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

Code Identification inputs. These three bits iden-
tify the size of the total data word to be processed
and which 16-bit slice of larger data words a par-
ticular EDC is processing. The three allowable
data word sizes are 16, 32 and 64 bits and their
respective modified Hamming codes are desig-
nated 16/22, 32/39 and 64/72. Special CODE ID
input 001 (ID,, D4, ID) is also used to instruct the
EDC that the signals CODE IDy.,, DIAG
MODE,_;, CORRECT and PASS THRU are to be
taken from the Diagnostic Latch, rather than from
the input control lines.

Latch Enable — Diagnostic Latch. When HIGH the
Diagnostic Latch follows the 16-bit data on the
input lines. When LOW the outputs of the Diag-
nostic Latch are latched to their previous states.
The Diagnostic Latch holds diagnostic check bits,
and internal control signals for CODE IDy.,, DIAG
MODE,.,, CORRECT and PASS THRU.
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FUNCTIONAL DESCRIPTION

The EDC contains the logic necessary to generate check bitson a
16-bit data field according to a modified Hamming code. Oper-
ating on data read from memory, the EDC will correct any single-
bit error, and will detect all double and some triple-bit errors. It
may be configured to operate on 16-bit data words (with 6 check
bits), 32-bit data words (with 7 check bits) and 64-bit data words
(with 8 check bits). In all configurations, the device makes the
error syndrome bits available on separate outputs for error data
logging.

Code and Byte Specification

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

® 16/22 code — 16 data bits

— 6 check bits

— 22 bits in total.
e 32/39 code — 32 data bits

— 7 check bits

— 39 bits in total.
® 64/72 code — 64 data bits

— 8 check bits

— 72 bits in total.

CODE ID input 001 (ID,, 1Dy, IDg) is a special code used to
operate the device in Internal Control Mode (described later in
this section).

TABLE I. HAMMING CODE AND SLICE IDENTIFICATION.

CODE | CODE |CODE
ID, | 1Dy IDy | Hamming Code and Slice Selected

0 0 0 Code 16/22

0 0 1 Internal Control Mode

0 1 0 Code 32/39, Bytes 0 and 1

0 1 1 Code 32/39, Bytes 2 and 3

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

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

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

1 1 1 Code 64/72, Bytes 6 and 7

Control Mode Selection

The device control lines are GENERATE, CORRECT, PASS
THRU, DIAG MODE.; and CODE IDg_,. Table Il indicates the
control modes selected by various combinations of the control
line inputs.

Diagnostics

Table Il shows specifically how DIAG MODE,_, select between
normal operation, initialization and one of two diagnostic modes.

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

Check and Syndrome Bit Labeling
The check bits generated in the EDC are designated as follows:

e 16-bit configuration — CX C0, Ct, C2, C4, C8;
e 32-bit configuration — CX, C0, C1, C2, C4, C8, C16;
® 64-bit configuration — CX, CO, C1, C2, C4, C8, C16, C32.

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

FUNCTIONAL DESCRIPTION —
16-BIT DATA WORD CONFIGURATION

The 16-bit format consists of 16 data.bits, 6 check bits and is
referred to as 16/22 code (see Figure 1).

The 16-bit configuration is shown in Figure 2.

Generate Mode

In this mode check bits will be generated that correspond to the
contents of the Data Input Latch. The check bits generated
are placed on the outputs SCy.5 (SCg is unspecified for 16-bit
operation).

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

Detect Mode

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

Also available on device outputs SCq_5 are the syndrome bits
generated by the error detection step. The syndrome bits may
be decoded to determine if a bit error was detected and, for
single-bit errors, which of the data or check bits is in error. Table
V gives the chart for decoding the syndrome bits generated by
the 16-bit configuration (as an example, if the syndrome bits
SX/S0/S1/52/S4/S8 were 101001 this would be decoded to indi-
cate that there is a:single-bit error at data bit 9). If no error is
detected the syndrome bits will all be zeroes.

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

Correct Mode

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

Pass Thru Mode

In this. mode, the unmodified contents of the Data Input Latch
are placed on the inputs of the Data Output Latch and the con-
tents of the Check Bit Input Latch are placed on outputs SCy_s.
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TABLE Il. EDC CONTROL MODE SELECTION.
DIAG MODE(_¢ CODE IDg_»
GENERATE CORRECT PASS THRU (DM, DMg) (1D5, 1D4, IDy) Control Mode Selected
LOW LOW LOW 00 Not 001 Generate
Low LOW LOW 01 Not 001 Generate Using Diagnostic Latch
Low Ltow Low 10 Not 001 Generate
Low Low LOW 1 Not 001 Initialize
LOW Low HIGH 00 Not 001 Pass Thru
LOW LOW HIGH 01 Not 001 Pass Thru
Low LOW HIGH 10 Not 001 Pass Thru
Low LOW HIGH 11 Not 001 Undefined
LOW HIGH LOW 00 Not 001 Generate
LOW HIGH LOW 01 Not 001 Generate Using Diagnostic Latch
LOW HIGH LOW 10 Not 001 Generate
LOW HIGH LOW 1 Not 001 Initialize
LOW HIGH HIGH 00 Not 001 Pass Thru
Low HIGH HIGH 01 Not 001 Pass Thru
LOW HIGH HIGH 10 Not 001 Pass Thru
LOW HIGH HIGH 1 Not 001 Undefined
HIGH LOW LOW 00 Not 001 Detect
HIGH LOW LOW o1 Not 001 Detect
HIGH LOW LOW 10 Not 001 Detect Using Diagnostic Latch
HIGH Low LOW 1 Not 001 Initialize
HIGH LOW HIGH 00 Not 001 Pass Thru
HIGH LOW HIGH 01 Not 001 Pass Thru
HIGH LOW HIGH 10 Not 001 Pass Thru
HIGH LOW HIGH 1 Not 001 Undefined
HIGH HIGH Low 00 Not 001 Correct
HIGH HIGH LOwW o1 Not 001 Correct
HIGH HIGH Low 10 Not 001 Correct Using Diagnostic Latch
HIGH HIGH LOW 1 Not 001 Initialize
HIGH HIGH HIGH 00 Not 001 Pass Thru
HIGH HIGH HIGH 01 Not 001 Pass Thru
HIGH HIGH HIGH 10 Not 001 Pass Thru
HIGH HIGH HIGH 1 Not 001 Undefined
Any Any Any Any 001 Internal Control Using Diagnostic Latch
TABLE lll. DIAGNOSTIC MODE CONTROL.
DIAG DIAG
MODE, MODE, Diagnostic Mode Selected
0 0 Non-diagnostic mode. The EDC functions normally in all modes.
0 1 Diagnostic Mode A. The contents of the Diagnostic Latch are substi-
tuted for the normally generated check bits when in the Generate Mode.
The EDC functions normally in the Detect or Correct modes.
1 0 Diagnostic Mode B. In the Detect or Correct Mode, the contents of the
Diagnostic Latch are substituted for the check bits normally read from
the Check Bit Input Latch. The EDC functions normally in the
Generate Mode.
1 1 Initialize. The inputs of the Data Output Latch are forced to zeroes and
the check bits generated correspond to the all-zero data.
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DATA CHECK BITS

BYTE

1 BYTE 0 CxJcojcrjcz|ce

cs

Uses Modified Hamming Code 16/22
— 16 data bits

— 6 check bits

— 22 bits in tota!

INPUT CHECK BITS
FOR 16-BIT CONFIGURATION

DON'T
€2 C4 C8 CARE

L1

DATAg.s CX €O

UL

DATAq.s CB, CB; CB, CB; CB; CBs CBg

CODE

EDC 1Dg.2 e 000

SC, SC; SC, SC; SC, SC; SCg

| l l ' UNSPECIFIED
FOR 16-BIT
SX/CX st/c1 S4/C4 CONFIGURATION

So/Cco S2/C2 $8/C8

SYNDROME/CHECK BIT OUTPUTS
FOR 16-BIT CONFIGURATION

BLI-202 Figure 1. 16 Bit Data Format. Figure 2. 16 Bit Configuration. BLI-203
TABLE IV. 16-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART.
Participating
Generated
Check Data Bits
Bits Parity 0 2 3|4 6 7|8 9 10 11|12 13 14 15
CX Even (XOR) X X X X
Co Even (XOR) | X X X X X X X
ct Odd (XNOR) | X X | x X X X X
c2 Odd (XNOR) | X X X XX X
c4 Even (XOR) X X|x X X X X
cs Even (XOR) X X X X[X X X X
The check bit is generated as either an XOR or XNOR of the eight data bits noted by an “X" in the table.
TABLE V. SYNDROME DECODE TABLE VI. DIAGNOSTIC LATCH LOADING -
TO BIT-IN-ERROR. 16-BIT FORMAT.
Syndrome S8/ o 1 o 1 0o 1 [V Data Bit Internal Function
Bits sS40 o0 1 1 o0 0 1 1 - - -
s2( 0 o0 o0 0 1 1 1 1 0 Diagnostic Check Bit X
SX Sso_si 1 Diagnostic Check Bit 0
0 o0 o0 *|CB|CA|T|C2|T|T|M 2 Diagnostic Check Bit 1
°o o 1 kAL LI B LR T A 3 Diagnostic Check Bit 2
0 1 0 co| T T M T |12 6 T
4 Diagnostic Check Bit 4
0 1 1 T {10 ] 4 T 0 T T M - N -
5 Diagnostic Check Bit 8
1 0 0 CX| T[T |14 T |1]|5 T
6,7 Don't Care
1 0 -9 3 T M T T M
1 1 0 T 8 2 T 1 T T M 8 CODEID 0
1 1 1 M T T T MM T - CODE ID 1
10 CODE ID 2
1 DIAG MODE 0
# — no errors detected
Number — the location of the single bit-in-error 12 DIAG MODE 1
T — two errors detected 13 CORRECT
M — three or more errors detected
14 PASS THRU
15 Don't Care
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Diagnostic Latch

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

Generate Using Diagnostic Latch (Diagnostic Mode A)
Detect Using Diagnostic Latch (Diagnostic Mode B)
Correct Using Diagnostic Latch (Diagnostic Mode B)

These are special diagnostic modes selected by DIAG MODE_4
where either normal check bit inputs or outputs are substituted
for by check bits loaded into the Diagnostic Latch. See Table Ili

far dataila
+OF GLlGns.

Internal Control Mode
This mode is selected by CODE IDy., input 001 (ID,, IDy, 1Dg).

When in Internal Control Mode, the EDC takes the CODE IDy_,,
DIAG MODEy.;, CORRECT and PASS THRU control signals
from the internal Diagnostic Latch rather than from the external
input lines.

Table VI gives the format for loading the Diagnostic Latch.

32 and 64-Bit Operation

The EDC can easily be cascaded to operate on 32 and 64-bit data
waords. Since this is unlikely to occur in a Z8000 system, it is not
discussed in this data sheet. Interested users should refer to the
Am2960 data sheet for more information.

LOGIC SYMBOL

44

DATA5.9 CByg
GENERATE |——o
——JLEIN
CORRECT |———
e vt PASS THRU |——
—]0EBYTE 0
3
BE BYTE 1 CODE IDg., L—,L
_ DIAG MODE ¢ %l—
——JOE sC
LE DIAG}——
MULCTT
ERROR ERROR  SCo.s

ot

BLI-204

CONNECTION DIAGRAM
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Note: Pin 1 is marked for orientation.
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AmZ8162

4-Bit Error Correction Multiple Bus Buffers

IN DEVELOPMENT

DISTINCTIVE CHARACTERISTICS

e Quad high-speed LSI bus-transceiver

® Provides complete data path interface between the AmZ8160
Error Detection and Correction Unit, the system data bus and
dynamic RAM memory

e 3-state 24mA output to data bus

e 3-state data output to memory

e Inverting data bus for AmZ8161 and non-inverting for
AmZ8162

o Data bus latches allow operation with multiplexed buses

e Advanced Low-Power Schottky processing

® 100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The AmZ8161 and AmZ8162 are high-performance, low-power
Schottky multiple bus buffers that provide the complete data
path interface between the AmZ8160 Error Detection and Cor-
rection Unit, dynamic RAM memory and the AmZ8000 system
data bus. The AmZ8161 provides an inverting data path between
the data bus (E) and the AmZ8160 error correction data input
(Y;) and the AmZ8162 provides a non-inverting configuration (B;
to Y;). Both devices provide inverting data paths between the
AmZ8160 and memory data bus thereby optimizing internal data
path speeds.

The AmZ8161 and AmZ8162 are 4-bit devices. Four devices are
used to interface each 16-bit AmZ8160 Error Detection and Cor-
rection Unit with dynamic memory. The system can easily be
expanded to 32 or more bits for wider memory applications. The
4-bit configuration allows enabling the appropriate devices
two-at-a-time for intermixed word or byte, read and write in 16-bit
systems with error correction.

Data latches between the error correction data bus and the
system data bus facilitate the addition of error corrected memory
in synchronous data bus systems. They also provide a data
holding capability during single-step system operation.

AmZ8161 LOGIC DIAGRAM

DATA QUTPUT DATA
INPUT ENABLE QUTPUT
FROM MEMORY SELECT TOY TO MEMORY
7] OEY DO

Y U

L
4

DATA
OUTPUT
ENABLE
OED

A

ERROR
CORRECTION
DATA BUS

Y

MUX V-Do—

LATCH LATCH ENABLE
ENABLE TO DATA BUS
LEY Y Y LEB

4B
= LE |atch *
D

4-BIT G
* LABCH LE

BUS OUTPUT
4 ENABLE
oE8
G - |
SYSTEM
DATA BUS BLI-206
B

*AmZ8162 is the same function but non-inverting between the Y bus
to the system data bus, B. This is done by making both latches
inverting.

CONNECTION DIAGRAM

Top View
|:|. ~ 24 [
[ kS 23]
[ 2]
I 21[]
s 2 [
s 1w ]
- 8]
s 17 []
e 16 ]
1o s
qn 1]
[ R 1]

24 pin slim (0.3")

BLI-207

Note: Pin 1 is marked for orientation.
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Dynamic Memory Timing, Refresh and EDC Controller

DISTINCTIVE CHARACTERISTICS

® Complete AmZ8000 CPU to dynamic RAM contol interface
® RAS/CAS Sequencer to eliminate delay lines

Memory request/refresh arbitration

® Controls for Word/Byte read or write

Complete EDC data path and mode controls

o Refresh interval timer independent of CPU

e Refresh control during Single Step or Halt modes

e EDC error flag latches for error logging under software control
e Also, complete control for 8-Bit MOS pP

nEaADIDTINM
[ =201y 1o 1O

The AmZ8163 is a high speed bus interface controller forming an
integral part of the AmZ8000 memory support chip set using
dynamic MOS RAMs with Error Detection and Correction (EDC).
The complete chip set includes the AmZ8127 Clock Generator
and Controller, the AmZ8164 Dynamic Memory Controller, the
AmZ8161/2 EDC Bus Buffers, the AmZ8160 EDC Unit and op-
tional AmZ8165/6 RAM Drivers.

The AmZ8163 provides all of the contro! interface functions in-
cluding RAS/Address MUX/CAS timing (without delay lines), re-
fresh timing, memory request/refresh arbitration and all EDC

enables and controls. The enable controls are configured for both
word and byte operations including the data controls for byte write
with error correction. The AmZ8163 generates bus and operating
mode controls for the AmZ8160 EDC Unit.

The AmZ8163 uses the AmZ8127 16MHz (4 x CLK) output to
generate RAS/Address: MUX/CAS timing. An internal refresh
intervaltimer generates the memory refresh request independent
of the CPU to guarantee the proper refresh timing under all
combinations of CPU and DMA memory requests.

FUNCTION DIAGRAM
REFRESH AND EDC CONTROLLER

AmZ8164
DMC

LATCH

AmS016
RAMs

ENABLE RFSH RASI MSEL CAST
AmZz800112
cPy 1
cPy
RESIMUX/CAS Am28161/62
CONTROL BUS > JSrarws ] asemeR ] Ycourrol £00 MULTPLE m
ECODE DATA BUS
BuFFERs | |'| :
11
t 11 1 Am28160
REFRESH -] 1! ot
(1MH2) INTERVAL Hﬁ_:_J |
TIvER 11 il
EDC
CONTROL | EDC CONTROL BUS
S
3
(16MHz) STATE =
GENERATOR 2
e &
' N INHIBIT
ERR
MEMORY ERROR ERROR
CYCLE LOGGING  |=——] INTERRUPT WERR
FORCE — EXTEND CONTROL CONTROL
REFRESH
(FOR TRANSPARENT |
REFRESH DURING

10 OR INTERNAL |

OPERATION) Ll
MCE

(ADDS ONE WAIT

STATE FOR USE
WITH SLOWER
300ns RAMs)

INTERR —

INTMERR —

(NTACK —

BLI-167
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Dynamic Memory Controller

DISTINCTIVE CHARACTERISTICS

® Dynamic Memory Controller for 16K and 64K MOS dynamic
RAMs

8-Bit Refresh Counter for refresh address generation, has
clear input and terminal count output

Refresh Counter Terminal count selectable at 256 or 128
Latch input RAS Decoder provides 4 RAS outputs, all active
during refresh

Dual 8-Bit Address Latches plus separate HAS Decoder
Latches

Grouping functions on a common chip minimizes speed dif-
ferential/skew between address, RAS and CAS outputs
3-Port 8-Bit Address Multiplexer with Schottky speed

Burst mode, distributed refresh or transparent refresh mode
determined by user

Non-inverting address, RAS and CAS paths

100% product assurance screening to MIL-STD-883
requirements

LOGIC DIAGRAM

MSEL

Ao

A

Ag
A
8
EN
REFRESH Te
CLR COUNTER
RAS,
RSELo ™1 2air 0
RSEL LATCH RAS [ RAS;
1 DECODE RAS,
RASH }—— RAS;
AFSH Jé
CASIN pobs o |—— cAsouT

BLI-208

FUNCTIONAL DESCRIPTION

The AmZ8164 Dynamic Memory Controller replaces several MSI
devices by grouping several unique functions. Two 8-bit latches
capture and hold the memory address from the AmZ8000 multi-
plexed data and address bus. These latches and a clearable,
8-bit refresh counter feed into an 8-bit, 3-input, Schottky speed
MUX, for output to the dynamic RAM address lines. The device
is also compatible with Am8085 or any CPU interfacing with
dynamic RAMs.

The same silicon chip also includes a special RAS decoder and
CAS buffer. Placing these functions on the same chip minimizes
the time skew between output functions which would otherwise
be separate MS! chips, and therefore, allows a faster memory
cycle time by the amount of skew eliminated
Pulsing the active LOW refresh line, RFSH

the counter output, inhibits CAS, and
outputs active s:multaneously The ¢ 5 n

hes the MUX to
four ‘RAS decoder
ris ad nced at the end

—vfor 16K or 64K
onfigurations.

on nput ntrols the refresh counter's
afiaddress input. For 16K RAMs it can
ugh 1KQ to terminate the refresh count at
6 if' this is needed.

CONNECTION DIAGRAM

Top View

1o £l |
[ 9]
s 8]
14 [
s 361
s s ]
- 3]
s 33
[ 3 321
o Amz8164 « 53
i 0[]
[mm Rt 29
[ QK] 28]
114 27 ]
115 26 []
11 25 ]
117 241
[ R 23 [
1o 22 []
20 21

Note: Pin 1 is marked for orientation. BLI-209
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AmZ8165 o

AmZ8166

Octal Dynamic Memory Drivers with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

o Controlled rise and fall characteristics
Internal resistors provide symmetrical drive to HIGH and
LOW states, eliminating need for external series resistor.

o Output swings designed to drive 16K and 64K RAMs
Vou guaranteed at Ve — 1.15V. Undershoot going LOW
guaranteed at less than 0.5V.

e Large capacitive drive capability
35mA min source or sink current at 2.0V. Propagation
delays specified for 50pF and 500pF loads.

® Pin-compatible with 'S240 and ’S244
Non-inverting AmZ8166 replaces 74S244; inverting
AmZ8165 replaces 745240. Faster than 'S240/244 under
equivalent load.

e No-glitch outputs
Outputs forced into OFF state during power up and down.

CONNECTION DIAGRAM

Top View
w]1® 20 [ ] Vee
wmi]2 19[]%
2va[]3 [ Jm
124 17 [ J2ae
2v3[|s 16 ]iv2
m3[|s 15[ ] 23
2v2 7 s ]1v3
ma[ 18 13[ ] 282
avi[]e 12[ ] 1va

eno [ 10 1| ]2

Note: Pin 1 is marked for orientation. BLI-210

FUNCTIONAL DESCRIPTION

The AmZ8165 and AmZ8166 are designed and specified to drive
the capacitive input characteristics of the address and control
lines of MOS dynamic RAMs. The unique design of the lower
output driver includes a collector resistor to contro! undershoot on
the HIGH-to-LOW transition. The upper output driver pulls up to
Ve — 1.15V to be compatible with MOS memory and is designed
to have a rise time symmetrical with the lower output’s controlled
fall time. This allows optimization ot Dynamic RAM periormance.

The AmZ8165 and AmZ8166 are pin-compatible with the popular
'S240 and’'S244 withidentical 3-state output enable controls. The
AmZ8165 has inverting drivers and the AmZ8166 has non-invert-
ing drivers.

The inclusion of an internal resistor in the lower output driver
eliminates the requirement for an external series resistor, there-
fore reducing package count and the board area required. The
internal resistor controls the output fall and undershoot without
slowing the output rise.

These devices are designed for use with the AmZ8164 Dynamic
Memory Controller where large dynamic memories with highly
capacitive input lines require additional buffering. Driving eight
address lines or four RAS and four CAS lines with drivers on the
same silicon chip also provides a significant performance ad-
vantage by minimizing skew between drivers. Each device has
specified skew between drivers to improve the memory access
worst case timing over the min and max tpp difference of un-
specified devices.

TYPICAL QUTPUT DRIVER

Vee

OUTPUT TO
RAM ADDRESS
OR CONTROL
LINES

GND BLI-211

LOGIC DIAGRAMS

AmZ8165

w1 2A1 —k— v
1A2 ——k— 2 2a2 L 2v2

w —2— a3 ‘k— 23 | Inputs | Outputs
[: G| A Y
1A4 — —1v4  2A4 r— 2Y4
H X Y4
L H L
‘T‘ = L] L H

BLI-213
AmZ8166
1A1 — v 2A1 kadl
1A2 — 12 22 —§ 2v2
13— e 23— 23 | Inputs | Outputs
G| A Y
1A4 — 1va 2A4 2Y4
H| X z
-~ Lt L
16 —Of 26 —Oy L H H
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AmZ8165 « AmZ8166

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65 to +150°C

Temperature (Ambient) Under Bias

—55 to +125°C

Supply Voltage to Ground Potential Continuous

-0.5to +7.0V

DC Voltage Applied to Outputs for High Output State

—-0.5V to +V¢gc max

DC Input Voltage -0.5to0 +7.0V
DC Output Current, into Outputs 30mA
DC Input Current —30to +5.0mA
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:
comML Ta = 0to70°C Ve = 5.0V £10%  (MIN = 450V MAX = 5.50V)
MiL Ta = -551t0 +125°C  Vgg = 5.0V £10%  (MIN = 4.50V MAX = 5.50V)
DC CHARACTERISTICS OVER OPERATING RANGE
Typ
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
' Vee = MIN
V Qutput High Voltage loy = —1mA Vee—1.15 | Veeo-0.7V Volts
OH P g g Vin = Vi or Vi, OH cc cc
Vee = MIN lo = 1mA
V Output LOW Voltage Volts
oL uP otag Vin =VigorVy, loL = 12mA
Vin Input HIGH Level ’Guarapteed input logical HIGH voltage 20 Volts
or all inputs
ViL Input LOW Level Guarapteed input logical LOW voltage Volts
for all inputs
7 Input Clamp Voltage Vee = MIN, ljy = —18mA -1.2 Volts
T8 Input LOW Current Vee = MAX, Viy = 0.4V -200 HA
llH input HIGH Current VCC = MAX, VIN =27V 20 nA
Iy Input HIGH Current Vee = MAX, Vi = 7.0V 0.1 mA
lozn Off-State Current Vg = 2.7V 100 A
lozL Off-State Current Vo = 0.4V —-200 nA
loL Output Sink Current VoL ='2.0V . 35 mA
loH Output Source Current VoH = 2.0V -35 mA
. Output Short Circuit Current _ -60 _
'sc (Note 3) Vee = MAX (see low) 200 mA
All Outputs HIGH v MAX 24 50
cc =
AmZ8165 All Outputs LOW Outputs Open 86 125
All Outputs Hi-Z 86 125
lcc Supply Current C - mA
All Outputs HIGH 53 75
Amz8166 | All Outputs LOW | Ye€C = MAX % 130
Outputs Open
All Outputs Hi-Z 116 150

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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AmZ8165 « AmZ8166

SWITCHING CHARACTERISTICS
(Ta = +25°C, VCC = 5.0V)

AmZ8165 « AmZ8166

Parameters Description Test Conditions Min Typ Max Units
) C_ = OpF 6 (Note 4)
toLn Propagation Delay Time from CL = 50pF 6 9 15 ns
W-to- utput Figure 1 Test Circuit C, = 500pF 15 20 35
Figure 3 Voltage Levels CL = OpF 2 (Note 4)
Propagation Delay Time from and Waveforms
torL pag Y C, = 50pF 6 12 20 ns
HIGH-to-LOW Output
Cy = 500pF 20 30 45
tpLz Output Disable Time from Figures2and 4, § = 1 13 20 ns
tonz LOW, HIGH Figures2 and 4, S = 2 8 12
tpzL Output Enable Time from Figures2and 4, S = 1 13 20 ns
N LOW HIGH Cimiicnn N nmd 4 © — N k) 2
tPzH , Figures2and 4, =2 12 20
1 o Output Sk Figures 1 C_ = 50pF £0.5 =3.0 ns
SKEW utput-to-Output Skew igures 1 and 3, C_ = 50p +0. (Note 5)
Vone Output Voltage Undershoot Figures 1 and 3, C|_ = 50pF 0 -05 Volts
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE (Note 6)
COM'L MIL
Ta = 0to 70°C Tp = =55 to +125°C
Ve = 5.0V =10% Vce = 5.0V £10%
Parameters Description Test Conditions Min Max Min Max Units
Propagation Delay Time ) C, = 50pF 4 20 4 20 ns
tpLH LOW-to-HIGH Output Figures 1.and 3 - = SopF 13 40 3 40
Propagation Delay Time y C_ = 50pF 4 24 4 24
tPHL HIGH-to-LOW Output Figures 1 .and 8 - S0pF 17 50 17 50 "
tprz Output Disable Time from ) S=1 24 24
oz LOW, HIGH Figures 2 and 4 S-2 6 16 ns
tpzL Output Enable Time from ) S=1 28 28
tozn LOW, HIGH Figures 2 and 4 s-2 8 28 ns
Vonp Output Voltage Undershoot | Figures 1 and 3, C = 50pF -0.5 -0.5 Volts
Notes: 4. Typical time shown for reference only — not tested.
5. Time Skew specification is guaranteed by design but not tested.
6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
SWITCHING TEST CIRCUITS
BLI-214 BLI-215 Vee
R 1Q/12,2L
FROM FROM 6800
DEVICE DEVICE s
OUTPUT OUTPUT
c ';m G HZ, ZH

*tpq specified at C = 50 and 500pF.

Figure 1. Capacitive Load Switching.

Figure 2. Three-State Enable/Disable.

I 50pF
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AmZ8165 « AmZ8166

TYPICAL SWITCHING CHARACTERISTICS

VOLTAGE WAVEFORMS
I AP N,

3
1.5V
0
AmzB165 20V tnz tpzy
INPUT 1.5V X 4X1.5v ——-S———O-EV Vi
Amz8165__ \—r 2.7V
teLn |"PHL o

oV

\4
OH
v

trz —— l‘—""‘“ tpze
- Vee
VoL ——L 0.8V
e 0.5V N Vou
tr =t = 25ns tr =1t =25ns
f = 2.5MHz f = 1MHz
tow = 200ns BLI-217 tow = 800ns BLI-218
Figure 3. Output Drive Levels. Figure 4. Three-State Control Levels.

The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced drive
outputimpedance (=33 both HIGH and LOW), and by pulling up to MOS Vg levels (Ve — 1.15V). External resistors, not required with
the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the outputrise by adding to the internal R.

The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance.

The curves shown below provide performance characteristics typical of both the inverting (AmZ8165) and non-inverting (AmZ8166) RAM
Drivers.

1000 1000

- MIN V4

MmN
100\ £ /

10

10

LOAD CAPACITANCE C| — pF
=2
>
x
®9
+
N
a
(2]
LOAD CAPACITANCE C| — pF
=
>
2 |
®
+
N
a
(]

1.0 1.0
0 10 20 30 40 50 0 10 20 30 40 50

tpLh — ns tpyL — ns

‘BUI-219 Figure 5. tp_ y vs. C.. Figure 6. tpy) vs. C. BLI-220

The curves above depict the typical tp y and tpy, for the RAM Driver outputs as a function of load capacitance. The minimums and
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads.
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AmZ8165 - AmZ8166

64K/256K X 22-BIT MEMORY
DATA MEMORY CHECK
UPPER BYTE LOWER BYTE BITS
78 N ADDR
.
L] Amzsies | T/8 RAS 22 Am9016s OR Am9064s
_—J——l CAS
718 ) ADDR
0o RAS 22 Am3016s OR Am9064s
AoDR| o, B— TAS |
RAS PR — —
AS | PA% 7
RAS, ~
aoR|[ 16 B __‘_;:—ssi _7i8 JADOR |
A ] MEMORY . 22 Am9016s OR Am9064s
mZ8001/2 CONTROLLER e
cPU AmZ8166 RAS
— J tAs
7/8 ADDR
22 Am9016s OR Am9064s
RAS
TAS WE WE | WE
AmZ8166
8 8 6
L Ao}

AmZ8163

Am28127 REFRESH

CLOCK GEN/ AND EDC
CONTROLLER CONTROLLER \

1
AmZ8161/8162 (4) m Am28160
EDC BUS BUFFERS /] Eocunr
.

BLI-221 DATA BUS
*Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four
drivers to equalize the capacitive load on each driver.
DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION
Metallization and Pad Layouts
AmZ8165 AmZ8166
G 1 26 G 1 2G
1A1 2 11 1A1 2 1Y1
2Y4 3 2A4 2Y4 3 2A4
1A2 4 1Y2 1A2 4 1v2
2Y3 5 2A3 2Y3 5 2A3
1A3 6 1Y3 1A3 6 1v3
2¥2 7 2A2 2v2 7 2A2
1A4 8 1v4 1A4 8 14
2Y1 ¢ 2A1 2¥Y1 9 2A1
DIE SIZE 0.094" X 0.060” DIE SIZE 0.094" X 0.060”
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AmZ8165 « AmZ8166

ORDERING INFORMATION

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

AmZ8165 AmZ8166 Package Temperature Screening
Order Number ~ Order Number Type Range Level
AMZ8165PC AMZ8166PC P-20 C CA1
AMZ8165DC AmZ8166DC D-20 o] CA1
AMZ8165DM AMZ8166DM D-20 M C-3
AMZB165XC  AMZB166XC Dice c X;S;fl'éﬁpoeggg"
AMZ8165XM AMZ8166XM Dice M

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP. Number following letter is number of leads.
2. C=01t070°C, Vcc = 45010 5.50V, M = -55to +125°C, V¢ = 4.50 to 5.50V.
3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B.

4-112



AmZ8173

Octal Latch with Three-State Outputs

See AmZ8133 « AmZ8173 data sheet,
listed under AmZ8133.
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Am8255A/8255A-5

Programmable Peripheral Interface

DISTINCTIVE CHARACTERISTICS

e Direct bit set/reset capability easing control application

interface

Reduces system package count
Improved DC driving capability
24 programmable I/O pins
Completely TTL compatible

Fully compatible with 8080A and 8085A microprocessor

families
Improved timing characteristics
Military version available

GENERAL DESCRIPTION

The Am8255A is a general purpose programmable I/O device
designed for use with Am8080A and Am8085A microproces-
sors. It has 24 1/O pins which may be individually programmed in
two groups of twelve and used in three major modes of opera-
tion. In the first mode, each group of twelve 1/O pins may be
programmed in sets of 4 and 8 to be input or output. in Mode 1,
the second mode, each group may be programmed to have 8
lines of input or output. Of the remaining four pins three are used
for handshaking and interrupt control signals. The third mode of
operation (Mode 2) is a bi-directional bus mode which uses eight
lines for a bi-directional bus, and five lines, borrowing one from
the other group, for handshaking.

Am8255A BLOCK DIAGRAM

|

POWER -5V GROUP
SUPPLIES A
GND )
GROUP T
| oo e K o KD e,
CONTROL ®
=
GROUP
A A
<:> PORT C f‘>:ig -PC
uppER [N e
@ |~
BI-DIRECTIONAL BUS
DATA 1]
D7-Do BUS )
BUFFER | N 8-BIT
INTERNAL
DATA BUS GRSUP
f <:"> porrc K :>"°
N/ PC;-PC
LOWER 3T
(4) |——t¢
RD ——=0O
WR ——0| ReAD/ GROUP
A WRITE GRSUP A B A
1 CONTROL o
CONTROL PORT o PB
Ag ~——=] LOGIC B \IT 7-PBo
RESET ———| ®

s 1

MOS-107

ORDERING INFORMATION

Ambient Temperature
Package Type Specification Order Numbers
Hermetic DIP AMB8255ADC AMB255A-5DC
0°C = Tp = +70°C
Molded DIP AMB255APC AMB255A-5PC
Hermetic DIP —55°C < Tp < +125°C AM9555ADM/M8255A
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55A/8255A-5

Am82
CONNECTION DIAGRAM — Top View PIN NAMES

P10 40 I PA,

PA, (2 39 [1PAg N . N
pa 3 a8 1 P D7-Dg Data Bus (Bi-Directional)
PRy [] 4 37 [ PA; Reset Reset Input

RD [} 5 36 [ wr — -

cs s 35 ] RESET CS Chip Select
GND (] 7 34 [ Dg RD

=l sFn, i Read Input

Iy I 32{ 10, WR Write input
PC; [] 10 Am8255A 31 % Dy
pCg ] 11 3010, Ag, Aq Port Address
PCs [ 12 291 D; N ,
pc, (13 28 (105 PA7-PAg Port A (Bit)
pc, (] 14 27 1D, PB7-PBg Port B (Bit)

pc, []15 26 [ Vee "
Pc; s 25 % PB; PC,-PCyq Port C (Bit)
PCy {17 24 PBg v
PBy [ 18 23 [T1PBg Vee +5 Volts

P8y ] 19 22 [1P8B, GND 0 Volts
PB, [ 20 21 P8y

MOS-108

MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature

65°C to +150°C

Ambient Temperature Under Bias

55°C to +125°C

Ve with Respect to Vgg -0.5V to +7.0V
All Signal Voltages with Respect to Vgg -0.5V to +7.0V
Power Dissipation 1.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations
of static charge. it is suggested, nevertheless, that conventiona!l precautions be observed during storage, handling and use in order to

avoid exposure to excessive voltages.

CAPACITANCE T, = 25°C; V¢ = GND = OV

Parameter Description Test Conditions Min. Typ. Max. Unit
Cin Input Capacitance fc = 1MHz 10 pF
Ci/o 1/O Capacitance Unmeasured pins returned to GND 20 pF

TEST LOAD CIRCUIT (FOR DATA BUS)
T cL *Vexr is set at various voltages during testing to guarantee the specification.

OPERATING RANGE

Part Number Ta Vee Vss
Am8255ACC/PC 0°C to +70°C +5V £5% oV
Am9555ADM —-55°C to +125°C +5V £10% ov

DC CHARACTERISTICS Over Operating Range

Parameter Description Test Conditions Min. Typ. Max. Units
ViL Input Low Voltage -0.5 0.8 Volts
Vin Input High Voltage 2.0 Vee Volts
Vor(DB) Output Low Voltage (Data Bus) loL = 2.5mA 0.45 Volts
VoL(PER) Output Low Voltage (Peripheral Port) loL = 1.7mA 0.45 Volts
Vou(DB) Output High Voltage (Data Bus) loy = —400uA 24 Volts
Vou(PER) Output High Voltage (Peripheral Port) loy = —200uA 24 Volts
Ipar (Note 1)|  Darlington Drive Current Rext = 750Q); Vgxt = 1.5V -1.0 -4.0 mA
lcc Power Supply Current 120 mA
L Input Load Current VIN = Vce to OV =10 HA
loFL Output Float Leakage Vout = Vg to OV =10 uA

Note 1: Available on any 8 pins from Port B and C.
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Am8255A/8255A-5

AC CHARACTERISTICS Over Operating Range

BUS PARAMETERS:

Read:
AmB8255A AmB8255A-5 Am9555ADM
Parameter Description Min. Max. Min. Max. Min. Max. Unit
taR Address Stable Before READ 0 0 0 ns
tra Address Stable After READ 0 0 o] ns
tRR READ Pulse Width 300 300 300 ns
trp Data Valid From READ (Note 1) 250 200 250 ns
tor Data Float After READ 10 150 10 100 10 150 ns
tRy Time Between READs and/or WRITEs 850 850 850 ns
Write:
Am8255A AmB8255A-5 Am9555ADM
Parameter Description Min. Max. Min. Max. Min. Max. Unit
taw Address Stable Before WRITE 0 0 0 ns
twa Address Stable After WRITE 20 20 20 ns
tww WRITE Pulse Width 400 300 400 ns
tow Data Valid to WRITE (T.E.) 100 100 100 ns
twp Data Valid After WRITE 30 30 30 ns
Other Timings:
Am8255A Am8255A-5 Am9555ADM
Parameter Description Min. Max. Min. Max. Min. Max. Unit
tws WR = 1 to Output (Note 1) 350 350 350 ns
YR Pgripheral Data Before RD 0 0 [0} ns
tHR Peripheral Data After RD 0 0 o ns
tak ACK Pulse Width 300 300 300 ns
tsT STB Pulse Width 500 500 500 ns
tps Per. Data Before T.E. of STB 0 0 0 ns
tpH Per. Data After T.E. of STB 180 180 180 ns
tap ACK = 0 to Output (Note 1) 300 300 300 ns
tkp ACK = 1 to Output Float 20 250 20 250 20 250 ns
twos WR = 1 to OBF = 0 (Note 1) 650 650 650 ns
taoB ACK = 0 to OBF = 1 (Note 1) 350 350 350 ns
tsis STB = 0to IBF = 1 (Note 1) 300 300 300 ns
trig RD = 1to IBF = 0 (Note 1) 300 300 300 ns
tRiT RD = 0 to INTR = 0 (Note 1) 400 400 400 ns
t17 STB = 110 INTR = 1 (Note 1) 300 300 300 ns
tarT ACK = 110 INTR = 1 (Note 1) 350 350 350 ns
twiT WR = 0 to INTR = 0 (Note 1) 850 850 850 ns

Notes: 1. Test Conditions: Am8255A/Am9555ADM: C|_ = 100pF; Am8255A-5: C_ = 150pF.

2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500ns min.
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AmB8255A/8255A-5

WAVEFORMS

* 20~ e st pomnTs ™ 20
0.8 —os

0.45

Input Waveforms For A.C. Tests

MOS-109
.HH
™ X 7
|e— tiR —=| —tHR—=
o ~ ~
INPUT X K
I<_._tAR —— 4__1;“_.‘
conn X XC
01Dy e - X S
tro tor
Mode 0 (Basic Input)
MOS-110
‘WVV
W \
\ /
tow twp—|
7
taw twa i
TS, Ay, Ao X K
OUTPUT X
1
Mode 0 (Basic Output)

MOS-111

-——— tg7 ————

| ——tg B~

IBF

tsiT ~— tRi8
INTR
tRIT ==

- tpp =]

INPUT FROM N
PERIPHERAL

Mode 1 (Strobed Input)

MOS-112
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AmB8255A/8255A-5

WAVEFORMS (Cont.)

WH \§ )
) tAOB_'

-twos:

INTR ]
= twit /

tak + tar

OUTPUT X

—twe

Mode 1 (Strobed Outbut)
MOS-113

DATA FROM
8080A/B085A TO 8255A

- thoB — |
oBF
twos
| /
t
i | —tak _.r

ACK & )‘: ;

w8 p 4

_T

IBF
tps —e{tAp[w— —e| tkp
PERIPHERAL L e -
8us
/ —| P [— /
RD .
DATA FROM DATA FROM
PERIPHERAL TO 8255A 8255A TO PERIPHERAL

DATA FROM 8255A
TO 8080A/8085A

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.
(INTR = IBF » MASK » STB » RD + OBF « MASK « ACK » WR)

Mode 2 (Bi-directional)
MOS-114
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Am9511A

Arithmetic Processor

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION

® Replaces Am9511 The Am9511A Arithmetic Processing Unit (APU) is a monolithic
e Fixed point 16 and 32 bit operations MOS/LSI device that provides high performance fixed and
® Floating point 32 bit operations floating point arithmetic and a variety of floating point
® Binary data formats trigonometric and mathematical operations. It may be used to
® Add, Subtract, Multiply and Divide enhance the computational capability of a wide variety of
® Trigonometric and inverse trigonometric functions processor-oriented systems.

® Square roots, logarithms, exponentiation All transfers, including operand, result, status and command
¢ Float to fixed and fixed to float conversions information, take place over an 8-bit bidirectional data bus.
® Stack-oriented operand storage Operands are pushed onto an internal stack and a command
® DMA or programmed I/O data transfers is issued to perform operations on the data in the stack. Re-
¢ End signal simplifies concurrent processing sults are then available to be retrieved from the stack, or addi-
® Synchronous/Asynchronous operations tional commands may be entered.

o General purpose 8-bit data bus interface

e Standard 24 pin package Transfers to and from the APU may be handled by the
e +12 volt and +5 volt power supplies associated processor using conventional programmed 1/O, or
e Advanced N-channel silicon gate MOS technology may be handled by a direct memory access controller for im-
® 100% MIL-STD-883 reliability assurance testing proved performance. Upon completion of each command, 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 CONNECTION DIAGRAM
Top View
T —=0f ) N -
o 1 (GNDyvss — |1 20 [ }— END
1
. BUS
WR —=0l contROL oPERAND WORKING (+syyvec ——{ |2 23 cLK
C/D ——=] STACK REGISTERS
— Bx 16 [_ U EAcK —={ |3 2| RESET
‘ svack —=[_|» 2 [ J=—cid
svREQ =— |5 20 [ }=— FD
8 BUS DO 6 19 J=— WR
DBo-087 BUFFER COMMAND CO:SQWNT NoT - Am9511A
ve | - W[ —
MICRO-
PROGRAMMED
CONTROLLER oo =——{ |8 17 [ }— PAUSE
STATUS
END ~— | .| controL 081 =—={ ]9 16 [ _—— VoD (+12v)
ROM N
EACK —=O]f
INTERFACE oB2 =} 10 15 [ }=— 087
SVREQ —=——1 CONTROL
SVATK —=O) 0B3 Ai! 14 [ J=—= DB
RESET ——==1 DB4 12 13 DBS
CLK ——e=]

Pin 1 is marked for orientation.
MOS-046 MOS-047

ORDERING INFORMATION

Package Ambient Maximum Clock Frequency
Type Temperature 2MHz 3MHz
. 0°C = Tp = +70°C Am9511ADC Am9511A-1DC
Hermetic DIP
—55°C = Tp = +125°C Am9511ADM Am9511A-1DM
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INTERFACE SIGNAL DESCRIPTION

VCC: +5V Power Supply
VDD: +12V Power Supply
VSS: Ground

CLK (Clock, Input)

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

RESET (Reset, Input)

A HIGH on this input causes initialization. Reset terminates any
operation in progress, and clears the status register to zero. The
internal stack pointer is initialized and the contents of the stack
may be affected but the command register is not affected by the
reset operation. After a reset the END output, 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.

C/D (Command/Data Select, Input)

The C/D input together with the RD and WR inputs determines
the type of transfer to be performed on the data bus as follows:

C/D| RD |WR Function

L H L Push data byte into the stack
L L H Pop data byte from the stack
H H L Enter command byte from the data bus
H L H Read Status
X L L Undefined

L =LOW

H = HIGH

X = DON'T CARE

END (End of Execution, Output)

A LOW on this output indicates that execution of the current
command is complete. This output will be cleared HIGH by ac-
tivating 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 descrip-
tion). This is an open drain output and requires a pull up to +5V.

Reading the status register while a command execution is in
progress is allowed. However any read or write operation clears
the flip-flop that generates the END output. Thus such continu-

ous reading could conflict with internal logic setting the EN
flip-flop at the completion of command execution.

EACK (End Acknowledge, Oufput)

This input when LOW makes the END output go LOW. As men-
tioned earlier HIGH 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 com-
mand. This flip-flop is clocked to the reset state when EACK is
LOW. Consequently, if the EACK is tied LOW, the END output
will be a pulse that is approximately one CLK period wide.

SVREQ (Service Request, Output)

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, Input)

A LOW on this input activates the reset input of the flip-flop
generating the SVREQ output. If the SVACK input is perma-
nently tied LOW, it will conflict with the internal setting of the
flip-flop to generate the SVREQ output. Thus the SVREQ indi-
cation cannot be relied upon if the SVACK is tied LOW.

DB0-DB7 (Bidirectional Data Bus, Input/Output)

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 opera-
tion, 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 transac-
tions 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 single precision format
requires 2 bytes, double precision and floating-point formats re-
quire 4 bytes.

CS (Chip Select, Input)

This input must be LOW to accomplish any read or write opera-
tion to the Am9511A.

To perform a write operation data is presented on DBO through
DB7 lines, C/D is driven to an appropriate level and the CS input
is made LOW. However, actual writing into the Am9511A 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 diagram
for details.

To perform a read operation an appropriate logic level is estab-
lished on the C/D input and CS is made LOW. The Read opera-
tion does not start until the RD input goes LOW. PAUSE will go
LOW for a period of TPPWR. When PAUSE goes back HIGH
again, it indicates that read operation is complete and the re-
quired information is available on the DBO through DB7 lines.
This information will remain on the data lines as long as RD input
is LOW. The RD input can return HIGH anytime after PAUSE
goes HIGH. The CS input and C/D inputs can change anytime
after RD returns HIGH. See read timing diagram for details. The
CS must have a HIGH to LOW transition for every READ or
WRITE operation.

RD (Read, Input)

A LOW on this input is used to read information from an internal
location and gate that information on to the data bus. The C_§
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 CS is LOW).

4-120




AmS511A

I
i

i

‘WR (Write, Input)

A LOW on this input is used to transfer information from the data
bus into an internal location. The TS must be LOW to ac-
complish 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 details.

If the END output was LOW, performing any write operation will
make the END output go HIGH after the LOW to HIGH transition
of the WR input (assuming CS is LOW).

PAUSE (Pause, Output)

This output is a handshake signal used while performing read or
write transactions with the Am9511A. A LOW at this output indi-
cates that the Am9511A has not yet completed its information
transier with the host over the dala bus. Duiing a read opsration,
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 PAUSE is LOW. The RD may go high anytime after
PAUSE goes HIGH. During a write operation, after CS went
LOW, the PAUSE will be LOW for a very short duration
(TPPWN) 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.

FUNCTIONAL DESCRIPTION

Major functional units of the Am9511A are shown in the block
diagram. The Am9511A employs a microprogram 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 re-
quired. 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

-(Chebyshev Algorithms) while the Working Registers provide

storage for the intermediate values during command execution.

Communication between the external world and the Am9511A
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 interface and buffer circuitry. Multi-
plexing facilities exist for bidirectional 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 operations are controlled by the microprogram
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 addresses are held during
subroutine calls in the microprogram. The Microinstruction
Register holds the current microinstruction being executed. This
register facilitates pipelined microprogram execution. The In-
struction Decode logic generates various internal control signals
needed for the Am9511A operation.

The Interface Control logic receives several external inputs and
provides handshake related outputs to facilitate interfacing the
Am9511A to microprocessors.

COMMAND FORMAT

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

OPERATION
SVREQ SINGLE FIXED © CODE

(sr) l J ] | ] I

7 6 5 4 3 2 1 0

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 is-
sued to the Am9511A requests post execution service based
upon the state of bit 7 in the command byte. When bit 7 is a
0, SVREQ remains low.
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COMMAND SUMMARY

Command Code
Command .
7 1 6 ! 5 ‘ 4 l 3 | 2 l 1 I 0 Mnemonic Command Description
FIXED-POINT 16-BIT
sr| 1 1 o 1 1 0 0 SADD Add TOS to NOS. Result to NOS. Pop Stack.
sr| 1 1 0 1 1 0 1 sSsuB Subtract TOS from NOS. Result to NOS. Pop Stack.
sr| 1 1 0 1 1 1 0 SMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.
sr| 1 1 1 0 1 1 0 SMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
sr| 1 1 0 1 1 1 1 SDIV Divide NOS by TOS. Result to NOS. Pop Stack.
FIXED-POINT 32-BIT
st | 0 1 o] 1 1 [] 0 DADD Add TOS to NOS. Result to NOS. Pop Stack.
sr| 0 1 ] 1 1 [0} 1 DsSuB Subtract TOS from NOS. Result to NOS. Pop Stack.
st} 0 1 0 1 1 1 ] DMUL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.
sr| O 1 1 0 1 1 0 DMUU Multiply NOS by TOS. Upper half of result to NOS. Pop Stack.
st | O 1 0 1 1 1 1 DDIV Divide NOS by TOS. Result to NOS. Pop Stack.
FLOATING-POINT 32-BIT
sr| 0 0 1 0 0 o 0 FADD Add TOS to NOS. Result to NOS. Pop Stack.
st 0 0 1 0 0 0 1 FsSuB Subtract TOS from NOS. Result to NOS. Pop Stack.
st i 0 0 1 0 0 1 0 FMUL Multiply NOS by TOS. Result to NOS. Pop Stack.
st 0 0 1 0 0 1 1 FDIV Divide NOS by TOS. Result to NOS. Pop Stack.
DERIVED FLOATING-POINT FUNCTIONS
st 0 0 0] 0 6|l o 1 SQRT Square Root of TOS. Result in TOS.
st | O 0 o] 0 0 1 0 SIN Sine of TOS. Result in TOS.
sr| 0 0 0 0 0 1 1 COos Cosine of TOS. Result in TOS.
sr| O 0 0 0 1 0 0 TAN Tangent of TOS. Result in TOS.
sr| O 0 0 0 1 0 1 ASIN Inverse Sine of TOS. Result in TOS.
st | O 0 0 0 1 1 0 ACOS Inverse Cosine of TOS. Result in TOS.
st | O 0 0 0 1 1 1 ATAN Inverse Tangent of TOS. Result in TOS.
st| O 0 0 1 0 0 0 LOG Common Logarithm (base 10) of TOS. Result in TOS.
str| O 0 0 1 0 0 1 LN Natural Logarithm (base e) of TOS. Result in TOS.
st | 0 0 0 1 0 1 0 EXP Exponential (e*) of TOS. Result in TOS.
sr| 0 0 0 1 0 1 1 PWR NOS raised to the power in TOS. Result in NOS. Pop Stack.
DATA MANIPULATION COMMANDS
sr| 0 0 0 0 0 0 0 NOP No Operation
sr| 0 0 1 1 1 1 1 FIXS Convert TOS from floating point to 16-bit fixed point format.
st | O 0 1 1 1 1 0 FIXD Convert TOS from floating point to 32-bit fixed point format.
st | O 0 1 1 1 0 1 FLTS Convert TOS from 16-bit fixed point to floating point format.
sr| 0 0 1 1 1 0 0 FLTD Convert TOS from 32-bit fixed point to floating point format.
st | 1 1 1 0 1 0 0 CHSS Change sign of 16-bit fixed point operand on TOS.
sr| O 1 1 0 1 ol o CHSD Change sign of 32-bit fixed point operand on TOS.
sr| O 0 1 0 1 0 1 CHSF Change sign of-floating point operand on TOS.
sr| 1 1 1 0 1 1 1 PTOS Push 16-bit fixed point operand on TOS to NOS (Copy)
sr| 0 1 1 0 1 1 1 PTOD Push 32-bit fixed point operand on TOS to NOS. (Copy)
sr| 0 0 1 0 1 1 1 PTOF Push floating point operand on TOS to NOS. (Copy)
sr| 1 1 1 1 0 0 0 POPS Pop 16-bit fixed point operand from TOS. NOS becomes TOS.
sr| 0 1 1 1 0 0 0 POPD Pop 32-bit fixed point operand from TOS. NOS becomes TOS.
sr| O 0 1 1 0 0 0 POPF Pop floating pdint 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 | O 1 1 1 0 0 1 XCHD Exchange 32-bit fixed point operands TOS and NOS.
st 0O 0 1 1 0 0 1 XCHF Exchange floating point operands TOS and NOS.
sr| 0O 0 1 1 0 1 0 PUPI Push floating point constant “z” onto TOS. Previous TOS becomes NOS.
NOTES:
1. TOS means Top of Stack. NOS means Next on Stack. 4. The trigonometric functions handle angles in radians, not

2. AMD Application Brief “Algorithm Details for the Am9511A

APU" provides detailed descriptions of each command func- 5.
tion, including data ranges, accuracies, stack configurations, 6.

etc.

3. Many commands destroy one stack location (bottom of
stack) during development of the result. The derived func-
tions may destroy several stack locations. See Application
Brief for details.

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.
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COMMAND INITIATION

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

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

2. Establish HIGH on the C/D input.

3. Establish LOW on the CS input.

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

. Sometime after the HIGH to LOW level transition of WR
input, the PAUSE output will become LOW. Atfter a delay of
TPPWW, it will go HIGH to acknowledge the write operation.
The WRinput can return to HIGH anytime after PAUSE going
HIGH. The DB0-DB7, C/D and CS inputs are allowed to
change after the hold time requirements are satisfied (see
timing diagram).

o

An attempt to issue a new command white 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 Am3511A 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
AmY511A 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 procedure must
be followed to enter operands onto the stack:

1. The lower significant operand byte is established on the
DBO0-DB?7 lines. _

2. ALOW 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 acknowledged.

6. Anytime after the PAUSE output goes HIGH the WRinput
can be made HIGH. The DB0-DB7, C/D and CS inputs can
change after appropriate hold time requirements are satisfied
(see timing diagrams).

The above procedure must be repeated until all bytes of the
operand are pushed into 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
fioating-point. Not pushing all the bytes of a quantity will result in
byte pointer misalignment.

The Am9511A stack can accommodate 8 single precision
fixed-point quantities or 4 double precision fixed-point or float-
ing-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 be appropriate with the precision — single precision re-
sults 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 LOW.

4. Sometime after this, PAUSE will return HIGH indicating that
the data is available on the DBO0-DB7 lines. This data will
remain on the DBO-DB7 lines as long as the RD input re-
mains 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 diagram).

7. Repeat this procedure until all bytes appropriate for the pre-
cision 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 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 input, the
PAUSE will become HIGH indicating that status register
contents are available on the DB0O-DB?7 lines. The status data
will remain on DB0-DB? 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 satisfying ap-
propriate hold time requirements (see timing diagram).

DATA FORMATS

The Am9511A 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

RN
15 0
(MSB)

32-BIT FIXED-POINT FORMAT

s VALUE J
P b e et er et r it

31 0
(MsB)
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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 —32,768 to
+32,767 for single precision and —2,147,483,648 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.

(5.83 x 10%)(8.16 x 10") = (4.75728 x 10%)

In the decimal system, data may be expressed as values be-
tween 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
example, in decimal notation if the exponent field is two digits
wide, and the mantissa is five digits, a range of values (posi-
tive or negative) from 1.0000 x 107°° to 9.9999 x 107%° 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 10°. The sixth digit has been discarded. In most
applications where the dynamic range of values to be rep-
resented 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 po-
tential dynamic range.

The Am9511 is a binary arithmetic processor and requires
that floating point data be represented by a fractional man-
tissa value between .5 and 1 multiplied by 2 raised to an ap-
propriate power. This is expressed as follows:

value = mantissa x 28xponent

For example, the value 100.5 expressed in this form is
0.1100100% 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 be-
low:

value =. (27" + 272 + 275 + 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 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.

MII?- EXPONENT -—1 MANTISSA '———:I
sisf 1111 LIttt
3130 = o

24

The range of values that can be represented in this format is
+(2.7 x 107 10 9.2 x 10'®) and zero.

STATUS REGISTER

The Am9511A contains an eight bit status register with the fol-
lowing bit assignments:

BUSY | SIGN | ZERO ERROR CODE CARRY
7 6 5 4 3 2 1 0
BUSY: Indicates that Am9511A is currently executing a com-

mand (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 This field contains an indication of the validity of the
CODE: result of the last operation. The error codes are:
0000 - No error
1000 - Divide by zero
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.
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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 w0 NOS. Pop Stack.
psus AD 2D 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack.
DL AE 2€ 194-210 Multinly 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.
FSuUB 91 1 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.
Ccos 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 Inverse 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 4298-6956 Natural Logarithm of TOS. Result to TOS.
EXP BA 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 oF 1F 90-214 } ) ) i .
Convert TOS from floating point format to fixed point format.
FIXD 9E 1E 90-336
FLTS 9D 1D 62-156 } . ! ) ) )
Convert TOS from fixed point format to floating point format.
FLTD aC 1C 56-342
z::z ;: ;: zzzz } " Change sign of fixed point operand on TOS.
CHSF 95 15 16-20 Change sign of floating point operand on 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 = onto TOS. Previous TOS becomes NOS.
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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 dis-
tribution 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 cy-

cles when running at a 3MHz rate translates to 14 micro-
seconds (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 re-
sult 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 pre-
vious values in those stack locations will be lost. Scratch loca-
tions 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 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
COos COSINE

DADD DOUBLE ADD

DDV DOUBLE DIVIDE

DMUL DOUBLE MULTIPLY LOWER
DMUU DOUBLE MULTIPLY UPPER
DsuB DOUBLE SUBTRACT

EXP EXPONENTIATION (&%)
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 7

PWR POWER (X")

SADD SINGLE ADD

Y 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
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ACOS

32-BIT FLOATING-POINT INVERSE COSINE

7 6 5 4 3 2 1 0
BinaryCoding:’sr‘ 0|0l0l0‘1 |1]0|
Hex Coding: 86 with sr = 1

06 withsr = 0
Execution Time: 6304 to 8284 clock cycles
Description:

The 32-bit floating-point operand A atthe TOS is replaced by the
32-bit floating-point inverse cosine of A. The result Ris a value in
radians between 0 and . Initial operands A, B, C and D are lost.
ACOS wiil accept ail 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 2.0 x

1077 over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

Am9511A

ATAN

32-BIT FLOATING-POINT

INVERSE TANGENT
7 6 5 4 3 2 1 0
Binary Coding: | sr | 0 [ o [oJo [ 1 [ 1] 1]
Hex Coding: 87 withsr = 1
07 with sr = 0
Execution Time: 4992 to 6536 clock cycles
Description:

Thr.e 32-bit floating-point operand A at the TOS is replaced by the

32-bit floating-point inverse tangent of A. The result Ris a value in

radians between —7/2 and +#/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
1077 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
| 32 | ! 32 | { 32 . 32 |

ASIN

32-BIT FLOATING-POINT INVERSE SINE

7 6 5 4 3 2 1 0
BinaryCoding:[sr| O|0 | 0]0[1 |o| 1 |
Hex Coding: 85 with sr = 1

05 with sr = 0
Execution Time: 6230 to 7938 clock cycles
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 —x/2 and +#/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
10~7 over the valid input data range.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

CHSD

32-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
Binary Coding: [ st [ 0 [ 1 [ 1] o[ 1[0 o]
Hex Coding: B4 with sr = 1
34 with sr = 0
Execution Time: 26 to 28 clock cycles
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 un-
changed 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)

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A TOS R A TOS R
B B B
c c c
D ) D
| 32 | | a2 |1 32 I l 32—
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CHSF

32-BIT FLOATING-POINT SIGN CHANGE

7 6 5 4 3 2 1 0

Binary Coding: | sr [ 0 [ o[ 1 J o1 ]o] 1]
Hex Coding: 95 with sr = 1
15 withsr = 0
Execution Time: 16 to 20 clock cycles
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.

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

STACK CONTENTS

COS

32-BIT FLOATING-POINT COSINE

7 6 5 4 3 2 1 0
Binary Coding: [ st [ 0 [0 ] o oo | 1] ’

Hex Coding: 83 with sr = 1

03 with sr = 0
Execution Time: 3840 to 4878 clock cycles
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 —#/2 to +/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.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS [ R
B B
c c
D D
| 32 | I 32 [

CHSS

16-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3

0T ol o]

Binary Coding:’ sr I 1 | 1 J

Hex Coding: F4 with sr = 1

74 withsr = 0
Execution Time: 22 to 24 clock cycles
Description:

16-bit fixed-point two’s complement integer operand A atthe 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 un-
changed when A is input as the most negative value possible in
the format since no positive equivalent exists.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE
A - TOS

AFTER

jov]

T OmMmmMmiolO| @
T O|mMmolo|lw

!
L
|
+

BEFORE AFTER

A TOS R

B B

c

D —
! 32 | [ 32 |

DADD

32-BIT FIXED-POINT ADD

7 6 5 4 3 2 1 0
BinaryCoding:lsrlol1 l011‘ 10{0J
Hex Coding:  AC with sr = 1 : Co

2C withsr = 0
Execution Time: 20 to 22 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand Aatthe
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 ~—T0S — R
B c
c )
D A
| 32 | [ 32 ‘
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DDIV

32-BIT FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Coding: | sr | 0 [t [o 1] 1 1] 1]
Hex Coding:  AF with sr = 1

2F with sr = 0

Execution Time: 196 to 210 clock cycles when A # 0

18 clock cycles when A = 0.
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 in-
teger operand A at the TOS. The 32-bit integer quotient R re-
places 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 divide-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 |

DMUL

32-BIT FIXED-POINT MULTIPLY, LOWER

7 6 5 4 3 2 1 0
BinaryCoding:|sr|0|1|0| 1|1|1|0|
Hex Coding:  AE with sr = 1

2E with sr = 0
Execution Time: 194 to 210 clock cycles
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 in-
teger 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 oc-
cupies 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

STACK CONTENTS

Am9511A

DMUU

32-BIT FIXED-POINT MULTIPLY, UPPER

7 6 5 4 3 2 1 0
Binary Coding: [ sr [ 0 [ 1 [ 1o [ 1 ] 1] o]
Hex Coding: B6 with sr = 1
36 withsr = 0
Execution Time: 182 to 218 clock cycles
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 comple-
ment integer operand B at the NOS. The 32-bit most signifi-
cant 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

BeFORe  STACK CONTENTS AFTER
A TOS R
B c
c D
D
. 32 ! ' 32 |

DSUB

32-BIT FIXED-POINT SUBTRACT

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

2D with sr = 0

Execution Time: 38 to 40 clock cycles

Description:

The 32-bit fixed-point two’'s complement operand A at the
TOS is subtracted from the 32-bit fixed-point two's comple-
ment 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 un-
changed.

If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented 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 re-
turned as R.

Status Affected: Sign, Zero, Carry, Overflow

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A TOS R A TOS R
B c B c
c D c D
D D A
I 32 | I 32 | ! 32 { [ 32—
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EXP

32-BIT FLOATING-POINT &*

7 6 5 4 3 2 1 0
Binary Coding: | sr 0 o [ o [ 1 Jo [ 1] o]
8A with sr = 1
OA with sr = 0

Execution Time: 3794 to 4878 clock cycles for IAl < 1.0 x 2°
34 clock cycles for 1Al > 1.0 x 2°

Hex Coding:

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 e? 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

to +1.0x2"3. 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
1077 over the valid input data range.

Status Affected: Sign, Zero, Error Field

2+5

STACK CONTENTS

FDIV

32-BIT FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Coding: | st | 0 [ o [ 1 [ oo | 1] 1]
Hex Coding: 93 with sr = 1

13 withsr = 0

Execution Time: 154 to 184 clock cycles for A # 0

22 clock cycles for A = 0
Description:
32-bit floating-point operand B at 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 B
c
D v
| 32 | | 32 |

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

FADD

32-BIT FLOATING-POINT ADD

7 6 5 4 3 2 1 0
Binary Coding: | st | 0 [0 |1 o[ oo o]
90 with sr = 1
10 withsr = 0
Execution Time: 54 to 368 clock cycles for A # 0

24 clock cycles for A =0

Hex Coding:

Description:

32-bit floating-point operand A at the TOS is added to 32-bit
floating-point operand B atthe 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

FIXD

32-BIT FLOATING-POINT TO
32-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: [ sr [0 [o [ 1 [1 [ 1 [ 1] 0]
9E with sr = 1
1Ewithsr =0
Execution Time: 90 to 336 clock cycles
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 re-
places 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 con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.
Status Affected: Sign, Zero Overflow

Hex Coding:

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D
| 32 . | 32

BEFORE AFTER
A TOS R
B B
c c
D
| 32 | [ 32 I
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FIXS

32-BIT FLOATING-POINT TO
16-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 J o |+ [ 1] 1 [ 1] 1]
Hex Coding:  9F with sr = 1
1F with sr = 0
Execution Time: 90 to 214 clock cycles
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 re-
places 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 con-
verted, 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 Bu
C B!
D Cu
fe——— 32— Cl
16 -]

FLTD

32-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: | sr [0 [o [ 1 [1 [ 1 ]o] o]

Hex Coding:  9C with sr = 1

1C withsr = 0
Execution Time: 56 to 342 clock cycles
Description:

32-bitfixed-pointtwo’s complement integer operand A atthe TOS
is converted to a 32-bit floating-point number. The result R re-
‘places A atthe TOS. Operands A and D are lost. Operands B.and
C are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

Am9511A

FLTS

16-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: | st [ 0 [ o [ 1 [+ [ 1 [o [ 1]

Hex Coding: 9D with sr = 1

1D withsr = 0
Execution Time: 62 to 156 clock cycles
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) repiaces 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

f— 16— b 16—

FMUL

32-BIT FLOATING-POINT
MULTIPLY

7 6 5 4 3 2 1 0
BinaryCoding:LerOlO‘1!0‘0'1‘0|

Hex Coding: 92 with sr = 1

12 withsr = 0
Execution Time: 146 to 168 clock cycles
Description:

32-bit floating-point operand A at the TOS is multiplied by the
32-bit floating-point operand B atthe 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 un-

changed.

Exponent overflow or underflow is reported in the status register,

in which case the mantissa portion of the resuitis correct and the

exponent portion is offset by 128.

Status Affected: Sign, Zero, Error Field

BEFORE AFTER
A TOS R
B B
C C
D

pEFoRe  STACK CONTENTS
A TOS R
B c
c D
D
| 32 [ 32 |
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FSUB

32-BIT FLOATING-POINT SUBTRACTION

7 6 5 4 3 2 1 0
Binary Coding: | sr [ 0 [o [ 1 Jo[o o] 1]
91 with sr = 1
11 withsr =0
Execution Time: 70 to 370 clock cycles for A # 0

26 clock cycles for A = 0

Hex Coding:

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.

Expenent 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 regis-
ter 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
32 ! } 32 |

LOG

32-BIT FLOATING-POINT
COMMON LOGARITHM
7 6 5 4 3 2 1 0
Binary Coding: | st [ 0 [0 [ o [1][ o] o] 0]
Hex Coding: 88 with sr = 1
08 with sr = 0

Execution Time: 4474 to 7132 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 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 errorof2.0x10~7
for the input range from 0.1 to 10, and a maximum
relative error of 2.0 x 1077 for positive values less
than 0.1 or greater than 10.

Status Affected: Sign, Zero, Error Field

BEFORE  STACK CONTENTS  AfFTER
A TOS R
B B
c
D
! 32 fe————32 ——n]

4-132

LN

32-BIT FLOATING-POINT
NATURAL LOGARITHM

7 6 5 4 3 2 1 0
Binary Coding: [ sr [ 0 [o [ o [ 1 [ofo] 1]
89 with sr = 1

09 with sr = 0

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

Hex Coding:

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 values that can

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

number is attempted an error status of 0100 is returned.

Accuracy: LN exhibits a maximum absolute error of 2 x 1077
for the input range from e~ to e, and a maximum
relative error of 2.0 x 10~ 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
C .
D il
| 32 | f——32
NO
OPERATION

7 6 5 4 3 2 1 0
Binary Coding: [ sr [ 0 [o [o oo o] o]

Hex Coding;: 80 with sr = 1

00 with sr = 0
Execution Time: 4 clock cycles
Description:

The NOP command performs no internal data maﬁipulations. 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.



POPD

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

BinaryCoding:’sr‘ 0 | 1 l 1 [ 1 [ 0|0£O I
Hex Coding: B8 with sr = 1

38 withsr = 0
Execution Time: 12 clock cycles
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 exectte the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A ~-—TOS— B
| B c

Cc D

D A
l 32 . | 32 I

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

Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. The old 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

Am9511A

POPS

16-BIT
STACK POP
7 6 5 4 3 2 1 0

BinaryCoding:[sr | 1 | 1 I 1 | 1 ‘ 0 ] 0 | 0<|
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
fa— 16— b 16—

PTOD

PUSH 32-BIT
TOS ONTO STACK

7 6 5 4 3 2 1 0
Binary Coding: | st [ 0 | 1 [1[o [ 1] 1] 1]
B7 with sr = 1
37 withsr = 0
Execution Time: 20 clock cycles
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

Hex Coding:

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A TOS B A TOS A
B c B A
c D c B
D A D c
. 32 ! ! 32 | 32 I I 32
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PTOF

PUSH 32-BIT
TOS ONTO STACK
7 6 5 4 3 2 1 0

BinaryCoding:Ler(.) I 0 ]1 10 [ 1 |1 | 1
Hex Coding: 97 with sr = 1

17 withsr = 0
Execution Time: 20 clock cycles
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. PTOF and PTOD execute the same op-
eration.

Status Affected: Sign, Zero

STACK CONTENTS

PUPI

PUSH 32-BIT
FLOATING-POINT 77

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 0 [o [1 [ 1] o[ 1] 0]
Hex Coding:  9A with sr = 1
1A withsr = 0
Execution Time: 16 clock cycles
Description:

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

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS T
B A
c B
D c
I 32 ! | 32 !

BEFORE AFTER
A TOS A
B A
C B
D o]
} 32 ! [ 32
PUSH 16-BIT
TOS ONTO STACK
7 6 5 4 3 2 1 0
Binary Coding: st | 1 [ 1 [ 1 Jo [ 1 [1[1]
Hex Coding: F7 with sr = 1
77 with sr = 0
Execution Time: 16 clock cycles
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

BEFORE AFTER
A TOS A
B A
c B
D c
E D
F E
G F
H G
f—16 —==| fe—16 —=
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32:BIT v
FLOATING-POINT X
7.6 5 4 3 2 1 0

BinaryCoding:l.sr] 0 | 0 | 0 ] ﬂ 0 | 1 | 1 I
Hex Coding: 8B withsr = 1

0B with sr = 0
Execution Time: 8290 to 12032 clock cycles
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
resuit R of B 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 B* = EXP [A(LN B)].
Thus if the term [A(LN B)] is outside the range of —1.0x 2¥5to
+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:

|(Relative Error)pwg|=|(Relative Error)gxp+|A(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 maxi-
mum. For most practical applications the relative
error for PWR will be less than 7.0 x 10~

Status Affected: Sign, Zero, Error Field

STACK CONTENTS
BEFORE AFTER
A TOS R
B c
c
D
f 32 | [ 32 I

4-135

Am9511A

SADD

16-BIT
FIXED-POINT ADD

7 6 5 4 3 2 1 0
Binary Coding: [ st [ 1 [ 1 J o[ 1] 1 [o] o]

Hex Coding:  EC with sr = 1

6C with sr = 0
Execution Time: 16 to 18 clock cycles
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 NCS. 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 regis-
ter and the 16 least significant bits of the result are returned.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS
BEFORE AFTER
A TOS R
B c
c D
D E
E F
F G
G H
H A
|e— 16— b— 16—
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SDIV

16-BIT
FIXED-POINT DIVIDE
7 6 5 4 3 2 1 0
BinaryCoding:lsrl 1 I 1 ! 0 | 1 ‘ 1 ‘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 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. All other
operands are unchanged.
It 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 . AFTER
A TOS R
B [@
c D
D E
E F
F G
G H
H
fe— 16— fe—16—=]
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SIN

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

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

Hex Coding: 82 with sr = 1
02 withsr =0
Execution Time: 3796 to 4808 clock cycles for IAl > 2712
radians

30 clock cycles for [Al < 27'2 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 un-
changed.
The SIN function will accept any input data value that can be
represented by the data format. All input values are range re-
duced to fall within the interval —7/2 to +#/2 radians.
Accuracy: SIN exhibits a maximum relative error of 5.0 x
1077 for input values in the range of 27 to +27
radians.
Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS R
B B
o}
D
| 32 I I 32 |




SMUL

16-BIT FIXED-POINT
MULTIPLY, LOWER

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 1 [ 1 [o [ 1] 1 [ 1] 0]
Hex Coding: EE withsr =1
6E withsr = 0
Execution Time: 84 to 94 clock cycles
Description:

16-bit fixed-point two’s complementinteger operand A at the TOS
is muitiplied by the 16-bit fixed-point two’s complement integer
operand B at the NOS. The 16-bit least significant naif 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

BEFORE AFTER
A | TOS R
B c
c D
D E
E F
F G
G H
H
| 16— |e—16—]
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SMUU

16-BIT FIXED-POINT
MULTIPLY, UPPER

7 6 5 4 3 2 1 0
BinaryCoding:Isr 1 ,1 {1 Io |1 !1 , 0 ,
Hex Coding: F6 with sr = 1

76 withsr = 0
Execution Time: 80 to 98 clock cycles
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 ai the NGS. The 16-bit most significant haif
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 un-
changed.

If either A or B is the most negative value that can be rep-
resented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D E
E F
F G
G H
H
e 16 —=-] |e—16—
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SQRT

32-BIT FLOATING-POINT SQUARE ROOT

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 [0 Jo [ofo[o] 1]
81 with sr = 1
01 withsr = 0
Execution Time: 782 to 870 clock cycles
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 not changed.
SQRT will accept any non-negative input data value 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

Hex Coding:

BEFORE  STACK CONTENTS AFTER
A TOS R
B B
c c
D
I 32 32 |

! |
SSUB
16-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 1 [ 1 [o [1 [ 1 ]o] 1]
ED with st = 1
6D with sr = 0
Execution Time: 30 to 32 clock cycles
Description:
16-bit fixed-point two’'s complement integer operand A at the
TOS is subtracted from 16-bit fixed-point two's complement in-
teger 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 rep-
resented in the format the overflow status is set. If the resuit
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

BEFORE STACK CONTENTS
A TOS

Hex Coding:

AFTER

s

IO MmMmo(O|m
P|IT|®M M OO

!
;
!
)
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TAN

32-BIT FLOATING-POINT TANGENT

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 [0 [ o Jo[1]o] o]

Hex Coding: 84 with sr = 1
04 withsr = 0
Execution Time: 4894 to 5886 clock cycles for Al 2 12
radians
30 clock cycles for 1Al < 272 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 —=/4 to + /4 radians. TAN is un-
bounded for input values near odd multiples of #/2 and in
such cases the overflow bit is set in the status register. For
angles smaller than 272 radians, TAN.returns A as the tan-

gent of A,

Accuracy: TAN exhibits a maximum relative error of 5.0 x
10™7 for input data values in the range of —27 to
+27 radians except for data values near odd mul-
tiples of @/2.

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

BEFORE  STACK CONTENTS AFTER
A TOS R
B B
c
D
| 32 | I 32 |

XCHD

EXCHANGE 32-BIT STACK OPERANDS

7 6 5 4 3 2 1 0
BinaryCoding:rsr|0|1|1|1|0IOI1’

Hex Coding: B9 with sr = 1

39 withsr = 0
Execution Time: 26 clock cycles
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

BEFORE  STACK CONTENTS AFTER
A TOS B
B A
C c
D D
! 32 s 32 |
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XCHF XCHS

EXCHANGE 32-BIT EXCHANGE 16-BIT
STACK OPERANDS STACK OPERANDS
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Binary Coding: l sr {0 0 1 1 , 0 , 0 1 | Binary Coding: Lsr l 1 ] 1 L1 L1 l 0 LO | 1 l
Hex Coding: 99 with sr = 1 Hex Coding:  F9 with sr = 1
19 withsr = 0 : 79 with sr = 0
Execution Time: 26 clock cycles Execution Time: 18 clock cycles
Description: Description:
32-bit operand A at the TOS and 32-bit operand B at the NOS 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 are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF the NOS. All operand values are unchanged.
execute the same operation. Status Affected: Sign, Zero

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A TOS B
B A
STACK CONTENTS c c
BEFORE AFTER D D
A TOS B E £
B A F F
c c G G
D D H H

32 | 32 f— 16— f— 16—~
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MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

-56°C to +125°C

VDD with Respect to VSS

-0.5V to +15.0V

VCC with Respect to VSS -0.5Vto +7.0V
All Signal Voltages with Respect to VSS -0.5Vto +7.0V
Power Dissipation (Péckage Limitation) 2.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Part Number Ambient Temperature VsS vcC vDD
AmM9511ADC 0°C < Tp < +70°C ov +5.0V 5% +12V 5%

Amg511ADM —55°C < Tp < +125°C ov +5.0V £10% +12V =10%

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1)

Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IOH = —200uA 3.7 Volts
VoL Output LOW Voltage IOL = 3.2mA 04 Volts
VIH Input HIGH Voltage 2.0 vCcC Volts
VIL Input LOW Voltage ~0.5 0.8 Volts
X Input Load Current VSS < VI < VCC +10 uA
10z Data Bus Leakage VO =04V 10 nA

VO = VCC 10
Tp = +25°C 50 90
ICC VCC Supply Current Tp =0C 95 mA
Tp = —55°C 100
Ta = +25°C 50 80
IDD VDD Supply Current Ta=0C 95 mA
Ta = —55°C 100
co Output Capacitance 8 10 pF
Cl Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF
Clo 1/0 Capacitance 10 12 pF
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SWITCHING CHARACTERISTICS over operating range (Notes 2, 3)

Am9511A Am9511A-1
Parameters Description Min. Max. Min. Max. Units
TAPW EACK LOW Pulse Width 100 75 ns
TCDR C/D to RD LOW Set up Time 0 0 ns
TCOW C/D to WR LOW Set up Time 0 0 ns
TCPH Clock Pulse HIGH Width 200 140 ns
TCPL Clock Pulse LOW Width 240 160 ns
TCSR CS LOW to RD LOW Set up Time 0 0 ns
TCSW CS LOW to WR LOW Set up Time ] 0 ns
TCY Clock Period 480 5000 320 3300 ns
TOW Data Bus Stable to WR HIGH Set up Time 150 100 (Note 9) ns
TEAE EACK LOW to END HIGH Delay 200 175 ns
TEPW END LOW Pulse Width (Note 4) 400 300 ns
TOP Data Bus Output Valid to PAUSE HIGH Delay 0 0 ns
TPPWR FAUSE LOW Pulss Width Read (N6te 5) Data 3.5TCY+50 |5.5TCY+300 | 3.5TCY+50 | 5.5TCY+200 ns
Status 1.5TCY+50 |3.5TCY+300 | 1.5TCY+50 | 3.5TCY+200
TPPWW PAUSE LOW Pulse Width Write (Note 8) 50 50 ns
TPR PAUSE HIGH to RD HIGH Hold Time 0 0 ns
TPW PAUSE HIGH to WR HIGH Hold Time 0 0 ns
TRCD RD HIGH to C/D Hold Time 0 0 ns
TRCS RD HIGH to TS HIGH Hold Time 0 0 ns
TRO RD LOW to Data Bus ON Delay 50 50 ns
TRP RD LOW to PAUSE LOW Delay (Note 6) 150 100 (Note 9) ns
TRZ RD HIGH to Data Bus OFF Delay 50 200 50 150 ns
TSAPW SVACK LOW Pulse Width 100 75 ns
TSAR SVACK LOW to SVREQ LOW Delay 300 200 ns
TWCD ‘WR HIGH to C/D Hold Time 60 30 ns
TWCS WR HIGH to CS HIGH Hold Time 60 30 ns
TWD WR HIGH to Data Bus Hold Time 20 20 ns
TWI Write Inactive Time (Note 8) Command sTCY sTey ns
Data 4TCY 4TCY
TWP WR LOW to PAUSE LOW Delay (Note 6) 150 100 (Note 9) ns
NOTES is the time to complete execution plus the time shown. Status

1. Typical values are for T, = 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 and timing reference levels
of 0.8V and 2.0V.

4. END low pulse width is specified for EACK tied to VSS. Other-
wise TEAE applies.

5. Minimum values shown assume no previously entered com-
mand is being executed for the data access. If a previously
entered command is being executed, PAUSE LOW Pulse Width
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may be read at any time without exceeding the time shown.

. PAUSE is pulled low for both command and data operations.
. TEX is the execution time of the current command (see the

Command Execution Times table).

. PAUSE low pulse width is less than 50ns when writing into the

data port or the control port as long as the duty cycle require-
ment (TWI) is observed and no previous command is being
executed. TWI may be safely violated as long as the extended
TPPWW that results is observed. If a previously entered com-
mand is being executed, PAUSE LOW Pulse Width is the time
te complete execution plus the time shown.

. 150ns for Am9511A-1DM.
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DATA
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DATA w,
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APPLICATION INFORMATION

The diagram in Figure 2 shows the interface connections for
the Am9511A APU with operand transfers handled by an
Amg517 DMA controller, and CPU coordination handled by an
Am9519 Interrupt Controller. The APU interrupts the CPU to

operations are not required, the APU interface can be
simplified as shown in Figure 1. The Am9511A APU is de-
signed with a general purpose 8-bit data bus and interface
control so that it can be conveniently used with any general

indicate that a command has been completed. When the per-

} 8-bit processor.
formance enhancements provided by the DMA and Interrupt

ADDRESS BUS ¥ >

®D c/d
. —  AmSSTIA
oW fo————0| ¥ qiTHMeTIc
CLK cLK PROCESSOR
UNIT
RDY PAUSE

| SYSTEM DATA BUS

>

Figure 1. Am9511A Minimum Configuration Example.
MOS-050

ADDRESS BUS A0

TO OTHER DMA DEVICES 4
3|3 As-als

> AD-ATs

l

BACK1-3 jodce
DREQ1-3 fade—.

AO-A3 M-az — o7
- e ": T
ADST8  ADDRESS LATCH
AmPS17A
A DMA CONTROLLER
HoLo . -
o ] )
HLDA . HACK E L. Is '™ g ‘%
READY E 2 g3 E H

=|
=
Z|
3

3
H
3

g
3

9
3|

Am9080A
cru

& T WA AT B TS svREQ SVACK C/B AD WA
XTAL OGNt pAmesi  TREGD ’ WS
INTERRUPT
u HLOA BUSER CONTROLLER ARITHMETIC
T WR WA WEWR oy T PROCESSING UNIT
WEww = —
Am8224 OBIN DBIN Dgo - D87 PAUSE 7 CLK RESET PAUSE DBO-DB7  EACK
cLock SYNC SYNC 1o <]
GENERATOR oW FRO)
el o1 ROM ,_’
] o2 TR TehRo =
DEVICES B A &
e FESTH
ESIN RESET REsET 00-07 0o-p7 DBS- YSTEM DATA BUS (D80 -0B7) > 080 - 087
READY READY v
W T Amtze o AAA——e
2 CONTROLLER
RESET
ek
L
\ I READY

Figure 2. Am9511A High Performance Configuration Example.
MOS-051
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Floating Point Processor

DISTINCTIVE CHARACTERISTICS

Single (32-bit) and double (64-bit) precision capability
Add, subtract, multiply and divide functions
Compatible with proposed IEEE format

Easy interfacing to most microprocessors

8-bit data bus

Standard 24-pin package

12V and 5V power supplies

Stack oriented operand storage

Direct memory access or programmed |/O Data Transfers
End of execution signal

Error interrupt

GENERAL DESCRIPTION

The Am9512 is a high performance floating-point processor unit
(FPU). It provides single precision (32-bit) and double precision
(64-bit) add, subtract, multiply and divide operations. It can be
easily interfaced to enhance the computational capabilities of
the host microprocessor.

The operand, result, status and command information transfers
take place over an 8-bit bidirectional data bus. Operands are
pushed onto an internal stack by the host processor and a com-
mand is issued to perform an operation on the data stack. The
results of this operation are available to the host processor by
popping the stack.

Information transfers between the Am9512 and the host proces-
sor can be handled by using programmed I/O or direct memory
access techniques. After completing an operation, the Am9512
activates an "end of execution” signal that can be used to inter-
rupt the host processor.

BLOCK DIAGRAM

|
I

CONSTANT ROM TWO PORT DATA STACK cLock CLK
128X 17 8X17 GENERATOR =
vOD J\ L @ 1 $2
> [ 17-BIT BUS )
vee
=
vSs
- MUX WORKING REGISTERS ARITHMETIC UNIT | ERR
10X17 17 BITS
SVACK
SVREQ
ARITHMETIC INSTRUCTION DECODE l———
SEQUENCER AND CONTROL
EACK
l—————
8-BIT BUS t
4 END
STATUS 16-BIT RESET
REGISTER MICROINSTRUCTION "g,i":;gf [—
REGISTER —
DB cb
—] L4
i
—] e
DB2 ‘—CS
DB3 COMMAND -
D‘BT——' DATA REGISTER f——
OB4 . ] BUFFER
058 PROGRAM _,\ CONTROL ROM WR
pc— COUNTER — /] 768 X 16 ——
oes | SUBROUTINE
PAUSE
pB7 STACK
—-—] 3X 10
MOS-203 |
ORDERING INFORMATION
Package Ambient Maximum Clock Frequency
Type Temperature 2MHz 3MHz
’ . 0°C = T, s70°C AM9512DC AM9512-1DC
Hermetic DIP -
—55°C = Tp = +125°C AM9512DM AMS512-1DM
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CONNECTION DIAGRAM
Top View
vss [] I ~ 24 [JEND
vee[ ]2 2| ok
EACK |3 22 [ ] RESET
SVACK [ ]+ 21[ e
svrRea |5 20 [_]RD
ERR [ 18 ]WR
oo ot é , Amosi2 oo
oso[_|s 17 | ] PAUSE
081 [j 9 16 {_] voo
pB2[ 10 15 [ ] oe?
pB3 |11 14 | ] pB6
o84 [ {12 13| joBs
Note: Pin 1 is marked for orientation. MOS-204

INTERFACE SIGNAL DESCRIPTION
VCC: +5V Power Supply

VDD: +12V Power Supply

VSS: Ground

CLK (Clock, Input)

An external timing source connected to the CLK input provides
the necessary clocking.

RESET (Reset, Input)

A HIGH on this input causes initialization. Reset terminates any
operation in progress, and clears the status register to zero. The
internal stack pointer is initialized and the contents of the stack
may be affected. After a reset the END output, the ERR output
and the SVREQ output will be LOW. For proper initialization,
RESET must be ‘HIGH for at least five CLK periods following
stable power supply voltages and stable clock.

C/D (Command/Data Select, Input)

The C/Dinputtogether with the RD and WR inputs determines the
type of transfer to be performed on the data bus as follows:

cd | RD | WR Function
L H L Push data byte into the stack
L L H Pop data byte from the stack
H H L Enter command
H L H Read Status
X L L Undefined
L =LOW
H = HIGH

X = DON'T CARE

END (End of Execution, Output)

A HIGH on this output indicates that execution of the current
command is complete. This output will be cleaied LOW by ac-
tivating 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).

Reading the status register while a command execution is in
progress is allowed. However any read or write operation clears

the flip-flop that generates the END output. Thus such continu-
ous reading could conflict with internal logic setting of the END
flip-flop at the end of command execution.

EACK (End Acknowledge, Input)

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

SVREQ (Service Request, Output)
A HIGH on this output indicates completion of a command. In

this sense this output is the same as the END cutput. However,
the SVREQ output will go HIGH at the completion of a com-
mand. 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, Input)

A LOW on this input clears SVREQ. If the SVACK input is per-
manently tied LOW, it will conflict with the internal setting of the
SVREQ output. Thus the SVREQ indication cannot be relied
upon if the SVACK is tied LOW.

DB0-DB7 (Data Bus, Input/Output)

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 a 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 Am9512 single precision format requires 4 bytes
and double precision format requires 8 bytes.

ERR (Error, Output)

This output goes HIGH to indicate that the current command
execution resulted in an error condition. The error conditions
are: attempt to divide by zero, exponent overflow and exponent
underflow. The ERR output is cleared LOW on read status reg-
ister operation or upon RESET.

The ERR output is derived from the error bits in the status
register. These error bits will be updated internally at an appro-
priate time during a command execution. Thus ERR output going
HIGH may not correspond with the completion of a command.
Reading of the status register can be performed while a com-
mand execution is in progress. However it should be noted that
reading the status register clears the ERR output. Thus reading
the status register while a command execution in progress may
result in an internal conflict with the ERR output.
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'CS (Chip Select, Input)

This input must be LOW to accomplish any read or write operation
to the Am9512.

To perform a write operation, appropriate data is presented on
DBO through DB?7 lines, appropriate logic level on the C/D input
and the CS input is made LOW. Whenever WR and RD inputs
are both HIGH and CS is LOW, PAUSE goes LOW. However
actual writing into-the Am9512 cannot start until WR is made
LOW. After initiating the write operation by the HIGH to LOW
transition on the WR input, the PAUSE output will go HIGH
indicating the write operation has been acknowledged. 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 diagram for details.

To perform a read operation an appropriate logic level is estab-
lished on the C/D input and CS is made LOW. The PAUSE output
goes LOW because WR and RD inputs are HIGH. The read
operation does not start until the RD input goes LOW. PAUSE will
go HIGH indicating that read operation is complete and the re-
quiredinformation is available on the DBO through DB7 lines. This
information will remain on the data lines as long as RD is LOW.
The RD input can return HIGH anytime after PAUSE goes
HIGH. The CS input and C/D input can change anytime after F RD
returns HIGH. See read timing diagram for details. If the CSis
tied LOW permanently, PAUSE will remain LOW until the next
Am9512 read or write access.

RD (Read, Input)

A LOW on this input is used to read information from an internal
location and gate thatinformation onto the data bus. The CSinput
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 HIGH, performing any read operation will make the
END output go LOW after the HIGH to LOW transition of the RD
input (assuming CS is LOW). If the ERR output was HIGH per-
forming a status register read operation will make the ERR out-
put LOW. This will happen after the HIGH to LOW transition of
the RD input (assuming CS is LOW).

WR (Write, Input)

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

If the END output was HIGH, performing any write operation will
make the END outputgo LOW after the LOW to HIGH transition of
the WR input (assuming CS is LOW).

PAUSE (Pause, Output)

This output is a handshake signal used while performing read or
write transactions with the Am9512. If the WR and RD inputs are
both HIGH, the PAUSE output goes LOW with the CS input in
anticipation of a transaction. If WR goes LOW to initiate a write
transaction with proper signals established on the DB0-DB7, C/D
inputs, the PAUSE will return HIGH indicating that the write
operation has been accomplished. The WR can be made HIGH
after this event. On the other hand, if a read operation is desired,
the RD input is made LOW after activating CS LOW and estab--
lishing proper C/D input. (The PAUSE will go LOW in response to

"CS going LOW.) The PAUSE will return HIGH indicating comple-

tion of read. The RD can return HIGH after this event. It should be
noted that a read or write operation can be initiated without any
regard to whether a command execution is in progress or not.
Proper device operation is assured by obeying the PAUSE output
indication as described.

FUNCTIONAL DESCRIPTION

Major functional units of the Am9512 are shown in the block
diagram. The Am9512 employs a microprogram controlied stack
oriented architecture with 17-bit wide data paths.

The Arithmetic Unit receives one of its operands from the
Operand Stack. This stack is an eight word by 17-bit two port
memory with last in — first out (LIFO) attributes. The second
operand to the Arithmetic Unit is supplied by the internal 17-bit
bus. In addition to supplying the second operand, this bidirec-
tional bus also carries the results from the output of the Arithmetic
Unit when required. Writing into the Operand Stack takes place
from this internal 17-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 while the Working Registers provide storage for the
intermediate values during command execution.

Communication between the external world and the Am9512
takes place on eight bidirectional input/output lines, DBO through

DB?7 (Data Bus). These signals are gated to the internal 8-bit bus
through appropriate interface and buffer circuitry. Multiplexing
facilities exist for bidirectional communication between the inter-
nal eight and 17-bit buses. The Status Register and Command
Register are also located on the 8-bit bus.

The Am9512 operations are controlled by the microprogram
containedin 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 addresses are held during sub-
routine calls in the microprogram. The Microinstruction Register
holds the current microinstruction being executed. The register
facilitates pipelined microprogram execution. The Instruction De-
code logic generates various internal control signals needed for
the Am9512 operation.

The Interface Control logic receives several external inputs and
provides handshake related outputs to facilitate interfacing the
Am9512 to microprocessors.
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COMMAND FORMAT

The Operation of the Am9512 is controlled from the host proces-
sor by issuing instructions called commands. The command for-
mat is shown below:

SVREQ
ENB

OP CODE

I

7

6 5 4

3 2 1

0

The command consists of 8 bits; the least significant 7 bits specify
the operation to be performed as detailed in the accompanying
table. The most significant bit is the Service Request Enable bit.
This bit must be a 1 if SVREQ is to go high at end of executing a

command.

The Am9512 commands fall into three categories: Single preci-
sion arithmetic, double precision arithmetic and data manipula-
tion. There are four arithmetic operations that can be performed

with single precision (32-bit), or double precision (64-bit)

floating-point numbers: add, subtract, multiply and divide. These
operations require two operands. The Am8512 assumes that
these operands are located in the internal stack as Top of Stack
(TOS) and Next on Stack (NOS). The result will always be re-
turned to the previous NOS which becomes the new TOS. Re-
sults from an operation are of the same precision and format as
the operands. The results will be rounded to preserve the accu-
racy. The actual data formats and rounding procedures are de-
scribed in a later section. In addition to the arithmetic operations,
the Am9512 implements eight data manipulating operations.
These include changing the sign of a double or single precision
operand located in TOS, exchanging single precision operands
located at TOS and NOS, as well as copying and popping single
or double precision operands. See also the sections on status
register and operand formats.

The Execution times of the Am9512 commands are all data

dependent. Table 2 shows one example of each command exe-
cution time:

Table 1. Command Decoding Table.

Command Bits

7 6 5 4 3 2 1 0| Mnemonic Description

X 0 0 0 0 0 0 1 SADD Add TOS to NOS Single Precision and result to NOS. Pop stack.

X 0 0 0 001 O SsuB Subtract TOS from NOS Single Precision and result to NOS. Pop stack.

X 0 0 0 0 0 1 1 SMUL Multiply NOS by TOS Single Precision and result to NOS. Pop stack.

X 0 0 0 0 1 0O SDIvV Divide NOS by TOS Single Precision and result to NOS. Pop stack.

X 0 0 0 0 1 0 1t CHsS Change sign of TOS Single Precision operand.

X 0 0 0 0 1 10 PTOS Push Single Precision operand on TOS to NOS.

X 0 0 0 0 1 1 1 POPS Pop Single Precision operand from TOS. NOS becomes TOS.

X 0 0 0 1 0 0 O XCHS Exchange TOS with NOS Single Precision.

X 01 0 1 1 0 1 CHSD Change sign of TOS Double Precision operand.

X0 1t o011 10 PTOD Push Double Precision operand on TOS to NOS.

X0 1t 0o t 1 1 1 POPD Pop Double Precision operand from TOS. NOS becomes TOS.

X 0 0 0 0 0 0 O CLR CLR status.

X 0 t.0 1t 0 0 1 DADD Add TOS to NOS Double Precision and result to NOS. Pop stack.

X 01t 01 0 10 psus Subtract TOS from NOS Double Precision and result to NOS. Pop stack.

X o0 1 0o 1 0 1 1 DMUL Multiply NOS by TOS Double Precision and result to NOS. Pop stack.

X 01 01 1 0 0 DDIV Divide NOS by TOS Double Precision and result to NOS. Pop Stack.
Notes: X = Don’t Care

Operation for bit combinations not listed above is undefined.

Table 2. Execution Times.

Command TOS NOS Result Clock periods
SADD 3F800000 3F800000 40000000 58
SsuB 3F800000 3F800000 00000000 56
SMUL 40400000 3FC00000 40900000 198
SDIv 3F800000 40000000 3F000000 228
CHSS 3FB00000 - BF800000 10
PTOS 3F800000 - - 16
POPS 3F800000 - - 14
XCHS 3FB00000 4000000 - 26
CHSD 3FF0000000000000 - BFF0000000000000 24
PTOD 3FF0000000000000 - - 40
POPD 3FF0000000000000 - - 26
CLR 3FF0000000000000 - - 4
DADD 3FF00000A0000000 8000000000000000 3FF00000A0000000 578
DSUB 3FF00000A0000000 8000000000000000 3FF00000A0000000 578
DMUL BFF8000000000000 3FF8000000000000 €002000000000000 1748
DDV BFF8000000000000 3FF8000000000000 BFF0000000000000 4560

Note: TOS, NOS and Result are in hexadecimal; Clock period is in decimal.
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COMMAND INITIATION

After properly positioning the required operands in the stack, a
command may be issued. The procedure forinitiating acommand
execution is as follows:

1. Establish appropriate command on the DB0-DB7 lines.

2. Establish HIGH on the C/D input.

3. Establish LOW on the CS input. Whenever WR and RD inputs
are HIGH the PAUSE output follows the CS input. Hence
PAUSE will become LOW.

4. 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 willbecome HIGH to acknowledge the write
operation. The WR input can return to HIGH anytime after
PAUSE goes HIGH. The DB0-DB7, C/D and CS inputs are
aliowed to change after the hold time requirements are satis-
fied (see timing diagram).

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 Am9512 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 Am9512 are
one of two formats — single precision floating-point (4 bytes) or
double precision floating-point (8 bytes). The result of an opera-
tion has the same format as the operands. In other words, op-
erations using single precision quantities always result in a
single precision result while operations involving double preci-
sion quantities will result in double precision result.

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

1. The lower significant operand byte is established on the
DBO-DB?7 lines.

2. ALOW s established on the C/D input to specify that data is to
be entered into the stack. _

3. TheCS inputis made LOW. Whenever the WR and RD inputs
are HIGH, the PAUSE output will follow the CS input. Thus
PAUSE output will become LOW. o

4. After appropriate set up time (see timing diagrams), the WR
input is made LOW.

5. Sometime after this event, PAUSE will return HIGH to indi-
cate that the write operation has been acknowledged.

6. Anytime after the PAUSE output goes HIGH the WR input can
be made HIGH. The DB0-DB7, C/D and CS inputs can change
after appropriate hold time requirements are satisfied (see
timing diagrams).

The above procedure must be repeated until all bytes of the
operand are pushed into the stack. It should be noted that for
single precision operands 4 bytes should be pushed and 8 bytes
must be pushed for double precision. Not pushing all the bytes of
a quantity will result in byte pointer misalignment.

The Am9512 stack can accommodate 4 single precision quan-
tities or 2 double precision quantities. Pushing more quantities
than the capacity of the stack will result in loss of data which is
usual with any LIFO stack.

REMOVING THE RESULTS

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 resultis always
of the same precision as the operands that produced it. Thus
when the result is taken from the stack, the total number of bytes
popped out should be appropriate with the precision — single
precision results are 4 bytes and double precision results are 8
bytes. The following prodedure must be used for reading the
result from the stack:

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

2. The CSinputis made LOW. When WR and RD inputs are both
HIGH, the PAUSE output follows the CS input, thus PAUSE
will be LOW.

3. After appropriate set up time (see timing diagrams), the RD
input is made LOW,

4. Sometime after this, PAUSE will return HIGH indicating that
the data is available on the DB0-DB7 lines. This data will
remain on the DB0-DB? 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 diagram).

7. Repeat this procedure until all bytes appropriate for the preci-
sion 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.

READING STATUS REGISTER

The Am9512 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
and ERR outputs 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. Whenever WR and RD in-
puts are HIGH, PAUSE will follow the CS input. Thus,
PAUSE will go LOW. _

3. After appropriate set up time (see timing diagram) RD is
made LOW. .

4. Sometime after the HIGH to LOW transition of RD, PAUSE
will become HIGH indicating that status register contents are
available on the DBO0-DB?7 lines. These lines will contain this
information as long as RD 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 satisfying ap-
propriate hold time requirements (see timing diagram).

DATA FORMATS

The Am9512 handles floating-point quantities in two different
formats — single precision and double precision. The single pre-
cision quantities are 32-bits long as shown below.

—— IMPLIED BIT
s|e M

|| 1 ||
31 30 23 22 2 1 o0
Bit 31:

S = Sign of the mantissa. 1 represents negative and 0 repre-
sents positive.
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Bits 23-30

E = These 8-bits represent a biased exponent. The bias is
2" -1 =127

Bits 0-22

M = 23-bit mantissa. Together with the sign bit, the mantissa
represents a signed fraction in sign-magitude notation.
There is an implied 1 beyond the most significant bit (bit 22)
of the mantissa. In other words, the mantissa is assumed to
be a 24-bit normalized quantity and the most significant bit
which will always be 1 due to normalization is implied. The
Am9512 restores this implied bit internally before performing
arithmetic; normalizes the result and strips the implied bit
before returning the results to the external data bus. The
binary point is between the implied bit and bit 22 of the
mantissa.

The quantity N represented by the above notation is

r—— Bias

——

[— Binary Point

N = (_1)5 25—(27—1) 1'M)

Provided E # 0 or all 1's.

A double precision quantity consists of the mantissa sign bit(s),
an 11 bit biased exponent (E), and a 52-bit mantissa (M). The bias

for double precision quantities is 2'° — 1. The double precision
format is illustrated below. '

— IMPLIED BIT

63 62 52 51 2 1 0

Bit 63:
S = Sign of the mantissa. 1 represents negative and O repre-
sents positive.

Bits 52-62

E = These 11 bits represent a biased exponent. The bias is
210 — 1 = 1023.

Bit 0-51

M = 52-bit mantissa. Together with the sign bit, the mantissa
represents a signed fraction in sign-magnitude notation.
There is an implied 1 beyond the most significant bit (bit 51)
of the mantissa. In other words, the mantissa is assumed to
a 53-bit normalized quantity and the most significant bit,
which will always be a 1 due to normalization, is implied. The
Am9512 restores this implied bit internally before perform-
ing arithmetic; normalizes the result and strips the implied bit
before returning the result to the external data bus. The
binary point is between the implied bit and bit 51 of the
mantissa.

The quantity N represented by the above notation is

Bias

———

Binary point
N = (_1)5 2E—(21°v1) (1‘.M)

Provided E # 0 or all 1's.

STATUS REGISTER

The Am9512 contains an 8-bit status register with the following
format.

on | zem DIVIDE | EXPONENT | EXPONENT
BUSY 5'8" Zz° RESERVED | EXCEPTION [uUNDERFLOW | OVERFLOW | RESERVED
D u v
7 6 5 4 3 2 1 [

Bit 0 and bit 4 are reserved. Occurrence of exponent oerflow (V),
exponent underflow (U) and divide exception (D) are indicated
by bits 1, 2 and 3 respectively. An attempt to divide by zero is the
only divide exception. Bits 5 and 6 represent a zero result and
the sign of a result respectively. Bit 7 (Busy) of the status regis-
ter indicates if the Am9512 is currently busy executing a com-
mand. All the bits are initialized to zero upon reset. Also,
executing a CLR (Clear Status) command will result in all zero
status register bits. A zero in Bit 7 indicates that the Am9512 is
not busy and a new command may be initiated. As soon as a
new command is issued, Bit 7 becomes 1 to indicate the device
is busy and remains 1 until the command execution is complete,
at which time it will become 0. As soon as a new command is
issued, status register bits 0, 1, 2, 3, 4, 5 and 6 are cleared to
zero. The status bits will be set as required during the command
execution. Hence, as long as bit 7 is 1, the remainder of the
status register bit indications should not be relied upon un-
less the ERR occurs. The following is a detailed status bit
description.

Bit 0 Reserved
Bit 1 Exponent overflow (V): When 1, this bit indicates that
exponent overflow has occurred. Cleared to zero
otherwise.
Exponent Underflow (U): When 1, this bit indicates that
exponent underflow has occurred. Cleared to zero
otherwise.

Bit 2

Bit 3 Divide Exception (D): When 1, this bit indicates that an
attempt to divide by zero is made. Cleared to zero
otherwise.

Bit 4 Reserved

Bit 5 Zero (Z): When 1, this bitindicates that the result returned
to TOS after a command is all zeros. Cleared to zero
otherwise.

Bit 6 Sign (S): When 1, this bitindicates that the result returned

to TOS is negative. Cleared to zero otherwise.

Busy: When 1, this bit indicates the Am9512 is in the

process of executing acommand. It will become zero after

the command execution is complete.

Bit 7

All other status register bits are valid when the Busy bit is zero.

ALGORITHMS OF FLOATING-POINT ARITHMETIC

1. Floating Point to Decimal Conversion
As an introduction to floating-point arithmetic, a brief descrip-
tion of the Decimal equivalent of the Am9512 floating-point
‘format should help the reader to understand and verify the
validity of the arithmetic operations. The Am8512 single preci-
sion format s used for the following discussions. With a minor
modification of the field lengths, the discussion would aiso
apply to the double precision format:

There are three parts in a floating point number:

a. The sign — the sign applies to the sign of the number. Zero
means the number is positive or zero. One means the
number is negative.
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b. The exponent — the exponent represents the magnitude of
the number. The Am9512 single precision format has an
excess 127, notation which means the code representa-
tion is 12744 higher than the actual value. The following are
a few examples of actual versus coded exponent.

Actual Coded

+12740 +25440
0 12740

—-12649 +140

c. The mantissa — the mantissa is a 23-bit value with the
binary point to the left of the most significant bit. There is a
hidden 1 to the left of the binary point so the mantissa is
always less than 2 and greater than or equal to 1.

To find the Decimal equivalent of the fioating point number,
the mantissa is multiplied by 2 to the power of the actual
exponent. The number is negated if the sign bit = 1. The
following are two examples of conversion:

Example 1

Floating Point No. = 010000011110000000000000000000008B

Sign Exponent Mantissa
Coded Exponent = 10000011B
Actual Exponent =10000011B-01111111B=00000100B =4y
Mantissa=1.110000000000000000000008
=1+ 12+ 1/4 =175y
Decimal No. = 2% x 1.75 = 16 x 1.75 = 28y

Examplé 2

Floating Point No. = 101111010011000000000000000000008

Sign Exponent Mantissa

Code Exponent=011110108B
Actual Exponent = 01111010B~01111111B=11111011B= -5y
Mantissa = 1.011000000000000000000008
=1+ 1/4 + 1/8 = 1.375
Decimal No. = =275 x 1.375 = —.04296875,¢

2. Unpacking of the Floating-Point Numbers

The Am9512 unpacks the floating point number into three
parts before any of the arithmetic operation. The number is
divided into three parts as describedin Section 1. The sign and
exponent are copied from the original number as 1 and 8-bit
numbers respectively. The mantissa is stored as a 24-bit
number. The least significant 23 bits are copied from the
original number and the MSB is set to 1. The binary point is
assumed to the right of the MSB.

The abbreviations listed below are used in the following sec-
tions of algorithm description:

SIGN — Sign of Result

EXP — Exponent of Result

MAN — Mantissa of Result

SIGN (TOS) — Sign of Top of Stack

EXP (TOS) — Exponent of Top of Stack
MAN (TOS) — Mantissa of Top of Stack
SIGN (NOS) — Sign.of Next on Stack
EXP (NOS) — Exponent of Next on Stack
MAN (NOS) — Mantissa of Next on Stack

3. Floating-Point Add/Subtract
The floating-point add and subtract essentially use the same
algorithm. The only difference is that floating-point subtract
changes the sign of the floating-point number at top of stack
and then performs the floating-point add.

The following is a step by step description of a floating-point
add algorithm (Figure 1):

a. Unpack TOS and NOS.
b. The exponent of TOS is compared to the exponent of
NOS.
If the exponents are equal, go to step f.
Right shift the mantissa of the number with the smaller
exponent.
Increment the smaller exponent and go to step b.
Set sign of result to sign of larger number.
Set exponent of result to exponent of larger number.
If sign of the two numbers are not equal, go to m.
Add Mantissas.
Right shift resultant mantissa by 1 and increment expo-
nent of result by 1.
If MSB of exponent changes from 1 to 0 as a result of the
increment, set overflow status.
Round if necessary and exit.
. Subtract smaller mantissa from larger mantissa.
Left shift mantissa and decrement exponent of result.
If MSB of exponent changes from 0 to 1 as a result of the
decrement, set underflow status and exit.
p. If the MSB of the resultant mantissa = 0, go to n.
g. Round if necessary and exit.

Qo

T Ta ™o

=

33~

. Floating-Point Multiply

Floating-point multiply basically involves the addition of the

exponents and multiplication of the mantissas. The following

is a step by step description of a floating multiplication al-

gorithm (Figure 2):

a. Check if TOS or NOS = 0.

If either TOS or NOS = 0, Set result to 0 and exit.

Unpack TOS and NOS.

Convert EXP (TOS) and EXP (NOS) to unbiased form.

EXP (TOS) = EXP (TOS) —1274p

EXP (NOS) = EXP (NOS) —1274¢

e. Add exponents.
EXP = EXP (TOS) + EXP (NOS)

f. 1fMSB of EXP (TOS) = MSB of EXP (NOS) = 0 and MSB
of EXP = 1, then set overflow status and exit.

g. IfMSBof EXP (TOS) = MSB of EXP (NOS) = 1 and MSB
of EXP = 0, then set underflow status and exit.

h. Convert Exponent back to biased form.
EXP = EXP + 12749

i. Ifsignof TOS = sign of NOS, setsignof resultto 0, else set
sign of result to 1.

j- Multiply mantissa.

k. If MSB of resultant = 1, right shift mantissa by 1 and
increment exponent of resultant.

I.  1f MSB of exponent changes from 1 to O as a result of the
increment, set overflow status.

m. Round if necessary and exit.

b.
c.
d

. Floating-Point Divide

The floating-point divide basically involves the subtraction of
exponents and the division of mantissas. The following is a
step by step description of a division algorithm (Figure 3).

a. If TOS = 0, set divide exception error and exit.

b. IfNOS = 0, set result to 0 and exit.

c. Unpack TOS and NOS.

d. Convert EXP (TOS) and EXP (NOS) to unbiased form.
EXP (TOS) = EXP (TOS) — 12749
EXP (NOS) = EXP (NOS) — 12740

e. Subtract exponent of TOS from exponent of NOS.
EXP = EXP (NOS) — EXP (TOS)

f. 1f MSB of EXP (NOS) = 0, MSB of EXP (TOS) = 1 and
MSB of EXP = 1, then set overflow status and exit.

g. |f MSB of EXP (NOS) = 1, MSB of EXP (TOS) = 0, and
MSB of EXP = 0, then set underflow status and exit.
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‘ FSUB ,

SIGN (TOS) = EXP =
5iGN (T0%) EXP (TOS)

MAN (TOS)
MAN (NOS)
SIGN = SIGN (NOS)
MAN =

AN
UNPACK SIGN (TOS) = N MAN (NOS) — MAN (TOS)
TOS & NOS SIGN (NOS)?2 T

Y

TP (TM SIGN = SIGN (TOS)
/E!P(NOS)? MAN =

MAN (TOS) + MAN (isS5) AN (TCS) — MAN (NOS)

|

SIGN = SIGN (TOS)
MAN =

RIGHT SHIFT
MAN
LEFT SHIFT
j MAN

RIGHT SHIFT EXP = l

MAN (TOS) EXP + 1
. EXP =

‘ EXP - 1

EXP (TOS) = Y
EXP (TOS) + 1

] "
! ADDITION
r"——_" ROUNDING
RIGHT SHIFT
MAN (NOS) SET
OVERFLOW
j STATUS
EXP (NOS) =
EXP (NOS) + 1 "
SUBTRACTION
l ROUNDING
EXIT )

Figure 1. Conceptual Floating-Point Addition/Subtraction.

MOS-205

h. Add bias to exponent of result. The method used for doing the rounding during floating-point

EXP = EXP + 12749 arithmetic is known as “Round to Even”, i.e., if the resultant
i. Ifsignof TOS = sign of NOS, setsign ofresultto 0, else set number is exactly halfway between two floating point num-

sign of result to 1. ) bers, the number is rounded to the nearest floating-point
j. Divide mantissa of NOS by mantissa of TOS. number whose LSB of the mantissa is 0. In order to simplify the
k. 1fMSB = 0, left shift mantissa and decrement exponent of explanation, the algorithms will be illustrated with 4-bit arith-

resultant, else go to n. metic. The existence of an accumulator will be assumed as
I. 1f MSB of exponent changes from 0 to 1 as a result of the shown:

decrement, set underflow status.
m. Go to k.

n. Round if necessary and exit. of 81 sz B3 4 o n o

The algorithms described above provide the user a means of
verifying the validity of the result. They do not necessarily
reflect the exact internal sequence of the Am3512.

The bit labels denote:

. Rounding
The Am8512 adopts a rounding algorithm that is consistent OF — The overflow bit
with the Intel® standard for floating-point arithmetic. The fol- B1-B4 — The 4 mantissa bits
lowing description is an excerpt from the paper published in G — The Guard bit
proceedings of Compsac 77, November 1977, pp. 107-112 by R — The Rounding bit
Dr. John F. Palmer of Intel Corporation. ST — The "Sticky” bit

4-151



Am9512

N =
SIGN (TOS) @ SIGN (NOS)

i

MAN =
MAN (TOS)*MAN (NOS)

MAN
OVERFLOW?

EXP (NOS) =
EXP (NOS) — 1279

Y
umack
RIGHT SHIFT
‘ MAN
EXP (TOS) = r
EXP (TOS) - 1274 Exp
{ - EXP + 1

i

P =
EXP (TOS) + EXP (NOS)

MULTIPLICATION
ROUNDING

SET
OVERFLOW
STATUS

OVERFLOW?

SET
UNDERFLOW
STATUS

UNDERFLOW?

EXP =
EXP + 1279

I

< EXIT ’

Figure 2. Conceptual Floating-Point Multiplication.

MOS-206

The Sticky bit is set to one if any ones are shifted right of the
rounding bit in the process of denormalization. If the Sticky bit
becomes set, it remains set throughout the operation. All
shifting in the Accumulator involves the OF, G, R and ST bits.
TheST bitis not affected by left shifts but, zeros are introduced
into OF by right shifts.

Rounding during addition of magnitudes — add t to the G
position, then if G=R=S8T=0, set B4 to 0 (“Rounding to
Even”).

Rounding during subtraction of magnitudes — if more than one
left shift was performed, no rounding is needed, otherwise
round the same way as addition of magnitudes.

Rounding during multiplication — let the normalized double
length product be:

B1 B2 B3 B4 BS B6 B7 B8

Then G=B5, R=B6, ST=B7 V B8. The rounding is then per-
formed as in addition of magnitudes.

Rounding during division — let the first six bits of the nor-
malized quotient be

B1 B2 B3 B4 B5 B6

Then G=B5, R=B6, ST=0 if and only if remainder = 0. The
rounding is then performed as in addition of magnitudes.
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SIGN =
SIGN (TOS) @ SIGN (NOS)
SET DIVIDE
MAN =
EXCEPTION
STATUS MAN (NOS)/MAN (TOS)
RESULT = 0
UNPACK
TOS & NOS
|
EXP (TOS) = i
EXP (TOS) — 127,
EXP =
; EXP — 1
EXP (NOS) =
EXP (NOS) — 1279
N
v
EXP =
EXP (NOS) — EXP (TOS)
SeT
Y DIVISION
UNDERFLOW? UNDERFLOW
STATUS ROUNDING
v SET
OVERFLOW? OVERFLOW
STATUS
E£XP =
e -

Figure 3. Conceptua

| Floating-Point Division. M0S-207

" CHSD

CHANGE SIGN DOUBLE PRECISION

7 6 5 4 3 2 1 0

Binary Coding: |SRE| 0 | 1 [ o [ 1 [ 1 [0 ] 1|
Hex Coding: AD IF SRE = 1
2D IF SRE = 0

Execution Time: See Table 2

Description:

The sign of the double precision TOS operand A is com-
plemented. The double precision result R is returned to TOS. If
the double precision operand A is zero, then the sign is not
affected. The status bit S and Z indicate the sign ofthe result and if
the resultis zero. The status bits U, V and D are always cleared to
zero.

Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

CHSS

CHANGE SIGN SINGLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding: |SRE| 0 | 0o [.o [ o[ 1] o] 1]
Hex Coding: 85 IF SRE =1
05 IF SRE = 0

Execution Time: See Table 2

Description:

The sign of the single precision operand A at TOS is com-
plemented. The single precision resuit Ris returned to TOS. Ifthe
exponent field of A is zero, all bits of R will be zeros. The status
bits S and Z indicate the sign of the result and if the result is zero.
The status bits U, V and D are cleared to zero.

Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

BEFORE AFTER BEFORE AFTER
A TOS R A ~— TOS —= R
B NOS B B +—— NOS —= B
c c
D D
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CLR

CLEAR STATUS

7 6 5 4 3 2 1 0
Binary Coding:SRE| 0 [ 0 [ o [ o[ o[ o] 0|
Hex Coding: 80 IF SRE = 1
00 IF SRE =0
Execution Time: 4 clock cycles
Description:

The status bits S, Z, D, U, V are cleared to zero. The stack is not
affected. This essentially is a no operation command as far as
operands are concerned.

Status Affected: S, Z, D, U, V always zero.

DADD

DOUBLE PRECISION FLOATING-POINT ADD

7 6 5 4 3 2 1 0
Binary Coding:[SRE] 0 [ 1 [ o [1 [ o Jo ] 1]
Hex Coding: A9 IF SRE = 1
29 IF SRE = 0
Execution Time: See Table 2
Description:

The double precision operand A from TOS is added to the double
precision operand B from NOS. The result is rounded to obtain
the final double precision result R which is returned to TOS. The
status bits S, Z, U and V are affected to report sign of the result, if
the result is zero, exponent underflow and exponent overflow
respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)
STACK CONTENTS

BEFORE AFTER
A TOS R
B [— NOS —»{ Undefined

DSUB

DOUBLE PRECISION
FLOATING-POINT SUBTRACT

7 6 5 4 3 2 1 [}
Binary Coding: [SRE| 0 [ 1 [ o [ 1] o] 1] o]
Hex Coding: AA IF SRE = 1
2AIFSRE =0
Execution Time: See Table 2
Description:

The double precision operand A at TOS is subtracted from the
double precision operand B at NOS. The result is rounded to
obtain the final double precision result R which is returned to
TOS. The status bits S, Z, U and V are affected to report sign of
the result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

. Status Affected: S, Z, U, V. (D always zero.)
STACK CONTENTS

BEFORE AFTER
A TOS R
B NOS —= Undefined

DMUL

DOUBLE PRECISION
FLOATING-POINT MULTIPLY

. 7 6 5 4 3 2 1 0
Binary Coding:[SRE| 0 [ 1 [ o [ 1 [ o[ 1] 1]
Hex Coding: AB IF SRE = 1

2BIFSRE =0
Execution Time: See Table 2
Description:

The double precision operand A from TOS is multiplied by the
double precision operand B from NOS. The result is rounded to
obtain the final double precision result R which is returned to
TOS. The status bits S, Z, U and V are affected to report sign of
the result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)
STACK CONTENTS

BEFORE AFTER -
A [—— TOS —=f R
B NOS Undefined
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DDIV

DOUBLE PRECISION
FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Code: [SRE[ 0 [ 1 Jo [ 1 [1] o [0

Hex Coding: AC IF SRE = 1

2CIFSRE =0
Execution Time: See Table 2
Description:

The double precision operand B from NOS is divided by the
double precision operand A from TOS. The result (quotient) is
rcunded to cbtain the final double precision result B which is
returned to TOS. The status bits, S, Z, D, U and V are affected to
report sign of the result, if the result is zero, attempt to divide by
zero, exponent underflow and exponent overflow respectively.

Status Affected: S, Z, D, U, V

STACK CONTENT

BEFORE AFTER
A TOS R (see note)
B NOS Undefined

Note: If A is zero, then R = B (Divide exception).

SADD

SINGLE PRECISION FLOATING-POINT ADD

7 6 5 4 3 2 1 0

Binary Coding: |SRE[ 0 [ 0 [o Jo[o o[ 1]

Hex Coding: 81 IF SRE = 1

01 IFSRE =0
Execution Time: See Table 2
Description:

The single precision operand A from TOS is added to the single
precision operand B from NOS. The result is rounded to obtain
the final single precision result R which is returned to TOS. The
status bits S, Z, U and V are affected to report the sign of the
result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENT
BEFORE AFTER
A TOS R
B NOS (o}
c D
D Undefined

SSUB

SINGLE PRECISION
FLOATING-POINT SUBTRACT

7 6 5 4 3 2 1 0
Binary Coding: [SRE] 0 [o [ o JoJ o[ 1 o]

Hex Coding: 82 IF SRE =1

02 IF SRE =0
Execution Time: See Table 2
Description:

The single precision operand A at TOS is subtracted from the
single precision operand B at NOS. The result is rounded to
cbtain the final single precision result R which is returned to TOS.
The status bits S, Z, U and V are affectedto report the sign of the
result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENTS

BEFORE AFTER
A [+— TOS ~——» R
B NOS — c
(] D
D Undefined

SMUL

SINGLE PRECISION
FLOATING-POINT MULTIPLY

7 6 5 4 3 2 1 0
Binary Coding:[SRE| 0 [0 [ o [ o] o [ 1 [ 1]

Hex Coding: 83 IF SRE =1

03 IFSRE =0
Execution Time: See Table 2
Description:

The single precision operand A from TOS is multiplied by the
single precision operand B from NOS. The result is rounded to
obtain the final single precision result R which is returned to TOS.
The status bits S, Z, U and V are affected to report the sign of the
result, if the result is zero, exponent underflow and exponent
overflow respectively. The status bit D will be cleared to zero.

Status Affected: S, Z, U, V. (D always zero.)

STACK CONTENTS

BEFORE AFTER
A [— TOS —| R
B = NOS ~—~ o]
(o] D
D Undefined
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SDIV

SINGLE PRECISION
FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Coding:[SRE] 0 [o J[o J o[ 1 [ o]0 |

Hex Coding: 84 IF SRE = 1

04 IFSRE =0
Execution Time: See Table 2
Description:

The single precision operand B from NOS is divided by the
single precision operand A from TOS. The result (quotient) is
rounded to obtain the final result R which is returned to TOS.
The status bits S, Z, D, U and V are affected to report the sign of
the result, if the result is zero, attempt to divide by zero, expo-
nent underflow and exponent overfiow respectively.

Status Affected: S, Z,D, U,V

STACK CONTENTS
BEFORE AFTER
A TOS R (see note)
B NOS C
C D
D Undefined

Note: If exponent field of A is zero then R = B (Divide exception).

POPS

POP STACK SINGLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding:[SRE| 0 [ o [ o [ o |1 [ 1 [ 1]

Hex Coding: 87 IF SRE = 1

07 IF SRE = 0
Execution Time: See Table 2
Description:

The single precision operand A is popped from the stack. The
internal stack control mechanism is such that A will be written at
the bottom of the stack. The status bits S and Z are affected to
report the sign of the new operand at TOS and if it is zero,
respectively. The status bits U, V and D will be cleared to zero.
Note that only the exponent field of the new TOS is checked for
zero, if it is zero status bit Z will set to 1.

Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

PTOD

PUSH STACK DOUBLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding:[SRE| o [ 1 [ o [1 [ 1 [ 1] 0
Hex Coding: AE IF SRE =1

2EIFSRE =0
Execution Time: See Table 2
Description:
The double precision operand A from the TOS is pushed back on
to the stack. This is effectively a duplication of A into two con-
secutive stack locations. The status S and Z are affected to report
sign of the new TOS and if the new TOS is zero respectively. The
status bits U, V and D will be cleared to zero.

Status Affected: S, Z. (U, V, D always zero.)

STACK CONTENTS

BEFORE AFTER
A TOS A
B re— NOS — A

PTOS

PUSH STACK SINGLE PRECISION

7 6 5 4 3 2 1 0
Binary Coding:!SREl 0 I 0 l 0 ‘ 0 I 1 | 1 ] OJ

Hex Coding: 86 IF SRE = 1

06 IF SRE = 0
Execution Time: See Table 2
Description:

This instruction effectively pushes the single precision operand
from TOS on to the stack. This amounts to duplicating the

_ operand at two locations in the stack. However, if the operand at

TOS prior to the PTOS command has only its exponent field as
zero, the new content of the TOS will all be zeroes. The contents
of NOS will be an exact copy of the old TOS. The status bits S
and Z are affected to report the sign of the new TOS and if the
content of TOS is zero, respectively. The status bits U, V and D
will be cleared to zero.

Status Affected: S, Z. (U, V, D always zero.)
STACK CONTENTS

BEFORE AFTER
A TOS B
B NOS o
C D
D A

BEFORE AFTER
A TOS A* See note
B NOS A
C B
D Cc

Note: A* = A if Exponent field of A is not zero.
A* = 0 if Exponent field of A is zero.
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MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —-55°C to +125°C
VDD with Respect to VSS -0.5Vto +15.0V
VCC with Respect to VSS -0.5V to +7.0V
All Signal Voltages with Respect to VSS -0.5V to +7.0V
Power Dissipation (Package Limitation) 2.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Part Number Ambient Temperature ‘VSS vcc vDD
Am9512DC 0°C < Tp < +70°C ov +5.0V 5% +12V 5%
Am9512DM —55°C = Tp < +125°C ) ov +5.0V =10% +12V =10%

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1)

Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IOH = —200uA 3.7 Volts
VoL Output LOW Voltage IOL = 3.2mA 04 Volts
VIH Input HIGH Voltage 2.0 vCcC Volts
ViL Input LOW Voltage -0.5 08 Volts
X Input Load Current VSS < VI < VCC +10 pA
10Z Data Bus Leakage VO - 0.4V 10 nA

VO = VCC 10
Ta = +25°C 50 90
ICC VCC Supply Current Tp = 0C 95 mA
Tp = -55°C 100
Tp = +25°C 50 90
IDD VDD Supply Current Ta =0C 95 mA
Ta = -55°C 100
CcO Output Capacitance 8 10 pF
Cl Input Capacitance fc = 1.0MHz, Inputs = OV 5 8 pF
Cio 1/0 Capacitance 10 12 pF
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SWITCHING CHARACTERISTICS

Am9512DC Am9512-1DC

Parameters Description Min Max Min Max Units
TAPW EACK LOW Pulse Width 100 . 75 ns
TCDR C/D to RD LOW Set-up Time 0 o} ns
TCOW C/D to WR LOW Set-up Time 0 0 ns
TCPH Clock Pylse HIGH Width 200 500 140 500 ns
TCPL Clock Pulse LOW Width 240 160 ns
TCSP CS LOW to PAUSE LOW Delay (Note 5) 150 100 ns
TCSR TS to RD LOW Set-up Time 0 0 ns
TCSW CS LOW to WR LOW Set-up Time 0 ] ns
TCY Clock Period . 480 5000 320 2000 ns
TOW Data Valid to WR HIGH Delay 150 100 ns
TEAE EACK LOW to END LOW Delay 200 175 ns
TEHPHR | END HIGH to PAUSE HIGH Data Read when Busy 5.5TCY+300 5.5TCY+200 ns
TEHPHW | END HIGH to PAUSE HIGH Write when Busy 200 175 ns
TEPW END HIGH Pulse Width 400 300 ) ns
TEX - Execution Time See Table 2 ns
TOP Data Bus Output Valid to PAUSE HIGH Delay 0 0 ns

—_— Data 3.5TCY+50 | 5.5TCY+300 | 3.5TCY+50 | 5.5TCY+200
TPPWR | PAUSE LOW Pulse Width Read Status 15TCY+50 | 3.5TCY+300 | 1.5TCY+50 | 35TCY+200 |
TPPWRB | END HIGH to PAUSE HIGH Read when Busy |—oa See Table 2 ns
Status 1.5TCY+50 | 3.5TCY+300 | 1.5TCY+50 | 3.5TCY+200

TPPWW | PAUSE LOW Pulse Width Write when Not Busy TCSW+50 TCSW+50 ns
TPPWWB | PAUSE LOW Pulse Width Write when Busy See Table 2 ns
TPR PAUSE HIGH to Read HIGH Hold Time 0 0 ns
TPW PAUSE HIGH to Write HIGH Hold Time 0 ] ns
TRCD AD HIGH to C/D Hold Time 0 0 ns
TRCS RD HIGH to CS HIGH Hold Time 0 0 ns
TRO - | RD LOW to Data Bus On Delay 50 50 ns
TRZ RD HIGH to Data Bus Off Delay 50 200 50 150 ns
TSAPW | SVACK LOW Pulse Width 100 75 ns
TSAR SVACK LOW to SVREQ LOW Delay 300 200 ns
TWCD WR HIGH to C/D Hold Time 60 30 ns
TWCS WR HIGH to CS HIGH Hold Time 60 30 ns
TWD ‘WR HIGH to Data Bus Hold Time 20 20 ns

NOTES: e

1. Typical values are for Ty = 25°C, nominal supply voltages 4. END HIGH pulse width is specified for EACK tied to VSS.

and nominal processing parameters. Otherwise TEAE applies.
2. Switching parameters are listed in alphabetical order. 5. PAUSE is pulled low for both command and data operations.
3. Test conditions assume transition times of 20ns or less, out- 6. TEX is the execution time of the current command (see the
put loading of one TTL gate plus 100pF and timing reference Command Execution Times table).

levels of 0.8V and 2.0V.
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TIMING DIAGRAMS
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TIMING DIAGRAMS (Cont.)
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TIMING DIAGRAMS (Cont.)

COMMAND INITIATION
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Figure 1. Am9512 to Am8085 Interface.
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Am9517A

Multimode DMA Controller

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® Four indepgndent DMA channels, each with separate reg- The Am9517A Multimode Direct Memory Access (DMA) Con-
isters for Mode Control, Current Address, Base Address, troller is a peripheral interface circuit for microprocessor sys-
Current Word Count and Base Word Count. tems. |t is designed to improve system performance by allowing
® Transfer modes: Block, Demand, Single Word, Cascade external devices to directly transfer information to or from the
® [Independent autoinitialization of all channels system memory. Memory-to-memory transfer capability is also
® Memory-to-memory transfers provided. The Am9517A offers a wide variety of programmable
® Memory block initialization control features to enhance data throughput and system opti-
® Address increment or decrement mization and to allow dynamic reconfiguration under program
® Master system disable control.
e Er)able/d|sable control of individual DMA requests The Am9517A is designed to be used in conjunction with an ex-
¢ Directly expandable to any number of channels ternal 8-bit address register such as the Am741L5373. It con-
® End of Process input for terminating transfers tains four independent channels and may be expanded to any
® Software DMA requests . number . of channels by cascading additional controller chips.
® Independent polarity control for DREQ and DACK signals . .
® Compressed timing option. speeds transfers — up to 2M The three basic trapsfer modes allow programmability of thg
words/second types of DMA service by the user. Each channel can be indi-
® +5volt power supply viduall‘y programmed to Autoinitialize to its original condition
® Advanced N-channel silicon gate MOS technology ‘ following an End of Process (EOP).
¢ 40pin Hermetic DIP package ) Each channel has a full 64K address and word count capability.
® 100% MIL-STD-883 reliability assurance testing 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 peri-
pherals to abort erroneous services.
BLOCK DIAGRAM
DECREMENTOR INC/DECREMENTOR AD-A3
1O BUFFER K >
TEMP WORD TEMP ADDRESS
£oF COUNT REG (16} REG (16) I
RESET ——t t t
16 BIT BUS
3 —=q 16 BIT BUS
READY ~—emi l ouTPUT ALAT
CLOCK ~———e-] TIMING READ BUFFER READ/WRITE BUFFER BUFFER
AEN coﬁ#:m BASE | CURRENT ] CURRENT
ADSTB ~e——1 ADDRESS | MORD ADDRESS Jono.
WEMA ~a——d (16} 16) (16) 16}
MEMW _d o)
oA ~——q ! - b Somman?
o = 1 _ 1
WRITE BUFFER READ BUFFER
DO-D1
4 N2 N DBO-DB?
DREQODREQI —plem] o o COMMAND (8) TINTERNAL DATA BUS y 1/0 BUFFER <:>
HACK ———=]  ENCODER 1[ :
AND
HREQ ~ememeed ROTATING
DACKO.DACK3 ~—rl] e MAsK (@ READMWRITE
MODE STATUS (8) TEMPORARY (8)
L_ (8X6)
REQUEST (4)
MOS-033 |
ORDERING INFORMATION
Package ; Maximum Clock Frequency
Type Ambient Temperature 3MHz 4MHz
Hermetic DIP/ o o AM9517ADC/PC
Molded DIP 0°C<Ta<+70°C | Amgsi7a-1Dc/pc | AMIST7A4DC/IPC
Hermetic DIP -55°C = Tp < +125°C | AM9517ADM
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CONNECTION DIAGRAM
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Pin 1 is marked for orientation.

Figure 1.

MQS-034

INTERFACE SIGNAL DESCRIPTION

VCC: +5 Volt Supply
VSS: Ground

CLK (Clock, Input)

This input controls the internal operations of the Am8517A and
its rate of data transfers. The input may be driven at up to 3MHz
for the standard Am9517A and up to 4MHz for the Am9517A-4.

CS (Chip Select, Input)

Chip Select is an active low input used to select the Am9517A as
an I/O device during an I/O Read or I/O Write by the host CPU.
This allows CPU communication on the data bus. During multi-
ple transfers to or from the Am9517A by the host CPU, CS may

be held low providing IOR or IOW is tcggled following each
transfer.

RESET (Reset, Input)

Reset is an asynchronous 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, Input)

Ready is an input used to extend the memory read and write
pulses from the Am9517A to accommodate slow memories or
1/O peripheral devices.

HACK (Hold Acknowledge, Input)

The active high Hold Acknowledge from the CPU indicates that
control of the system buses has been relinquished.
DREQO-DREQ3 (DMA Request, Input)

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. Polarity of DREQ is programmable.
Reset initializes these lines to active high.

DB0-DB7 (Data Bus, Input/Output)

The Data Bus lines are bidirectional three-state signals con-
nected to the system data bus. The outputs are enabled during
the I/O Read by the host CPU, permitting the CPU to examine

the contents of an Address register, the Status register, the
Temporary register or a Word Count register. The Data Bus is
enabled to input data during a host CPU I/O write, allowing the
CPU to program the Am9517A control registers. During DMA
cycles the most significant eight 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 source memory
location comes into the Am9517A’s Temporary register on the
read-from-memory half of the operation. On the write-to-memory
half of the operation, the data bus outputs the Temporary regis-
ter data into the destination memory location.

0R (/0 Read, Input/Output)

1/O 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 to access data from a peripheral during a
DMA Write transfer.

IOW (I/O Write, Input/Output)

1/O Write is a bidirectional active low three-state line. In the Idle
cycle it is an input control signal used by the CPU to load infor-
mation into the Am9517A. In the Active cycle it is an output
control signal used by the Am9517A to load data to the
peripheral during a DMA Read transfer.

Write operations by the CPU to the Am9517A require a rising
WR edge following each data byte transfer. It is not sufficient to
hold the IOW pin low and toggle CS.

EOP (End of Process, Input/Output)

EOP is an active low bidirectiona! open-drain signal providing
information concerning the completion of DMA service. When a
channel's Word Count goes to zero, the Am9517A pulngOP
low to provide the peripheral with a completion signal. EOP may
also be pulled low by the peripheral to cause premature comple-
tion. The reception of EOP, either internal or external, causes the
currently active channel to terminate the service, to set its TC bit
in the Status register and to reset its request bit. If Autoinitial-
ization is selected for the channel, the current registers will be
updated from the base registers. Otherwise the channel's mask
bit will be set and the register contents will remain unaltered. '
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During memory-to-memory transfers, EOP will be output when
the TC for channel 1 occurs. EOP always applies to the channel
with an active DACK; external EOPS are disregarded in
DACKO0-DACKS are all inactive.

Because EOP is an open-drain signal, an external pullup resis-
tor is required. Values of 3.3K or 4.7K are recommended; the
EOP pin can not sink the current passed by a 1K pullup.

A0-A3 (Address, input/Output)

The four least significant address lines are bidirectional 3-state
signals. During DMA Idle cycles they are inputs and allow the
host CPU to load or read control registers. When the DMA is
active, they are outputs and provide the lower 4-bits of the out-
put address.

A4-A7 (Address, Output)

The four most significant address lines are three-state outputs
and provide four bits of address. These lines are enabled only
during DMA service.

HREQ (Hold Request, Output)

The Hold Request to the CPU is used by the DMA to request
control of the system bus. Software requests or unmasked
DREQs cause the Am9517A to issue HREQ.

DACKO0-DACK3 (DMA Acknowledge, Output)

The DMA Acknowledge lines indicate that a channel is active. In
many systems they will be used to select a peripheral. Only one
DACK will be active at a time and none will be active unless the
DMA is in control of the bus. The polarity of these lines is pro-
grammable. Reset initializes them to active-low.

AEN (Address Enable, Output)

Address Enable is an active high signal used to disable the
system bus during DMA cycles to enable the output of the exter-
nal latch which holds the upper byte of the address. Note that
during DMA transfers HACK and AEN should be used to de-
selectall other I/O peripherals which may erroneously be acces-
sed as programmed I/O during the DMA operation. The
Am9517A automatically deselects itself by disabling the CS
input during DMA transfers.

ADSTB (Address Strobe, Output)

The active high Address Strobe is used to strobe the upper
address byte from DB0-DB?7 into an external latch.

MEMR (Memory Read, Output)

The Memory Read signal is an active low three-state output
used to access data from the selected memory location during a
memory-to-peripheral or a memory-to-memory transfer.

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

Figure 2. Am9517A Internal Registers.

MEMW (Memory Write, Output)

The Memory Write signal is an active low three-state output
used to write data to the selected memory location during a
peripheral-to-memory or a memory-to-memory transfer.

FUNCTIONAL DESCRIPTION

The Am9517A block diagram includes the major logic blocks and
all of the internal registers. The data interconnection paths are
also shown. Not shown are the various control signals between
the blocks. The Am9517A contains 344 bits of internal memory
in the form of registers. Figure 2 lists these registers by name
and shows the size of each. A detailed description of the regis-
ters and their functions can be found under Register Description.

The Am9517A contains three basic blocks of control logic. The
Timing Control block generates internal timing and external
control signals for the Am35t7A. The Program Command Con-
trol block decodes the various commands given to the Am9517A
by the microprocessor prior to servicing a DMA Request. It also
decodes each channel's Mode Control word. The Priority En-
coder 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 Am8517A 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 can assume seven sepa-
rate states, each composed of one full clock period. State 1 (S1)
is the inactive state. It is entered when the Am9517A has no
valid DMA requests pending. While in S1, the DMA controller is
inactive but may be in the Program Condition, being program-
med by the processor. State 0 (S0) is the first state of a DMA
service. The Am9517A 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 setrvice. 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.

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, S$14) 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 will enter
the Idle cycle and perform “S1” states. In this cycle the
Am9517A will sample the DREQ lines every clock cycle to de-
termine if any channel is requesting a DMA service. The device
will also sample CS, looking for an attempt by the microproces-
sor to write or read the internal registers of the Am9517A. When
CS is low and HACK is low the Am9517A 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 IOR and.
IOW lines are used to select and time reads or writes. Due to the
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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

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 is in the Idle cycle and a channel requests a
DMA service, the device will output a HREQ to the micropro-
cessor 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
will make a one-byte transfer during each HREQ/HACK hand-
shake. When DREQ goes active, HREQ wilkgo 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 con-
tinuously 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/9080A
systems this will ensure one full machine cycle of execution
" between DMA transfers. Details of timing between the Am9517A
and other bus control protocols will depend upon the charac-
teristics of the microprocessor involved.

Block Transfer Mode: In Block Transfer mode, the Am9517A
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 be-
comes active. An autoinitialize will occur at the end of the ser-
vice if the channel has been programmed for it.

Demand Transfer Mode: In Demand Transfer mode the de-
vice will continue making transfers until a TC or external EOP is
encountered or until DREQ goes inactive. Thus, the device re-
questing service may discontinue transfers by bringing DREQ
inactive. Service may be resumed by asserting an active DREQ
once again. During the time between services when the micro-
processor is allowed to operate, the intermediate values of ad-
dress and word count may be read from the Am9517A Current
Address and Current Word Count registers. Autoinitialization will
only occur following a TC or EOP at the end of service. Follow-
ing 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 together for simple system expansion. The HREQ and
HACK signals from the additional Am9517A are connected to
the DREQ and DACK signals of a channel of the initial
Am9517A. This allows the DMA requests of the additional device
to propagate through the priority network circuitry of the pre-
ceding device. The priority chain is preserved and the new de-
vice 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 will respond
to DREQ with DACK but all other outputs except HREQ will be
disabled.

Figure 3 shows two additional devices cascaded into an initial
device using two of the previous channels. This forms a two
level DMA system. More Am9517As could be added at the sec-
ond 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

Am3517A
MICROPROCESSOR IST LEVEL
HOLD REQ
HREQ DREQ HREQ
HOLD ACK
HACK DACK HACK
Am9517A
DREQ HREQ
DACK HACK

INITIAL DEVICE Am9517A

ADDITIONAL

MOS-035 DEVICES

Figure 3. Cascaded Am9517As.

- TRANSFER TYPES

Each of the three active transfer modes can perform three dif-
ferent types of transfers. These are Read, Write and Verify.
Write transfers move data from an I/O device to the memory by
activating IOR and MEMW. Read transfers move data from
memory to an 1/O device by activating MEMR and IOW. Verify
transfers are pseudo transfers; the Am9517A operates as in
Read or Write transfers generating addresses, responding to
EOP, etc., however, the memory and /O control lines remain
inactive.

Memory-to-Memory: The Am9517A includes a block move
capability that allows blocks of data to be moved from one mem-
ory 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 trans-
fer 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 for memory-to-memory opera-
tion, 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 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 4.
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Autointialize: 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 chan-
nel following EOP. The base registers are loaded simultane-
ously with the current registers by the microprocessor and re-
main 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 has two types of priority encoding
available as software selectable options. The first is Fixed Prior-
ity 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 rec-
ognized after no more than three higher priority services have
occurred. This prevents any one channel from monopolizing the
system.

1st Service 2nd Service 3rd Service
highest 0 2 —-— service 3 —=—— service
1 ~=— service 3 ~=— request 0
2 \o 1
lowest 3 1 2

The priority encoder selects the highest priority channel re-
questing service on each active-going HACK edge. Once a
channel is started, its operation will not be suspended if a re-
quest 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: In order to achieve even greater
throughput where system characteristics permit, the Am9517A
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 compres-
sed transfers is found in Timing Diagram 6.

Address Generation: In order to reduce pin count, the
Am9517A 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 out-
put by the Am9517A directly. Lines A0-A7 should be connected
to the address bus. Timing Diagram 3 shows the time relation-
ships between CLK, AEN, ADSTB, DB0-DB7 and A0-A7.

During Block and Demand Transfer mode services which in-
clude multiple transfers, the addresses generated will be se-
quential. For many transfers the data held in the external ad-
dress 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 executes S1 states only when updating of AB-A15 in
the latch is necessary. This means for long services, 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 automatically in-
cremented or decremented after each transfer and the inter-
mediate 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. Au-
toinitialization takes place only after an EOP.

Current Word Count Register: Each channel has a 16-bit Cur-
rent Word Count register. This register should be programmed
with, and will return on a CPU read, a value one less than the
number of words to be transferred. The word count is dec-
remented 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 micro-
processor in the Program Condition. Following 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 oc-
curs. 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 chan-
nel has a pair of Base Address and Base Word Count registers.
These 16-bit registers store the original values of their as-
sociated 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 correspond-
ing 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.
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Command Register: This 8-bit register controls the operation
of the Am9517A. It is programmed by the microprocessor in the
Program Condition and is cleared by Reset. The following table
lists the function of the command bits. See Figure 4 for address
coding.

5 4 3 2 1 0 -=—BitNumber

IHNNNEE

7 6

L1

0 Memory-to-memory disable
1 Memory-to-memory enable

o

Channel 0 address hold disable
Channel 0 address hold enable
Ifbit0=0

x =

(=]

Controller enable
Controller disable

-

o

Normal timing
Compressed timing
If bit0=1

X =

Fixed Priority
Rotating Priority

o

Late write selection
Extended write selection
X 1fpit3=1

0 DREQ sense active high
1 DREQ sense active low

0 DACK sense active low
1 DACK sense active high

ALlLiLL

Mode Register: Each channel has a 6-bit Mode register as-
sociated with it. When the register is being written to by the
microprocessor in the Program Condition, bits 0 and 1 deter-
mine which channel Mode register it to be written.

7 6 5 4 3 2 1 0 -=—Bit Number

LLT LT T T]

00 Channel O select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transfer

01 Write transfer

10 Read transfer

11 Ilegal

XX If bits6and 7 =11

0 Autoinitialize disable

1 Autoinitialize enable
| 0 Address increment select
1 Address decrement select

00 Demand mode select
Single mode select

[o
l 10 Block mode select
11 Cascade mode select,

Request Register: The Am38517A 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. 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 torm of the data word. See Figure 4 for address coding.

7 6 5 4 3 2 1 0 -e— BitNumber

HEEEENER

Don’t Care

00 Selgct channel 0
01 Select channel 1
10 Select channei 2.
11 Select channel 3

0 Reset request bit
1 Set request bit

Software requests will be serviced only if the channel is in Block
mode. When initiating a memory-to-memory transfer, the

.soﬂware 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 4 for instruction addressing.

7 6 5 4 3 2 1

HEEREN

Don't Care

0 ~=—- Bit Number

|

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
Set mask bit

-

L _d

All four bits of the Mask Register may also be written with a
single command.

7 6 5 4 . 3 2 1 0 -=—Bit Number
LIT T TTTT]
m 0 Clear Channel 0 mask bit

1 Set Channel 0 mask bit

0 Clear Channel 1 mask bit
1 Set Channel 1 mask bit

Clear Channel 2 mask bit
Set Channel 2 mask bit

[=]

Clear Channel 3 mask bit
Set Channel 3 mask bit

-

LLLI
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Status Register: The Status registers may be read out of the
Am9517A by the microprocessor. it indicates which channels
have reached a terminal count and which channels have pend-
ing 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

LITTTI LT

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

- =

Channel 0 request

Channel 1 request
Channel 2 request
Channel 3 request

- — o =

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 reg-
ister always contains the last byte transferred in the previous
memory-to-memory operation, unless cleared by a Reset.

Software Commands: There are two special software com-
mands which can be executed in the Program Condition. They
do not depend on any: specific bit pattern on the data bus. The
two software commands are:

Clear First/Last Flip/Flop: This command may be issued prior
to writing or reading Am9517A address or word count infor-
mation. This initializes the flip/flop to a known state so that
subsequent accesses to register contents by the micro-
processor will address lower and upper bytes in the correct
sequence.

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 will enter
the Idle cycle.

Figure 4 lists the address codes for the software commands.

Interface Signals
A3 | A2 | A1 | A0 | TOR | iOW Operation
1 0 0 0 0 1 Read Status Register
1 0 0 0 1 0 Write Command Register
1 4] (o] 1 o] 1 Negal
1 0 0 1 1 0 Write Request Register
1 0 1 0 0 1 llegat
1 0 1 0 1 0 Write Single Mask Register Bit
1 0 1 1 0 1 llegal
1 (¢} 1 1 1 0 Write Mode Register
1 1 0 0 0 1 lllegal
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 lllegal
1 1 1 0 1 0 llegal
1 1 1 1 0 lllegal
1 1 1 1 1 0 Write All Mask Register Bits

Figure 4. Register and Function Addressing.
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i X Signals 1 | Data Bus
Channel Regist Operat —_— nterna a
s eaister peration CS TOR TOW A3 A2 A1 A0 Flip/Flop DBO—DB7
0 Base & Current Write o1 0 0 0 00 0 A0-A7
Address 0o 1 0 0 0 0 O 1 AB-A15
Current Read 0 0 1 0 0 0 O 0 AO-A7
Address 0 0 0 0 0 O 1 A8-A15
Base & Current Write 0 0 0 0 0 1 1] WO-W7
Word Count 0 6 0 0 0 1 1 W8-W15
Current Read 0 0 1 0 0 O 0 Wo-w7
Word Count o 0 0 0 O 1 W8-W15
1 Base & Current Write 0 0 0 0 1 0 0 AQ-A7
Address 0 1 0 0 0 1 O 1 AB-A15
Current Read cC O 0 0 1 o0 0 AO0-A7
Address 0 0 0 0 1 0 1 AB8-A15
Base & Current Write 0 0 0 0 1 1 0 Wo-W7
Word Count 0 0O 0 0 1 1 1 W8-w15
Current Read 0 0 1 0 0 1 0 WO-W7
Word Count 0 0 0 0 1 1 W8-W15
Base & Current . o 1 0 0 1 0 O 0 AQ0-A7
2 ) Write
Address 6 1 0 0 1 0 O 1 AB-A15
Current Read 0 o 0 t 0 O 0 AO0-A7
Address 0 0 o 1 0 0 1 AB-A15
Base & Current Write 0 1 0O 0 1 0 1 0 WO-W7
Word Count 01 0 0 1 0 1 1 W8-W15
Current Read 0 0 1 o 1 0 1 0 WO-W7
Word Count. o 0 1 0 1 0 1 1 W8-W15
3 Base & Current Write 0 1 0 0 1t 1 0 0 AO0-A7
Address 0 0 o0 1 1 0 1 AB-A15
Current Read 0o 0 1 0 1 1 0 0 A0-A7
Address 0 O ¢ 1 1 0 1 AB-A15
Base & Current Write 0 o 0 1 1 1 0 Wo-w7
Word Count 0 o 0 1 1 1 1 W8-W15
Current Read 0 0 1 o 1 1 1 0 WO-W7
Word Count 0 0 1 0o 1 1 1 1 wW8-w15

Figure 5. Word Count and Address Register Command Codes.
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MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —35°C to +125°C
VCC with Respect to VSS —0.5V to +7.0V
All Signal Voltages with Respect to VSS —0.5V to +7.0V
Power Dissipation (Package Limitation) 1.5W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Part Number Ta vcc
Am9517ADC/PC 0°C to +70°C 5.0V £5%
Am9517A-1DC/PC 0°C to +70°C 5.0V £5%
Am9517A-4DC/PC 0°C to +70°C 5.0V £5%
Am9517ADM -55°C to +125°C 5.0V £10%

ELECTRICAL CHARACTERISTICS over operating range {Note 1)

Parameter Description Test Conditions Min Typ Max Unit
I0H = —200uA 24
VOH Output HIGH Voltage 10H = —1004A, (HREQ Only) 33 Volts
VOL Output LOW Voltage 10L =3.2mA 0.4 Volts
VIH Input HIGH Voltage 2.0 VCC+0.5 Volts
VIL Input LOW Voltage —-0.5 0.8 Volts
1x Input Load Current VSS € VI < VCC -10 +10 A
102 Output Leakage Current VCC < VO < VS§S+.40 —-10 +10 LA
Ta =+25°C 65 130
ICC VCC Supply Current TA=0°C 75 150 mA
Ta=-55C 175
coO Qutput Capacitance 4 8 pF
Cl Input Capacitance fc = 1.0MHz, Inputs = 0V 8 15 pF
Clo 1/0 Capacitance 10 18 pF
NOTES:

1.

2.

Typical values are for T4 = 25°C, nominal supply voltage
and nominal processing parameters.

Input timing parameters assume transition times of 20ns or
less. Waveform measurement points for both input and out-
put signals are 2.0V for High and 0.8V for Low, unless
otherwise noted.

. Output loading is 1 Standard TTL gate plus 50pF capaci-

tance unless noted otherwise.

. The new IOW or MEMW pulse width for normal write will be

TCY-100ns and for extended write will be 2TCY-100ns. The
net IOR or MEMR pulse width for normal read will be
2TCY-50ns and for compressed read will be TCY-50ns.

. TDQis specified for two different output HIGH levels. TDQ1

is measured at 2.0V. TDQ2 is measured at 3.3V. The value
for TDQ2 assumes an external 3.3kQ pull-up resistor con-
nected 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.

4170

10.
11.

12.

13.

. Output loading on the data bus is 1 Standard TTL gate plus

15pF for the minimum value and 1 Standard TTL gate plus
100pF for the maximum value.

. Successive read and/or write operations by the external

processor to program or examine the controller must be
timed to allow at least 600ns for the Am9517A or
Am9517A-1 and at least 450ns for the Am9517A-4 as re-
covery time between active read or write pulses.
Parameters are listed in alphabetical order.

Pin 5 is an input that should always be at a logic high level.
An internal puli-up resistor will establish a logic high when
the pin is left floating. Alternatively, pin 5 may be tied to
VCC.

Signals READ and WRITE refer to {OR and MEMW respec-
tively for peripheral-to-memory DMA operations and to
MEMR and IOW respectively for memory-to-peripheral
DMA operations..

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).




SWITCHING CHARACTERISTICS
ACTIVE CYCLE (Notes 2, 3, 10, 11 and 12)

Am9517A

Am9517A Am9517A-1 Am9517A-4
Parameter Description Min Max Min Max Min Max Unit

TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 300 225 ns
TAET AEN LOW from CLK HIGH (S1) Delay Time 200 200 150 ns
TAFAB ADR Active to Float Delay from CLK HIGH 150 150 120 ns
TAFC READ or WRITE Float from CLK HIGH 150 150 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 250 250 190 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns
TAHS DB from ADSTB LOW Hold Time 50 50 40 ns
TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns

DACK Valid from CLK LOW Delay Time 280 280 220 ns
TAK EOP HIGH from CLK HIGH Delay Time 250 250 190 ns

EOP LOW to CLK HIGH Delay Time 250 250 180 ns
TASM ADR Stable from CLK HIGH 250 250 190 ns
TASS DB to ADSTB LOW Setup Time 100 100 100 ns
TCH Clock High Time (Transitions < 10ns) 120 120 100 ns
TCL Clock Low Time (Transitions < 10ns) 150 150 110 ns
TCY CLK Cycle Time 320 320 250 ns
TDCL (Cl\'l‘ft:ff“ to READ or WRITE LOW Delay 270 270 200 ns
TocTR | READ HIGH from CLK HIGH (54 270 270 20 | ne
ToCTW ‘E’,‘;F};TYET'I*’:Z““m iR sa 200 200 150 | ns
TDQ1 HREQ Valid from CLK HIGH Delay Time 160 160 120 ns
TDQ2 (Note 5) 250 250 190 ns
TEPS EOP LOW from CLK LOW Setup Time 60 60 45 ns
TEPW EOP Pulse Width 300 300 225 ns
TFAAB ADR Float to Active Delay from CLK HIGH 250 250 190 ns
TFAC READ or WRITE Active from CLK HIGH 200 200 150 ns
TFADB DB Float to Active Delay from CLK HIGH 300 300 225 ns
THS HACK valid to CLK HIGH Setup Time 100 100 75 ns
TIDH {nput Data from MEMR HIGH Hold Time 0 0 0 ns
TIDS Input Data to MEMR HIGH Setup Time 250 250 190 ns
TODH Output Data from MEMW HIGH Hold Time 20 20 20 ns
TODV Output Data Valid to MEMW HIGH (Note 13) 200 200 125 ns
Tas DREQ to CLK LOW (S1, S4) Setup Time 120 120 90 ns
TRH CLK to READY LOW Hold Time 20 20 20 ns
TRS READY to CLK LOW Setup Time 100 100 60 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 200 200 150 ns ‘
TSTT ADSTB LOW from CLK HIGH Delay Time 140 140 110 ns
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SWITCHING CHARACTERISTICS
PROGRAM CONDITION (IDLE CYCLE)
(Notes 2, 3, 10, 11 and 12)

Am9517A Am9517A-1 Am9517A-4
Parameter Description Min. Max. Min. Max. Min. Max. Unit
TAR ADR Valid or CS LOW to READ LOW 50 50 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 200 200 150 ns
TCW CS LOW to WRITE HIGH Setup Time 200 200 150 ns
TDW Data Valid to WRITE HIGH Setup Time 200 200 150 ns
TRA ADR or CS Hold from READ HIGH 0 (] 0 ns
TRDE Data Access from READ LOW (Note 8) 300 200 200 ns
TORF DB Float Delay from READ HIGH 20 150 20 100 20 100 ns
TRSTD gg::e:)r _TSium[;ply HIGH to RESET LOW 500 500 500 us
TRSTS RESET to First OWR 2 2 2 TCY
TRSTW RESET Pulse Width 300 300 300 ns
TRW READ Width 300 300 250 ns
TWA ADR from WRITE HIGH Hold Time 20 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns
TWD Data from WRITE HIGH Hold Time 30 30 30 ns
TWWS Write Width 200 200 200 ns
TAD Data Access from ADR Valid, TS LOW 350 300 300 ns
SWITCHING WAVEFORMS
= —\ TCW -l[
: '-0— TWe
iow \ e j |
TAW — "_—_ ™A
AC-A3 m INPUT VALID wx»
oW | TWO
DBO-DB7 m INPUT VALID
Timing Diagram 1. Program Condition Write Timing (Note 9).
MOS-036

ADDRESS MUST BE VALID

KXXXXXXXXXXX

——TAR-—I

L— TRA

g
ot

TRDE

TRDF:

DBO-DB7

DATA QUT VALID

Timing Diagram 2. Program Condition Read Cycle (Note 9).

MOS-037
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SWITCHING WAVEFORMS (Cont.)

St St S0 S0 Sl St s1

CLK

ez ] ’ T\\t\\‘\\l\\\T

| Tuo——l
A
HREQ )

1
THS —e=] L I |
HACK d | \::}}}}:}}:!
TAEL TAETl_'
AEN
i A
TSTL [~—m — {~— TEPS
ADSTB . l
—
’ L TaSS |TAK
TFADB i | |=—TAHS
DB0-DB7 A\ AS_A15 I
)Y 9 1
LTAFDB - ’1“‘5"" —H TAFAB
TEAAB | l ' TAHW i TAHW
|
AL 4 -
A0-A7 1 { ADDRESS VALID ADDRESS VALID
TAK T [
TAHR TAHR
| !
DACK f I
i\
1 TDCL . TocL
TFAC TDCTR TDCTR TAFC
READ i\
READ 4 = S
TDCL
TDCTW TDCTW
o { A X
WRITE ) X \ s N
:\ | TocL | | TAK
_ (( (FOR EXTENDED WRITE) | f
INT EGP
1)
TEPW TAK
T i\
EXT EOP i} ‘Q:::::::::X

Timing Diagram 3. Active Cycle Timing Diagram.

MOS-038
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SWITCHING WAVEFORMS (Cont.}

TSTT

ADSTB

TFAAB

P
Ll I ‘l..‘ s [rarsa—] ,——

A0-A7 ADDRESS VALID X ADDRESS VALID )—

TAFDB TAFDB

TFADB———' ] —

DBO-DB? _———@ N | {s-ats — our -
—-—"’—TFADB

YDCTR"“‘-'
TFAC [t l‘—- TDCL TODV | TODH
TIDH—e] |=— I ] ] r__?A e

MEMR / ! TIDS x

: TDCTW. r—
TFAC TOCL
TAFC
WENW / \ | 7 ).
TAKL TAK
INT EOP
TEPW Y
TEPS e
EXT EOP
Timing Diagram 4. Memory-to-Memory.
MOS-039
S2 sS4 s2 $4

s2 53 W sw s CLK

TASM TASM

A0-A7 r) | vaup | ) .| vauo
TDCL TDCTR

TDCTR
TDcn.-—'-‘ TDCTR
READ | |
] | READ \
I——-—mcl. TDCTW ——I F !

L—_f

|
WRITE “ ;;lcml_— —’I TDCTW
EXTENDED
WRITE o — H WA \: /‘
TRH TRI L—TRS TE _J —
READY TRS ;o— TRS
READY
Timing Diagram 5. Ready Timing. Timing Diagram 6. Compressed Timing.
MOS-040 MOS-041

vee / |L TRSTO

f>———————— TRSTW.

RESET 7 N "

Timing Diagram 7. Reset Timing.

MOS-042
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APPLICATION INFORMATION

Figure 6 shows a convenient method for configuring a DMA
system with the Am9517A Controller and a microprocessor
system. The Multimode DMA Controller issues a Hold Request
to the processor whenever there is at least one valid DMA Re-
quest from a peripheral device. When the processor replies with
a Hold Acknowledge signal, the Am9517A 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 ad-
dress byte. Four DMA channels are provided when one
Am9517A is used.

ADDRESS BUS AS-AIS ¢

l\
1/

il

AB-A1S

i
4

Dc of OF
Am74LS373

| cp
I 8BITLATCH

Q
A0-A15 AEN  AD-A3  A8-A7 5 ADSTB / N\
BUSEN.
HLDA HACK Am517A c ¢ Deo-
v e § g oo
HLORQ wea X @ 3 1B e gz 2 %
s EERERE £ 2
cru t T R
cLock N s
RESET
MEMR b‘
WERW [O CONTROL
o o BUS
oW jo
DBO-DB7
I SYSTEM DATA BUS >
MOS-043

Figure 6. Basic DMA Configuration.

Metallization and Pad Layout
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37 A4
[ 3 EOP
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RESET 13
DACK2 14
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M Az
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DREQ3 16
OREQ2 17
DREQY 18
DREQO 19

[

(GND) vSS 20
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Universal Interrupt Controller

DISTINCTIVE CHARACTERISTICS

e Eight individually maskable interrupt inputs

Software interrupt request capability

Fixed or rotating priority resolution
Common vector option
Polled mode option

[ ]
[
°
.
[ )
.
.
.
® Master Mask bit disables all interrupts
® Pulse-catching interrupt input circuitry
.

.

Various timing options including 8
Am9519-1
Single +5V supply

® 100% MIL-STD-883 reliability assurance testing

Fully programmable 1, 2, 3 or 4 byte responses
Unlimited daisy-chain expansion capability

Optional automatic clearing of acknowledged interrupts

Bit set/reset capability for Mask register

Polarity control of interrupt inputs and output

085A compatible

GENERAL DESCRIPTION

The Am8519 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 Am9519 man-
ages up to eight maskable interrupt request inputs, re-
solves priorities and supplies up to four bytes of fully
programmable response for each interrupt. It uses a sim-
ple expansion structure that allows many units to be cas-
caded for control of large numbers of interrupts. Several
programmable control features are provided to enhance
system flexibility and optimization.

The Universal Interrupt Controller is designed with a gen-
eral 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 vectoring protocol appro-
priate for the host processor may be used.

When the Am9519 controller receives an unmasked Inter-
rupt 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

BYTE
_ CONTROL
s —=0 REGISTER MEMORY
* 8X2 R
i |
R ——O]
CONTROL W
o5 BN R/W RAM
PAUSE —~=——Of %(énsnfg?g: RSEL“.R"SR
8 BUS 8
0B0-DB7 ~4={  grreq
ISR
TACK =0 Aurggfeﬂm 'NSTEE:\ngT INTIE'::UPT
- REGISTER REGISTER MASK REGISTER
P O]
. "conTROL { i
ko CoNTROL 17R
Ina— 8
g
I REGISTER
GINT MOS-143
ORDERING INFORMATION
Package Ambient Timing Options
Type Temperature Am9519 Am9519-1
. 0°C = Ty < +70°C AM9519DC AM9519-1DC
Hermetic DIP
—55°C < Ty < +125°C AM9519DM
Molded DIP 0°C < Ty < +70°C AM9519PC AM9519-1PC
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CONNECTION DIAGRAM

o 1 ® ~ 28| J—— vee tsv)
WR 2 27 [ Jo—ocio
RD ———E 3 26 j__ TACR
087 =—{" |4 25 [ Jea—— IREQ?
oBs =—=| |5 24 [ Jee— IREQE
085 =—={ |6 23| J—— IREGS
oBs ———{j 22 [ J—— IREQ4
D83 =—e-{ |8 Am9519 21 { J—IREQ3
082 =—e] |9 20 [ Jw—— IREQZ
o8l =—e |10 19 [ J=—— IREQ1
Loy =—— | 1 [ J=— trECD
RP - |12 17— G
g —e |13 16 t}— €0
(GND) VSS ——d 14 15 PAUSE

Top View

Pin 1 is marked for orientation. MOS-019

INTERFACE SIGNAL DESCRIPTION

VCC: +5 Volt Power Supply
VSS: Ground

DBO — DB7 (Data Bus, Input/Output)

The eight bidirectional data bus signals are used to trans-
fer information between the Am9519 and the system data
bus. The direction of transfer is controlled by the TACK,
WR and RD input signals. Programming and control in-
formation are written into the device; status and response
data are output by it.

TS (Chip Select, Input)

The active low Chip Select input enables read and write
operations on the data bus. Interrupt acknowledge re-
sponses are not conditioned by CS.

RD (Read, Input)

The active low Read signal is conditioned by CS and indi-
cates that information is to-be transferred from the
AmS519 to the data bus.

WR (Write, Input)

The active low Write signal is conditioned by CS and indi-
cates that data bus information is to be transferred from
the data bus to a location within the Am9519.

C/D (Control/Data, Input)

The C/D control signal selects source and destination loca-
tions 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.

IREQO — IREQ7 (Interrupt Request, Input)

The Interrupt Request signals are used by external de-
vices 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
ini¢iate another request.

RIP (Response In Process, Input/Output)

Response In Process is a bidirectional signal used when
two or more Am9519 circuits are cascaded. It permits
multibyte response transfers to be completed without in-
terference from higher priority interrupts. An Am9519 that
is responding to an acknowledged interrupt will treat RIP
as an output and hold it low until the acknowledge re-
sponse is finished. An Am9519 without an acknowledged
interrupt will treat RIP as an input and will ignore JACK
pulses as long as RIP is low. The RIP output is open drain

and requires an exiernal pullup resistor tc VCC.

IACK (interrupt Acknowledge, Input)

The active low Interrupt Acknowledge line indicates that
the external system is asking for interrupt response in-
formation. Depending on the programmed state of the
Am9519, it will accept 1, 2, 3 or 4 IACK pulses; one re-
sponse byte is transferred per pulse. The first IACK pulse
causes selection of the highest priority unmasked pending
interrupt request and generates a RIP output signal.

PAUSE (Pause, Output)

The active-low Pause signal is used to coordinate interrupt
responses with data bus and control timing. Pause goes

low when the first IACK 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 au-
tomatically 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 pullup resistor to VCC.

EO (Enable Out, Output)

The active high EO signal is used to implement daisy-
chained cascading of several Am9519 circuits. EQ is con-
nected 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.

El (Enable In, Input)

The active high El signal is used to implement daisy-
chained cascading of several Am9519 circuits. El is con-
nected to EO of the next higher priority chip. It may also be
used as a hardware disable input for the interrupt system.
When El is low IACK inputs are ignored. El is internally
pulled up to VCC so that no external pullup is needed when
El is not used.

GINT (Group Interrupt, Output)

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 ex-
ternal pull up resistor to VCC.
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REGISTER DESCRIPTION

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 au-
tomatically 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 acknow-
ledge logic in the ISR, the corresponding IRR bit is
cleared. If an acknowledged interrupt is not programmed
to be automatically cleared, its 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 acknowledge se-
quence. 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. A reset function will set all eight mask bits, dis-
abling 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 gener-
ate a Group Interrupt output.

Response Memory: An 8 x 32 read/write response mem-
ory is included in the Am9519. 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 pro-
grammable, allowing any desired vector, opcode, instruc-
tion or other data to be entered. The Am9519 transfers
the interrupt response information for the highest priority
unmasked interrupt from the memory to the data bus
when the IACK input is active.

Auto Clear Register: The 8-bit Auto Clear register con-
tains one bit for each IREQ input and specifies the operat-
ing mode for each of the ISR bits. When an auto clear bit
is off, the corresponding ISR bit is set when that interrupt
is acknowledged and is cleared by software command.
When an auto clear bit is on, the corresponding ISR bit is
cleared by the hardware before the end of the acknow-
ledge sequence. A reset function clears all auto clear bits.

Status Register: The 8-bit Status register contains infor-
mation concerning the internal state of the chip. It is
especially useful when operating in the polled mode in
order to identify interrupting devices. Figure 1 shows the
status register bit assignments. 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 opera-
tion (CS = 0, RD = 0) with the control location selected (C/D
=1).

Mode Register: The 8-bit Mode register controls the
operating options of the Am9519. Figure 2 shows the bit
assignments for the Mode register. The five low order
mode bits (0 through 4) are loaded in parallel by com-
mand. Bits 5, 6 and 7 are controlled by separate commands.
(See Figure 4.) The Mode register cannot be read out di-
rectly 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 com-
mand opcode, it may initiate internal actions or precondi-
tion the part for subsequent data bus transfers. The
Command register is loaded by executing a write opera-
tion (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 program-
med so that different interrupts may have different length
responses. The byte count for each response is stored in
eight 2-bit Byte Count registers. For a given interrupt the
Am9519 will expect to receive a number of IACK pulses
that equals the corresponding byte count, and will hold RIP
low until the count is satisfied.
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S7}S6})S5)S418s3]s2]181]5s0

‘: Binary vector indicating the

number of the highest priority
unmasked bit that is set in IRR.
Valid only when S7 = 0.

l———————————— 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 unmasked
IRR bit set

Figure 1. Status Register Bit Assignments. MOS-025

M7 | M6 | M5 | M4 | M3 | M2 | M1 | Mo

I— 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 Preselection
00 Interrupt service register
01 Interrupt mask register
10 Interrupt request register
11 Auto clear register

Master Mask Bit
0 Chip disarmed
1 Chip armed

Figure 2. Mode Register Bit Assignments. MOS-026

FUNCTIONAL DESCRIPTION

Interrupts are used to improve system throughput and re-
sponse time by eliminating heavy dependence on
software polling procedures. Interrupts allow, external de-
vices to asynchronously modify the instruction sequence
of a program being executed. In systems with multiple in-
terrupts, vectoring can further improve performance by al-
lowing direct identification of the interrupting device and
its associated service routine. The Am9519 Universal Inter-
rupt Controller contains, on one chip, all of the circuitry
necessary to detect, prioritize and manage eight vectored
interrupts. It includes many 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 in-
terrupt 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 iliustrate the general interac-

tions among-the host CPU, the interrupt controller and the
interrupting peripheral.

1. The Am9519 controller is initialized by the CPU in
order to customize its configuration and operation for
the application at hand. Both the controller and the
CPU are then enabled to accept interrupts.

. One (or more) of the interrupt request inputs to the

. If the request is masked, no further action takes place.

. The GINT signal is recognized by the CPU which nor-

. During the acknowledge sequence, the IRR bit corre-

. If a higher priority request arrives while the current re-

controller becomes active indicating that peripheral
equipment is asking for service. The controller asyn-
chronously accepts and latches the request(s).

If the request is not masked, a Group Interrupt output
is generated by the controller.

mally will complete the execution of the current in-
struction, 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.

When the controller receives the IACK 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.

sponding to the selected request is automatically
cleared, and the corresponding ISR bit is set. When the
ISR bit is set, the Group Interrupt outputis disabled until
a higher priority request arrives or the ISR bit is cleared.
The ISR bit will be cleared by either hardware or
software.

quest is being serviced, GINT will be output by the con-
troller, but will be recognized and acknowledged only if
the CPU has its interruptinput enabled. If acknowledged,
the corresponding higher priority ISR bit will be set and
the requests nested.
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Information Transfers

Figure 3 shows the control signal configurations for all
information transfer operations between the Am9519 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 CSis low; active TACK pulses occur only
when CS is high.

For reading, the Status register is selected directly by the
C/D control input. Other internal registers are read by pre-
selecting the desired register with mode bits 5 and 6, and
then executing a data read. The response memory can be
read only with IACK 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 is-
sued to select the desired level. An appropriate number of
data write operations are then executed to load that level.

CONTROL INPUT
Ehttihistal DATA BUS

CS|c/D |RD [WR|IACK OPERATION
Transfer contents of

preselected data register
to data bus

ofojoj1]| 1

Transfer contents of data bus
to preselected data register

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

Figure 3. Summary of Data Bus Transfers.

The Pause output may be used by the host CPU to ensure that
proper timing relationships are maintained with the Am9519
whenIACK is active. The IACK pulse width required depends
on several variables, including: operating temperature, in-
ternal logic delays, number of interrupt controllers chained
together, and the priority level of the interrupt being acknow-
ledged. When delays in these variables combine t6 delay
selection of a request following the falling edge of the first
IACK, the Pause output may be used to extend the IACK
pulse, if necessary. Pause will remain low until a request
has been selected, as indicated by the falling edge of RIP.
Typicelly, the internal interrupt selection process is quite
fast, especially for systems with a single Am9519, and
Pause will consequently remain low for only a very brief
interval and will not cause extension of the IACK 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 re-
quest inputs based upon their physical location at the

chip interface, with IREQO the highest and IREQ7 the low-
est. 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 re-
quest inputs follow.

Maode bit 1 selects the individual/ common vector option.
Individual vectoring provides a unique location in the re-
sponse memory for each interrupt request. The common
vector option always supplies the response associated
with IREQO0 no matter which request is being acknow-
ledged.

Mode bit 2 specifies interrupt or polled operation. In the
polled mode the Group Interrupt output is disabled. The CPU
may read the Status register to determine if a request is
pending. Since IACK pulses are not normally supplied in
polled mode, the IRR bitis not automatically cleared, but may
be cleared by command. With no IACK input the ISR and the
response memory are not used. An Am8519 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 configurations 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 be 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 modify-
ing 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. Alter-
natively, 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 Am9519 must be initialized by the CPU in
order to perform useful work. At a minimum, the master
mask bit and at least one of the IMR bits should be en-
abled. 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 regis-
ter in order to establish the configuraton desired for the
application. Then the response memory and byte count
will be loaded for those request levels that will be in use.
Finally, the master mask bit and at least portions of the
IMR will be enabled to allow interrupt processing to pro-
ceed.
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Commands BY1 BYO COUNT
The host CPU configures, changes and inspects the internal 1
condition of the Am9519 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 (CD = 1, WR
= 0). Figure 5 shows the coding assignments for the Byte
Count registers. A detailed description of each command is Figure 5. Byte Count Coding.
contained in the Am3519 Application Note AMPUBO071.

ala|lolo

2
3
4

alola|o

COMMAND CODE COMMAND

7 6 5 4 3 2 1 0 DESCRIPTION

0 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 BO 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 0o | 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, B0

0 1 0 1 0 X X X Set all IRR bits

0 1 0 1 1 B2 B1 BO 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 BO Clear ISR bit specified by B2, B1, BO

1 0 0 M4 M3 M2 M1 MO Load Mode register bits 0—4 with specified pattern

1 0 1 0 M6 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 EL(eSselect IMR for subsequent loading from data

1 1 0 0 X X X X 2’:::1:0;3&:% E(;,"tlaera::’rursegister for subsequent
Load BY1, BYO into byte count register and

1 1 1 BY1 BYO L2 L1 LO preselect response memory level specified by L2,
L1, LO for subsequent loading from data bus"

Figure 4. Am9519 Command Summary.
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MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
VCC with Respect to VSS —0.5V to +7.0V
All Signal Voltages with Respect to VSS —0.5V to +7.0V
Power Dissipation (Package Limitation) ' 1.5W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

OPERATING RANGE

Part Number Ambient Temperature vcec VSS
Am9519DC/CC . ‘
AMO519-1DC 0°C < Ty < +70°C +5.0V 5% ov
Am9519DM ~-55°C < Ty < +125°C +5.0V £10% ov

ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1)

Parameter Description Test Conditions Min. Typ. Max. Unit
VOH Output High Voltage IOH = —200uA 24 Volts
(Note 12) IOH = —100uA (EO only) 24

IOL = 3.2mA : 04

VoL Output Low Voltage Volts
10L = 1.0mA (EO only) 0.4

VIH Input High Voltage 2.0 vCcC Volts

ViL Input Low Voltage -0.5 0.8 Volts
Ell t -60 10

X Input Load Current VSS < VIN < VCC ned A
Other Inputs -10 10

10Z Output Leakage Current VSS = VOUT = VCC, Output off -10 10 nA

icc VCC Supply Current Ta = +25°C %0 125 mA
upply Curren Th = 0°C 100 145
co QOutput Capacitance fc = 1.0MHz 15

Cl Input Capacitance Ta = 25°C 10 pF
(of [0} /O Capacitance All pins at OV 20
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SWITCHING CHARACTERISTICS Over Operating Range (Notes 2, 3, 4, 5)

Am9519 Am9518-1
Parameters Description Min. Max. Min. Max. Units
TAVRL C/D Valid and CS LOW to Read LOW 0 ] ns
TAVWL C/D Valid and TS LOW to Write LOW 0 0 ns
TCLPH RIP LOW to PAUSE HIGH (Note 6) 75 375 75 375 ns
TcLav RIP LOW to Data Out Valid (Note 7) 50 40 ns
TDVWH Data In Valid to Write HIGH 250 200 ns
TEHCL Enable in HIGH to RIP LOW (Notes 8, 9) 30 300 30 300 ns
TIVGV. Interrupt Request Valid to Group Interrupt Valid 800 650 ns
TIVIX :?ézrrg;guﬁlse:;eusrta :I/;I':;:I to Interrupt Request Don't Care 250 250 ns
TRKHCH TACK HIGH to RIP 111! (Nota & _ 480 350 ns
TKHKL TACK HIGH to TACK LOW (IACK Recovery) 500 500 ns
TKHNH JACK HIGH to EO HIGH (Notes 10, 11) 975 750 ns
TKHOX 1ACK HIGH to Data Out Invalid 20 200 20 100 ns
TKLCL TACK LOW to RIP LOW (Note 8) 75 600 75 450 ns
TKLNL TACK LOW to EO LOW (Notes 10, 11) 125 100 ns
TKLPL TACK LOW to PAUSE LOW 25 175 25 125 ns
TKLQV TACK LOW to Data Out Valid (Note 7) 25 300 25 200 ns
TPHKH PAUSE HIGH to TACK HIGH 0 ns
TRHAX Read HIGH to C/D and CS Don't Care 0 ns
TRHQX Read HIGH to Data Out Invalid 20 200 20 100 ns
TRLQV Read LOW to Data Out Valid 300 200 ns
TRLOX Read LOW to Data Out Unknown 50 50 ns
TRLRH Read LOW to Read HIGH (RD Pulse Duration) 300 250 ns
TWHAX Write HIGH to C/D and CS Don't Care 0 ns
TWHDX Write HIGH to Data In Don't Care 0 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
NOTES:

1.

2.

Typical values are for T, = 25°C, nominal supply volt-
age and nominal processing parameters.

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

. Transition abbreviations used for the switching

parameter symbols include: H = High, L = Low, V =
Valid, X = unknown or don’t care, Z = high imped-
ance.

. Signal abbreviations used for the switching parameter

symbols include: R = Read, W = Write, Q = Data
Out, D = Data In, A = Address (CS and C/D), K = In-
terrupt Acknowledge, N = Enable Out, E = Enable In,
P = Pause, C = RIP.

. Switching -parameters are listed in alphabetical order.
. During the first IACK 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 IACK

pulses while RIP is low. During the first IACK 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
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10.

11.

12,

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. TEHCL will gov-
ern 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 IACK pulse that trans-
fers the last response byte for the selected IREQ.

. Test conditions for the El line assume timing refer-

ence levels of 0.8V and 2.0V with transition times of
10ns or less.

Test conditions for the EO line assume output loading
of two LS TTL gates plus 30pF and timing reference
levels of 0.8V and 2.0V. Since EO normally only drives
El of another Am9519, higher speed operation can be
specified with this more realistic test condition.

The arrival of 1ACK 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 EI

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 or to GINT
when active-low. These outputs are open-drain and
VOH levels will be determined by external circuitry.
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IREQ

GINT

EO

PAUSE

OB

TIVIX
'\x —
e - p—
}———YIVGV
e e e e e e e e ey [ S—
= b

SWITCHING WAVEFORMS

)k
1¢

A X |
\
| PR Ay ——
TKLNL |— TKHNH
X (Note 11) /I'—_ ‘o
\ L i} .
TEHCL ~—em] TKHCH
(Note 8) i |
le—— TKLCL It |
TKLPL —er] '—— FTCLPH [
T\ ‘ —}
d TPHKH
’ TKHAX l— Tkhax
TKLQV
7£ A (Note 7) oA~ \
— 2_1 ,—_gL 5___

TCLQAV | [

Interrupt Operations

MOS-144

_ b
/b
N Z .
TAVRL TRHAX TAVWL |..———Twm\x
— ¢ X
7D x N
K \“-
TRLRH TWLWH TWHRW
X
WR \ N
TRLQV | — TRHOX K 7 L.
TRLOX ——i TDVWH TWHDX
y '4
o8
X
MOS-145

Data Bus Transfers
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APPLICATIONS
ADDRESS BUS >
+
A0-A15
s ¢
ioR R®D P
fow "® Amgs519 .
crU INT GINT le—— < 1rEQ
INTA TACK
ROY PAUSE
o8
DBO-DSB7
+
SYSTEM DATA BUS >

Figure 6. Base Interrupt System Configuration.

MOS-146

A0-A15 ADDRESS BUS
=]a 8 Vip-
8 2 vZp—
g
HLDA q& £ vijo-—
INT S va -
AmBOBOA/
XTAL s
TANK D
L] HioA
: INTA Jo—
WR p——=C|:WR
Ll " oW [o-
DBIN IN
RESIN 2 42 M R
- RDY RDY -
RESET RESET Am8228
SYNC SYNC @ < +
ROYIN N .
N - P
ssTe o 5T5TB Rel Q L —2— Q0O —
RO WA &S IACK c/d RD WR s TACR c¢id
AmB224 GINT GINT
Am9519 RiP LU Am9519
+
El €0 El
PAUSE IREQ PAUSE IREQ
ﬁ r 8 ﬁ r 8
INTERRUPT INTERRUPT
REQUESTS REQUESTS
SYSTEM DATA BUS (DBO-DB7) >
MOS-147

Figure 7. Expanded Interrupt System Configuration.
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Amo60i2

12-Bit High-Speed Multiplying D/A Converter

Distinctive Characteristics

All grades 12-bit monotonic over temperature
Differential nonlinearity to +.012% (13 bits) max. over
temperature

Trimless design is inherently monotonic

Fast settling output current: 250nsec

Full scale current 4mA

High output impedance and compliance: —5 to +10V

Differential current outputs

Low cost

High-speed multiplying capability

Direct interface to TTL, CMOS, ECL, HTL, NMOS
Performance unchanged over supply range

Low power consumption: 230mW

Rout: Couyt independent of logic code

GENERAL DESCRIPTION

The Am6012 series of 12-bit monolithic multiplying Digital to
Analog Converters represent a new level of high speed and
accuracy coupled with low cost. The Am6012 is the first 12-bit
D/A Converter ever built using standard processing without the
requirements of thin film resistors and/or active trimming of indi-
vidual devices. The Am6012 uses sophisticated new circuit de-
sign concepts that give inherent monotonicity without requiring
ultra precision internal components.

The Am6012 design guarantees a more uniform step size thanis
possible with standard binarily weighted DAC's. This =1/2 LSB
differential nonlinearity is desirable in many applications where
local linearity is critical. The uniform step size allows finer resolu-
tion of levels and in most applications is more useful than confor-
mance to an ideal straight line from zero to full scale.

The Am6012 has high voltage compliance, high impedance dual
complementary outputs which increase its versatility and enable
differential operation to effectively double the peak to peak out-
put swing. These outputs can be used directly without op amps
in many applications. The dual complementary outputs can also
be connected in A/D converter applications to present a constant
load current and significantly reduce switching transients and
increase system throughput. Output full scale current is speci-
fied at 4mA, allowing use of smaller load resistors to minimize
the output RC delay which usually dominates settling time at the
12-bit level.

The Am6012 series guarantees full 12-bit monotonicity for all
grades and differential nonlinearity as tight as =.012% (13 bits)
over the entire temperature range. Device performance is es-
sentially independent of power supply voltage. The devices work
over a wide operating range of +5, —~12 volts to =18 volts.

FUNCTIONAL DIAGRAM

GND/ MSB

V+ Vic B By By By B

LS8
Bg B7 Bg By By By By

bbb e

BIAS lo
R e e e e e e e e e
swmeres | 10 L5 8 [48 [ 48 SETEETEITE ST 8,816, 19

|
%“ﬁﬂwﬁnﬁ$@i

CURRENT SOURCES

LADDER NETWORK

REFERENCE 816 17 Am6012
AMPLIFIER comp V- LIC-846
ORDERING INFORMATION CONNECTION DIAGRAM - Top View
mss B, []1® 20[v+
B, []2 197
Order Temperature Differential 83 1k
Number Range Nonlinearity s v
AM6012ADM —55°C to +125°C +.012% 8s s 18] comp.
AMB012DM —556°C to +125°C +.025% slfs T 15[ Verto)
AM6012ADC 0°C to +70°C +.012% 8, []7 14 [ Vaert+)
AM6012DC 0°C to +70°C +.025% 8 []s 13[]GNDNe
Note: Bg I; 9 12{7]By, LSB
Pin 1 is marked 8,010 MsCT
for orientation. LiCc-847
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MAXIMUM RATINGS above which useful life may be impaired

Operating Temperature Power Supply Voltage +18V
Am6012ADM, Am6012DM —55°C to +125°C | Logic Inputs -5V to +18V
Am6012ADC, Am6012DC 0°C to +70°C | Analog Current Outputs —-8Vto +12V

Storage Temperature —65°C to +125°C | Reference Inputs Vy4, Vq5 V—to V+

Lead Temperature Reference Input Differential Voltage (V44 to Vy5) +18V

(Soldering, 60 sec) 300°C | Reference Input Current (ly4) 1.25mA

ELECTRICAL CHARACTERISTICS
These specifications apply for V. = +15V, V_ = —15V, Iggr = 1.0mA, over the operating temperature range unless otherwise specified.
Am6012A Am6012
Parameter Description Test Conditions Min. Typ. Max. Min Typ. Max. Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
Differential . . - - *.012 - - +.025 %FS
D.N.L. Nonlinearity Deviation from ideal step size P — m — — ™
N.L Nonlinearity Deviation from ideal straight line - - *.05 - - +.05 %FS
VReg = 10.000V
Igs Full Scale Current R4 = Ry5 = 10.000kQ 3.967 3.999 4.031 3.935 3.999 4.063 mA
Ta = 25°C
- E *2 - +1 4 g
TClgs Full Scale Tempco =5 =20 =10 =40 ppm/C
- *.0005 | =.002 +.001 +.004 | %FSrC
D.N.L. Specification guaranteed
Voc Og;;:“ui l::’:‘n:;ge over compliance range -5 - +10 -5 - +10 Volts
P Royt.> 10 megohms typ.
Full Scale —
lss Symmetry Ies - IFs - +0.2 +1.0 - +0.4 +2.0 RA

Izs Zero Scale Current - - 0.10 - - 0.10 BA

ts Settling Time To +1/2 LSB, all bits ON or OFF, Ty = 25°C - 250 500 - 250 500 nsec

tpLy Propagation _ _

toHL Delay — all bits 50% to 50% 25 50 25 50 nsec

Cout Output Capacitance - 20 - - 20 - pF
viL Logic Logic “0” - - 0.8 - - 0.8
Input —— Volts
ViH Levels Logic “1 2.0 - - 20 - -
N Logic Input Current VIN = ~5to +18V - - 40 - - 40 HA
Vis Logic Input Swing V- = 15V -5 |° - +18 -5 - +18 Volts
Reference Current
IREF Range 0.2 1.0 1.1 0.2 1.0 1.1 mA
[ Reference Bias Current 0 -0.5 -2.0 0 -0.5 -20 HA
Reference Input R14(eq) = 80002 _ _
di/dt Slew Rate CC = 0pF 4.0 8.0 4.0 8.0 mA/us
PSSlgs+ | Power Supply V+ = +135V to +16.5V, V- = —15V = +.00005 | +.00% - +0.0005 | *.001 .
PSSlpg_ | - Sensitivity V- = —13.6V 1o —16.5V, V+ = +15V - *.00025 | =.001 - £00025 | =001 | o
v+ Power Supply 45 - 18 45 - 18
Vout = OV Vol
V- Range our 18 Z —108 | -18 - ~108 olts
1+ - 5.7 8.5 - 5.7 8.5
V4 = +5V, V- = —15V
- Power Supply - -13.7 -18.0 - -13.7 -18.0 A
1+ Current 57 85 - 57 8.5 m
V+ = +15V, V- = —15V
- - -137 | -i80 - - =137 [ -180
P Power V+ = +5V, V— = —15V - 234 312 - 234 312 W
o Dissipation Vi = +15V, V= = ~15V - 291 397 - 291 397
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ACCURACY SPECIFICATIONS

The design of the Am6012 emphasizes differential linearity
which is a measure of the uniformity of each step in the transfer
characteristic. The circuit design, described in greater detail on
page 6, requires resistor matching and tracking tolerances of 8
times lower than that of previous designs to achieve and main-
tain monotonicity over temperature. This advantage has been
used in the Am6012A to provide 13-bit differential nonlinearity
over temperature, a level of performance not generally-available
in previous designs, even when using thin film resistors.

The figures illustrate that +1/2 LSB (13-bit) differential non-
linearity guarantees a converter with 4096 distinct output levels.
+1 LSB D.N.L. guarantees monotonicity, so that when the input
code is increased the output will not decrease. Note that non-
linearity, or deviation from an ideal straight line through zero and
full scale, cannot be visually determined from the figures. In
most applications, 12-bit resolution and differential linearity are
more.important than linearity. This is especially true in video and
graphics, where the human eye has difficulty discerning non-
linearity of less than 5%.

DIFFERENTIAL NONLINEARITY
WORST CASE AT TEMPERATURE EXTREME

lour

lout

DIGITAL INPUT ——
=1/2 LSB DNL (+.012% OR 13 BITS)

DIGITAL INPUT ——e
+1 LSB DNL (+.025% OR 12 BITS)

LiIC-848

Metallization and Pad Layout

By B, (MSB) V+ T
| LT
oNB _au

By
2
|

L1811y

PHYSICAL DIMENSIONS
Dual-In-Line

20-Pin Hermetic

' AT A A T o T L W LW s T I
20 n

B

10

|

f=— .005 MIN.

Bs 5—|

Bg 6 —
By 7 —

By 8 —

By 9 —

! 935

— 17 V-

f'} ot
I
=

‘ﬁ‘

S

ELEE

r

l 970

|

2

— 16 COMP
o

140,

00
125
150

070 a10

— 15 Veer(-)

090

s

— 14 Vger (+)

Big By By (LSB)

DIE SIZE 0.093” X 0.134”

GND/VLC

015
060

i SEATING

PLANE

)
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APPLICATION HINTS: . v
+10V C
1. Reference current and reference resistor. ,—-{)—{
. lo+To =1,
There is a 1 to 4 scale factor between the reference current S cooes
(Ireg) and the full scale output current (Igg). If Vggg = +10V Riq comp =
and lgg = 4mA, the value of the Ry, is: h VREF(+) o
REF : Am6012
4 x 10 Vdit VREF(-) T
Ris =T amA 10k Ris = Rys 1 e
= Lic-849
2. Reference amplifier compensation.
For AC reference applications, a minimum value compensa-
tion capacitor (C¢) is normally used. The value of this
capacitor depends on the equivalent resistance at pin 14. The
values to maximize bandwidth without oscillation are as fol-
lows: R
Reference Amplifier Output Voitage
Frequency Response Compliance
ALL BITS ON
MINIMUM SIZE 6
Ri4 (EQ) = 2K
COMPENSATION CAPACITOR 4 Cg = 10pF
(lps = 4mA, Igep = 1.0mA) s £ 60
; i
|
R 5 E:
14 (EQ) (ki1) Cc (pF) 2 o £ Ve = —15
5 LARGE SIGNAL +50% ] ¥ a0
10 50 S _,| mopuLATioN OF ama” [NV | 3 I I Vo = _12v
5 o5 u FULL SCALE CURRENT _| 41| | 3
R R I £
2 10 & SMALL SIGNAL =1% 2 20
1 5 © _g| MODULATION OF 2mA 5
FULL SCALE CURRENT [=]
5 0 Y TR AT °
01 0.1 1.0 10 -10 -5 0 5 10
FREQUENCY — MHz OUTPUT VOLTAGE — VOLTS
Note: A 0.01uF capacitor is recommended for fixed reference operation. LIC-850 LIC-851
REFERENCE AMPLIFIER BIASING
Am6012
RiN IREF —
VIN =AM~
REFERENCE
AMPLIFIER 1\
lo +T0 = I
Rys = Ryl Ryy _ FOR ALL INPUT CODES
lo 19
Vin——0
B [ 01 0.1 22uF TANTULUM
T © . 2I"T notes)
v— V4 V- LiC-852
Reference Configuration Rys RiNn Cc IRep
Positive Reference ov N/C .01uF VR+/R1a
Negative Reference Vr— N/C .01uF —-VR—/Rq4
Lo Impedance Bipolar (VR+/R14) + (VINRIN)
Reference VR+ ov Vin (Note 1) (Note 2)
Hi Impedance Bipolar (Va4 — VINIR14
Reference VR+ Vin N/C | (Note ) (Note 3)
Pulsed Reference (Note 4) Vas ov Vin g:p (VR+/R14) + (Vin/RIN)
Notes: 1. The compensation capacitor is a function of the impedance seen at the +Vggr input and must be at least C = 5pF x Ry4(eq) in k2. For
Rq4 < 8000 no capacitor is necessary. .
2. For negative values of V|y, Vg+/Rq4 must be greater than ~V,y Max/Ry so that the amplifier is not turned off.
3. For positive values of V|y, VR4 must be greater than Vi Max so the amplifier is not turned off.
4. Forpulsed operation, VR provides aDC offset and may be set to zero in some cases. Theimpedance at pin 14 should be 80010 or less.
5. For optimum settling time, decouple V— with 20} and bypass with 22uF tantulum capacitor.
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5.000kf) 2.000mA
"AVAv
RorF
R3 Rq
[ AMA——p———AA——
Rys H
+10V 10k02 —— ¢
REF M~ VREF(+) o a c -
Vour
Am6012 OP AMP o
VREF(-) Tof——0p d .
Ris
10k B, B2
= >
9 Rz
OPTIONAL
{SFE CODE TARLF) T
_ Ve MSB Ls8 = =
14 =T omA
Rogs = JREF
OFF = 20mA
LIC-853
ms8 LSB| 1 T
CODE FORMAT CONNECTIONS OUTPUT SCALE B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 Bi1 B12{ (mA) | (mA) | Vour
Positive full scale 111111111 1 1 1[399)]| .000 | 99976
Straight binary; one Positivefullscale —LSB | 1 1 1 1 1 1 1 1 1 1 1 0 [3998| .000 | 9.9951
polarity with true input a-c Zero scale 000CGOO0OO0OO0OCODOTUO 0 © .000 | 3.999 .0000
code, true zero output. b-g
R1 = R2 ~ 2.5K
UNIPOLAR
! Positive full scale 0000O0COGOGO OO O 0 O 0003999 ]| 99976
n .
S:e x;fymw“’hb'"a'y’ Positive full scale ~LSB | 0 0 0 0 0 0 0 0 0 0 ©0 1 | .001|3998 | 9.9951
complementary input ::::; Zero scale t1 1111111 1 1 1 }13.993 ] .000 .0000
qode, true zero output. Ri = R2 = 2.5K
Positive full scale 111 11 1111 1 1 1|399]| .000]| 9.9976
Sraidh o Positvefullscale —LSB {1 1 1 1 1 1 1 1 1 1 1 0 {3998 | .001 | 9.9927
f‘f’a’g;““‘ binary; a< (+) Zero scale 100000000 O 0 0 |2000]1999 | .0024
offset half scale, b-d (-) Zero scale 011111111 1 1 1 |1999]2000 |-.0024
symmetrical about zero, tg Negative full scale —tSB [ 0 0 0 0 0 0 0 0 0 0 0 1 | .001 | 3998 [-9.9027
no true zero output. R1 = R3 = 2.5K | Negative full scale 00000O0O0O0CO O O O .000]|3999 [-9.9976
SYM R2 = 1.25K
METRICAL Positive full scak 0011111111 1 1 1 [3909][ .000] 99976
OFFSET P . ositive scale . | .
;:s;o:l;lfemem. Positivefuliscale —LSB [0 1 1 1 1 1 1 1 1 1 1 0 |3998 | .001 | 98927
metica 5““"" ot zero a-c (+) Zero scale 000O0O0OOGO OGO O O O |2000]1999 | .0024
:’;tmezemompm ' b-d (~) Zero scale 1t 1111111 1 1 1199|2000 |-.0024
MSB complemented fg Negative full scale ~LSB {1 0 0 0 0 0 0 0 6 O O 1 | .001|3998 [-9.9927
: R1 = R3 = 25K | Negative full scale 100000000 O 0 O | .00]3999 |-9.9976
{need inverter at B1). _
A2 = 1.25K
Positive full scale 111111111 1 1 1 |3999]| .000]| 99951
Positve full scale ~LSB | 1 1 1 1 1 1 1 1 1 1 1 0 |3998| .001 | 9.9902
Offset binary; -a-C + LSB 1 0000O0CDO0OO0 O 0 1 | 2.001 | 1.998 .0049
offset half scale, bg Zero Scale 100000000 O 0 O [2000]1999 .000
true zero output. R1=R2=5K |-LSB 0011111111 1 1 1 [199][2000]|-.0049
OFFSET Negative full scale +LSB | 0 0 0 0 0 0 0 0 0 O o0 1 | .001|3.998 [-9.9951
WITH Negative full scale 0 00O0OOGCOGOOO O 0 O | .000]399 [—10.000
TRUE Positive full scale 01 1111111 1 1 1 |3999]| .006 99951
ZERO 2's complement; Positive full scale ~ LSB o1+t 111t 1t 11 1 1 1 0 13.998 | .001 { -9.9902
oifset half scale e-a-C +11SB 0 00O0OOOCOO O 0 1 | 2.001 | 1.998 .0049
true zero output b-g Zero scale 0 0'00O0O0OCDOO O O O 2000|1999 .000
MSB compiemented R1=R2=5K |-1LSB 111111111 1 1 1 {1999][2000 | -0049
(need inverter at B1). Negative full scale +LSB [ 1 ¢ 0 0 0 0 0 0 0 O O 1 001 | 3.998 |-9.9951
Negative full scale 100000000 0 0 o | .000]|399 |-10.000

ADDITIONAL CODE MODIFICATIONS
1. Any of the offset binary codes may be complemented by reversing the output terminal pair.
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Am6012

SEGMENTED DAC DESIGN INFORMATION

The design of a 12-bit D/A converter has traditionally required
precision thin film resistors, a trimming method, and a binarily
weighted ladder network. The Am6012 is a 12-bit DAC which
uses diffused resistors and requires no trimming, cutting, blow-
ing, or zapping to guarantee monotonicity for ali grades over the
temperature range. A proprietary design technique, departing
from the traditional R-2R approach used in virtually all high
speed high resolution converters, provides inherent monoto-
nicity and differential linearity as high as 13 bits. This guarantees
a more uniform step size over the temperature range than avail-
able trimmed 12-bit converters. The converter's performance is
immune to variations in temperature, time, process, and
mechanical stress. The circuit also features differential high
compliance current outputs, wide supply range, and a multiply-
ing reference input.

In most converter applications, uniform step size is more impor-
tant than conformance to an ideal straight line. Most 12-bit con-
verters are used for high resolution rather than high linearity,
since few transducers are more linear than +0.1%. All classic
binarily weighted converters require +1/2 LSB (*.012%) linear-
ity in order to guarantee monotonicity, which requires very tight
resistor matching and tracking. This new circuit uses conven-
tional bipolar processing to achieve high differential linearity and
monotonicity without requiring correspondingly high linearity, or
conformance to an ideal straight line.

One design approach which provides monotonicity without re-
quiring high linearity is the MOS switch-resistor string. This cir-
cuit is actually a full complement to a current switched R-2R
DAC since it is slower, has a voltage output, and if implemented
at the 12-bit level would use 4096 low tolerance resistors rather
than a minimum number of high tolerance resistors as in the
R-2R network. Its lack of speed and density for 12 bits are its
drawbacks.

The technique used in the Am6012 combines the advantages of
both the R-2R and 2"R approaches. It is inherently monotonic,
fast, and uses untrimmed resistors which are actually fewer in
number than the classic R-2R ladder.

In order to properly describe the new design technique, the stan-
dard R-2R ladder approach used in previous 12-bit DAC’s will first
be discussed. Figure 1 shows the twelve-bit currents which are
used in all possible binary combinations to generate 4096 analog
output levels. The resistor ladder tolerance is most critical for the
major carry, where the 11 least significant bits turn off and the
most significant bit turns on. If the MSB is more than 1uA low, or
—.05%, the converter will be nonmonotonic. Table 1 shows the
maximum tracking error which can be allowed overa 100°C range
to maintain monotonicity, which is =1 LSB D.N.L. Achieving +1/2
LSB differential nonlinearity is especially difficult since it requires
a tracking temperature coefficient of £1.25 ppm/°C.

Figure 2 shows the transfer characteristic for the new technique,
called the segmented DAC. The 4096 output levels are com-
posed of 8 groups of 512 steps each. Each step group is gener-

ated by a 9-bit DAC, and each of the segment slopes is deter-
mined by one of 8 equal current sources, as shown in Figure 3.
The resistors which determine monotonocity are in the 9-bit DAC.
The major carry of the 9-bit DAC is repeated in each of the 8
segments, and requires eight times lower initial resistor accuracy
and tracking to maintain a given differential nonlinearity over
temperature.

The operation of the segmented DAC may be visualized by
assuming an input code of all zeroes. The first segment current
1o is divided into 512 levels by the 8-bit multiplying DAC and fed
to the output, IgyT. As the input code increases, a new segment
current is selected for each 512 counts. The previous segment is
fed to output loyt Where the new step group is added to it, thus
ensuring monotonicity independent of segment resistor values.
All higher order segments feed lgyt-

At each segment endpoint, monotonicity is assured because no
critical resistor tolerances are involved. For example, at the mid-
point of the transfer characteristic, as shown in Figure 2, I5 o is
actually generated by the same segment resistor as I3 541 and
has been incremented by the remainder current of the 9-bit
DAC.

In the segmented DAC, the precision of the 8 main resistors
determines linearity only. The influence of each of these resis-
tors on linearity is four times lower than that of the MSB resistor
in an R-2R DAC. Hence, assuming the same resistor tolerances
for both, the linearity of the segmented approach would actually
be higher than that of an R-2R design.

The step generator or 9-bit DAC is composed of a master and a
slave ladder. The slave ladder generates the four least signifi-
cant bits from the remainder of the master ladder by active cur-
rent splitting utilizing scaled emitters. This saves ladder resistors
and greatly reduces the range of emitter scaling required in the
9-bit DAC. All current switches in the step generator are high
speed fully differential switches which are capable of switching
low currents at high speed. This-allows the use of a binary scaled
network all the way to the least significant bit which saves power
and simplifies the circuitry. :

Diffused resistors have advantages over thin film resistors be-
yond simple economy and bipolar process compatibility. The
resistors are fabricated in single crystal rather than amorphous
material which gives them better long term stability and tracking
and much higher moisture resistance. They are diffused at
1000°C and so are resistant to changes in value due to thermal
and chemical causes. Also, no burn-in is required for stability.
The contact resistance between aluminum and silicon is more
predictable than between aluminum and an amorphous thin film,
and no sandwich metals are required to enhance or protect the
contact or limit alloying. The initial match between two diffused
resistors is similar to that of thin film since both are defined by
photomasks and chemical etching. Since the resistors are not
trimmed or altered after fabrication, their tracking and long term
characteristics are not degraded.

TABLE 1 .
RESISTOR SPECIFICATIONS

Initial Matching Tracking Required for Tracking Req’d. for
No. of Required for +1 LSB DNL (ppm/°C) +1/2 LSB DNL (ppm/°C)
Ladder Type | Resistors | =1 LSB DNL (%) | 0 Initial DNL | 1/2 LSB Initial DNL 1/4 LSB Initial DNL
Straight R-2R 37 +.05 5 25 1.25
Segmented
3 Bits + 9 Bits 24 =4 40 2 10




Am6012

Vaer MSB LsB ——
O lout
£ e ) A A ) A R D e U R
X 1X
= 2R
V- MAJOR {1000 0000 0000 2.000mA
CARRY | 0111 1111 1111 1.999mA
Figure 1. Traditional R-2R D/A Converter.
LIC-854
loyt(mA}
4.0
l4,0 A Iy
l3.511
N
1s
3.0
I3
I3 Is
fs
2.0
13
Iz
1.0
&
lo
0
g £ £ £ T E E T E
§EEEEEEC
§ 88 28 & ¢t
DIGITAL INPUT
Figure 2. Transfer Characteristic of Segmented Design.
LIC-855
MSB LSB
Bt B2 B3 B4 B5 B6 B7 Bs B9 B10 Bil Bi12
) Q ) [} o o L) L) o [
: [
S S S I I O I W ol
J,'}Avé I3RS &{&{&{é{ out
G o VBIAS
ax(” 2x(” 1x{~ 1x
SEGMENT oex(” ax(” 2x(” ax(” 1x(”
DECODER ; ! —oVBIAS
T T 16X 8x[ ax{ 2x{ 1x{ 1x
11 - I “ 2R 32R 2R $2R $2R :2R
R R R R
\ | ]
*VRer ; IJ’ ]g 151 IA IJ)l |
Rper pl 8oo1 3h1 8goT1a08 1858 1808 120 9-BIT DAC
1 [ S P Y (N Y N 1 NN P (R P4
i i i i | | | |
+ K - v
- 2X ™
= R/2 R R R R R R R R : .
REFERENCE ! ! L . V- CODE SELECTED: 0111 1111 1111
AMPLIFIER
SEGMENT GENERATOR
Figure 3. Segmented DAC Functional Diagram Used in Am6012. LIC856
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Am6012

CMOS, HTL
Qv+

<
<
<

<
<
<

{See Notes 1 and 2)

1.

Notes:

Set the voltage “A” to the de-
sired logic input switching
theshold.

. Allowable range of logic

threshold is typically -5V to
+13.5V when operating the
DAC on +15V supplies.

Interfacing Circuits for ECL, CMOS, HTL Logic Inputs

LIC-857
CRT DISPLAY DRIVER
TM:OVDC
2 3 2 2
3 3 T 3
80V COMMON ] o
MODE LEVEL 1
CRT
“X" INPUT ‘\J L/\ >| |< “¥" INPUT
._lc ‘v‘ ‘v
Am6012 15 Ameo12
—~—1lg
Notes: 1. Full differential drive lowers power supply voltage.
2. Eliminates inverting amplifiers and transformers.
3. independent beam centering controls. Lic-858
HIGH-SPEEb 12-BIT A/D CONVEﬁTER
b +VRer
ViNO .1
l Am2504
—g B, MsB
s 0
= <)
el
o DIGITAL
O  OuTPUT
<]
—_0
0
Ze]
Conversion Time o8, LS8
300nsec DAC settling Rie
S0nsec SAR [ VREF(+) f————AAN—0 VResl1)
300nsec Comparator
650nsec ' Ame012
x13 (12 bits + reset) —
J— lo Vaer(-) |
8.5usec Total Ris A
. - LIC-859
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Amo6080

Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter

DISTINCTIVE CHARACTERISTICS

e 8-Bit D/A with 8-Bit input data latch

e Compatible with most popular microprocessors including
the AmZ8000 and the Am2900 Families

Write, Chip Select and Data Enable logic on chip

DAC appears as memory location to microprocessor
MSB inversion under logic control

Differential current output

Choice of 6 coding formats

Fast settling current output —160ns

Nonlinearity to +0.1% max over temperature range
Full scale current pre-matched to +1 LSB

High output impedance and voltage compliance

Low full scale current drift — +5ppm/°C

Wide range multiplying capability —2.0MHz bandwidth
Direct interface to TTL, CMOS, NMOS

High speed data latch — 80ns min write time

GENERAL DESCRIPTION

The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog
converter with an 8-bit data latch, chip select and other control
signal lines which allow direct interface with microprocessor
buses.

The converter allows a choice of 6 different coding formats. The
most significant bit (D;) can be inverted or non-inverted under the
control of the code select input. The code contro! also provides a
zero differential current output for 2's complement coding. A high
voltage compliance, complementary current output pair is pro-

vided. The data latch is very high speed which makes the -

Am6080 capable of interfacing with high speed microprocessors.

Monotonic multiplying performance is maintained over a more
than 40 to 1 reference current range. Matching within =1 LSB

between reference and full scale current eliminates the need for
full scale trimming in most applications.

The Am6080 guarantees full 8-bit monotonicity. Nonlinearities as
tight as 0.1% over the entire operating temperature range are
available. Device performance is essentially unchanged over the
full power supply voltage and temperature range.

Applications for the Am6080 include microprocessor compatible
data acquisition systems and data distribution systems, 8-bit A/D
converters, servo-motor and pen drivers, waveform generators,
programmable attenuators, analog meter drivers, programmable
power supplies, CRT display drivers and high speed modems.

EQUIVALENT CIRCUIT

Ls8 MSB CODE
Dy Dy Dp D3 Dy Ds Dg D; SEL V4

0000009??1

TS O—— DATA GATE
W o— DATA LATCH 1o
DE 0—
REF AMP
VREF(+) O—
BIT SWITCHES AND LADDER -
VREF(-) O—] o

COMP O—1

GND V-

LIC-061

CONNECTION DIAGRAM
Top View

o ./
CODE SELECT 1 [} CODE SEL v+ [] 20 POSITIVE POWER SUPPLY

To {] 19 oUTRUT

(MsB) D7 INPUT 2 [|D;

g INPUT 3 []Dg o [] 18 outPuT

Ds INPUT 4 l:‘ Ds AmE080 V- b 17 NEGATIVE POWER SUPPLY

D4 INPUT 5 [] D4 COMP [_] 16 COMPENSATION
D3 INPUT 6 []D; VRer(—) [[] 15 NEGATIVE REFERENCE

oy INpuT 7 [0, VReF(+) |_] 14 POSITIVE REFERENCE

Dy INPUT 8 []Dy DE :] 13 DATA LATCH ENABLE
(LSB) Do INPUT 9 [|Dg W [] 12 wRITE
GND 10 [| GND €s [] 11 cHip sELECT

Pin 1 marked for orientation.

LIC-062
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Am6080
MAXIMUM RATINGS

Operating Temperature Power Supply Voltage +18V
* Am6080ADM, Am6080DM —55°C to +125°C | Logic Inputs -5V to +18V
Am6080ADC, Am6080DC Analog Current Outputs -12V to +18V
o o
Am6080APC, Am6080PC 0°C to +70°C Reference Inputs (V14V15) V—toV+
Storage Temperature —65°C to +150°C | Reference Input Differential Voltage (V44 to V4s) +18V
Lead Temperature (Soldering, 60 sec) 300°C | Reference Input Current (l14) 1.256mA
ELECTRICAL CHARACTERISTICS
These specifications apply for V4 = +5V, V_ = —15V, Iggr = 0.5mA, over the operating temperature range unless otherwise specified.
Output characteristics refer to all outputs.
Am6080A Am6080
Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit
Resolution 8 8 8 8 8 8 bits
Monotonicity 8 8 8 8 8 8 bits
pNL | Differential - - | =019 | - - | =039 | %Fs
Nonlinearity
N.L. Nonlinearity - - +0.1 - - +0.19 | %FS
VREF = 10.000V
lgs Full Scale Current Ry4 = Ry5 = 20.000k2 1.984 | 1.992 | 2.000 | 1.976 | 1.992 | 2.008 mA
Tp = 25°C
= +5 +20 = +10 +40 | ppm/°C
TClgg Full Scale Tempco
- .0005 | =+.002 - .001 +,004 | %FS/°C
Output Voltage _ _ _ _
Voc Compliance 10 +18 10 +18 Volts
Full Scale —
lFSS Symmetry IFS1 - IFS1 - +0.1 +1.0 - +0.2 +2.0 nA
Izg Zero Scale Current - 0.01 04 - 0.01 08 uA
| Reference Current V- = -5V 0 0.5 0.55 0.5 0.55 mA
RR Range V- = 15V 0 05 | 14 05 | 141
Vi Logic | ogic 0" - - 0.8 - - 0.8
Input - Volts
ViH Levels | Logic“1” 20 - - 20 - -
Iin Logic Input Current ViN = =5V to +18V - - 40 - - 40 HA
Vis Logic Input Swing V- = -15V -5 - +18 -5 - +18 Volts
Reference Bias
lys Current 0.5 2.0 0.5 2.0 pA
Reference Input Ry4(eq) = 8000 _ _
di/dt Slew Rate CC = OpF 4.0 8.0 4.0 8.0 mA/us
PSSlEs+ | Power Supply V+ = +4.5V to +6.5V, V- = —15V — | *0.0003| =0.01 - |[*00005| =001 | o
PSSipg_ | Sensitivity V- = ~135V 1o — 16:5V, V+ = +5V | z00005| 001 | <= |=00005| =001 |
V+ Power Supply 45 - 18 45 - 18
| = 0.5mA, V, =0V Volts
V- Range REF = BT Yout —18 - —45 | -18 - —45
I+ - 9.8 14.7 - 98 |. 147
V+ = +5V, V- = -5V
|- - -7.4 -9.9 - -74 -9.9
I+ Power Supply - 9.8 14.7 - 9.8 147
V+ = +5V, V- = —15V mA
I- Current - -7.4 -9.9 - -7.4 -99
I+ 9.8 14.7 - 9.8 147
: V+ = +15V, V- = —15V
I~ - -7.4 -9.9 - -7.4 -9.9
V+ = 45V, V- = -5V - 86 123 - 86 123
' Power
Pp Dissipation V+ = +8V, V- = —-15V - 160 222 - 160 222 mw
V+ = +15V, V- = —15V - 258 369 - 258 369
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Amo6081

Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter

DISTINCTIVE CHARACTERISTICS

8-Bit D/A with 8-Bit input data latch

Compatible with most popular microprocessors including
the AmZ8000 and the Am2900 Families

Wirite, Chip Select and Data Enable logic on chip

DAC appears as memory location to microprocessor
MSB inversion under logic control

Differential current outputs

Output current mode multinlexer with logic selection
2-Bit status latch for output select and code select
Choice of 8 coding formats

Fast settling current output — 200ns

Nonlinearity to +0.1% max over temperature range
Full scale current pre-matched to =1 LSB

High output impedance and voltage compliance

Low full scale current drift — +5ppm/°C

Wide range multiplying capability —2.0MHz bandwidth
Direct interface to TTL, CMOS, NMOS

Qutrnut rangs salaction with on chin m

High speed data latch — 80ns min write time

>0 0000 0 0

vltinlavar
LECXCT

GENERAL DESCRIPTION

The Am6081 is a monolithic 8-bit multiplying Digital-to-Analog
converter with an 8-bit data latch, a 2-bit status latch, chip
select and other control signal lines which allow direct inter-
face with microprocessor buses.

The converter .allows a choice of 8 different coding formats.
The most significant bit (D;) can be inverted or non-inverted
under the control of the code select input. The code control
also provides a zero differential current output for 2's com-
plement coding. A pair of high voltage compliance, dual com-
plementary current output channels is provided and is
selected by the output status command. The output multi-
plexer.also allows analog bus connection of several convert-
ers, range or output load selection, and time-shared operation
between D/A and A/D functions. The data and status latches
are high speed which makes the Am6081 capable of interfac-
ing with high speed microprocessors. The DE and SE control
signals allow the data and status latches to be updated

individually or simultaneously.

Monotonic muitiplying performance is maintained over a more
than 40 to 1 reference current range. Matching within =1 LSB
between reference and full scale current eliminates the need
for full scale trimming in most applications.

The Am6081 guarantees full 8-bit monotonicity. Nonlinearities
as tight as 0.1% over the entire operating temperature range
are available. Device performance is essentially unchanged
over the full power supply voltage and temperature range.

Applications for the Am6081 include microprocessor compati-
ble data acquisition systems and data distribution systems,
8-bit A/D converters, servo-motor and pen- drivers, waveform
generators, programmable attenuators, analog meter drivers,
programmable power supplies, CRT display drivers and high
speed modems.

EQUIVALENT CIRCUIT

mMSB

LsB CODE
Do D1D2D304050¢ D7 SEL V4
i ?
Y s,
C5o—] DATA GATE — it
Wo— OATA LATCH I I STATUS
DE o— STATUS GATE LATCH _c,ﬂ— lo1
SEME: o1
REF AMP o
VREF(—)o— LA 02
e Toz
COMP o—
& Fia
STATUS
LATCH
I T ]
GND v- OUTPUT SEL LIC-001

CONNECTION DIAGRAM

Top View
cooe seLect 1| BoeseL v+ [] 24 POSITIVE POWER SUPPLY
(MsB) 07 INPUT 2[| D OUT SEL [] 23 OUTPUT SELECT
DgINPUT 3] 0 103 [ ] 22 ouTPUT 2
psnveut 4 o5 102 ] 21 outPuT 2
LA oY e g 0 [] 20 SUTAUTT
ogivpuT 6] 05 0 [ ]9 ou.wun
o,weur 7] 0, AmE081 ¥~ [ ] 18 NEGATIVE POWER SUPPLY
o,weut 8[| o, COMP [ ] 17 COMPENSATION
{LSB) Do INPUT 9 : Do VReF(—) |__] 18 NEGATIVE REFERENCE
CHIP SELECT 10 [ ] TS VrRer(+) [ 15 POSITIVE REFERENCE
wamEn [| W SE [ ] 14 STATUS LATCH ENABLE
Grounp 12 [ ano DE | ] 13 DATA LATCH ENABLE
LiC-002




Am608t1

Am6081 FUNCTIONAL PIN DESCRIPTION

Symbol Function

cs

SE

g

Dg-D;

Chip Select — This active low input signal enables
the Am6081. Writing into the data or status latches
occurs only when the device is selected.

Data Latch Enable — This active low input is used
to enable the data latch. The CS, DE, and W must
be active in order to write into the data latch.

Status Latch Enable — This active high input is
used to enable the status latches. The CS, SE,
and W must be active in order to write into the
status latches.

Write — This active low control signal _g_rlables the
data and status latches when the CS, DE, and SE
inputs are active.

Do-D7 are the input bits 1-8 to the input data latch.
Data is transferred to the data latch when CS, DE,
and W are active and is latched when any of the
enable signals go inactive.

- CODE
SEL

ouT
SEL

Code Select — Input to the CODE SEL latch. The
latch is transparent when CS, SE and W are ac-
tive and is latched when any of the above signals
go inactive. When CODE SEL latch = 0, the MSB
(Dy) is inverted and 1 LSB balance current is
added to the T output.

Output Select — Input to the OUT SEL latch. The
latch is transparent when CS, SE and W are ac-
tive and is latched when any of the above signals
go inactive. When the OUT SEL latch is low, the
channel 1 output pair (lgy, Toq) is selected. When
the OUT SEL latch is high, the channel 2 output
pair (lp2, Ioz)-is selected.

VREeF(+) Positive and negative reference voltage to the ref-
VRer(—) erence bias amplifier. These differential inputs allow

the use of positive, negative and bipolar references.

COMP Compensation — Frequency compensating terminal

I01’ !QJ

for the reference amplifier.
These high impedance current output pairs are

lo2, lo2 selected by the output select latch. Iy and lo are

true outputs and Igy and Ig; are complementary
outputs.

FUNCTION TABLES

CODE SELECT AND

DATA LATCH CONTROL STATUS LATCH CONTROL OUTPUT SELECT
—_— . CODE SEL and CODE OuT
CS W DE Data Latch CS W SE. OUT SEL Latch SEL SEL Function
0 0 0 Transparent 0 0 1 Transparent 0 - MSB Inverted (Note 1)
X X 1 Latched X X 0 Latched 1 - MSB Non-inverted
X 1 X Latched X 1 X Latched - 0 Output Channel 1
1 X X Latched 1 X X Latched - 1 OQutput Channel 2
X = Don't Care

Note 1. 1 LSB balance current is added to the g output.

MAXIMUM RATINGS

Operating Temperature Power Supply Voltage *18V
Am6081ADM, Am6081DM —55°C to +125°C | Logic Inputs -5V to +18V
Am6081ADC, Am6081DC Analog Current Outputs —12V to +18V
Am6081APC, Am6081PC 0°C to +70°C Reference Inputs (V3, V1g) V- 1to V+

Storage Temperature —65°C to +150°C | Reference Input Differential Voltage (V45 to V) *+18V

Lead Temperature (Soldering, 60 sec) 300°C | Reference Input Current (l4s) 1.25mA

GUARANTEED FUNCTIONAL SPECIFICATIONS -

Resolution 8 bits
Monotonicity 8 bits
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Amo61038

Microprocessor System Compatible 8-Bit A/D Converter

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® 1us conversion time The Am6108 is a microprocessor compatible 8-bit high-speed
e Trimmed internal voltage reference analog-to-digital converter. The Am6108 is the first fully
® 0.1% nonlinearity monolithic high-speed A/D to include a precision reference,
® Ratiometric operation DAC, comparator, SAR, scale resistors, output 3-state buffers
® Low operating voltages and control logic. The Am6108 is capable of completing an 8-bit
o Internal matched gain reference and offset resistors conversion in under one microsecond and can handle input vol-
® Microprocessor compatible tage ranges of 0 to 10V, 0 to 5V, and =5V without external
e 3-state outnuts components. With aporopriate external resistors, the user can
® Pin-programmable unipolar or bipolar twos complement program the device to operate on other input signal ranges (2 or
conversion 3 precision resistors are required). Full 8-bit performance is
e Conversion complete available as interrupt or as multiplexed guaranteed over temperature. The device has 3-state outputs
output on data bus for bus compatibility and two status outputs — one a standard
TTL signal and the other available as a status output on the data
bus.
The Am6108 is useful in microprocessor-based systems, or can
be used in a stand-alone mode. The conversion time is short
enough to allow most microprocessors to accept data im-
mediately after requesting a conversion. Applications include-
Analog I/O subsystems and servomechanism control.

EQUIVALENT CIRCUIT

REFERENCE NON-INVERTING
ANALOG GAIN  AMPLIFIER COMPARATOR INVERTING
GROUND  VREF  RESISTOR  INPUT COMPENSATION INPUT Rin RorF COMPARATOR lo

+

2.5V DIGITAL TO ANALOG
REFERENCE CONVERTER
I M=
to
SUCCESSIVE
CONTROL LOGIC APPROXIMATION
REGISTER
9
/l( o—————] +v
3STATE BUFFER o= ——< -5
c ™~ anp
8
cLock( \ D/ST R Cc é
CODE cs START DIGITAL
SEL ) ouTPUT ~ ag0
ORDERING INFORMATION /
R POSITIVE POWER
Order Temperature Ls8p
Number Range '
AM6108DM —55 to +125°C
AM6108DC 0to 70°C
AM6108PC 0to 70°C
AM6108XM Dice Dy OUTPUTICON®
AM6108XC Dice &
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AMD MOS ROM Sclector Guide

Power Operating
AMD P/N Size Organization tace Supplies Pins Range Package Type
Am3514 4K 512 x 8 700nsec +5 24 C Plastic, hermetic
Am9214 4K 512x8 500nsec +5 24 C,M Plastic, hermetic
Am9208B 8K 1024 x 8 400nsec +5, +12 24 C,M Plastic, hermetic
Am9208C 8K 1024 x 8 300nsec +5, +12 24 Cc,M Plastic, hermetic
Am9208D 8K 1024 x 8 250nsec +5, +12 24 C Plastic, hermetic
Am9216B 16K + 2048 x 8 400nsec +5, +12 24 Cc,M Plastic, hermetic
Am9216C 16K 2048 x 8 300nsec +5, +12 24 C Plastic, hermetic
Am9217A 16K 2048 x 8 550nsec +5 24 C,'M Plastic, hermetic
Am9217B 16K 2048 x 8 450nsec +5 24 C,M Plastic, hermetic
Am9218B 16K 2048 x 8 450nsec +5 24 C,M Plastic, hermetic
Am9218C 16K 2048 x 8 350nsec +5 24 C Plastic, hermetic
Am9232B 32K 4096 x 8 450nsec +5 24 C,M Plastic, hermetic
Amg232C 32K 4096 x 8 300nsec +5 24 C Plastic, hermetic
Am39233B 32K 4096 x 8 450nsec +5 24 C,M Plastic, hermetic
Amg233C 32K 4096 x 8 300nsec +5 24 C Plastic, hermetic
Ordering Information
Package Operating Access Time
Type Temp. Range 550ns 500ns 450ns 400ns 350ns 300ns 250ns
Plastic 0°C < Tp < +70°C | Am9217APC | Am9214PC Am9217BPC | Am9208BPC | Am9218CPC | Am9208CPC | Am9208DPC
P8316A Am9218BPC | Am9216BPC Am9216CPC
P8316E Am9232CPC
Am92328PC Amg233CPC
Am9233BPC
Cerdip 0°C < Tp < +70°C | Am9217ACC | Am9214CC Am9217BCC | Am9208BCC | Am9218CCC | Am9208CCC | Am9208DCC
C8316A Am9218BCC | Am9216BCC Am9216CCC
C8316E Amg232CCC
Am9232BCC Am9233CCC
Am9233BCC
Side-Brazed| 0°C < Tp < +70°C | Am9217ADC | Am9214DC Am9217BDC | Am9208BDC | Am9218CDC | Am9208CDC | Am9208DDC
Am9218BDC | Am9216BDC Am9216CDC
Am9232BDC Am9232CDC
Am9233BDC Am9233CDC
Side-Brazed | -55°C =< Tp = +125°C| Am9217ADM | Am9214DM Am9217BDM | Am9208BDM Am9208CDM
Am9218BDM | Am9216BDM
Am9232BDM
Am9233BDM

Basic Device

Understanding the AMD ROM P/N

Example:

T

Speed
A = 500 or 550nsec
B = 400 or 450nsec
C = 300 or 350nsec
D = 250nsec

Package Type
P = Plastic

C = Cerdip

D = Ceramic Side-Brazed

Am 9218 B P C 31500

508

Temperature Range
C =0Cto +70°C

Customer identifier

A unique 5 digit code is
assigned to each customer
pattern by product marketing

M = — 55°C to +125°C

= — 25°C to +85°C
= Special

6-1




MOS ROM Selector Guide

AMD ROM Flow

*

Key Points AMD

1. Be sure to specify all Chip Selects.

2. Be sure to specify device marking.

3. Be sure that the format for the input
data is included with the data.

4. Delivery times for both prototypes
and production units are dependent
on the turnaround time required by

CUSTOMER

CUSTOMER
DATA

the customer for verification.
PRINTOUTS

1 Week after receipt of customer data, a
printout in Hexadecimal and/or AMD

Hexadecima! |BM cards will be sent

for customer verification.

PRINTOUT
VERIFICATION

I . MA
4 Weeks after verification of the printouts, GENER%.ION <

10 prototypes per code are shipped

to the customer for verification.
PROTOTYPES

6 Weeks after verification ot prototypes,
production quantities (up to 1000 pcs.
per code) can be shipped.

Preferred Data Format:
AMD HEXADECIMAL

PROTOTYPE
VERIFICATION

Acceptable Formats: PRODUCTION ) <'L

E-PROMs (2708/2716)
Intel Hexadecimal
Intel BPNF I
E-A Octal

G.l. Binary

Motorola Hexadecimal
T.l. Octal

PRODUCTION
SHIPMENTS




MOS ROM Selector Guide

AMD Preferred Format

PROGRAMMING INSTRUCTIONS

Custom Pattern Ordering Information

The Am9208/Am9216/Am9217/C8316A/
Am9218/C8316E/Am9232/Am9233 are programmed from
punched cards, card coding forms or from paper tape in card

image form in the format as shown below.

Logic “1” = a more positive voltage (normally +5.0V)
Logic “0” = a more negative voltage (normally 0V)

"FIRST CARD

Column Number
10 tivough 25
32 through 37

Description

Customier iName

Total number of “1”’s contained in

the data.

This is optional and should be left

blank if not used.

92088, 9208C, 9208D, 9216B, 9216C,
8316A, 9217A, 92178, 8316E, 92188
9218C, 9232B, 9232C, 92338 or 9233C

Data.

50 through 62

65 through 72

SECOND CARD
Column Number Description
25 CS; input regquired to sclcct chip
(0 or 1) only for 9217, 8316A, 9218,
8316E
31 CS; input required to select chip
Oor1t)
33 CS; input required to select chip
(Oor1)
35 CSy input required to select chip

(0 or 1) only for 9214

The Hexadecimal Option is a compact way of presenting the
data. This format requires only 32/64/128/256 data cards. Each
data card contains the 8-bit output information for 16 storage
locations in the memory. The address indicated in columns

21, 22 and 23 is the address of the data presented in columns

30 and 31. Addresses for successive data are assumed to be
in incremental ascending order from the initial address. Since

the address in columns 21, 22 and 23 indexes the first data on
the card, column 23 is always a zero. Columns 21 and 22 take
all hex values from 00 through 1F/3F/7F/FF cards in all. Data is
entered in hex values and may be any combination of 8 bits,
that is, hex values from 00 through FF.

s OUTPUT VALUES FOR ADDR +
3 0 1 2 3 4 5 6 8 9 A B c o E F
2122 23] * [30]31)32[33[34[35[36[37] 38 39]40] 4 1[42[43]44[ 45464 7| 48]aa]50]51[52] 53[ 54 55|56 57 58] 59 |60] 61|62 63 64 | 65 66 67| 68 [ 69[70] 71{ 72[ 73] 74] 75 76
ofojof | | | | | | L I 1 | | | | | | 1
oftfo) | | | | | | | I | | ! l { | | |
J CTRI:A I O O 0 A O R Ll bt f e il

.
m— 0 K -
.

1|r|o”|H1|ll|l'1l|1|||

ININIninne

.
== o K ==
.

L L

[ ]

I

I

s LI

L ]
-0 16K ==
[

s ninninine

I

IR

.
- 0 32K mm
.

ininininine

ININIninne

1IN




MOS ROM Selector Guide

aopress 7 []
Ao0RESS 8 ]
aoonesss [
apress 10 [T
aooResso [
ooress 1 ]
ApoRess? [
aooness ]
aooress 4 [

ApDRESS 5 [}
ADORESS 6 [

tano) ves []

A00RESS 7 {7
ApoREss s [
AoDREssS 1 3
AooRess ¢ [
Aporess 3 ]
Aooress 2 [
aooRess) [
A0oRESs 0 [

outeut 1 []

Connection Diagrams (Top Views)

Am9208

0 S

B

©

outeut2 [ 10

outeuT3 [ 11

enotves [ 12

26 [] Vectsv)
23 [ ] ADDRESS 8
22 [ ] aDORESS S
2 [Jne

20 [T] esy/E5,

19 [ vootr12vt
18 [] ¢s2E5,
1 [Jouerurs
16 :| oUTPUT 7
15 [[JoutPute
1e [Joutruts

13 {_Jouteuta

Am9217
8316A

[ veetson
23 [] outruT
22 [ ] outeut2
21 [ ) outrut3
20 [ ] outPuta
19 [ oureurs
18 [} outrute
1 [Jouteut?
16 [] outeurs’
15 [ eswiesy

14 [ csarcsy

13 [] csy/csy

Am9214

——

ne [ 24 :]vccusvl
52188, ] 2 2 j‘“!’ﬂv
cs3/T8, ] 3 22 [] €S0/E3

ourruro [ 4

outruT1 ] s

outuTz [ 6

ouTPuT3 [

outeuta [ 8

outruts [ 9

outruTs [ 10

ouTeyT 7 "

16nDIves [ 12

Am9218
8316E

AooREss 7 (]
aooresse [ 2

Aopress s [

aopressa "]
Aooress3[]'s
acoress2 (] 6
ADDRESS 'd 7
aocresso [ 8
auteur 1 [ 9
oureurz [ 10
ourwra[ 0

tonD) vgg [ 12

21 [ ] AoDRESS O
20 [ ADDRESS 1
19 [] AvoRessz
18 j ADDRESS 3
17 [] AooREss 4
% : ADDRESS 5
15 [_] ApDRESs 8
14 [T] ApDREss 7

13 :] ADDRESS 8

1 veetson
[ ] acomesss
[] coResso
[ csacss
[ csuest
:l ADDRESS 10
[ cscsz
[ ourrurs
[Joureurs
[Joutruts
[Joureurs
[Jouteura

Am9216

ADDRESS 7 [} "

AoOREssS [ 2
AopRESSS [ 3

avoness+ [}

avoress3[] s
aooness2 [] &
aooress1 ] 7
appresso [ s
ourrut1[] 0
outut2 [ 10
ourputa [T 11

(@noIvss [ 12

S
2 :] Vegt+8v)

» ;:] ADORESS 8
22 [7] AvoREss 9
21 [T] aboRess 10
2 [T] 65

19 [ Voote12vi
18 [ €523,
7 [Joverure
15 [_Jouteuty
15 [T outeure
14 [Jouteuts

13 [Jouteuta

Am9232

AooRess 7 []
ADDRESS 6 [j 2

aooresss[ ] 3
Aooressa[ | o
ApDORess3 [} 5
aporess2[_] 6
appress1[ ] 7
aporesso[_ ] @
ourrut 1[0
outeut2[] 10
outeuta[»

enoyvgs [ 12

S

[ vecusw

[ ] aooresss
22 [ ] ADDRESS ®
) csysame
[ esvesine

k-

3

a

=) aooness 10

[ ] Aporess 11
] overure
[Jouteuts
[ Joutrurs

[ oureura

Ed

Am9233

0 J

Aporess7[] 1
ADDRESS 6 [
AooRESS 5 [
aopRess 4[]
AvoRess 3 []
avoress 2 (]

aopress 1] 7

~

P

N

»

aporesso[] &
outeut 1 [] @
output2 [] 10
ourrura [ 11
©NDIVss [ 12

] Veetsv
() aoonesss
[—] acoresss
[ oomess 11
[ csucsime
[ aooress 10
[ ] csrcsame
[Jourrure
[ Jouteury
[ Jouteuts

[Jouteurs

[ ] outeurs

6-4




Bipolar Memory
Cross Reference Guide

PROMs COMMON GENERIC SERIES CHARACTERISTICS
¢ High programming yieids

® High speed

® Temperature and voltage compensated for excellent

military performance
o High reliability fuse technology — platinum-silicide
o Ultra-fast programming

® |ow current PNP inputs
® Access time tested with N2 patterns

e Over 4 billion life test hours — no fuse failures

PROMs CROSS REFERENCE GUIDE

& &
~J
& S)e < 4 Js" S o
& 4 F & . s SF & §
§ o & §FFFEF & & 5§ §
¢ 3 § & E & & & ¢ {F & & S
Am27LS18
(Noa ) 256 | 32x8 | OC | 16 | 5065 53/63L5080 N/SB2523
AM27LS19
Nes 2, 256 | 32x8 | 35 | 16 | 50065 53/63LS081 N/S825123
DM75/8577 SN54/74188A
Am27518 256 | 82x8 | OC | 16| 4wso HM7602 mse00 | saekao-1 | DWTSSSTT | Nissesza | o oHTASA
DM75/8578
Am27519 256 | 32x8 | 35 | 16 | 40/50 HM7603 Ms610 | syeat-1 | CUTAAD | Nisestzs | SNs4/74s2es
Am27s20 | 1024 | 256x4 | oc | 16 | 4sie0 | 93417 | HM7et0 | 3601 :mssss‘s’z'; 53/6300-1 | DMS4/745367 | N/S825126 | SN54/745387
Am27s21 | 1024 | 256x4 | 35 | 16 | 4sie0 | e3427 | Hm7E11 | 3621 :m::::a 53/6301-1 | DM54/745287 | N/SB25129 | SN54/745287
< IM5604
Am27si2 | 2048 | 512x4 | OC | 16 | S0/60 | 93436 | HM7E20 | 3602 | MU0 | 5363051 | DMS4I74SSTO | NISE25130.
IM5624
Am21S13 | 2048 | S12x4 | 35 | 16 | s0/60 | s34s | HM7e21 | 3s22 | WP | syea0e-t | DMsa74ssTi | NsSszstat
Am27S15 | 4096 | 512x8 | 35 | 24 | 60/80 HM7647R N/S825115
Am27S25% NA.
it ‘006 | s12x8 | 35 | 26 | (i
Am27s26 | 409 | s12x8 | OC | 22 | NA
(Note 4)
Am27s27 | 4096 | s12xs | as | 22 | NA
(Note 4)
Am27S28 | 4096 | 512x8 | OC | 20 | s6/70 HM7648 536348 | DM54/745473 | N/SB25146 | SN54/745473
Am27S20 | 4096 | §12x8 | 35 | 20 | 5570 HM7649 536349 | DM54/74S472 | N/S825147 | SN54/745472
Am27S30 | 4098 | 512x8 | OC | 24 | 55/70 | 93438 | HM7640 | 3604 | IMS605 | 5306340 | DM77/87S475 | N/S825140 | SN54/74S475
Am27S31 | 4096 | 512x8 | 35 | 24 | 5570 | 93448 | HM7641 | 3624 | IM5625 | 53/6341 | DM77/87S474 | N/S825141 | SN54/745474
Am27S32 | 4096 | 1024x4 | OC | 18 | 55/70 | 93452] HM7642 | 3605 | IM5606 | 5a/6352 | DM54/74S572 | N/SB25136 | SN54/74S477
Am27S33 | 4096 | 1024 x4 | 3S | 18 | 55/70 | 93453 | HM7643 | 3625 | IM5626 | 5a/6353 | DMS54/74S573 | N/S825137 | SN54/745476
Am27S180 | 8192 | 1024x8 | OC | 24 | 60/80 | 93450 | HM7680 | 3608 536360 | DM77/875180 | N/S825180 | SN54/745479
Am27518t | 8192 | 1024x8 | 35 | 24 | 60/80 | 93451 | HM7681 | 3628 536381 | DM77/87S181 | N/S82S181 | SN54/745478
Am275184* | 8192 | 2048x4 | OC |.18 HM7684 5363100 | DM77/875184 | N/S825184
Am27S185% | 8192 | 2048 x4 | 35 | 18 HM7685 5363101 | DM77/875185 | N/S825185
*Available 4th Qtr. 1979
+<Avallable 1t Qtr. 1980
Notes: 1..COML = 0 to 75°C, Vg = 5V 5%
MIL = -85 to +125°C, Vg = 5V £10%
2. Replaces Am27LS08/09.
3. Slimlive 24-pin package — 300 mil lateral centers.
4. Normal access time not applicable — this product contains built in pipeli i - nominal add to clock set up time 40ns, clock to output 15ns.
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Bipolar Memory Cross Reference Guide

PROMs COMMON GENERIC SERIES PROGRAMMING INFORMATION

All AMD Bipolar PROMs must be programmed on Approved manufacturers are: Card Set #
AMD approved equipment only. Data I/O Corp. 909-1286-1
' Pro-Log Corp. PM9058
ADAPTORS: AMD P/N DATA /0 PRO-LOG AMD P/N DATA 1O PRO-LOG

AM27LS18/19 715-1407-1 PA 16-2 and 32 X 8 (L) AM27526/27 715-1412-2 PA 22-4 and 512 X 8 (L)
AM27S18/19  715-1407-1 PA 16-6 and 32 X 8 (L) AM27528/29 715-1413 PA 20-4 and 512 X 8 (L)
AM27S520/21  715-1408-1 PA 16-5 and 256 X 4 (L) AM27S30/31 715-1545 PA 24-13 and 512 X 8 (L)
AM2751213  715-1408-2 PA 16-5and 512 X 4 (L) AM27532/33 715-1414 PA 18-6 and 1024 X 4 (W)
AM27S515 715-1411-1  PA 24-14 and 512 X 8 (L) AM27S180/18t 715-1545-2 PA 24-13 and 1024 X 8 (L)
AM27S25 715-1617 PA 24-16 and 512 X 8 (L) AM27S184/185 715-1616 PA 18-8 and 2048 X 4 (L)

RAMs COMMON CHARACTERISTICS

o High speed . e |nternal ECL circuitry for optimum speed/power

® Low power performance '

® Temperature and voltage compensated for excellent e Functional and switching characteristics tested for all data
military performance and address patterns

oe ’¢° S Sy
& > Y ]
o by 4 T+ $ & : & &
o X S & 5 v &ES S £ ~ § &
S $ § & s&ffs85 € & & ¥ 5 §
s & S ST LFS & S & y F &
T g & 19 O KNG IFF ¢ € ¥ 3 S )
Am27soza03a | UtraHigh 16 x4 |ocras | 25130 | s2s/580
Speed
Am27502 N/S82525
Am74/545289 | HighSpeed | 16x4 | OC | 35/50 |ss50/580 | 745289 3101A 65/5560 | DM74/545289 | N/S74/545289 | SN74/545289
Am3101A N/S3101A
Am27503 High Speed | 16x4 | 3S | 35550 |550/580 | 745189 65/5561 | DMB5/7599 | NIS74/545189 | SN74/545189
Am74/545189 gh Spe x
Uttra-High
Speed
Am27506/07 Noninverting| 164 |OC/3S | 25/30 | 5251580
Output
Am3101-1
Am74/548-1 16x4 | OC | 60/75 |525/580 | 7489 | 3101 DM74/5489 ‘ SN74/5489
Low Power
Am27LS02 High Speed | 16%4 | OC | s5/es | tesizi0 L65/5560 | DM74/54L5289
Low Power DM74/54L5189|
AmM27LS03 High Speed | 18%4 | 95 | ss/6s | 1esizi0 L65/5561 | o vioe o
Low Power
High Speed
Amz7isoso7 | (R 18 x4 fociss | ssies | 1esr210
Output
Low Power
AmM31LOIA Transparent | 16%4 | OC | ssies 1857210
AmzrLsoonota | UraHish | oee, 1 lasioc | 3sus | s2sis50
Speed
' Low Power 93L420 : :g::g;;s SN74/545201
Am27LS00 ° 256x1 | 35 | 45/55 |370/385 | 93421 | 3106 65/5531 | DM74/545200 SN74/545200
High Speed Ssazt NIS74/545200 | o2 P
N/S74/545201
N/SB2S17 | SN74/545301
Am27LS01 h?;,zw" 256x1 | OC | 4555 |370/385 gg&'ﬂ 3107 65/5530 | DM74/545206 | N/S82517 SN74/545300
peed ~ N/S74/545301 | SN74/54LS300
Am93415° High Speed | 1K x1 | OC | 45/60 |814/935 | 93415 MCM93415 N/S82510 SN74/545314
Amg3425° High Speed | 1Kx1 | 35 | 45/60 |814/935 | 93425 MCM93425 N/S82511 SN74/545214
Am93412** High Speed | 256x4 | OC | 45/60 [B814/935 | 93412
Am93422** | HighSpeed | 256x4 | 35 | 45/60 |814/935 | 93422

*Available 4th Qtr. 1979 **Available 1st Qtr. 1960
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Am9016

16,384 x 1 Dynamic R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
& High density 16k x 1 organization The Am9016 is a high speed, 16k-bit, dynamic, read/write
® Direct replacement for MK4116 random access memory. It is organized as 16,384 words by
® | ow maximum power dissipation — 1 bit per word and is packaged in a standard 16-pin DIP. The
462mW active, 20mW standby basic memory element is a single transistor cell that stores
® High speed operation — 150ns access, 320ns cycle charge on a small capacitor. This mechanism requires periodic
® 110% tolerance on standard +12, +5, —5 voltages refreshing of the memory cells to maintain stored information.
: ;:l;::or:\zanble interface signals Allinput signals, including tme_lwo clocks, are TTL compatible.
; m:é“;:";“ s;\llltv?luatnd Page mode clocking options The Row Address Strobe (RAS) lcads the rew address and the
e 128 cycle'refreshing : Column Address Strobe {CAS) loads the column address. The
e Unlatched data output row and col.umn address_signals share 7 input lines. Active
® Standard 16-pin, .3 inch wide dual in-line package cycles are initiated when BAS goes Igvy, and standby mode is
e Doubl Iv N- ’h | sili te MOS technol entered when RAS goes high. In addition to normal read and
ouble poly N-channe .s' '.c.on gate tec ‘no ogy write cycles, other types of operations are available to improve
© 100% MIL-STD-883 reliability assurance testing versatility, performance, and power dissipation,
The three-state output buffer turns on when the column access
time has elapsed and turns off after CAS goes high. Input and
output data are the same polarity.

BLOCK DIAGRAM

WRITE
voD
CLOCK —
’ GENERATOR | —-——— veCe
Ras NO. 1 CLOCKS
. ~——— vs§

e VBB
MULTIPLEXED *
cLOCK .
GENERATOR DNA DATA IN
l | BUFFER
CLOCK "‘! >__|
GENERATOR INHIBIT DATA | DaTA OUT
Tas NO. 2 ouT
Ao |_Burrer
RELEASE
DUMMY CELLS
e ———— |
AS "] MEMORY ARRAY
»e——
now 2, Y
A3 — ] ..INPU.T‘ DECODER oW, 128 SENSE: AMP e
A2 =] (Y] DATA <
INJOUT
P — MEMORY ARRAY
e e | -
DUMMY CELLS
|64 COLUMN _ |
‘_' SELECT LINES
i: COLUMN DECODERS
MUX
> SWITCH AO-AS 10F 64
Ae MOS-190
ORDERING INFORMATION
Ambient Package Access Time
Temperature Type 300ns 250ns 200ns 150ns

Hermetic DIP | AMS016CDC AMS016DDC AM3016EDC AMZ016FDC
Molded DIP AM9016CPC AMS016DPC AMBS016EPC AMS016FPC

0°C < Ty < +70°C

67



Am9016

CONNECTION DIAGRAM

ADDRESS INPUTS

COLUMN ADDRESS STROBE
DATA IN

DATA OUT

ROW ADDRESS STROBE
POWER (+12V)

POWER (+5V)

GROUND

POWER (-5V)

WRITE ENABLE

vaa: vss .
oi[] cAs ity
CAS
"] o0 DI
mq 4 - 13 s DO
Am9016 RAS
a[]s 12["Ja3 VDD
a2 1["Jae vce
a7 10 [ Jas \\;ESB
vnn[:‘ vee WE

Top View
Pin 1 is marked for orientation.

MOS-191

MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

—-65°C to +150°C

Ambient Temperature Under Bias

0°C to +70°C

Voltage on Any Pin Relative to VBB —0.5V to +20V
'VDD and VCC Supply Voltages with Respect to VSS -1.0V to +15.0V
VBB — VSS (VDD - VSS > 0V) ov
Power Dissipation 1.0W
Short Circuit Output Current 50mA

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulation of
static charge. it is suggested nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid

exposure to excessive voltages.

OPERATING RANGE

Ambient Temperature
[ oC<Ty=+70C

VBB
| -s0v=10% |

VDD vee vss
| +12v=t0% | +5v=t0% | o

ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11)

Am9016X
Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IOH = -5.0mA 24 vCC Volts
voL Output LOW Voltage 10L = 4.2mA VvS§Ss 0.40 Volts
VIH Input HIGH Voltage for Address, Data In 24 7.0 Volts
VIHC Input HIGH Voltage for CAS, RAS, WE 27 7.0 Volts
VIL Input LOW Voltage -1.0 0.80 Volts
[1)4 Input Load Current - VeSS < Vis7Vv -10 10 A
102 Output Leakage Current VSS = VO = VCC, Output OFF -10 10 pA
ICC VCC Supply Current Output OFF (Note 4) -10 10 nA
Standby, RAS = VIHC 100
188 VBB Supply Gurrent, Average Operati)r:g, Minimum Cycle Time 200 HA
IDD VDD Supply Current, Average Page Mode  IDD4 ?Aﬁfmﬁn‘: Ié;/g: ?”:2):3""9' 7 mA
RAS Only \0D3 WS Cycling, (_:_A_S = VIHC, 27
Refresh Minimum Cycle Times
Standby IDD2 | RAS = VIHC 15
Cl Input Capacitance ::i‘e:: %:;E,n mg::;::g:;;;ly— \;:ft:gzés 51:) pF
co Output Capacitance Output OFF 7.0
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Amg016

SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10)

Am9016C Am9016D Am9016E Am9016F
Parameters Description Min Max Min Max Min Max Min Max  Units
tAR RAS LOW to Column Address Hold Time 200 160 120 95 ns
tASC Column Address Set-up Time -10 -10 -10 -10 ns
tASR Row Address Set-up Time : 0 0 0 0 ns
tCAC Access Time from CAS (Note 6) 185 165 135 100 ns
tCAH CAS LOW to Column Address Hold Time 85 75 55 45 ns
tCAS CAS Pulse Width 185 10,000 165 10,000 135 10,000 100 10,000 ns
tCP Page Mode CAS Precharge Time 100 100 80 60 ns
tCRP CAS to RAS Precharge Time -20 -20 -20 -20 ns
tCSH CAS Hold Time 300 250 200 150 ns
tCWD CAS LOW to WE LOW Delay (Note 9) 145 125 95 70 ns
tCWL ‘WE LOW to CAS HIGH Set-up Time 100 85 70 50 ns
{DH 333 #Sn\/: 8\;;/‘\2571)_OW to Data In Valid 85 75 55 45 ns
tDHR RAS LOW to Data In Valid Hold Time 200 160 120 95 ns
oo |SpemertRiony : : : : :
tOFF CAS HIGH 1o Output OFF Delay 0 60 0 60 0 50 0 40 ns
tPC Page Mode Cycle Time 295 275 225 170 ns
tRAC Access Time from RAS (Note 6) 300 250 200 150 ns
tRAH RAS LOW to Row Address Hold Time 45 35 25 20 ns
tRAS ﬁ/@ Pulse Width 300 10,000 250 10,000 200 10,000 150 10,000 ns
tRC Random Read or Write Cycle Time 460 410 375 320 ns
tRCD RAS LOW to CAS LOW Delay (Note 6) 35 115 35 85 25 65 20 50 ns
tRCH Read Hold Time 0 0 0 0 ns
tRCS Read Set-up Time 0 0 0 ns
tREF Refresh Interval 2 2 2 2 ms
tRMW Read Modify Write Cycle Time 600 500 405 320 ns
tRP RAS Precharge Time 150 150 . 120 100 ns
tRSH CAS LOW to RAS HIGH Delay 185 165 135 100 ns
tRWC Read/Write Cycle Time 525 425 375 320 ns
tRWD RAS LOW to WE LOW Delay (Note 9) 260 210 160 120 ns
tRWL WE LOW to RAS HIGH Set-up Time 100 85 70 50 ns
T Transition Time 3 50 3 50 3 50 3 35 ns
tWCH Write Hold Time 85 75 55 45 ns
tWCR RAS LOW to Write Hold Time 200 160 120 95 " ns
Wes Z/:\/‘itlécg);lv to CAS LOW Set-up Time —20 _20 _20 _20 ns
tWP Write Pulse Width 85 75 55 45 ns
NOTES maximum value listed for.tRCD is shown for reference purposes

1.

2.

Typical values are for Ty = 25°C, nominal supply voltages and
nominal processing parameters.

Signal transition times are assumed to be 5ns. Transition times are
measured between specified high and low logic levels.

. Timing reference levels for both input and output signals are the

specified worst-case logic levels.

. VCC is used in the output buffer only. ICC will therefore depend only

on leakage current and output loading. When the output is ON and
at a logic high level, VCC is connected to the Data Out pin through
an equivalent resistance of approximately 13542. In standby mode
VCC may be reduced to zero without affecting stored data or refresh
operations.

. Output loading is two standard TTL loads plus 100pF capacitance.
. Both RAS and CAS must be low to read data. Access timing will

depend on the relative positions of their talling edges. When tRCD is
less than the maximum value shown, access time depends on RAS
and tRAC govemns. When tRCD is more than the maximum value

- shown access time depends on CAS and tCAC governs. The

10.
11.

only and does not restrict operation of the part.

. Timing reference points for data input set-up and hold times will

depend on what type of write cycle is being performed and will be
the later falling edge of CAS or WE.

. At least eight initialization cycles that exercise RAS should be per-

formed after power-up and before valid operations are begun.

. The tWCS, tRWD and tCWD parameters are shown for reference

purposes only and do not restrict the operating flexibility of the part.
When the falling edge of WE follows the falling edge of CAS by at
most tWCS, the data output buffer will remain off for the whole cycle
and an “early write” cycle is defined. When the falling edge of WE
follows the falling edges of RAS and CAS by at least tRWD and
tCWD respectively, the Data Out from the addressed cell will be
valid at the access time and a “read/write” cycle is defined. The
falling edge of WE may also occur at intermediate positions, but the
condition and validity of the Data Out signal will not be known.
Switching characteristics are listed in alphabetical order.

All voltages referenced to VSS.



Am9016

SWITCHING WAVEFORMS

READ CYCLE

tRC

tRAS

tAR

tRCD

tRAH -

l— ecan —]
SR L

TASC —

ROW ADDRESS COLUMN ADDRESS

r
ADDRESS

}——o—1tRCS

tRCH

WE
tCAC
| tRAC OFF — e fo——
DO ﬁj VALID DATA E—————_
MOS-182
WRITE CYCLE (EARLY WRITE)
tRC
RS & AR Z ‘
tRCD tRSH tRP ————={
tCSH v
o \ /
wsh b= tRAH —=] wse }-—— CAH —-a=] CRP
ADDRESS m ROW ADDRESS COLUMN ADDRESS
1oL !
fo——— tWCS ——a{
KRR XK R XX KKK
- e R R RX XK XX)
tRWL ‘—!
tWCR |
TR R KKK
> NeuT STALE e e
l“ 08 fe——— tDH ————]
(OFF) b DHR
DO
MOS-193
READ-WRITE/READ-MODIFY-WRITE CYCLE
tRMW
o " N
1RP —e=]
tRCD tRSH crp
tCAS
& N /
1ASR Aan tASC oAn
soonss SKOOK o, DO s
1 AWD. | K
|- trcs -j WD i j
WE
fet— tCAC ———e=] &
I tRAC WP tOFF
DO ) QUTPUT VALID E———
{==—tDS .l lv.lDHf
T KK X0 KRR KCKXRKX
B e e Rl e o o e e
MOS-194
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Am9016

SWITCHING WAVEFORMS (Cont.)

RAS ONLY REFRESH CYCLE

tRC
tRAS

(VIH)

TAS

SR fo—

hooRESS W Fow ADDRESS

MOS-195

PAGE MODE CYCLE

tRAS

- AR —————of
RAS g N
1RP —]
e RSH
RCO o 0P —em| crP
L cas
| (RAH CAH
tASR
K KA
ADDRESS ROW AAN coLumn COLUMN COLUMN
ADDRESS m ADDRESS ADDRESS ADDRESS
| ! OFF
{CAC —] | 1oFF
tRAC .

tWCR
\N\V/ \NAANANAANNY
\.0.0.0’0.0."0’0.0‘%0':.:':.

QOOOOXXXXX)

.
‘ |
tRCS tRCH ‘:— | roWL —
fem tWP
~ R {

|—o—-ms_.. le—— (oH —=]

tRWL

OO0000 OOO0000 OOO000007 OOO00O00OCOCOCOOOOOOOOOO00ROROORONOOO0
O ARAINOBAONOONIOD, e BB

O
.0.0AMA."’.O.MA.O}A.O.’.’.’.’.‘A.O.

MOS-196
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Am8016

APPLICATION INFORMATION

The Am9016 electrical connections are such that if power is
applied with the device installed upside down it will be perma-
nently damaged. Precautions should be taken to avoid this
mishap.

OPERATING CYCLES

Random read operations from any location hold the WE line

high and follow this sequence of events:

1) The row address is applied to the address inputs and RAS is
switched low.

2) After the row address hold time has elapsed, the column
address is applied to the address inputs and CAS is switched
low.

3) Following the access time, the output will turn on and valid
read data will be present. The data will remain valid as long
as CAS is low.

4) CAS and RAS are then switched high to end the operation.
A new cycle cannot begin until the precharge period has
elapsed.

Random write operations follow the same sequence of events,
except that the WE line is low for some portion of the cycle. If
the data to be written is available early in the cycle, it will
usually be convenient to simply have WE low for the whole
write operation.

Sequential Read and Write operations at the same location can
be designed to save time because re-addressing is not necessary.
A read/write cycle holds WE highuntil avalid read is established
and then strobes new data in with the falling edge of WE.

After the power is first applied to the device, the internal cir-
cuit requires execution of at least eight initialization cycles
which exercise RAS before valid memory accesses are begun.

ADDRESSING

14 address bits are required to select one location out of the
16,384 cells in the memory. Two groups of 7 bits each are
multiplexed onto .the 7 address lines and latched into the
internal address registers. Two negative-going external clocks
are used to control the multiplexing. The Row Address Strobe
(RAS) enters the row address bits and the Column Address
Strobe (CAS) enters the column address bits.

When RAS is inactive, the memory enters its low power stand-
by mode. Once the row address has been latched, it need not
be changed for successive operations within the same row,
allowing high-speed page-mode operations.

Page-mode operations first establish the row address and then
maintain RAS low while CAS is repetitively cycled and desig-
nated operations are performed. Any column address within
the selected row may be accessed in any sequence. The maxi-
mum time that RAS can remain low is the factor limiting the
number of page-mode operations that can be performed.

Multiplexed addressing does not introduce extra delays in the
access path. By inserting the row addrgss first and the column
address second, the memory takes advantage of the fact that
the delay path through the memory is shorter for column
addresses. The column address does not propagate through the
cell matrix as the row address does and it can therefore arrive
somewhat later than the row address without impacting the
access time,

REFRESH

The Am9016 is a dynamic memory and each cell must be re-
freshed at least once every refresh interval in order to maintain
the cell contents. Any operation that accesses a row serves to
refresh all 128 cells in the row. Thus the refresh requirement
is met by accessing all 128 rows at least once every refresh
interval. This may be accomplished, in some applications, in
the course of performing normal operations. Alternatively,
special refresh operations may be initiated. These special
operations could be snmply additional conventional accesses or
they could be “RAS-only” cycles. Since only the rows need to
be addressed, CAS may be held high while RAS is cycled and
the appropriate row addresses are input. Power required for
refreshing is minimized and simplified control circuitry will
often be possible.

DATA INPUT/OUTPUT

Data is written into a selected cell by the combination of WE
and CAS while RAS is low. The later negative transition of WE
or CAS strobes the data into the internal register. In a write
cycle, if the WE input is brought low prior to CAS, the data is
strobed by CAS, and the set-up and hold times are referenced
to CAS. If the cycle is a read/write cycle then the data set-up
and hold times are referenced to the negative edge of WE.

In the read cycle the data is read by maintaining WE in the
high state ate throughout the portion of the memory cycle in
which CAS is low. The selected valid data will appear at the
output within the specified.access time.

DATA OUTPUT CONTROL

Any time CAS is high the data output will be off. The output
contains either one or zero during read cycle after the access
time has elapsed. Data remains valid from the access time until
CAS is returned to the high state. The output data is the same
polarity as the input data.

The user can control the output state during write operations
by controlling the placement of the WE signal. In the “‘early
write” cycle (see note 9) the output is at a high impedance
state throughout the entire cycle.

POWER CONSIDERATIONS

RAS and/or CAS can be decoded and used as a chip select

signal for the Am9016 but overall system power is minimized
if RAS is used for this purpose. The devices which do not
receive RAS will be in low power standby mode regardless
of the state of CAS,

At all times the Absolute Maximum Rating Conditions must

.be observed. During power supply sequencing VBB should

never be more positive than VSS when power is applied to VDD,
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tRAC (VDD)tRAC (VDD = 12V)

23°C)

IDD3 — mA

1IDD2 — mA

tRAC (TCHRAC (T

Typical Access Time
(Normalized)
tRAC Versus VDD

T
Te = 23°C
(R

TN

0.8

07 ]
N 2z 13

VDD SUPPLY VOLTAGE — VOLTS
Typical Access Time
(Normalized)
tRAC Versus
Case Temperature

12
11 /
10 /,

0.9

08|

0.7
-10 20 50 80 110

Tc, CASE TEMPERATURE — °C

Typical Refresh Curreni
IDD3 Versus VDD

° 4315‘&/
o -
g s
e, L 500N~
1 / Re
L 1e008 /
8 // wo '/
6]
10 1 12 13 14
VDD - VOLTS

Typical Standby Current
IDD2 Versus
Case Temperature
14 T
VDD = 13.2V

1.0

0.8

I

0.6 I~

0.4
-10 20 50 80 110

Tc, CASE TEMPERATURE - °C

IDD1 - mA tRAC (VBB)tRAC (VBB = —5V)

IDD4 — mA

IDD3 — mA

TYPICAL CHARACTERISTICS

Typical Access Time
(Normalized)
tRAC Versus VBB

|
Tc = 23°C

09

0.8 |

07
24

-5.0

VBB - VOLTS

—&.5 -55 =G0

Typical Operating Current
IDD1 Versus VDD
30 T
Tc = 23°C

25

20

(rc =35
| e L —

15 e = —
— 75008
_A G = 1900
10
5
10 1 12 13 14
VDD — VOLTS

Typical Page Mode
Current
IDD4 Versus VDD

16 |
Te = 23°C
14 d
o2 -
R
12 ‘?0
Kl e
R /
500~
6 =
10 1 12 13 14
VDD - VOLTS

Typical Refresh Current
IDD3 Versus
Case Temperature
16 ‘
VDD = 13.2V

tRC = 375ng

12 1
tRC = 500ns
10 I

tRC = 750ng

—
—

6
-10 20 50 80 110

T, CASE TEMPERATURE — °C

tRAC (VCC)tRAC (VCC = 5V)

IDD2 — mA

IDD1 — mA

IDD4 — mA

Typical Access Time
(Normalized)
tRAC Versus VCC

12
14
1.0
09
0.8
0.7
4.5 4.5 £0 g5 8.0
VCC — VOLTS

Typical Standby Current
IDD2 Versus VDD
14 T
Te = 23°C

—

e

0.6 /

0.4
10 1 12 13 14

VDD - VOLTS

Typical Operating Current
IDD1 Versus
Case Temperature
30

T
VDD = 13.2V
25

20 tRC = 3785pg
tRC =

—C = 500ns
tRC = 750n

15

10

5
-10 20 50 80 110

Tc, CASE TEMPERATURE - °C

Typical Page Mode Current
IDD4 Versus
Case Temperature

VDD = 13.2v

e <y
gl
\\'

—) tPC= 375ns

tPC = 500ns

sﬁA\“

-10 20 50 80 110
Tc, CASE TEMPERATURE — °C
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Am9016

INPUT LEVEL ~ VOLTS

INPUT LEVEL — VOLTS

3.0

TYPICAL CHARACTERISTICS (Cont.)

Input Voltage Levels Input Voltage Levels Input Voltage Levels
Versus VDD Versus VDD Versus VBB
T 3.0 T 3.0 —
Tc = 23°C Te = 23°C Tc = 23°C
VBB = —5V » VBB = -5V VDD = 12V
K 25 g 25
o
[=3
MIN) | > 4 VIHC (MIN)
ViHe 5 I 20 w7 20 ¢
— 3 yw ¢ 4 |
iLC ﬂ’/ u ] VILC (MAX)
| =t U 15— (MRR) ] o 15
E N :
a. e
g o] g 1
. 0.5 0.5
10 " 12 13 14 10 1 12 13 14 ~40 -45 -50 -55 —60
VDD — VOLTS VDD — VOLTS VBB — VOLTS
. Input Voltage Levels Input Voltage Levels
Input Voltages Levels Versus Versus
Versus VBB Case Temperature Case Temperature
r 3.0 T - 3.0 -
Tc = 23°C VDD = 12V vDD = 12V
VDD = 12v VBB = -5V VBB = -5V
o 25 @ 25
3 2
4 VIHC (MIN) s !
VIH (MIN) 120 1 _" 20 VIH (MIN)
-
\ o VILC (MAX) w ! B—
VIL (MAX) 15 w15 VIL (MAX)
5 2 L
g 10 z 10 i
! 05 0.5
—-40 -45 -5.0 -55 -6.0 -10 20 50 80 110 -10 20 50 80 110
VBB - VOLTS T¢, CASE TEMPERATURE — °C Tc, CASE TEMPERATURE — °C
TYPICAL CURRENT WAVEFORMS
RAS/CAS LONG RAS/CAS RAS ONLY
RAS - 7 -
cAs
4
+20
BB -mA oL [n N W
VAR N , ¢ '
-20 i v
-40
+100
+80
+60 A LA AN 1)
AV AININ " Iy U1/
hos T IRV
DD —mA ¢ VAR AL, \] J
+100
+80 C A
+60 A A ya
VAW / ) | N
o ] [ A ViR |
IS -mA ¢ J AN
. 50ns/DIV

MOS-198
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Am9016

Y-Address Lines

vsspap [ ] 2292329 Column
0000001 0
000 1
. =< 01 0
% 3 X011 3
N <
) s '
Tx
— S0 7
Data Array Left Yy Data Array Right
e arey =0 % ] ata Aray Tight
2 :
0| 15
1
0 31
1
Column Decode Transition Row Decode Transition
AO  every 64 columns g111111 3 A0  every 64 rows
A1  every 16 columns 1000001 A1 every 16 rows
A2  every 32 columns 000 65 A2 every 32 rows
A3 every 8 columns A3 every 8rows
A4 every 4 columns QO 10 A4 every 4rows
A5 every 2 columns o011 67 A5 every 8rows
A6 every 4 columns g l A6 every 8rows
T=
g 0 71
= 1
<t
e
0 79
1
0 95
1
1111111 127
1 (64x) 1 0— (64x) 0
1 (16x) 1lo 0 1 (16x) 1|0 0
1 (32x) 1{0 0 1 (32x) 110 0
1—(8x)—1|0 0 1—(B8x)—= 1[0 0
1111 0000 0 1111 0000 0
1100 0011 1 1100 0011 1
1001 0110 0 0110 1001 1
| | | [ | | 1
2 2 3 % 3 3 2 2 2 2 7 2
H E3 H = z 2 2 b3 2 3 2 H
° e Y & 2 3 2 2 ¥ F 8 B
X-Decode Right

X-Decode Left

TOPOLOGICAL BIT MAP
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Metallization and Pad Layout

DIE SIZE 0.106” X 0.205"
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AmS044 «- AmS244

4096 x 1 Static R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

o LOW OPERATING POWER (MAX)
Am9044/Am9244 385mW (70mA)
Am90L44/Am92L44 275mW (50mA)
LOW STANDBY POWER (MAX)
Am92L44 110mW (20mA)
Access times down to 200ns (max)
Military temperature range available to 250ns (max)
AmS044 is a direct piug-in replacement for 4044
Am9244 pin and function compatible with Am9044 and
4044 plus CS power down feature
Fully static — no clocking
Identical access and cycle time
e High output drive —

4.0mA sink current @ 0.4V
e TTL identical interface logic levels
o 100% MIL-STD-883 reliability assurance testing

LN U N ) L ]

GENERAL DESCRIPTION

The Am9044 and Am9244 are high performance, static, N-
Channel, read/write, random access memories organized as
4096 x 1. Operation is from a single 5V supply, and all input/
output levels are identical to standard TTL specifications. Low
power versions of both devices are available with power sav-
ings of about 30%. The Am8044 and Am9244 are the same
except that the Am9244 offers an automatic CS power down
feature.

The Am9244 remains in a low power standby mode as long
as CS remains high, thus reducing its power requirements.
The Am9244 power decreases from 385mW to 165mW in the
standby mode, and the Am92L44 from 275mW to 110mW. The
CS input does not affect the power dissipation of the Am9044.

Data readout is not destructive and the same polarity as data
input. CS provides for easy selection of an individual package
when the outputs are OR-tied. The outputs of 4.0mA for
Am9244 and Am9044 provide increased short circuit current for
improved compacitive drive.

BLOCK DIAGRAM

CONNECTION DIAGRAM

3 18
A - 28 vee ]
2 _X . ADDRESS 0 []1® 18 [ vee
2 3
a—P% ] ~—— GND ADDRESS 1[] 2 17 [ ] ADDRESS 6
1
ADDRESS 2 ] 3 16 [] ADDRESS 7
Ao '_m ROW MEMORY ARRAY O |
64 ROWS B
" _17_% SELECT oS iho ADDRESS 3 [] 15 |] ADDRESS 8
16 ADDRESS 4 [| 5 14 [ ] ADDRESS 9
A7 DB_— ADDRESS 5 [ 6 13 [ 7] ADDRESS 10
15
2 —5 ] DATA OUT [ 7 12 ] ADDRESS 11
| r WRITE ENABLE [ 8 11[ ] DATAIN
o M COLUMN 1/0 CIRCUITS pout GND (vss) [] 9 10 { ] GHIP SELEGT
COLUMN SELECT
. l
12 6 5 4 14 13
A As Ay A3 Ag A
we 8
Top View
MOS-256 Pin 1 is marked for orientation. MOS-257
ORDERING INFORMATION
Access Times
. icc Am9044 Am9244
Ambient Package | Current
Temperature Type Level 450ns 300ns 250ns 200ns 450ns 300ns 250ns 200ns
Prast 70mA | AMIO44BPC | AM9O4ICPC | AMSOMDPC | AMIO44EPC | AM9244BPC | AMG244CPC | AM244DPC | AM9244EPC
G < Ta < +70°C aste 50mA | AMSOL44BPC | AMIOL44CPC | AMSOL4DPC AMg2L44BPC | AM92L44CPC | AMI2L44DPC
: AS Hormetic | 70MA | AMSOMBDC | AM044CDC | AMSO44DDC | AMSOMEDC | AM9244BDC [ AMS244CDC | AM9244DDC | AMB244EDC
{
50mA | AMIOL44BDC | AM9OL44CDC | AMSOL44DDC AMS2L448DC | AM92L44CDC | AM2L44DDC
S5 < Ts < 415G | Hometc | O™ | AMSOMEDM | AMS044COM | AM9044DM AM9244BDM | AM9244CDM | AM9244DOM
- = {{
A 60mA | AM9OL44BDM | AM9OL44CDM AM92L44BDM | AM92L44CDM
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Am9044 « Am9244
MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature

-65°C to +150°C

Ambient Temperature Under Bias

—55°C to +125°C

VCC with Respect to VSS -0.5Vto +7.0V
All Signal Voltages with Respect to VSS -0.5Vto +7.0V
Power Dissipation (Package Limitation) 1.0W
DC Output Current 10mA

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to

avoid exposure to excessive voltages.

OPERATING RANGE
Part Number Ambient Temperature VSS vcc

Part Number Ambient Temperature VSS vcc

Am9044DC/PC
Am90L44DC/PC
Am9244DC/PC

Am92L44DC/PC

0°C = Ty < +70°C OV | +5.0V £10%

Amg044DM
AmS0L44DM
Amg244DM

Am92L44DM

-55°C < Ty < +125°C oV | +5.0V =10%

ELECTRICAL CHARACTERISTICS overoperatingrange Am9244XX Am9044XX
— _Am92L44xxX Am90L44XX
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
VOH =24V VCC =45V | 70°C . —1.0 -1.0
IOH Output High Current mA
VOH = 2.4V VCC=45V | 125°C -4 -4
Ta=+70°C 4.0 4.0
1oL Output Low Current VOL = 0.4V A mA
Ta=+125C 3.2 3.2
VIH Input High Voltage 2.0 vce 2.0 VCC | Volts
ViL Input Low Voltage -0.5 ) 08 | -05 0.8 | Volts
% Input Load Current VSS<VI<VCC 10 10 | pA
04V<VO<VCC | Ta=+125°C -50 50 |[.\-50 50
I t h " A
[e¥4 Output Leakage Current Output Disabled Ta=+70C 10 10 T10 o "
Cl Input Capacitance (Note 1) Test Frequency = 1.0MHz 3.0 5.0 3.0 5.0 oF
clo I/0 Capacitance (Note 1) Ta=25°C, Allpins atOV 5.0 6.0 5.0 6.0

ELECTRICAL CHARACTERISTICS overoperating range

Am92L44 Am9244 Am90L44  Am9044

Parameter  Description Test Conditions Typ.  Max. Typ. Max. Typ. Max. Typ. Max. Units
1ce VCC Operating Max. VCC CS < VIL Ta =0C : 50 70 50 70 mA
Supply Current for Am9244/92L44 Ta = =55°C 60 80 . 60 80
1PD Automatic CS Power | Max. Vee Ta=0C 20 30 - = | ma
Down Current (CS=Vy) Ta = ~55°C 22 33 - -
Notes: 4. The internal write time_of the memory is defined by the
overlap of CS low and WE low. Both signals must be low
1. Typical values are for T, = 25°C, nominal supply voltage to initiate a write and either signal can terminate a write by
and nominal processing parameters. going high. The data input setup and hold timing should be
2. For test purposes, not more than one output at a time referenced to the rising edge of the signal that terminates
should be shorted. Short circuit test duration should not the write. )
exceed 30 seconds. ’ 5. Chip Select access time (icp) is longer for the Am9244

3. Test conditions assume signal transition times of 10ns or
less, timing reference levels of 1.5V and output loading of
one standard TTL gate plus 100pF.
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than for the Am9044. The specified address access time
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SWITCHING CHARACTERISTICS over operating range (Note 3)

Am9044 « Am9244

Am9044B Am9044C Am39044D Am9044E
Am9244B Am9244C Am9244D Am9244E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Units
Read Cycle
Address Valid to Address Do Not Care Time )
tRC (Read Cycle Time) 450 300 250 200
Address Valid to Data Qut Valid Deldy
" (Address Access Time) 450 300 250 200
Am9044 100 100 70 70
tCO Chip Select Low to Data Out Valid (Note 5)
Am9244 450 300 250 200 ns
tCX Chip Select Low to Data Out On 20 20 20 20
tOTD Chip Select High to Data Out Off 100 80 60 60
tOHA Address Unknown to Data Out Unknown Time 20 20 20 20
Write Cycle
Address Valid to Address Do Not Care Time
twc (Write Cycle Time) 450 300 250 200
w Write Enable Low to Amg044 200 150 100 100
Write Enable High Time (Note 4) Am9244 250 200 150 150
tWR Write Enable High to Address Do Not Care Time [ 0 0 0
tOTW Write Enable Low to Data Out Off Delay 100 80 60 60
tDW Data In Valid to Write Enable High Time 200 150 100 100
tDH Write Enable Low to Data In Do Not Care Time 0 0 0 0 ns
tAW Address Valid to Write Enable Low Time 1o 0 0 0
tPD Chip Select High to Power Low Delay (Am9244 only) 200 150 100 100
tPU Chip Select Low to Power High Delay (Am9244 only) (] 0 0 -0
ow Chip Select Low to Write Enable High Time | Am9044 200 150 100 100
(Note 4) Am9244 250 200 150 150
tWo Write Enable High To Output Turn On 100 100 70 70
SWITCHING WAVEFORMS
REA?RCCVCLE i REA[:R%VCLE i i WHITSN%VCI.E i
e B YK i
| | e
"——(NOTE 4)
=R ARRRRR K A&
SELECT
tAW "—-l—IWH
(oTE 4]
WRITE m
ENABLE
t0TD
|
\/
DATA OUT
(ADORESS ™ I (ADDRESS 1DH
ACCESS) - tOHA ACCESS) |=-tow-—
\VaV, \V/ v.
onaw KN
POWER DOWN WAVEFORM (Am9244 ONLY)
CHIP Sk %
SELECT
tPU*l——] ‘P°J__1
icc _%_——_L
MOS-258
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Am9044 » Am9244

TYPICAL CHARACTERISTICS

Figure 1. Bit Mapping Information.

Typical ICC Typical tacc Typical C Load Versus
Versus VCC Characteristics Versus VCC Characteristics Normalized tacc Characteristics
1.50 . 12— 115
Ta = 25°C Tp = 25°C Ta = 25°C
1.25 A
1.10
o g 11 o ~
(%) {1 a o
= 1.00 ~< k] 8
8 a N o 1.05 1
N Am9044 AND Am9244 ] 10 u
3 075 (ACTIVE) 3 Am0044 AND Amo244 2 T Am9044 AND Amg244
= / s £ 1.00
T TN T
T 050 7 N z z
= / / N Z 09 Z 0os
025 Amg244 (STAND BY)
I T
0 . 0.90
1t 2 3 4 5 6 7 ®%e a5 5.0 55 60 100 200 300 400
vee vee CAPACITANCE LOAD — pF
Normalized tacc Normalized ICC
Versus Ambient Temperature Versus Ambient Temperature
14 T 13 T
VCC = 5.0V VCC = 5.0V
13 1.2
:‘é / g ™
£ 12 — 11 ~
8 AmB042 AND Amo24 / 8 Amg044 AND Am9244
3 11 — ;(. 1.0
=
x 1.0 S oo
g / / z
0.9 - 0.8
0.8 0.7
-55 —25 0 25 50 70 100 125 -55 -25 0 25 50 70 100 125
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C
MOS-259
BIT MAP
Ay Az Vee Az
v
A 3 2 1 B0 18 17 1 A
. 15 A
Address Designators s 4 s
External Internal
A0 A2
Al Al
A2 A0
A3 A8
A4 A9
A5 A10
A6 A3
A7 A4
A8 A5
A9 A7
A10 AB
At A1
Ay 5 i 14 A,
Ap 6 — 3
Do 7 13 Ag
WE 8 12 Ay
Vss 9 11 DI
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Am31i4 - Am9i24

1024 x 4 Static R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

o LOW OPERATING POWER (MAX)
Am9124/Am9114 ) 368mW (70mA)
Am91L24/Am91L14 262mW (50mA)
LOW STANDBY POWER (MAX)
Am9124 158mW (30mA)
Am91L24 105mW (20mA)
Access times down to 200ns (max)
Military temperature range available to 300ns (max)
e Am9114 is a direct plug-in replacement for 2114 )
® Am9124 pin and function compatible with Am9114 and 2114,
plus CS power down feature
o Fully static — no clocking
e Identical access and cycle time
e High output drive —
4.0mA sink current @ 0.4V — 9124
3.2mA sink current @ 0.4V — 9114
e TTL identical input/output levels
o 100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9114 and Am9124 are high performance, static, N-
Channel, read/write, random access memories organized as
1024 x 4. Operation is from a single 5V supply, and all input/
output levels are identical to standard TTL specifications. Low
power versions of both devices are available with power
savings of over 30%. The Am9114 and Am9124 are the same
except that the Am9124 offers an automatic CS power down

The Am9124 remains in a low power standby mode as long as
CS remains high, thus reducing its power requirements. The
Am9124 power decreases from 368mW to 158mW in the
standby mode, and the Am91L24 from 262mW to 105mW. The
CS input does not affect the power dissipation of the Am9114.
(See Figure 1, page 4).

Data readout is not destructive and the same polarity as data
input. CS provides for easy selection of an individual package
when the outputs are OR-tied. The outputs of 4.0mA for
Am9124 and 3.2mA for Am9114 provides increased short cir-
cuit current for improved capacitive drive.

BLOCK DIAGRAM

A3 —=1 ApDRESS
BUFFERS STORAGE MATRIX

A4 ]

CONNECTION DIAGRAM

a5 —-] Apoess ¢ ] 1® 18] vee
As —= aopress s [] 2 17 ] AopRess 7
A7 —ed ROW 64x16 64x 16 64 x 16 64 x16
28 —| oecopens ADDRESS 4 E 3 16 {] ADDRESS 8
Tonma126 onLY) T 1 ‘ t ADDRESS 3 ] 4 Amo114 15 [] ADDRESS 9
PR p— aporess o [ s Am9124 " [ ] wpuTioUTRUT 1
A1 —] BUFFERS ApDRESS 1 [] 6 13 [7] NPUTIOUTPUT 2
2 SENSE AMPLIFIERS
1 cowumn ADDREss 2 [| 7 12 [7] INPUTIOUTPUT 3
a9 DECODERS
T I ] l I l ] l ' CRiPSELECT |8 1] NPUT/OUTPUT 4
:(Amiﬂl oNLY GND (vss) [] ® 10 [] WRITEENABLE
6 —
E DATA BUFFERS
WE
vee —— : l ‘ ( I Top View
ves " 101 vo2 Vo3 vos Pin 1 is marked for orientation.
MOS-068 MOS-087
ORDERING INFORMATION
Access Times
Amblent Package | Current Am9114 . (Power Down Option)
Temperature Type Level 450ns 300ns 200ns 450ns 300ns 200ns
Plastic 70mA Am9114BPC | Am9114CPC | Am@114EPC | Am9124BPC | Am9124CPC | Am9124EPC
0°C < Ts < 70°C 50mA Am91L14BPC | Am91L14CPC Am91L24BPC | Am91L24CPC
A= Hermetic 70mA Am9114BDC | Am9114CDC | AmO114EDC | Am9124BDC | Am9124CDC | Am9124EDC
50mA Am91L14BDC | Am91L14CDC Am91L24BDC | Am91L24CDC
: | 80mA Am9114BDM | Am9114CDM Am9124BDM | Am9124COM
-55°C < Tp < +125°C | Hermetic
60mA Amg1L14BDM | Am91L14CDM Am91L24BDM | Am31L.24CDM
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Am9114 - Am9124
"MAXIMUM RATINGS beyond which useful life may be impaired

Storage Temperature -65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Ve with Respect to Vgg -0.5Vto +7.0V
All Signal Voltages with Respect to Vgg ~-0.5Vto +7.0V
Power Dissipation (Package Limitation) 1.0W
DC Output Current 10mA

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to
avoid exposure to excessive voltages.

less, timing reference levels of 1.5V and output loading of
one standard TTL gate plus 100pF.

6-22

OPERATING RANGE
Part Number Amblient Temperature Vgg Vee Part Number Ambient Temperature Vgg Vee
Am9114DC/PC Am9114DM
Am91L14DC/PC . . . AmOILI4DM | . . .
AM9124DC/PC 0°C < Tp < +70°C ov +5.0V = 5% Am9124DM 55°C < Tp < +125°C oV | +5.0V * 10%
Am91L24DC/PC Am91L24DM
ELECTRICAL CHARACTERISTICS over operating range Am9124XX Am9114XX
Am91L24XX Am91L14XX
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Vou = 24V Vee = 4.75V -1.4 -1.0
lon Output High Current oH oe mA
VOH = 2.2V Vee = 45V -1.0 -1.0
| Output Low Current Voo = 0.4V Ta = +70°C 40 32 mA
u 0 enl = 0.
oL pul tow Lt ot Tp = +125°C a2 2.4
Vi Input High Voltage 20 Vee 2.0 Vce | Volts
Vie Input Low Voltage -0.5 08 | -05 0.8 | Volts
hx Input Load Current Vgs <V < Vcc 10 10 nA
0.4V < Vg =< Vg Ta = +125°C -50 50 ~50 50
! tput Leakage C t h A
0z Output Leakage Curren Output Disabled | T, = +70°C T 10 | -10 10 | X
0°C to +70°C 95 75
los Output Short Circuit Current | (Note 2) mA
-55°C to +125°C 115 75
Cl Input Capacitance (Note 1) Test Frequency = 1.0MHz 3.0 5.0 3.0 5.0 F
clro 1/O Capacitance (Note 1) T = 25°C, All pins at OV 5.0 6.0 5.0 6.0 P
ELECTRICAL CHARACTERISTICS over operating range
Am91L24 Am9124 Am91L14 Am9114
Parameter Description Test Conditions Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units
Ver O Max, Ve G5 <V Tp =25°C 40 60 40 60
‘cc Operating ax. Vee, CS <V o
lee Supply Current for Am9124/91L24 T =0°C 50 70 50 70 | mA
: Tp = ~55°C 60 80 60 80
Automatic G8 P Max. V Ta = 25°C 15 24 - -
utomatic ower ax. Vec — = —
lpo Down Current CS=V Tp=0C 20 30 mA
Tp = -55°C 22 33 - -
Notes: 4. The internal write time of the memory is defined by the
1. Typical val for Ta = 25°C inal ! it overlap of CS low and WE low. Both signals must be low to
; yg cal va L:es are for 1, = 1 , nominal supply voltage initiate a write and either signal can terminate a write by
and nominal processing parameters. . going high. The data input setup and hold timing should be
2. For test purposes, .not more than one output at a time referenced to the rising edge of the signal that terminates
should be shorted. Short circuit test duration should not ex- the write.
ceed 30 seconds. 5. Chip Select access time (tco) is longer for the Am9124 than
3. Test conditions assume signal transition times of 10ns or for the Am9114. The specified address access time will be

valid only when Chip Select is low soon enough for tcg to
elapse.



Am9114 « Am9124

SWITCHING CHARACTERISTICS over operating range (Note 3) Am9114B Am9114C Am9114E
Am9124B Am9124C Am9124E

Parameter Description Min. Max. Min. Max. Min. Max. Unit
Read Cycle
tRC Address Valid to Address Do Not Care Time (Read Cycle Time) 450 300 200
tA Address Valid to Data Out Valid Delay (Address Access Time) 450 300 200
tCO Chip Select Low to Data Out Valid (Note 5) Am9114 120 100 70
Am9124 420 280 185 ns
tCX Chip Select Low to Data Out On 20 20 20
tOTD Chip Select High to Data Out Off 100 80 60
tOHA Address Unknown to Data Out Unknown Time 50 50 50
Write Cycle
twC Address Valid to Address Do Not Care Time (Write Cvcle Time) 450 300 200
tw Wirite Enable Low to Write Enable High Time (Note 4) AmST14 200 150 120
Amg124 250 200 150
tWR Write Enable High to Address Do Not Care Time 0 0 0
tOTW Write Enable Low to Data Out Off Delay 100 80 60
tDW Data In Valid to Write Enable High Time 200 150 120
tDH Write Enable Low to Data In Do Not Care Time 0 0 0 ne
tAW Address Valid to Write Enable Low Time 0 0 0
tPD Chip Select High to Power Low Delay (Am9124 only) 200 150 100
tPU Chip Select Low to Power High Delay (Am9124 only) 0 0 0
tcw Chip Select Low to Write Enable High Time (Note 4) Am9TI4 200 150 120
Amg124 250 200 150

SWITCHING WAVEFORMS

READ CYCLE READ CYCLE WRITE CYCLE
R — I R | i‘ Wi

e K WK b

1w
(NOTE 4)

BN

YOOO000 OOO00
A X,

AW e — W
W
NOTE®)
WRITE \ /
ENABLE tco
(NOTE 5) -0
1070 — |<——~—~QOTW OH
tcxv—-—‘ | 1cX —o———o‘ [———tOTD ——={ mw-—-‘-——‘
DATA XX XX OO/ OO0 X
A AYA'

0 QOO0 004

XX\ [XXX)

MOS-068

icc ﬂ
MOS-069
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Am9114 -« Am9124

TYPICAL CHARACTERISTICS

Typical tacc
Versus VCC Characteristics

4 AND Am9124

Ta — AMBIENT TEMPERATURE — °C

Typical ICC
Versus VCC Characteristics
1.50 ——— 1.2
Tp = 25°C Ty = 25°C
1.25
Q g 11
S ] £
a s — a \
4 Am9114 AND Am9124 8 0
075 .
':‘ / (ACTIVE) g Amo11
& 050 AN g
= /// ™ Z 09
028 Amg124 (STAND BY)
0 - 0.8
0o 1 2 3 4 5 6 7 40 45
vee
Normalized tacc
Versus Ambient Temperature
14 T
VCC = 5.0V
1.3
o
o
8 12 L
2 Am9114 AND Amg124 /
Y o1 =
4
g 10
2 //
0.9 /,
0.8
-55 -25 o 25 50 70 100 125

5.0 55
vcc

NORMALIZED ICC

Typical C Load Versus

Normalized tacc Characteristics

1.1
8 Ta = 25°C
1.10 1]
g . Amo114 L~
a 1.05
a 1 L
g . Am9i2s
2
3100
o
2
0.95
0.90
6.0 100 200 300 400
CAPACITANCE LOAD — pF
Normalized ICC
Versus Ambient Temperature
1.3 r
VCC = 5.0V
1.2
11 \\
Am9114 AND Am9124
1.0
0.9
0.8 S~
07

55

-25

0 25 50 70 100 125

T‘AA— AMBIENT TEMPERATURE - °C

Worst Case Current
{mA at 0°C)
Part 100% 50%
Configuration | Number | Duty Cycle | Duty Cycle
9114 280 280
91L14 200 200
2Kx 8
9124 200 160
91124 140 110
9114 840 840
91L14 600 600
4K x12
9124 480 420
91L24 330 285
9114 2240 2240
91L14 1600 1600
8K x 16
9124 1120 1040
91124 760 700

Figure 1. Supply Current Advantages of Am9124.

Address Designators
External Internal
A0 A9
Al A8
A2 A7 CELL
A3 A0 INUNSER
A4 Al
A5 A2
A6 A3
A7 A4
A8 AS
A9 A6
Figure 2.

BIT MAP

103 vo1

¥o4 COLO...COL1S voz COLO...cOL1S

Bit Mapping Information.
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Am2716

2048 x 8-Bit UV Erasable PROM

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
o Direct replacement for Intel 2716 The Am2716 is a 16384-bit ultraviolet erasable and program-
e Interchangeable with Am9218 — 16K ROM mable read-only memory. It is organized as 2048 words by 8 bits
o Single +5V power supply per word, operates from a single +5V supply, has a static
® Fast access time — 450ns standby mode, and features fast single address location
® Low power dissipation programming.

—525mW active

Because the Am2716 operates from a single +5V supply, it is
ideal for use in microprocessor systems. All programming sig-
nals are TTL levels, requiring a single pulse. For programming
outside of the system, existing EPROM programmers may be
used. Locations may be programmed singly, in blocks, or at
random. Total programming time for all bits is 100 seconds.

—132mW standby

Fully static operation — no clocks

Three-state outputs

TTL compatible inputs/outputs

100% MIL-STD-883 reliability assurance testing

BLOCK DIAGRAM PIN CONFIGURATION
Oo— DATA OUTPUTS
vee 00-07 ry U/
GND O— e e, ar[]1 24 [] vee
VPP O—e
ll”‘t‘t as )2 23] ] a8
OE —| OUTPUTENABLE |[—
_ " CHIP ENABLE AND OUTPUT BUFFERS As[]a 22 [ ] a9
CEPGM —1 PROG LOGIC —1
As [ 2 { ] vep
— A3 []s 20 [_] OE
Y .
Y-GATING
DECODER ) A2 6 A10
I - Am2716 wi]
—_— at[]7 18 [_] CElPGM
AC-A10 -
ADDRESS { ——=] 1 A0 8 17 o7
weutS | : U E -
X 1
— DECODER . CELL MATRIX oo ° el Jos
— . o1[Jwe 15[ ]os
L]
— — o2[ 1 14 ] o4
MOS-199 GND [ 12 13 Jos wos.200
MODE SELECTION
Pins . —
CE/PGM OE VPP | VCC Outputs
Mode (18) (20) (21) | (29) (9-11, 13-17)
Read VIL VIL +5 | +5 DouT
A0-A9:  Addresses
Standby VIH Don't Care +5 | +5 High Z 00-07: Outputs
Pulsed ‘CE/PGM: Chip Enable/Program
Program VIH +25 [ +5 DIN ==
°9 VILto VIH OE: Output Enable
Program Verify ViL ViL +25 | +5 DOUT
Program Inhibit VIL VIH +25 | +5 High Z

ORDERING INFORMATION

Package Ambient Temperature Order
Type Specification Number
Hermetic DIP o o
Transparent Window 0°C < Ta < +70°C AM2716DC
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Am2716

MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature

—65°C to +125°C

Ambient Temperature Under Bias

—-10°C to +80°C

Voltage on all inputs/outputs (except VPP) with respect to GND

+6V to —0.3V

Voltage on VPP During Program with Respect to GND

+26.5V to —0.3V

READ OPERATION

DC CHARACTERISTICS
0°C < Tp < +70°C, VCC (Notes 1, 2) = +5V 5%, VPP (Note 2) = VCC

Parameters Description Test Conditions Min Max Units
1L Input Load Current VIN = 5.25V 10 A
ILO Qutput Leakage Current VOUT = 5.25V 10 nA
IPP1 (Note 2) VPP Current VPP = 525V 5 mA
ICC1 (Note 2) VCC Current (Standby) CE = VIH, OE = VIL 25 mA
ICC2 (Note 2) VCC Current (Active) OE =CE = VIL 100 mA
ViL Input Low Voltage -0.1 0.8 Volts
VIH Input High Voltage 20 VCC+1 Volts
VOL Output Low Voltage IOL = 2.1mA 0.45 Volts
VOH Output High Voltage IOH = —400uA 24 Volts

AC CHARACTERISTICS

0°C < Tp < +70°C, VCC (Notes 1, 2) = +5V =5%, VPP (Note 2) = VCC

Parameters Description Test Conditions Min Max  Units
tACC Address to Output Delay CE = VIL 450 ns
1CE CE to Output Delay Output Load: 1 TTL gate and CL = 100pF | OE = 450 ns

Input Rise and Fall Times: <20ns CE = 120
10E Output Enable to Output Delay Input Pulse Levels: 0.8V to 2.2V CE ns
tDF Output Enable High to Output Float | Timing Measurement Reference Level: 0 100 ns
Inputs: 1V and 2V
Output Hold from Addresses, i _
tOH CE or OE Whichever Outputs: 0.8V and 2V E = VIL 0 ns
Occurred First

CAPACITANCE (Note 3)

Ta = +25°C, f = 1IMHz

Parameters Description Test Conditions Typ Max Units
CIN Input Capacitance VIN = oV 4 6 pF
cout Output Capacitance VOUT = oV 8 12 pF

Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP.

2. VPP may be connected directly to VCC except during programming. The supply current would then be the sum of ICC and IPP1.
3. This parameter is only sampled and is not 100% tested.
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Am2716

ADDRESSES

OUTPUT

Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP.
2. OE may be delayed up to tACC — tOE after the falling edge of CE without impact on tACC.

AC WAVEFORMS (

Note 1)

ADDRESSES
VALID
1CE
10 __ ] l.. tOF
(NOTE 2) (NOTE 3)
tacc
(NOTE 2) tOH
HIGH Z / ; ; ; ; ; ; VALID HIGH 2
OUTPUT

AN

3. tDF is specified from OE or CE, whichever occurs first.

MOS-201
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Am2716

PROGRAM OPERATION

DC PROGRAMMING CHARACTERISTICS
Ta = +25°C +5°C, VCC (Note 1) = 5V *+5%, VPP (Notes 1, 2) = 25V +1V

Parameters Description Test Conditions Min Max Units
1Ll Input Current VIN = 5.25V/0.45V 10 HA
IPP1 VPP Supply Current CE/PGM = VIL 5 mA
IPP2 VPP Supply Current During Programming Pulse CE/PGM = VIH 30 mA
ICC VCC Supply Current 100 mA
ViL Input Low Leyel -01 0.8 Volts
VIH Input High Level 2.0 VCC+1 Volts

Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP.
2. VPP must not be greater than 26 volts including overshoot. Permanent device damage may occur if the device is taken out of or put into the socket
when VPP = 25 volts is applied. Also, during OE = CE/PGM = VIH, VPP must not be switched from 5 volts to 25 volts or vice versa.

AC PROGRAMMING CHARACTERISTICS

Ta = +25°C £5°C, VCC (Note 1) = 5V +5%, VPP (Notes 1, 2) = 25V =1V
Parameters Description Test Conditions Min Max Units
{AS Address Set-up Time 2 us
tOES Output Enable Set-up Time 2 uSs
tDS Data Set-up Time 2 us
tAH Address Hold Time 2 us
tOEH Output Enable Hold Time Input tR and tF (10% to 90%) = 20ns 2 us
y Input Signal Levels = 0.8V to 2.2V
2
1DH Data Hold Time — Input Timing Reference Level = 1V and 2V ad
tDF Output Disable to Output Float Delay (CE/PGM = VIL) | Output Timing Reference Level = 0.8V and 2V 0 120 ns
tOE Output Enable to Output Delay (CE/PGM = VIL) - 120 ns
tPW Program Pulse Width 45 55 ms
tPRT Program Pulse Rise Time 5 - ns
tPFT Program Pulse Fall Time 5 - ns
PROGRAMMING WAVEFORMS
PROGRAM
PROGRAM VERIFY
VIH - ~
ADDRESSES >< ADDRESS N K ADDRESS N + M
viL - -
L—ms—- 1AH
VIH
DATA OUT 2 DATA IN 3 HIGH Z = bataour DATA IN
DATA VALID STABLE VALID STABLE
" o ADD N § | ADDN ADDN + M
tDF —=| |._ tOE f— [=— tDF
VIH
OF
vic — [ tDH
=~ tDS tPW
ViH 10ES ——o| |e—— 10EH
CE/PGM
viL —T N
tPRT —=| [=— PFT
MOS-202
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Am2716

ERASING THE Am2716

In order to clear all locations of their programmed contents, it is
necessary to expose the Am2716 to an ultraviolet light source. A
dosage of 15 Wseconds/cm? is required to completely erase an
Am2716. This dosage can be obtained by exposure to an ul-
traviolet lamp [(wavelength of 2537 Angstroms (K)] with inten-
sity of 12000W/cm? for 15 to 20 minutes. The Am2716 should
be about one inch from the source and all filters should be
removed from the UV light source prior to erasure.

It is important to note that the Am2716, and similar devices, will
erase with light sources having wavelengths shorter than 4000
Angstroms. Although erasure times will be much longer than
with UV sources at 2537&, nevertheless the exposure to flores-
cent light and sunlight will eventually erase the Am2716, and
exposure to them should be prevented to realize maximum
system reliability. If used in such an environment, the package
windows should be covered by an opaque label or substance.

PROGRAMMING THE Am2716

Upon delivery, or after each erasure the Am2716 has all 16384
bits in the “1”, or high state. “0s” are loaded into the Am2716
through the procedure of programming.

The programming mode is entered when +25V is applied to the
VPP pin and when OE is at VIH. The address to be programmed
is applied to the proper address pins. 8-bit patterns are placed
on the respective data output pins. The voltage levels should be
standard TTL levels. When both the address and data are
stable, a 50msec, TTL high level pulse is applied to the CE/PGM
input to accomplish the programming.

The procedure can be done manually, address by address, ran-
domly, or automatically via the proper circuitry. All that is re-
quired is that one 50msec program pulse be applied at each
address to be programmed. It is necessary that this program
pulse width not exceed 556msec. Therefore, applying a DC level
to the CE/PGM input is prohibited when programming.

READ MODE

The Am2716 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs. Chip
Enable (CE) is the power control and should be used for device

selection. Output Enable (C_)E) is the output control and should
be used to gate data to the output pins, independent of device
selection. Assuming that addresses are stable, address access
time (tACC) is equal to the delay from CE to output ({CE). Data is
available at the outputs 120ns (tOE) after the falling edge of OE,
assuming that CE has been low and addresses have been sta-
ble for at least tACC — tOE.

STANDBY MODE

The Am2716 has a standby mode which reduces the active
power dissipation by 75%, from 525mW to 132mW. The Am2716
is placed in the standby mode by applying a TTL high signal to
the CE input. When in standby mode, the outputs are in a high
impedance state, independent of the OE input.

OUTPUT OR-TIEING

To accommodate multiple memory connections, a 2-line control
function is provided to allow for:

1. Low memory power dissipation

2. Assurance that output bus contention will not occur.

Itis recommended that CE be decoded and used as the primary
device selecting function, while OE be made a common connec-
tion to all devices in the array and connected to the READ line
from the system control bus. This assures that all deselected
memory devices are in their low-power standby mode and that
the output pins are only active when data is desired from a
particular memory device.

PROGRAM INHIBIT

Programming of multiple Am2716s in parallel with different data
is also easily accomplished. Except for CE/PGM, all like inputs
(including OE) of the paralle! Am2716s may be common. A TTL
level program pulse applied to an Am2716’s CE/PGM input with
VPP at 25V will program that Am2716. A low level CE/PGM input
inhibits the other Am2716 from being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to deter-
mine that they were correctly programmed. The verify may be
performed with VPP at 25V. Except during programming and
program verify, VPP must be at 5V.
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Am9218/8316E

2048 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

2048 x 8 organization

Plug-in replacement for 8316E

Access times as fast as 350 ns

Fully capacitive inputs — simplified driving

3 fully programmable Chip Selects — increased flexibility
Logic voltage levels compatible with TTL
Three-state output buffers — simplified expansion
Drives two full TTL loads

Single supply voltage — +5.0V

Low power dissipation

N-channel silicon gate MOS technology

100% MIL-STD-883 reliability assurance testing

FUNCTIONAL DESCRIPTION

The Am9218 devices are high performance, 16384-bit, static,
mask programmed, read only memories. Each memory is
implemented as 2048 words by 8 bits per word. This organi-
zation simplifies the design of small memory systems and
permits incremental memory sizes as small as 2048 words.
The fast access times provided allow the ROM to service high
performance microcomputer applications without stalling the
processor.

Three programmable Chip Select input signals are provided to
control the output buffers. Each Chip Select polarity may be
specified by the customer thus allowing the addressing of 8
memory chips without external gating. The outputs of un-
selected chips are turned off and assume a high impedance
state. This permits wire-ORing with additional Am9218
devices and other three-state components.

These memories are fully static and require no clock signals of
any kind. A selected chip will output data from a location
specified by whatever address is present on the address input
lines. Input and output voltage levels are compatible with
TTL specifications.

BLOCK DIAGRAM

A10 =]
A9 ——]
A8 ROW STORAGE
A7 ——={ [ cCoDER ARRAY
a6 128X 128
AS ———e]
A4 ——e]
A3
’:\f COLUMN DECODER
A0
st CHIP
cs2 SELECT OUTPUT BUFFERS
¢$3 ——= DECODER

EEEEREE

01 02 03 04 OS5 06 07 08

CONNECTION DIAGRAM

ADDRESS 7 1. B 24 [ vecisov
AoDRESS 6 [ | 2 23 [_] ApDRESs 8
ADDRESSS [ 3 22 [ ] Aopress 9
ADDRESS 4[| 4 21 [Jcsacsa
AooREss3 [ 5 20 [Jesiest
aporess2[_| 6 19 [] ADORESS 10
AppRess 1] 7 Amg218 18 [ cs2Cs2
ADDRESSO [ | 8 17 {JourtuTs
outeut1[] 9 16 [ Jouteut?
outrut2 [} 10 15 [ JouTpPuTs
outrut3[_} 1 14 [Joutputs
(GND) vss [ 12 13 [TJouteurs
Top View

Pin 1 is marked for orientation.

ORDERING INFORMATION

Ambient Temperature Access Time
Package Type Specifications 450ns 350ns
Molded 0°C < Tp < 70°C PNIZIBPC AM9218CPC
Cerdip 0°C = Tp < 70°C AM9218BCC AM9218CCC
Side-Brazed 0°C < Ty < 70°C AMoIgBDC AM9218CDC
Ceramic
—55°C = Tp < +125°C AM9218BDM




Am9218/8316E
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°Cto +125°C
VCC with Respect to VSS +7.0V
DC Voltage Applied to Qutputs —0.5V to +7.0V
DC Input Voltage —0.5V to +7.0V
Power Dissipation 1.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid
exposure to excessive voltages.

ELECTRICAL CHARACTERISTICS

Am9218BDC Ta=0°Cto+70°C

Am9218CDC

C8316A VCC = 5.0V £5% Am9218XDC C8316E

Parameters Description Test Conditions Min. Mase, Min. Max. Units

1 = —200 X
VOH Output HIGH Voltage 9218 1o 20047 24 Volts
8316E I0H = —100pA 2.4
218 =3. 4
VoL Output LOW Voltage 9 10L = 32mA o Volts
8316E IOL = 2.1mA 0.4

VIH Input HIGH Voltage 2.0 VCC +1.0 2.0 VvCC +1.0 Volts
VIL Input LOW Voltage -0.5 0.8 -0.5 0.8 Volts
1LO Output Leakage Current Chip Disabled 10 10 uA
Il Input Leakage Current 10 10 HA
1cC VCC Supply Current 70 95 mA

ELECTRICAL CHARACTERISTICS

Am9218BDM Ta=-55"Cto+125°C

VCC = 5.0V £10% Am9218B

Parameters Description Test Conditions Min. Max. Units
VOH Output HIGH Voltage 10H = —200zA 2.2 Volts
voL Output LOW Voltage 0L =3.2mA 045 Volts
ViH {nput HIGH Voltage 20 VCC+1.0 Volts
ViL Input LOW Voltage -0.5 0.8 Volts
1LO Output Leakage Current Chip Disabled 10 HA
1l Input Leakage Current 10 HA
icc VCC Supply Current 80 mA

SWITCHING CHARACTERISTICS OVER OPERATING RANGE

Am9218XDC/C8316E Ta=0°Cto+70°C VCC = 5.0V ¢ 5%

Am9218BDM TA=—55°C to +125°C VCC = 5.0V * 10% Am9218B Am9218C 8316E

Parameters Description ) Test Conditions Min. Max. Min. Max.  Min. Max. Units
ta Address to Output Access Time tr=1f=20 450 350 450 ns

r=1tf =
tCO Chip Select to Qutput ON Delay ns 150 130 250 ns
- — Output Load:
tOH Previous Read Data Valid with one standard TTL gate 20 20 _ ns
Respect to Address Change
- plus 100pF (Note 1)

tDF Chip Select to Output OFF Delay 150 130 250 ns
Cl Input Capacitance TA= 25°C, f = 1.0MHz 7.0 7.0 7.0 pF
co Output Capacitance All pins at OV 7.0 7.0 7.0 pF

Notes: 1. Timing reference levels: High = 2.0V, Low = 0.8V.

SWITCHING WAVEFORMS

ADDRESSES STABLE .' V’V’V‘V’V‘V‘V‘V.V‘v’v’v’v’
R CRGBRRRRNENE
|

| I——lCO——l l.mH-1 I"DF"l

X i RRRR:
OGN 5 A0S0
]
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Am9218/8316E

PROGRAMMING INSTRUCTIONS

CUSTOM PATTERN ORDERING INFORMATION

The Am9218 is programmed from punched cards, card coding forms or paper tape in card image format as shown below.
Logic 1" = a more positive voltage {normally +5.0 V)

-Logic “0” = a more negative voltage {normally 0V)

FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of “1’s”* contained in the data.
This is optional and should be left blank if not used.
50 thru 62 8316E or 9218
65 thru 72 Optional information
SECOND CARD
Column Number Description
29 CS3 input required to select chip (0 or 1)
31 CS2 input required to select chip (0 or 1)
33 CS1 input required to select chip (0 or 1)

Two options are provided for entering the data pattern with the remaining cards.

OPTION1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With
this option 2048 data cards are required.

Column Number
10, 12, 14, 16, 18 Address input pattern with the most significant bit {A10) in column 10 and the least significant bit
20, 22, 24, 26, 28, 30 (A0) in column 30.
40, 42, 44, 46, 48, Output pattern with the most significant bit (O8) in column 40 and the least significant bit (O1) in
50, 52, 54 column 54,

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 128 data
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated
in columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take 4l hex values from 00 through 7F: 128 cards in all. Data
in entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

3 QUTPUT VALUES FOR ADDR +
B 0 1 2 3 4 5 6 7 8 9 A B c D E F
21]22[23| [30]31]32[33]34]35]36]37|38[30[a041[42[43]44] 45]46]a7]a8]40]50] 51[52[53[54]55(56| 57]58] 59|60 ] 61[62 63 6465|6667 [ 68] 69] 70| 71] 72[ 73] 74| 75] 76
ofojoj f | | l | | I I | I | I | I I
ofrjo] {1 I L I I I | I I I I I I I | |
ol2]o] | | | I | I I I I | I I | I | I I
L
L J
L]
1[Ffo] [ ] | I I | | I I I I | I L] I |
2|ofo] | | | I I I | | I I I I I | I | I
[ ]
[ ]
[ ]
3|Ffof { | | I I I | | | |
L J
[ J
L
7|Flo | | I | | | 1 I
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Am9232« Am9233

4096 X 8 Read Only Memory

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS

® 4096 X 8 organization

® No clocks or refresh required

® Access time selected to 300ns

e Fully capacitive inputs — simplified driving

® 2 mask programmable chip selects — increased flexibility
‘® Logic voltage levels compatible with TTL

® Three state output buffers — simplified expansion

® Drives two TTL loads

® Single +5 volt power supply

e Two different pinouts for universal application

o Low power dissipation

® 100% MIL-STD-883 reliability assurance testing

® Non-connect option on chip selects.

FUNCTIONAL DESCRIPTION

The Am9232/33 devices are high performance, 32,768-bit,
static, mask programmed, read only memaories. Each memory
is implemented as 4096 words by 8 bits per word. This or-
ganization simplifies the design of small memory systems and
permits incremental memory sizes of 4096 words. The fast ac-
cess times provided allow the ROM to service high perfor-
mance micrccomputer applications without stalling the nroces-
sor.

Two programmable Chip Select input signals are provided to
control the output buffers. Each Chip Select polarity may be
specified by the customer thus allowing the addressing of 4
memory chips without external gating. The outputs of un-
selected chips are turned off and assume a high impedance
state. This permits wire-ORing with additional Am9232/33 de-
vices and other three-state components.

These memories are fully static and require no clock signals
of any kind. A selected chip_ will output data from a location
specified by the address present on the address input lines. Input
and output voltage levels are compatible with TTL specifications.

CONNECTION DIAGRAMS

Top Views
ADDRESS 7{:‘ @ ~ 24 [ vee (+5.0v) ADDRESS 7 | ® ~ 24 | ] vee (+5.0v)
ADDRESS 6 [ | 2 23 :] ADDRESS 8 ADDRESS 6 | 2 23 [ ] ApDRESS 8
ADDRESS 5 [ | 3 22 [} AooRESS 9 Aooresss[| 3 22 [ ] ADDRESS 9
ADDRESS 4[| 4 21 [ ] csaTsame ADDRESS 4[| 4 21 [ ] ADDRESS 11
ADDRESS3[ | 5 20 CS1/CSTNC ADDRESS 3 |j s 20 [] cs1/csime
apDREss2[__| 6  Am9232 19 ADDRESS 10 apoRress 2| 6 Am9233 19 [] ADDRESS 10
ADDRESS 1[_| 7 18 |__] ADDRESS 11 ADDRESS 1 d 7 18 [ ] csaiCSamc
ADDRESS 0 : 8 17 j OUTPUT 8 ADDRESS 0 : 8 7 : OUTPUT B
output1[ | 9 16 [ ]outPut? outputi[ |9 16 [ ] outpur?
outpuT2[] 10 15 [ ] outPuts output2[] 10 15 [ outputs
outputa[ | 1 14 [Joutputs outputa [ | 11 14 [ _Joutputs
(GNDyvss [] 12 13 [Joutputa (GND) vss [] 12 13 [TJourpurs
MOS-103 Note: Pin 1 is marked for orientation. MOS-104
ORDERING INFORMATION
Ambient Temperature Access Time
Package Type Specifications 450ns 300ns
Molded 0°C =< Tp < +70°C AM9232/33BPC AM9232/33CPC
Cerdip 0°C < Ty < +70°C AM9232/33BCC AM9232/33CCC
Side-Brazed —55°C < Tp < +125°C AM9232/33BDM
Ceramic 0°C < Ty < +70°C AM9232/33BDC AM8232/33CDC
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Am9232 « Am9233
MAXIMUM RATINGS beyond which the useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

-55°C to +125°C

VCC with Respect to VSS +7.0V
DC Voltage Applied to Outputs -0.5Vto +7.0V
DC Input Voltage -0.5V to +7.0V
Power Dissipation. (Package Limitation) 1.0W

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to

avoid exposure to excessive voltages.

OPERATING RANGE

Part Number Ambient Temperature vcC VSS
Am9232DC/PC/CC 0°C < Tp = +70°C +5.0V £5% ov
Am9232/33DM -55°C < Tp < +125°C | +5.0V +10% ov

ELECTRICAL CHARACTERISTICS over operating range Am9232/Am9233
Parameter Description Test Conditions Min. Max. Unit
VOH Output HIGH Volt IOH = —200uA Ve = 478 24 Volt
= - olts
uied otage i VCC = 4.50 22
VoL Output LOW Voltage IOL = 3.2mA 0.4 Volts
VIH Input HIGH Voltage 2.0 VCC+1.0 Volts
viL Input LOW Voltage -05 0.8 Volts
Ll Input Load Current VSS = Vi= VCC 10 uA
VSS < VO < VCC | +70°C 10
10Z Output Leakage Current Chip Disabled T125°C (OM) 30 pA
IcC VCC Supply C t o 80 A
U urren m
PP ~55°C (DM) 100
Cl Input Capacitance Ta = 25°C, f = 1.0MHz 7.0 pF
co Output Capacitance All pins at OV 7.0 pF
SWITCHING CHARACTERISTICS over operating range Am9232/33B  Am9232/33C
Parameter Description Test Conditions Min.  Max. Min.  Max. Unit
ta Address to Output Access Time 450 300 ns
1CO Chip Select to Output ON Delay tr = tf = 20ns 150 120 ns
Previous Read Data Valid with Qutput Load:
revious Read Data Valid wi
tOH one standard TTL gate 20 20 ns
Respect to Address Change plus 100pF (Nots 1)
tDF Chip Select to Output OFF Delay 150 120 ns
SWITCHING WAVEFORMS
’V‘V.V.V.V‘V.'.V.V V.'.V"'
ADDRESSES STABLE OOOOOOOOOOO0
m{ GRS
SELEOC“;; DISABLED | X ENABLED X DISABLED
|-— o —-I |—-1on -' |—u>s —-i
\VAVAVAVAVAVAVAY &', " IAVAVAVAVAV VAV, Y,
QOOOXXA  ourerr OO0
oATA OOOOOO0 QOO0
o6 NI O
n MOS-105
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Am9232 « Am9233

PROGRAMMING INTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION
The Am9232 is programmed from punched cards, card coding forms or paper tape in card image format as shown below.

Logic “1” = a more positive voltage (normally +5.0V)
Logic “0” = a more negative voltage (normally 0V)

FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of “1's” contained in the data.
This is optional and should be left blank if not used.
50 thru 62 9232 or 9233
65 thru 72 Optional information
SECOND CARD
Column Number Cescripticn
31 CS2 input required to select chip (0 or 1); If CS2 = NC, column 31 = 2.
33 CS1 input required to select chip (0 or 1); If CS1 = NC, column 33 = 2.

Two options are provided for entering the data pattern with the remaining cards.

OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With
this option 4096 data cards are required.

Column Number

8,10, 12, 14, 16, 18 Address input pattern with the most significant bit (A11) in column 8 and the least significant
20, 22, 24, 26, 28, 30 bit (A0) in column 30.

40, 42, 44, 46, 48 Output pattern with the most significant bit (O8) in column 40 and the least significant bit (O1)
50, 52, 54 in column 54,

73 thru 80 Coding these columns is not essential and may be used for card identification purposes.

OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 256 data
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated in
columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through FF:256 cards in all. Data
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF.

5 OUTPUT VALUES FOR ADDR +
g 0 1 2 3 4 5 6 7 8 9 A B Cc D E F
21]22[23| [30][31{32}33[34[35[36[37[38[39]40[41[42[43[a4] 45]46]47|48]a9[50] 51]52[53]54] 65 56| 57[58]59|60[ 61|62} 63] 64| 65]66[67] 68 69] 70| 71] 727374} 75] 76
ofojof | | I | | I | | | I I L I | [
ojtjo} | ] ] | | | | i | I | | | | I | I
ojzfo] | | I I | | I I I I | I I | I |
.
.
.
vefo || | I I I I | I I I I | I I |
20fo] | | I | | L | | I | I I | | I |
.
°
.
slFlo] [] | I I | I¢ | | I
.
FlFlo} LI | | I | | | I [ I
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Am9232 - Am9233

Am9232/Am9233
BLOCK DIAGRAM

A1l
A10 ————1

A9 ———»

STORAGE
ARRAY
128 x 256

V.

COLUMN DECODER

RN

ROW
A8 ——=1 pecopER
A7 —o]
A6 ——]
Ab ————]i
A4
A3
A2
Al
A0
cs1 ——=] CHIP
SELECT
€S2 —=| DECODER

OUTPUT BUFFERS

EEEEREE

O1 02 03 04 05 06 O7 O8

MOS-106
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Am27S28 « Am27S29

4096-Bit Generic Series Bipolar PROM

DISTINCTIVE CHARACTERISTICS

High Speed — 55ns max commercial range access time
Excellent performance over full MIL and commercial ranges
Highly reliable, ultra-fast programming Platinum-Silicide
fuses

High programming yield

Low current PNP inputs

High current open collector and three-state outputs

Fast chip select

Access time tested with N2 patterns

Pin for pin replacements for industry standard products
Common Generic PROM series electrical characteristics
and simple programming procedures.

FUNCTIONAL DESCRIPTION

The Am27S28 and Am27S829 are high speed electrically pro-
grammable Schottky read only memories. Organized in the in-
dustry standard 512 x 8 configuration, they are available in both
open collector Am27S28 and three-state Am27S29 output ver-
sions. After programming, stored information is read on outputs
0p-O7 by applying unique binary addresses to Ag-Ag and hold-
ing the chip select input, CS, at a logic LOW. If the chip select
input goes to a logic HIGH, Oy-O; go to the oif or high imped-
ance state.

GENERIC SERIES CHARACTERISTICS

The Am27528 and Am27S29 are members of an Advanced
PROM series incorporating common electrical characteristics
and programming procedures. All parts in this series are pro-
duced with a fusible link at each memory location storing a
logic LOW and can be selectively programmed to a logic
HIGH by applying appropriate voltages to the circuit.

All parts are fabricated with AMD's fast programming highly
reliable Platinum-Silicide Fuse technology. Utilizing easily im-
plemented programming (and common programming personal-
ity card sets) these products can be rapidly programmed to
any customized pattern. Extra test rows are pre-programmed
during manufacturing to insure extremely high field program-
ming yields, and produce excellent parametric correlation.

Platinum-Silicide was selected as the fuse link material to
achieve a well controlled melt rate resulting in large non-
conductive gaps that ensure very stable long term reliabilty.
Extensive operating testing has proven that this low-field,
large-gap technology offers the best reliability for fusible link
PROMs.

Common design features include active loading of all critical
AC paths regulated by a built-in temperature and voltage
compensated bias network to provide excellent parametric
performance over MIL supply and temperature ranges. Selec-
tive feedback techniques have been employed to minimize de-
lays through all critical paths producing the fastest speeds
possible from Schottky processed PROMs.

BLOCK DIAGRAM

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C to +75°C AM27S28DC
Hermetic DIP —-55°C to +125°C AM27S28DM
Three-State Outputs
Hermetic DIP 0°C to +75°C AM27S29DC
Hermetic DIP -55°C to +125°C AM27S29DM

COLUMN TEST RAIL
A, o—
* z 64 x 64 )
A7 0— H PnoenAm\n{ABLE 2
ARRA
mo— gne N2
As O——] DECODER o F
A4 0— w TEST ROW 0 §
Ay O—]
3 TEST ROW 1
A,
20 10F8 | l | l |
A1 0—] coLumn 8 x 1 OF 8 MULTIPLEXER
o DECODER |
a0 D
G 0 O 03 04 05 05 O
BPM-083
LOGIC SYMBOL
12 3 4 516171819
Ag Ay Az Az Aq As Ag A7 Ag
15 —of ¢S
Am27S28
Am27529
512 X 8 PROM
0y 0§ 0, 03 0,4 05 O O
veo - pnzo JTTTTTT]
" 6 7 8 9 11121314
GND = Pin 10 BPM.084
CONNECTION DIAGRAM
Top View
Vec As A; A A5 €S O; O Os O,
OO0 nQoanMnan
20 19 18 17 16 15 14 13 12 1
Am27s28
Am27529
L]
1 2 3 4 5 6 7 8 9 10
gudgugdoud
Ay Ay A A3 Ag Oy Oy O, O3 GND
Note: Pin 1 is marked for orientation. BPM-085
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Am27S28 « AM27S29
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—~55°C to +125°C

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous

-0.5V to +7.0V

DC Voltage Applied to Outputs (Except During Programming)

—0.5V to +V¢c max.

DC Voltage Applied to Outputs During Programming 21V
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA
DC Input Voltage -0.5V to +5.5V

DC Input Current

—30mA to, +5mA

OPERATING RANGE

CoML

Am27S28XC, Am27S29XC

0°C to +75°C Vee = 5.0V £5%

MIL

Am27528XM, Am27S29XM

Ta

—55°C to +125°C Vee = 5.0V £10%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unless Otherwise Noted)
PRELIMINARY DATA

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units

Vee =MIN, g = —2.0mA
VoH Output HIGH Voltage Vin = 2.4 Volts
(Am27529 only) IN=ViHor Vi

A\ =MIN., 1 =16mA
VoL Output LOW Voltage VCC v SL 0.50 Voits

IN=VIHoOr Vi

Vin Input HIGH Level Guaranteed mput logical HIGH 20 Volts

voltage for all inputs
viL Input LOW Level Guaranteed mf)ut logical LOW 08 Volts

voltage for all inputs
hL Input LOW Current Vee = MAX,, VN = 0.45V —-0.010 -0.250 mA
IH input HIGH Current Vee = MAX,, VN = 2.7V 25 RA
] input HIGH Current Vee = MAX., VN = 5.5V 1.0 mA
Isc Output Short Circuit Current Ve = MAX., VouT =0.0V (Note 2) | —20 -40 -90 mA
(Am27529 only)
Icc Power Supply Current Cg:fl:\;;;GND 105 160 mA
\7 Input Clamp Voltage Vce =MIN,, Iy = —18mA -1.2 Volts

Vo =45V 40
1CEX Output Leakage Current g@ - 2/‘:‘\7 Am27529 | Vg =24V 40 uA
CS = 4
only Vo =04V —40
Cin Input Capacitance V|N = 2.0V @f =1 MHz (Note 3) 4 .
p

Cout Qutput Capacitance Voyr=2.0vef=t1 MHz (Note 3)

Notes: 1. Typical limits are at Ve = 5.0V and Tp = 25°C.
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second.
3. These parameters are not 100% tested, but periodically sampled.
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Am27S28 « Am27S529

SWITCHING CHARACTERISTICS OVER OPERATING RANGE Typ Max

PRELIMINARY DATA 5V

Parameter Description Test Conditions 25°C COM’L MIL Units
taa Address Access Time 35 55 70 ns
tea Enable Access Time (Qei T;::el;oi g) 15 25 30 ns
teR Enable Recovery Time 15 25 30 ns

Notes: 1. taa is tested with switch Sy closed and C = 30pF.

2.
3.

For open collector outputs, tga and tgg are tested with Sy closed to the 1.5V output level. C| = 30pF.
For three state outputs, tga is tested with C_ = 30pF to the 1.5V level; S is open for high impedance to HIGH tests and closed for high

impedance to LOW tests. tgg is tested with C|_ = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Vou
— 0.5V; LOW to high impedance tests are made with Sy closed to the Vg + 0.5V level.

SWITCHING WAVEFORMS

3.0v

1.5v

%—\_’

cs, 1.5V
o
— — o
\/
AR VAVAVAY NN\ S/, (A

Note: Level on output while CS is HIGH is determined externally.

BPM-086

KEY TO TIMING DIAGRAM

WAVEFORM INPUTS OUTPUTS
MUST BE WILL BE
STEADY STEADY
MAY cHaNGe  WILLBE
FROMHTOL  CHANGING
FROMHTO L
MAY CHANGE ~ 'WILLBE
FROMLTOH  CHANGING
FROM L-TO H
DONTCARE;  CHANGING;
ANY CHANGE STATE
PERMITTED UNKNOWN
CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
AC TEST LOAD
Vee o——o/
s1
R1
3000
OUTPUT
R2
60011

'

BPM-087

PHYSICAL DIMENSIONS
Dual-In-Line

20-Pin Hermetic

PN N S T T S N N N
? 20 1
245
285

l ®, 10
e RS RS hA R RS RS RS R

L 935
970

JL Ll

§Isj

126
350
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Am27S28 - Am27S29

PROGRAMMING

The Am27828 and Am27S29 are manufactured with a conduc-
tive Platinum-Silicide link at each bit location. The output of the
memory with the link in place is LOW. The fusible links are
opened one at a time by passing current through them from a 20
volt supply which is applied to the memory output after the CS
input is at a logic HIGH. Current is gated through the addressed
fuse by raising the CS input from a logic HIGH to 15 volts. After
50 usec, the 20 volt supply is removed, the chip is enabled and
the output level is sensed to determine if the link has opened.
Most links will open within 50 usec. Occasionally a link will be
stronger and require additional programming cycles. The re-
commended duration of additional programming periods is 5
msec. If a link has not opened after a total elapsed programming
time of 400 msec, further programming of the device should not
be attempted. Successive links are programmed in the same
manner until all desired bit locations have been programmed to
the HIGH level.

Typical current into an output during programming will be ap-
proximately 140mA until the fuse link is opened, after which
the current drops to approximately 40mA. Current into the CS pin
when it is raised to 15 volts is typically 1.5mA.

The memories may become hot during programming due to
the large currents being passed. Programming cycles should
not be continuously applied to one device more than 5 sec-
onds to avoid heat damage. If this programming time is ex-
ceeded, all power to the chip including V¢ should be re-
moved for a period of 5 seconds after which programming
may be resumed.

When all programming has been completed, the data content
of the memory should be verified by sequentiaily reading ait
words. Occasionally this verification will show that an extra
undesired link has been fused. Should this occur, immediately
check the programming equipment to make sure that all de-
vice pins are firmly contacting the programming socket, that
the input signal levels exhibit sufficient hoise margins, and
that the programming voltages are within the specified limits.
All of these conditions must be maintained during program-
ming. AMD PROMs are thoroughly tested to minimize un-
wanted fusing; fusing extra bits is generally related to pro-
gramming equipment problems.

PROGRAMMING PARAMETERS -

Parameter Description Min. Max. Units
Veep Ve During Programming 5.0 5.5 Volts
Viup Input HIGH Level During Programming 24 5.5 Volts
ViLp Input LOW Leve! During Programming 0.0 0.45 Volts
Vese CS Voltage During Programming 14.5 15.5 Volts
Vop Output Voltage During Programming 19.5 20.5 Volts
Vonp Voltage on Outputs Not to be Programmed 0.0 Veep+0.3 Volts
lonp Current into Outputs Not to be Programmed 20 mA
d{Vgp)/dt Rate of Output Voltage Change 20 250 Viusec
d(VEN)/dt Rate of CS Voltage Change 100 1000 viusec
" Programming Period — First Attempt 50 100 usec

Programming Period — Subsequent Attempts 5.0 15 msec

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints.
2. Delays ty through t4 must be greater than 100ns; maximum delays of 1usec are recommended to minimize heating during pro-

gramming.

3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses

are required.

4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting.

PROGRAMMING WAVEFORMS

ADDRESS (

o
INPUTS SELECTED ADDRESS STABLE )

Yie

Vese

= L Ven

ENABLE
Vine

|—— ViLe
t 12 tp t3 ty ty
PROGRAMMED |
OUTPUT \ d
- S Vop) Vou
S OuTPUT 7

— YERIY
|

[>—————————P CYCLE

BPM-088

SIMPLIFIED PROGRAMMING DIAGRAM

Veee Vone
1 R = 30002
iool'o-—
Ag-Ay l:> o—
i‘o‘so._
Am27828 |«
Am27529 |
. I
cs
07
Vese Vop

BPM-089
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Am27528 « Am27S29

PROGRAMMING EQUIPMENT

Generic programming boards and device adapters are avail-
able from the sources listed below. In each case, the pro-
gramming boards are used in these manufacturer's automatic
SOURCE AND LOCATION

P.O. Box

Issaquah,

PROGRAMMER MODEL(S)

AMD GENERIC BIPOLAR 909-1286-
PROM PERSONALITY BOARD
Am27528 « Am27S29 715-1413

ADAPTERS AND
CONFIGURATOR

Data I/O Corp.

Model 5, 7 and 9

programmers to program all AMD generic series bipolar
PROMs; individual adapters are required for each basic part
type in the series.

Pro-Log Corp.

2411 Garden Road

Monterey, Ca. 93940

M900 and M920

PM9058

308
Wash. 98027

1

PA20-4 and 512 x 8 (L)

MING PROGRAMMED UNITS

Programmed devices may be purchased from your distributor
or Advanced Micro Devices. The program data should be
submitted in the form of a punched paper tape and must be
accompanied by a written truth table. The punched tape can
be delivered with your order or may be transmitted over a
TWX machine or time-sharing terminal. ASCII BPNF is our
preferred paper tape format.

ORTAINM
Lo =2 P4

Truth tables are also acceptable, however, much less desir-
able especially for larger density PROMs. Submission of a
truth table requires the generation of a punched paper tape at
the distributor or factory resulting in longer lead times, greater
possibility of error, and higher cost.

ASCIl BPNF

An example of an ASCII tape in the BPNF format is shown
below. They can be punched on any Teletype® or on a TWX
or Telex machine. The format chosen provides relatively good
error detection. Paper tapes must consist of:

1. A leader of at least 25 rubouts.
2. The data patterns for all 512 words, starting with word 0, in
the following format:

a. Any characters, including carriage return and line feed,
except “B”.

b. The letter “B”, indicating the beginning of the data
word.

¢. A sequence of eight Ps or Ns, starting with output O,.

d. The letter “F”, indicating the finish of the data word.

e. Any text, including carriage return and line feed, except

3. A trailer of at least 25 rubouts.

A P is a HIGH logic level = 2.4 volts.
An N is a LOW logic level = 0.4 volts.

A convenient pattern to use for the data words is to prefix the
word (or every few words) with the word number, then type
the data word, then a comment, then carriage return and line
feed as shown below. There must be no characters between
the B and the F except for the eight Ps and Ns. If an error is
made in a word, the entire word must be cancelled with rub-
outs back to the letter B, then the word re-typed beginning
with the B.

When TWXing your tape, be sure the tape is in even parity.

the letter “B”. Parity is not necessary if the tape is mailed.
TYPICAL PAPER TAPE FORMAT RESULTING DEVICE TRUTH TABLE (CS LOwW)
@gp BENPPNNNPF  WORD zERO (®) (D) Ag A; Ag Ag Ag Az Ay Aj Ay 07 Og 05 O O3 Oy Oy O,
BPPPPPENNF  COMMENT FIELD (B) (® 6 7 675 74 P20 76 S 4 8 21 0
gd>  BNINPPPRIF ® @ L L L L L L LLLJ]HULHHTLTLTLH
T A R R R
¢ds BENNNNNNPF  CAN (B) (D) Lot H HotL
L L L HH L L L L L L L L
GEN&P%WNN;GEOR L L L L L L HLLIJIHLTLTZULTLZLTLH
¢#6  BPNNPPPNNF  HE! L L L L L L HLH L HHLHUHTLL
: L L L L L LHHLI IHLLHHEEHELL
511 BNNWNPPENF END ®) @ . .
(R) = CARRIAGE RETURN N :
(D= LINE FEED H HHHHIHIHIHH L L L L HHH.L
ASCII PAPER TAPE
ASCIl ‘B’ ASCII 'F
LEADER l' WORD ‘0" l_ I( WORD 1" l/l_m TRAILER
Q000000000 00000 0QOCO0OO0O
0000 0000 oo
[-X-R-N-] 0000 -]
MOOOMOMN
o 00000 0000 O0
QPSORNS L BPSORN! L
OPTIONAL COMMENTS MAY BE INSERTED HERE BPM-017
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Am27S30 « Am27S31

4096-Bit Generic Series Bipolar PROM

DISTINCTIVE CHARACTERISTICS

High Speed - 55 ns max commercial range access time
Excellent performance over full MIL and commercial ranges
Highly reliable, ultra-fast programming Platinum-Silicide
fuses

High programming yield

Low current PNP inputs

High current open collector and three-state outputs

Fast chip select

Access time tested with N2 patterns

Pin for pin replacements for industry standard products
Common Generic PROM series electrical characteristics
and simple programming procedures.

FUNCTIONAL DESCRIPTION

The Am27S30 and Am27S31 are high speed electrically pro-
grammable Schottky read only memories. Organized in the in-
dustry standard 512 x 8 configuration, they are available in both
open colieclor Am27S30 and three-state Am27S31 output ver-
sions. After programming, stored information is read on outputs
0,-0- by applying unique-binary addresses to Ay-Ag and holding
CS; and CS, LOW and CS; and CS, HIGH. All other valid input
conditions on CS;, CS,, CS; and CS, place O,-0; into the OFF
or high impedance state.

GENERIC SERIES CHARACTERISTICS

The Am27S30 and Am27S31 are members of an Advanced
PROM series incorporating common electrical characteristics
and programming procedures. All parts in this series are pro-
duced with a fusible link at each memory location storing a
logic LOW and can be selectively programmed to a logic
HIGH by applying appropriate voltages to the circuit.

All parts are fabricated with AMD's fast programming highly
reliable Platinum-Silicide Fuse technology. Utilizing easily im-
plemented programming (and common programming personal-
ity card sets) these products can be rapidly programmed to
any customized pattern. Extra test rows are preprogrammed
during manufacturing to insure extremely high field programming
yields, and produce excellent parametric correlation.

Platinum-Silicide was selected as the fuse link material to
achieve a well controlled melt rate resulting in large non-
conductive gaps that ensure very stable long term reliabilty.
Extensive operating testing has proven that this low-field,
large-gap technology offers the best reliability for fusible link
PROMs.

Common design features include active loading of all critical
AC paths regulated by a built-in temperature and voltage
compensated bias network to provide excellent parametric
performance over MIL supply and temperature ranges. Selec-
tive feedback techniques have been employed to minimize de-
lays through all -critical paths producing the fastest speeds
possible from Schottky processed PROMSs.

BLOCK DIAGRAM

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C to +75°C AM27S30DC
Hermetic DIP -55°C to +125°C  Am27S30DM
Three-State Outputs
Hermetic DIP 0°C to +75°C AM27S31DC
Hermetic DIP —55°C to +125°C AM27S31DM

COLUMN TEST RAIL
As O—1
z 64 x 64 =
A7 0— S PROGRAMMABLE 2
As O——{ 10F66 5‘ ARRAY 5
ROW
As O—] bECODER 2 £
A+ O— @ TEST ROW 0 -E
A3 O—
s TEST ROW 1
A2 O—o
2 10F8 l T r
A1 O——{ COLUMN 8 x 1 OF 8 MULTIPLEXER
DECODER
Ao ECO!
<5, ———d
Cs, —0O
cs; ——
€Sy —
O 0; 0, 03 04 Os 05 Oy
BPM-114
LOGIC SYMBOL
8 7 6 5 4 3 2 123
Ag A1 Az Ay Aq As Ag A7 Ag
- Pi 21
VCC Pln 24 20 Am27S30/Am27S31
GND = Pin 12 19 cs 512 X 8 PROM
(Pin 22 Open) ®
0y 04 0; 03 0, O5 Og O
9 10 11 13 14 15 16 17
BPM-115
CONNECTION DIAGRAM
Top View
Vec Ay NC TS, T5,CS; CS, 0; O Os 04 Oy
24 23 22 2t 20 19 18 17 16 15 14 13
Am27S30/Am27S31
L]
1 2 3 4 5 L] 7 8 9 10 11 12
A7 Ag As A; A3 A; Ay Ay Oy Oy O, GND
Note: Pin 1 is marked for orientation. BPM-116
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am27S30 « Am27S31

Storage Temperature

-65°C to +150°C

Temperature (Ambient) Under Bias

~55°C to +125°C

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous

-0.5Vto +7.0V

DC Voltage Applied to Outputs (Except During Programming)

-0.5V to +Vg¢ max.

DC Voltage Applied to Outputs During Programming 21v
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA
DC Input Voltage -0.5V to +5.5V

DC Input Current

—30mA to, +5mA

OPERATING RANGE

COML

Am27S30XC, Am27S31XC Ta

0°C to +75°C

Vcc = 5.0V 5%

MIL

Ta

—-55°C to +125°C

Vee = 5.0V £10%

Am27S30XM, Am27S31XM

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

PRELIMINARY DATA

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
VOH Vee = MIN,, IgH = —2.0mA
| Vi K It
(Am27531 only) Output HIGH Voltage VIN = Vipor V| 24 Volts
Vi =MIN,, 1 = 16mA
VoL Output LOW Voltage ce oL 0.50 Volts
VIN = ViHor Vi
Vin Input HIGH Level Guaranteed mPut logical HIGH 20 Volts
voltage for all inputs
Vil input LOW Level Guaranteed m;}uut logical LOW 08 Volts
voltage for all inputs
TN Input LOW Current Vee = MAX,, V| = 0.45V —0.010 —0.250 mA
HH Input HIGH Current Vee = MAX., VN = 2.7V 25 kA
Iy Input HIGH Current Vee = MAX., VN = 6.5V 1.0 mA
:i(r:n27831 only) Output Short Circuit Current Ve = MAX., Vout = 0.0V (Note 2) —20 —40 —~90 mA
Ice Power Supply Current Cgé"f‘l’\;;;‘GND 115 175 mA
V| Input Clamp Voltage Vee = MIN,, Iy = —18mA -1.2 Volts
Vg =45V 40
ICEX Output Leakage Current x_(£= M2A4):/ Am27831 | Vo =24V 40 uA
es1 7 only Vo = 0.4V —40
CIN Input Capacitance VIN =2.0V@f=1MHz (Note 3) 4
pF
CouT Qutput Capacitance VouT = 2.0V @ f = 1 MHz {(Note 3) 8

Notes: 1. Typical limits are at Voo =5.0Vand Tp = 25°C.
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second.
3. These parameters are not 100% tested, but periodically sampled.
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Am27S30 « Am27S31

SWITCHING CHARACTERISTICS OVER OPERATING RANGE
PRELIMINARY DATA

Typ Max
5V
Parameter Description Test Conditions 25°C COM'L MIL Units
taa Address Access Time 35 55 70 ns
] AC Test Load
tea Enable Access Time (See Notes 1-3) 15 25 30 ns
ter Enable Recovery Time 15 25 30 ns

Notes: 1. taa is tested with switch Sy closed and C| = 30pF.

2. For open collector outputs, tga and tgg are tested with S closed to the 1.5V output level. C|_ = 30pF.

3. For three state outputs, tgp is tested with C = 30pF to the 1.5V level; Sq is open for high impedance to HIGH tests and closed for high
impedance to LOW tests. tgg is tested with Cy = 5pF. HIGH to high impedance tests are made with Sy open to an output voltage of Voy

— 0.5V; LOW to high impedance tests are made with Sy closed to the Vg + 0.5V level.

SWITCHING WAVEFORMS

3.0V
o % h
ov
€S,, €S, 3.0v
| % V__
s, €5, ; l ov
F—'AA—-' |—-lgn-> I__IEA_.
V
\\\\lk Vou - 0.5V oH
[ 15V
o ////jﬁ VoL + 0.5V
VoL
Note: Level on output while chip is disabled is determined externally.
BPM-117
KEY TO TIMING DIAGRAM
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
wusT BE L BE ANY CHANGE  STATE
PERMITTED UNKNOWN
w CENTER
LL BE DOES NOT LINE IS HIGH
MAY
RO I ANGE  CHANGING M APPLY IMPEDANCE
FROM H TO L OFF STATE
MAY CHANGE ot BE
FROM L TO H ANGING
FROM L TOH
AC TEST LOAD
Vee o—o/
s1
Rt
30012
OUTPUT
R2
CL:I: 6000
BPM-118
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Am27S30 « Am27S31

PROGRAMMING

The Am27S30 and Am27S31 are manufactured with a con-
ductive Platinum-Silicide link at each bit location. The output of
the memory with the link in place is LOW. The fusible links are
opened one at a time by passing current through them from a 20
volt supply which is applied to the memory output after the CS,
input is at a logic HIGH. Current is gated through the addressed
fuse by raising the CS; input from a logic HIGH to 15 volts. After
50 usec, the 20 volt supply is removed, the chip is enabled and
the output level is sensed to determine if the link has opened.
Most links will open within 50 usec. Occasionally a link wiil be
stronger and require additional programming cycles. The re-
commended duration of additional programming periods is 5
msec. If a link has not opened after a total elapsed programming
time of 400 msec, further programming of the device should not
be attempted. Successive links are programmed in the same
manner until all desired bit locations have been programmed to
the HIGH level.

Typical current into an output during programming will be ap-
proximately 140mA until the fuse link is opened, after which
the current drops to approximately 40mA. Current into the CS;
pin when it is raised to 15 volts is typically 1.5mA.

The memories may become hot during programming due to
the large currents being passed. Programming cycles should
not be continuously applied to one device more than 5 sec-
onds to avoid heat damage. If this programming time is ex-
ceeded, all power to the chip including V¢ should be re-
moved for a period of 5 seconds after which programming
may be resumed.

When all programming has been completed, the data content
of the memory should be verified by sequentially reading all
words. Occasionally this verification will show that an extra
undesired link has been fused. Should this occur, immediately
check the programming equipment to make sure that all de-
vice pins are firmly contacting the programming socket, that
the input signal levels exhibit sufficient noise margins, and
that the programming voltages are within the specified limits.
All of these conditions must be maintained during program-
ming. AMD PROMSs are thoroughly tested to minimize un-
wanted fusing; fusing extra bits is generally related to pro-
gramming equipment problems.

PROGRAMMING PARAMETERS -

Parameter Description Min. Max. Units
Veep Ve During Programming 5.0 5.5 Volts
Viup Input HIGH Level During Programming 24 55 Volts
ViLe Input LOW Level During Programming 0.0 0.45 Volts
Vese CS; Voltage During Programming 14.5 15.5 Volts
Vop Output Voltage During Programming 19.5 205 Volts
Vone Voltage on Outputs Not to be Programmed 0.0 Veep+0.3 Volts
lonp Current into Outputs Not to beé Programmed 20 mA
d(Vop)/dt Rate of Output Voltage Change 20 250 Viusec
d(Ven)/dt Rate of C—S1 Voltage Change 100 1000 viusec
o Programming Period — First Attempt 50 100 usec

Programming Period — Subsequent Attempts 5.0 15 msec
-Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints.

2. Delays ty through t; must be greater than 100ns; maximum delays of 1usec are recommended to minimize heating during pro-

gramming.

3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses

are required.

4. Outputs not being programmed are connected to Vgyp through resistor R which provides output current limiting.

PROGRAMMING WAVEFORMS

Vine

ApoRess SELECTED ADDRESS STABLE X
INPUTS Vi
Vese

,—- Vikp

d
— = (Ven)
5, o
ENABLE
|—— Vie
1y tp tp 1y ty 1y
Vop
PROGRAMMED |
oureur — i(vT\___,___,,. v
=7 dtop outPUT A7 oM

— \VERFY Y/
[ CYCLE |

Voo

BPM-119

SIMPLIFIED PROGRAMMING DIAGRAM

Veer Vonp
I " R=3000
0o
Ag-Ag @ _O/:
%
Cs,
2ol Am2rsao |.
CS; Am27S31 . | |
Vinp — \ |
Cs, N
Vite O——
CS, 07
Vese Vop

BPM-120
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Am27S30 « Am27S31

PROGRAMMING EQUIPMENT

Generic programming boards and device adapters are avail-
able from the sources listed below. In each case, the pro-
gramming boards are used in these manufacturer's automatic

SOURCE AND LOCATION

PROGRAMMER MODEL(S)

Data I/O Corp.
P.O. Box 308
Issaquah, Wash. 98027

Model 5, 7 and 9

programmers to program all AMD generic series bipolar
PROMs; individual adapters are required for each basic part
type in the series.

Pro-Log Corp.

2411 Garden Road

Monterey, Ca. 93940

M900 and M320

AMD GENERIC BIPOLAR 909-1286-1 PM9058

PROM PERSONALITY BOARD

Am27S30 « Am27S31 715-1545 PA24-13 and 512 x 8 (L)
ADAPTERS AND

CONFIGURATOR

OBTAINING PROGRAMMED UNITS

Programmed devices may be purchased from your distributor
or Advanced Micro Devices. The program data should be
submitted in the form of a punched paper tape and must be
accompanied by a written truth table. The punched tape can
be delivered with your order or may be transmitted over a
TWX machine or time-sharing terminal. ASCIl BPNF is our
preferred paper tape format.

Truth tables are also acceptable, however, much less desir-
able especially for larger density PROMs. Submission of a
truth table requires the generation of a punched paper tape at
the distributor or factory resulting in longer lead times, greater
possibility of error, and higher cost.

ASCIlI BPNF

An example of an ASCII tape in the BPNF format is shown
below. They can be punched on any Teletype® or on a TWX
or Telex machine. The format chosen provides relatively good
error detection. Paper tapes must consist of:

1. A leader of at least 25 rubouts.
2. The data patterns for all 512 words, starting with word 0, in
the following format:

a. Any characters, including carriage return and line feed,
except “B”.

b. The letter “B", indicating the beginning of the data
word.

¢. A sequence of eight Ps or Ns, starting with output O5.

d. The letter “F”, indicating the finish of the data word.

e. Any text, including carriage return and line feed, except

3. A trailer of at least 25 rubouts.

A P is a HIGH logic level = 2.4 volts.
An N is a LOW logic level ='0.4 volts.

A convenient pattern to use for the data words is to prefix the
word (or every few words) with the word number, then type
the data word, then a comment, then carriage return and line
feed as shown below. There must be no characters between
the B and the F except for the eight Ps and Ns. If an error is
made in a word, the entire word must be cancelled with rub-
outs back to the letter B, then the word re-typed beginning
with the B.

When TWXing your tape, be sure the tape is in even parity.

the letter “B”. Parity is not necessary if the tape is mailed.
TYPICAL PAPER TAPE FORMAT __RESULTING DEVICE TRUTH TABLE
(CS; AND CS, LOW, CS; AND CS4 HIGH)
#¢¢ BENPPNNNEF  WORD ZERO () (D) Ag A7 Ag As Ay Ay Ay Aj Ay 0Oy Og Os Os O3 O, Oy O
BPPPPPPNNF  COMMENT FIELD () (D 8 7 6 5 M3 217 7 06 25 74 03 P2 U1 T0
@@2  BNNNPPPPNF i L L L L L L L L L H L HH L L L H
ENNNNNNMFFTEX’I L L Lt L L L L L H H H HH H H L L
@gL  BPNNNINNEF  CAN (R) (L) L L L L L L L H L L L L HHHHL
BNPENPPNNF GO (8) (D) L L L UL L L HH L L L L L L L L
§¢6 DPNNPPRNNF  HERE (B) (D L L L L L L HL L H L L L L L LH
{ L L L L L L HTLH L HHLHHTLL
s11 iR END ® © LLL Lt L HHL HLL:HHLL
(R)= CARRIAGE RETURN . .
(- LINE FEED H H HHHUHHIHH L L L L HHHL
ASCII PAPER TAPE
ASClI 'B’ ASCIl ‘8" F
LEADER WORD ‘0" F WORD ‘1* CR TRAILER
——— r —_—
0000000000 0000000 O0CO0OO0O
0000 coco oo
o000 0000 -3
R R D S S TP SRR PR R PR PR PR DR
o 00000 © oocco0oo0
8‘P'sOR'N's L 8'P'sOR'N's LLF
OPTIONAL COMMENTS MAY BE INSERTED HERE

BPM-017

6-46




Am27S180 -« Am27S181

8192-Bit Generic Series Bipolar PROM

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS

High Speed — 60ns max commercial range access time
Excellent performance over full MIL and commercial ranges
Highly reliable, ultra-fast programming Platinum-Silicide
fuses

High programming yield

Low current PNP inputs

High current open collector and three-state outputs

Fast chip sslect

Access time tested with N? patterns

Pin for pin replacements for industry standard products
Common Generic PROM series electrical characteristics
and simple programming procedures.

e e 6 0e oo

FUNCTIONAL DESCRIPTION

The Am27S180 and Am27S181 are high speed electrically
programmable Schottky read only memories. Organized in the
industry standard 1024 x 8 configuration, they are available in
both open collector Am27S180 and three-state Am27S181 out-
put versions. After programming, stored information is read on
outputs Op-O7 by applying unique binary addresses to Ag-Aq
and enabling the chip (CS;, CS,, low and CS;, CS, high).
Changes of chip seiect input levels disabies the outputs causing
them to go to the off or high impedance state.

GENERIC SERIES CHARACTERISTICS

The Am27S180 and Am27S181 are members of an Advanced
PROM series incorporating common electrical characteristics
and programming procedures. All parts in this series are pro-
duced with a fusible link at each memory location storing a
logic LOW and can be selectively programmed to a logic
HIGH by applying appropriate voltages to the circuit.

All parts are fabricated with AMD’s fast programming highly
reliable Platinum-Silicide Fuse technology. Utilizing easily im-
plemented programming (and common programming personal-
ity card sets) these products can be rapidly programmed to
any customized pattern. Extra test words are pre-programmed
during manufacturing to insure extremely high field program-
ming yields, and produce excellent parametric correlation.

Platinum-Silicide was selected as the fuse link material to
achieve a well controlled melt rate resulting in large non-
conductive gaps that ensure very stable long term reliabilty.
Extensive operating testing has proven that this low-field,
large-gap technology offers the best reliability for fusible link
PROMs.

Common design features include active loading of all critical
AC paths regulated by a built-in temperature and voltage
compensated bias network to provide excellent parametric
performance over MIL supply and temperature ranges. Selec-
tive feedback techniques have been employed to minimize de-
lays through all critical paths producing the fastest speeds
possible from Schottky processed PROMs.

BLOCK DIAGRAM

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C to +75°C AM275180DC
Hermetic DIP -55°C to +125°C  AM27S180DM
Three-State Outputs
Hermetic DIP 0°C to +75°C AM27S181DC
Hermetic DIP -55°Cto +125°C  AM27S181DM

COLUMN TEST RAIL
]
Ay Ot 2z ]
H 64x128 =
As O—] 3 PROGRAMMABLE a
As O—— 10F66 3 ARRAY ;
ROW e
A7 O——] DECODER a 2
=
Ay O— TEST WORD 0
Ag O—
TEST WORD 1
Ay O——]
At v o OF 16 MULTIPLEXER
COLUMN 1 OF 16 MULTIPLE:
A2 O— DECOBER
Az O—]
cs,
cs;
cs;y
- CSy
BPM-098 0, 0, 0, O3 Oy Os O Oy
LOGIC DIAGRAM
8 76 5 43 2 12322
A Ay A A Ay As Ag A7 Ag Ag
21 —] €5,
) —
0 —0 €5, Am275180/181
19 ——{ €S,
18 —| Cs,{
0y 0y 0; 03 04 Os5 05 O;
9 10 11 13 14 15 16 17 Vcc = Pin 24
BPM-099 GND = Pin 12
CONNECTION DIAGRAM
Top View
Vcc Ag Ay CS; CS,; CS;CSq Oy Og Os Oy 05
24 23 22 21 20 19 18 17 16 15 14 13
) Am275180/181
L
1 2 3 4 5 6 7 8 9 10 11 12
A; ‘As As Ay Ay Ay A Ag Oy Oy O GND
BPM-100 Note: Pin 1 is marked for orientation.
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Am27S180 « Am275181

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

-65to +150°C

Temperature (Ambient) Under Bias

—55to +125°C

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —-0.5to +7.0V
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +V¢c max.
DC Voltage Applied to Outputs During Programming 21V
Qutput Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA
DC Input Voltage —0.5to +5.5V
DC Input Current —30 to +5mA
OPERATING RANGE
COML Am27S180XC, Am27S181XC Ta = 0to 75°C Vee = 5.0V £5%
MIL Am275180XM, Am27S181XM Tc = —55t0 +125°C Vee = 5.0V £10%
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
PRELIMINARY DATA
Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
Vou Vee = MIN, Igy = —2.0mA
(Am27S181 only) Qutput HIGH Voltage Vi = Vi of Vi1 24 Volts
Vcc = MlN., IOL = 16mA
\7 Output LOW Voltage 0.38 0.50 Volts
oL P 9 ViN = Vi or Vi,
Vi Input HIGH Level Guaranteed input logical HIGH 2.0 Volts
voltage for all inputs
Vi Input LOW Level Guaranteed input logical LOW 0.8 Volts
voltage for all inputs
e Input LOW Current Vce = MAX,, Vg = 0.45V -0.010 -0.250 mA
hn Input HIGH Current Voo = MAX,, Viy = 27V 25 pA
Iy Input HIGH Current Vee = MAX,, V|y = 5.5V 1.0 mA
Isc o = - _ _ _
(Am27S181 only) Output Short Circuit Current Vee = MAX,, VoyTt = 0.0V (Note 2) 20 40 90 mA
All inputs = GND
lcc Power Supply Current Vee = MAX. 120 185 mA
\7 Input Clamp Voltage Vee = MIN, ||y = —18mA -1.2 Volts
Vo = 4.5V 40
Ve = MAX,
IcEx Output Leakage Current Vcsi,2 =2.4V| aAm27s181| Vo = 2.4V 40 nA
Vess,e = 0.4V| only Vo = 0.4V —-40
Cin Input Capacitance ViN = 2.0V @ f = 1MHz (Note 3) 5 F
p
Cout Output Capacitance VouTt = 2.0V @ f = 1MHz (Note 3) 12

Notes: 1. Typical limits are at Voc = 5.0V and T = 25°C.
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second.
3. These parameters are not 100% tested, but are periodically sampled.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE
PRELIMINARY DATA

Typ Max
sV
Parameter Description Test Conditions 25°C COM'L MIL Units
tan Address Access Time 40 60 80 ns
- AC Test Load
tea Enable Access Time (See Notes 1-3) 20 40 50 ns
ter Enable Recovery Time 20 40 50 ns

Notes: 1. taa is tested with switch Sy closed and C = 30pF.

2.
3.

For open collector outputs, tgs and teg are tested with S¢ closed to the 1.5V output level. C| = 30pF.
For three state outputs, tga is tesied with C; = 30pF to the 1.5V level; Sy is open for high impedance to HIGH tests and closed for high

impedance to LOW tests. tgg is tested with C|_ = 5pF. HIGH to high impedance tests are made with S1 open to an output voltage of Vg — 0.5V;
LOW to high impedance tests are made with Sy closed to the Vg + 0.5V level.

SWITCHING CHARACTERISTICS
3.0v
I ov
€S, CS4
: \V4 \V4
C§,,Cs,; ov
|————'AA——| 'En" ‘EA“
SNY ANN\\\ a7/ /A
0407 /\/\/\/'\ 1.5v
/78N
Note: Level on output while chip is disabled is determined externally.
BPM-101
KEY TO TIMING DIAGRAM
WAVEFORM OUTPUTS WAVEFORM  INPUTS OUTPUTS
DON'T CARE;  CHANGING;
e M ANYCHANGE  STATE
PERMITTED  UNKNOWN
WILL BE CENTER
MAY CHANGE  CHANGING DOES NOT  LINE IS HIGH
FROM HTO L APPLY IMPEDANCE
FROMHTO L “OFF" STATE
MaY cange  ILL BE
FROMLTOH ppomiTOH
AC TEST LOAD
Voo o—o/c>—
$1
< Ry
> 3000
OUTPUT o———r
c SRy
L ]: P4 5600
BPM-102
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PROGRAMMING

The Am27S180 and Am27S181 are manufactured with a conduc-
tive Platinum-Silicide link at each bit location. The output of
the memory with the link in place is LOW. To program the de-
vice, the fusible links are selectively opened.

The fusible links are opened one at a time by passing current
through them from a 20 volt supply which is applied to one
memory output after the CS, input is at a logic HIGH. Current
is gated through the addressed fuse by raising the CS; input
from a logic HIGH tor 15 volts. After 50 usec, the 20 volt sup-
ply is removed, the chip enabled, and the output level sensed
to determine if the link has opened. Most links will open within
50 usec. Occasionally a link will be stronger and require addi-
tional programming cycles. The recommended duration of ad-
ditional programming periods is 5 msec. If a link has not
opened after a total elapsed programming time of 400 msec,
further programming of the device should not be attempted.
Successive links are programmed in the same manner until all
desired bit locations have been programmed to the HIGH
level.

Typical current into an output during programming will be ap-
proximately 140mA until the fuse link is opened, after which

the current drops to approximately 40mA. Current into the
CS; pin when it is raised to 15 volts is typically 1.5mA.

The memories may become hot during programming due to
the large currents being passed. Programming cycles should
not be applied to one device more than 5 seconds to avoid
heat damage. If this programming time is exceeded, all power
to the chip including V¢¢ should be removed for a period of 5
seconds after which programming may be resumed.

When all programming has been completed, the- data content
of the memory should be verified by sequentially reading all
words. Occasionally this verification will show that an extra
undesired link has been fused. Should this occur, immediately
check the programming equipment to make sure that all de-
vice pins are firmly contacting the programming socket, that
the input signal levels exhibit sufficient noise margins, and
that the programming voltages are within the specified limits.
All of these conditions must be maintained during program-
ming. AMD PROMs are thoroughly tested to minimize un-
wanted fusing; fusing extra bits is generally related to pro-
gramming equipment problems.

PROGRAMMING PARAMETERS

Parameter Description Min. Max. Units
Veee Vg During Programming 5.0 5.5 Volts
Vinp Input HIGH Level During Programming 2.4 5.5 Volts
ViLe Input LOW Level During Programming 0.0 0.45 Volts
Vcsp @1 Voltage During Programming 14.5 15.5 Volts
Vop Output Voltage During Programming 19.5 20.5 Volts
Vonp Voltage on Outputs Not to be Programni_ed 0 Veep+0.3 Volts
lonp Current into Outputs Not to be Programmed 20 mA
d(Vop)/dt Rate of Output Voltage Change 20 250 Viusec
d(Vgg)/dt Rate of CS4, Voltage Change 100 1000 Viusec
tp Programming Period — First Attempt 50 100 usec

Programming Period — Subsequent Attempts 5.0 15 msec

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints.

2. Delays tq, tp, t3 and t4 must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during

programming.

3. During t,, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses

are required.

4. Outputs not being programmed are connected 1o Vonp through resistor R which provides output current limiting.

PROGRAMMING WAVEFORMS

ADDRESS (
INPUTS

Vine
SELECTED ADDRESS STABLE j

Vite

Vese
— 4 (ves)
&, at (Ves)

ENABLE Vine
/ Ve
ty 12 p 13 ty ty

Vor

PROGRAMMED ‘
OUTPUT \ d
- = (Yop) Vou
T ouTPUT

VERIFY
! L o,
CYCLE -

fe———  PROGHR.

BPM-103

SIMPLIFIED PROGRAMMING DIAGRAM
Veer Vonp

| R = 30002

Am275180

R
CSy Am275181

i

BPM-104
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PROGRAMMING EQUIPMENT

Generic programming boards and device adapters are avail-
able from the sources listed below. In each case, the pro-
gramming boards are used in these manufacturer’s automatic

SOURCE AND LOCATION

PROGRAMMER MODEL(S)

Data 1/0O Corp.
P.O. Box 308
Issaquah, Wash. 98027

Model 5, 7 and 9

programmers to program all AMD generic series bipolar
PROMs; individual adapters are required for each basic part
type in the series.

Pro-Log Corp.

2411 Garden Road

Monterey, Ca. 93940

M900 and M920

AMD GENERIC BIPOLAR 909-1286-1 PM9058
PROM PERSONALITY BOARD
Am275180 » Am275181 715-1545-2 PA24-13 and 1024 x 8 (L)

ADAPTERS AND
CONFIGURATOR

OBTAINING PROGRAMMED UNITS

Programmed devices may be purchased from your distributor
or Advanced Micro Devices. The program data should be
submitted in the form of a punched paper tape and must be
accompanied by a written truth table. The punched tape can
be delivered with your order or may be transmitted over a
TWX machine or time-sharing terminal. ASCIi BPNF is our
preferred paper tape format.

Truth tables are also acceptable, however, much less desir-
able especially for larger density PROMs. Submission of a
truth table requires the generation of a punched paper tape at
the distributor or factory resulting in longer lead times, greater
possibility of error, and higher cost.

ASCII BPNF

An example of an ASCII tape in the BPNF format is shown
below. They can be punched on any Teletype® or on a TWX
or Telex machine. The format chosen provides relatively good
error detection. Paper tapes must consist of:

1. A leader of at least 25 rubouts.
2. The data patterns for all 1024 words, starting with word 0, in
the following format:

a. Any characters, including carriage return and line feed,
except "B”.

b. The letter “B”, indicating the beginning of the data
word.

c. A sequence of eight Ps or Ns, starting with output O5.

d. The letter “F”, indicating the finish of the data word.

e. Any text, including carriage return and line feed, except

3. A trailer of at least 25 rubouts.

A P is a HIGH logic level = 2.4 volts.
An N is a LOW logic level = 0.4 volts.

A convenient pattern to use for the data words is to prefix the
word (or every few words) with the word number, then type
the data word, then a comment, then carriage return and line
feed as shown below. There must be no characters between
the B and the F except for the eight Ps and Ns. If an error is
made in a word, the entire word must be cancelled with rub-
outs back to the letter B, then the word re-typed beginning
with the B.

When TWXing your tape, be sure the tape is in even parity.

the letter “B”. Parity is not necessary if the tape is mailed.
TYPICAL PAPER TAPE FORMAT RESULTING DEVICE TRUTH TABLE
§¢p BPNPENNNPF  WORD ZERO ® (D (CS; AND CS, LOW, CS; AND CS, HIGH)
BPPPPPPNNF  COMMENT FIELD ® @ Av Ae Ar A A Ay Ax As A A 0y O- Ox O, O: O, O O
002  BNNNPPEENF ANY ® © 9 Ag A7 Ag As Ay A3 Ay Ay Ag 7 Op Os 04 03 0z 0y Qg
BNNNNNNNNF ~ TEXT ® © LLLLLLLLLL HLHHLLLH
@@4  BPNNNNNNPF  CAN ® @ L LLLLLLLLH HHHHHHLL
BNPPNPPNNF GO ® @ L LLLLLLLHL LLLHHHHL
$¢6  BPNNPPPNNF HERE ® @ LLLLLLLLHH L LLLLLLL
. “ssessncsece . L L LLLLLHLL HLLLLLTLH
. cesensssnens .
L LLLLLLHLH LHHLHHLL
1023 BrNNNPPENF  END ® @ LLLLLLLHHL | HLLHHKRLL
= CARRIAGE RET! . .
g=UNEF"E\EDEURN HHHHHHHHHH LLLLHHHL
ASCIl PAPER TAPE
ascl ‘g’ Ascll ‘8 F
LEADER WORD ‘O’ F WORD 1’ cR TRAILER
—-— ‘_ _—
0000000000 0000000000
o000 cooo oo
©oo0o0 eooo0 o
R R R TS R LR LR
o Coocoo o oo0ooco0o0
~———
8'P's OR'N's L 8‘P’'sOR'N's L LF
OPTIONAL COMMENTS MAY BE INSERTED HERE BPM-105
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Am27S184 « Am27S185

8192-Bit Generic Series Bipolar PROM

PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS

e Excellent performance over full MIL and commercial ranges

e Highly reliable, ultra-fast programming Platinum-Silicide
fuses

e High programming yield

® Low current PNP inputs

® High current open collector and three-state outputs

@ Fast chip select

e Access time tested with N2 patterns

e Pin for pin replacements for industry standard products

e Common Generic PROM series electrical characteristics

and simple programming procedures.

FUNCTIONAL DESCRIPTION

The Am27S184 and Am27S185 are high speed electrically
programmable Schottky read only memories. Organized in the
industry standard 2048 x 4 configuration, they are available in
both open collector Am27S184 and three-state Am275185 out-
put versions. After programming, stored information is read on
outputs Oy-O3 by applying unique binary addresses to Ag-Ayg
and holding the chip select input CS LOW. If the chip select
input goes to a logic HIGH, Og-O3 go to the off or high-imped-
ance state.

GENERIC SERIES CHARACTERISTICS

The Am27S184 and Am27S185 are members of an Advanced
PROM series incorporating common electrical characteristics
and programming procedures. All parts in this series are pro-

duced with a fusible link at each memory location storin ”a

i @'
plemented programming (and common programmmg
ity card sets) these products can be rapidly programmed to,

any customized pattern. Extra test words are pre-programmé d

during manufacturing to insure extremely high field prog

ming yields, and produce excellent paramet:;l% ,co{f’ lation.
i K

tive feedbac ééhnlques have been employed to minimize de-
lays through all critical paths producing the fastest speeds
possible from Schottky processed PROMs.

BLOCK DIAGRAM

COLUMN TEST RAIL

10F 128
ROW

vy LSIL MOH

DECCDER

QUAD 1 OF 16 MULTIPLEXER

Ef-ou 0y O 02 03

BPM-106

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0to +75°C AM27S184DC
Hermetic DIP —55to +125°C AM27S184DM
Three-State Outputs
Hermetic DIP 0to +75°C AM275185DC
Hermetic DIP —55 to +125°C AM275185DM

LOGIC SYMBOL

Am275184/185 cs [O— 10

0Og [ 0, 03

Vgc = Pin 18 1 1 1
GND = Pin 9

14 13 .12 1

BPM-107

CONNECTION DIAGRAM
Top View

Vecc A7 Ag A9 Oy Oy Oz O3 C§
mEREENRAnEEERERES|

18 17 16 15 14 13 12 11 10

Am275184/185

Note 1: Pin 1 is marked for orientation.
BPM-108
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"AXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—-65to +150°C

Temperature (Ambient) Under Bias

-55to +125°C

Supply Voltage to Ground Potential (Pin 18 to Pin 9) Continuous -0.5t0 +7.0V
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +V¢g max.
DC Voltage Applied to Outputs During Programming 21V
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA
DC Input Voltage -0.5to +5.5V
DC Input Current —30 to +5mA
OPERATING RANGE
COM'L [ Am27S184XC, Am27S185XC Ta = 010 75°C Vee = 5.0V 5%
MIL Am27S5184XM, Am27S185XM Tc = —55to £125°C Vee = 5.0V £10%
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
PRELIMINARY DATA
Typ
Parameters Description Test Conditions Min (Note 1) Max Units
VOH Vcc = MlN.. lOH = —2.0mA
(Am275185 only) Output HIGH Voltage Vin = Vi or Vi 24 Volts
Vee = MIN,, IgL = 16mA
Vv Output LOW Voltage cc » oL 0.50 Volts
o P 9 ViIN = Vigor V),
Vi Input HIGH Level Guaranteed mput logical HIGH 20 Volts
voltage for all inputs
Guaranteed input logical LOW
Vi Input LOW Level voltage for all inputs 0.8 Volts
he Input LOW Current Vee = MAX,, V| = 045V -0.020 —.250 mA
ik Input HIGH Current Vee = MAX, Vi = 2.7V 25 nA
[ Input HIGH Current Vee = MAX,, Vi = 5.5V 40 mA
Ig _ _ - _ _
(Am275185 only) Output Short Circuit Current Vce = MAX,, Vgoyt = 0.0V (Note 2) 20 —-45 90 mA
All inputs = GND
lcc Power Supply Current Voo = MAX. 80 130 mA
Vi Input Clamp Voltage Vee = MIN,, ljy = —18mA -1.2 Volts
Vo = 45V 40
Vee = MAX
lcex Output Leakage Current VEs - 2.4v |Am275185 Vo = Vece 40 nA
only Vo = 0.4V —40
CiN Input Capacitance VIN = 2.0V @ f = 1MHz (Note 3) F
Cout Output Capacitance VouT = 2.0V @ f = 1MHz (Note 3) 8 P

Notes: 1. Typical limits are at Vg = 5.0V and T = 25°C.
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second.
3. These parameters are not 100% tested, but are periodically sampled.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE

PRELIMINARY DATA

Typ Max
5V
Parameter Description Test Conditions 25°C COM’L MIL Units
taa Address Access Time 40 - - ns
- " AC Test Load
tea Enable Access Time (See Notes 1-3) 10 ns
tER Enable Recovery Time 10 - - ns

Notes: 1. taa is tested with switch S¢ closed and C| =

30pF.

2. For open collector outputs, tgs and tgg are tested with S¢ closed to the 1.5V output level. C_ = 30pF. }
3. For three state outputs, tga is tested with C *= 30pF to the 1.5V level; S is open for high impedance to HIGH tests and closed for high

impedance to LOW tests. tgR is tested with C; = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Vo — 0.5V;
LOW to high impedance tests are made with Sy closed to the Vo + 0.5V level.

SWITCHING CHARACTERISTICS
3.0v
Ag-Arg —} 1.5V
‘ ov
cs | . 15V
/ N .
I——tAA—.l |——*ER——| |——‘EA—-—-
AVAVAVAA AN\\\ 7/ /A
/78N
Note: Level on output while CS is HIGH is determined externally.
p y
BPM-109
KEY TO TIMING DIAGRAM
WAVEFORM  INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE;  CHANGING;
MU oE Pt M ANYCHANGE  STATE
STEADY PERMITTED  UNKNOWN
WiLL BE CENTER
DOES NOT  LINE IS HIGH
m MAY CHANGE  cHANGING M APPLY IMPEDANCE
FROMHTOL FROM H TO L “OFF" STATE
MAY CHANGE ' iL BE
FROMLTOH CHANGING
FROM L TO H
AC TEST LOAD
Vee o———o/o————
So|
:, R1
> 3000
3
ouTPUT O_F
L
T i*
BPM-110
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PROGRAMMING

The Am27S184 and Am27S185 are manufactured with conduc-
tive Platinum-Silicide link at each bit location. The output of
the memory with the link in place is LOW. To program the de-
vice, the fusible links are selectively opened.

The fusible links are opened one at a time by passing current
through them from a 20 volt supply which is applied to one
memory output after the CS input is a logic HIGH._Current
is gated through the addressed fuse by raising the CS input
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup-
ply is removed, the chip enabled, and the output level sensed
to determine if the link has opened. Most links will open within
50 usec. Occasionally a link will be stronger and require addi-
tional programming cycles. The recommended duration of ad-
ditional programming periods is 5 msec. If a link has not
cpened after 2 total elapsed pregramming time of 400 msec,
further programming of the device should not be attempted.
Successive links are programmed in the same manner until all
desired bit locations have been programmed to the HIGH
level.

Typical current into an output during programming will be ap-
proximately 140mA until the fuse link is opened, after which

the current drops to approximately 40mA. Current into the
CS pin when it is raised to 15 volts is typically 1.5mA.

The memories may become hot during programming due to
the large currents being passed. Programming cycles should
not be applied to one device more than 5 seconds to avoid
heat damage. If this programming time is exceeded, all power
to the chip including V¢ should be removed for a period of 5
seconds after which programming may-be resumed.

When all programming has been completed, the data content
of the memory should be verified by sequentially reading all
words. Occasionally this verification will show that an extra
undesired link has been fused. Should this occur, immediately
check the programming equipment to make sure that all de-
vice pins are firmly contacting the programming socket, that
the input signal levels exhibit sufficient noise margins, and
that the programming voltages are within the specified limits.
All of these conditions must be maintained during program-
ming. AMD PROMSs are thoroughly tested to minimize un-
wanted fusing; fusing extra bits is generally related to pro-
gramming equipment problems.

PROGRAMMING PARAMETERS

Parameter Description Min Max Units
Veep V¢c During Programming 5.0 5.5 Volts
Vinp Input HIGH Leve! During Programming 2.4 55 Volts
ViLp Input LOW Level During Programming 0.0 0.45 Volts
Vcsp CS Voltage During Programming 14.5 15.5 Volts
Vop Output Voltage During Programming 19.5 20.5 Volts
Vone Voltage on Outputs Not to be Programmed 0 Vecpt+0.3 Volts
lonp Current into Outputs Not to be Programmed 20 mA
d(Vop)/dt Rate of Output Voltage Change 20 250 Viusec
d(Vgg)dt Rate of CS, Voltage Change 100 1000 V/usec
o Programming Period — First Attempt 50 100 usec

Programming Period — Subsequent Attempts 5.0 15 msec

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints.
2. Delays t4, tp, t3 and t4 must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during

programming.

3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses

are required.

4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting.

PROGRAMMING WAVEFORMS

Vinp
ADDRESS ,( SELECTED ADDRESS STABLE )
INPUTS ViLe
Venp
— S Ven)
[ at
ENABLE — Vinp
/ / Viee
ty t2 tp t3 Gl ty
Vor
PROGRAMMED ‘
ouTPUT 9 (Vop) 7
—_— ai (Vor outeut 4T oM
—_— Ry,
ts.
—|—— Vinp
cpP
cLock Y
[e—————————— PROGRAMMING CYCLE

BPM-111

SIMPLIFIED PROGRAMMING DIAGRAM

Veep Vonp
] R > 3000
A %
Aro E>
04 o—4q
Am27S184 —AAA—4
OR
Am278185 |0y o—9¢
e VW
cs
03 [
vAvA
Vesp . _n_ Vop

BPM-112
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PROGRAMMING EQUIPMENT

Generic programming boards and device adapters are avail-
able from the sources listed below. In each case, the pro-
gramming boards are used in these manufacturer's automatic

programmers to program all AMD generic series bipolar
PROMs; individual adapters are required for each basic part
type in the series.

SOURCE AND LOCATION

Data /O Corp.
P.O. Box 308
Issaquah, Wash. 98027

Pro-Log Corp.
2411 Garden Road
Monterey, Ca. 93940

M900 and M920
PM9058

PA18-8 and 2048 x 4 (L)

PROGRAMMER MODEL(S) Model 5, 7 and 9
AMD GENERIC BIPOLAR 909-1286-1
PROM PERSONALITY BOARD

Am275184 « Am27S185 715-1616
ADAPTERS AND

CONFIGURATOR

OBTAINING PROGRAMMED UNITS

Programmed devices may be purchased from your distributor
or Advanced Micro Devices. The program data should be
submitted in the form of a punched paper tape and must be
accompanied by a written truth table. The punched tape can
be delivered with your order or may be transmitted over a
TWX machine or time-sharing terminal. ASCIl BPNF is our
preferred paper tape format.

Truth tables are also acceptable, but are much less desirable
especially for larger density PROMs. Submission of a truth
table requires the generation of a punched paper tape at the
distributor or factory resulting in longer lead times, greater
possibility of error, and higher cost.

ASCIl BPNF

An example of an ASCII tape in the BPNF format is shown
below. They can be punched on any Teletype® or on a TWX
or Telex machine. The format chosen provides relatively good
error detection. Paper tapes must consist of:

1. A leader of at least 25 rubouts.
2. The data patterns for all 2048 words, starting with word 0, in
the following format:
a. Any characters, including carriage return and line feed,
except “B”.
. The letter “B”, indicating the beginning of the data
word.
¢. A sequence of four Ps or Ns, starting with output Os.
d. The letter “F”, indicating the finish of the data word.
. Any text, including carriage return and line feed, except

b

]

3. A trailer of at least 25 rubouts.

A P is a HIGH logic level = 2.4 volts.
An N is a LOW logic level = 0.4 volts.

A convenient pattern to use for the data words is to prefix the
word (or every few words with the word number, then type the
data word, then a comment, then carriage return and line feed
as shown below. There must be no characters between the B
and the F except for the four Ps and Ns. If an error is made in
a word, the entire word must be cancelled with rubouts back
to the letter B, then the word re-typed beginning with the B.

When TWXing your tape, be sure the tape is in even parity.

the letter “B”. Parity is not necessary if the tape is mailed.
TYPICAL PAPER TAPE FORMAT RESULTING DEVICE TRUTH TABLE (CS LOW)
¢¢gp BNNNFF  WORD ZERO (B) (@) Ao Ag Ag A7 As As Ay Ay A At Ay 030, 0. 0
BPPNNF COWIENTFIELD@ LLLLLLLLLLL L LLH
¢¢2 RPPPNF ANY L LLLLLLLLLH H H L L
k LLLLLLLLLHL HHHL
BNNNNF  TEXT (R) LLLLLLULLLULHH|[ LLLL
ggh  BNNNPF  CAN (R) (D LLLLLLLLHLL/| LLLH
BPPNNF GO L LLLLLLULHLH HHLL
LLLLLLLLHHL HHLL
¢g6 BPPNNF  HERE ® @
202,7 Bi:i:pNF EN.D®@ HH HHHHHHUHHH HHHL
ASCII PAPER TAPE
ASCII'B’ ASCH '8 'F
LEADER F TRAILER
25 RUBOUTS WORD ‘O’ WORD 1" CR 25 RUBOUTS
8 [ e |7 o [ o
4°‘P'sOR'N's 4 'P's OR‘N's L LF
OPTIONAL COMMENTS MAY BE INSERTED HERE BPM-113
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AmSYS™8/8 Microcomputer
Development System

Especially Designed to Support
the AmZ8000 Microprocessor
and the 8080A, 8085A, Z80 & 8048

741




AmSYS8/8

For Total Capability, AMC gives you the AmSYS 8/8
Microcomputer Development System

SYSTEM DESCRIPTION

The AmSYS 8/8 is designed to support a variety of
microprocessors that include the AmZ8000, Z80,
Am9080, Am8085, and Am8048.

This system is especially designed to support the
AmZ8000 CPU in both hardware and software develop-
ment. An AmZ8000 Macro Assembler, linker and line
oriented editor give the system powerful software de-
velopment tools. The use of the RTE 8/8050 In-Circuit
Emulator for AmZ8000 hardware/software debug and
availability of high level languages allow the user great
flexibility in development of AmZ8000 products.

The basic system is contained in a single enclosure
that fits on a desk top. It has the option of being rack
mountable in a 19" relay rack by the addition of slide
mounts. It has 64K bytes of main memory, two single
density floppy disk drives, providing 512K bytes of
storage, an RS232 serial port and two paraliel 1/0
channels as standard features in the system. This
system contains extra card slots for use for prototyping
hardware.

The AmSYS 8/8 has a multi-master bus structure that
allows multiple 8 and 16 bit CPUs to be used at the
same time. This bus structure allows the system to be
easily upgraded to a full 16 bits by replacing the CPU
board on the bus and adding the appropriate software.

The AmSYS 8/8 has very powerful software included
as part of the standard system to be delivered. This
software includes a Disk Operating system, an excel-
lent text editor, debugger, library manager and linking
loader. The powerful macroassemblers included sup-
port the AmZ8000 and the 8080, 8085, & Z80. Optionally,
an 8048 macroassembler can be added.

The AmSYS 8/8 features the use of Pascal along with
extended Basic, Fortran IV and Cobol for high level
language support. A Pascal program can be compiled
to generate either Am9080 or AmZ8000 code.

In-Circuit Emulation capability is available for both 8
& 16 bit processors. This emulation support is optional
for the AmZ8000, Z80, 8080, 8085, & 8048 micro-
processors.

The AmSYS 8/8 also has a number of peripherals that

are optional to the system. These include double den-
sity Floppy Disk Drives, 60, 120 CPS and 300 LPM Line
Printers, CRT's, and soon a cartridge disk drive.

SYSTEM FEATURES

Complete Turnkey Development System with
Powerful Hardware including:

O Microprocessor CPU

O 64 kilobytes of read/write main memory

O Serial interface RS232 compatible

O Two parallel Channels

O Power up Monitor

O Dual Floppy Disk Drives with 512K bytes of storage
capacity

O Extra card slots for prototyping

O Multi-master bus

Powerful Software Including:

O AMDOS Disk Operating System

O Sophisticated Editor

O Debugger

O Macroassemblers for AmZ8000, Z80, 8080, 8085
O Translator to Z8000
O Linkers

Powerful Options Including:

O High level languages
® Pascal
e Extended Basic
e Fortran
e Cobol
0O Line Printers 60 & 120 CPS & 300 LPM
0O CRT w/extra keypad
3 PROM Programmer
O Double Density Floppy Disk Drives
O Expansion Chassis containing two additional Disk
Drives
O Additional Serial I/0 lines
O In-Circuit Emulation for
* AmZ8000
® 8080, 8085
® 8048, 8021, 8049, & 8035

Additional Features that will be available in the near
future include:

O Expansion to 1 megabyte of main memory
O Upgrade to AmZ8000 CPU

O Cartridge Disk

O Additional High level languages

O Expansion chassis for more Main Memory
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System Hardware Features

AmSYS8/8

The AmSYS 8/8 features the use of a multiple master bus structure. This
allows the system to use both 8 and 16 bit microprocessors. The SYS 8/8
can be upgraded to include a 16 bit CPU board and appropriate software
so that both microprocessors may operate simultaneously using the multi-
master bus structure. This allows the system user maximum flexibility in

the development of hardware & software.

MAIN CPU MODULE

The Central Processor (CPU) module uses an 8-bit
AmS9080 microprocessor. This module includes a ROM
based auto bootstrap that first performs a diagnostic
confidence check of the system and next loads the
operating system from the system disk drives. The
CPU module has multi-master capability allowing
operation in a master/slave environment with other 8-bit
CPU modules or the 16-bit CPU module. The CPU
module also includes 4 high speed DMA channels
and 8 vectored interrupt channels. An optional
Am9511A/Am9512 Arithmetic Processing Unit can be
added to provide high speed fixed and floating point
computations and floating point transcendental func-
tions to the system. A 1.2KHz crystal controlled Real
Time Clock is also part of this module.

MEMORY MODULE

This memory module is organized as a 64 Kilobyte
storage unit. This module is organized to provide either
8 or 16-bit compatibility. It also contains internal
memory refresh capability and is multimaster bus
compatible.

FLOPPY DISK MODULE

This module features a controller with its own internal
microprocessor and controls up to 4 single or double
sided floppy disks. This controller has a 20-bit address
and DMA capability allowing it to address up to
1 megabyte of main memory.

This module is IBM 3740 soft sector compatible.
AmSYS 8/8 provides a capacity of 512K bytes of disk
storage in the basic system. This storage capacity is
contained on two floppy disk drives

each with 256K bytes of storage.

On board buffer memory
allows high speed data transfer
to the CPU module.
Additional storage is available
by the use of the optional
double density disk controller |
or by the addition of a double
disk drive expansion chassis.
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CHASSIS

The AmSYS 8/8 is normally supplied as a desk top
chassis. As an option, this chassis can be rack mounted
with the addition of a slide mount kit. It contains seven
card slots with three available for use with prototyping
or additional 1/0 PC. cards. This chassis is totally
self contained with cooling and internal power supplies.

The front of the chassis contains an illuminated off/on
switch and also a system reset button. The rear of this
unit contains all /0 and power connections including
fuses.

The system includes as standard, one serial port and
two parallel channels. The serial port is RS232 com-
patible and allows the user to connect a variety of ter-
minals to the system. The parallel channels can be
used to connect high and low speed printers or other
peripheral devices. Additional /O ports can be added
to the System by the use of plug in cards.

The parallel channels each consist of 24 parallel I/O
lines. These lines can be configured under software
control as sets of input, output, or bidirectional /O lines.
Sockets are provided within the system to add drivers
or terminators to each line.

The Am96/4016 Evaluation Board can be plugged into
one of the empty card cage slots to provide a 16 bit
execution module within AmSYS 8/8. The board is
powered by the system power supplies and uses the
system floppy disks via the parallel up-load/down-load
link to the CPU module. A second card cage slot can be

used to upgrade the Evaluation Board RAM to 64k.
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Development Software

The AmSYS 8/8 combines a sophisticated set of hardware along with an even
more powerful set of software to make the complex process of product
development easier to handle for the user. This software includes an Editor,
File Manager, Macroassemblers, disk operating system, and a number of high

level languages.

The software that comes standard with the AmSYS 8/8 is the AMDOS® Operating
System, AmZ8000, 8080, 8085, and Z80 Macro Assemblers, a linking loader, a
powerful Editor, debugger and Translator. Optional software includes an 8048
Macroassembler, Pascal, Fortran, Basic, Cobol, and upload/download packages
for execution of AmZ8000 code. The following describes the major software

modules provided with or as options to the system.

OPERATING SYSTEM

AMDOS 8 is the disk operating system for the
AmSYS 8/8 and provides rapid access to programs
through a comprehensive file management structure.
A file subsystem supports a named file structure
allowing the dynamic allocation of file space as well
as sequential and random file access. System calls are
provided permitting files to be opened, closed, re-
named, read, written onto disk, or searched for by
name. The AMDOS 8 file system allows a large number
of distinct programs to be stored in both source and
machine executable forms. AMDOS 8 also provides
the ability to access disk storage, Terminal, Printer, and
support for PROM programming.

LIBR is an object file library manager that permits the
creation and listing of user libraries for the Am8080,
Am8085, and Z80 microcomputers. Individual object-
module files may be selectively processed to extract
modules from existing libraries or relocatable object
files to build libraries for later selective searching by
the LINK linkage editor.

EDIT is a line-oriented context editor providing the
user the ability to create and modify ASCII source text
for the AmSYS 8/8 compilers and assemblers. A power-
ful set of user commands is available to simplify the task
of generating line oriented or character oriented files.

In the line oriented mode, numbers will automatically
be added to new lines as they are appended to the file.
Also, as lines are inserted or deleted within the text,
these numbers are updated. The users position within
the file can then be controlled by referring to the
desired line number. The ALTER mode allows the user
to insert, delete, and replace individual characters,
strings in a line, or a range of lines in the source file.
Searching for occurrences of characters or strings is
also included along with substitution of characters or
strings into the source text.

DEBUG is designed to provide dynamic interactive
testing and debugging of 8-bit programs generated in
the AmSYS 8/8 system. This program consists of
two parts: The debug nucleus and the assembler/dis-
assembler module. These along with powerful user
commands make debug a very vaiuable tool for de-
bugging software programs.

MACRO ASSEMBLERS

Two macroassemblers come as part of the standard
AmMSYS 8/8. These are MACRO 8 supporting the 8080,
8085, and Z80 microprocessors and MACRO 8000 for
support of the AmZ8000 microprocessor. An optional
macroassembler supports the 8048 family.

MACRO 8 is a comprehensive macroassembler pro-
viding the ability to assemble relocatable 8080/ 8085/
Z80 programs. These can be combined with object
files produced by high-level language compilers (us-
ing LINK) to form composite executable programs.
In addition to comprehensive conditional assembly
directives, hierarchical expression evaluation, defini-
tion of alternate entry-points and external symbols,
MACRO 8 provides a companion cross-reference facil-
ity (CREF8) which lists the assembler output with
line numbers.An alphabetic variable-name directory
is also provided and includes line number references
for each occurrence of the variable name.

MACRO 8000 is a powerful macroassembler providing
the ability to assemble relocatable AmZ8000 programs.
This assembler includes sophisticated features like
segmentation, block-structured program organization,
algorithmic assignment statements, IF-THEN-ELSE
conditional assembly, and execution provisions as well
as recursive macro calls.

LINK 8 & LINK 8000 are linkage editors used to com-
bine the relocatable module ready for loading as a
program. Link 8 supports the editing of 8 bit segments.
The linkers process a series of interactive subcom-
mands that specify files to be linked, files to be searched
for satisfaction of unresolved external references, and
specific directives which allow a memory map to be
printed or direct execution to be initiated.

TRANZ 8000 is an AmZ8000 translator program
accepting standard 8080, 8085, and Z80 source code
as input and provides standard AmZ8000 source code
as output, aiding the user in conversion of existing 8-bit
programs to the AmZ8000 environment.
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HIGH LEVEL LANGUAGES

PASCAL is a new, up-to-date, language developed for
users who are seeking new features to solve today’s
problems. PASCAL incorporates new features like the
concept of variable data types: bits, bytes, words,
records, sets, scalars ... and others that are appropriate
to the solution of complex problems. The block struc-
tured nature of the language permits the user to create
software in a structured environment resulting in a
lower development costs, more concise documentation
and lower maintenance costs.

The AMC PASCAL is upwards compatible with Jensen
and Wirth PASCAL. Extensions provided include:
Interactive files Comparison of arrays
Untyped files Comparison of records
Random access of files  Text intrinsics
Strings intrinsics
The Pascal user can compile a Pascal program and
then execute the program on AmSYS 8/8 with the
Pascal interpreter and run-time library. The output of
this compiler is a special code called P-code and is
compatible with the well-known UCSD P-code. The
Pascal interpreter executes the P-code instructions
when running the Pascal program. The run-time library
routines are used as needed in Pascal program
execution.

The Pascal user can compile a Pascal program and
then generate either 8080, or AmZ8000 code. For 8080
code generation, an 8080 macro library, the MACRO 8
8-bit assembler, and the linker LINK 8 are automatically
used. For AmZ8000 code generation, the AmZ8000
macro library, MACROB8000 16-bit assembler, and the
linker LINK 8000 are used automatically.

AmSYS8/8

FORTRAN has long been accepted as the standard
for scientific programming and is the “native” language
of many professional programmers. AMC supports
FORTRAN with a compiler conforming to the ANSI
1966 specification for the 8080 microprocessor in
the AmSYS 8/8 system.

Full conformance to the ANSI standard insures that
accumulated libraries of FORTRAN programs will be
immediately usable in the AmSYS 8/8 environment.
AMC FORTRAN opens the door to the richest traditions
of scientific programming in a small, inexpensive
environment.

BASIC is one of the most comprehensive 8-bit BASIC
language software programs available today. it.con-
tains many unique features not found in other imple-
mentations, like:
a. Direct access to the CPU I/O Ports
b. Full Print Using Capability
c. Trace facilities
d. Four variable types — Integer, String, Single (7
digits) and Double (16 digits) precision floating
point.
These are only a few of the features available in AMC’s
BASIC. It also has one of the largest sets of statements
making it a very powerful language available to the
AmSYS 8/8 user.

COBOL has been developed in strict accordance to
ANSI '74 standards for support of the 8080 within
the AmSYS System. At the root of the language is a
full ANSI '74 Level 1 COBOL. Beyond that, many
Level 2 features have been incorporated to make.
AMC’s COBOL more powerful in every instance where
the fundamental speed and size of the package is
extremely important. In addition to this, special dis-
play-oriented features (ACCEPT, DISPLAY, etc.) have
been added to the language in anticipation of a strong
emphasis on interactive data entry applications in the
microcomputer environment. A powerful interactive
debug structure has also been added to greatly
decrease program development time.
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In-Circuit Emulation

The AmSYS 8/8 Development System provides optional In-Circuit Em-
ulation capability to support a wide range of microprocessors including
the AmZ8000, 8080, 8085, Z80, and 8048. The AmSYS series of emulators
contain many unique features to assist the designer in the debugging of
hardware and software. There are two types of emulators in the AmSYS
8/8 Development System Series. These are:

(1) AmSYS 8/8800 In-Circuit Emulator series for 8-bit microprocessors -

including individual emulators for the 8080, 8085, Z80, and 8048.

(2) AmSYS 8/8050 In-Circuit Emulator for the AmZ8001 and 8002 mi-
Croprocessors.

These in-circuit emulators come as complete subsystems and are con-

nected to the AmSYS 8/8 by a high speed serial I/O interface. Each emu-

lator provides its own internal memory storage to give the user real time

emulation.

AmSYS 8/8050 16 BIT IN-CIRCUIT

EMULATION SUBSYSTEM

The AmSYS RTE 8/8050 Emulator has been designed
especially to support the AmZ8000 microprocessor.
This subsystem provides real time emulation for both
the AmZ8001 segmented and AmZ8002 non-segmen-
ted versions.

The AmSYS RTE 8/8050 Emulator has a number of
key features including TRACE, 8 trigger points, mem-
ory mapping of internal high speed static RAM, and
medium speed dynamic RAM providing real time
emulation in the users target system. The AmSYS
RTE 8/8050 Emulator has two modes of operation:

1) Interrogation — this mode allows the user to
access AmZ8000 resources, registers, /O ports,
and target RAM.

2) Emulation — this mode allows the designer the
choice of an internal or user designated clock for
software execution or emulation in his target
system

RTE 8/8050 provides two types of memory for the
user. One type is high speed static memory providing
the user with real time emulation at up to 4 MHz for
the AmZ8000 with no wait states.lt is available in 4K
or 8K bytes. The second type is medium speed dyna-
mic RAM available in 64K or 128K byte increments
with one wait state at 4 MHz and is expandable up to
192K bytes.

RTE 8/8050 allows for memory mapping on 1K byte
boundaries within the AmZ8000 8M byte address
space .

There are up to 8 trigger points available to the user
that can be used as breakpoints, enabling patching
trace qualifiers or allowing selective trace after the
breakpoint is encountered. Two compound break-
points are also permitted. These allow breakpoints on
a value within or outside a specified range, i.e., ad-
dress, data, address and data, I/O address, I/0O data,
/0, address and data.

Trace is an integral part of the system. This feature
provides for two basic modes of operation. These are:
Micro Trace — this saves Address/Data bus and
status together with 8 or 16 user des-
ignated probes every machine cycle.
Macro Trace — this saves Address bus and status
during T1 displaying address bus in
HEX format and status in binary
and symbolically decoded form. Al-
so saved is Data Bus during T3 in
disassembled form with operand
values in HEX format.

The Micro or Macro trace can be enabled only for
selected cycles by use of a trigger point match. A user
option is available to tag each traced event with a 16
bit number for counting the number of machine states
since the counter was enabled. A unique feature of the
RTE 8/8050 is the PATCH allowing patching of ROM/
RAM code while running in user memory. Up to
4 patches are allowed with up to 16 locations each
providing a substantial improvement over conven-
tional patching techniques that require subroutines.




The trace RAM buffer is 256 words deep and 48 bits
wide and is expandable to 1024 words. This unit has
the ability to time stamp each entry in the trace buffer.

The RTE 8/8050 Emulation Subsystem is provided as
a stand-alone unit with integral power supplies,emula-
tor module, trace module and serial /O port. Pro-
grams prepared on the AmSYS 8/8 development sys-
tem are down-line loaded to the emulator subsystem
under the control of the emulator control processor,
which services and issues all emulator commands.
RTE 8/8050 Emulator commands and results can be
displayed via the AmSYS 8/8 Development System
CRT or via a separate CRT console plugged into the
RTE 8/8050 Subsystem. (This configuration leaves the
AmSYS 8/8 Development System free to perform soft-
ware development, i.e., assembly, editing, etc.) The
RTE 8/8050 Emulator has been designed to give the
designer maximum support in system debugging.

AmSYS8/8

AmSYS 8/8800 8-BIT IN-CIRCUIT

EMULATION SUBSYSTEM

The RTE 8/8800 in-circuit emulator is designed to
allow replacement of the target microprocesser during
the debugging and prototyping phase. It provides the
user with real time emulation of each designated mi-
croprocessor together with sophisticated debug tools
for hardware/software integration resulting in a reduc-
tion of overall development time.

AmSYS RTE 8/8800 provides versatile emulation cap-
abilities for the 8080, 8085, Z8B0OA, or 8048 depending
upon the personalily module being used. It also has
the capability to examine and alter registers, memory,
and I/0 ports. The emulator utilizes the users system
clock, thus eliminating potential timing problems
caused by separate clocks.

There are up to 8K bytes of high speed Static RAM
Emulator memory for mapping on 1K byte boundaries
in the target system, thereby utilizing known memory
into the target system. This unit has a real time trace
for storing the last 128 bus operations as well as the 8
external probes. During selected emulator operations,
16 address lines, 8 data lines, and the clock signal are
stored during emulator operation. Disassemblers for
each supported microprocessor are provided together
with host software for the AmSYS 8/8 Development
System.

The AmSYS RTE 8/8800 in-circuit emulator consists
of a basic sub-system containing a trace module,
emulator module, serial communications module and
8K bytes of high speed static RAM. The connection to
the AmSYS 8/8 Development System is via a serial /0
port. Each microprocessor personality module is sup-
plied with its own emulator pod attached to a cable
terminating in a 40-pin connector to provide the inter-
face to the target system. Host software operating on
AmSYS 8/8 provides interrogation mapping and a
command structure for the RTE 8/8800 in-circuit emu-
lators.
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The AmSYS 8/8 is Easy to Adapt

The AmSYS 8/8 is designed to allow easy addition or reconfiguration into a
more powerful system. These optional additions and configurations allow ex-
ecution and debug of AmZ8000 programs, the addition of Double Density
Floppy Disks, Hard memory expansion, and reconfiguration as an AmZ8000

based development system.

"OPTIONAL

AmZ8000 EXECUTION AND DEBUG

(8/8610 and 8620)
The 8/8610 up-load/down-load package provides an

ideal breadboarding, software execution, and debug
tool when used with the AmSYS 8/8 development
system. It features the AMC 96/4016 AmZ8000 Evalu-
ation Board. AmZ8000 programs generated on AmSYS
8/8 can be down-loaded into or up-loaded from RAM
on the Evaluation board where the resident monitor
allows execution and debugging to take place under
the control of the AmSYS 8/8 console. This Evaluation
board provides the user with 8K byte RAM. The 8/8610
can be upgraded to the 8/8620 package with the addi-
tion of the 64k RAM board and the AmZ bus mother-
board. This expands the RAM storage of the Evalua-
tion Board to 64k. The connection between the RAM
board and the Evaluation Board is via the AmZ ad-
dress and data bus. These options are conveniently
packaged as options to AmSYS 8/8.

—_—

BASIC SYSTEM

ADDITIONAL FLOPPY DISK DRIVES
The Floppy Disk controller contained within the
AmSYS S 8/8 has the capability of addressing up to
four (4) Floppy Disk drives. The addition of the op-
tional 8/8510 Floppy Disk chassis gives the user two
(2) additional Floppy Disk drives.

DUAL DENSITY FLOPPY

DISK EXPANSION

AmSYS 8/8 can be configured to accept Dual Density
Floppy Disk capability. This will give the user Floppy
Disk storage capacity of up to 1024K bytes within the
AmSYS 8/8. This expansion can be accomplished as
a field upgrade.
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HARD DISK

AmSYS 8/8 is designed for the addition of a Hard Disk
with bulk storage of up to 24 megabytes. This Hard
Disk option will be available in the near future to be
added to the present 8 bit operating system and also
as part of an upgrade to the AmZ8000 based devel-
opment system.

This Hard Disk option will give the user access to
larger amounts of bulk storage and also increases his
system throughput.

AmSYS8/8

AmZ8000 EVALUATION BOARD

For evaluation of the AmZ8000, the 96/4016 provides a
standalone monoboard computer. The 4016 has 8k
bytes of dynamic RAM, 2 serial RS-232 ports, 24
parallel 1/0O lines, and 3-16 bit counters. A 4k byte
monitor program provides debug capability and an
interface to the optional 8k line by-line assembler. The
monitor also provides the drivers necessary to up-load
or down-load files through the parallel or serial inter-
face. The 96/4016 is SBC form factor compatible and
can plug into AmSYS 8/8 to get its power from the P1
connector. The memory and I/0 on the board can be
expanded through the AmZ bus on the P2 connector.

g

Hinn

AmZ8000 UPGRADE

The AmSYS 8/8 multimaster bus provides an 8/16 bit
data bus with 20 address lines. The peripheral con-
trollers and memory boards all have 8/16 bit com-
patibility and allow the reconfiguration of the AmSYS
8/8 into a powerful AmZ8000 based development
system. The Am3080 board is replaced by the AmZ8000
CPU board, allowing up to 1M byte addressing capa-
bility. The addition of AMC’s multitasking foreground
background system, together with additional 64K or
128K byte RAM memory modules and AmZ8000 soft-
ware development programs provide the user with
a powerful 16-bit system with greatly increased utility
and performance.
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SPECIFICATIONS

CPU
Am9080 Upgradable to AmZ8000 (see sections
entitled “Options”)

Memory
64K bytes standard

Disk Storage

512K bytes (2 Single Density Floppy disks, 256K
bytes each) (Dual Density is optional) (see section
entitled “Optional Upgrades”)

1/0 Channels

1 serial port RS232 compatible
2 parallel 1/0O channels consisting of three 8-bit
ports each

Interrupt
8 fully programmable vectored channels

AC Power Requirement
60 Hz, 115 VAC std.
100, 120, 220, 240 VAC optional
50/60 Hz Optional

Environmental Requirements
Operating Temperature: 10°C to +40°C
Humidity: 10% - 90% relative (non-
condensing)

Physical Characteristics

Dimensions: 24" deep, 17" wide, 11" high
Weight: 60 Ibs.
User Panel: Contains: a) on/off switch, power
indicator
b) system reset
Chassis: Desk top stds., rack mountable
(optional)
Baud Rates
Selectable 50-9600 Baud
Cooling

Internal fans

Standard System Includes the Following:
Am9080 CPU
64K Bytes RAM
512K Bytes Disk storage (2 single sided floppy disks)
1 RS232 serial port
6 8-bit parallel ports
1 Chassis consisting of 7 Card slots
AmZ8000 Macroassembler
AmZ8000 Translator
8080, 8085, and Z80 Macroassemblers
Linker
Editor
Debugger
AMDOS 8 Disk Operating System
1 set System Documentation
2 Diskettes
Multi-master Bus

Optional Items
Universal Prototyping Board
High-Speed Extender Board
Additional Serial and Parallel 1/O Ports
Expansion Chassis with 2 floppy disk drives
CRT Terminal
Line Printers 60 CPS, 120 CPS, and 300 LPM
FORTRAN (8 bit)
Extended BASIC (8 bit)
PASCAL (8 bit and 16 bit)
COBOL (8 bit)
9511/9512 Arithmetic Processing Unit
8048, 8049, 8021 Macroassembler
8048, 8049, 8021 In-Circuit Emulation/TRACE
8080 In-Circuit Emulation/TRACE
8085 In-Circuit Emulation/TRACE
280 In-Circuit Emulation/TRACE

Options and Upgrades
(not available with initial shipments—contact your
AMD salesman for delivery information)
Z8000 In-Circuit Emulation/TRACE
Double Density Floppy Disk Drives
Expansion to 1 megabyte of Main Memory
AmZ8000 Microcomputer Board Upgrades
Cartridge Disk with Capabilities of 12 or 24 Megabytes
High Level 16-bit languages
Additional Expansion chassis
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AmSYS 8/8 Ordering Information

PART NO. DESCRIPTION

8/8010 Standard AmSYS 8/8 Development System 117V,.60 Hz

8/8012 Standard AmSYS 8/8 Development System 117V, 60 Hz
Double Density Floppy Disks

8/8020 Standard AmSYS 8/8 Development System 220V, 50 Hz

8/8022 Standard AmSYS 8/8 Development System 220V, 50 Hz
Double Density Floppy Disks

8/8030 Standard AmSYS 8/8 Development System 100V, 50 Hz

8/8032 Standard AmSYS 8/8 Development System 100V, 50 Hz
Double Density Disks

8/3310 Serial I/O Board (4 Ports)

8/5032 ROM/EPROM Board I/0 Board

8/6410 Univ. Prototyping Board

8/6420 High Speed Extender Board

8/8210 CRT with extra key pad

8/8310 Line Printer 120 CPS

8/8340 Line Printer 300 LPM

8/8410 Fortran 8

8/8420 Basic 8

8/8430 Cobol 8

8/8440 Pascal compiler (with code generators)

8/8610 Up/Down Load Execution Package w/8K bytes

8/8620 Up/Down Load Execution Package w/64K bytes

8/8800 In-Circuit Emulator Subsystem

8/8880 8080 In-Circuit Emulator POD

8/8885 8085 In-Circuit Emulator POD

8/8888 Z80 In-Circuit Emulator POD

8/8848 8048 In-Circuit Emulator POD

8/8050 Z8000 In-Circuit Emulator Subsystem

8/8250 Diskette Package of 10

8/8510 Optional Floppy Disk Chassis (adds add’l two Floppy Disk drives to system)
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NOW! Evaluate the features of the AmZ8000 . ..
develop software . .. execute programs with
THE AMC 96/4016
EVALUATION BOARD.

Some of the features of the AMC 96/4016 Evaluation
Board are:

The new generation of microprocessors is here. Now O Fully assembled and tested computer board
you can evaluate the AmZ8000 with the system- 0 AmZ8002 Microprocessor — 4MHz operation
oriented AMC 96/4016 Evaluation Board that makes [ 8K bytes (4K words) of RAM memory

it easy to utilize the latest microcomputer technology. 3 Sockets for up to 12K bytes of PROM/EPROM
The AMC 96/4016 Evaluation Board puts a versatile [0 PROM-based monitor with debugging capability
and intelligent tool in the hands of engineers, designers O Two serial ports with programmable baud rates
and programmers allowing them to explore the excep- [0 24-line parallel port (three byte-wide ports)
tional capabilities of the AmZ8000. The AMC 96/4016 [J Three interval timers

integrates powerful hardware and extensive software Optional PROM-based ASCII Assembler
resources on an assembled and tested printed-circuit Interfaces for direct I/O to a CRT terminal or the
board that allows the evaluation of the AmZ8000 by the 96/4016-KBD keyboard/display board

addition of a power supply and I/O device. Power can SBC 80 physical size

be provided by plugging the board into an SBC 80 type Can be used as an execution vehicle with the
card cage, AMC'’s development system, or with a lab AmSYS 8/8 Development System

supply. Two ports are provided to interface to a CRT ter- Provides up-load/down-load capability with the
minal or to the 96/4016-KBD keyboard/display board. AmSYS 8/8 Development System

o oo oOo
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The AmZ8000 architecture — in terms of CPU re-
sources, instruction set, system interface and
software-oriented features — represents a major ad-
vance in microprocessor sophistication and system-
level performance. It is efficient enough to service sim-
ple tasks effectively, yet can easily handle complex,
high-performance applications as well.

The AmZ8000 architecture and partitioning is well
suited for loday's lechnology and for a very wide range
of today’s applications. It is also a significant departure
from the constraints of past architectures, and estab-
lishes a clean attractive and nearly open-ended base
for evolution and development.

The AMC 96/4016 Board makes use of these features
and assists software and system engineers in evaluat-
ing these features of the AmZ8000 for existing and
future needs. Moreover, with the cleaner architecture
of this new-generation microprocessor, the Evaluation
Board can help hardware and software professionals
develop better interface circuits and programs.

ABUNDANT CPU RESOURCES

The AmZ8000 offers sixteen 16-bit general-purpose
registers in addition to special system registers. All 16
registers may be used as accumulators and all but one
can serve as index registers. The first eight of these
16-bit registers may be used as sixteen 8-bit byte reg-
isters if needed. The AmZ8000 also supports seven
main data types; bits, BCD digits, bytes, words (16
bits), long words (32 bits), byte strings and word
strings. Additionally, many other data elements such as
memory addresses, I/O addresses, segment table en-
tries and program status words are also provided.

The AMC 96/4016 gives the user access to the
AmZ8000 and the ability to reduce programming over-
head and shorten product and project development
time. Hands-on experience with the Evaluation Board
can help demonstrate the effectiveness of the
AmZ8000 to provide fewer program modifications and
less debug time.

Compared to other microprocessors or even 16-bit
minicomputers, the number and power of individual in-
structions have greatly increased. Over 110 distinct in-
struction types are available with the AmZ8000, com-
pared to approximately 60 for the PDP 11/45. With few
exceptions, byte, word and long-word data elements
can be processed by all the instructions. Each instruc-
tion — again with few exceptions — can use any of the
five main addressing modes.

System designers, and especially programmers, will
find the AMC 96/4016 Board useful in evaluating the
AmZ8000’s instruction set and its ability to generate
higher code densities that can result in significant
memory savings and shorter execution times.

Am96/4016

HIGHER THROUGHPUT COMPILERS

Many applications normally involve high-level lan-
guages, operating systems and data-base manage-
ment. The AmZ8000, with proven N-channel MOS
technology and a 4MHz clock, allows the use of lower-
cost dynamic RAMs. The AmZ8000 overlaps-instruc-
tion execution with next instruction fetch to avoid the
problems associated with deep unconditional pre-
fetching.

The AmZ8000 can achieve this high degreee of per-
formance because its regular architecture does not
have critical bottlenecks and because the sophisticated
instruction set substantially reduces the number of in-
structions. Some examples of this sophistication are:

a. 32-bit operations (including multiply and divide in
single instructions)

. String manipulation, including compare & translate

. Block /O instructions

. Direct addressing of the entire memory

. Two operating modes (systems/normal or
supervisor/user)

f. Powerful interrupt handling

The AMC 96/4016 Evaluation Board makes effective
use of these features so designers and managers can
interpret these appealing features in specific terms and
assess the capability for improved systems that can be
designed quicker, easier and with more efficient results.

The AmZ8000 is designed to span a wide variety of
applications. It's features allow it to be used effectively
in complex high-throughput systems, yet it remains ef-
ficient for simpler systems as well.

Q00T

96/4016
EVALUATION
BOARD

95/6440
CARD CAGE

KEYBOARD/
DISPLAY UNIT

Photo showing use of the AMC 95/6440 Card Cage to
house and power the 96/4016 Evaluation Board. Op-
tional Keyboard/Display Unit shown.above (or standard
CRT Terminal) attaches via cable to edge-card con-
nector. This arrangement provides both convenience
and expansion capabilities for specific project and
product development.
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THE AmZ8000 EVALUATION
BOARD NOW FOR BEST RESULTS

24 LINE PARALLEL 1/O
ALSO PROVIDES
COMMUNICATION

LINK WITH SYSTEM 8/8
DEVELOPMENT SYSTEM

PROGRAMMABLE

INTERVAL
TIMER
(3 COUNTERS)

4MHz AmZ8000

8K BYTES

RAM

ROM MONITOR

SOCKETS (8K BYTES)

FOR OPTIONAL ASSEMBLER
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OPTIONAL COMMAND CONSOLE

STD. RS-232
56-KEY KEYBOARD CRT TERMINAL
AND 20 CHARACTER ALPHA-
NUMERIC DISPLAY
RS-232
SERIAL 1/O
PORT

7-15

Am96/4016

ADDITIONAL
RS-232/TTY
SERIAL I/O PORT
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.. ..and many ways to use it

AS A STANDALONE MICROCOMPUTER

The 96/4016 Evaluation Board, along with available
options, has the capability of standalone operation.
On-board resources, including RAM, I/O interfaces,
monitor and interval timer, allow it to serve as a seif-
contained single-board computer. A terminal or op-
tional keyboard/display can be attached as a command
console. Communications to peripherals and other
equipment can be achieved through the I/O ports.

EXECUTION DEVICE WITH CROSS-ASSEMBLERS

Many users will want to evaluate the AmZ8000 execu-
tion speed and throughput performance with respect to
existing programs and system designs. The AMC 96/
4016 is designed to serve as a vehicle to execute
AmZ8000 machine codes that may have originated
from development systems and cross assemblers. /O
ports on the Evaluation Board provide the necessary.
paralle! and serial interfaces. AmZ8000 CPU signals
are brought out to an edge connector which allows the
needed connection for other circuitry.

UP-LOAD/DOWN-LOAD CAPABILITY

The AMC 96/4016 Evaluation Board features both
up-load and down-load capability when used as an
execution vehicle with other computer systems, such
as the AmSYS 8/8.'Programs generated in a develop-
ment system can be down-loaded to the RAM on the
Evaluation Board. Similarly, programs in the board’s
RAM memory can be up-loaded to the system for
further development and for disk storage.

The Evaluation Board is hardware and software com-
patible with Advanced Micro Computer's AmSYS 8/8
Development System. It can plug directly into the
AmSYS 8/8 as an execution vehicle to run developed
AmZ8000 code. The on-board ROM monitor provides
SAVE and LOAD commands that control bidirectional
data flow between the RAM on the Evaluation Board
and disk files on the Development System.

The AMC AmSYS 8/8 Development System contains
a comprehensive set of hardware and software re-
sources to fully utilize AmZ8000 capabilities. The sys-

_tem contains dual floppy-disk drives, 64K bytes of

RAM, serial and parallel ports, hardware computation
and an SBC 80 Multi-Master bus. Existing program-
ming support includes an operating system with linking
loader, editor and debugger and, of particular interest,
an AmZ8000 macroassembler, 8080 macroassembler
and AmZB8000 translator. High-level languages, in-
cluding PASCAL, are available. See the AmSYS 8/8
brochure for more details or contact one of the sales
offices listed on the rear of this brochure.



AMC’s PASCAL
‘Compiler

Features

O The Compiler Runs in the AmSYS 8/8 or the
AmSYS 29 Microcomputer Development Systems
Environments

O Object Program may be one of the Following:
— P-code (Executed by an Interpreter)
— Am9080 Machine Code
— AmZ8000 Machine Code

[J Block Structured High Level Language that Supports
Structured Design and Programming

O Many Extensions such as Separate Compilation,
Strings, etc.
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PASCAL

The AMC PASCAL compiler gives the AmSYS 8/8 user a
powerful language for software development. The
PASCAL language offers structured design capabilities to
the user. The AMC PASCAL user can work with data of
varying types and can manipulate sets, arrays, records
and files with great flexibility. A large number of intrinsic
functions and procedures are available to the user. In
general, PASCAL provides powerful language constructs
that are combined with an efficient block structure to pro-
duce PASCAL programs.

PASCAL is fast becoming a widely used language on
microcomputers. The PASCAL language itself is an Algol
derivative invented by Niklaus Wirth. AMC PASCAL is a
PASCAL implementation with additional features that ex-
tend the capabilities for a broad range of software
development.

Producing an AMC PASCAL program is a two-step pro-
cess. Firstthe source program is converted (compiled) into
an intermediate pseudo code (P-code). At this point, the
user has the following choice: to execute the P-code in-
terpretively on AmSYS 8/8, or to generate native machine
code for the 8080 or AmZ8000 microprocessor (see
Figure 1).

Interpretive Execution

The AMC PASCAL user can compile a PASCAL program
and then execute the compiled program on AmSYS 8/8
with the PASCAL interpreter and run-time library. The
AMC P-code is compatible with Version 1.4 of the P-code
developed at the University of California at San Diego. In
this mode of execution, the interpreter in fact simulates in
AmSYS 8/8 the run time environment of a P-machine
which is the host hardware to which P-code is native. A run
time library supports the interpreter in executing built-in
functions or procedures (intrinsics) or system defined
operators (see Figure 2).

Code Generation

Alternatively, the P-code generated by the compiler may
be converted into object code for the 8080 or AmZ8000
microprocessors. The code generation process involved is
as follows (see Figure 3). First the P-code file is translated
to produce an assembly language file which can then be
assembled by MACROS for the 8080 or MACROS8000 for
AmZ8000 to produce a relocatable object module. This
module contains only the user written part of the PASCAL
program; all the intrinsic operators and functions are as yet
undefined external subroutines at this point. These sub-
routines have been prewritten and preassembled, and are
contained in a library file. The runtime routines in this
library are then selectively combined with the user object
module through a linker, generating an executable object
code file.

Data Types

PASCAL is very specific about the “type” of a variable. The
type defines precisely the set of values a variable may
assume (its domain), which in turn indirectly determines
the set of operators that may act upon it. In addition to the
predefined standard types, the user may create his own
types of data. A variable may also be either static or
dynamic, defining storage requirement at compile time or
run time respectively. With such rich data typing and data
structuring facilities, the programming job becomes much
easier for the user.

Integer — A 16-bit number, —32768 < n < 32767
Real — A 32-bit floating point number, 10™38<n<1038
Boolean — True or false

Character — Alphabets, digits, blank and some
special characters

e Scalar — Domain is user program defined; this allows
great flexibility in creating new data types and
provides a means for a more explanatory statement
of the problem

® Subrange — A proper subset of a previously defined
type; increases program clarity by being very specific
about the intended domain of variable

e Set — A collection of components of the same type;
components in a set are also ordered

® Array — A fixed number of components arranged in
consecutive order either linearly or as a
multidimensional matrix; any arbitrary element may
be randomly accessed directly

® File — A structure consisting of components which
may be accessed sequentially

e String — A linear array of characters

® Record — A structure consisting of a fixed number of
unordered components which need not be of the
same type

e Pointer — A dynamic structure bounded only to a
type at compile time and remains otherwise free until
binding to a specific variable occurs at runtime when
memory space is allocated; very useful in creating
and processing data structures like linked lists and
trees

Functions and Procedures

A function is a “subroutine” that returns a single value.
Syntactically, a function call may appear anywhere in place
of a variable within an expression. lts effect as a con-
stituent of an expression amounts to the result value that it
yields. A procedure, however, is a “subroutine” that may
indirectly return more than a single value. Syntactically, itis
a stand alone statement. Some common properties of both
are given below:

— May be recursive, very useful in system programming

— Parameters may be passed by “value”; a parameter,
possibly an expression, is evaluated at call time to a
value which is bounded to the formal parameter at that
time and remains unchanged

— Parameters may also be passed by “variable”; at call
time, the formal parameter is bounded only to a variable,
whose value does not necessarily remain constant
throughout the function or procedure

Dynamic Memory Allocation

Being a block structured language, scopes of variables are
limited to procedures or functions within which they are
declared, and have no significance externally. As long as a
procedure or function has not been activated, variables
local to it need not exist. The P-code has been designed to
take advantage of this fact. Memory spaces for variables
are allocated on top of stack only upon a function or proce-
dure entry, and relinquished automatically upon exit. Ex-
pression evaluation is also performed on this stack.



PASCAL

PASCAL
SOURCE
PROGRAM

1=

PASCAL
COMPILER

-~

P-CODE
INSTRUCTIONS

T

INTERPRETIVE Am8080
EXECUTION CODE
GENERATION

AmZ8000
CODE
GENERATION

FIGURE 1. The Compilation Process.

P-CODE
INSTRUCTIONS

HYPOTHETICAL P-MACHINE
(PSEUDO MACHINE) |
ENVIRONMENT AS
SIMULATED BY 1

RUN-TIME
LIBRARY

FIGURE 2. Interpretive Execution.

P-CODE |
INTERPRETER I

TRANSLATE P-CODE
TO ASSEMBLY LANGUAGE
T
1
ASSEMBLY

LANGUAGE
FILE

ASSEMBLER
(MACRO8 OR MACRO8000)

RELOCATABLE
OBJECT MODULE

PASCAL LIBRARY
(RUN-TIME ROUTINES)

EXECUTABLE
OBJECT CODE
(Am8080 or AmZ8000)

FIGURE 3. Code Generation.

HEAP

TEMPORARY STACK

LOCAL DATA

ity A S ——

PROGRAM AREA
(STATIC)

FIGURE 4. Dynamic Memory Allocation.

Therefore the total memory space required for data stor-
age dynamically expands and contracts at run time coin-
ciding with function or procedure entries and exists, taking
up memory space only as needed. This allows execution of
much larger programs than would otherwise be possible.

It is also possible to dynamically create, at run-time, data
structures such as lists and trees whose storage space

sizes vary throughout their lifetimes. In order to avoid con-

flict, memory allocation for this purpose is at the opposite
end of memory (heap) for optimum memory utilization.
Intrinsics are provided within the language for user control
(MARK and RELEASE) of the heap.

AMC PASCAL Operators and Intrinsics

A summary of operators that may be used in an expression
is shown in Figure 5. An intrinsic is a system defined
function or procedure. A PASCAL intrinsic function is a
function in the mathematical sense; its net effect is the
result value yielded without any other side effects. A sum-
mary of intrinsic functions is shown in Figure 6. An intrinsic
procedure produces either return values through variable
parameters, or its purpose may be to produce some side
effects, or it may be a combination of both. A summary of
intrinsic procedures is shown in Figure 7.




PASCAL

Operator Operation Type of Operands Result Type
Definition:
= assignment any type but files as appropriate
Arithmetic:
+(unary) identity INTEGER or REAL same as operand
—(unary) sign conversion INTEGER or REAL same as operand
+ addition INTEGER or REAL INTEGER or REAL
- subtraction INTEGER or REAL INTEGER or REAL
* multiplication INTEGER or REAL INTEGER or REAL
/ REAL division INTEGER or REAL REAL
DIV INTEGER division INTEGER INTEGER
MOD modulus INTEGER INTEGER
Relational: )
= equality scalar or string BOOLEAN
<> inequality set or pointer BOOLEAN
< less than scalar or string BOOLEAN
> greater than scalar or string BOOLEAN
<= less or equal scalar or string BOOLEAN
<= set inclusion set BOOLEAN
>= greater or equal scalar or string BOOLEAN
>= set inclusion set BOOLEAN
IN set membership scalar and set type BOOLEAN
Logical:
NOT negation BOOLEAN BOOLEAN
OR disjunction BOOLEAN BOOLEAN
AND conjunction BOOLEAN BOOLEAN
Set:
+ union any set of type T T
- set difference any setof type T T
* intersection any setof type T T
FIGURE 5. Summary of Operations.
String: Character Array:  Input/Output: Mathematical:
LENGTH SCAN EOF ABS
POS SIZE OF EOLN SQR
CONCAT IORESULT SQRT
COPY SIN
COSs
ARCTAN
EXP
LN
PWROFTEN
FIGURE 6. Summary of Intrinsic Functions.
Dynamic Memory
String: Character Array:  Input/Output: Allocation:
DELETE MOVELEFT RESET NEW
INSERT MOVERIGHT REWRITE MARK
UNITREAD RELEASE
UNITWRITE
BLOCKREAD
BLOCKWRITE
CLOSE
GET
PUT
READ
READLN
WRITE
WRITELN
PAGE
SEEK

FIGURE 7. Summary of Intrinsic Procedures.
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PASCAL

Comp“er Options INCLUDE — Different source files can be included during
AMC PASCAL provides a number of compilation options the compllatlc?n .process. . .
for the user. The most important options are: LISTING ~ Listing can be selectively disabled.

QUIET COMPILATION — Console device output during
GOTO — PASCAL GOTO statements can be disabled compilation can be suppressed.

within the program. RANGECHECK — Code can be added by the compiler to
IOCHECK — Code can be added by the compiler to verify check array subscript range and assignment to variables of
the completion of /O Operations. subrange types.

Assignment

Procedure/Function calls
IF... THEN...ELSE
CASE...OF...END
WHILE ...DO...
REPEAT ... UNTIL ...
FOR...TO...DO...
FOR...DOWNTO...DO...
WITH...DO...

GOTO

FIGURE 8. Summary of Statement Types.

% z %3% % PROGRAM SPECIALMENU (OUTPUT);

3 4 1:D 3 TYPE DAYTYPF = (MON,TUE,¥ED,THUR,FRI,SAT,SUN); (* SCALAR *)

4 4 1:T 3 WXDAYTYPE = MON..FRI; (% SUBRANGZ *)

5 4 1:D 3 WXDAYSET = SFT OF WKDAYTYPE; (* SET *)

€ 4 1:D 3 FOODTYPE = (LAMB,STEAK,CRAR); (* SCALAR *)

7 4 1:D 3

8 4 1:D 3 VAR DAY: DAYTYPE; SPECIAL: FOODTYPE; WKDAY: WXDAYSET;

9 4 1:D € DAYS: ARRAY [MON..SUN] OF STRING; (¥ ARRAY %)

12 4 1:D 203

11 4 2:D 1 FROCEDURE TISPLAY(PL:DAYTYPE; PS:FOODTYPE); (* FROCEDURE *)

12 4 2:C [ BECIN WRITE(OUTPUT,DAYS[PD]);

12 4 2:0 17 CAS® PS OF (** CASE STATEMENT *)
14 4 2:C 20 STEAK: WRITELN(QUTPUT, "STEAX");

15 4 2:C 4€ LAMB: WRITELN(CUTPUT, ‘LAMB);

1€ 4 2:C 71 CEAR: WRITELN(OUTPUT, "CRAR”)

17 4 2:C o4 END

18 4 2:C  11¢ END;

1 4 2:0 122
20 4 1:C ¢ BEGIN (* MAIN PROGRAM *)
21 4 1:C 2 DAYSEMON} +="MONDAY -3 (* STRING ASSIGNMENT *)
22 4 1:C 26 TAYS{TUZ] :="TUESDAY - “; DAYS[WED] :="WEDNESDAY - ”;

23 4 1:C 74 DAYS[THUR] :="THURSDAY - “; DAYS[FRI] :="FRIDAY -7
24 4 1:¢ 122 DAYS[SAT] :="SATURDAY - "5 DAYS[SUN] :="SUNDAY -

25 4 1:¢ 17¢ W#KDAY:=[MON,TUZ,#ED,THUR,FRI]; (* SET ASSIGNMENT *
26 4 1:C 176 WRITELN(OUTPUT, “TODAY” “S SPECIAL’);

27 4 1:¢ 210 WRITELN(OUTPUT,”");

28 4 1:¢ 229 FOR DAY := MON TC SUN DO

29 4 1:¢ 243 ETGIN IT DAY IN WKDAY (* SET MEMBERSHIP *)
0 4 1:C 244 THEN CASE DAY OF

31 4 1:¢ 252 MON,WED,FRI: SPECIAL:=STEAK;

32 4 1:¢C 257 TUE,THUR: SPECIAL:=LAMB

33 4 1:¢ 257 END

34 4 1:C 280 ELST SPECIAL:=CRAPR;

z 4 1:C 285 DISPLAY{DAY,SPECIAL) (* PROCEDURE CALL *)
36 4 1:¢ 287 END

7 4 1:C 2389 END.

SYSTEM 8 PASCAL RUNNING......
TODAY’S SPECIAL

MONDAY - STEAK
TUESDAY - LAMB
WEDNESDAY - STEAK
THURSDAY - LAMB
FRIDAY - STEAK
SATURDAY - CRAB
SUNDAY - CRAB

FIGURE 9. Example PASCAL Program — Data Types.
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PASCAL

1 4 1:T 1

z2 4 1:1 1 FEGGRAM BUBRLESORT;

2 4 1:D 2

4 4 1:L 2 VAR SWAPS: INTEGER:

4 1:T 4 TEIS:  INIEGER;

[ 1:D 3 THISVAL:CEAR;

7 4 1:D € PCS: INTEGER;

£ 4 1:0 ? LUFFER: STEING;

S 4 1:D 4

¢ 4 1:C ¢ EEGIN

11 4 1:C e

12 4 1:C ¢ {%* REAL INPUT LINE *°

1T 4 1:C ¢ READLM(INPUT,BUPFER)S

14 4 1:C 21 % SAVE CEARACTER COUNT *)

12 4 1:C 21 POS := LENGTH(RUFFER;

1€ 4 1:C 2€&

17 4 1:C 26 * IF LINE HAS > 1 CEARACTEF )

18 4 1:C 2€ IF POS > 1

1€ 4 1:C 27 THEN
2¢ 4 1:C z1 {* SORT CHARACTEES IN TEE LINE *)

21 4 1:C 31 ZEPEAT

zz 4 1:C 21 BEGIN

22 4 1:C 21 {* RESET S¥AP COUNTER *)

26 & 1:C N SYAFS := @5

28 4 1:¢ 34 FCE THIS := 1 TC (PCS - 1) DC

6 4 1:C 48 {* CHECK ZACE PAIK OF CHARACTERS ¥*)
27 4 1:C a8 IF BUFFER[TFIS] > RUFFER[THIS + 1]
26 4 1:0 59 THEN

e 4 1:¢C 63 BEGIN

e 4 1:C €3 {* SWAP THE CHARACTERS *)
1 4 1:C 62 THISVAL := BUFFER[THIS];
2z 4 1:C e BUFFER[TKIS] := BUFFER[THIS + 1];
32 4 1:C €2 SUFFER[THIS + 1] := THISVAL;
z 4 1:C se SWAFS := SWAFS + 1

35 4 1:C g1 END;

e 4 1:C 122 END;

27 4 1:C 102 UNTIL SWAPS = €;

e ¢ 1:¢  1e”

e 4 1:C  1¢7 {* WRITE CUT SCRTED LINL *)
40 4 1:C 1¢7 WEITELM(GUTPUT,BUFFEF);

41 4 1:C  12€

a2 4 1:C 126 END.

SYSYEM 8 PASCAL RUNNIAG...

TEL QUICK EBROWN FOX JUMFED OVER THE LAZY DOG

ARCDDEEEEFGHEIJKLMNCOCCEQRATTUUVWXYZ
FIGURE 10. Example PASCAL Program — Bubble Sort.

AMC PASCAL Extensions

AMC PASCAL has a number of extensions to the standard
PASCALs defined by Jensen and Wirth. The most impor-
tant extensions are:

® Separate compilation — A PASCAL program may be
written in many UNITS and compiled separately one ata
time. This also allows linkage of assembly language
subroutines to PASCAL programs.

Interactive files — An additional predeclared type
INTERACTIVE is provided, and the files INPUT and
OUTPUT are automatically typed as INTERACTIVE.
Untyped files — The BLOCKREAD and BLOCKWRITE
intrinsics are provided for read and write operations on
untyped files.
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Random access — For typed files, the SEEK intrinsic
provides random access to records. For untyped files
BLOCKREAD and BLOCKWRITE provide random
access.

Strings — An additional predeclared type STRING is
provided. The STRING type is essentially equivalent to
PACKED ARRAY OF CHAR.

EXIT — Before the normal end of any procedure or
function, the user can exit with the EXIT intrinsic.
Comparisons — The user can compare entire arrays or
records with the equal and not equal operators.
Dynamic Memory Allocation — The MARK and
RELEASE intrinsics are provided instead of the
DISPOSE intrinsic. MARK and RELEASE are used to
set a pointer in the user heap and then release heap
space from the pointer to the top of the heap.



PASCAL

What is PASCAL and P-Code

PASCAL is a block structured high level language with
strong typing of variables. Virtues of block structured lan-
guages are much discussed and well understood. In addi-
tion, PASCAL offers rich data types that are not found in
most languages. Some more notable ones are: set, sca-
lar, structured array and record, and dynamic pointer. This
allows data structures to be constructed both statically and
dynamically making the language a very useful tool not
only at the application level, but at the systems program-
ming level as well. The major strength of PASCAL, how-
ever, lies in the fact that it is a powerful language even with
a relatively few number of basic constructs. This is attri-
buted significantly to its powerful and flexible data types.
As a result, PASCAL has gained the foilowing advan-
tages: easy to learn, simple to program, straight-forward
to compile, efficient object code, fast execution, program
clarity, self documenting and easy to maintain.

Being a block structured language, it lends itself to efficient
execution on a host CPU with a stack architecture. Instruc-
tions of a stack machine typically require zero operand
specification since they are implicitly assumed to be on top
of the stack. As a result, the instructions are very compact.

A companion part to the language definition of PASCAL
itself is just such a pseudo machine level instruction set
(called P-code) for a hypothetical pseudo stack machine
(P-machine). The instruction set has been tailor designed
to represent PASCAL programs very compactly and
concisely.

Due to this well defined transformation from PASCAL
statements to P-code instructions, a compiler can be writ-
ten very efficiently to generate P-code instructions from
PASCAL source programs. Execution of a PASCAL pro-
gram via its P-code equivalent can then be done in one of
two ways. It can be either executed in its native P-machine
environment as simulated by a software interpreter, or
alternatively, P-code instructions may be translated into
native instructions of host CPUs such as AmS080 or
AmZ8000 to be executed.

The AMC PASCAL is upward compatible with that de-
veloped at the University of California at San Diego both at
the source program level and at the P-code level. It in-
cludes a number of extensions to the standard PASCAL to
enhance its usefulness in the microcomputer environment
where hardware resources are more directly controlled by
programmer at a lower level.

Specifications:
Operating Environment
Required Hardware

AmMSYS Development System:
AmSYS 8/8, AmSYS 29

64K bytes of RAM memory
Floppy diskette drive, single or double density
System console: CRT or interactive hard copy device

Required Software

64K version of AMDOS operating system
Shipping Media

Flexible diskette
Reference Manuals

AmSYS PASCAL User's Manual 00680127

Ordering Information

AmSYS Software can only be purchased as part of or as an addition to ‘an AmSYS 8 or AmSYS 29 computer

development system.

Part Number Description
8/8440t AMC PASCAL compiler, with interpreter, run-time library,
Am9080 code generator and AmZ8000 code generator
298450* AmZ8000 16-bit macroassembler; 8080, 8085 and Z80
8-bit assemblers

1298440 for AmSYS29.
*Provided as part of the AmSYS 8/8 Software package.
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AMC’s MACROS8000
AmZ8000 Macro Assembler

Features

O Functions in the AmSYS 8/8 or AmSYS 29
microcomputer development system environments

[0 Generates absolute or relocatable AmZ8000 object
code

[J Supports the full AmZ8000 instruction set

[0 Symbolic operands that are constants or variables

O Syntactic macros

[J Program segmentation for address space control

O Arithmetic expressions, string expressions, and
comparisons

[J Superior assembly speed and a variety of assembly
options
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The AMC MACROB8000 assembler gives the AmSYS 8/8
or AmSYS 29 user a dynamic way to develop AmZ8000
code for any application. A typical MACRO8000 program
is a combination of AmZ8000 assembly instructions and
higher-level constructs. MACROB8000 provides great
flexibility in structuring the program and in fine-tuning
to produce the most efficient AmZ8000 code for the
application.

Assembler Output Format

MACRO8000 produces an output file of either absolute or
relocatable AmZ8000 code. The user can choose to write
absolute or relocatable code for either the nonsegmented
AmZ8002 or segmented AmZ8001 processor. An abso-
lute source program is monolithic in structure, and the
program is assembled as a single unit. The output from
the assembler can be an object file which can be loaded
into the target system for the execution. A modular source
program is relocatable and the user can choose to write
separate modules or routines that are later merged into a
coherent program. A linking procedure handles the
merging of the program components and produces a
single relocatable file containing the program modules
linked together. A loading procedure assigns absolute ad-
dresses to a relocatable file and loads the resulting object
file into memory for subsequent execution in the target
system.

Instruction Format

The full AmZ8000 instruction set can be used in writing
programs. The general format of an instruction is the op-
code (instruction mnemonic such as ADD) followed by the
operands. MACROB8000 generates the appropriate bit
pattern for each instruction, which is 1 to 5 words in
length. The user can specify whatever operands are ap-
propriate for the instruction. AmZ8000 instructions have
from zero to four operands, and the operands can be in
various addressing modes.

AMC’s MACROB8000

Addressing Modes

The AmZ8000 addressing modes are for different types of
operands and are supported through the hardware. The
addressing modes give the user great flexibility in choos-
ing whether an operand is directly or indirectly specified to
be in a register, in memory or in part of the instruction.

e The immediate mode specifies an operand which is a
constant imbedded within the instruction itself.

® The register mode specifies an 8-bit (byte) register,
16-bit (word) register, 32-bit (long word) register, or
64-bit (quad word) register that contains the operand
value.

® The indirect register mode specifies a word register
{ncnsegmented AmZ8002) cr register pair (segmented
AmZ8001) that contains the address of the operand.

® The direct address mode specifies a label. The label is
associated with the address of a data value that is used
as the operand, or the label is associated with an in-
struction to which a jump or call instruction branches to.

® The relative address mode specifies an operand whose
location is found relative to the present instruction
location.

® The indexed mode is a directly addressed operand fol-
lowed by a displacement that is in a register. The label
and displacement added together forms the address of
the operand value.

® The base address mode consists of an indirect register
specification followed by a displacement. The address
of the operand is calculated by adding together the
content of the register and the displacement value.

® The base indexed mode is a register indirect address
specification followed by a displacement that is in
another register. The address of the operand is calcu-
lated by adding together the contents of the two
specified registers.

MACROB000

OBJECT

SOURCE

MACRO08000

Monolithic Program for Am28002 or AmZ8001

FILE

LINK8000

SOURCE
PROGRAM
PART

RELOCATABLE

SOURCE
PROGRAM
PART

RELOCATABLE

RELOCATABLE
CODE

OR
OBJECT

SOURCE
PROGRAM
PART

| RELOCATABLE

FILE

SOURCE
PROGRAM
PART

RELOCATABLE

Modular Program for AmZ8002 or AmZ8001
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® The port immediate mode consists of a port address for
I/O operations that is specified as a 16-bit immediate
value.

e The port register mode specifies a register that con-
tains a 16-bit port address for I/O operations.

Opcodes

The AmZ8000 instruction opcodes are the names for the
individual instructions. The naming scheme involves a
few characters for the basic name of the instruction, such
as LD for load, and sometimes additional characters that
specify other properties of the instruction. For instance,
LDIRB is a Load with auto Increment and Repeat for Byte
operands. Well over 200 different opcodes can be written.
® CLR - Clear (byte, word or long word)

e EX — Exchange (byte or word)

e LD —Load (byte, word, or long word; special form for
multiple registers; special form for addresses; optional
autoincrement or autodecrement; optional repeat)

e POP and PUSH — Pop and Push stack (word or long
word)

e ADD — Add (byte, word, or long word; optionally with

carry)

CP — Compare (byte, word, or long word; optional au-

toincrement or autodecrement; optional repeat)

DAB — Decimal adjust (byte)

DEC — Decrement (byte or word)

DIV — Divide (word or long word dividend)

EXTS — Extend sign (byte, word or long word)

INC — Increment (byte or word)

MULT - Multiply (word or long word result)

NEG — Negate (byte or word)

SUB — Subtract. (byte, word, or long word; optionally

with carry)

AND - Logical AND (byte or word)

COM — Complement (byte or word)

OR -- Logical OR.(byte or word)

TEST - Logical test (byte, word, or long word)

TCC — Test condition code (byte or word)

XOR — Exclusive OR (byte or word)

R — Rotate (left or right; special form for digit; optionally

through carry; byte or word)

S — Shift (left or right; optionally dynamic; arithmetic or

logical; byte, word, or long word)

BIT — Bit test (static or dynamic; byte or word)

RES — Reset bit (static or dynamic, byte or word)

SET — Set bit (static or dynamic, byte or word)

TSET — Test and set (byte or word)

CPS — Compare strings (autoincrement or autodecre-

ment; optional repeat; byte or word)

TR — Translate (autoincrement or autodecrement; op-

tional repeat; byte)

e TRT — Translate and test (autoincrement or au-
todecrement; optional repeat; byte)

e IN — Input (optional autoincrement or autodecrement;
optional repeat; optional special input; byte or word)

e OUT — Output (optional autoincrement or autodecre-

ment; optional repeat; optional special output; byte or

word)

CALL — Call routine (normal or relative)

RET — Return

JP — Jump (normal or relative)

DJNZ - Decrement and jump on non-zero (byte or

word)

SC — System call

INRET — Interrupt return

‘oo e e

COMFLG, RESFLG, SETFLG — Flag complement,

reset, or set

DI, El — Interrupt disable or enable

HALT — Halt

NOP — No operation

MBIT, MRES, MSET, MREQ - Multi-micro test, reset,

set, or request

e LDCTL - Load control (flag byte or special control
word)

® LDPS — Load program status

High Level Constructs

MACROB8000 offers a variety of high-level constructs that
can be used in assembler programs. High-level con-
structs make most programs easier to write, simpler to
debug and maintain than functionally-equivalent programs
containing only instructions. The constructs in
MACROB8000 are either very similar or identical to
PASCAL statements. Programmers familiar with PASCAL
or another block-structured language will be comfortable
with the MACRO8000 high-level constructs.

e |F-THEN-ELSE is for conditional assembly, or for run-
time code generation. A test such as register equal to
register generates code.

® FOR-DO is for repetitive assembly.

Symbolic Operands

MACROB8000 supports symbolic constants and symbolic
variables. The values of symboalic constants and variables
are essentially any operands that can be used in the pro-
gram, including arithmetic expressions. The symbolic
constants are names used for constant values. This pro-
vides for the assignment of meaningful names such as
BLOCK_COUNT to a register used as the block count.
The symbolic variables are defined and then throughout
the program can be redefined to new values such as diffe-
rent registers. All of the evaluation of the variables occurs
at assembly time, so that the generated code reflects the
values substituted for the symbolic constants and vari-
ables.

Syntactic Macros

The macro capability allows the programmer to reduce
the amount of source code that must be written. Identical
or similar sections of code can be prepared as a macro
and calted out as appropriate. During assembly the call is
replaced by the code of the macro body. The macros in
MACROB8000 are internally processed as syntactic mac-
ros, which are assembled at up to over an order of mag-
nitude faster than the conventional lexical macros.

Program Segmentation

The MACROB8000 relocatable module system is based on
the concept of “segment” meaning “a piece or part of a
program.” Thus, a “program” may be defined as a collec-
tion or sequence of program segments. Named program
segments may be assigned attributes, and arranged and
combined in any arbitrary manner by LINK8000. This
simple unifying concept applies to both the AmZ8001 and
AmZ8002 CPUs. In the case of the AmZ8001 (segmented
CPU), program segments may be identified with (i.e.,
equated to) logical segments. Program segmentation has
many uses beyond the specification of logical segments
for the AmZ8001 — for example, the partitioning of pro-
gram space into RAM space and ROM space.

N



LINK8000 offers simple default modes of operation for the
novice user. For more advanced users, LINK800O offers
incremental linking, providing an enhanced program
segment mapping capability.

Expressions

The ability to write expressions often reduces the work
involved in writing programs and helps to keep the pro-
grams smaller.

o Arithmetic expressions can be written to produce 32-bit
signed results.

Arithmetic signed or unsigned comparisons can be
written to yield true or false values for logical tests.
Strings can be used and concatenated in string
expressions.

String comparisons can be used {0 compaie sting
collating sequence and yield true or false values fi
logical tests.

Assembly Options

In addition to fast assembly, with one pass through the
source and a second pass for the listing, MACRO8000
offers a variety of options.

. s oy
or
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e Option to suppress first pass listing.

e Option to direct listing to the console, to the printer, to a
default file, or to a user-specified file. The listing shows
the source program, any diagnostic messages pro-
duced by the assembler, and the AmZ8000 code
and data values generated by the program.

o Option for error messages only, and option to suppress
warning messages.

e Option for macro trace that displays code expansion.

o Option for object file generation.

Linker

The LINK80O0Q linker is a separate module used for linking
together relocatable modules of any size. The linker can
bring in library routines to satisfy external references. The
user can control the mapping of modules into the object
file, as well as the mapping of user segments within mod-
ules. LINK800O can also handle relative address refer-
ences across segments. Output of the linker is an object
file that can be run on either the nonsegmented AmZ8002
or the segmented AmZ8001.
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EXAMFLES « o o

MACRO 8/8000 Z8000 ASSEMELER 1.2.1E FAGE 1

0000 MODULE ‘EXAMFLES. ., '}
0000
0000
0000 €] SYMEOLIC CONSTANTS AND NUMERIC VALUES ARE
000 ALWAYS TREATED THE SAME o4 x)
0000
0000 CONST  AEC = %4000y
0000 DEF = 159
0000 REG = R3s
0000 RIR = R4ty
0000 RES = RSM(R7)y
0000 SLAE = LABEL»y
0000 NLAE: = $400043
0000
0000
0000 % USE OF SYMEOLIC CONSTANTSS
0000
0000
0000 2103 4000 LD R3y%4000; % IMMEDIATE
0004 2103 4000 LD REGrAECS :
6008 *
0008 6103 4000 LD R3,%#400045 % #40004 USED AS "LAEEL*
000C 46103 4000 LD REGsAECH;
0010 6103 4000 LD KEGsNLAE;
0014
0014 % LAEELS S
0014
0014  SEOB 0038 JFLAEELS % SAME AS M80
0018 4103 0038 ADD R3sLABEL
001C 4103 0038 ADD KEG»SLAES
0020
0020 % LABELS WITH OFFSETS
0020
0020 SE08 003C JBLABEL(4) 3
0024 4103 003C ADD R3yLAEBEL(4)3
EXAMFLES . o+ . MACRD B/8000 Z8000 ASSEMELER 1.2,1E  FAGE 2
4103 003C ADD KEGy SLAEC4) 3
% ADDRESS CONSTANTS!
0020 7603 0038 LD R3yALABELF % “ALAEBEL* MEANS *ADDRESS OF* OR “FOINTER TOY LABEL
0030 % THIS. INSTRUCTION IS THE SAME AS ZILOG'S LDA
0020
0030 % INDIRECT ¢
0030
0030 0143 ADD R3sR443 % R4 CONTAINS FOINTER TO OFERAND
0032 0143 ADD REGs RIKG
00349
0034 % INDEXED?$
0034 .
0034 4143 0038 ADD R3rLABEL (R4) 3 % OFERAND IS LAEBEL OFFBET EY R4
% LABEL DEFINITIONS
LABEL $
0038
0038
0038 % STATEMENTS TERMINATE EY SEMICOLON UNLESS FOLLOWED EY
0038 % ELSE OR END —
0038
0038  0E43 IF REG EQ RIR THEN
0034  EEO03 LD REGyDEF
003C 2103 000F ELSE
V040 EB0S EBEGIN
0042 0503 000F ADD REG» DEF 3
0044 LD LABEL »AEC % 3 OPTIONAL
0046 4D05 0038 4000 END;
004C
004C
004C END.

NELTHER WARNING NOR ERROR MESSAGES

HORKK(EXECUTIVE)

NORMAL TERMINATION
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Specifications:
Operating Environment
Required Hardware

AMC Microcomputer Development System:
AmSYS 8/8 or AmSYS 29

64K bytes of RAM memory
Dual Floppy diskette drives, single or double density
System console: CRT or interactive hardcopy device

Required Software

64K version of AMDOS Operating System
Shipping Media

Floppy diskette, single or double density

Reference Manual
MACROB8000 Macro Assembler Manual #00680119

Ordering Information*

AmSYS Software can only be purchased as part of or as an addition to an AmSYS Microcom-

puter Development System.

Part Number

Description

AmSYS MACRO Z8000

AmZ8000 16-bit macroassembler with relocatable output
and Linker LINK800O to. produce complete relocatable
modules or absolute programs.

*MACROB8000 is included as a standard part of the AmSYS 8/8 Microcomputer Development System.
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Advanced Micro Devices
Commitment to Excellence

Product Assurance Programs for Military
and Commercial Integrated Circuits
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Commitment to Excellence

A COMMITMENT TO EXCELLENCE

Advanced Micro Devices was conceived on the premise that there was a place in the semiconductor community
for a manufacturer dedicated to excellence.

In product assurance procedures, Advanced Micro Devices is unique. Only Advanced Micro Devices processes
all integrated circuits, commercial as well as military, to the demanding requirements of MIL-STD-883. The
Rome Air Development Center (RADC), which is the Air Force’s principal authority on component reliability, has
issued MIL-HDBK-217B which indicates that parts processed to Military Standard 883, Level C (Advanced Micro
Devices’ standard processing) yield a product nearly ten times better in failure rates than the industry commer-
cial average.

Our Sunnyvale facility has been certified by the Defense Electronics Supply Center (DESC) to produce parts to
JAN Class B and C under Military Specification MIL-M-38510. The National Aeronautics and Space Administra-
tion (NASA) has certified this production line for the manufacture of Class A products for programs requiring the
highest levels of reliability. Advanced Micro Devices is the only integrated circuit company formed within the last
ten years to achieve such line certification.

This brochure outlines Advanced Micro Devices’ standard programs for Class B, C and A devices for military
and commercial operating range applications. These will cover the majority of system requirements today. Alter-
native screening flows for specific user needs can be performed on request. Check with your local sales office
for further information.
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ADVANCED MICRO DEVICES’ STANDARD PRODUCTS
ARE MANUFACTURED TO MIL-STD-883 REQUIREMENTS

Advanced Micro Devices’ product assurance programs are based on two key documents.
MIL-M-38510 — General Specification for Microcircuits
MIL-STD-883 — Test Methods and Procedures for Microelectronics

The screening charts in this brochure show that every integrated circuit shipped by Advanced Micro Devices
receives the critical screening procedures defined in MIL-STD-883, Method 5004 for Class C product. This includes
molded plastic devices:

In addition, documentation, design, processing and assembly workmanship guidelines are patterned after MIL-M-
38510 specifications.

Commercial and industrial users receive the quality and reliability benetits of this aerospace-type screening and
documentation at no additional cost.

STANDARD PRODUCT TESTING CATEGORIES

Advanced Micro Devices offers integrated circuits to four standard testing categories.

1. Commercial operating range product (typically 0°C to 70°C)
2. Commercial product with 100% temperature testing

3. Military operating range product (typically —55°C to +125°C)
4. JAN qualified product

Categories 1, 2 and 3 are available on most Advanced Micro Devices circuits. Category 4 is offered on a more
limited line. Check with your local sales office for details.

STANDARD PRODUCT ASSURANCE CATEGORIES

Devices produced to the above testing categories are available to the three standard classes of product assurance
defined by MIL-STD-883. As a minimum, every device shipped by Advanced Micro Devices meets the screening
requirements of Class C.

Class C — For commercial and ground-based military systems where replacement can be ac-
complished without difficulty.

According to MIL-HDBK-217B, this assures relative failure rates 9.4 times better than that of regu-
lar industry commercial product.

Class B — For flight applications and commercial systems where maintenance is difficult or expensive
and where reliablity is vital.

Devices are upgraded from Class C to Class B by burn-in screening and additional testing.

According to MIL-HDBK-217B, Class B failure rate is improved 30 times over regular industry
commercial product. Advanced Micro Devices Class B processing conforms to MIL-STD-883 re-
quirements. MIL-HDBK-217B indicates that this may provide failure rates as much as two times
better than some other manufacturers’ “equivalent” or “pseudo” Class B programs.

Class S — For space applications where replacement is extremely difficult or impossible and reliability
is imperative.

Class S screening includes x-ray and other special inspections tailored to the specific require-
ments of the user.

The 100% screening and quality conformance testing performed within these Advanced Micro Devices pro-
grams is shown in TABLES |, Il and lll. A full description of the process flow is provided in Product Assurance
Document 15-010, available on request.
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CLASS C SCREENING FLOW
FOR COMMERCIAL SYSTEMS AND GROUND BASED MILITARY SYSTEMS

TABLE | COMMERCIAL
CLASS C OPERATING RANGE
MOLDED PACKAGES
c1 c2
Commercial
Product
Screening Procedure per MIL-STD-883 With 100%
Method 5004, Class C Temper-
Commercial ature
Screen Test Method ‘Product Testing
VISUAL AND MECHANICAL
Internal visual 2010, Condition B 100% 100%
High temperature 1008, Condition C,
storage 24 hours 1009 1009
Temperature cycle 1010, Condition C 100% 100%
Constant
acceleration 2001 100% (1) 100% (1)
Hermeticity, Fine
and Gross 1014 100% (1) 100% (1)
FINAL ELECTRICAL TESTS AMD Data AMD Data
Sheet Sheet
Static (dc) a) At 25°C, and power
supply extremes 100% 100%
b) At temperature
and power
supply extremes (2) 100% (3)
Functional a) At 25°C, and power
supply extremes 100% 100%
b) At temperature
and power )
supply extremes (2) 100% (3)
Switching (ac) At 25°C, nominal
or Dynamic power supply (2) )
QUALITY CONFORMANCE 5005, Group A
(See Table II) Sample Sample
Sample Tests Group B - -
Group C - -
Group D/ - -
EXTERNAL VISUAL 2009 (Note 5) 100%, 100%
TABLE I

GROUP A QUALITY CONFORMANCE LEVELS

Advanced Micro Devices employs the military-recommended LTPD sampling system to assure quality. MIL-
STD-883, Method 5005, TABLE !, Group A, subgroups 1 through 9 as appropriate to the device family are
performed on every lot. Quality levels defined for Class B product are applied by Advanced Micro Devices to

both Class B and Class C orders. INITIAL
LTPD SAMPLE SIZE
Subgroup 1 — Static tests at 25°C : 5 45
. Subgroup 2 — Static tests at maximum rated operating temperature 7 32

Subgroup 3 — Static tests at minimum rated operating temperature 7 32
Subgroup 4 — Dynamic tests at 25°C — LINEAR devices 5 45
Subgroup 5 — Dynamic tests at maximum rated operating temperature

— LINEAR devices 7 32
Subgroup 6 - Dynamic tests at minimum rated operating temperature

— LINEAR devices 7 32
Subgroup 7 ~ Functional tests at 25°C 5 45
Subgroup 8 — Functional tests at maximum and minimum rated

operating temperatures 10 22
Subgroup 9 — Switching tests at 25°C — DIGITAL devices 7 32
Subgroup 10 — Switching tests at maximum rated operating

temperatures — DIGITAL devices *
Subgroup 11 — Switching tests at minimum rated operating

temperatures — DIGITAL devices *

*These subgroups, where applicable, are usually performed during initial characterization only for all except JAN Qualified product.
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CLASS B SCREENING FLOW
FOR HIGH RELIABILITY COMMERCIAL AND MILITARY SYSTEMS
TABLE Il COMMERCIAL
CLASS B
INTEGRATED CIRCUITS OPERATING RANGE
(Class C plus burn in screening HERMETIC AND
and additional testing.) MOLDED PACKAGES
B1 B2
Commercial
Product
Screening Procedure per MIL-STD-883 With 100%
Method 5004, Class B Temper-
Commercial ature
Screen Test Method Product Testing
VISUAL AND MECHANICAL
Internal visual 2010, Condition B 100% 100%
High temperature 1008, Condition C,
storage 24 hours 100% 100%
Temperature cycle 1010, Condition C 100% 100%
Constant
acceleration 2001 100% (1) 100% (1)
Hermeticity, Fine
and Gross 1014 100% (1) 100% (1)
BURN IN
Interim (pre burn Per applicable
in) electricals device specification 100% 100%
Burn in 1015,160 hours at
125°C or equivalent.* ~ 100% 100%
FINAL ELECTRICAL TESTS AMD Data AMD Data
Sheet Sheet
Static (dc) a) At 25°C, and power
supply extremes 100% 100%
b) At temperature
and power
supply extremes 2) 100% (3)
Functional a) At 25°C, and power
supply extremes 100% 100%%
b) At temperature
and power
supply extremes (2) 100% (3)
Switching (ac) At 25°C, nominal
or'Dynamic power supply (2) 2)
QUALITY CONFORMANCE 5005, Group A
(See Table 1) Sample Sample
Sample Tests Group B - -
Group C - -
Group D - -
EXTERNAL VISUAL 2009 (Note 5) 100% 100%
Notes: 1. Not applicable to molded packages.
2. All MOS RAMs and many other MOS devices receive a.c. testing and 100% d.c. screening at high temperature and power supply
extremes as standard. Other products sampled at Group A (Table lil).
3. Tested at high temperature, 100°C, only on commercial range product. Note that this is a full d.c. check of all parameters in
addition to the simple “hot-rail” functional sequence performed on most other commercial programs.
4. Available to special order.
5. Without optical aid for commercial devices. *Unless otherwise specified on the device data sheet.
CLASS S
FOR AEROSPACE SYSTEMS. (FORMERLY CLASS A)
Advanced Micro Devices offers a Class S progrém.
This program together with other high reliability screening options, such as SEM and x-ray, is described as Option A
in Advanced Micro Devices' Extended Processing Options Document 00-003. Contact your local Advanced Micro
Devices’ sales office for more information.




Commitment to Excellence

STANDARD PRODUCT
SCREENING SUMMARY AND ORDERING INFORMATION

1. COMMERCIAL PRODUCT

e Screened per MIL-STD-883, Method 5004.

® Electrically tested per AMD Data Sheet.

e Supplied in hermetic and molded packages.

® Quality conformance testing, Method 5005, Group
A, performed to levels specified for Class B on both
Class C and Class B options.

Class C (Flow C1)

@ Order standard AMD part number.
® Marked same as order number.
Example: Am2901ADC

Class B (Flow B1)

e Burn in performed in AMD circuit condition.
® Order standard AMD part number, add suffix B (or
/883B for 1, 2 and 300 Series Linear devices).
e Marked same as order number.
Example: Am2901ADC-B

. MILITARY PRODUCT

© Screened per MIL-STD-883, Method 5004.

o Electrically tested per AMD Data Sheet.

e Supplied in hermetic package only.

e Quality conformance testing, Method 5005, Group
A, performed to levels specified for Class B on both
Class B and Class C options.

Class C (Flow C3)

® Order standard AMD part number.
® Marked same as order number.
Example: Am2901ADM

Class B (Flow B3)

® Burn in performed in AMD circuit condition.

® AC at25°C, dc and functional testing at 25°C as well
as temperature and power supply extremes per-
formed on 100% of every lot.

® Quality conformance testing, Method 5005, Groups
B, C and D available to special order.

® Order standard AMD part number, add suffix B.

o Maiked same as order number.

Example: Am2901ADM-B

2. COMMERCIAL PRODUCT WITH 100%

TEMPERATURE TESTING

o Identical to standard commercial operating range
product with the addition of 100% dc and functional
testing at 100°C and power supply extremes.

Class C (Flow C2)
® Order standard AMD part number, add suffix T.
® Marked same as order number.

Example: Am2901ADC-T

Class B (Flow B2)

e Burn in performed in AMD circuit condition.
e Order standard AMD part number, add suffix TB.
o Marked same as order number.

Example: Am2901ADC-TB

. JAN QUALIFIED PRODUCT

e Screened per MIL-STD-883, Method 5004.

o Electrically tested to JAN detail specification (slash
sheet).

o Manufactured in Defense Logistics Agency cer-
tified facility.

e Quality conformance testing, Method 5005, Groups
A, B, C and D performed as standard and must be
completed prior to shipment.

e |t is a product for which AMD has gained QPL
listing.*

Class C (Flow C4)

o Order per military document.

® Marked per military document.
Example: JM38510/44001CQB

Class B (Flow B4)

e Burn in performed in circuit condition approved for
JAN devices.

o Order per military document.

e Marked per military document.

Example: JM38510/44001BRC

*In certain cases where JAN Qualified product is specified but is not available, Advanced Micro Devices can provide devices to the
electrical limits and burn-in criteria of the slash sheet. This class of product has been called JAN Equivalent and marked M38510/ by some
manufacturers. This identification is no longer permitted by DESC. Check with your local sales office for availability of specific device

types.
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PACKAGE OUTLINES

METAL CAN PACKAGES

H-8-1 H-10-1 G-12-1
¢D: ¢D- ¢D
|7¢0,—.1 ¢°| f=—901—=]
|
F T F !
REFERENCE | Ltz oA PEFRDENCEY REFERENGE @
PLANE | i J—.—r PLANE t
W[— ﬁ SEAT'NG ﬁ
L

/{]D iE—" S AL i—

oby

AMD Pkg. H-8-1 H-10-1 G-121
Common | ll | Wewl | el
Can Can Can
28;:5;:1?1dix c A A2 -
Parameters Min. Max. Min. Max. | Min. Max.
A 165 | .185 | .165 | .185 | .155 | .180
e 185 | 215 | 215 | .245 | .390 | .410
e1 .090 | 110 | 105 | .125 | .090 | .110
F .013 | .033 | .013 | .033 | .020 { .030
k .027 | 034 | .027 | .034 | .024 | .034
k1 027 | .045 | .027 | .045 | .024 | .038
L 500 | .570 | .500 | .610 | .500 | .600
Lq .050 .050
Lo 250 250
« 45° BSC 36° BSC 45°
¢b 016 { .019 | .016 | .019
b1 .016 | .021 | .016 | .021 | .016 | .021
¢D .350 | .370 | .350 | .370 | .590 | .610
¢D1 305 | 335 | .305 | .335 | .540 | .560
¢D2 .120 | .160 | .120 | .160 | .3%0 | .410
Q 015 | 045 | 015 | 045

Notes: 1. Standard lead finish is bright acid tin plate or gold plate.
2. ¢b applies between L and L,. ¢b4 applies between L, and 0.500”
beyond reference plane.
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PACKAGE OUTLINES (Cont.)

MOLDED DUAL IN-LINE PACKAGES
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PACKAGE OUTLINES (Cont.)

MOLDED DUAL IN-LINE PACKAGES (Cont.)

P-24-1 p-28-1
fatatATATATATATATATAYAT [l Vo Dol Rake T ole ¥l B ke T Nk Dobed e F e D U ke
24 13 28 15

E P D
1 14
T T I AL L TR AL AL GG A6
le— 51 51—’I

1 12
ATLVAVAVIVLVLVAVLPLVLTLY

- SEATING
PLANE

| o

s /=
P gl L ML A

P-40-1

M e Y M A e S A Ly
40 pal

[

1 20
elvlse vl L v Lr v e e
51 SEATING

PLANE

=y
~— ;‘—Er——'\

AMD Pkg. P-8-1 P-10-1 P-14-1 P-16-1 P-18-1 P-20-1 P-22-1 P-24-1 P-28-1 P-40-1

Parameters | Min. | Max. [ Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min, | Max. | Min, | Max. | Min. | Max.
A L1580 | .200 | .150 | .200 150 | .200 150 | .200 50 | .200 |.150 .200 150 | 200 | 170 | 215 150 | .200 | .150 | .200
b 015 | .022 [ .016 | .020 .| .015 | .020 .015 | .020 .015 | .020 | .015 | .020 .015 | .020 { .015 | .020 015 | .020 | .015 | .020
b1 055 | .065 | .055 | .065 .055 | .065 | .055 | .065 .055 | .065 | .055 | .065 055 | .065 .085 | .065 056 | .065 | .085 | .065
c .009 | .01 .008 | .01 009 | .01 .009 | .01 .009 | .01 .009 | .01 009 | .01 008 | .01 .009 { .011 .008 | .01
D .375 | .395 805 | .550 745 | 775 745 | 775 .895 1925 {1.010 [ 1.050 | 1.080 | 1.120 | 1.240 } 1.270 | 1.450 | 1.480 { 2.050 | 2.080
E 240 | .260 240 | .260 .240 | .260 240 | .260 240 | .260 250 | .290 .330 | .370 515 | .540 .530 | .550 530 | .550
Ez 310 | .385 .310 | .385 | .310 | .385 .310 | .385 310 | .385 310 | .385 .410 | .480 | 585 | .700 585 | .700 585 | .700
e .00 | 110 | 090 | .110 080 | .10 090 | .110 .090 | .110 .090 | .110 090 | 110 .090 | .110 090 | .110 090 | .110
L 125 | 150 125 | 150 125 | .150 125 | 150 125 | 150 125 | .150 125 | 160 | .1256 | .160 126 | 160 | 125 | .160
Q .015 | .060 015 | .060 .015 [ .060 .015 | .060 015 | .060 | .015 | .060 .015 | .060 .015 | .060 015 | .060, | .015 | .060
S1 .010.| .030 .040 | .070 .040 | .065 .010 | .040 .030 | .040 .025 | .055 015 | .045 .035 | .065 .040 | 070 040 | 070

Notes: 1. Standard lead finish is tin plate or solder dip.
2. Dimension E; is an outside measurement.




PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES
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- PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES (Cont.)
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HERMETIC DUAL IN-LINE PACKAGES (Cont.)
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PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES (Cont.)

AMD Pkg. D-8-1 D-8-2 D-14-1 D-14-2 (3011: g) D-16-1 D-16-2
Common SIDE- SIDE- METAL SIDE-
Name CERDIP BRAZED CERDIP BRAZED DIP CERDIP BRAZED
38510
Appendix C - - D-1(1) D-1(3) D-1(1) D-2(1) D-2(3)
Parameters Min. Max. Min. Max. Min, Max. Min. Max. Min. Max. Min. Max. Min. Max.
A 130 .200 .100 .200 130 .200 .100 .200 .100 .200 130 .200 100 .200
b .016 .020 .015 .022 .016 .020 .015 .022 .015 .023 .016 .020 .015 .022
by .050 .070 .040 .065 .050 .070 .040 .065 .030 .070 .050 .070 .040 .085
c .009 .011 .008 .013 .009 o1 .008 .013 .008 .01 .009 011 .008 .013
.370 .400 .500 .540 .745 .785 .690 730 .660 .785 745 .785 .780 .820
E .240 .285 .260 .310 .240 .285 .260 310 .230 .265 .240 .310 .260 310
Eq .300 .320 .290 .320 .290 .320 .290 320 290 .310 290 320 .290 .320
e .090 110 .090 110 .090 110 .090 110 .090 110 .090 110 .090 110
125 150 125 .160 125, | 150 125 .160 100 .150 125 .150 125 .160
Q .015 .060 .020 .060 .015 .060 .020 060 .020 .080 015 .060 .020 .060
S4 .004 .005 .010 .005 .020 .005 .005
o1 3° 13° 3° 13° 3° 13° 3° 13°
Standard
Lead b borc b borc c b . borc
Finish
AMD Pkg. D-18-1 D-18-2 D-20-1 D-20-2 D-22-1 D-22-2 D-24-1
Common SIDE- SIDE- SIDE-
Name CERDIP BRAZED CERDIP BRAZED CERDIP BRAZED CERDIP
38510
Appendix C - - - - - - D-3(1)
Parameters Min. Max. Min. Max. Min. Max. Min. ' | Max. Min. Max. Min. Max. Min. Max.
A .130 .200 .100 .200 .140 220 100 .200 140 .220 100 .200 150 225
b .016 .020 .015 022 .016 .020 .015 .022 .016 .020 .015 .022 .016 .020
by .050 .070 .040 .065 .050 .070 .040 .065 .045 .065 .030 .060 .045 .065
[ .009 on .008 .013 .009 on .008 .013 .009 .011 .008 .013 .009 011
D .870 .920 .850 .930 .935 .970 .950 1.010 | 1.045 } 1.110 | 1.050 | 1.110 | 1.230 | 1.285
E .280 310 .260 .310 .245 .285 .260 310 .360 .405 .360 410 .510 545
Eq .290 .320 290 .320 .290 320 .290 320 .390 420 .390 420 .600 620
e .090 110 .090 110 .090 110 .090 110 .090 110 090 110 .090 110
L 125 .150 125 .160 125 .150 125 .160 125 .150 125 .160 120 150
.015 .060 .020 .060 015 .060 .020 .060 .015 .060 .020 .060 .015 .060
Sq .005 .005 ".005 .005 .005 .005 .010
a 3° 13° 3° 13° 3° 13° 3° 13°
Standard
Lead b borc b borc b borc b
Finish
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PACKAGE OUTLINES (Cont.)

HERMETIC DUAL IN-LINE PACKAGES (Cont.)

AMD Pkg. D-24-2 D-24-4 D-28-1 D-28-2 D-40-1 D-40-2 D-48-2
Common SIDE- SIDE- SIDE- SIDE-
Name BRAZED CERVIEW CERDIP BRAZED CERDIP BRAZED BRAZED
38510

Appendix C D-3(3) - - - D-5 - -
Parameters Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max.
A 100 .200 .150 .225 .150 225 .100 .200 150 225 .100 .200 .100 .200
b .015 .022 .016 .020 .016 .020 .015 .022 016 .020 .015 .022 .015 .022
b,y .030 .060 .045 .065 .045 .065 .030 .060 .045 .065 .030 .060 .030 .060
c .008 .013 .009 011 .009 01 .008 .013 .009 011 .008 .013 .008 .013
D 1.170 | 1.200 | 1.235 | 1.280 | 1.440 | 1.500 | 1.380 | 1.420 | 2.020 | 2.100 | 1.960 | 2.040 | 2.370 | 2.430
E .550 .610 510 .550 510 .550 .560 .600 .510 .550 .550 610 570 610
Eq 590 .620 .600 .630 .600 .630 .590 .620 .600 .630 .590 .620 .590 .620
e .090 110 .090 110 .090 110 .090 110 .090 110 .090 110 .090 110
L 120 160 120 150 120 .150 120 .160 120 150 120 .160 125 .160
Q .020 -060 .015 .060 .015 .060 .020 .060 .015 .060 .020 .060 .020 .060
S .005 .010 .005 .005 .005 .005 .005

a 3° 13° 3° 13° 3° 13°

Standard

Lead borc b b b borc borc
Finish

Notes: 1. Load finish b is tin plate. Finish ¢ is gold plate.

2. Used only for LM108/LM108A.
3. Dimensions E and D allow for off-center lid, meniscus and glass overrun.
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PACKAGE OUTLINES (Cont.)
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PACKAGE OUTLINES (Cont.)

FLAT PACKAGES (Cont.)
F-28-2 F-42-1
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AMD Pkg. F-10-1 F-10-2 F-14-1 F-14-2 F-16-1 F-16-2 F-20-1 F-22-1
Common METAL METAL METAL METAL
NAME CERPACK | a1 pak | CERPACK | b a1 pak | CERPACK | b a7 pak | CERPACK | g/ AT pAK
38510
Appendix C F-4 ~ Fa F1 F-1 E-5 - -
Parameters Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
A 045 | .080 | .045 | .080 | .045 | 080 | .045 | .085 | .045 | .085 | .045 | .085 | .045 | .085 | .045 | .090
b 015 ( 019 | 012 | 019 | 015 | o019 [ 012 ] 019 | 015 ]| 019 [ 015 ] 019 | 015 019 | 015 | 019
c 004 | .006 | .003 | .006 | .004 | 006 | .003 | .006 | .004 | .006 | .003 | .006 | .004 | .006 | .003 | .006
D 230 | 255 | 235 | 275 | 230 | 255 | 230 | 270 | 370 | 425 | 370 | 400 | 490 | 520 | .380 | .420
D4 275 .280 410 .440
E 240 | 260 | 240 | 260 | 240 | 260 | 240 | 260 | 245 | 285 | 245 | 285 | 245 | 285 | 380 | 420
Eq 275 .280 275 .280 290 .305 .290 .440
e 045 | .055 | 045 | .055 | 045 | 055 | .045 | .055 | .045 | .055 | .045 | .055 | 045 | 055 | .045 | .055
L 300 [ .370 | .300 | .370 | .300 | .370 | .300 | .370 | 300 | .370 | .300 | .370 | 300 | .370 | 250 | .320
L4 920 | .980 | .920 | .980 | .920 | .980 | .920 | .980 | .920 | .980 | .920 | .980 | .920 | .980 | .920 { .880
Q .010 | 040 | .010 | 040 | 010 | .040 | 010 | .040 | 020 | .040 | .010 | 040 | 020 | .040 | .010 | .040
Sq .005 .005 .005 .005 .005 .005 .005
Standard
Lead . b c b c b c b
Finish
AMD Pkg. F-24-1 F-24-2 F-24-3 F-28-1 F-28-2 F-42-1 F-48-2
Common CERPACK METAL METAL METAL | CERAMIC | CERAMIC | CERAMIC
Name FLAT PAK | FLAT PAK | FLAT PAK | FLAT PAK FLAT PAK FLAT PAK
38510
Appendix C F-6 F-8 B B - - -
Parameters Min. | Max. | Min. | Max. [ Min. | Max. | Min. | Max. | Min. | Max. [ Min. | Max. | Min. | Max.
A 050 | 090 | .0a5 | 090 | .045 | .090 | .045 | 080 | 065| .085| .070] .115 | .070| .110
b 015 | 019 | 015 | 019 [.o15] 019 | 015 | 019 | 016| 025| .017| 023 | 018 .022
c 004 | 006 [ 003 | 006 | .003 | .006 { .003 | 006 | 007] 010] .006| .012 | .006 | .010
D | 580 | 620 | 360 | 410 | .380 | .420 | 360 | .410 [ .700| .720 | 1.030 | 1.090 |1.175 | 1.250
D¢ 420 440 410 720 1.090 1.250
E 360 | .385 | 245 | 285 | .380 | 420 | 360 | 410 | 625| 650 .620]| 660 | 615 | .670
Eq 410 .305 440 410 650 660 670
e 045 | .055 | .045 | .055 | .045 | 055 | 045 | .055 | .045| 055 | .045| .055 | .045| .055
L .265 .320 .300 .370 250 320 270 .320 415 | 435 .320 370 320 .370
Lq 920 | 980 [ .920 | .980 [ .920 | .980 | .955 | 1.000 | 1.475 [ 1.500 | 1.300 | 1.370 | 1.310 | 1.365
Q 020 | .040 | .010 [ .040 [.010 [ 040 | .010 | 040 | .017| 025 .020| .060 | .020 | .055
$1 .005 005 0 0 005 .005 015
Standard
Lead b c c ¢ ¢ ¢ ¢
Finish

Notes: 1. Lead finish b is tin plate. Finish c is gold plate.
2. Dimensions E4 and D4 allow for off-center lid, meniscus, and glass overrun.
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PRODUCT ASSURANCE
MIL-M-38510 » MIL-STD-883

The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and
confirms the product quality at critical points. Standardization under this program assures that all products meet military and
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other
higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts.

The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must
perform reliably with minimum field service.

Two military documents provide the foundation for this program. They are:

MIL-M-38510 — General Specification for Microcircuits
MIL-STD-883 — Test Methods and Procedures for Microelectronics

MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to +125°C) operation meet these
quality requirements of MIL-M-38510.

MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing
standards directly related to product assurance:

Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B.

Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and
screening stresses. The classes are:

Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow
chart.

Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening
requirements are the same.

Class S — Used where replacement is extremely difficult and reliability is imperative. Class S screening selects extra
reliability parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection.

All hermetically sealed integréted circuits {military and commercial) manufactured by Advanced Micro Devices are screened to
MIL-STD-883, Class C. Molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are
omitted.

Optional extended processing to MIL-STD-883, Class B is available for all AMD integrated circuits. Parts procured to this screening
are marked with a “—B"’ following the standard part number, except that linear 100, 200 or 300 series are suffixed “/883B".

Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels are
given for Group A (electrical), Group B {mechanical quality related to the user’s assembly environment), Group C (die
related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be
specified by the user.

CA1



Product Assurance

MANUFACTURING, SCREENING AND INSPECTION
FOR
INTEGRATED CIRCUITS

All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where
required is performed to Class B quality levels on either Class B or Class C product.

All full-temperature-range (—55°C to +125°C) circuits are manufactured to the workmanship requirements of MIL-M-
38510.

The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510.

STANDARD PROCESSING
CLASS C
Steps 1 Through 25

HERMETIC PACKAGE MOLDED PACKAGE
PROCESS PROCESS

1 INSPECTION

Purchased or fabricated starting materials are inspected for conformance
to specified requirements. Inspection follows written procedures, and
records are analyzed for supplier quality negotiations.

2 WAFER FABRICATION

Repeated masking, etching and diffusion processes produce finished dice
in wafer form.

3 IN-PROCESS INSPECTION

Each wafer is inspected prior to irreversible process steps.

4 FINISHED WAFER INSPECTION

Sample wafers from each finished diffusion lot are inspected to confirm
lot quality before release for test and assembly.

5 WAFER ELECTRICAL TEST

Electrical probe test of every die. A computer-controlied system measures
static and dynamic parameters and identifies dice that do not meet
electrical requirements.

6 DIE SEPARATION
Wafers are separated into individual dice and electrical rejects are removed.
7 VISUAL INSPECTION

Separated dice are inspected and selected at high magnification.

8 QUALITY INSPECTION

Decisions at the 100% inspection are reviewed through periodic random
sampling, confirming product quality and revealing any need for operator
retraining. .

9 DIE ATTACH

C-2
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10

11

12

13

14

15a

15b

16

17

18

19

20

QUALITY INSPECTION

Strength of die attachment, position of die and visual quality of eutectic
wetting are confirmed periodically by inspecting random samples and
push-testing the attached dice.

WIRE BOND

Hermetic:  Aluminum wires, ultrasonic bonding.
Molded: = Gold wires, thermocompression bonding.

QUALITY INSPECTION

Weld strength, bond size and position, wire dress and general workmanship
are confirmed periodically by comparing random samples with assembly
instructions and quality standards. Bond strength is plotted on statistical
control charts, providing early warning of process drifts.

INTERNAL VISUAL INSPECTION

Assembled but unsealed units are individually inspected at low and high
power.

QUALITY STANDARDS:

All devices — MIL-STD-883, Method 2010, Condition B {latest revision).
Full temperature devices — MIL-M-38510, Para. 3.7 for workmanship (re-
bonding limits).

QUALITY INSPECTION

Decisions at the 100% inspection are reviewed through periodic random
sampling, providing confirmation of ‘product quality and revealing any
need for operator retraining.

FINAL SEAL

(Hermetic devices)

ENCAPSULATE
(Molded Devices)

HIGH TEMPERATURE STORAGE
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr

TEMPERATURE CYCLE
MIL-STD-883, Method 1010, Cond. C: —65°C, +150°C, 10 cycles

CENTRIFUGE
MIL-STD-883, Method 2001, Cond. E: 30,000 G

SEAL (HERMETICITY) TEST

MIL-STD-883, Method 1014, Cond. A or B: Fine Leak
MIL-STD-883, Method 1014, Cond. C2: Gross Leak

ELECTRICAL TEST

MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional
tests at 25°C or in certain products at the most critical extreme tempera-
ture to assure accuracy of device selection.




Product Assurance

21

QUALITY GROUP A ELECTRICAL TEST (TABLE I)

MIL-STD-883, Method 5005. See the table below. Quality levels
as defined for Class B are applied to both Class B and Class C
parts. Proven correlations supported by periodic reconfirma-

tion may be used for some parameters.

22 MARK, INSPECT, PACK FOR SHIPMENT

23 QUALITY INSPECTION, PRE-SHIPMENT

24 QUALITY INSPECTION FOR SHIPMENT RELEASE

Confirmation of product type, count, package.

Confirmation of required documentation.

25 SHIP TO CUSTOMER

MIL-STD-883, Class C.

Confirmation of marking, physical quality, and product identity.

Confirmation of completion of all process requirements.

This AMD standard product meets screening requirements of

GROUP A ELECTRICAL TESTS
From MIL-STD-883, Method 5005, Table |

Subgroups "L.TPD Initiall
ote 1) Sample Size
Subgroup 1 — Static tests at 25°C 5 45
Subgroup 2 — Static tests at maximum rated operating temperature 7 32
Subgroup 3 — Static tests at minimum rated operating temperature 7 32
Subgroup 4 — Dynamic tests at 25°C —‘Linear devices 5 45
Subgroup 5 —'Dynamic tests at maximum rated operating temperature — Linear devices 7 32
Subgroup 6 — Dynamic tests at minimum rated operating temperature — Linear devices 7 32
Subgroup 7 — Functional tests at 26°C 5 45
Subgroup 8 — Functional tests at maximum and minimum rated operating temperatures 10 22
Subgroup 9 — Switching tests at 256°C — Digital devices 7 32
Subgroup 10 — Switching tests at maximum rated operating temperature — Digital devices (Note 2) 10 10
Subgroup 11 — Switching tests at minimum rated operating temperature — Digital devices {Note 2) 10 10

of 2. The minimum reject number in all cases is 3.
2. These subgroups are usually performed during initial device characterization only.

1. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number




Product Assurance

Advanced Micro Devices offers several extended processing options to meet customer
high-reliability requirements. These are defined in AMD document 00-003. The flow chart
below outlines Option B, a 160-hr burn in. Military temperature range devices processed to
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B.

MILITARY RANGE
HERMETIC PACKAGES

101

102

103

104

105

106

107

108

109

110

OPTIONAL EXTENDED PROCESSING
CLASS B
Steps 101 Through 110

BEGINNING MATERIAL

Standard product taken after completion of step 20 (electrical test)

BURN IN
MIL-STD-883, Method 1015: 160 hr, 125°C, or time-temperature equiva-
lents as allowed by Method 1015.

FINAL ELECTRICAL TEST
MIL-STD-883, Method 5004.

Military: Testing subgroups as defined for Class B. Static and functional
at 3 temperatures, dynamic or switching at room temperature.

Commercial: Repeat step 20.

QUALITY GROUP A ELECTRICAL SAMPLE (TABLE I}
MIL-STD-883, Method 5005 and Table I. Quality levels as defined for
Class B. Temperature correlations may be used on commercial prod-
ucts.

QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D

MIL-STD-883, Method 5005. Sample life and environmental tests if re-
quired by purchase order. Further information on specifying this is given
in AMD document 00-003.

DATA PREPARATION AND REVIEW

MARK, INSPECT, PACK FOR SHIPMENT

Standard AMD parts with this burn-in option are marked with **—B" after
the part number, except that linear 100, 200 or 300 series are suffixed
/883B"".

QUALITY INSPECTION, PRE-SHIPMENT
Confirmation of marking, physical quality, and product identity.
QUALITY INSPECTION FOR SHIPMENT RELEASE

Final review of shipment against order.

SHIP TO CUSTOMER

" Military temperature range parts meet screening requirements of MIL-
STD-883, Class B.

COMMERCIAL RANGE

HERMETIC OR
MOLDED PACKAGES

C-5



Product Assurance

reference.

Option

OTHER OPTIONS

Description

Document 00-003, “Extended Processing Options”, further defines Option B as well as other
screening or sampling options available or special order. Available options are listed here for

Effect

A

Modified Class A screen
(Similar to Class S screening)

160-hr operating burn in

Radiographic inspection (X-ray)

Scanning Electron Microscope
(SEM) metal inspection

Preseal visual inspection to
MIL-STD-883, Method 2010,
Cond. A

Particle impact noise (PIN)
screen with ultrasonic detection.

Quality conformance inspection
(Group B, C and D life and
environmental tests)

‘of assemblies and die surfaces

Provides space-grade product, fol-
lowing most Class S requirements
of MIL-STD-883, Method 5004.

Upgrades a part from Class C
to Class B.

Related to Option A. Provides
limited internal inspection of
sealed parts.

Sample inspection of metal
coverage of die.

More stringent visual inspection

prior to seal.

Detects loose particles of
approximately 0.5 mil size or larger,
which could affect reliability in
zero-G or high vibration applications.

Samples from the lot are stressed
and tested per Method 5005.

The customer’s order must state
which groups are required.

Group B destroys 16 devices;
Group C, 92 devices; Group D,
60 devices.

Document 15-010 Rev. E, Jan. 1, 1978
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SALES OFFICES AND REPRESENTATIVES

soumwssv AREA
ro Devices
9595 WIlW. Boum rd

veny Hills, Camomu 90212
Tel: ’2‘3} 27891
3) 278- 9701

TWX: 910-490-2143

(SOUTHWEST AREA (Cont)
dvanced ulem Devices
5955

Desot
Woodland Hm& . Calffornia 91367
Tel: (213) 9924155
TWX: 910-494-4720

MID-AMERICA AREA
Advanced Micro Devices

1111 Plaza Drive, Suite 420
Schaumburg, llinois 60195
Tol: (312) 828660

TWX: 910-291-3589

{0 Crossway Park Wey

. New York Y1707
eyt (516) 364
TWX: 510-221-1819
Advanced Micro Devices
5806 Newbrook Ave
E Syracuse, New ¥ York 13057

NORTHEAST AREA

Advanced Micro De

300 New Boston Park

Wobumn, Massachusetts 10801

Tel: (5|7Lm 1234
3481332

SOUTHEAST AREA
Advanced Micro Devices
793 Elknidge Landing, #11N
Linthicum, Maryland- 21090
Tel: (301) 7968310
Advanced Micro Devices
1001 N W. 62nd Street

CANADA (Easterm)

Vitel Elecironics

3300 Cole Vertu, Suite 203
nt, Quebec,

TLX: 05-821762

Vitel Electronics

1 Vuican St, Suite 203

Rexdale, Ontaro,

Canada L3

Tel: (416) 2458528

TWX: 610-491-3728

Shipping:

Vitel Electronics

84 Main Street

Champlain, New York 12919

Vitel Electronics

85 Albert Streal, Suite 1610
awa,

Canad:
Tel: (E|3) 236-0396
TLX: 0533198

/X: 7104552078

FLORIDA
Gonley & Assaciates, nc.

x

2:5 Sou\h Central Ave.
ja_32765

Tal (305) 3554283

Conle l Assocmus‘ Inc.
1612 .w Socond Ave.

P.O. Bo)

Flonda 33432
Tel: (305) 395-6108
TWX: 510-953-7548

Conley & Associates, Inc.
4021 W. Waters Avenve
Suite

Tampa, Florida 33614
Tel: (813) 885-7658
TWX: 810-876-9136

T'I: (.’II 7 659-!074

Cedar

Tel: (3!3}’?;146“

KANSAS

Kebco Manutacturers

7070 West 107th Sirset
Park, Kansas 66212

w (m) aww

1101 Cardenas, N.E.
ite 1

Abuquerque, New Mexico 87110
Tsl (505)285 -5655
: 910-989-1174

Adler Drive
ok Syracuse, New York 13057
Tok: (315) 437-6343
TWX: 710-541-1506

NORTH CAROLINA
Burgin-Kreh Associates, Inc.
PO _Box 19510

, North Carolina 27609
Tel: (919) 781-1100
TWX: 510.928-0540

3901 Balnl! Drive
Raleigh, North Carolina 27609

m‘qm
Kmaswm Tennessee 37763
% Sitver Spri
11305 Sitver s
Knoxvi nm:sgn 37922
Tol: (615) 9661286

&uvg;m(un Associates, Inc.
12 Skylm Dr
K-\gm

Kie Tlmmo 31763
Tei: (515) 690-6100

TEXAS
Bonser-Phithows
15777 N, Contial Exptess\vay
Suite 212
Dallas, Texas 75243
Tel: (214) 234-8438
Bonsar-Philhower

Chimi Suite 208

neyrock,
Houston, Texas 77056
Tel: (713) 7830063

Advanced Micro Devices NORTHWEST AREA FL. Lauderdale, Florida 33309
1414 West Broadway Road (315) 43 7!! (305i 77‘—65‘0
Suile 23 350 seat soum.m TRLER Saaan
At 5 e,
ol - S I Cl 3 3 7! hr
T T ozt :In:: s , Cafoma 9505 guﬁ Peachiree S Snestiar Boulevard
Advanced Micro Devices : 910-338-0192 Atanta. Georgia 30360
|20| Dove Street ynced Micro Devices ?j‘,x‘z"o“"‘i"""‘ Poad Tei: {400 4497920
7000 Broadway " 43213 Aanne-a Micro TWX: 810-766-0430
W" Beach, Califomia 92660 Suite 401 Tel: (614) 457-7766 1 Gibralter Plaza, s«m 219
5 V;w‘) i Tor , Solorada 80221 T ab 628t 110 Gibrahter Road
- e 303) 426-7100 sham, Pennsytvania 19044
nced Micro Devices TWe sibdsise2 Avanced oo Devices LA
|3777 No. Central Expy. Micro Devices o na 48150 TW: 510-665-7572,
Sute 1008 v Fir Loop Tel: (313) 425-3440 Advanced Micro Devices
Dalas, Toxas 75243 Tigard, Oregon 97223 TWX: 810-242-8777 62 Wastington Slreet
34-5886 Tel: (503) 820-1021 eepsie, New York 12601
TVVK 910-867-4795 TWX: 910-458-8797 Ttl (glli 471-8180
Advanced Micro Devices Internationat Sales Offices
BELGIUM FRANCE GERMANY ALY JAPAN UNITED KINGDOM
Advanced Micro Devices Advarced Micro Devices, S.A. Micro Devices Advi 0 Devices SAL. ‘Advanced Micro Davices, K K. Advanced Wiro Devices (UK) L.
Overseas Corporation European Marketing Cerirs Mikro-Elektronik GmbH Centro Direzionalg Dai 3 Hoya Buikding _ AM.D. Hou
Aveins s Tavosren, 412, Lis 3 27, bivd. Gooursi-vauuin Fosenivimer Sur. 159 ico Vasatr 3 P ST Kanis 1onsna Siemitn Tisd,
ity Srureles 36400 Cannes D-8000 Muenchen 80 1-20090 Mi2 - Segrate jinami-ku, Tokyo 168 ing
Tel: (02) Tol: (093) 436075 Tel: (089) 40 19 76 Tel (02) 215 491345 Tol (69) 326,271 Surrey GU21 1JT
TRLE ez TELEX: 470966 TELEX: 0-523883 T ) 6568 X: 2324064 Tol: Wokng (248s2) 22121
Micro Devices, S.A. Advanced Micro Devices YLX I. M.IW P.O. 311250PPMI X: 591
Siic 314, Immeuble Helsinki Mikro-Elektronik GmbH
7‘ Rue d‘Amm Harthaeuser Hauptstrasse 4
84588 Rungis Cedex 4 Filderstadt 3
Tll: (01) 686.91.86 (07158) 62 63 0
TELEX: 202053 THER S0en
Sales Rep and D
ARGENTINA rnmc& Norgslekronk Vectiabs GmoH JAPAN NORWAY UNITED KINGDOM
Thiko, S.A. Electronica Harksheidarweg 23 Advanced Technology Corporation A/S Kjoll Bakke Candy Electronic Components
Pery 653 e Avenua Gu General Do Gaulle Japan Nygatan 48 Eden House
1068 - Buencs Aires Tel: (04106) 40 31 Tashi Bidg.. 3rd Floor P.O. Box 143 32 Well Road
ol 50_4‘32 :73 150 Le Chesnay TELEX: 0-214299 No. 8, Minami T.'ZO(“ Stroems ks Maidsione, Kent ME14 1XL
: o (0 8549113 ; . Shinjuku-ku, Tokyo 160 (02) 71 18 72 Tek: (0622) 54051
1) 354878 TELEX g MEV-Mico Elsironik Verviebs e 70, T30 )7
TELEX: 17825 luenchoer Stasse 1
- D-8021 Deining b. Muenchen DumncN Elactronics Hamc«-mv Components Ld.
Koti Interational Corporation ‘U. Ru. Henri Pensiur Tel: (08170) 71 61 Kohraku Buildi SOUTH AFRICA Hawke House
1660 Rollins Road _ F-68352 Lyon Cadex 2 TELEX: 0-527628 Crome, Kehraku B I Dovice: L, Green Street
Burlingame, California 94010 Tel: (078) 58.85.85 oo 564“.2"0 s (Pty.) Lid. Sunbury-on-Thames
Tel: {415) 692-3200 TELEX: 300 270 HOLLAND TQI (0" 8138876 223 Middiesex TW16 6AA
TELEX: 331491 RIF Arcodel BY Dainichi [« :"?": o) 789.0400 Tel: (01) 979-7799
73, Averwa Charies De Gaule Yan Amondestraat & Rt T,  Buiking TELEX: 4-24849 TELEX: 923592
A J D,,,Mm Pry. Ltd. F-92200 Neuilly-sur-Seine X 38-3 Takama-cho Dage (Great Britain), LId.
Tel: (Ol) 747 || .01 Narashi 630 SOUTH AMERICA House
P 0. Box 7 TELEX: Tel: (04!20) 24200/27574 Intectra MHIQ’I Street
rospect, S.A. 5082 TELEX: ISI Lid. Road inner, Middlesex, HAS 5QA
s  ©) 269-12“ GERMANY Lidabashi B T ,
T ’ HONG KONG o T 08 ntain View, CA 94043 o (01] 8680 0028
Cosmos Elektronik GmbH oG o Co. o a S Tol: (415) 967-8818/25
R -m n Eloclmmcs Hegelstrasse 16 Fint et - TELEX: 345 545 ," Em,onc Servicas
257 Burwoud Highway D-8000 Muenchen 83 O Kanematsu Denshi K K. Bnpaarone
P.O. Tel: (089) 60 20 88 Tol: (5) 268732 Takanawa Bidg.. 2 AIN Hariow, Esses CM20
Bumoao 3es TELEX: 0-522545 T e 2T 1526, 3-Chome, Takanawa uia SA. i ine s )
Vict ; : Minatoku, Tokyo 10 de Raman y Cajal, 5 : ariow (0279)
EBV-Elektronik Vertriebs GmbH TELEX: 81146
Tel (03) 288- 5232152 Madrid-16
g-?ur:m.mmm b. Muenchen B10AM Associates m&ﬁq Jel: (1) 459 35 00/04/08 Vemec, Lud.
n oy o Emm Tel [089) 61 1051 778 Biue Sage Drive 7:2:8 Nishishiojuku TELEX: 42207 Jhame Park industrial Estate
PO.BaST o o6 Sunyvale, Shinjuku-ku, Tokyo 160 [e— ity
Sy s S W gav Eloklmmk Vertriebs GmbH Tol 08 T ee2 T2 0 sea.2317 SYensk Tuiindusti AD 'Trgl. E‘rmm B84 421) 3145
Toi: (61) 439-5488 sistr, indust N
TR e L bt S sonea iy
é a 7267 Breivi Road Duksung Trading Co. samu:onduclwx) le.
Komon Se 5H. savsm K Vertriabs GmbH Bombay T o g 854 Beroy BF
ron Gesmi ronik Vertriens G " murg
Industriestr. D Kebraran 18 e Seosenarr2 SWITZERLAND mE«by (0332) 32651
R S am Gebirge gwedel 1 Tel: 7783198 S 78 TR e
Tel: (02236) 8 66 31 S osrss 5o 08 SRI RAM Associate: LEX: K23459 B0E0 Suereh
TLX: 79337 TLX: 0-923694 pdtime o0 Block Leewaad Intemational, inc. Tel: (00411) 51 21 21
BELGIUM EBV-Eledronik Vertriens GmbH CP.0. Box 4046 TELEX: 53461
BT e B e Ly o
B-4200 Ougres Tel: (oeu) 7204 s PO, Box oo 778-5631 Multitach America Co.
: TELEX: 0-413 0. TELEX: K25582 19046 Bonnet Way
Tel: (041) 362780362795 9. Biitmor Straet o o
TELEX: 42052 EBVvaklmmk vmm;s GmbH ¥ i~ ool
DENMARK 87505 Zutoan 1 TeLY VS aseoo B e gneating, . [ im(oa\ ’rm ional Corp.
a : u mat .
Agvanced Elecronic of Denmark DS Tol (071) 24 74 o1 R0, Box 42.053, 2pd Floor
svej TELEX: 0-722271 TALY s 210 977 Min Shen E. Rosd
R aaymagen F Elbatex GmbH \ndeloo, S.AL — foma ) 545 745 Taipel 103, BOC.
il i lombo, 134 A ol: 768-1232
TELEX: 224 31 2 100147 Roma TELEX: Nz25od CABLE: MULTIC
o Tel: (06) 5140722
FINLAND Tot: (07131) 8900 1 Everdata Intemationa) Com.
Komdel O TX: TELEX: 611517 11/F 219, Ohung Hsiao E. Rd.
Box 32 Novdcmrwuk Vertriebs GmbH a0 S AL hano 350 4. doe
SFL02210 Espoo 21 Bahnhofstr. 14 ia . Simpiiciano, ol 752.591
Tol. (90) 88 50 11 e - Raisdort 120121 Milano TRLEX: Siazs
TELEX: 121926 o (04307) 54 83 Tel: (02) 862963
U.S. and Canadian Sales Representatives
ALABAMA CANADA (Westarn) ORGIA MICHIGAN oHO Bonsar-Phihower Sales
Electionc Mantacturers Agorts ure Electronics Electionic Manutacturers Agarnis §AL Markoting Corp. Doituss-Root & Co. 8330 Burnent Rd.
9 Stamount Crce, S 6755 Peachtree Industrial Bvd.. N.E. 0. Box 3477 Prospect Road Suite 133°
Numswllo. Aiablm Bcllwua washmg(on 98009 Suite 103 Woﬂ Michigan 48116 Strongsville, O'Io 44136 Austin, Texas 78758
A. Tel: (206) 454-4594 Alianta, Georgia Tel: (313) 227-1786 (218) 228. Tel: (512) ‘5&3569
T e 3Rean0 LX: 32-8951 Tot (404 445+ TWX: 810-242-1518 T, 89047 3140
Tors Aambin T Bk E:'sn:.a'. al Bank Build ey m& Batenile Ross =;M
F oderal Ban
Ghuromma Selova Washranon 96008 nuNoss et iing S sog. o Contervie 540 North 400 East. Sute &
12 Incorporated Vitel Electronics ‘0‘1;"915“’- Inc. aeaoe Grand River Averus Centerville, Ohio_45459 ;‘t’lﬂhgﬂ“ ‘2""9"‘,35,‘" 84054
3350 Scott Boulevard 3665 Kingsway, Sute 211 rove Wilkgs, linois 60007 Brighton, Mchigan 48116 Tel: (513) 4336776 T 91b5%% a0
Suite mm Bidg. 10 Bumany, Bnnsh Columbia m (312)640 1650 ‘
Santa Clara, Calllcmna 95050 Canada w2 TWX: 910-2221775 MISSOURI PENNSYLVANIA NIA
Tel: (408) St Tel: (50‘) ‘336 121 Kebco Manufact: Bacon Electronic Sale! Bu!gln -Kreh Associates, Inc.
Wt 'S%0 Be 002 TWX: 610-963-4925 75 W o Brve. Sie. 10 115 South High Street 4254 '
INDIAN, Narlind Harghts, Midsoun 63043 e g St 6a41 x
COLORADO C-S Electronic Sales, inc. Tel: (314) 5764111 e sylvania 552‘ Fort Avenue
Souther) oM 2122-A Mian Street TWX: 910-764-0826 Tei. (814) 796-2981 mehburg. Virginia, 24502
stronics R2 Marketing : 510-699-5870 o) 255%5ass
nd, Indiana 45613 el: ¢
10150 Sorrento Valley Road 10018 Na. Reeencv Place m (zm) 291-6258 NEBRASKA
Quhte 30 [y 10-299-2505 Lorenz Sales TENNESSEE VASHINGTON
an Diego, Calfforia 92121 ‘T’:’m-aogol;;:d; 014 eotonic S, 1nc. Avenue Venture Electronics
o T i (303) nsvs o . o g{, nK:-h Associates, Inc. 1601 1M NE. Suks 109
CONNECTICUT 46041 Tel: (402) 475-4560 Belhvuq Washington 98005

TELEX: 328951

'WISCONSIN
Oasis Sales, Inc.
N al w, 12920 Leon Road

alls, Wisconsin 53051

Menomoneo
Tel: (414) 4456682



U.S. AND CANADIAN STOCKING DISTRIBUTORS

ALABAMA
Hamnlton/Avnel Electronics

2 Commercial Drive
Humsvn\le Alabama 35805
Tel: (205) 533-1170

Hall-Mark Electronics
4739 Commercial Drive
Huntsville, Alabama 35805
Tel: (205) 837-8700

ARIZONA

Wyle Distribution Group
8155 North 24th Avenue
Phoenix, Arizona 85021
Tel: (602) 249-2232

Hamilton/Avnet Electromcs
2615 S. 21st Stres

Phoenix, Arizona 85034
Tel: (602) 275-7851
TWX: 910-951-1535

CALIFORNIA

Avnet Electronics

350 McCormick Avenue

Irvine Industrial Complex
Costa Mesa, California 92626
Tel: {714) 754-6084

TWX: 910-595-1928

Beli Industries

1161 N. Fairoaks Avenue
Sunnyvale, Calniorma 94086
Tel: {408) 73

TWX: 910~ 339 9378

Hamilton Electro Sales
10950 W. Washington Blvd.
Culver City, California 90230
Tel: (213) 558-2100

é 4) 522-8220
TWX: 910-340-6364

910-340-7073

TELEX: 67-36-92

Hamilton/Avnet Electronics
1175 Bordeaux

Sunnyvale, California 94086
Tel: (408) 743-3300

TWX: 910-339-9332

Hamilton/Avnel Electronics
4545 View Ridge Road

San Diego, California 92123
Tel: (714) 571-7500
TELEX: 69-54-15

HamlllonlAvne( Electronics
3170 Py

Costa Mesa Cahlorma 92626
Tel: (714) 979-6864

Wyle Distribution Group
9525 Chesapeake Drive
San Diego, California 92123
Tel: (714) 565-3171

TWX: 910-335-1590

Schweber Electronics
17811 Gillette

Irvine, California 92714
Tel: (213) 537-4320
TWX: 910-595-1720

Wyle Distribution Group

124 Maryland Avenue

El) Segundo, California 90545

Tel: (213) 322-8100

TWX: 910-348-7140
910-348-7111

Arrow Electronics

720 Palomar Ave.

Sunn ale, Calxlorma 94086
Tel: (408) 739-301

TWX: 910-339- 937!

Wyle Distribution Group/Santa Clara
3000 Bowers Avenue
Santa Clara, Cahlorma 95052

Tel (408)
: 910 338 0296
910-338-0541

Wyle Distribution Group
17981 Skypark Circle
Suite M

Irvine, California 92713
Tel: (714) 751-9850

Wyle Distribution Group
Orange County Division
17872 Cowan

Irvine, California 92714
Tel: (714) 641-16C0

CANADA
Hamilton/Avnet Electronics
2670 Sabourin

St. Laurent, Quebec, Canada H4S1M2

Tel: (514) 331-6443
TWX: 610-421-3731

Hamultﬁn/Avﬂel Electronics
ash

Mississauga, Ontano, Canada L4VIM5

Tel: (416) 6777432
TWX: 610-492-8867

Hamilton/Avnet Electronics

1735 Courtwood Crescent
Ottawa, Ontario, Canada K2C3J2
Tel: (613) 226-1700

TWX: 610-562-1906

RAE Industrial Electronics, Ltd.
3455 Gardner Court

Burnaby, British Columbia
Canada 497

Tel (604) 291-8866
10-929-3085

TLX 04-356533

Future Electronics
5647 Ferrier Street
Montreal, Quebec, Canada H4P2K5
Tel: (514) 731-7441
TWX: 610/421-3251
05-827789

Future Electronics
4800 Dufferin Street
Downswew Ontano
Canada M:

Tel: (416) 663 5553
Future Electronics
3070 Kingsway .
Vancouver, British Columbia
Canada VSR 5J7
Tel: (604) 438-5545
TWX: 610-922-1668

Future Electronics
Baxter Centre

1050 Baxter Rd.
Ottawa, Ontario
Canada K2C 3P2
Tel: (613) 820-8313

COLORADO

Wyle Distribution Group

6777 E. 50th Avenue

Commerce City, Colorado 80022
Tel: (303) 287-9

TWX: 910-936 0770

Hamwlton/Avnel Electronics
5 E. Orchard Road

Sul(e 708

Englewood, Colorado 80111

Tel: (303) 740-1000

Bell Industries

8155 W. 48th Avenue
Weatridge, Colorado 80033
Tel: (303) 424-1985

TWX: 910-938-0393

CONNECTICUT
Hamilton/Avnet Electronics

643 Danbury Road
Georgetown, Connecticut 06829
Tel: (203) 762-0361

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury, Connecticut 06810
Tel: (203) 792-3500

Arrow Electronics

295 Treadwell Street
Hamden, Connecticut 06514
Tel: (203) 248-3801

TWX: 710-465-0780
Wilshire Electronics

2554 State Street

Hamden, Connecticut 06517
Tel: (203) 281-1166

TWX: 710-465-0747

FLORIDA

Arrow Electronics

115 Palm Road N.W.

Suite 10

Palm Bay, Florida 22905
Tel:"(305) 725-1480

Arrow Electronics

1001 N.W. 62nd St., Suite 402
Ft. Lauderdale, Florida 33300
Tel: (305) 776-7790
Hall-Mark Electronics

7233 Lake Ellenor Dr.
Orlando, Florida 32809

Tel: (305) 855-4020

TWX: 810-850-0183
Hall-Mark Electronics

1302 West McNabb Road

Ft. Lauderdale, Florida 33309
Tel: (305) 971-9280

TWX: 510-956-9720
Hamilton/Avnet Electronics
6800 N.W. 20th Ave.

Ft. Lauderdale, Flonda 33309
Tel: (305) 971-2

Hamilton/Avnet Electronlcs
3197 Tech Drive North

St. Petersburg, Florida 33702
Tel: (813) 576-3930
Pioneer/Florida

6220 S. Orange Blossom Trail
Suite 412

Orlando, Florida 32809

Tel: (305) 859-3600

TWX: 810-850-0177
GEORGIA

Arrow Electronics

2979 Pacific Drive

Norcross, Geor |a 30071

Tel: (404) 252

TWX: 810/766 0439

Hamilton/Avnet Electronics
6700 1-85

Suite 2B
Norcross, Georgia 30071
Tel: (404} 448-0800

ILLINOIS

Arrow Electronics

492 Lunt Avenue
Schaumburg, lllinois 60193
Tel: (312) 893-9420

Hall-Mark Electronics
1177 Industrial Drive
Bensenville, lllincis 60106
Tel: (312) 860-3800
TWX: 910-222-1815

Hamilton/Avnet Electronics
3901 North 25th Avenue
Schiller Park, lllinois 60176
Tel: (312) 678-6310

TWX: 910-227-0060

Pioneer/Chicago

1551 Carmen Drive

Elk Grove Vlllage lllmoxs 60007
Tel: (312) 437-

TWX: 910-: 222-'834

INDIANA

Pioneer/Indiana

6408 Castle Place Drive
Indlanapohs Indnana 46250
Tel: (317) 849-7300

TWX: 810-: 260 1794

KANSAS

Hall-Mark Electronics

11870 West 91st Street
Congleton Industrial Park
Shawnee Mission, Kansas 66214
Tel: {913) 888-4747

TWX: 510-928-1831
Hamilton/Avnet Electronics
9219 Quivira R

Overland Park, Kansas 66215
Tel: (913) 888-8900

MARYLAND

Arrow Electronics

4801 Benson Avenue
Baltimore, Maryland 21227
Tel: (301) 247-5200

Hall-Mark Electronics
6655 Amberton Drive
Baltimore, Maryland 21227
Tel: (301) 796-9300
TWX: 710-862-1942

Hamilton/Avnet Electronics
7235 Standard Drive
Hanover, Maryland 21076
Tel: (301) 796-5000

TWX: 710-862-1861
TELEX: 8-79-68

Pioneer/Washington

9100 Gaither Road
Gaithersburg, Maryland 20760
Tel: (301) 948-0710

TWX: 710-828-0545

MASSACHUSETTS

Arrow Electronics

96D Commerce Way

Woburn, Massachuselts 01801
Tel: (617) 933-8130

TWX: 510-224-6494

Hamilton/Avnet Electronics

50 Tower Office Park

Woburn, Massachusetts 01801
Tel: (617) 935-9700

TWX: 710-393-0382

Schweber Electronics

25 Wiggins Road

Bedford, Massachusetts 01730
Tel: (617) 275-5100

Wilshire Electronics

One Wilshire Road

Burlington, Massachusetts 01803
Tel: (617) 272-8200

TWX: 710-332-6359

MICHIGAN

Arrow Electronics

3810 Varsity Drive

Ann Arbor, Michigan 48104
Tel: (313) 971-8220

TWX: B810-223-6020

Hamilton/Avnet Electronics
32487 Schoolcraft

Livonia, Michigan 48150
Tel: (313) 522-4700

TWX: 810-242-8775

Pioneer/Michigan

13485 Stamtford

Livonia, Michigan 48150
Tel: (313) 525-1800
TWX: 810-242-3271

MINNESOTA

Arrow Electronics

5230 W. 73rd Street
Edina, Minnesota 55435
Tel: (612) 830-1800

Hall-Mark Electronics

9201 Penn Avenue South
Suite 10

Bloomington, Minnesota 55431
Tel: (612) 884-9056

TWX: 910-576-3187

HammomAvnet Electronics
7449 Cahill Rd.

Edina, anesota 55435
Tel: (612) 941-3801

MISSOURI
Hall-Mark Electronics
13789 Rider Trail
Earth City, stsoun 63045
Tel: (314) 291-5350

TWX: 910-760-0671

Hamilton/Avnet Electronics
13743 Shoreline Count
Earth City, Missouri 63045
Tel: (314) 344-1200

NEW JERSEY

Arrow Electronics

Pleasant Valley Road
Moorestown, New Jersey 08057
Tel: (609) 2351900

Arrow Electronics

285 Midland Ave.

Saddle Brook, New Jersey
Tel: (201) 797-5800
TWX: 710-988-2206

Hamitton/Avnet Electronics
10 Industrial Road

Fairfield, New Jersey 07006
Tel: (201) 575-3390

Hamilton/Avnet Electronics

1 Keystone Avenue

Cherry Hill, New Jersey 08003
Tel: (609) 424-0100

Schweber Electronics

18 Madison Road

Fairfield, New Jersey 07006
Tel: (201) 227-7880

TWX: 710-480-4733

Wilshire Electronics

1111 Paulison Avenue
Clifton, New Jersey 07015
Tel: (201) 340-1900
TWX: 710-989-7052

NEW MEXICO

Bell Industries

11728 Linn N.E.

Albuquerque, New Mexico 87123
Tel: (505) 292-2700

TWX: 910-989-0625

Hamilton/Avnet Electronics

2524 Baylor Drive S.E.
Albuguergue, New Mexico 87119
Tel: (505) 765-1500

Electronic Devices Co.,

3301 Juan Tabo N.E.
Albuguerque, New Mexico 87111
Tel: (505) 293-1935

NEW YORK

Arrow Electronics

900 Broad Hollow Road
Farmingdale, New York 11735
Tel: (516) 694-6800

TWX: 510-224-6155

Arrow Electronics

7705 Maltage Drive
Liverpool, New York 13088
Tel: (315) 652-1000

TWX: 710-545-0230

Arrow Electronics

3000 South Winton Road
Rochester, New York 14623
Tel: (716) 275-0300

TWX: 510-253-4766

Mamllton/Avnel Electronics
167 Clay Roax

Rochester, New York 14623
Tel: (716) 442-7820

Hamilton/Avnet Electronics
5 Hub Drive

Melville, New York 11746
Tel: (516) 454-6000
TWX: 510-224-6166

Hamlltcn/Avnet Electronics
6500 Joy Road

E. Syracuse New York 13057
Tel: (315) 437-2642

TWX: 710-541-0959

Summit Distributors, Inc.
916 Main Street
Butfalo, NY 14202

Tel: (716) 884-3450
TWX: 710-522-1692

Wilshire Electronics
110 Parkway South
Hauppauge

Long istand, NY 11787
Tel: (518) 543-5599

Wilshire Electronics

1260 Scottsville Road
Rochester, New York 14623
Tel: (716) 235-7620

TWX: 510-253-5226

Wilshire Electronics

10 Hooper Road

Endwell, New York 13760
Tel: (607) 754-1570
TWX: 510-252-0194

Schweber Electronics

Jericho Turnpike

Westbury, New York 11590

Tel: (516) 334-7474

TWX: 510-222-8470
510-222-3660

NORTH CAROLINA

Arrow Electronics

1337-G South Park Drive

Kernersville, North Carollna 27284
Tel: (919) 996-2039

Hall-Mark Electronics

1208 Front Street, Building K
Raleigh, North Carolma 27609
Tel: ?919) 832-4485

TWX: 510- 928 1831

Hamilton/Avnet Electronics
2803 Industrial Drive

Raleigh, North Carolina 27609
Tel: (919) 829-8030

OHIO

Arrow Electronics
6238 Cochran
Solon, Ohio 44133
Tel: (216) 248-3990

Arrow Electronics
3100 Plainfield Road
Kettering, Ohig 45432
Tel: (513) 253-9176
TWX: 810-459-1611

Hamilton/Avnet Electronics
954 Senate Drive

Dayton, Ohio 45459

Tel: {(513) 433-0610

TWX: 810-450-2531

Hamilton/Avnet

761 Beta Drive, Suite E
Cleveland, Ohio 44143
Tel: (216) 461-1400

Arrow Electronics

P.0. Box 37856
Cincinnati, Ohio 45222
Tel: (513) 761-5432
TWX: .810-461-2670

Pioneer/Cleveland
4800 E. 131st Street
Cleveland, Ohio 44105
Tel: (216) 587-3600
TWX: 810-422-2211

OKLAHOMA

Hall-Mark Electronics
5460 S. 103rd E. Avenue
Tuisa, Oklahoma 74145
Tel: (918) 835-8458
TWX: 910-845-2290

OREGON

Hamilton/Avnet Electronics
6024 S.W. Jean Road

Bldg. C, Suite 10

Lake Oswego, Oregon 97034

PENNSYLVANIA
Hall-Mark Electronics
458 Pike Road

Pike Industrial Park
Huntingdon Valley,
Pennsylvania 19006
Tel: (215) 355-7300
TWX: 510-667-1750

Schweber Electronics

101 Rock Road

Horsham, Pennsylvania 19044
Tel: (215) 441-0600

Pioneer/Pittsburgh

560 Alpha Drive

Pittsburgh, Pennsylvama 15238
Tel: (412) 782

TWX: 710-795- 3|22

TEXAS

Hall-Mark Elec(romcs
P.O. Box 22035
11333 Page Mill Road
Dallas, Texas 75222
Tel: (214) 234-7300
TWX: 910-867-4721

Hall-Mark Electronics
8000 Westglen
Houston, Texas 77063
Tel: (713) 781-6100
TWX: 910-881-2711

Hall-Mark Electronics
10109 McKalla Drive
Suite F

Austin, Texas 78758
Tel: (512) 837-2814
TWX: 910-874-2010

Hamilton/Avnet Electronics

4445 Sigma Road

Dallas, Texas 75240

Tel: (214) 661-8661
TELEX: 73-05-11

Hamilton/Avnet Electronics
3939 Ann Arbor Street
P.O. Box 42802

Houston, Texas 77042
Tel: (713) 780-1771

Hamilton/Avnet Electronics
10508A Boyer Blvd.
Austin, Texas 78757

Tel: (512) 837-8911

Schweber Electronics
14177 Proton Road
Dallas, Texas 75240
Tel: (214) 661-5010
TWX: 910-860-5493

Schweber Electronics
7420 Harwin Drive
Houston, Texas 77036
Tet: (713) 784-3600

UTAH

Bell Industries

3639 W. 2150 South

Salt Lake Cny, U(ah 84120
Tel: (801) 972-6969

TWX: 910- 925 5686

Hamilton/Avnet Electronics
1585 West 2100 South
Salt Lake City, Utah 84119
Tel: (801) 972-2800

TWX: 910-925-4018

WASHINGTON
Hamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue, Washington 98005
Tel: (206) 746-8750

TWX: 910-443-2449

Wyle Distribution Group
1750 132nd Avenue N.E.
Bellevue, Washington 98005
Tel: (206) 453-8300

TWX: 910-443-2526

WISCONSIN
Arrow Electronics

Rawson Avenue
Oak Creek, Wisconsin 53154
Tel: (414) 764-6600
TWX: 910-262-1193

Hall-Mark Electronics

9657 S. 20th St.

Oak Creek, Wisconsin 53154
Tel: (414) 761-3000

Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin, Wisconsin 53151
Tel: (414) 784-4510

3-10-80
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