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Chapter 1
INTRODUCTION

“

Of all the results of the development of large-scale integrated
(LSI) circuit technology, none is having as much impact as the
microprocessor. Since the introduction of the first 8-bit
monolithic microprocessor in 1972, the influence of these
devices has become increasingly pervasive. The trends clearly
indicate that we can look forward to the appearance of
microprocessors in more and more applications.

Advances in both bipolar and metal-oxide-semiconductor
(MOS) processing and technology have resulted in the evolu-
tion of two distinct types of microprocessor circuit elements.
The monolithic MOS devices, such as the 8080A /9080A, pro-
vide moderate performance, high density and low power —
usually in the form of a fixed instruction architecture. Bipolar
devices, like the Am2901, on the other hand, make use of the
very high performance available to implement microprogram-
med architectures, with their concomitant flexibility. Density
and power constraints have led to the development of “bit-
slice’ bipolar devices which use multiple chips to obtain the
data word length required by a specific application.

Advanced Micro Devices occupies a unique position in the in-
dustry in that both mainstream microprocessor chip sets are
supported by the company. The 8080A/9080A, industry stan-
dard, 8-bit MOS microprocessor family of devices is described
in this handbook. Other publications available from AMD de-
scribe the widely used Am2900 bipolar family.

Despite the wide publicity being given to the microprocessor,
and despite the tremendous amount of material being
published, there is a surprising lack of detailed technical infor-
mation available to the system designer. Unfortunately, many
designers have found that the sort of information which they
need is not readily available. That is the area which this
handbook addresses. It is not another introduction to
microprocessors, for which the reader is referred to the many
publications addressing that general requirement. Rather, it is
an attempt to introduce the microcomputer system designer
to the 8080A/9080A family of devices and offer some
detailed design information to the designer already familiar
with these circuits.

Soon after the microprocessor was introduced, it became
clear that one key to their application lay in support circuits.
Early microcomputer designs required so many additional
devices to make them useful that a substantial portion of the
potential benefit was lost. Since that time, much work has
been done in developing support circuits which greatly reduce
the package count in microcomputer systems. It is this
development, which is continuing at a rapid pace, as much as
the dramatic decrease in the price of microprocessors, which
has fueled the explosive growth in their utilization.

In addition to the standard 8080A/9080A family support cir-
cuits shown at the end of this chapter, Advanced Micrc
Devices is a leading manufacturer of standard Low-power
Schottky MSI circuits. These products seem likely to have as
profound an impact on microprocessor system design as they
have had in TTL logic design. They offer further reduction in
package count and power dissipation with no sacrifice in per-
formance. Several of these devices which are particularly well
suited to microcomputer design are included in the table and
described in more detail later in the handbook. Another pro-
duct area of critical importance to the microcomputer system
designer is memories. Several configurations of 1K and 4K
static read/write memories (RAMs) are available in addition to
dynamic types. Also described are various read only memo-
ries, both mask programmed and erasable.

Presented in the following chapters of this handbook are
detailed descriptions of the Am3080A central processing unit
and the associated clock generator and system controllers.
Three important input/output interfaces are then presented
followed by two groups of support circuits. Following these
will be found a chapter on memory devices and a selection of
application notes.

Additional technical information regarding all AMD products
may be obtained from local Field Applications Engineers or
from factory Applications Groups.



MICROPROCESSOR & SUPPORT CIRCUITS

AMD Part Number Description Availability
CPU
Am9080A/—2/—1/—4 0to +70°C Now
AmS080A/—-2/—1 —25to +85°C Now
Am9080A/ -2 —-55to +125°C Now
STATIC READ/WRITE RANDOM ACCESS MEMORIES
Am9101A/B/C/D 256 x4, 22 Pin Now
Am91LO1A/B/C 256x4,22 Pin Now
Am9102A/B/C/D 1K x1.16 Pin Now
Am91L02A/B/C 1K x 1,16 Pin Now
Am9111A/B/C/D 256x4,18 Pin Now
Am91L11A/B/C 256x 4,18 Pin Now
Am9112A/B/C/D 256x4,16 Pin Now
Am91L12A/B/C 256x 4,16 Pin Now
Am9131A/B/C/D/E  1Kx4.22 Pin Now
Am91L31A/B/C/D 1K x 4,22 Pin Now
Am9141A/B/C/D/E  4Kx1.22 Pin Now
Am91L41A/B/C/D 4K x 1,22 Pin Now
DYNAMIC READ/WRITE RANDOM ACCESS MEMORIES
Am9050C/D/E 4Kx1.18 Pin Now
Am9060C/D/E 4K x1,22 Pin Now
MASK PROGRAMMABLE READ-ONLY MEMORIES
Am9208B/C/D 1K x 8,250 nsec max Now
Am9216B/C 2K x8.300 nsec max Now
Am8316A 2K x 8. 850 nsec max Now
Am8316E 2K x 8. 550 nsec. max Now
ERASABLE READ-ONLY MEMORIES

Am1702A 256x8.10 usec Now
Am2708 1K x 8, 450 nsec 1st Q 1977

CPU: 9080A =480 nsec

2-380nsec -1=320nsec —4 =250 nsec
MEM: A=500 nsec. B=400 nsec C=300 nsec D=250 nsec E=200 nsec

1-2

AMD Part Number Description Availability
SECOND SOURCE SUPPORT
Am8212 8-bit I/0 Port Now
Am8216 Non-Inverting Bus Transceiver Now
Am8224 Clock Generator Now
Am8226 inverting Bus Transceiver Now
Am8228 System Controller Now
Am8238 Extended Write System Controller Now
Am8251 Prog Communications Interface Now
Am8255 Prog Peripheral Interface Now
Am8257 Direct Memory Access Controller 3rd Q 1977
IMPROVED SUPPORT
REPLACES

Am8224-4 High-Speed Generator N/A Now
Am8238-4 High-Speed System Controller N/A Now
Am9511 Arithmetic Processing Unit N/A 3rd Q 1977
Am9517 Multi-mode DMA Controller 8257 3rd Q 1977
Am9519 Universal Interrupt Controller 8259 3rd Q 1977
Am9551/—-4 Prog Communications Interface 8251 Now
Am9555/—-4 Prog Peripheral Interface 8255 Now
Am25LS138 1-of-8 Decoder 8205 Now
Am25LS139 Dual 1-of-4 Decoder 8205 Now
*Am25LS273 8-bit Common Clear Register  N/A 2nd Q 1977
*Am25LS373 8-bit Transparent Latch 8212 4th Q 1977
*Am25LS374 8-bit 3-State Register 8212 Now
*Am25LS377 8-bit Common Enable Register 8212 2nd Q 1977
*Am25LS2513  Prionity Encoder 8214 & 8212 Now
*Am25L82537  1-0f-10 3-State Decoder 8205 (2) Now
*Am25LS2538 1-0f-8 3-State Decoder N/A Now
*Am25L82539 Dual 1-of-4 3-State Decoder N/A Now

*All combine high performance and low power in space saving 20-pin package




Chapter 2
8080A/9080A FUNCTIONAL DESCRIPTION

The Am9080A family of devices are complete, general-pur-
pose, monolithic digital processors with a fixed instruction set
and 8-bit parallel arithmetic logic and registers. The entire
Arithmetic and Logic Unit, internal registers and instruction
decoding and execution logic are contained within the
microprocessor, which is pin and function compatible with the
8080A. The Am9080A versions feature improvements result-
ing from the use of the latest in N-channel, silicon gate, lon-
implanted Metal-Oxide Semiconductor technology.

Four versions of the Am3080A are currently offered, providing
instruction cycle times of 2, 1.5, 1.3 and 1.0 usec. In addition
to providing the highest speed 8080A compatible device
available, the improved processing technology provides sig-
nificantly smaller products that dissipate much less power
than the original 8080A. Features of the AmS080A
microprocessors include:

o Full functional replacement for 8080A, 8080A-1, 8080A-2.

o Maximum power dissipation of 829 milliwatts.

Instruction cycle times to 1 usec.

Military versions for full temperature range with a 2.0 and a
1.5 usec instruction cycle time.

3.2 mA of sink current capability on output connections.

100% reliability assurance testing to MIL-STD-883 stan-
dard on all products, commercial or military.

FUNCTIONAL ORGANIZATION OF THE
AmS080A CPU

Three groups of signals are provided by the AmS080A to
transmit data and controls between the Central Processing
Unit, memory and input/output logic. The first is an 8-bit
parallel Data Bus; its function is to transmit both instructions
and data to and from the CPU. A 16-bit Address Bus identifies
any one of 65,536 (64K) memory locations during a memory
access operation. The Address Bus may also be used to ad-

dress peripheral devices during the execution of input/output

o A U

ACCUMULATO TEMPORARY INSTRUCTION REGISTER SELECT
REG]STER REGISTER REGISTER LOGIC

U U {

AR[THMETIC AND LOGIC UNIT ALU \/

INSTRUCT* w z
DECODF TEMP REC TEMP REG

INTERNAL DATA BUS 8 BITS

T -
J [V o)

B REG C REG
D REG E REG
A
STATUS \/ H REG L REG
REGISTER

STACK POINTER

PROGRAM COUNTER

v | TIMING I——-> CONTROL LOGIC
o INCREMENTER/ DECREMENTER,
ADDRESS LATCHES

LATCHES
b1 P2 SYNC WR DBIN INTE INT HOLD HOLD WAIT READY RESET
ACK
DATA BUS l
BUFFERS ADDRESS BUFFER —I

U L

A0 - A15
DATA BUS ADDRESS BUS

FIGURE 2-1 Am9080A FUNCTIONAL BLOCK DIAGRAM
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instructions. The third group of signals includes ten control
lines to synchronize the operation of the CPU with memory
and input/output logic.

As illustrated in Figure 2-1, the 9080A microprocessor con-
tains control and data processing logic.

Control Logic

Control logic coordinates the sequences of operations that are
performed on a step-by-step basis as clock pulses are applied
to the microprocessor. The data processing functions operate
on the data in accordance with whatever instruction is being
executed by the microprocessor.

The Instruction Register, Instruction Decoder, Timing, and
Control Unit comprise the control logic of the microprocessor.

The Instruction Register receives those contents of the Data
Bus which are obtained from memory during the first machine
cycle of every new instruction. This 8-bit value is interpreted
as the operation code (opcode) of an instruction. The Instruc-
tion Decoder monitors the outputs of the Instruction Register
and establishes the sequence of events that follow. This se-
quence of events constitutes execution of the remainder of
the instruction. For example, if the byte loaded into the In-
struction Register during the first machine cycle is interpreted
as the first byte of a 2-byte instruction, then the necessary
control sequences will be established to cause a second
memory access during the next machine cycle, to obtain the
second byte of the instruction. The Instruction Decoder will
then cause the contents of the data byte obtained during the
second machine cycle to be routed to the appropriate internal
logic so as to cause the desired function to be executed. The
Timing and Control Logic generates the internal and external
timing sequences necessary for controlling operations of the
CPU.

Registers
The register section of the processor consists of:

e An 8-bit Accumulator

e A Status Register

o Two Temporary Registers, W and Z

e Three register pairs consisting of Registers B and C, D and
E,Hand L

e A Stack Pointer

o A Program Counter

The Accumulator is the primary source and destination for
data being operated on by the Arithmetic and Logic Unit
(ALU). ALU operations also modify Status Register bits; Status
Register bits can be tested by the program being executed in
order to define subsequent conditional logic.

The Temporary Registers hold values used during the execu-
tion of certain instructions. They are transparent to the pro-
grammer in that no instructions specifically address these
registers as a source or destination.

Some instructions access the general register pairs indepen-
dently as 8-bit registers; other instructions link them together
as 16-bit register pairs (B and C, D and E, H and L).

The 16-bit Stack Pointer allows the programmer to reserve
any area within the 64K bytes of Memory Space for use as a
Last In/First Out (LIFO) stack memory. This permits efficient
handling of program subroutines and intermediate storage of
data.

The Stack Pointer maintains the address of the next available
stack location in memory. Whenever information is pushed
onto the stack, the Stack Pointer is incremented, and when in-
formation is removed from the stack, the Stack Pointer is
decremented. This organization of the Stack in general pur-
pose memory allows the programmer to construct system
software with an indefinite number and depth of stacks. The
Stack program memory and data memory usually share a
memory space; however, it is possible to create a separate ad-
dressable memory space solely for the use of the stack.

The Program Counter provides a 16-bit address that always
points to a memory location from which the next instruction
object code byte will be obtained. The Program Counter is au-
tomatically incremented after each instruction byte is fetched,
thereby pointing to the next sequential memory location.
Some instructions modify the Program Counter contents by
inserting a new 16-bit address, thereby causing the next in-
struction byte to be obtained from a non-sequential location.

Arithmetic and Logic Unit (ALU)

The Arithmetic and Logic Unit contains all logic which per-
forms operations on data. Registers whose data contents are
operated on are included within the Arithmetic and Logic Unit;
these include the Accumulator, the Status Register, an Ac-
cumulator latch and a Temporary Register.

The Accumulator is a programmable register which has been
described; it is the primary source and destination for data
operated on by the ALU; however, actual data operations are
performed on the contents of Accumulator latches. The Tem-
porary Register holds operands that are not stored in an ad-
dressable register.

INTERFACE SIGNALS

Address 10 1 ~ 40 > Address 11
{Ground) Vgg —C 2 39 :—-> Address 14
Datad > 3 38 [ Address 13
Datas ] 4 37 Address 12
patat «»] s 36 Address 15
pata7  «»] 6 35 [} Address 9
Data 3 <—Pc 7 34 D—-b Address 8
Data2 «>] 8 33 [T Address 7
Data 1 9 32 :—b Address 6
Data 0 ::g 10 AmI0B0A 31 3——> Address 5
t50vvgg —] 1 30 [ Address 4
Reset —)C 12 29 [} Address 3
Hold —3f] 13 28 F— vpp (+12v)
Interrupt  —~ 14 27 P> Address 2
Clock ®2 —3L] 15 26 [} Address 1
Interrupt Enable q——c 16 25 Address 0
DataBusin €] 17 24 i: Wait
Wie €] s 23 [C)— Ready
Synchronization (-—-: 19 22 :1—— Clock $1
(+sovvee — 20 21 T Hold Acknowledge

FIGURE 2-2 8080A/9080A CONNECTION DIAGRAM



The interface signals and connections to the Am9080A are
shown in Figure 2-2.

Power

Four connections are provided for applying power to the
Am9080A CPU:

Vgs Pin2 0 Volts
Vg Pin 11 -5 Volts
Vce Pin 20 +5 Volts
Vpp Pin 28 + 12 Volts

Inputs

Clocks (®1, ®2; Input)

A two-phase nonoverlapping clock system is used to provide
the basic timing for the Am9080A CPU. These are the only
high level signals required by the processor and are conve-
niently provided by the Am8224 Clock Generator.

Reset (RESET, Input)
The Reset signal is used to initialize the microprocessor by
performing the following seven functions:

1) Suspends all normal internal operations.

2) Clears the Program Counter.

3) Clears the Instruction Register.

4) Clears the INTE flip-flop.

5) Clears the HLDA flip-flop, thereby removing the
microprocessor from a Hold state.

6) Clears the Halt state.

7) Forces the timing generator to assume the M1, T1 state
when Reset is removed.

General registers within the CPU are not cleared when Reset is
activated. The Reset line must be activated for a minimum of
three full clock periods.

Hold (HOLD, Input)

The HOLD signal causes the CPU to enter the Hold state. The
Hold state places Data and Address Busses in the high impe-
dance state. This allows external circuits such as Direct
Memory Access controllers to utilize the Data and Address
Busses for purposes of transferring information to or from
memory or 1/0 circuits, without CPU intervention.

Interrupt (INT, Input)
INT is the interrupt request signal. This signal can be used by
external devices to notify the CPU that they require service.

Ready (READY, Input)

The READY input provides a means for the Central Processing
Unit to enter a Wait state and allow extra time for external cir-
cuits to respond to requests by the processor. The signals ap-
plied by the CPU to the Address and Data Busses are main-
tained during the Wait state. The Ready signal may be held at
the low level indefinitely, the processor remaining in the Wait
state until the end of the ®1 clock cycle after Ready becomes
active.

Data O - Data 7 (DO - D7, Bidirectional)

The eight data lines, DO through D7, are multiplexed bidirec-
tional data lines over which both data and controls are
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transferred between the CPU and external circuits. The Data
Bus drivers within the CPU are placed in the high impedance
state before data are transmitted from external devices to the
CPU.

Outputs

Address O - Address 15 (A0 - A15, Output)

The 16 address lines AO through A15, provide for accessing
up to 65,536 (64K) possible memory locations. The low order
eight bits, AO through A7, and the high order eight bits, A8
through A 15, are used also for addressing one of 256 input or
output ports. When the Input or Output instructions are ex-
ecuted, an 8-bit I/0 port address appears at both the low and
high order eight bits.

Interrupt Enable (INTE, Output)

The INTE signal indicates the state of the interrupt enable flip-
flop contained in the CPU logic. It indicates whether the CPU
will recognize interrupts or not. A high output indicates that
the internal interrupt mechanism is enabled.

Data Bus In (DBIN, Output)

DBIN is an active high signal; it indicates that the Data Bus is
conditioned to read from the external circuits into the CPU.
DBIN is used by external logic to gate data from an external
source onto the Data Bus.

Write_(VW. Output)

The WR signal indicates to external memory and 1/0 circuits
that the CPU has placed eight bits of data on the Data Bus
during the current cycle. This signal is an active low logic level.

Synchronization (SYNC, Output)

The positive-going SYNC pulse appears during the first clock
period of each new instruction cycle executed by the CPU. It
indicates that the processor status is available on the Data
Bus.

Hold Acknowledge (HLDA, Output)

HLDA appears in response to the Hold input request signal
and indicates that the Data and Address Busses have been
placed in their high impedance states.

Wait (WAIT, Output)
The WAIT line is activated by the CPU to indicate to external
circuits that the CPU has entered the Wait state.

CLOCKING

The AmS080A uses a two-phase clock, ®1, ®2, to control the
CPU functions. The clock signals ®1 and ®2 are generated ex-
ternally and applied to the CPU circuit. All other timing func-
tions for the microprocessor are generated within the CPU.

E——tCY————>

01_4,_\

FIGURE 2-3 &1 AND ®2



The clock period is measured as the interval of time between
the leading edges of successive ®1 pulses. The ®2 pulse is
generated between ®1 pulses such that ®1 and P2 are not
high concurrently (see Figure 2-3). There is a delay from the
end of ®2 to the start of the next ®1.

MACHINE CYCLES

Functions performed by the Am93080A CPU while executing
instructions take place in intervals consisting of three, four or
five clock periods referred to as a machine cycle. Instructions
require at least one, and as many as five machine cycles to
complete execution.

GENERATED ONLY BY
CERTAIN
INSTRUCTIONS

ALWAYS PRESENT IN
A MACHINE CYCLE

T2 T3

2
®2 g—\._y\__l_\_
SYNC

SYNC pulse identifies time period T1

U
L\

FIGURE 2-4 MACHINE CYCLE TIMING

Figure 2-4 shows consecutive clock periods, T1 through T5, in
a machine cycle. The SYNC pulse is generated by the pro-
cessor from the basic timing inputs. It begins with the leading
edge of @2 during clock period T1 and ends with the leading
edge of @2 in clock period T2.

Clock periods T1, T2 and T3 of the machine cycle are used to
execute memory reference operations.

Data is read from, or written to memory during this period.
The operation code for the instruction to be executed is al-
ways fetched during T1, T2 and T3 in the first machine cycle
(M1). In subsequent machine cycles T1, T2 and T3 will be used
to read additional bytes of the instruction object code, to read
data operands, or to write information to memory. When pre-
sent, clock periods T4 and T5 are used for internal CPU opera-
tions.

STATUS

The CPU specifies the operations that are to be performed
during a machine cycle by placing status information on the
Data Bus during the T1 clock period of each machine cycle.
The status information functions as control signals to the rest
of the microcomputer system, specifying events that are to
occur during the machine cycle.

Data Bus status must be stored in external latches and
decoded for use by the rest of the system circuits. The strobe
signal for reading status is usually generated as the “AND" of
SYNC and ®1. Figure 2-5 shows the timing relationship of the
status appearing on the Data Bus, slightly delayed from the
leading edge of ®2 in time period T1. Status remains static on
the bus until the leading edge of the next ®2, which occurs
during the T2 clock period.

Table 2-1 shows the status signals which are generated to in-
dicate various types of machine cycle.

m T2 T
I AV
SYNC ﬂ\—
Status on Status
Data Bus

FIGURE 2-5 STATUS OUTPUT DURING
T1 OF EVERY MACHINE CYCLE

Only those status signals that are used to define the operation
to be performed are active during a machine cycle. For exam-
ple, the WO signal (write pulse) is only active (WO=0) in a
machine cycle that requires information to be stored in an ex-
ternal memory location or output port.

MACHINE CYCLE OPERATION AND TIMING

The Am9080A executes eleven different types of machine cy-
cles. One to five of the machine cycles may be executed se-
quentially to perform operations required by the instruction
being executed. Nine of the machine cycles are described in
the following paragraphs. Timing diagrams are included with
the descriptions and a schematic notation is included in each
timing diagram to explain the function performed during each
clock period.

TABLE 2-1 Am9080A STATUS
DATA BUS BIT DO D1 D2 D3 D4 D5 D6 D7
STATUS SIGNAL INTA | WO | STACK| HLTA | ouT | ™M1 INP | MEMR

Instruction Fetch 0 1 0 0 0 1 0 1
Memory Read 0 1 0 0 0 0 0 1
Memory Write 0 (0] 0 0 0 0 0 0
Stack Read 0 1 1 0 0 0 0 1
Stack Write 0 0 1 0 0 0 0 0
Input Read 0 1 0 0 0 0 1 0
Output Write 0 0 0 0 1 0 0 0
Interrupt Acknowledge 1 1 0 0 0 1 0 0
Halt Acknowledge 0 1 0 1 0 0 0 1
Interrupt Acknowledge 1 1 0 1 0 1 0 0
While Halted
Null 0 1 0 0 0 0 0




The following definitions are used in the description of in- rpsl Least significant register of source register
struction timing: pair
A Accumulator s Source location (e.g., rs = Source register).
AB Address Bus S Sign of Result = ALU7
AC Auxiliary Carry = Carry propagation bet- SR Status Register
3 4
AC vAveen 2 land 3_ stages. R Sss Source location binary address
T ccumulator Tempora egister
u porary Reg STATUS Status Conditions appearing on Data Bus
cy Carry Status at T2 @1 time.
d Destination location (e.g., rd = Destination STATUS FLAGS  Condition representing results of an ALU
register). operation.
DB Data Bus TEMP Temporary operand register
ddd Destination location address VWV 3-bit binary value, 000 to 111 inclusive.
(H,L) Contents of H and L registers, or memory . . )
' ) . VVVV 4- , 0000 .
location addressed by H and L registers. W T bit binary value to 1111 inclusive
. 'Z .
((H,L) Designates the contents of a memory emporary address registers
location addressed by the 16-bit contents z Zero Result = ALU7 -ALU6 -ALUS -ALU4
of the H and L registers. +ALU3-ALU2-ALU1T-ALUO
INST Any instruction code byte () The contents of
INTE Interrupt Enable flip-flop 0O Complement of the contents of
IR Instruction Register ) The contents of the contents of. The con-
Opcode Instruction operation code byte tents of the designated location in the in-
o d of the i . ner brackets are interpreted as an address
Operand péran of the instruction . to a second location which supplies the 8-
P Parity = Odd number of 1s in ALU result. bit operand used by the instruction.
PCH Eight most significant bits of the Program — Receives. The notation () — means the
Counter. location designation contained in the inner
PCL Eight least significant bits of the Program brackets is used as an address to which
Counter. the operand will be stored.
port 1/0 device address - Goes to
r CPU register — Is exchanged with
rd Destination register + Arithmetic Addition
rs Source register - Arithmetic Subtraction
g Register pair X Arithmetic Multiplication
rpd Destination register pair A Logical AND
rps Source register pair v Logical OR
rpsh Most significant register of source register Ev3 Logical Exclusive-OR
pair
M1
(PC) —AB  fPC —(C)+1| (DB)— INTERNAL | INTERNAL
STATUS— DB [(AB) —DB | TEMP/IR | FUNCTIONS | FUNCTIONS
T T2 T3 T4 T5
1 N \_
w2 T I
SYNC S
N
war
DBIN ‘
— \
WR _r
DB Status Data In|Stable
{Instruction
AB Floating
‘ |
Status Read
fp———————Instruction Fetch me—————pntaf— Instruction Deccde—-ﬁ

FIGURE 2-6 INSTRUCTION FETCH MACHINE CYCLE
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Instruction Fetch

The first machine cycle during the execution of any instruction
is the Instruction Fetch (M 1) cycle. Figure 2-6 shows the timing
and events that occur for each clock period in the instruction
Fetch machine cycle.

M1 begins with the leading edge of ®1 in clock period T1.
SYNC is generated with the leading edge of the first @2 in
clock period T1. Shortly after this time the status information
is placed on the Data Bus from the CPU. In order to generate
control functions for the external system components, the
status information must be latched in external circuits while
SYNC is present.

This is conveniently achieved by means of the Status Strobe
(STSTB) signal generated by the Am8224. An alternative
would be to use ®1 and SYNC to latch the status data.

Since M1 is the Instruction Fetch cycle, the only two status
lines active are the M1 status (D5), indicating that this is a first
byte instruction fetch, and the MEMR status (D7), indicating
that a byte is to be supplied by external memory.

The Address Bus receives the contents of the Program
Counter slightly after the leading edge of the ®2in T1. The ad-
dress signals remain active at the output of the Address Bus
until after T3, when information received from the memory
has been strobed into the Instruction Register.

The status signals on the Data Bus are deactivated with the
leading edge of ®2 during clock period T2 to allow the in-
struction byte from memory to be transmitted to the CPU via
the Data Bus. Internal decoding of the instruction takes place
during clock periods T4 and T5.

Note that in Figure 2-6 the Ready signal is continuously high
(active). In the event that slow memory components are used
in conjunction with the CPU, the Ready signal can be used to
introduce an extra delay between T2 and T3 to allow time for
the memories to respond. A more complete discussion of the
effect of the Ready signal is contained in the Wait state
description.

M2, M3, M4, or M5
ADDRESS~ Ag|
STATUS- AB| (AB) — DB | DEST — (DB)
T T2 T2
1 Ia N\ 'a
2
SYNC
/
READY [
war L
DBIN ‘l \/
WR
J i ‘
DB Status m Data In Stable m
AB —

FIGURE 2-7 MEMORY READ MACHINE CYCLE
Memory Read

Figure 2-7 shows the timing for the Memory Read machine
cycle.

The Memory Read machine cycle is identical to the Instruction
Fetch cycle above except that the M1 status signal is not acti-
vated. Memory Read only occurs in the M2, M3, M4 or M5
machine cycles. The only active status signal on the Data Bus
is the MEMR signal. Table 2-1 shows WO as a binary 1, but
that is the inactive state for this signal.

Memory Write

The Memory Write machine cycle differs from the Memory
Read machine cycle in that information generated within the
CPU is written into the designated memory location. The tim-
ing for the Memory Write machine cycle is shown in Figure
2-8.

M2, M3, M4, or M5 Next Cycle
ADDRESS— AB| (SOURCE)
STATUS— DB — DB (AB) —(DB)
T T2 T3 T T2
™1 , \
®2 ' \
.
SYNC J \
Vi 2 JAY
Reapy _f / \
war L
DBN \. -
we [
DB Status Data Out otable
AB —

Figure 2-8 MEMORY WRITE MACHINE CYCLE
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Notice that the machine cycle designated in Figure 2-8 can be
any machine cycle in which a write operation takes place. The
timing waveforms are similar to those for the Instruction Fetch
or Memory Read machine cycles except for the operation of
the Data Bus. Status appears on the outputs of the Data Bus
during clock period T1 and is removed slightly after the leading
edge of @2 in clock period T2. In the Memory Read cycle or In-
struction Fetch cycle, the CPU causes the Data Bus drivers to
go to the high impedance state. In the Memory Write cycle the
data to be written to memory is immediately placed on the
Data Bus, remaining present during the entire T3 period.

The Data Bus is returned to the high impedance state with the
leading edge of ®2 in clock period T1 of the next machine cy-
cle.

Stack Read And Write

The timing for both the Stack Read and Stack Write machine
cycles is identical to the Memory Read and Memory Write cy-
cles. However, they are differentiated from standard Memory
Read and Memory Write cycles by the presence of the Stack
status signal (D2) during the T1 clock period.

The Stack status signal can be used to create a separate ad-
dressable memory space. One problem that is sometimes en-
countered when debugging programs incorporating a stack in
main memory is that the stack increases without bound if the
program is not functioning as intended. The results are usually
rather dramatic and make it difficult to debug the program.

One way to prevent this is to differentiate between the areas
of memory allocated to program data storage and stack
storage. This can be accomplished by incorporating the Stack
status signal into the memory chip select generation circuitry.
The Stack status can be used to inhibit chip selects to non-
stack areas of memory when a Stack Read or Stack Write
machine cycle is being executed.

Input Read And Output Write

The waveforms of Figures 2-7 and 2-8 are also applicable to
the timing for either an Input Read or Output Write machine
cycle. These states are differentiated during the T1 machine
period by the presence of the Input status signal (D6) in the
case of an 1/0 read cycle, or the presence of the Out status
signal (D4) in the event of the I/O write cycle.

Halt Acknowledge

The Halt Acknowledge machine cycle is characterized by the
presence of the MEMR (D7) and Halt (D3) status signals. All
other status signals are inactive.

Figure 2-9 shows the timing for the Halt Acknowledge.

The Halt Acknowledge machine cycle can be entered only in
response to execution of a Halt instruction.

There are three functions which can terminate the Halt
Acknowledge machine cycle:

e Activating Reset causes the Am9080A to enter a new In-
struction Fetch machine cycle with the Program Counter
pointing to location 0.

e Activating the Hold input causes the CPU to enter the Hold
state. When Hold is released the CPU will return to the Wait
state, and the Halt Acknowledge machine cycle will con-
tinue.

e Activating the Interrupt signal when INTE is enabled. This
causes the Interrupt Acknowledge machine cycle to be ex-
ecuted. Normal program processing will continue.

M2 HALT ACKNOWLEDGE CYCLE
T T2 TWH TWH
e Y\ | I —
2 / \
AB
DB STATUS 3
SYNC
DBIN
WAIT ) |

FIGURE 2-9 HALT ACKNOWLEDGE MACHINE CYCLE

Notice that the Interrupt Enable flip-flop (INTE) must be active
in order to recognize the interrupt request that terminates the
Halt Acknowledge state. The only way to terminate Halt if the
Interrupt Enable flip-flop is reset when the Halt instruction is
executed is to Reset.

Null

The Null machine cycle is entered only when an interrupt re-
quest has been acknowledged by the CPU. The CPU first en-
ters the Interrupt Acknowledge machine cycle, and the exter-
nal circuits respond by placing an instruction operation code
on the Data Bus. If the CPU interprets the opcode as a 2- or 3-
byte instruction, one or two Null machine cycles respectively
are generated. The Null machine cycles allow the interrupting
circuit to supply the second and third bytes to the CPU. The
instructions which may be used in response to the Interrupt
Acknowledge machine cycle are discussed in the paragraphs
on interrupt processing.

The operation and timing of the Null machine cycle is identical
to the Memory Read machine cycle of Figure 2-7 except for
the following:

o The Program Counter is not incremented in T2 of the Null
cycle.

e MEMR is not generated; therefore the memory system does
not respond.

Figure 2-10 shows the timing diagram for the Null machine cy-
cle. All status bits are inactive.

Am9080A MACHINE STATES

The Am9080A, like all microprocessors, is a sequential state
machine. The operation being performed by any particular
clock pulse at any instant in time is determined by the internal
control logic and the condition of the input signals applied to
the microprocessor. The instantaneous condition of all internal
control flip-flops is known as the current machine state. The
execution of instructions proceeds as a sequence of machine
states that are executed in synchronism with the
microprocessor timing to complete the desired operation.

Note that machine states are not the same as machine cycles.
States denote the internal conditions of the control flip-flops
and may be present only for the duration of a single clock
pulse. A machine cycle, on the other hand, is composed of
several internal machine states. There are three machine states



M2 Or M3
T T2 T3
(PC) — AB 8 BITS — DB DEST REG —(08)
STATUS — DB FROM INT LOGIC
o1 ML
®2 L
SYNC 4
AB —
s STAT03 i EXT_INT LOGIC INPUT
DBN T\
L
reaoy  f

FIGURE 2-10 NULL MACHINE CYCLE TIMING

which are important since they affect the operation of memo-
ries and other external components used in an Am3080A
microcomputer system. These are the Wait, Hold and the Halt
machine states.

The principle function of the Wait state is to insert a delay bet-
ween T2 and T3 clock periods to allow time for slow external
devices to respond to a read or write operation. The Hold state
is utilized to disconnect the Am93080A CPU circuit from the
microcomputer memory and /0. This permits externally con-
trolled operations such as DMA to gain control of the Address
and Data Busses independently of the CPU. The Halt state
causes instruction processing to cease.

Wait State

Dynamic logic is used in the design of the Am9080A. This re-
quires the application of continuous clock pulses with certain
frequency and pulse width constraints. The ®1 and ®2 clocks
cannot be delayed to accommodate external circuits. Instead,
a Wait state is utilized to introduce delays during the execu-
tion of instructions.

Two possible uses of the Wait state are:

e Insert a delay to accommodate the response time of slow
memory or /0 circuits.

@ Stop processing during machine cycles within an instruction
to permit the functions about to be performed to be ex-
amined.

A Wait state will always consist of an integral number of clock
periods. Figure 2-11 shows the timing for a Wait state in-
serted between T2 and T3.

Use Of Ready

During a Memory Read cycle, the CPU can be forced to enter a
Wait state if memory is too slow to provide the data within
the required set-up time. The CPU samples the Ready input
during a set-up time, tRS, which occurs within the T2 state
just prior to the falling edge of ®2. Therefore, indication of a
Wait state requirement must be given via the RDY input, prior
to the tRS time. This timing relationship is shown in Figure
2-12 along with associated parameters.

ANY MACHINE CYCLE

T2

WAIT

T3 T4

1

N

2

il

SYNC

L
L\

oo

READY

t-e

WAIT

WR

(Write Only)

FIGURE 2-11 WAIT STATE TIMING
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®2 1 I B I
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tCcY Processor Clock Period AB } |
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tDA Clock @2 to Address Out Delay \ tDSS (8224)
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MEMR l
1 I RS : tH
! 2 A
T
RDY ) { Y

L4
i \
RDY SAMPLE

PERIOD; MUST
BE STABLE

FIGURE 2-12 READY DECISION TIME

Normally, the earliest indication to the system that a Memory
Read cycle is to be performed is when the MEMR signal is ac-
tivated. With this in mind, then the time period available for a
decision to request a Wait state is:

tMR = tCY + t®2-tDSS-tDC-tRS = tCY + tP2-tDC-tRS
3

The time from the address being valid and stable to the RDY
sample time is given by:

tAR = tCY + t®2-tDA-tRS

In system designs which do not make use of Ready, memory
speed must be such that data is valid at the CPU when re-
quired. A detailed discussion of memory timing, including
derivation of maximum access times can be found in the ap-
plication section of this handbook.

Table 2-2 indicates the values of tMR and tAR for the various
versions of the Am93080A at different operating speeds.

Hold State

The Hold state causes the CPU to suspend the function it is
executing and places the Address and Data Busses in the high
impedance state. This allows DMA or other external functions
to gain access to the system busses. The Hold state is acti-
vated by means of the Hold input signal to the CPU. The
following events occur in response to a Hold request:

1)

The processor completes execution of the current
machine cycle.

2) The processor enters the Hold state and acknowledges
this condition by activating the HLDA control signal from
the CPU. This occurs with the leading edge of ®1 in
period T3 if the machine cycle currently executing is not a
Stack Write, Memory Write or Qutput Write cycle. If so,
the Hold state is entered with the leading edge of the ®1
in the next clock period following T3.

The processor places the Address Bus and the Data Bus in
the high impedance state.

3)

4) The processor enters the Wait state within the Hold state

until the Hold request input returns to a low input level.

TABLE 2-2 WAIT STATE TIMING (IN NS)

PROCESSOR Y CY/3 b2 DA DC RS tMR tAR
VERSION (5/91CY)
AmMY080A 480 160 266 200 60 120 246 426
500 167 277 200 60 120 264 457
AMY0B0A-2 380 127 211 175 60 % 188 326
480 160 266 175 60 90 276 481
AmZ080A-1 320 106 177 150 60 90 133 257
380 127 211 150 60 90 188 351
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Note the difference between this and a normal Wait state; the
Address and Data Busses are in a high impedance state.

Figure 2-13A shows the timing when the current machine cy-
cle is performing a read function. Notice the following events
as indicated by numbers in the diagram:

1) The Am9080A specification requires fhat the Hold signal
be active for at least 140 nsec preceding the leading edge
of @2. This requirement may be met by synchronizing the
Hold signal with the trailing edge of ®2.

2) The Hold state is entered with the leading edge of ®1 in
clock period T3. HLDA is activated.

3) The Data Bus is placed in the high impedance state by the
leading edge of ®2 in T3.

4) The Address Bus is released by the leading edge of ®2 in
T4.

5) Internal functions are completed in T4 and T5 of the
machine cycle, and the Wait state is entered and held until
the Hold input is returned low.

6) Hold is deactivated. The release of the Hold signal may be
synchronized with the trailing edge of ®2.

7) The Hold state is terminated and the next machine cycle
begins with a T1 period. This machine cycle is not
necessarily an Instruction Fetch but could be the next
machine cycle in an imcomplete instruction.

Figure 2-13B shows the Hold timing conditions when a write
function is being performed. The two differences occur in
events 8 and 9.

8) The Hold state is not entered until the leading edge of ®1
in T4.

9) Data supplied to the Data Bus remains active through T3.
The Data Bus is placed in the high impedance state by ®2
in T4.

The Hold state for machine cycles requiring three clock
periods is shown in Figure 2-14. All timing functions for both
machine cycles performing a Read function and those per-
forming a Write function are the same as the timing of Figure
2-13 except that the Wait state will be the next clock period
after T3.

Machine Cycle N

Hold Acknowledge

T1 T2 T3 T5*

Tw Tw Tw Tw Tw T

p—

i

@2

SYNC

[ VT W i W W
U a W WA WA e

e
L/
m

HOLD

N

CRINIE

HLDA

HOLD STATE

WR

3

tatus ata I 1 @
AB  feell -

o M{D

* Optional depending on instruction being executed.

FIGURE 2-13A HOLD TIMING DURING FIVE TIME PERIOD READ OPERATIONS

Machine Cycle N

Hold Acknowledge

T2 T3 Ta* T5*

T
®1 I \

D2
SYNC

T —
L\

Jata out Stable
AB H ... @

HOLD | \ 1
(®)
HLDA . - {OLD STATE
WR
DB Status

FIGURE 2-13B HOLD TIME PERIOD DURING FIVE TIME PERIOD WRITE OPERATIONS
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N\
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o8 D StatusJR Data In E‘ame ‘
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FIGURE 2-14A HOLD TIMING FOR READ IN A THREE TIME PERIOD READ MACHINE CYCLE

Machine Cycle N Hold Acknowledge
T T2 T3 Tw Tw Tw Tw Tw ™

SN A W
SYNC
HOLD L

/ 7
HLDA
HOLD STATE
— A\ 4
WR
A\
DB t3tus at; t Stable Floating
AB =y Y| Floating

FIGURE 2-14B HOLD TIMING FOR ANY NON-READ OPERATION COMPLETED PRIOR TO ONSET OF HOLD STATE

Halt State

The Halt state introduces a delay in instruction processing by
inserting Wait states in the Halt Acknowledge machine cycle,
after the T2 clock period. The Halt state is differentiated from
the Wait state in the following ways:

The Halt state is initiated by executing the Halt instruction,
whereas the Wait state is initiated by setting the Ready in-
put low.

Wait will occur in any machine cycle between T2 and T3.
The Halt state occurs only in a Halt Acknowledge machine
cycle. The Halt Acknowledge machine cycle is the M2
machine cycle when the instruction fetched in the M1 cycle
is decoded as the Halt instruction.

The Halt state can be terminated and program processing
allowed to continue only if an interrupt is received or a Reset
is applied to the processor.

During the Halt state the system bus is not floated; this con-
trasts with the Hold state during which the system bus is flo-
ated. Thus the Hold state can be used by external logic to gain
control of the system bus, for example to perform Direct
Memory Access operations. The Halt state stops all activity
within the microcomputer system.

Figure 2-15 shows the timing for the Halt state.
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INTERRUPT PROCESSING

Interrupt capability is included in most microprocessors to in-
crease performance (throughput). If interrupts were not availa-
ble, the microcomputer program would have to periodically
stop the task that it was performing and test each |/O device
to determine if service is required. In microcomputers where
1/0 response time must be short, the rate at which the devices
are tested must be much greater than the actual rate at which
the 1/0 devices require service. As a consequence, the ap-
plication processing capability of the microcomputer would be
reduced considerably, especially as the number of devices
grows.

In the Am3080A, an interrupt causes a new instruction to be
inserted into the program sequence being executed. This
capability is usually used to terminate processing at the loca-
tion to which the Program Counter was pointing when the in-
terrupt occurred and resume executing instructions at a new
location. The program which begins at the new location is
called the “Interrupt Service Routine”. When the interrupt ser-
vice routine is completed, control is returned to the main pro-
gram, and processing continues with the instruction in the in-
terrupted program which would have been executed, had the
interrupt not occurred. Figure 2-16 illustrates the interrupt
scheme.




FIGURE 2-16 INTERRUPT PROGRAM FLOW

Notice that the Program Counter is used to address instruc-
tions both in the main program and in the interrupt service
routine. These are the events that occur to transfer control to
the interrupt service routine:

1) INTE is high, and an active INT input is sensed by the pro-
cessor during execution of instruction N.

2) Executicn of instruction N is completed, including incre-
menting of the Program Counter to point to location

N+ 1.
The interrupt Acknowledge output is generated to signal

the interrupting device that the processor has recognized
the Interrupt input and is ready to process it.

INTE is reset.

The interrupting device supplies a Call or Restart instruc-
tion from which the address of the service routine (M) is
determined.

4)
5)

6) The Program Counter contents (N + 1) are stored on the
stack as a consequence of executing the interrupt instruc-

tion.

7) Address M supplies the first instruction of the service

routine and this is loaded into the Program Counter.

When the Interrupt Acknowledge machine cycle is generated,
the interrupting external device supplies the instruction to be
executed next. Notice that this instruction is not coded in
either the application program or the interrupt service routine.

M1 INSTRUCTION FETCH M2 HALT ACKNOWLEDGE
(PC) -AB |JPC - (PC)+1 (DB) INTERNAL (PC) -AB I
STATUS ~ DB (AB) — DB | —TEMP/IR | DECODE |STATUS — DB|
T T2 T3 T4 T T2 TWH TWH TWH
®1 r\ ' \
AR R L
Ag ! X
DB STATUS M)PC STATU
SYNC ] _E/
DBIN F}—J
WAIT
FIGURE 2-15 HALT TIMING
It is an extra instruction inserted by external logic which re-
quests the interrupt. Typical microcomputers designed with
o the Am9080A insert the Restart or one of the Call instructions
Interrupt N3 onto the Data Bus in response to the Interrupt Acknowledge
Instruction N-2 machine cycle; however, any instruction except XTHL can be
©® W - :“ used.
M P N+ 1 PR’C‘)A(’L;‘:LM When the interrupt service routine is complete, control is
Interrupt m‘; // z*g transferred back to the main program by the following se-
U + +
Service /s N+ 4 quence of events:
Routine / . . . . .
o E / NS e A Return instruction is executed at instruction M + K.
/
Mol i e The address of the next main program instruction (N + 1) is
pulled from the stack and used to fetch an instruction.
e The instruction address is incremented and the result placed

in the Program Counter.
Interrupt Control

Three interrupt control signals are provided by the AmS080A.
These are:

e INT an input signal used by external devices to request
an interrupt.

o INTE  an output signal which indicates when the pro-
cessor is, or is not accepting interrupts.

@ INTA Interrupt acknowledge signal output in response to

INT.

After INT is detected high, the processor will finish executing
the current instruction and enter the Interrupt Acknowledge
machine cycle. INTE is reset low.

INT may be reset low any time after the Interrupt
Acknowledge machine cycle is started, but must be low
before interrupts are enabled again. If the INT signal is not
reset low before interrupts are re-enabled, it will be interpreted
as a new interrupt and the interrupt acknowledge process will
be repeated. The INTA signal appears on DO during the Inter-
rupt Acknowledge machine cycle; it may be used to reset the
interrupt request.

Any of the following three conditions will clear INTE, disabling
interrupts:
o RESET input being activated.

® The rising edge of ®2 during T1
Acknowledge machine cycle.

in the Interrupt




e Executing the Disable Interrupt instruction.
Interrupt Acknowledge

The interrupt acknowledge sequence, which was just de-
scribed, occurs during an Interrupt Acknowledge machine cy-
cle.

The Interrupt Acknowledge machine cycle is characterized by
active INTA (DO) and M1 (D5) status signals during T1. Figure
2-17 shows the timing for the Interrupt Acknowledge machine
cycle.

The interrupt service sequence is initiated by an external Inter-
rupt Request (INT) becoming active prior to the end of ®2 in
the last machine clock period of an instruction being com-
pleted. The next clock period will initiate the Interrupt
Acknowledge machine cycle which requests one byte from
the interrupting circuit. The byte that is returned to the CPU is
loaded into the Instruction Register and interpreted as an in-
struction opcode. The following events occur during the Inter-
rupt Acknowledge machine cycle:

1) The INTE signal is disabled in the T1 clock period, prevent-

ing future interrupts from being serviced.

2) Although the Program Counter contents are supplied to
the Address Bus, the Program Counter is not incremented.

3) The MEMR status signal is not activated.

4) External logic supplies the interrupt instruction to the Data

Bus to be received by the Instruction Register during T3.

Restart Instruction

Restart is a one-byte subroutine Call instruction; it saves the
Program Counter contents on the stack and provides a
subroutine entry address. A 3-bit vector is issued to select
one of eight fixed memory locations to which program execu-
tion may transfer.

The binary format for the Restart instruction is:

where NNN is the interrupt vector. Table 2-3 lists the eight
Restart vectors and the corresponding addresses.

TABLE 2-3 RESTART INSTRUCTION INTERRUPT VECTOR ADDRESS

INTERRUPT MEMORY ADDRESS
INSTRUCTION VECTOR

NNN HEXADECIMAL OCTAL
RST 0 000 0000 000000
RST 1 001 0008 000010
RST 2 010 0010 000020
RST 3 o1 0018 00030
RST 4 100 0020 000040
RST 5 101 0028 000050
RST 6 110 0030 000060
RST 7 11 0038 000070

Figure 2-17 shows the complete timing diagram for process-
ing the Restart instruction. M1 is the Interrupt Acknowledge
machine cycle. It causes the interrupting circuit to respond by
transmitting the Restart instruction back to the CPU. The
Restart instruction is decoded in T4 and the Stack Pointer is
decremented. Two Stack Write machine cycles are performed
in M2 and M3 to store the current Program Counter contents
onto the stack and to form a new memory address from the
decoded information in the Restart instruction. The new
memory address represents the address of the first instruction
to be executed in the interrupt subroutine.

M1 INTERRUPT ACKNOWLEDGE CYCLE

M2 STACK WRITE CYCLE M3 STACK WRITE CYCLE

FUNCTION INSTRUCTION | (PC) — AB (08)—TemP/IR] (SP) ~AB | SP —(SP)-1 —
—(SP)- (AB) -~(DB (PCL) — DB —
PERFORMED COMPLETED |STATUS —DB| RSTn — DB W —00, SP —(SP-1 STATUS — DB | (PCH) — DB ) (8] STATUS — DB | Z — 00NNNOOO! (AB) —(08)
CLOCK PERIOD Tn T T2 T3 T4 TS5 T T2 T3 T T2 T3
i W N\ N\
g W A L

R /G

S s

CK PTR

uUs (PCL)

INTE \

{ \_PROGRAM COUNTER| )+ v STACK MR
os STATUS Rstn 1} SRS
DBIN ﬂ
— \ /1
WR /
INT AW \
INT SYNC FF
(INTERNAL) e \ u ( / 2
N

CONDITIONS ASSUMED: READY = 1 (ACTIVE)
HOLD = 0 (INACTIVE)

FIGURE 2-17 INTERRUPT TIMING, RESTART INSTRUCTION
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CYCLE TYPE m T2 T3 T4 s
“CALL" OPCODE
INTERRUPT (PC) — AB —oB
M1 ACKNOWLEDGE STATUS 08 SUPPUIED BY (0B) — TEMP/IR SP —(SP)-1
INTERRUPTING
/ DEVICE
“ LSB (8 BITS)
(PC) — AB OF CALL ADDRESS
Z—(08)
M2 NULL Q > staTUS — DB —.DB BY
\ \ INTERRUPTING DEVICE ‘@
A)@ Y MSB (8 BITS) /
(PC) — AB OF CALL ADDRESS
M3 NULL STATUS 0B bBBY W —(DB)
INTERRUPTING DEVICE
(sP) — AB (PCH) — DB
M4 STACK WRITE STATUS — DB SP —(SP)-1 (AB) —(DB)
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M5 STACK STATUS — DB
5% S
i INSTRUCTION FETCH (W.2) — AB (AB) — DB i i
NEXT INSTRUCTION STATUS — DB PC —(W.2)+ 1 AEREADRELRSE i
e 2
2 : S

FIGURE 2-18 EXECUTION OF CALL INSTRUCTION DURING INTERRUPT ACKNOWLEDGE

Call Instruction

The Call instruction saves the Program Counter contents on
the stack and provides a subroutine address. The Call instruc-
tion is particularly useful as a response to the Interrupt
Acknowledge machine cycle. It supplies a full 16-bit
subroutine address, allowing direct entry to interrupt service
routines located anywhere in memory without first branching
to the restart locations. Any number of interrupt locations may
be directly addressed by the peripherals rather than only one
of the eight restart locations.

The execution of the Call instruction in response to the Inter-
rupt Acknowledge machine cycle is shown in Figure 2-18.

Notice that a Call instruction inserted into the CPU in response
to the Interrupt Acknowledge machine cycle (M1 in Figure
2-18) executes as if it were a normal Call instruction except for
the following, numbered as in Figure 2-18:

1) The Program Counter is not incremented in T2 of any
machine cycle.

2) Null machine cycles are substituted for the usual Memory
Read machine cycle. The Null cycle does not activate the
MEMR status bit and thus inhibits the memory system.

3) The least significant eight bits of the interrupt subroutine
address generated by the external interrupt logic are
loaded into the Z Register, and the most significant eight
bits are loaded into the W Register.

The conditional Call instructions could be used also; however,
since the interrupt may occur after any instruction, the condi-
tion codes which determine the branch to the subroutine may
be unpredictable.

OTHER INTERRUPT INSTRUCTIONS

Any Am9080A instruction except XTHL may be used as a
response to the Interrupt Acknowledge machine cycle.
However, instructions other than the Restart or Call do not
cause the Program Counter contents to be saved and do not
supply an interrupt service routine address. Therefore, inter-
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rupt servicing cannot be distinguished clearly as a separate
subroutine.

Also, INTE is disabled when the interrupt is serviced. If an in-
terrupt is not serviced via a separate subroutine, there exists
no definite position in the program where the El instruction
should be executed. The Enable Interrupt instruction may have
to be inserted periodically throughout the program to ensure
that interrupts are re-enabled.

Nevertheless, some applications use special instructions in
response to the Interrupt Acknowledge machine cycle. For ex-
ample, an instruction which increments a register or memory
location may record an external event such as a clock pulse or
limit switch closure and allow the main program to finish ex-
ecuting its task before attention is directed to the event.

The execution of the INR d inserted in response to an Interrupt
Acknowledge machine cycle is shown in Figure 2-19.

T T2 T3 T4 T5
(PC) — AB “INR d” opcode TEMP —(ddd) dd — (A
M1 L sratus —op| —DBfrom  J(DB) — TEMP/IRY AL Emp) + 1] 9dd —(ALU)
internal logic )
NEXT
M1 INSTRUCTION,

FIGURE 2-19 INR d RESPONSE TO INTERRUPT ACKNOWLEDGE

Notice that PC is not incremented in T2 as it is when INR d is
executed in response to the usual Instruction Fetch machine
cycle.

Wait And Hold Conditions During An Interrupt

Interrupts cannot be acknowledged during a Wait or Hold
condition. However, it is possible to enter the Wait or Hold
state after the Interrupt Acknowledge machine cycle has been
generated. This may be useful in logic systems where there is
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FIGURE 2-20 RELATION BETWEEN HOLD AND INT IN THE HALT STATE

insufficient time in the normal machine cycle to generate an in-
terrupt instruction and place it on the Data Bus for execution
by the CPU. The Ready signal can be deactivated to cause the
machine to insert the Wait state for one or more clock periods
as required until the appropriate duration has elapsed.

When the Am9080A is in the Halt state, an interrupt will cause
program processing to continue. However, a Hold state can be
superimposed on the Halt state to cause the Data and Ad-
dress Busses to be released for external control of these
busses. While the Hold condition is active, the interrupt will be
inhibited. Figure 2-20 shows the relationship between the
Hold and INT inputs during the Halt state.

Interrupt Acknowledge During A Halt

This machine cycle occurs in response to an interrupt request
(INT) when the processoriis in the Halt state (HLTA is active).
The timing diagram for this state is shown in Figure 2-20. The
Interrupt Acknowledge While Halt machine cycle is similar to
the Interrupt Acknowledge machine cycle in that the Program
Counter is not incremented when this instruction opcode is
supplied to the Data Bus.

INPUT/OUTPUT PROCESSING

This section discusses some general considerations for in-
put/Output processing. The concept of address space is in-
troduced and methods of I/0 addressing are discussed.

Maximum Address Space

A microprocessor is capable of accessing any one of a number
of external devices or locations with a single instruction. The

unique identification of the device which is accessed is con-

tained in the address transmitted by the CPU during the ac-
cess. The maximum number of addresses which may be
generated is the Maximum Address Space of the
microprocessor.

The Am9080A provides two independent address spaces. The
first provides 64K bytes of addressable space for memory.
The second is a totally independent addressable space which
is used only by the Input/Output instructions of the machine.

The status signals supplied to the Data Bus by the CPU at the
beginning of every machine cycle determine whether the ex-
ternal device access will be to a location in the addressable
memory space or to one of the 1/0 circuits. Table 2-4 shows
the type of access that occurs as a result of these status sig-
nals. When used in a system with an 8228 or 8238 System
Controller, the control lines are latched and decoded even
more explicitly as MEMR, MEMW, IOR, IOW.

TABLE 2-4 ADDRESS SPACE ACCESSES AS A FUNCTION
OF MACHINE CYCLE STATUS BITS

ADDRESS
STATUS DATE;‘TBUS SPACE FUNCTION PERFORMED
ACCESSED
MEMR D7 MEMORY |READ FROM MEMORY LOCATION ADDRESSED|
WO D1 MEMORY JWRITE TO MEMORY LOCATION ADDRESSED
INP 06 1/0 READ FROM INPUT DEVICE ADDRESSED
out D4 1/0 WRITE TO OUTPUT DEVICE ADDRESSED

1/0 Addressing

Peripheral devices may be configured in the Am93080A system
to function in either the |/O address space or in the memory
address space. However, the performance of the CPU in han-
dling 1/0O transfers through the two addressable memory
spaces is different. Each of these is discussed in the following
sections.

Addressing Peripheral Devices With The
1/0 Instruction

The Input and Output instructions cause the transfer of an 8-




bit value between the Accumulator and an external device.
They are two bytes long. The first byte always contains the
operation code that defines the instruction as either an Input
or Output function. The second byte is always an 8-bit ad-
dress that defines the location of the external unit which is ad-
dressed.

The executions of the Input and Output instructions are
defined by the corresponding Input Read and Output Write
machine cycles. The status generated during the T1 clock
period of these machine cycles causes either the INP or the
OUT status signal to be generated. Notice that the corres-
ponding MEMR and WO signals are not active when these
machine cycles are generated as shown in Table 2-1. M2
machine cycle accesses byte 2 of the Input or Output instruc-
tion for the address of the peripheral device. This address is
placed in both the Z and W Temporary registers and made
available via the Address Bus. The address appears on address
lines AO through A7 and again on address lines A8 through
A15.

Input/Output Devices As A Function Of
Addressable Memory Space

An alternate method of organizing the 1/0O system in an
Am9080A microcomputer is to assign specific memory ad-
dresses to the input and output functions. The advantage of

2-16

using memory space for Input/Output ports is that the full
flexibility of all the memory reference instructions can be used
for servicing input/output devices. It also greatly expands the
number of locations available for 1/0.

For example, the exclusive “OR" instruction (XRA M) with an
address pointing to a location assigned to an |I/0 device would
cause a byte to be read from the peripheral device and ex-
clusive “OR"ed with the contents of the Accumulator. This
would require the execution of at least two instructions using
the standard Input instruction. The first instruction reads the
contents of the peripheral device and loads it to the Ac-
cumulator. The second instruction performs the exclusive
“OR" with the contents of a CPU register or a memory loca-
tion.

The external system distinguishes memory from 1/O opera-
tions by examining the location being addressed.

In conclusion, addressing |/O devices within a separate /0
space reduces device select logic by limiting select logic input
to 8 of the 16 Address Bus lines; however, just two instruc-
tions are available to input or output data from or to the /0O
devices. If I/O devices are addressed within the memory space
of the microprocessor system, then all 16 address lines must
be decoded by the device select logic. However, any memory
reference instruction can now access the 1/0 device.



Chapter 3
8080A/9080A INSTRUCTION SET

The functions performed by a microcomputer are determined
by a sequence of instructions, which, taken together, con-
stitute a program.

This section provides a detailed description of every
Am9080A instruction.

All instructions are one, two or three bytes in length, the first
byte always containing the opcode for the instruction. The in-
struction formats are shown below.

Single Byte Instructions

Type 1 Control, Subroutine Return and other Data Manipula-
tion instructions, where the source and destination are im-
plied, use a single, 8-bit opcode, as illustrated in Figure 3-1.

OPCODE
| I R U N N N |
All 8 bits form the OPCODE

FIGURE 3-1 A TYPE 1, SINGLE BYTE INSTRUCTION OPCODE

Type 2 instructions utilize a 2-bit opcode and specify the
source and destination addresses for operands, as illustrated
in Figure 3-2.

OPCODE d d d s s s

ddd

sss LOCATION DESIGNATED

B Register

C Register

D Register

E Register

H Register

L Register

Memory location addressed by contents of H and L
Accumulator (ACC)

- = s - 000 O

-~ 0 0 -~ - o o
- 0O = O = 0O = O

FIGURE 3-2 A TYPE 2, SINGLE BYTE INSTRUCTION

When sss or ddd have the value 110, a memory location is ad-
dressed. The contents of the H and L registers form a 16-bit
binary address which is used to access the desired location.

The general format for Type 2, single byte instructions allows
either or both the source and destination locations to be
specified. Both source and destination are present only in the
MOVE instruction.
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Type 3, single byte instructions of the Arithmetic group, as
well as some of the instructions from the logical group,
specify only the source address, sss. The remaining five bits of
the 1-byte, Type 2 instructions form the opcode, as illustrated
in Figure 3-3.

OPCODE s s s
i N | | 1

FIGURE 3-3 TYPE 3 SINGLE BYTE INSTRUCTIONS

Type 4 instructions treat the contents of pairs of registers as a
16-bit binary value. These instructions include DAD, LXI, INX,
DCX, PUSH and POP, as illustrated in Figure 3-4.

oP P CODE
1 1 11 1
]
00 B and C Registers, designated the "B’ pair.
01 D and E Registers, designated the “D"’ pair.
10 H and L registers, designated the “"H’ pair.
1 Stack Pointer, designated SP for the DAD,
LXI, INX, and DCX instructions.
n Accumulator Register, and Status Word Register,
designated PSW, for the PUSH and POP instructions.

FIGURE 3-4 TYPE 4 SINGLE BYTE INSTRUCTIONS

The LDAX rp instruction is a special case in which the desig-
nated register pair (rp) is only one bit, as illustrated in Figure
3-5.

oP P CODE
1 1 1
13}
0 B Register pair
1 D Register pair

FIGURE 3-5 LDAX rp INSTRUCTION



Two Byte Instructions

Type 1 has both the immediate operand and the destination
address contained within the instruction. The only instruc-
tion using this format is MOVE IMMEDIATE (MVI).

opP d d d CODE

OPERAND

ddd is the destination

FIGURE 3-6 TYPE 1, TWO BYTE INSTRUCTIONS

Type 2 has an 8-bit opcode and an 8-bit operand. All instruc-
tions with immediate operands, with the exception of the
MVI instruction, use this format.

OPERAND

FIGURE 3-7 TYPE 2, TWO BYTE INSTRUCTIONS

Type 3 has an 8-bit opcode and an 8-bit I/0 device address.
Input and Output instructions use this format.

OPCODE
f 1 1 1 1 1

DEVICE ADDRESS

FIGURE 3-8 TYPE 3, TWO BYTE INSTRUCTIONS

Three Byte Instructions

These have an 8-bit opcode and a 16-bit address. All Direct
Address, Jump and Call instructions use this format.

OPCODE
1 1 1 1 11

ADDRESS (Bits A7-A0)

ADDRESS (Bits A15-A8)

FIGURE 3-9 THREE BYTE INSTRUCTIONS

Unused Opcodes

There are 12 unused opcodes which are not decoded by the
CPU. The hexadecimal opcodes for these instructions are:

08 20 38 DD
10 28 cB ED
18 30 D9 FD

The response of the Am9080A is unpredictable when one of
these codes is loaded into the Instruction Register during the
Instruction Fetch or Interrupt Acknowledge machine cycle.

INSTRUCTION EXECUTION

All Am9080A instructions are executed as a sequence of
machine cycles which are subdivided into clock periods. An in-
struction may execute in one, two, three, four or five machine
cycles, each of which may have three, four or five clock
periods. The first machine cycle may have four or five clock
periods. Figure 3-10 illustrates instruction machine cycle and
clock period options.

M1

11| v2 T3] T4

MX  Machine Cycle X
TX  Clock Period X
Optional machine cycles and clock periods are shaded.

FIGURE 3-10 Am9080A MACHINE CYCLES AND CLOCK PERIODS
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Complement Accumulator

CMA

PERIOD 2
CYCLE m T T3 Ta 5
- (PC) — AB ((AB) — DB (DB) — TEMP/IR A —(a)
STATUS — DB PC —(PC)+ 1 f
) 7 d 4
FIGURE 3-11 INSTRUCTION EVENT SCHEMATIC FOR THE CMA INSTRUCTION
Format The sequence of events that occur for the CMA instruction are

Throughout this chapter, a standard format is used to identify
the operations which occur during each clock period of every
machine cycle. Figure 3-11 and Table 3-1 are taken from the
Complement Accumulator instruction (CMA) in order to illustr-
ate the standard format used.

CMA
Complement Accumulator

The first machine cycle (M1) of each instruction is always used
to fetch the instruction. If the instruction does not require data
to be accessed at a memory location or I/0 port, the instruc-
tion can be executed completely within the M1 machine cycle.

summarized in Table 3-1. The numbers in the circles of Figure
3-11 correspond to the numbers next to each event shown in
the table and do not imply that the events are necessarily ex-
ecuted in that order.

The Move instruction (MOV) is an example of an instruction
which requires more than one machine cycle. The instruction
event schematic for the MOV rd,M instruction is shown in
Figure 3-12. Table 3-2 lists the events that occur in each clock
period for the two machine cycles.

TABLE 3-2 EXECUTION SEQUENCE FOR THE MOV rd,M
INSTRUCTION

Thus the CMA instruction consists of a single machine cycle, MACHINE | EVENT CLOCK DESCRIPTION
M1, containing four clock periods, T1 through T4. CYCLE # PERIOD

@ T1 The contents of the Program Counter (PC) are

E T c s gated to the Address Bus (AB).

TABLE 3-1 EXECUTION SEQUENCE FOR THE CMA INSTRUCTION M1 Machine status is gated to the Data Bus, DB.

T2 The contents of the memory location ad-

MACHINE EVENT CLOCK dressed by the contents of the Address Bus

DESCRIPTION
CYCLE # PERIOD are gated to the Data Bus.

@ The contents of the Program Counter are in-

@ T1 The contents of the Program Counter (PC) are cremented and returned to the Program

@ gated to the Address Bus (AB). The machine Counter.

Status is gated to the Data Bus (DB). @ T3 The contents of the Data bus are clocked into

@ T2 The contents of the memory location ad- the Temporary Register and the Instruction
dressed by the contents of the Address Bus Register.
gre gated to the Data Bus from the Memory @ T4 Delay introduced to complete internal func-

ystem. tions.
M1 @ The contents of the Program Counter are in-
cremented and rétumed to the Program @ T1 The 16-bit contents of the H and L Registers
Counter. are gated to the Address Bus.

@ T3 The contents of the Data Bus, which con- M2 0 Machine status is gated to the Data Bus.
stitute the opcode for the instruction, are (9) T2 The contents of the memory location ad-
clocked into the Temporary Register and the d d by the of the Add Bus
Instruction Register. are gated to the Data bus.

@ T4 The contents of the Accumulator (A) are com- T3 The contents of the Data Bus are gated to the
plemented and returned to the Accumulator. Destination Register, rd, within the CPU.

Move, Memory To Register MOV rd,M
PERIOD T T2 T3 T4 T5
CYCLE
1 SR O) we)—os @ o) —TemP/R () INTERNAL FUNCTION (&)
status — 08 (2 PC— PO+ 1 ()
w2 (HL) — AB (aen —o8 (%) (0B) —rd
STATUS — DB

FIGURE 3-12 EVENT SCHEMATIC FOR MOVE MEMORY TO REGISTER INSTRUCTION



ADDRESSING MODES

The Am9080A provides five modes of memory addressing;
these are:

Direct )

3-byte instructions in which bytes 2 and 3 provide a 16-bit ad-
dress, identifying one of 65,536 memory bytes, the maximum
addressable memory space of the Am9080A microprocessor.

Register Indirect

A single byte opcode specifies internal registers that contain
the required memory address. The register pair H and L most
frequently provides the 16-bit, register indirect address. The B
and C register pair or the D and E register pair provide the
register indirect address for some memory reference instruc-
tions.

Register, single byte
The contents of a source register are transferred directly to a
destination register.

Immediate, 2 or 3 byte
The operand is stored in the second, or in the second and third
instruction bytes.
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Implied Addressing

Although not an addressing mode in the strictest sense, in-
structions which perform operations on data stored in the Ac-
cumulator, and leave the result in the Accumulator, are said to
be addressed in an implied mode. The instruction actually in-
terprets the operand location as the Accumulator and no ad-
dress is needed to obtain the operand.

STATUS FLAGS

During the execution of instructions, the results of arithmetic
and logical operations performed on the operands by the ALU
are stored in a Status Register. The individual bits are referred
to as flags. The five flags which make up the Status Register
of the Am9080A microprocessor are:

Zero Result of an arithmetic or logic function.
Carry Propagated out of the most significant
bit of the Arithmetic and Logic Unit.
Parity Odd or even number of binary 1s in the
8-bit result emanating from the
Am9080A Arithmetic and Logic Unit.
Sign The most significant bit of the ALU out-

put for use when the result represents a
signed binary number.

Saves the result of a carry propagation
between the 2° and 24 stages.

Intermediate Carry



DEFINITIONS

The following definitions are used in the description of the
Am9080A instruction set:

AB Address Bus

AC Auxiliary Carry = Carry propagation bet-
ween 22 and 2* stages.

ACT Accumulator Temporary Register

CcYy Carry Status

d Destination location (e.g., rd = Destination
register).

DB Data Bus

ddd Destination location address

(H,L) Contents of H and L registers, or memory
location addressed by H and L registers.

(H,L) Designates the contents of a memory
location addressed by the 16-bit contents
of the H and L registers.

INST Any instruction code byte

INTE Interrupt Enable flip-flop

IR Instruction Register

Opcode Instruction operation code byte

Operand Operand of the instruction

P Parity = Odd number of 1s in ALU result.

PCH Eight most significant bits of the Program
Counter.

PCL Eight least significant bits of the Program
Counter.

port 1/O device address

r CPU register

rd Destination register

rs Source register

p Register pair

rpd Destination register pair

ps Source register pair

rpsh Most significant register of source register

pair
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rpsl

s

S

SR

sss
STATUS

STATUS FLAGS

TEMP
VVV
VVVV
W,z
4

()
0
()

X
A
\%

N

Least significant register of source register
pair

Source location (e.g., rs = Source register).
Sign of Result = ALU7

Status Register

Source location binary address

Status Conditions appearing on Data Bus
at T2 @1 time.

Condition representing results of an ALU
operation.

Temporary operand register

3-bit binary value, 000 to 111 inclusive.
4-bit binary value, 0000 to 1111 inclusive.
Temporary address registers

Zero Result = ALU7 -ALUG -ALUS -ALU4
«ALU3-ALU2 -ALU1-ALUO

The contents of
Complement of the contents of

The contents of the contents of. The con-
tents of the designated location in the in-
ner brackets are interpreted as an address
to a second location which supplies the 8-
bit operand used by the instruction.

Receives. The notation () — means the
location designation contained in the inner
brackets is used as an address to which
the operand will be stored.

Goes to

Is exchanged with
Arithmetic Addition
Arithmetic Subtraction
Arithmetic Multiplication
Logical AND

Logical OR

Logical Exclusive-OR

A complete list of all instructions can be found in the data
sheet at the end of Chapter 4.



Add Immediate To Accumulator With Carry

Binary Format Bytes
2
1 10 1 (tPC)
| I I N |
OPERAND (Bits D7-DO0) (PC)+ 1)
Operation: A —(A)+((PC)+ 1) +(CY) Description:
Hexadecimal Format: EE Status Flags:

Execution States:

ACI

Clock Periods
7

The contents of the Accumulator, the con-
tents of Byte 2 of the instruction ((PC) + 1),
and the Carry status flag (CY) are added
together. The result is placed in the Ac-
cumulator. The source operand ((PC) + 1) is
not modified.

The addition is not completed until T2 of
M1 in the next instruction.

Z. S, P, CY, AC are modified to reflect the
results of the addition.

g T2 T3 T4 e

(PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)

M STATUS — DB PC —(PC)+ 1

M2 (PC) — AB {(AB) — DB TEMP — (DB)
STATUS — DB PC — (PCi+ 1

M1 A — (ACT) + (TEMP) + (CY)
NEXT (PC) — AB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC — (PC) + 1
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Add Register To Accumulator With Carry

Binary Format

Operation:

Bytes

(PC)

A —(A)+(rs)+ CY; sss + 110

A —(A)+{HLN)+CY; sss =110

Hexadecimal Formats:

Description:

Status Flags:

ADC

Clock Periods

4 if sss #110
7 if sss =110

The contents of the Accumulator, the con-
tents of the source location (sss), and the
current state of the Carry status flag are
added together. The result is returned to
the Accumulator. The source location con-
tents are not modified. When the source
location is specified as a memory location
(sss = 110), the H and L registers supply
the 16-bit address to memory. The addi-
tion is not completed until T2 of M1 in the
next instruction.

Z, S, P, CY, AC are modified to reflect the
results of the addition.

HEX
s s s |ReaiSTER| A
000 B 88
00 1 c 89
010 D 8A
0 1 1 E 88
100 H 8C
101 L 8D
110 M 8E
111 A 8F
Execution States:
SOURCE IS REGISTER (sss # 110)
T T2 T3 T4 ‘ T5
- (PC) — AB ((AB) — DB (DB) — TEMP/IR (sss) — TEMP
STATUS — DB PC —(PC)+ 1 ACT —(A)
M1 (PC) — AB A —(ACT)+(TEMP) + (CY)
NEXT STATUS — DB (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC —(PC) + 1
-SOURCE IS MEMORY (sss = 110)
T T2 T3 T4 5
(PC) — AB (AB) — DB (DB) — TEMP/IR ACT — (&)
m1 STATUS — DB PC —{PC)+ 1
M2 (HL)— AB ((AB) — DB TEMP — (DB)
STATUS — DB
M1 (PC) — AB A —(ACT) + TEMP +(CY)
NEXT (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
STATUS — DB
INSTRUCTION PC — (PC) + 1




Add Register To Accumulator

Binary Format

Operation:

(PC)

A —(A)+(s); sss # 110
A —(A)+((H,L)); sss =110

Hexadecimal Formats:

HEX
s s s | REGISTER FORMAT
000 B 80
0 0 1 Cc 81
010 D 82
0 1 1 E 83
100 H 84
101 L 85
110 M 86
111 A 87

Execution States:

SOURCE IS REGISTER (sss # 110)

Bytes

Description:

Status Flags:

ADD s

Clock Periods

4 if sss =110
7 if sss =110

The contents of the Accumulator are ad-
ded to the contents of the source register
and the result returned to the Accumulator.
The source register contents are not
modified. If the source register is a memo-
ry location, the contents of the H and L
register supply the 16-bit address to
memory.

The addition is not completed until T2 of
M1 in the next instruction.

Z, S, P, CY, AC are modified to reflect the
results of the addition.

™™ T2 T3 T4 T5
M (PC) — AB ((AB)) — DB (DB) — TEMP/IR TEMP — (sss)
STATUS — DB PC —(PC)+ 1 ACT —(A)
M1 op
NEXT (PC) — AB {AB)- Pl NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS —DB PC
SOURCE IS MEMORY (sss = 110)
T T2 T3 Ta 5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
STATUS — DB PC —(PC)+ 1
M2 (H,L) — AB ((AB) — DB TEMP — (DB)
STATUS — DB
M1 (PC) — AB (AB) -DB
NEXT STATUS - DB o o NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION
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Add Immediate To Accumulator

ADI

Binary Format Bytes Clock Periods
2 7
1 [¢] 0 0 1 1 0 ((PC)
| 11 1 1
OPERAND (Bits D7-DO0) (PC)+ 1)
Operation: A —(A)+((PC)+ 1) Description: The contents of the Accumulator are ad-
ded to the second byte of the instruction
((PC)+ 1). The result is placed in the Ac-
cumulator. The source operand ((PC) + 1) is
not modified.
The addition is not completed until T2 of
M1 in the following instruction.
Hexadecimal Format: C6 Status Flags: Z, S, P, CY, AC are modified to reflect the
results of the addition.
Execution States:
T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
M1 STATUS — DB PC —(PC)+ 1 TEMP — (DB)
(PC) — AB ((AB) — DB TEMP — (DB)
m2 STATUS — DB PC —(PC)+ 1
M1 ) - AB A —(A)+ TEMP
NEXT - (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC)+ 1
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AND Source With Accumulator

Binary Format

Operations:

A —(A)+(rs)

Hexadecimal Formats:

REGISTER

HEX
FORMAT

«
@
»

>PTrIMOO®

A0
Al
A2
A3
A4
AbB
A6
A7

——~--000O0O
- =00 = =00
~o0-0-0=o0

Execution States:

SOURCE IS REGISTER (sss + 110)

Bytes

(PC)

Description:

Status Flags:

ANA s

Clock Periods

4 if sss # 110
7 if sss =110

The contents of the Accumulator are
logically “AND"’ed with the contents of the
designated source location. The results are
placed in the Accumulator. When the
source location designated is a memory
location, the H and L registers supply the
16-bit address to memory. The AND is not
completed until T2 of M1 in the next in-
struction.

Z, S, P are modified to reflect the results of
the operation. CY and AC are reset.

[

T T2 13 T4 TS5
1 (PC) — AB (AB) — DB (DB) — TEMP/IR TEMP — (sss)
STATUS — DB PC —(PC) + 1 ACT —(A)
M1 A —(ACT) A (TEMP)
NEXT (PC) — AB (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC) + 1
SOURCE IS MEMORY (sss = 110)
™ T2 13 T4 TS5
. (PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
STATUS — DB PC -~ (PC) + 1
(HL) — AB (AB) — DB (DB) — TEMP/IR
M2 STATUS — DB PC —(PC)+ 1
M1 A — (ACT) A (TEMP)
NEXT {pC) — A8 (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC) + 1
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AND With Accumulator Immediate ANI operand

Binary Format Bytes Clock Periods
2 7
1 1 1 o] 0 1 1 0 {PCH
| S W W . | | |
OPERAND (Bits D7-DO) (PC)+ 1)
Operation: A —(A) A(PC)+ 1) Description: The contents of the Accumulator are

logically “AND’"ed with the contents of the
second byte of the instruction, (PC)+ 1.
The result is placed in the Accumulator.

The “AND" function is not completed until
T2 of M1 in the next instruction.

Hexadecimal Format: E6 Status Flags: Z, S, P are modified to reflect the result of
the operation. CY and AC are reset.

Execution States:

T T2 T3 T4 75
M1 (PC) — AB (AB) — DB (DB) — TEMP/IR ACT — (A)
STATUS — DB PC —(PC)+ 1
(PC) — AB (AB) — DB TEMP — (DB)
M2 STATUS — DB PC — (PC)+ 1
M1 (PC) — AB A —(ACT) A (TEMP) j
NEXT STATUS DB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC —(PC)+ 1




Unconditional Subroutine Call

CALL address

Binary Format Bytes Clock Periods
3 17
1 1 0 0 1 1 (4] 1 (PCH
1 1 1 i 1 1 |
ADDRESS (Bits A7-A0) (PCY+ 1)
ADDRESS (Bits A15-A8) (PC)+ 2)
Operation: (SP) - 1 ~—(PCH) Description: The current Program Counter contents are
(SP) - 2 —(PCL) pushed onto the Stack and Bytes 2 and 3
SP —(SP) -2 of the instruction are loaded to the Pro-
PC —(PC+2, PC+ 1) gram Counter.

The functional sequence of execution is

1) Stack Pointer is decremented.

2) Most significant eight bits of the Pro-
gram Counter are stored at the memo-
ry location addressed by the Stack
Pointer.

Hexadecimal F . o 3) Stack Pointer is decremented.
exadecimal Format: 4) Least significant eight bits of the Pro--
gram Counter are stored to the memo-
ry location addressed by the Stack
Pointer.

5) Bytes 2 and 3, which are contained in
the W and Z registers, are copied into
the Program Counter.

Statiis Flags:  No status flags are modified.
Execution States:
T T2 T3 T4 ‘5
(PC) — AB {(AB)) — DB (DB) — TEMP/IR SP —(SP)-1
M1 STATUS — DB PC —(PC) + 1
M2 (PC) — AB (iAB) — DB Z —(DB)
STATUS — DB PC —(PC)+ 1
(PC) — AB ((AB) — DB
w3 STATUS — DB PC —(PC)+ 1 W —(0B)
(SP) — AB SP —(SP)-1 _
M4 STATUS — DB (PCH) — DB (AB) —(DB)
(SP) — AB (PCL) — DB AB) — (DB
M5 STATUS — DB (AB) —(DB)
M1 (aB) —
NEXT (W,2) — AB l DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC—W.z)+1
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Call To Subroutine Conditionally

Binary Format Bytes
3
1 1] cono |srl 1 o o} oy
1 1 1 1
ADDRESS (Bits A7-A0) ((PC)+ 1)
ADDRESS (Bits A15-A8) ((PC)+2)
Operation: (SP) - 1 —(PCH) Description:

(SP) - 2 —(PCL) If condition
SP —(SP) -2 test is met

PC —((PC)+2, (PC) + 1)

PC —(PC) + 3; if condition test is not met

Hexadecimal Formats:

The Call conditions are:

CC CNC
CP CM
CPE CPO
CZ CNz

Clock Periods

17 if condition is true
11 if condition is false

The status flag specified in the instruction
opcode is tested for the specified binary
state (S/R). If the condition matches the
test specified, the Program Counter con-
tents are written to the Stack and the Pro-
gram Counter is loaded with the contents
of Bytes 2 and 3 of the instruction. The
eight most significant bits of PC (PCH) are
written to the memory location addressed
by the Stack Pointer contents after decre-
ment, (SP-1). The eight least significant
bits of the Program Counter (PCL) are writ-
ten to the next location (SP-2). The most
significant eight bits of the Program
Counter are loaded from Byte 3 and the
least significant eight bits of the Program
Counter are loaded from Byte 2 of the in-

MNEMONIC | cOND | S/R | caiLconoimion | HEX struction.
If the condition tested is met; the M4 and
cc 01 1 CY=1; NO CARRY DC . . ~
oNe 01 0 CY =0 CARRY SET 04 M5 Stack Write machine cycles are ex
cP " 0 $=0; POSITIVE F4 ecuted. The next M1 Instruction Fetch cy-
cM 1:) : §=:5 g:glﬁ\g/m E(C: cle is then modified to provide the W and Z
§§§ 10 0 P=0. PARITY ODD E4 register contents to the Address Bus. If the
cz 00 1 Z=1; NOT ZERO cc condition is not met, the next Instruction
CNZ 00 0 Z=0; ZERO c4 Fetch is entered at the end of machine cy-
cle M3.
Execution States: Status Flags: No status flags are modified.
T T2 T3 T4 TS5
SP —(SP)-1
M1 (PC) — AB (AB) — DB (DB) — TEMP/IR TEST CONDITION |F CONDITION
STATUS — DB PC —(PC)+ 1 TESTS VALD
M2 (PC) — AB (AB)) — DB z —(oB)
STATUS — DB PC —(PC) + 1
(PC) — AB ((AB)) — DB W -—(DB)
M3 STATUS — DB PC —(PC)+ 1 IF CONDITION INVALID
CONTINUE WITH NEXT M1
(SP) — AB SP —(SP)-1 (AB) — (DB)
L STATUS — DB (PCH) — DB
(SP) — AB (PCL) — DB (AB) — (DB)
M5 STATUS — DB
M1, NEXT _
INSTRUCTION IF g’}//fT)L; " s ‘é‘éa” e NORMAL INSTRUCTION SEQUENCE RESUMES
— — +
CONDITION VALID i




Complement Accumulator

Binary Format

0 0 1 0 1 1 1 1 ((PC)
1 | 11 ] 1
Operation: A —(A)
Hexadecimal Format: 2F

Execution States:

Bytes

Description:

Status Flags:

CMA

Clock Periods
4

The contents of the Accumulator are com-
plemented.

No status flags are modified.

m T2 T3 T4 T5
M1 (PC) — AB (AB) — DB (DB) — TEMP/IR A—@®)
STATUS — DB PC —(PC)+ 1




Complement Carry Status

Binary Format

0 0 1 1 1 1 1
i 1 i J 1 i
Operation: CcY —(CY)
Hexadecimal Format: 3F

Execution States:

(PCh

Bytes

Description:

Status Flags:

cmMmC

Clock Periods

4

The Carry bit is complemented.

Only the Carry flag is affected.

T1

T2

T3

T4

T8

M1 (PC) — AB
STATUS — DB

((AB)) — DB
PC —(PC)+1

(DB) — TEMP/IR

cYy — (V)




Compare Source With Accumulator

CMP s

Binary Format Bytes Clock Periods
1 4 if sss # 110
o0 11 s s [ (o) 7 if sss =110
1 1 | | | |
Operations: CY,Z —(A)-(rs) Description: The contents of the designated source are
subtracted from the contents of the Ac-
cumulator. The Accumulator and the con-
tents of the designated source location are
not altered. When the designated source
location is a memory location, the H and L
registers supply a 16-bit address to
memory.
The subtract is performed for comparison
of the operands only.
The function is not completed until T2 of
. M1 in the next instruction.
Hexadecimal Formats:
Status Flags: CVYis set to 1if (A) < (sss). Zis set to 1if
HEX -
REGISTER | s s s | _ 2oF (A) =(sss).
B 000 B8 S, P, AC are modified to reflect the result
c 00 1 B89 i
o 010 A of the comparison.
13 01 1 BB
H 100 BC
L 10 8D
M 110 BE
A 11 BF
Execution States:
SOURCE IS REGISTER (sss # 110)
T T2 T3 T4 75
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
STATUS — DB PC —(PC)+ 1 TEMP — (sss)
M1 B CY.Z -~ (ACT)-(TEMP)
NEXT g’TC)\Tus " o8 ((AB)) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC —(PC) + 1
SOURCE IS MEMORY (sss = 110)
T T2 T3 T4 5
- (PC) -~ AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
STATUS —~ DB PC —(PC)+1
2 (PC) — AB ((AB) — DB TEMP — (DB)
STATUS — DB PC —(PC)+ 1
M1 CY,Z —(ACT) - (TEMP)
NEXT P ol® s (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC —(PC)+ 1
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Compare With Accumulator Immediate

CPI

Binary Format Bytes Clock Periods
2 7
1 1 1 1 1 (PC)
A L1 1 1
OPERAND (Bits D7-DO) ®C)+ 1)

Operation: CY,Zz —(AM(PC)+ 1) Description: The contents of the second byte of the in-
struction are subtracted from the Ac-
cumulator contents. The result is indicated
in the CY and Z status flags. The Ac-
cumulator contents and the contents of
Byte 2 of the instruction are not altered.
The function is not completed until T2 of
M1 in the next instruction.

Hexadecimal Format: FE Status Flags: CYis set to 1if(A) < ((PC)+ 1). Zis set to
1if (A) =((PC)+ 1). S, P, AC are modified to
reflect the results of the operation.

Execution States:

T T2 T3 T4 T5

(PC) — AB (1AB) — DB (DB) — TEMP/IR ACT —(A)

M1 STATUS — DB PC —(PC)+1
(PC) — AB (AB) — DB TEMP — (DB)

M2 STATUS — DB PC —(PC) + 1

M1 (PC) — AB CY,Z —(ACT){TEMP)

NEXT STATUS — DB (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC — (PC) + 1
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Decimal Adjust Accumulator

Binary Format

o 0T o 1 G
B [ RN R AN S S |
Operation:
STATUS
CY or AC or
4msb's >9| 41sb's > 9 OPERATION

0 0 A—(A)

0 ! A —(A)+06,

! 0 A —(A)+60,

! 1 A == (A)+ 66,
Hexadecimal Format: 27

Execution States:

Bytes

Description:

Status Flags:

DAA

Clock Periods
4

The contents of the Accumulator are
altered from a binary value to two 4-bit
binary coded decimal digits. If the four
least significant bits of the Accumulator
are greater than nine or if the Auxiliary Car-
ry (AC) is set, 6 (0110) is added to the four
least significant bits. If the four most sig-
nificant bits of the Accumulator are greater
than 9 or if the Carry status (CY) is set, 6 is
added to the four most significant bits.

Z, S, P, CY, AC are modified to reflect the
results of the decimal adjust.

T T2 T3 T4 15
(PC} — AB {(AB)) — DB (DB) — TEMP/IR A —(A)+ CORRECTION
m STATUS — DB STATUS --(A)
+ CORRECTION
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Add Register Pair To H And L Registers

DAD rps

Binary Format Bytes Clock Periods
10
ps 1 0 1 ((PC)
| | I |
Operation: H,L —(H,L)+(rps) Description: The 16-bit contents of the designated
source register pair are added to the H and
L registers. The result is placed in the H,L
registers.
The source operand is not altered.
Hexadecimal Formats: Status Flags: CY status is modified to reflect the result
of the addition. No other status flags are
altered.
HEX
OPCODE ps FORMAT
DAD B 00 09
DAD D o1 19
DAD H 10 29
DAD SP " 39
Execution States:
T T2 T3 T4 T5
M1 (PC) — AB ((AB)) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
. ACT — (rpsl) TEMP — (L) L — (ALY}
ALU — (TEMP) + (ACT) CY —(ALU)
M3 ACT — (rpsh) TEMP — (H) H —(ALU)
ALU — (TEMP) + (ACT) CY —(ALU)
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Decrement Destination Location

Binary Format

Operations:

rd —(rd) - 1

Hexadecimal Formats:

(PC)

HEX

OPCODE | d d d FORMAT
DCR B 000 05
DCR C 0 01 oD
NCR D 010 15
DCR E 011 1D
DCR H 100 25
DCR L 101 2D
DCR M 110 35
DCR A 11 3D

Execution States:

REGISTER IS DESTINATION (ddd =+ 110)

Bytes

Description:

Status Flags:

DCR d

Clock Periods

5if ddd = 110
10 if ddd =110

The contents of the designated location
are decremented and the result restored to
the designated location. If a memory loca-
tion is designated, the H and L registers
supply the 16-bit address to memory.

Z, S, P, AC are modified to reflect the result
of the decrement. CY is not modified.

T T2 T3 T4 5
w1 (PC) — AB ((AB) — DB (DB) — TEMP/IR TEMP — (ddd) . ddd —(ALU)
STATUS — DB PC —(PC)+ 1, ALU — (TEMP)-1
MEMORY IS DESTINATION (ddd = 1 10)
T T2 T3 T4 T5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+1
w2 (HL) — AB (AB) — DB TEMP —(DB)
STATUS — DB ALU —(TEMP) - 1
(H.L) — AB (ALU) — DB (AB) — (DB}
M3 STATUS — DB
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Decrement Register Pair

DCX rp

Binary Format Bytes Clock Periods
1 5
0 0 L] 1 [¢] 1 1| (PCY
| i | 1 1
Operations: p —(rp)- 1 Description: The designated register pair (rp) is decre-
mented (16-bit binary subtraction) and the
result is restored to the designated register
pair.
Hexadecimal Formats: Status Flags: No status flags are modified.
HEX
OPCODE s FORMAT
DCX B 00 0B
DCX D o1 8
DCX H 10 28
DCX sp 1 3B
Execution States:
m T2 T3 T4 75
{PC) — AB ((AB) — DB (DB) — TEMP/IR m —(p)-1
M1 STATUS — DB PC —(PC)+ 1
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Disable Interrupts

Binary Format

Operation: INTE —O0

Hexadecimal Format: F3

Execution States:

[((Zo)]

Bytes

Description:

Status Flags:

DI

Clock Periods
4

The Interrupt Enable flip-flop is reset.

No status flags are modified.

T T2 T3 T4 T5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTE<O
STATUS — DB PC —(PC)+1
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Enable Interrupt

Binary Format

Operation: INTE — 1

Hexadecimal Format: FB

Execution States:

Bytes

(PC)

Description:

Status Flags:

Clock Periods
4

El

The Interrupt Enable flip-flop is set.

No status flags are modified.

T T2 3 T4 5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTE —1
STATUS — DB PC —(PC)+ 1
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Halt And Enter Wait State

HLT

Binary Format Bytes Clock Periods
1 7 or more
o 1 1 o 1 (tPC)
1 1 1 i 1

Operation: HALT Description: The CPU finishes execution of the current
instruction and then enters the Halt
Acknowledge machine cycle. The Address
Bus and the Data Bus are put in the high
impedance state. Wait states are induced
in every clock period while machine is in
Halt Acknowledge Machine Cycle.
An interrupt or reset must be processed to
exit from the Halt condition.

Hexadecimal Format: 76 Status Flags: No status flags are modified.

Execution States:

T T2 T3 T4 15
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
(PC) — AB Hiz —AB
m2 STATUS — DB Hi Z — DB
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Input To Accumulator

Binary Format Bytes
2
1 o0 1 1 0 1 1 (tPC)
1 Y I 1
Device Address {(PC) + 1)
Operation: A —(port) Description:
Hexadecimal Format: DB Status Flags:

Execution States:

IN port

Clock Periods
10

The Accumulator is loaded with the con-
tents of the Data Bus supplied by the 1/0
port accessed by the Device Address.

No status flags are modified.

T T2 T3 T4 T5
M1 (PC) — AB ((Aé)) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+1
M2 (PC) — AB (AB)) — DB Z —(DB)
STATUS — DB PC —(PC)+ 1 w —(DB)
M3 (W,z) — AB DB — (port) A —(DB)
STATUS — DB
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Increment Destination Location

INR d

Binary Format Bytes Clock Periods
1 5if ddd # 110
o o)ld d d}1 o o | trcy 10 if ddd =110
1 | 1 | |
Operations: rd ~—(rd) + 1 Description: The contents of the designated location
are incremented and returned to the desig-
nated location. If a memory location is
designated, the H and L registers supply
the 16-bit address to memory.
Hexadecimal Formats: Status Flags: Z, S, P, AC are modified to reflect the result
of the increment. CY is not modified.
HEX
OPCODE | d d d | oom o
INNB [0 0 O 04
INR C 0 0 1 oc
INAD |0 1 0 14
INRE {0 1 1 1c
INRH |1 00 24
INRL |1 0 1 2¢
INRM [ 1 10 34
INR A 111 3C
Execution States:
REGISTER IS DESTINATION (ddd # 110)
o] T2 T3 T4 TS5
(PC) — AB ((AB) — DB (DB) — TEMP/IR TEMP — (ddd) ddd — (ALU)
M STATUS — DB PC — (PC)+ 1 ALU — (TEMP) + 1
MEMORY IS DESTINATION (ddd = 110)
T T2 T3 T4 TS
M (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+1
(H,L) — AB ((AB) — DB TEMP — (DB)
m2 STATUS — DB ALU — (TEMP) + 1
(H,L) — AB (ALU) — DB (AB) —(DB)
M3 STATUS — DB
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Increment Register Pair

INX rp

Binary Format Bytes Clock Periods
1 5
0 0 ] (o] 1 1 | (PCH
1 1 1 | 1
Operation: rp —(rp)+ 1 Description: The designated register pair (rp) is incre-
mented (16-bit binary addition) and the
result is restored to the designated register
pair.
Hexadecimal Formats: Status Flags: No status flags are modified.
HEX
OPCODE ™ FORAT
INX B 00 03
INX D o1 13
INX H 10 23
INX SP n 33
Execution States:
T T2 T3 T4 T5
M1 (PC) — AB (AB) — DB (DB) — TEMP/IR p —{rp)+1
STATUS — DB PC —(PC)+ 1
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JC JNC

Jump Conditionally JP UM
JPE JPO
JZ JNZ
Binary Format Bytes Clock Periods
3 10
1 1 COND | S/R] 0O 1 (o] ((PC)
1 1 11
ADDRESS (Bits A7-A0) {(PC)+ 1)
ADDRESS (Bits A15-A8) (PC) +2)
Operation: PC —((PC) + 2, (PC) + 1); if Flag =S/R Description: One of four status flags is tested to meet
PC —((PC) + 3); if Flag =S/R the S/R (set or reset) condition. If the con-

dition of the status flag meets the condi-
tion specified in the (S/R) bit, the Program
Counter is effectively replaced with the
contents of Bytes 2 and 3 of the instruc-

. tion. Otherwise the Program Counter is in-
cremented.

Hexadecimal Formats:

HEX
MNEMONIC | COND | S/R | JUMP CONDITION | ooe o
Jc 01 1 CY=1; CARRY SET DA
INC o1 0 CY=0; NO CARRY D2
P 1 0 $=0; POSITIVE F2
™M 1 1 S=1; NEGATIVE FA
JPE 10 1 P=1; PARITY EVEN EA
JPO 10 0 P=0; PARITY ODD E2
Jz 00 1 2=1; ZERO SET CA
INZ 00 0 2=0; NOT ZERO c2
Status Flags: No status flags are modified.
Execution States:
T T2 T3 Ta T5
) (PC) — AB ((AB) — DB (DB) — TEMP/IR TEST CONDITION
M1 STATUS — DB PC —(PC)+ 1
(PC) — AB ((AB) — DB Z —(DB)
M2 STATUS — DB PC —(PC)+ 1
(PC) — AB (AB) — DB W — (0B}
m3 STATUS — DB PC —(PC)+1
INI;IT‘II'HT(?’(ILN (W,2) — AB ((AB) — DB NORMAL INSTRUCTION
TEST VALID STATUS — DB PC —(W2)+1 SEQUENCE RESUMES
M1, NEXT ‘
(PC) — AB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC)+1
TEST INVALID
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Jump Unconditionally

JMP address

Binary Format Bytes Clock Periods
3 10
1 o 0 0 o (PC)
! S S |
ADDRESS (Bits A7-A0) {PC)+ 1)
ADDRESS (Bits A15-A8) (PC)+2)

Operation: PC —((PC)+ 1, (PC) + 2) Description: The Program Counter is loaded with the 16
bits contained in Byte 2 and Byte 3 of the
instruction. Byte 2 contains the eight least
significant bits and Byte 3 contains the
eight most significant bits.

The next instruction to be fetched will be
at location ((PC)+ 1,(PC) + 2).

The next Instruction Fetch cycle is
modified to provide the contents of the W
and Z registers to the Address Bus.

Hexadecimal Format: C3 Status Flags: No status flags are modified.

Execution States:

T1 T2 T3 T4 5
(PC) — AB ((AB)) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS — DB PC —(PC)+ 1
M2 (PC) — AB ((AB) — DB z —(DB)
STATUS — DB PC —(PC)+ 1
(PC) — AB (AB) — DB W —(DB)
M3 STATUS — DB PC —(PC)+ 1
M1 (W,2) — AB (AB) — DB
NEXT e 7 NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(W,2)+1
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Load Accumulator Direct

LDA

Binary Format Bytes Clock Periods
3 13
1 1 1 0 (PCH
1 11 11
ADDRESS (Bits A7-A0) {(PC)+ 1)
ADDRESS (Bits A15-A8) (PC)+2)
7
Operation: A —(PC)+2, (PC)+ 1) Description: The eight bits stored in a memory location
pointed to by Bytes 2 and 3 of the instruc-
tion are copied to the Accumulator. The
contents of the memory location accessed
are not altered. Bytes 2 and 3 form the full
16-bit address of the desired operand
location. The address is first loaded from
Bytes 2 and 3 to the Z and W temporary
registers, then supplied to the Address Bus
to access the desired location in memory.
Hexadecimal Format: 3A Status Flags: No status flags are modified.
Execution States:
T T2 T3 T4 T5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
M2 (PC) — AB ((AB) — DB (DB) — 2
STATUS — DB PC —(PC)+1
M3 (PC) — AB ((AB) — DB (0B) —W
STATUS — DB PC —(PC)+ 1
(W,2) — AB ((AB) — DB A —(DB)
M4 STATUS — DB
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Load Accumulator Indirect

LDAX rps

Binary Format Bytes Clock Periods
1 7
o o ofms|1 o 1 o]} oy
11 | R |
Operation: A —((rps)) Description: The contents of the memory location
pointed to by the designated register pair
(rps) are copied to the Accumulator. The
contents of the memory location accessed
are not altered. The designated register
pair supplies a 16-bit address to the Ad-
dress Bus for accessing the desired loca-
tion. The register pair specified by rps can
only be Registers B and C (rps =B) or
Registers D and E (rps = D). The contents
of the register pair (rps) are not altered.
Hexadecimal Formats: Status Flags:  No status flags are modified.
s HEX
FORMAT
B 0A
D 1A
Execution States:
T T2 T3 T4 T5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC) + 1
M2 (rp) — AB ((AB) — DB A —(DB)
STATUS — DB
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Load H And L Registers Direct

Binary Format Bytes
3
o o 1 0o 1 o 1 o} oy
| 1 1 1 1 1 1
ADDRESS (Bits A7-A0) (PC)+ 1)
ADDRESS (Bits A15-A8) (PC) + 2)
Operation: L —({(PC)+ 2, (PC)+ 1) Description:

H—(PC)+2, (PC)+ 1)+ 1)

Hexadecimal Format: 2A Status Flags:

Execution States:

LHLD

Clock Periods
16

Two consecutive locations in memory ad-
dressed by the contents of Bytes 2 and 3
of the instruction [(PC)+ 1, (PC)+ 2]are
copied to the H and L registers. The Pro-
gram Counter is incremented to access
Bytes 2 and 3 and copy these bytes into
the Temporary Registers Z and W to form
the address of the first of the two memory
locations to be loaded to H and L. Data ac-
cessed from this location is copied to
Register L. The 16-bit address held in Tem-
porary Registers Z and W is incremented
to address the next byte which is copied to
the H register. None of the memory loca-
tions that are copied are altered.

No status flags are modified.

m T2 T3 T4 s
(PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS — DB PC — (PC)+ 1
w2 (PC) — AB (AB) — DB z —(DB)
STATUS — DB PC —(PC) + 1
M3 (PC) — AB {(AB) — DB W — (DB)
STATUS — DB PC —(PC)+ 1
va (W,2) — AB ((AB) — DB L —(0B)
STATUS — DB W.Z —(W,2)+1
s (W,2) — AB {AB) — DB H —(DB)
M STATUS — DB
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Load Register Pair Immediate

LXI rpd

Binary Format Bytes Clock Periods
10
0 rpd 0 0 0 (PC)
1 1 1 ]
IMMEDIATE VALUE
(Bits D7-DO) tpCh+ )
IMMEDIATE VALUE PC)+ 2)
(Bits D15-D8)
Operation: rd —((PC) + 2) Description: The eight bits stored in Byte 3 of the in-
rd+ 1 —((PC)+ 1) struction are copied to Register rd where
rd is designated as the B(00), D(01), H(10)
register or the most significant eight bits
of the Stack Pointer (11) register. The eight
bits in Byte 2 of the instruction are copied
to Registerrd + 1 whererd + 1is the C, E, L
register respectively or least significant
eight bits of the Stack Pointer register. The
immediate values stored in Bytes 2 and 3
of the instruction are not altered.
Hexadecimal Formats: Status Flags: No status flags are modified.
od HEX
FORMAT
B o1
D 1
H 21
sp 31
Execution States:
T T2 T3 T4 T5
M (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
M2 (PC) — AB ((AB) — DB rd —(DB)
STATUS — DB PC —(PC)+ 1
3 (PC) — AB {(AB) — DB rd+1—(DB)
STATUS — DB PC —(PC)+ 1




Move
Binary Format Bytes
1
01 d d d s s s {(PC)
1 1 1 L1
Operation: rd < (rs); if ddd,sss # 110 Description:

rd —((H,L)); if ss =110
(H,L) —(rs); if ddd = 110

Hexadecimal Formats:

Status Flags:

SOURCE
LOCATION

H L M A

MOV d.,s

Clock Periods
5.7

The contents of the source location (s) are
copied to the destination location (d). The
source and destination addresses are con-
tained as 3-bit addresses within the in-
struction format. However, when either the
source or destination address is 110, then
the contents of the H and L registers are
used as the 16-bit address of a memory
location where the source or destination
operand will be located.

The contents of the source location are not
modified.

No status flags are modified.

B |40 |41 |4a2]43|44|a5]as]| a7
c |48 |49 )aa|aB|ac|ap|4e]| aF
D |50 [51]52]|53]54]55]56] 57
DESTINATION E |58 |59 |5a|sB|5C[5D]sE] 5F
LOCATION H |60 |61 |62 |63]|64|65]|66]|67
L [e8 |69 |6A |6B] 6C |6D | 6E | 6F
m|70|71]72)73]74a]75 77
A|78|79f7a|B]7C| D] 7E]| F
BINARY
LOCATION | ADDRESS
B 000
[ 001
D 010
E on
H 100
L 101
M 110
A 11
Execution States:
T T2 T3 T4 5
FUNCTION rd — rs} (PC) — AB ((AB)) — DB (DB) — TEMP/IR (rs) — TEMP (TEMP) — rd
M1 STATUS — DB PC —(PC)+ 1
FUNCTION rd — ((H.L)) (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS — DB PC —(PC)+ 1
(H.L) — AB ((AB) — DB (DB) —rd
M2 STATUS — DB
FUNCTION (H,L) —rs (PC) — AB ((AB) — DB (DB) — TEMP/IR (rs) — TEMP
M1 STATUS — DB PC —(PC)+1
(H,L) — AB (TEMP) — DB (DB) — (AB}
M2 STATUS — DB
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Move Immediate

Binary Format Bytes
2
0 0 d d d 1 1 0 ((PC)
1 11 i1
Operand ((PC)+ 1)
Operation: rd —((PC)+ 1), if ddd # 110 Description:

(H,L) —(PC) + 1), if ddd = 110

Hexadecimal Formats: Status Flags:

DESTINATION LOCATION

B C D E H L ™M A
[os Joe T 16 [ 1] 26 2e]36] 3e]

Execution States:

MVI d

Clock Periods

7 if ddd # 110
10 if ddd = 110

The contents of Byte 2 of the instruction
are stored to the destination location.
When the destination (ddd) is 110, the
destination location is the memory location
at the address pointed to by the 16-bit
contents of Registers H and L. The con-
tents of the source operand at Byte 2
((PC)+ 1) of the instruction are not
modified.

No flags are modified.

T T2 T3 T4 75
FOR ddd # 110 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS -DB PC - (PC)+1 :
2 (PC) — AB ((AB) — DB (0B) — rd
M STATUS — DB PC —(PC) + 1
FOR ddd = 110 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS — DB PC —(PC)+ 1
(PC) — AB ((AB) — DB (DB) — TEMP
M2 STATUS — DB PC —(PC)+ 1
(HL) — AB (TEMP) — DB (DB) —(AB)
M3 STATUS — DB
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No Operation

Binary Format

Operation: None

Hexadecimal Format: 00

Execution States:

(PC)

Bytes

Description:

Status Flags:

NOP

Clock Periods
4

No operation is performed.

No status flags are modified.

T T2 T3 T4 T5
M1 (PC) — AB (AB)) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
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OR Inclusive Source With Accumulator

Binary Format

1 1 0 s s s (pC))

Operations:

A —(A)V (rs)

Hexadecimal Formats: See Table

Bytes

Description:

Status Flags:

ORA s

Clock Periods

4 if sss # 110
7 if sss =110

The contents of the Accumulator are
logically “OR"’ed with the contents of the
designated source location. The result is
placed in the Accumulator. When the
designated source location is a memory
location, the contents of the H,L registers
supply the 16-bit address to memory. The
“OR" function is not completed until T2 of
M1 in the next instruction.

Z, S, P are modified to reflect the result of
the operation. CY and AC are reset.

. HEX
REGISTER| s s s | oo o
8 00 0 80
c 00 1 B1
D 010 B2
3 01 1 83
H 100 B4
L 10 1 B5
™M 110 B6
A [ 87
Execution States:
SOURCE IS REGISTER (sss # 110)
T T2 T3 T4 T5

M1 (PC) — AB ((AB)) — DB (DB) — TEMP/IR ACT — (A}
STATUS — DB PC —(PC}+1 TEMP — (sss)

M1 A --{ACT) V (TEMP)

NEXT (PC) — AB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS -DB PC — (PC) + 1
SOURCE IS MEMORY (sss = 110)
T T2 3 T4 ™
(PC) — AB ((AB) — DB (DB} — TEMP/IR ACT —(A)
M1 STATUS ~—~ DB PC —(PC)+ 1
(PC) — AB ((AB) — DB TEMP — (DB)
M2 STATUS — DB PC —(PC}+ 1
M1 (PC) — AR A —(ACT) V (TEMP)
NEXT (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC) + 1
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OR Inclusive With Accumulator Immediate

ORI

Binary Format Bytes Clock Periods
7
1 1 1 1 0 1 (PC)
| | 1 1
OPERAND (Bits D7-D0) ((PC)+ 1)
Operation: A —(A)V(PC)+ 1) Description: The contents of the Accumulator are
logically “OR’"ed with the contents of Byte
2 of the instruction ((PC)+ 1). The result is
placed in the Accumulator.
The “OR” function is not completed until
T2 of M1 in the next instruction.
Hexadecimal Format: F6 Status Flags: Z, S, P are modified to reflect the result of
the operation. CY and AC are reset.
Execution States:
T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
M1 STATUS -~ DB PC —(PC)+1
M2 (PC) — AB ((AB) — DB TEMP — (DB)
STATUS — DB PC —(PC)+ 1
M1 (PC) — AB A —(ACT) V (TEMP)
NEXT - ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC — (PC) + 1
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Output From Accumulator

Binary Format

0 1 0 0 1 1 (PCH

Device Address {(PCY+ 1)
Operation: port —(A)
Hexadecimal Format: D3

Execution States:

Bytes

Description:

Status Flags:

OUT port

Clock Periods
10

The contents of the Accumulator are
copied to the I/O port addressed by the
second byte of the instruction. The con-
tents of the Accumulator are not modified.

No status flags are modified.

T T2 T3 T4 5
M1 (PC) — AB ((AB) — DB (DB) I TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
M2 (PC) — AB ((AB) — DB Z —(DB)
STATUS — DB PC —(PC)+ 1 w —(DB)
M3 (W,z) — AB (A) —DB port —(DB)
STATUS — DB
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Load Program Counter

Binary Format

Operation: PCH «—(H)
PCL —(L)
Hexadecimal Format: E9

Execution States:

(PCH

Bytes

Description:

Status Flags:

PCHL

Clock Periods
5

The contents of the H and L registers are
copied to the Program Counter. The most
significant eight bits of the Program
Counter are copied from the H register and
the least significant eight bits are copied
from the L register.

No status flags are modified.

T T2 T3 T4 T5
M1 (PC) — AB ((AB) —DB (DB) — TEMP/IR PC —(H.L)
STATUS — DB PC —(PC)+1 l
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Pop Off Stack To Register Pair

Binary Format

Operations:

p —((SP), (SP)+ 1)

Hexadecimal Formats:

(PCH

Bytes

Description:

POP rp

Clock Periods
10

The contents of the memory location ad-
dressed by the Stack Pointer (SP) are
copied to the eight least significant bits
(rpl) of the designated register pair
(Register C,E,L, or SR). The Stack Pointer is
incremented and the contents of the next
memory location (SP + 1) are copied to the
most significant eight bits (rph) of the
designated register pair (Register B,D,H, or
A).

p | REGISTER [ HEX Status Flags: No status flags are modified when the
PAIR FORMAT ; : P
designated register pair is B,D, or H. When
00 B8 c1 the PSW register pair is designated, the
‘1’8 g [5’1‘ status flats are copied from the memory
1 PSW £ location addressed by the contents of the
Stack Pointer.
Execution States:
T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS — DB PC —(PC) + 1
M2 (SP) — AB ((AB) — DB rpl —(DB)
STATUS — DB SP —(SP)+ 1
(SP) — AB ((AB) — DB rph —(DB)
M3 STATUS — DB SP —(SP)+ 1
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Push Register Pair Onto Stack

Binary Format

Operation: (SP)- 1, (SP) - 2 —(rp)

Hexadecimal Formats:

(PC)

Bytes

Description:

Status Flags:

PUSH rp

Clock Periods
11

The Stack Pointer is decremented. Next the
most significant eight bits (rph) of the
designated register pair (the contents of B,
D, H, or A) are copied to the memory loca-
tion addressed by the Stack Pointer. The
Stack Pointer is again decremented and the
least significant eight bits (rpl) of the desig-
nated register pair (the contents of C, E, L,
or SR) are copied to the memory location
addressed by the Stack Pointer.

No status flags are modified.

HEX
OPCODE | 1 | opmAT
B 00 cs
D 01 05
H 10 €5
PSW 11 F5
Execution States:
T T2 T3 T4 5
M (PC) — AB ((AB)) — DB (DB) — TEMP/IR SP - (SP)-1
STATUS — DB PC —(PC)+ 1
(SP) —(AB) SP —(SP)-1 (AB) —(DB)
m2 STATUS — DB (rph) — DB
(SP) — AB (rpl) — DB (AB) — (DB)
M3 STATUS — DB
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Rotate Accumulator Left Through Carry

RAL

Binary Format Bytes Clock Periods
1
o o o 1 0 1 (PC)
1 1 1 1 1 1
Operation: An + 1 —(An);, CY —(A7); A0 —(CY) Description: The contents of the Accumulator are ro-
tated left one position through the Carry
status flag. The Carry flag is shifted to the
least significant bit of the Accumulator,
AO.
Hexadecimal Format: 17 Status Flags: CY receives the value of A7 before the
shift. Z, S, P, AC are not modified.
Execution States:
m T2 T3 T4 T5
An —(An+1)
(PC) — AB ((AB) — DB (DB) — TEMP/IR
M1 " CY —(A0)
STATUS — DB PC —(PC)+ 1 A7 —(CY)
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Rotate Accumulator Right Through Carry

Binary Format

Operation:

Hexadecimal Format: 1F

Execution States:

(PC)

An —(An + 1); CY —(AQ); A7 —(CY)

Bytes

Description:

Status Flags:

RAR

Clock Periods

4

The contents of the Accumulator are ro-
tated right one position through the Carry
status flag. The Carry flag is shifted to the
most significant bit of the Accumulator,

A7.

CY receives the value of AO before the
shift. Z, S, P, AC are not modified.

T

T2 T3 T4 T5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR é\? :((f\gf !
STATUS — DB PC —(PC)+ 1 A7 —(CY)
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Return Conditionally

Binary Format

1

COND |S/R| O 0 0 ((PC)

Operation:

PCL —((SP)

PCH —((SP) + 1)

SP
PC

—(SP)+2

Bytes

If Condition test is met

—(PC)+ 1 If Condition is not met

Hexadecimal Formats:

Description:

RC RNC

RP RM
RPE RPO
RZ RNZ

Clock Periods

11 if condition is true
5 if condition is false

A test of the Status Flags is made to the
conditions specified in the opcode. If the
Status Register meets the test condition,
the Program Counter is loaded with two
bytes from the top of the Stack and the
Stack Pointer is incremented by two.
Otherwise, the Program Counter is incre-
mented.

If the test condition is met, machine cycles
M2 and M3 are executed and the next M1
Instruction Fetch is modified to place the
contents of W and Z registers on the Ad-
dress Bus. Otherwise, a normal Instruction
Fetch cycle is initiated after the M1 Instruc-

X tion Fetch cycle of the conditional Return
MNEMONIC | COND | S/R RETURN CONDITION FORMAT instruction.
RC 0i 1 CY=1; CARRY SET D8
RNC 01 0 CY=0; NO CARRY DO
RP " 0 S=0; POSITIVE FO
RM 1 1 S=1. NEGATIVE F8
RPE 10 1 P=1; PARITY IS EVEN E8
RPO 10 0 P=0; PARITY IS ODD EO
RZ 00 1 Z=1; RETURN IF ZERO c8
RNZ 00 0 Z=0; RETURN NOT ZERO co
Execution States: Status Flags: No status flags are modified.
T T2 T3 T4 15
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR TEST STATUS FLAGS
l STATUS — DB PC —(PC)+ 1 FOR CONDITION
M1 A
IF CONDITION POl e NORMAL INSTRUCTION SEQUENCE RESUMES
NOT MET ST
M2
(SP) — AB ((AB) — DB z —(D8B)
IF CONDITION
STATUS — DB —
NOT MET SP —(SP)+ 1
M3 (SP) — AB ((AB) — DB W —(DB)
STATUS — DB
M1 (W,2) — AB AB) — DB
[ NEXT orarus o os ‘Pc s NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION ’
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Return Unconditionally

Binary Format

11 0 0o 1 o o 1] o
| I T W R N |
Operation: PCL —{((SP))
PCH —((SP)+ 1)
SP —(SP)+ 2
Hexadecimal Format: C9

Execution States:

Bytes

Description:

Status Flags:

Two bytes are pulled from the Stack and
copied to the Program Counter. The Stack
Pointer is incremented twice to point to
the next position on the Stack.

The next Instruction Fetch cycle
modified to provide the contents of the W

Clock Periods
10

RET

and Z registers to the Address Bus.

No status flags are modified.

T T2 T3 T4 15
M1 (PC) — AB ((AB)) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
2 (SP) — AB ((AB) — DB Z —(DB)
M STATUS — DB SP —(SP)+ 1
3 (SP) — AB ((AB) — DB W —(DB)
STATUS — DB SP ~—(SP)+ 1
M1 (W.,2) —~AB ((AB)) — DB
NEXT INSTRUCTION STATUS — DB PC —(W,2)+1 NORMAL INSTRUCTION SEQUENCE RESUMES
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Rotate Accumulator Left

Binary Format

0 0 0 0 0 1 1 1 (PC)

Operation: An + 1 —(An);, AO — (A7), CY — (A7)

Hexadecimal Format: 07

Bytes

Description:

Status Flags:

Clock Periods

RLC

The contents of the Accumulator are ro-
tated left one position. The most signifi-
cant bit of the Accumulator, A7, is placed

in AO and CY.

CY —(A7), Z, S, P, AC are not modified.

CY receives the value of A7 before bits are

rotated.
Execution States:
T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR An+1 —(An)
M1 STATUS — DB PC — (PC)+ 1 AO — (A7)
CY — (A7)
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Rotate Accumulator Right RRC

Binary Format Bytes Clock Periods
1 4
o 0o o o 1 1 1 1} o
| 1 | | ] |
Operation: An —(An + 1); A7 —(A0); CY —(A0) Description:  The contents of the Accumulator are ro-

tated right one position. The least signifi-
cant bit of the Accumulator is placed in A7
and CY.

Hexadecimal Format: OF Status Flags:  CY receives the value of AO prior to the
rotate. Z, S, P, AC are not modified.

Execution States:

T T2 T3 T4 T5
M1 (PC) — AB (AB) — DB (DB) — TEMP/IR 2; :::3)+ 1)
STATUS — DB PC —(PC) +1 A
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Restart RST n
Binary Format Bytes Clock Periods
1 "
1 vV Vv \ 1 1 1 ((PCH
| | 1 1
Operation: (SP) - 1 «—(PCH) Description: The Program Counter is copied to the next
(SP) - 2 —(PCL) two available locations on the Stack. Next,
SP —(SP) -2 the Program Counter is loaded with a 16-
PCL — 0O0VVV000 bit value coritaining the address bits VVV
PCH — 00000000 of the instruction opcode in bits 5, 4, 3 of
the Program Counter. All other bits are
reset in the Program Counter.
A memory address is formed in the tem-
porary registers (W,Z) such that
Hexadecimal Formats: W «— 00000000 and Z — 00VVV000. This
address is used in the next instruction
fetch instead of PC; then it is incremented
OPCODE | vV V V| O*;i;(“ and loaded to PC to complete the jump to
the restart location.
RSTO |0 0 0 c7
RST1 | 0 0 1 CcF
RST2 |0 1 0 D7
RST3 {0 1 1 DF
RST4 |10 0 €7
RST 5 10 1 .
RST 6 110 i; Status Flags: No status flags are modified.
RST 7 11 FF
Execution States:
™ T2 T3 T4 T5
. (PC) — AB (AB) — DB (DB) — TEMP/IR P - (SPL1
STATUS — DB PC —(PC)+1 W=
w2 (SP) — AB SP - (SP)-1 (AB) — (DB)
STATUS — DB (PCH) — DB
w3 (SP) — AB (PCL) — DB (AB) — (DB)
STATUS — DB Z — 00VVV000
M1 (W.2) — AB ((AB) — DB
NEXT STATUS — DB PC —(W,2)+ 1
INSTRUCTION
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Subtract Source And Borrow From Accumulator

Binary Format

Operation:

Bytes

{Pcy

A<(A)—(rs)—CY; sss# 110

A<(A)—(H,L)—B; sss=110

Hexadecimal Formats:

HEX

REGISTER FORMAT

»
“»
“»

98
99
%A
98
9C
90
9E
9F

>PZ-rIMOO®
—-m s 20000
- =00 ==00
P R ORI Y

Execution States:

SOURCE IS REGISTER (sss + 110)

1

Description:

Status Flags:

SBB s

Clock Periods
4/7

4 if sss # 110
7 if sss =110

The contents of the source location are
subtracted from the Accumulator. The Ca-
rry status (CY) is subtracted from this
result. The result is placed in the Ac-
cumulator. The designated source location
is not altered.

When a memory location is designated as
the source (sss =110), the H and L
registers supply the 16-bit address to
memory.

The subtraction is not completed until T2
of M1 in the next instruction.

Z, S, P, CY, AC are modified to reflect the
results of the subtraction.

T T2 T3 T4 15
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR TEMP - (sss)
STATUS — DB PC —(PC)+1 ACT —(A)
M1 . A —(ACT)HTEMP) _(CY)
NEXT PC) 2B ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC)+ 1
SOURCE IS MEMORY (sss = 110)
T T2 T3 T4 T5
M1 (PC) — AB ({AB) — DB (DB) — TEMP/IR ACT —(A)
STATUS — DB PC —(PC)+ 1
(HL) — AB ((AB) — DB TEMP — (DB)
M2 STATUS — DB
M1 o aB A —(ACT)HTEMP) -(CY)
NEXT (ng\Tu S — DB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION® PC —(PC)+ 1
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Subtract With Borrow From Accumulator Immediate

SBI

Binary Format Bytes Clock Periods
2 7
1 1 0 1 1 1 1 {(PC)
| N I I I I |
OPERAND (Bits D7-D0) (PC) + 1)
Operation: A —(A)-(PC)+ 1)-(CY) Description: The contents of the second byte of the in-
struction ((PC) + 1) are subtracted from the
Accumulator. The Carry status (CY) is
subtracted from this result. The result is
placed in the Accumulator. The contents
of the source operand ((PC)+ 1) are not
altered.
The subtraction is not completed until T2
of M1 in the next instruction.
Hexadecimal Format: DE Status Flags: Z, S, P, CY, AC are modified to reflect the
results of the subtraction.
Execution States:
T T2 13 T4 T5
(PC) — AB ((AB)) — DB (DB) — TEMP/IR
M1 STATUS — DB PC —(PC)+ 1
(PC) — AB ((AB) — DB TEMP — (DB)
M2 STATUS — DB PC —(PC) + 1
M1 A — (ACTITEMP)
NEXT (PC) — AB ((AB)) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC)+1
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Store H and L Registers Direct

Binary Format

ADDRESS (Bits A7-AQ)

ADDRESS (Bits A15-A8)

Operation:

(PC)

(PC)+ 1)

{(PC)+2)

((PC)+ 2, (PC)+ 1) —(L)
([(PC)+ 2, (PC)+ 11+ 1) —(H)

Hexadecimal Format: 22

Execution States:

Bytes

Description:

Status Flags:

SHLD

Clock Periods
16

The H and L registers are transferred to
two consecutive locations in memory
determined by the 16-bit address formed
in Bytes 2 and 3 of the instruction. Bytes 2
and 3 form the 16-bit address of a memory
location into which the L Register is
copied. The address is then incremented to
access the next sequential location in
memory into which the H Register is
copied. The contents of the H and L
registers are not altered.

No status flags are modified.

hg] T2 T3 T4 15
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
STATUS — DB PC —(PC)+ 1
M2 (PC) — AB ((AB) — DB z —(0B)
STATUS — DB PC —(PC)+ 1
(PC) — AB ((AB) — DB W —(DB)
M3 STATUS — DB PC —(PC)+ 1
Ma (W.2) —~ AB (L) —DB (AB) — (DB
STATUS — DB W.Z2 —(W,Z)+ 1
M5 (W.2) — AB (H) —DB (AB) — (DB)
STATUS — DB
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Copy H and L Registers To The Stack Pointer SPHL

Binary Format Bytes Clock Periods
1 5

1 1 1 1 1 0 ¢] 1 [(Z0)]

Operation: SP —(H,L) Description: The 16-bit contents of the H and L
registers are copied to the Stack Pointer.
The H register will supply the most signifi-
cant eight bits and the L register will supply
the least significant eight bits. The con-
tents of the H and L registers are not

altered.
Hexadecimal Format: F9 Status Flags: No status flags are modified.
Execution States:
T T2 T3 T4 T5
M1 (PC) — AB ((AB)) — DB (DB) — TEMP/IR SP —(H,L)
STATUS — DB PC —(PC) +1
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Store Accumulator Direct

STA

Binary Format Bytes Clock Periods
3 13
1 1 0 0 (PCH
1 1 1 1
ADDRESS (Bits A7-A0) (PC)+ 1)
ADDRESS (Bits A15-A8) {(PC) +2)

Operation: ((PC)+ 2, (PC) + 1) —(A) Description: The contents of the Accumulator are
copied to a location in memory which is
addressed by the 16-bit contents of Bytes
2 and 3 of the instruction.

Hexadecimal Format: 32 Status Flags: No status flags are modified.

Execution States:

™ T2 T3 T4 T5

M1 (PC) — AB {(AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION

STATUS — DB PC —(PC)+ 1
M2 (PC) — AB ((AB) — DB Z —(DB)

STATUS — DB PC —(PC)+1

(PC) — AB ((AB) — DB W —(DB)
M3 STATUS — DB PC —(PC)+ 1
Ma (W,2) — AB (A) — DB (AB) — (DB)

STATUS — DB
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Store Accumulator Indirect

STAX rpd

Binary Format Bytes Clock Periods
1 7
0 0O 0 |rmd] O 0 1 (pcy
1 1 L1 |
Operation: (rpd) —(A) Description: The contents of the Accumulator are
copied into the location in memory ad-
dressed by the contents of the register pair
designated rpd. When rpd specifies “B”,
the B and C registers will be used to supply
the memory address. When rpd specifies
“D"”, the D and E registers specify the
memory address.
The contents of the Accumulator are not
modified.
Hexadecimal Formats: Status Flags: No status flags are altered.
rpd HEX
FORMAT
B 02
D 12
Execution States:
T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
L STATUS — DB PC —(PC)+ 1
(rpd) — AB (A) —DB (AB) —(DB)
M2 STATUS — DB
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Set Carry Status

STC

Binary Format Bytes Clock Periods
1 4
0 0 1 1 0 1 1 ((PCh
i | 11 P11
Operation: CY —1 Description: The Carry bit is set to binary 1.
Hexadecimal Format: 37 Status Flags: Only the Carry flag is affected.
Execution States:
T T2 T3 T4 TS
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR cY —1
STATUS — DB PC —(PC)+ 1
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Subtract Source From Accumulator

SUB s

Binary Format Bytes Clock Periods
1 4/7
1 o 0 0 s s s | (pCH 4 if sss # 110
N [N N S N 7 if sss = 110
Operation: A —(A)+(rs) Description: The contents of the source location are
subtracted from the Accumulator. The
result is placed in the Accumulator. The
contents of the designated source location
are not .altered. When the memory is
designated as the source location, the H
and L registers supply the 16-bit address
to memory.
The subtraction is not completed until T2
of M1 in the next instruction.
Hexadecimal Formats:
Status Flags: Z, S, P, CY, AC are modified to reflect the
HEX results of the subtraction.
REGISTER sSSs FORMAT
B8 000 90
C 001 91
D 010 92
E 011 93
H 100 94
L 101 95
Y] 110 96
A 111 97
Execution States:
SOURCE IS REGISTER (sss * 110)
T T2 T3 T4 5
(PC) — AB ((AB) — DB (DB) — TEMP/IR TEMP — (sss)
M1 STATUS — DB PC —(PC)+ 1 ACT —(A)
M1 A — (ACT)-(TEMP)
NEXT (PC) — AB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC —(PC)+ 1
SOURCE IS MEMORY (sss = 110)
T T2 T3 T4 15
(PC) — AB ((AB)) — DB (DB) — TEMP/IR ACT — (A)
L STATUS — DB PC —(PC)+ 1
(H.L) — AB ((AB) — DB TEMP — (DB)
M2 STATUS — DB
M1 A — (ACT)-TEMP) y
(PC) — AB AB)) - DB NORMAL INSTRUCTION SEQUENCE RESUMES
NEXT 8 ((AB)
INSTRUCTION STATUS — DB PC — (PC)+ 1
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Subtract From Accumulator Immediate

Sul

Binary Format Bytes Clock Periods
2 7
1 1 0 1 9] 1 ((PCH
| Y I I T B S |
OPERAND (Bits D7-DO) (PC)+ 1)

Operation: A —(A-(PC)+ 1) Description: The contents of the second byte of the in-
struction ((PC) + 1) are subtracted from the
contents of the Accumulator. The result is
placed into the Accumulator. The contents
of the source operand ((PC)+ 1) are not
altered.

The subtraction is not completed until T2
of M1 in the next instruction.

Hexadecimal Format: D6 Status Flags: Z, S, P, CY, AC are modified to reflect the
results of the subtraction.

Execution States:

™ T2 T3 T4 T5
M1 (PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
STATUS — DB PC —(PC)+ 1
(PC) — AB (AB) — DB TEMP — (DB}
m2 STATUS — DB PC —(PC)+ 1
M1 (PC) — AB A —(ACT)-(TEMP)
NEXT STATUS — DB (AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC —(PC)+ 1
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Exchange H, L With D.E

Binary Format

Operation: (H) —— (D)
(L) —(E)

Hexadecimal Format: EB

Execution States:

{(PC)

Bytes

Description:

Status Flags:

XCHG

Clock Periods
4

The contents of register H are exchanged
with the contents of register D, and the
contents of register L are exchanged with
the contents of register E.

No status flags are modified.

T T2 T3 T4 TS5
M1 (PC) — AB ((AB)) — DB (DB) — TEMP/IR (H) — (D)
STATUS — DB PC —(PC)+ 1 L) ——(E)
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Exclusive OR Source With Accumulator

XRA s

Binary Format Bytes Clock Periods
1 4/7
7I0 110|1Is‘ ((PCH 4 if sss #+ 110
7 if sss =110
Operations: A —(A)M-(rs) Description: The contents of the Accumulator are
logically “Exclusive OR"ed with the con-
tents of the designated source location.
The result is placed in the Accumulator.
When the designated source location is a
memory location, the contents of the H
and L registers supply the 16-bit address
to memory.
The “Exclusive OR” function is not com-
pleted until T2 of M1 in the next instruc-
tion.
Hexadecimal Formats: Status Flags: Z, S, P are modified to reflect the result of
the operation. CY and AC are reset.
HEX
REGISTER| s s s | rormaT
8 000 A8
c 00 1 A9
D 010 AA
3 011 AB
H 100 AC
L 101 AD
M 110 AE
A 11 AF
Execution States:
SOURCE IS REGISTER (sss # 110)
T T2 T3 T4 T5
M1 (PC) — AB ((AB)) — DB (DB) — TEMP/IR TEMP —(sss)
STATUS — DB PC —(PC)+ 1 ACT — (A}
M1 . A — (ACT) ¥ (TEMP)
NEXT (PC) — AB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION STATUS — DB PC — (PC)+ 1
SOURCE IS MEMORY (sss = 110)
T T2 T3 T4 15
(PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
M1 STATUS — DB PC —(PC)+ 1
M2 (PC) — AB (AB) — DB TEMP —(DB)
STATUS — DB PC — (PC)+ 1
M1 A —(ACT)¥ (TEMP)
NEXT e ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION S — DB PC —(PC) + 1
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Exclusive OR With Accumulator Immediate XRI

Binary Format Bytes Clock Periods
2 7
1 1 1 0 1 1 1 0 | (PC)
| N U T N B |
OPERAND (Bits D7-D0) (PCY+ 1)
Operation: A —(A)¥(PC)+ 1) Description:  The contents of the Accumulator are

logically ““Exclusive OR"'ed with the con-
tents of Byte 2 of the instruction ((PC) + 1).
The result is placed in the Accumulator.

The Exclusive OR function is not com-
pleted until T2 of M1 in the next instruc-
tion.

Hexadecimal Format: EE Status Flags: 2, S, P are modified to reflect the result of
the operation. CY and AC are reset.

Execution States:

e
T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR ACT —(A)
M1 STATUS — DB PC —(PC)+ 1
(PC) — AB ((AB) — DB TEMP —(DB)
M2 STATUS — DB PC —(PC)+ 1
M1 (PC) — AB A — (ACT)%(TEMP)
NEXT STATUS — DB ((AB) — DB NORMAL INSTRUCTION SEQUENCE RESUMES
INSTRUCTION PC —(PC)+ 1
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Exchange Top Of Stack With H and L

Binary Format

1 1 1 0 0 ] 1 1 (PCH

Operation: (L) ——((SP))
(H) ——((SP)+ 1)

Hexadecimal Format: E3

Execution States:

Bytes

Description:

Status Flags:

XTHL

Clock Periods
18

The contents of the L register are ex-
changed with the contents of the memory
location pointed to by the contents of the
Stack Pointer. The contents of the H
register are exchanged with the contents
of the memory location pointed to by the
contents of the Stack Pointer incremented
by one.

No status flags are modified.

T T2 T3 T4 T5
(PC) — AB ((AB) — DB (DB) — TEMP/IR INTERNAL FUNCTION
M1 STATUS — DB PC —(PC)+1
w2 (SP) — AB ((AB) — DB Z —(DB)
STATUS — DB SP - (SP)+ 1
M3 (SP) — AB ((AB) — DB w —(DB)
STATUS — DB
(SP) — AB SP —(SP)-1 (AB) — (DB)
Ma STATUS — DB (H) — DB
(SP) — AB (L) —DB (AB) — (DB) HL —(W.2)
M5 STATUS — DB l
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Chapter 4
8080A/9080A INSTRUCTION TIMING

This chapter contains functional timing for each instruction,
plus full data sheets for Am3080A devices.

The timing diagrams for the instructions show when events
occur and are referenced to the clock pulse or other preceed-

ing event that cause them to occu:. Minimum and maximum
specifications for all timing parameters can be derived from
the switching waveform summary and the table of switching

characteristics.

| Instruction
|—— Instruction Fetch ew—— 3| Execute
MC1
T1 T2 T3 T4
™1 r \
2 ’
SYNC ‘
/ |
READY _,' / /
war U
DBIN ? ‘
wr \
Ai \ | instruction Addres:
Di Status Data In Stable
RIWO
M1 Instruction
MEMR Code
FIGURE 4-1

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
STC, CMC, CMA, NOP, RLC, RRC, RAL, RAR, XCHG, El, DI,
DAA, ADD R, ADC R, SUB R, SBB R, ANA R. XRA R, ORA R,
CMP R

lg— Instruction Fetch — gu]

Instruction Execute

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:

MC1
T T2 73 T4 15
D1 ' \
SYNC
READY f
WAIT -\ {
"
wr [ \
Ai Instruction Address
Di Statu: Data table
RI'WO
M1 Instruction
MEMR Code
FIGURE 4-2

INR, DCR, MOV REG REG, SPHL, PCH, DCX, INX

[~ Instruction Fetch————-m|

Instruction;

ls————— Data Read ———— |

Execute <¢——————— Data Write ——————»=f
MC1 MC2 MC3
T1 T2 T3 T4 T T2 T3 T T2 T3
IR A
"2 .—‘ ; L-g E
SYNC
)i | ]
READY I /
WAIT -\_
—~ A\ /
DBIN ) | | &8
7- \ 7 7
wr I \ \\
A Instruction Address Y\ Data Address Data Address
D Statu Data In Stable’ Status ata In Stabl Data Out Stable
RIWO RI WO
M1 Instruction MEMR
MEMR Code
FIGURE 4-3 SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS: DCR M, INR M, MVI M
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SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
LDAX, MOV REG M, ADI, ACI, SUI, SI, ANI, XRlL, ORI, CPI, MVI R,
ADD M, ADC M, SUB M, SBB M, ANA M, XRA M, ORA M, CMP M

| mstruction
Fetch | Execute Data Read Instruction}
o — |e——Instruction Fetch Exacute o
1
T T2 T3 T4 T T2 T3 me me2
1 ™ T3 T4 T 2 3
A N AW . 1~
2 _J< Ly_‘ < t— @2 ] ..’i\q.—ﬂ-.gl
SYNC \L swe |
I 1 / ) T 1 Y 1
reany J / / reaoyd / / } ] }
warr \_ warr \ ]
— ] ¢ jan i Jrj 17
DBIN [ —L._ DBIN LY | &
11 /[ _ 7 |
Wh \ R \
N [T Py Y o Tnstructon Address Data Address
o Status YR Data In Stable, Status ata In Stabl o Status gRKData In Stable Status Daig Out Stable 3
— — RIWO Al L

/I WO RIWO M Instruction v

M1 Instruction MEMR MEMR Code

MEMR | Code

FIGURE 4-4 FIGURE 4-5

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:

STAX, MOV M REG

I tion
[€—— Instruction Fetch ———3m| n:;::;:: [#€——— Data Read ———|-€——— Data Read > Data Read - Data Read —

MC1 MC2 mc3 Mca MC5
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RI WO — . - J—

M1 Instruction RI WO RIWO RI/WO RI/WO
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FIGURE 4-6

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:

LHLD
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Instruction
}<€—— Instruction Fet:h———»i Execute l——— Data Write ————3p }etf————— D3ata Write o]
MC1 MC2 MC3
T T2 T3 T4 T5 T T2 T3 T2 13
I f'\_MI'\_F\__VT\__ U —
0 _/T\T_R\, It e[—\
SYNC
| 1 | \
Reapy o L \ J
WAIT 1
4 / \ /
DBIN | 4
VA \ A" |
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A \  Instruction Addres: Data Address |\ | Data Address
| R ¢ Y
o Statu Data Status  J  Data Out Stable ] Status ] | Data Out Stable
RI WO
M1 Instruction STACK STACK
MEMR Code RI WO Lo Rl WO Low|
FIGURE 4-7
SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
PUSH, RST
Instruction
|<—— Instruction Fetch ————-—PI Execute |———— Data Read —~ Data Read -
MC1 MC2 MC3
™ 12 T3 T4 T5 T T2 T3 T T2 13
- a M I\
SYNC H
/ / ] /
reaovd { / /
valTX /
_.\} J y
DBIN
[
we J \
Al \ \ Instruction Address Data Address Data Address
i
D Status kData In Stable Status Data In Stable, Status A Data In Stable,
RI WO RI WO RI WO
M1 Instruction MEMR MEMR
MEMR Code STACK STACK
FIGURE 4-8

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
POP, RET
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Instruction Fetch Instruction Instruction ___ |
[€&———Instruction Fetch—— 3| Execute Execute ~———3— Instruction Execute ——3p{
MC1 MC2 MC3
T T2 T3 T4 T2 T3 T k) T3

1\

i

M\
L\

v L WU W W e
SYNC
]
READY J
WAIT '\_
DBIN s
IV
A Inst
Di tatus Dat
RIWO
M1 Instruction
MEMR Code
FIGURE 4-9
SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
DAD
nsteuction >
Fe—— tnstruction Fetch —»l Execute Data Read Data Read Data Data Wite ] mstruction Exceue
MCt MC2 MC3 MCa MC5
T T2 13 T4 T T2 13 Tt T2 T3 T T2 T3 hal T2 T3 T4 5
N WA AW WO (W n__
SYNC - |
7= ] 1 ViV 1 Vi ] 7 Y 7
p{ W/ ERNARIV/ WAV / ]
ey { L
o8I y__L y_—\‘ | ( [ N 1
1\ N f 4
RN ’ A\ \ \ \ ol
A AN Instruction Address. Data Address Data Address. Data Address \ Data Address
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:/l~\_c’ instruction A T: A1 WO sTACK sTACK
MEMR Code ’;"TEACK :TEAMCF:( R WO Lo A1 WO Low,
FIGURE 4-10

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:

XTHL
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Instruction
|—— Instruction Fetch._—bl Execute }gg————Data Read —————— o lt————Data Read ————Pp
MC1 MC2 MC3
T T2 T3 T4 T T2 T3 T T2 T3
T I VT p—
(.,z {\.J:\.ﬁl _:T\_
SYNC
A7 ! N7 Vil4
reaoy J 8% ) / Y /
WAIT 1 /{
\
oo Il — SN ~_ [\ [ TV |
EEIVANY "AR TN N
™ \ | Instruction Address Data Address \ I '\ Data Address
D Status Data In Stable Status Data In Stable Status ata In Stable)
RI WO RI WO RI WO
M1 Instruction MEMR MEMR
MEMR Code
FIGURE 4-11

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
LXI, JMP, JNZ, JZ, UJNC, JC, CPO, JPE, JP, UM

Instruction
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i 38
Di Status Data In Stable Status ata In Stabl us MData In Sta Status, Data Out Stable
RI WO RI WO RIWO All Low
M1 Instruction MEMR MEMR
MEMR Code
FIGURE 4-12

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:

STA

45
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|—— Instruction Fetch—»] Execute |e————— Data Read =——————p|-¢——— Data Read ————Pl—————Data Read —————»!
MC1 Mc2 MC3 Mc4
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RI'WO N —
M1 Instruction RI WO RI WO RIWO
MEMR Code MEMR MEMR MEMR
FIGURE 4-13
SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
LDA
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FIGURE 4-14
SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
SHLD
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FIGURE 4-15
SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
CALL, CNZ, CA, CNC, CC, CPO, CPE, CP, CM
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FIGURE 4-16

SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
RNZ, RZ, RNC, RPO, RPE. RP, RM
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FIGURE 4-17
SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
IN
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SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:
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SIGNAL SEQUENCES AND TIMING FOR INSTRUCTIONS:

HLT
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Am9080A

8-Bit Microprocessor

Distinctive Characteristics

Plug-in replacements for 8080A, 8080A-1, 8080A-2
High-speed version with 1usec instruction cycle
Military temperature range operation to 1.5usec

lon-implanted, n-channel, silicon-gate MOS technology
3.2mA of output drive at 0.4V (two full TTL loads)
700mV of high, 400mV of low level noise immunity
820mW maximum power dissipation at 5% poweér
100% reliability assurance testing to MIL-STD-883

GENERAL DESCRIPTION

The Am9080A products are complete, general-purpose, single-
chip digital processors. They are fixed instruction set, parallel,
8-bit units fabricated with Advanced N-Channel Silicon Gate
MOS technology. When combined with external memory and
peripheral devices, powerful microcomputer systems are
formed. The Am9080A may be used to perform a wide variety
of operations, ranging from complex arithmetic calculations to
character handling to bit control. Several versions are available
offering a range of performance options.

The processor has a 16-bit address bus that may be used to
directly address up to 64K bytes of memory. The memory
may be any combination of read/write and read-only. Data
are transferred into or out of the processor on a bi-directional
8-bit data bus that is separate from the address lines. The data
bus transfers instructions, data and status information between
system devices. All transfers are handled using asyhchronous
handshaking controls so that any speed memory or 1/0 device
are easily accommodated.

An accumulator plus six general purpose registers are available
to the programmer. The six registers are each 8 bits long and
may be used singly or in pairs for both 8 and 16-bit operations.
The accumulator forms the primary working register and is the
destination for many of the arithmetic and logic operations.

A general purpose push-down stack is an important part of the
processor architecture. The contents of the stack reside in R/W
memory and the control logic, including a 16-bit stack pointer,
is located on the processor chip. Subroutine call and return
instructions automatically use the stack to store and retrieve
the contents of the program counter. Push and Pop instruc-
tions allow direct use of the stack for storing operands, passing
parameters and saving the machine state.

An asynchronous vectored interrupt capability is included to
allow external signals to modify the instruction stream. The
interrupting device may specify an interrupt instruction to be
executed and may thus vector the program to a particular
service location, or perform some other direct function. Direct
memory access (DMA) capability is also included.

BLOCK DIAGRAM
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DATA LATCH
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| REGISTER ARRAY

INSTRUCTION STACK POINTER
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REGISTER REGISTER
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]
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ORDERING INFORMATION

. Clock Period
Package Type Ambient Temperature
Specification 250ns 320ns 380ns 480ns
o AMY080A-1DC | AM9080A-2DC AM9080ADC
0°C< TA<+70°C AM9080A-4DC
Hermetic DIP s C8080A-1 C8080A-2 C8080A
—B5°C < Ta < +125°C AM9080A-2DM AMY080ADM
Molded DIP 0°C< TA<+70°C AM9080A-1PC AM9080A-2PC AM90B0APC




CONNECTION DIAGRAM

INTERFACE SIGNAL SUMMARY

Top View
A0 =—] 1 ® N\ ol At TYPE PINS | ABBREVIATION | SIGNAL
(GND)Vsg —f12 29 :__, Al4 INPUT 1 Vss Ground
04 13 8] Al3 INPUT 3 Vpp. Vee: Ve +12V, +5V, —5V Supplies
INPUT 2 ®1.92 Clocks
D5 4——| 4 37 I-——— A12
o6 . " INPUT 1 RESET Reset
- = A8 INPUT 1 HOLD Hold
o7 =—{]e i INPUT 1 INT Interrupt
oa =——{ 17 W[ ne INPUT 1 READY Ready
02 =—={ s 3 a7 INJOUT 8 | Dg-Dy Data Bus
o1 =—e{"}o 2 [ ns ouTPUT 16 Ao—A1rs Address
DO .—-——{: 10 Am9OBOA 31 :‘—— A5 OUTPUT 1 INTE Interrupt Enable
(-5.0V)Vgg ——{ |11 0[ e a4 OUTPUT 1 DBIN Data Bus In Control
RESET ——= |12 29 t]—— A3 OUTPUT 1 WR Write Not
HOLD ——={ |13 8} Vpp12V) OUTPUT 1 SYNC Cycle Synchronization
INT - : 14 27 D A2 OuUTPUT 1 HLDA Hold Acknowledge
52 s . N OUTPUT 1 WAIT Wait
INTE =——] |16 [ 40
DBIN ‘————d 17 2 :]-_——» WAIT
WR=-—J |8 23 [ J— READY
sYNG =——] |19 2[ Je— ot
(+5.0V)Vee ———G 20 21 }——= HLDA
Note: Pin 1 is marked for orientation.
INTERFACE SIGNAL DESCRIPTION handled efficiently with the vectored interrupt pro-
cedure and the general purpose stack. Interrupt
¢1, 92  The Clock inputs provide basic timing generation for processing is described in more detail on the next
all internal operations. They are non-overlapping page.
two phase, high level signals. All other inputs to the Dg-D7 The Data Bus is comprised of 8 bidirectional signal
processor are TTL compatible. lines for transferring data, instructions and status
RESET The Reset input initializes the processor by clearing m:s:rmat;,on between the processor and all external
the program counter, the instruction register, the units.
interrupt enable flip-flop and the hold acknowledge AQ-A15 The Address Bus is comprised of 16 output signal
flip-flop. The Reset signal should be active for at lines used to address memory and peripheral devices.
least three clock periods. The general registers are SYNC  The Sync output indicates the start of each pro-
not cleared. cessor cycle and the presence of processor status
HOLD  The Hold input allows an external signal to cause the information on the data bus.
processor to relinquish control over the address lines DBIN The Data Bus In output signal indicates that the
and the data bus. YVhen Hold goes active, the: pro- bidirectional data bus is in the input mode and
cessor completes its current operation, activates incoming data may be gated onto the Data Bus.
the Hida output, and puts the 3-state address and i Lo
data lines into their high-impedance state. The WAIT The Wait output indicates that the processor has
Holding device can then utilize the address and data entered the Wait state and is prepared. to accept
busses without interference a Ready from the current external operation.
READY The Ready input synchronizes the processor with WR The Write output indicates the validity of output on
external units. When Ready is absent, indicating the the data bus during a write operation.
external operation is not complete, the processor HLDA  The Hold Acknowledge output signal is a response
will enter the Wait state. It will remain in the Wait to a Hold input. It indicates that processor activity
state until the clock cycle following the appearance has been suspended and the Address and Data Bus
of Ready. signals will enter their high impedance state.
INT The Interrupt input signal provides a mechanism for INTE The Interrupt Enable output signal shows the status
g

external devices to modify the instruction flow of
the program in progress. Interrupt requests are

of the interrupt enable flip-flop, indicating whether
or not the processor will accept interrupts.




INSTRUCTION SET INTRODUCTION

The instructions executed by the Am9080A are variable length
and may be one, two or three bytes long. The length is deter-
mined by the nature of the operation being performed and
the addressing mode being used.

The instruction summary shows the number of successive
memory bytes occupied by each instruction, the number of
clock cycles required for the execution of the instruction,
the binary coding of the first byte of each instruction, the
mnemonic coding used by assemblers and a brief description
of each operation. Some branch-type instructions have two
execution times depending on whether the conditional branch
is taken or not. Some fields in the binary code are labeled
with alphabetic abbreviations. That shown as vvv is the address
pointer used in the one-byte Call instruction (RST). Those
shown as ddd or sss designate destination and source register
fields that may be filled as follows:

111 A register
000 B register
001 C register
010 D register
011 E register
100 H register
101 L register
110 Memory

The register diagram shows the internal registers that are
directly available to the programmer. The accumulator is the
primary working register for the processor and is a specified
or implied operand in many instructions. All 1/O operations
take place via the accumulator. Registers H, L, D, E, Band C
may be used singly or in the indicated pairs. The H and L pair
is the implied address pointer for many instructions.

The Flag register stores the program status bits used by the
conditional branch instructions: carry, zero, sign and parity.
The fifth flag bit is the intermediate carry bit. The flags and
the accumulator can be stored on or retrieved from the stack
with a single instruction. Bit positions in the flag register when
pushed onto the stack (PUSH PSW) are:

5 4 3 2 1 0

S z (0] CY1 0] P 1 CY2

where S = sign, Z = zero, CY1 = intermediate carry, P = parity,
CY2 = carry.

REGISTER DIAGRAM

e s

ACCUMULATOR —I 8

H REGISTER I L REGISTER I 8+8

B REGISTER | C REGISTER ] 8+8

PROGRAM COUNTER 16

I D REGISTER I E REGISTER I 8+8

STACK POINTER I 16

During Sync time at the beginning of each instructioh cycle
the data bus contains operation status information that
describes the machine cycle being executed. Positions for the
status bits are:

MEMR| INP | M1 | OUT [HLTA| STK | WO |INTA

STATUS DEFINITION:

INTA Interrupt Acknowledge. Occurs in response to an
Interrupt input and indicates that the processor will
be ready for an interrupt instruction on the data bus
when DBIN goes true.

wo Write or Output indicated when signal is low. When
high, a Read or Input will occur.

STK Stack indicates that the content of the stack pointer
is on the address bus.

HLTA Halt Acknowledge.

OUT  Output instruction is being executed.

M1 First instruction byte is being fetched.

INP Input instruction is being executed.

MEMR Memory Read operation.

INTERRUPT PROCESSING

When the processor interrupt mechanism is enabled (INTE=1),
interrupt signals from external devices will be recognized
unless the processor is in the Hold State. In handling an inter-
rupt, the processor will complete the execution of the current
instruction, disable further interrupts and respond with INTA
status instead of executing the next sequential instruction in
the interrupted program.

The interrupting device should supply an instruction opcode
to the processor during the next DBIN time after INTA status
appears.

Any opcode may be used except XTHL. If the instruction
supplied is a single byte instruction, it will be executed. (The
usual single byte instruction utilized is RST.) If the inter-
rupt instruction is two or three bytes long, the next one or
two processor cycles, as indicated by the DBIN signal, should
be used by the external device to supply the succeeding byte(s)
of the interrupt instruction. Note that INTA status from the
processor is not present during these operations.

If the interrupt instruction is not some form of CALL, it is
executed normally by the processor except that the Program
Counter is not incremented. The next instruction in the
interrupted program is then fetched and executed. Notice
that the interrupt mechanism must be re-enabled by the
processor before another interrupt can occur.

If the interrupt instruction is some form of CALL, it is exec-
uted normally. The Program Counter is stored and control
transferred to the interrupt service subroutine. This routine

~ has responsibility for saving and restoring the machine state

and for re-enabling interrupts if desired. When the interrupt
service is complete, a RETURN instruction will transfer
control back to the interrupted program.




INSTRUCTION SET SUMMARY

Op Code No.of  Clock Assembly Instriction Op Code No.of Clock Assembly Instruction
1716/51413|211(0 Bytes Cycles Mnemonic Description |716/51413j211/0 Bytes Cycles Mnemonic Description
DATA TRANSFER ARITHMETIC
O1dddsss 1 5 MOVTr, r Move register to register 10000sss 1 4 ADDr Add register to Acc
01110sss 1 7 MOVm, r Move registér to memory 10001sss 1 a4 ADCr Add with carry register to Acc
01ddd110 1 7 MOVr, m Move memory to register 10000110 1 7 ADDm Add memory to Acc
00ddd110 2 7 MVIL, r Move to register, immediate 10001110 1 7 ADCm Add with carry memory to Acc
00110110 2 10 MVI, m Move to memory, immediate 11000110 2 7 ADI Add to Acc, immediate
00111010 3 13 LDA Load Acc, direct 11001110 2 7 ACH Add with carry to Acc, immediate
00001010 1 7 LDAX B Load Acc, indirect viaB & C 00001001 1 10 DADB Double add B& CtoH & L
00011010 1 7 LDAX D Load Acc, indirect via D & E 00011001 1 10 DAD D Doubleadd D & EtoH & L
00101010 3 16 LHLD Load H & L, direct 00101001 1 10 DADH Doubleadd H & LtoH & L
00100001 3 10 LXIH Load H & L, irhmediate 00111001 1 10 DAD SP Double add stack pointerto H & L
00010001 3 10 LXID Load D & E, immediate 10010sss 1 4 suBr Subtract register from Acc
00000001 3 10 LXtB Load B & C, inimediate 10011sss 1 4 SBBr Subtract with borrow register from Acc
00110001 3 10 LXI SP Load stack pointer, immediate 10010110 1 7 SUBmM Subtract memory from Acc
00100010 3 16 SHLD Store H & L, direct 10011110 1 7 SBBm Subtract with borrow memory from Acc
00110010 3 13 STA Store Acc, direct 11010110 2 7 SuI Subtract from Acc, immediate
00000010 1 7 STAX B Store Acc, indirectvia B & C 11011110 2 7 sBI Subtract with borrow from Acc, immediate
00010010 1 7 STAX D Store Acc, indirect viaD & E 00100111 1 4 DAA Decimal adjust Acc
11111001 1 5 SPHL Transfer H & L to stack pointer
11101011 1 4 XCHG Exchange D & E with H & L
11100011 1 18 XTHL Exchange top of stack with H & L
11011011 2 10 IN Input to Acc
11010011 2 10 ouT Qutput from Acc
STACK OPERATIONS
11000101 1 11 PUSH B Push registers B & C on stack
11010101 1 1 PUSH D Push registers D & E on stack
11100101 1 11 PUSHH Push registers H & L on stack
11110101 1 1 PUSH PSW  Push Acc and flags on stack
11000001 1 10 POP B Pop registers B & C off stack
CONTROL 11010001 1 10 POP D Pop regis‘ers D & E off stack
11100001 1 10 POP H Pop registers H & L off stack
01110110 1 ’ HET Halt and enter wait state 11110001 1 10 POPPSW  Pop Acc and flags off stack
00110111 1 4 STC Set carry flag
00111111 1 4 CcMC Compliment carry flag
11111011 1 4 13 Enable interrupts
11110011 1 4 DI Disable interrupts
00000000 1 4 NOP No operation
LOGICAL
10100sss 1 4 ANA 1 And register with Acc
10100110 1 7 ANA M And memory with Acc
11100110 2 7 ANI And with Acc, immediate
10101sss 1 4 XRATr Exclusive or register with Acc
10101110 1 7 XRA m Exclusive Or memory with Acc
11101110 2 7 XRI Exclusive Or with Acc, immediate
BRANCHING 10110sss 1 4 ORA Inclusive Or register with Acc
11000011 3 10 Jmp Jump unconditionally 10110110 1 7 ORA m Inclusive Or memory with Acc
11011010 3 10 Jc Jump on carry 11110110 2 7 ORI Inclusive Or with Acc, immediate
11010010 3 10 JNC Jump on no carry 10111sss 1 4 CMP r Compare register with Acc
11001010 3 10 Jz Jump on zero 10111110 1 7 CMP m Compare memory with Acc
11000010 3 10 JNZ Jump on not zero 11111110 2 7 CPI Compare with Acc, immediate
11110010 3 10 JP Jump on positive 00101111 1 4 CMA Compliment Acc
11111010 3 10 Y Jump on minus 00000111 1 4 RLC Rotate Acc left
11101010 3 10 JPE Jump on parity even 00001111 1 4 RRC Rotate Acc right
11100010 3 10 JPO Jump on parity odd 00010111 1 4 RAL Rotate Acc left through carry
11001101 3 17 Call Call unconditionally 00011111 1 4 RAR Rotate Acc right through carry
11011100 3 17-11 ccC Call on carry
11010100 3 17-11 CNC Call on no carry
11001100 3 17-11 cz Call on zero
11000100 3 17-11 CNZ Call on not zero
11110100 3 17-1 cp Call on positive
11111100 3 17-11 cm Call on minus
11101100 3 17-11 CPE Call on parity even
11100100 3 17-11 CPO Call on parity odd INCREMENT/DECREMENT
11001001 1 10 RET Return unconditionally 00ddd100 1 5 INRr Increment register
11011000 1 11-5 RC Return on carry 00110100 1 10 INR m Increment miemory
11010000 1 11-5 RNC Return on no carry 00000011 1 5 INX B Increment extended B & C
11001000 1 115 Rz Return on zero 00010011 1 5 INX D Increment extended D & E
11000000 1 11-5 RNZ Return on not zero 00100011 1 5 INX H Increment extended H & L
11110000 1 11-5 RP Return on positive 00110011 1 5 INX SP Increment stack pointer
11111000 1 115 RM Return on minus 00ddd101 1 5 DCR r Decrement register
11101000 1 11-5 RPE Return on parity even 00110101 1 10 DCR m Decrement memory
11100000 1 115 RPO Return on parity odd 00001011 1 5 DCX B Decrement extended B & C
11101001 1 5 PCHL Jump unconditionally, 00011011 1 5 DCX D Decrement extended D & E
indirect via H & L 00101011 1 5 DCX H Decrement extended H & L
11VVVvViIill 1 11 RST Restart 00111011 1 5 DCX SP Decrement stack pointer




MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias . —55°Cto +125°C
All Signal Voltages With Respect to Vgg —0.3V to +20V
All Supply Voltages With Respect to Vgg - —0.3V to +20V
Power Dissipation 1.5W

The products described by this specification include
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

internal circuitry designed to protect input devices from damaging accumulations of

Part Number Ta Vbp Vee Ves Vss
Am9080A-XDC . .
C8080A-X 0°C to +70°C +12V 5% +5.0V +5% —5.0V 5% ov
Am9080A-XDM —55°C to +125°C +12V £10% +6.0V £10% —5.0V £10% ov
No signal or supply voltage should ever be greater than 0.3V more negative than Vgpg.
ELECTRICAL CHARACTERISTICS over operating range (note 1)
C8080A-X Am9080A-XDC Am9080A-XDM
Parameters Description Test Conditions Min. Typ. Max.  Min. Typ. Max. Min. Typ. Max. Units
Vi Input LOW Voltage -1.0 08 -1.0 038 -1.0 08 Volts
Vin Input HIGH Voltage 33 Veettl) 3.0 Vee+1] 3.0 Veet1| Volts
Input LOW Voltage,
\ —1. 08 —1. X —1. ) Vol
e Clock 1.0 1.0 08 1.0 08 olts
9.0 Vpp+1| 9.0 Vpp+1 | Vpp—2 Vpp +1
ViHe Input HIGH Voltage, : DD DD DD DD Volts
Clock | Am9080A-4 Vpp—2 Vpp+!
o ow oL = 3.2mA c.40 0.40 Volts
A\ utput L Voitage
ot loL-1.9mA 045 Volts
loH = —2004A 3.7 3.7
VoH Output HIGH Voltage Volts
I0H = —100uA 3.7
Amg080A | TA = ¥25°C 40 30 45 30 50
S C Operating AmY080A-2 | Tp = 0°C 70 35 50 35 55
ipplAv) ‘A"Z?ag:pp'v UrTeNt | Minimum Clock | AM90BOA-1 [m T 5 5 70 mA
* Period Ta =+25°C
= 60
AmO080A-4 [ S 45
Ta=0C 55 70
Amgogoa | TA = *25°C 60 25 30 15 35
. AmQ080A-2 | Tp = 0°C 80 20 35 20 40
Operating,
. Ve Supply C nt, - -
IcciAv) Afe‘iag';ppv uree Minimum Clock | AM9080A1 ' "~ gerc 25 50 mA
Period Ta - +25°C 35 50
AmQ080A-4 TAOC 20 50
Vgg Supply Current, | Operating, 1
18BIAV) |\ Cerage Minimum Clock Period 0 10 10 mA
LTS Input Leakage Current | (Note 4) 10 +10 10 HA
IcL Clock Leakage Current | Vgg < Vg < Vpp +10 +10 +10 BA
| Data Bus Current, ViN € Vg5 +08V —100 —100 —100 nA
bL Input Mode (Note 2) [V N > Vgg + 08V 20 —20 —20 | ma
\ Address and Data Bus | VA/D ~VcC 10 10 10 uA
FL Leakage in OFF State [ Va/p = Vss —100 ~100 ~100 HA
CAPACITANCE
f=1.0MHz, Inputs =0V, T = 25°C
Vpp =Vcc = Vss =0V, Vgg = —5.0V
Parameters Description Typ. Max. Units
Co Clock Input Capacitance 12 20 pF
C Input Capacitance 4.0 8.0 pF
Co Output Capacitance 8.0 15 pF
Ciro 1/0 Capacitance 10 18 pF




SWITCHING CHARACTERISTICS over operating range Am9080A-4 Am9080A-1 Am9080A-2 Am9080A

Boldface numbers are 8080A specs which are exceeded. C8080A-1 C8080A-2 C8080A
Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Min. Max. Unit
tDA Clock ¢2 to Address Out Delay Load Capacitance 125 150 176 200 | ns
tpD Clock ¢2 to Data Out Delay = 100pF 140 180 200 220 | ns
tp| Clock ¢2 to Data Bus Input Mode Delay {Note 5) tDF tDF tDF tDF ns
tDS1 Data In to Clock ¢1 Set-up Time Both tpgy and tpg2 10 10 20 30 ns
tps2 Data In to Clock ¢2 Set-up Time must be satisfied 110 120 130 150 ns
tDC Clock to Control Output Delay Load Capacitance = 50pF 100 110 120 120 ns
tRS Ready to Clock ¢2 Set-up Time 80 90 90 120 ns
tH Clock ¢2 to Control Signal Hold Time (1] 0 0 0 ns
tis Interrupt to Clock ¢2 Set-up Time 90 100 100 120 ns
“tHS Hold to Clock ¢2 Set-up Time 100 120 120 140 ns
tE Clock ¢2 to INTE Delay Load Capacitance =50pF 100 200 200 200 ns
tFD Clock ¢2 to Address/Data OFF Delay 100 120 120 120 ns
tDF Clock ¢2 to DBIN Delay Load Capacitance =50pF | 25 110 25 130 25 140 25 140 ns
tDH Clock ¢2 to Data In Hold Time (Note 5) - - - - - - - - ns
taAw Address Valid to Write Delay (Note 8) - - - - — - - - ns
tow Output Data Valid to Wtite Delay (Note 8) - - - - - - - = ns
tKA Address Valid to Write Increment (Note 8) 20 110 130 140 ns
tKD Output Data Valid to Write Increment (Note 8) 130 150 170 170 ns
WA Write to Address Invalid Delay (Note 8) - - - - - — - - ns
twD Write to Output Data Invalid Delay {Note 8) - - - — - - - - ns
tHF HLDA to Address/Data OFF Delay (Note 9) - - - - - - - - ns
twWE Write to Address/Data OFF Delay (Note 9) - - - - - - - = ns
tKH HLDA to Address/Data OFF Increment (Note 9) 40 50 50 50 ns
tAH DBIN to Address Hold Time 0 —-20 -20 -20 ns

Notes: 1.
2.

3.

NEE

Typical valuesareat Tp = 25°C, nominal supply voltages and nominal processing parameters.
Pull-up devices are connected to the Data Bus lines when the input signal is high during DBIN time. When switching the input from HIGH-to-LO’
a transient current must be absorbed by the driving device until the input reaches a LOW level.
Timing reference ievels —
Clocks: HIGH =8.0V, LOW= 1.0V
Inputs: HIGH = 3.3V, LOW = 0.8V
Qutputs: HIGH = 2.0V, LOW = 0.8V
Control inputs impress currents on the driving signal during HIGH-to-LOW transitions. Values shown are for logic high or logic low levels. Pez
current during transition is as much as 1.0mA.
Bus contention cannot occur and data hold times are adequate when DBIN is used to enable Data In. tp is the smaller of 60ns or tpf.
RESET should remain active for at least three clock periods.

. With interrupts enabled, the interrupted instruction will be one with an interrupt input stable during the indicated interval of the last clock peric

of the preceeding instruction. Additional synchronization not necessary.

- TAW = 21ICcY D3 2K A

Ipw = tcY ~tD3 4p2— KD

For HLDA Off: typ = twa = tp3 * trp2 + 10ns
For HLDA On: twp = twa = twF

THF = tD3 T trgp2—IKH

twE = tp3 * trg2—10ns
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SWITCHING WAVEFORMS SUMMARY
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This chart presents relative timing waveform relationships and does not show actual processor operating cycles.




CLOCK WAVEFORM DETAIL
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CLOCK SWITCHING CHARACTERISTICS over operating range

Am9080A-4 Am9080A-1 Am9080A-2 Am9080A
C8080A-1 C8080A-2 C8080A
Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Units
tcy Clock Period 250 2000 320 2000 380 2000 480 2000 ns
tr, tf Clock Transition Times (1] 15 0 25 0 5GC 0 50 ns
to1 Clock ¢1 Pulse Width 50 50 60 60 ns
tp2 Clock ¢2 Pulse Width 120 145 175 220 ns
tD1 ¢1 to $2 Offset (4] 0 0 0 ns
tD2 #2 to ¢1 Offset 50 60 70 70 ns
tD3 ®1 to ¢2 Delay 50 60 70 80 ns
PHYSICAL DIMENSIONS

40-Pin Hermetic DIP

| 2000:.030 _i
40 21
.580%.015 )
1 20
- T T e e e e
——( "—SHOULDER WIDTH .055:.015
~100 TYPICAL 1020 MAX LID THICKNESS SEATED HEIGHT .230 MAX.

RN
‘ .010+.003 —~

SEATING

125 MIN PLANE
——‘ ‘——.moz.mn .maz.uo«—»"—* 015 MIN I——.soo.no154>l
(19 pLCS)

Metallization and Pad Layout

3 2 1402393837

ié Pin 11 connection is substrate
1920 21 222324 % DIESIZE0.131" X 0.169"




Chapter 5
Am8224 and Am8228/8238

Am8224 CLOCK GENERATOR

The Am8224 is a single integrated circuit designed to provide
the clock signals required to operate 8080A/9080A
microprocessor systems. Additional circuits are included in
the Am8224 to synchronize externally generated Reset and
Ready signals with the timing of the CPU.

The block diagram for the Am8224 is shown in Figure 5-1.

15
XTAL 1 N 12
14 OSCILLATOR VvV osC
XTAL 2
13
TANK 1 1
>,
cLock 10
o >
=9 6
DD PIA D2 (TTL)
SYNC 2

- 2
RESIN ——-D

3
RDYIN D Q

L Jc

FIGURE 5-1 Am8224 BLOCK DIAGRAM

FUNCTIONAL DESCRIPTION

The oscillator provides a basic operating frequency which is
nine times greater than the operating frequency of the
microprocessor. The clock generator consists of a divide-by-
nine counter that operates from the oscillator output and
generates the ®1 and P2 clock pulses required by the
microprocessor. Additional circuits generate the synchronized
Reset and Ready control inputs required by the 8080A /9080A

and a signal, STSTB, which can be used to latch the machine
status.

Am8224 INTERFACE SIGNALS

Figure 5-2 shows the connection diagram for the Am&224.
Power

+5V, +12V, Ground

These input connections supply power to the circuit.

Inputs

Reset Input (RESIN, Input)
RESIN is the microprocessor reset input signal. RESIN may be
developed from any source circuit that supplies the required
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input signal levels. There is no constraint on the input signal
rise or fall time since a Schmitt trigger internal to the Am8224
reshapes the RESIN signal and synchronizes the signal with
®2; this ensures that the system reset will occur within the
timing requirements of the 8080A/9080A.

Ready Input (RDYIN, Input)

RDYIN is connected to the source of the microcomputer
Ready signal. It is synchronized with ®2 in the Am8224 to
meet the Ready signal timing requirements of the
8080A/9080A.

Synchronization (SYNC, Input)

SYNC is an input connected to the SYNC output from the
microprocessor. It is gated with ®1 to generate a strobe pulse
(STSTB) for reading the machine cycle status bits from the
Data Bus during T1 in every machine cycle.

XTAL 1 And XTAL 2 (Inputs)
These signals are input connections used for connecting the
crystal which sets the Am8224 oscillator frequency.

Tank (Input)

Tank is connected to a parallel resonant circuit tuned to the
desired operating frequency of the oscillator when operating
in overtone mode.

Reset <€——{] 1 T~ [} — vec (+5v)
Reset n —»{] 2 15 [}€— xTAL 1
Ready In —»{] 3 14 [T}— xTAL2
Ready 4—{ 4 Am8224 13 |<— Tank
Synchronization -——DC 5 12 :—* Oscillator
@2 (TTL) -} 6 11 [ Clock ®1
Status Strobe <€—{_} 7 10 :}—b Clock ®2
Ground —{] 8 9 [— vpp(+12v)

FIGURE 5-2 Am8224 CONNECTION DIAGRAM

Outputs

Reset Output (RESET, Output)

Reset is the system reset pulse supplied to the 8080A/9080A
microprocessor and other circuits in the microcomputer that
require a reset signal. Reset conforms to all timing and
amplitude requirements of the 8080A/9080A.

Ready Output (READY, Output)

Ready is connected to the microprocessor Ready input con-
nection. When high, Ready allows the 8080A/9080A to ex-
ecute machine cycles normally. When low, it causes Wait
states to be inserted between T2 and T3 in the CPU machine
cycle.



Status Strobe (STSTB, Output)

STSTB is the status strobe signal used to read the CPU
machine cycle status from the Data Bus during T2. It is the
“AND" of ®1 and SYNC.

Clock ®1 and Clock ®2 (OQutputs)

These are the two clock signals required by the CPU. Output
buffers provide the high level signals required by the
8080A /9080A.

Oscillator (0OSC, Output)
OSC is the oscillator output reference signal.

Clock ®2 TTL (Output)
This signal is a TTL compatible ®2 clock pulse used for timing
by circuits other than the microcomputer.

OPERATION OF THE OSCILLATOR

The oscillator generates a basic operating frequency from
which the microprocessor clocks are generated. A crystal con-
nected between XTAL 1 and XTAL 2 sets an accurate operat-
ing frequency for the oscillator. A capacitor in the range of 20
pf to 25 pf connected in series with the crystal may be re-
quired to maintain proper operation. This is larger than the 3 pf
to 10 pf recommended for other manufacturers’ versions of
the 8224 due to the higher maximum operating frequency of
the Am8224.

SELECTING THE CLOCK FREQUENCY AND THE
CRYSTAL

There are three decisions to be made in incorporating the
Am8224 in an 8080A/9080A system. These are:

Select the clock period
Select the crystal

e Select the values of the inductive and capacitive compo-
nents for the parallel resonant circuit if required

The clock period for the CPU is limited by the minimum and
maximum specification for the clock period, tCY; and is de-
pendent on which of the CPU circuits is to be used. The 8080A
is limited to clock periods longer than 480 nsec but less than
2000 nsec, while the Am9080A-4 can operate with a clock
period of 250 nsec. The frequency of ®1 is determined from
the clock period as:

1 1
—_ < —
tCY max FO1 S tCY min

The Am8224 is designed to operate with series resonant
crystals. The frequency may be specified as the fundamental
frequency of the crystal or as an overtone (harmonic).

When selecting a frequency less than 25 MHz, the crystal may
be specified to operate at the fundamental mode of oscilla-
tion. However, at frequencies above 25 MHz, it is necessary to
use a crystal which is manufactured with a fundamental fre-
quency which is less than that desired. The crystal is then
operated at an overtone of the fundamental. The crystal must
be specified for operation at the overtone at the time of
manufacture to ensure that it will provide maximum energy of
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oscillation at the desired overtone. The most popular overtone
is the third harmonic of the fundamental frequency. A parallel
resonant (Tank) circuit is employed to increase the oscillator
circuit gain at the desired frequency. This circuit is connected
to the Tank input of the Am8224.

EXAMPLE: Assume that an Am9080A-4 system is to
operate with a clock period of 250 nsec.
1 1
Then: Fd1 =4 MHz

tCY  250x10-° sec

Since the Am8224 oscillator operates at 9x the desired fre-
quency, 36 MHz is required.

A 12 MHz crystal may be selected and operated at the third
overtone. A parallel resonant circuit is required with a center
frequency of 36 MHz for connection to the Tank input.

The parallel resonant circuit is shown in Figure 5-3.

14
_l_—) |— XTALZ
=
T

13

XTALY

TANK
Am8224

T

FIGURE 5-3 SCHEMATIC OF PARALLEL RESONANT CIRCUIT

L and C form the resonant circuit. Capacitor C1 is a decoupling
capacitor that blocks DC current from flowing through the
Tank input. A 1 uf capacitor is adequate for decoupling at the
frequencies at which all of the Am9080A microprocessors
operate.

The frequency of the parallel resonant circuit at resonance is:

1
fr="3 xVic

After the ®1 clock period has been selected, the values of L
and C can be calculated from the above relationship as
follows:

.‘g_Y=T‘= 27V LC

Therefore:



Using the previous example, tCY was selected at 250 nsec.

Then:

2
Lc = (_25£x1o~’°> =19x 107"
187

if L is selected as 3.9 uH, then C 2 5 pf.

‘Figure 5-4 shows parallel resonant circuits that may be used
with the Am8224 for Am9080A-1 and AmS080A-4
microprocessors operating at their minimum tCY.

TANK

Am9080A-1
tCY 2320 nsec

TANK

AmY080A-4
tCY == 250 nsec.

3.3 uH 10 pF 39 uH 5 pf

T T
-_— -—

FIGURE 5-4 PARALLEL RESONANT CIRCUITS FOR USE IN
Am9080A-1 AND Am9080A-4 MICROCOMPUTERS

The maximum oscillator and crystal frequencies for each of
the Am9080A microprocessors is shown in Table 5-1.

TABLE 5-1 MICROPROCESSOR OSCILLATORY
AND CRYSTAL FREQUENCIES

MIN tCY MAX Am8224 CRYSTAL
UNIT NSEC 0OSC FREQ FREQUENCY
Am9080A 480 18.756 MHz 18.76 MHz
AmS080A-2 380 23.684 MHz 23.684 MHz
AmS080A-1 320 28.125 MHz 9.372 MHz
AmS080A-4 250 36 MHz = 12 MHz
*Am8224-4

CLOCK GENERATOR

The clock waveform generator receives the oscillator output
and produces the two basic microprocessor clock signals ®1
and ®2. The clock generator consists of a divide-by-nine
counter operating at the oscillator frequency to produce two
non-overlapping clock pulses at 1/9th of the oscillation fre-
quency. Figure 5-5 shows how the ®1 and ®2 clock pulses
are generated.

'
&2 3:4:5:6:7 8 i 9

EXAMPLE: tCY = 500 ns
OSC = 18 MHz/55 ns

@1 = 110 ns (2x55 ns)
B2 = 275 ns (5x55 ns)
®2 - & = 110 ns (2x55 ns)

The clock waveforms are buffered to provide the high level
clock signals required by the 8080A/9080A CPU. A separate
TTL compatible @2 is provided to be used by other
microcomputer components.

READY, RESET AND STSTB LOGIC

Logic is included in the Am8224 to synchronize a system reset
and ready line with ®2 to meet the requirements of the
8080A /9080A.

The Am8224 generates a strobe pulse (STSTB) to sample
machine cycle status codes. STSTB is the “AND"’ function of
SYNC generated by the CPU and ®1. Reset is “OR"ed with
the output of the “AND"" gate to cause STSTB to remain low
when Reset is active.

Am8228/8238 SYSTEM CONTROLLER

The Am8228 and Am8238 System Controllers are single in-
tegrated circuits that demultiplex control signals, and buffer
the Data Bus. Control signals generated operate memory and
peripheral circuits.

The Am8228 generates the I/OW and MEMW control signals
from the WR signal generated by the CPU. The Am8238
generates these control signals immediately after the status
bits are latched in the Am8238. Thus, the appropriate control
signals to initiate a write function in external circuits are gener-
ated earlier by the Am8238; this allows sufficient time to ex-
ecute a write in large memory systems, or for high speed
systems such as those using the AmS080A-4 microprocessor.

In summary, the two principal functions of the Am8228/8238
are:

e Provide control signals with correct timing to read from or
write to memory, to sample I/0 ports, and to acknowledge
the receipt of an interrupt request.

e Buffer the bidirectional Data Bus to the memory and |/0 cir-
cuits.

The functional block diagram is shown in Figure 5-6.

DO <1 |¢— DBO
D1 > l¢—» DB1
D2 <] l—>- DB2
TO ] D391 BIDIRECTIONAL |9 DB3 TO
CPU) D4 <@—p-|  BUS DRIVERS |3 DB4 [ SYSTEM
D5 <] <—3-DB5
D6 a3 | DB6
D7 -] j<—»pp7
L DRIVER CONTROL
—P- MEMR
P >
| STATUS L»mmw
| LATCH
—- > GATING |~ T70R
> 1 ARRAY
—» |/OW
STST8 1}
DBIN «— BUSEN
WR —
HLDA > —» INTA

FIGURE 5-5 GENERATION OF ®1 AND ®2
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FIGURE 5-6 Am8228/8238 BLOCK DIAGRAM



SELECTING THE CORRECT SYSTEM CON-
TROLLER

The Am9080A-1 and the Am9080A-4 microprocessors are
high speed devices which, in the worst case, should not be
connected to normal System Controller devices; the
Am8238-4 high speed System Controller should be used with
these two high speed microprocessors.

There are no other restrictions placed on microprocessor-
System Controller combinations.

FUNCTIONAL DESCRIPTION
Refer to Figure 5-6.

The bidirectional bus drivers isolate the system Data Bus from
the microprocessor and provide internal control to ensure that
the data path is enabled in the direction appropriate to the
function being performed. For example, when DBIN is high, a
memory read function is being performed and the bidirectional
bus drivers will transmit from the System Data Bus to the CPU
Data Bus.

The Status Latches sample the status bits appearing on the
Am9080A Data Bus during  the T1 clock period of each
machine cycle. All status bits remain latched for the duration
of the machine cycle; status bits are used by the Gating Array,
which generates control signals required by the rest of the
microcomputer system. The STSTB signal generated by the
Am8224 can be used to latch status information.

Am8228/8238 INTERFACE SIGNALS
Figure 5-7 shows the Am8228/8238 connection diagram.

— NS
Status Strobe —): 1 28 b—— Vee (+5V)
Hold Acknowledge =3 2 27 3'—’ /0 Write
Wie —»[] 3 26 [} Wemory Write
Data Bus In —-—): 4 25 3-—> m
Data Bus 4 €[] 5 24 [ J—» Wemory Read
Data 4 <[] & 23 [} %
Data Bus 7 <[] 7 Am8228/8238 22 [« B Enable
Data 73] 8 21 [T} Data 6
Data Bus 3<»["] 9 20 :,4—’ Data Bus 6
Data 3 <—>C 10 19 3<_> Data 5
Data Bus 2 4—»: 1 18 }_, Data Bus 5
Data 2 «—»] 12 17 [J» Data 1
Data Bus 0 <—>E 13 16 [_J> Data Bus 1
Ground (0V) —q 14 15 [J¢ Data 0

FIGURE 5-7 Am8228/8238 CONNECTION DIAGRAM

Power

Vg, Ground
Vcc and GND are the + 5V and OV power inputs respectively.

Inputs

Data Bus In (DBIN, Input)

DBIN is a control signal from the CPU used to activate the out-
put drivers of the Am8228/8238 to the CPU Data Bus when a
read function is performed from memory or |I/0.

54

Hold Acknowledge (HLDA, Input)

HLDA acknowledges that the CPU has entered the Hold state.
it causes the System Data Bus and control outputs to switch
to the high impedance state.

Control Bus signals I/OR, INTA, and MEMR will be forced high
for the duration in which HLDA is high.

Write (WR, Input)

WR is the write pulse from the CPU. When WR is low, the
bidirectional bus drivers in the Am8228/8238 are conditioned
to transmit data from the CPU Data Bus to the System Data
Bus. The Data Bus drivers to the CPU are placed in the high im-
pedance state.

Bus Enable (BUSEN, Input)

BUSEN is supplied to the Am8228/8238 by external circuits to
allow the CPU Data Bus to be disconnected from the memory
and 1/0 circuits for external control of these circuits. The
System Data Bus, DBO through DB7 function normally when
BUSEN is low. When BUSEN is high the output drivers for the
System Data Bus, DBO through DB7, are switched to the high
impedance state.

Status Strobe (STSTB, Input)

STSTB is a sample pulse used to strobe machine cycle status
into the Status Latches. STSTB developed from the coinci-
dence of ®1 and SYNC of the Am8224.

Bidirectional

Data Bus 9080A Side (DO - D7, Bidirectional)

DO through D7 forms the CPU bidirectional Data Bus. The
direction of information transfer is controlled by WR and
DBIN.

Data Bus System Side (DBO - DB7, Bidirectional)

DBO through DB7 forms the System bidirectional Data Bus.
This connects to all microcomputer devices except the CPU
requiring a Data Bus connection. Information transfer on the
System Data Bus is controlled by WR, DBIN, HLDA and
BUSEN.

Outputs

1/0 Read (I/OR, Output)

I/OR is the Input read control signal. It is generated in
response to the execution of an INP instruction by the CPU.
1/OR is generated when the INP status bit is latched in the
Am8228/8238. This signal provides the correct timing to read
information from a selected 1/0 Port.

1/0 Write (I/OW, Output)

1/OW is a write control signal which is used to gate informa-
tion supplied by the CPU to the appropriately addressed 1/0
peripheral device. It is generated in the Am8228 when WR is
low and the OUT status bit is latched. In the Am8238, T/OW
appears as soon as the OUT status bit is latched.

Memory Read (MEMR, Output)

MEMR is the memory read signal; it is used by the memory
system to control the time at which a byte of data is placed on
the Data Bus to be read by the CPU. The MEMR signal appears
at the output of the Am8228/8238 when the MEMR status bit
is latched in the status latches.

Memory Write (MEMW, Output)

MEMW causes the memory system to store the contents of
the Data Bus in a selected memory byte. The latched WO
status bit is gated with WR in the Am8228 to produce
MEMW. In the Am8238, MEMW appears at the output after




the WO status bit is latched.

Interrupt Acknowledge (INTA, Output)
The Interrupt acknowledge control signal requests the inter-
rupting device to place one instruction byte on the Data Bus.

Circuits are included in the Am8228/8238 to place the instruc-
tion RST7 onto the Data Bus automatically during the Interrupt
Acknowledge machine cycle if INTA is connected to + 12V
through a limiting resistor.

THE SYSTEM CONTROL BUS

Five Control Bus signals are generated within the

Am8228/8238 for use by other microcomputer components.
These are:

I/OR causes a byte to be read from an 1/0 device.
I/OW causes a byte to be written to an I/O device.
MEMR causes a byte to be read from memory.
MEMW causes a byte to be written to memory.

INTA calls for an interrupt instruction byte from an exter-

nal device.

Table 5-2 shows the control signals generated for different
machine cycles.

TABLE 5-2 Am8228/8238 CONTROL SIGNALS

STATUS BIT AND DATA BUS LOCATION
TYPE OF MACHINE D7 Dé D5 D4 D3 D2 D1 DO ACTIVE CONTROL
CYCLE MEMR INP M1 ouT HLTA STACK wWo INTA SIGNAL GENERATED
Instruction Fetch 1 0 1 0 0 -0 1 0 MEMR
Memory Read 1 0 0 ¢] ] 0 1 o] MEMR
Memory Write 0 0 0 0 0 0 o] 0 MEMW
Stack Read 1 0 0 0 0 1 1 0 MEMR
Stack Write 0 0 0 0 0 1 0 0 MEMW
Input Read 0 1 0 0 0 0 1 0 T70R
Output Write 0 0 0 1 [¢] 0 0 0 I7OW
Interrupt Acknowledge 0 0 1 0o 0 0 1 1 INTA
Halt Acknowledge 1 0 0 0 1 0 1 0 NONE
Interrupt Acknowledge While 0 0 1 0 1 0 1 1 NTA
Halted —
Nufl 0 0 0 0 0 0 1 0 INTA
TABLE 5-3 Am8228/8238 CONTROL BUS RESPONSES FOR CALL INTERRUPT INSTRUCTION
INPUTS TO STATUS LATCHES MACHINE CYCLE CONTROL BUS OUTPUTS
INSTRUCTION D7 D6 D5 D4 D3 D2 D1 Do
TYPE MEMR INP M1 ouT HLTA | STACK| WO INTA # TYPE MEMR MEMW I/OR 1/OW INTA
INTERRUPT
1 0 0 0 1 1 M1 1
0 0 ACKNOWLEDGE ! ' ! 0
0 0 0 0 0 0 1 0 M2 NULL 1 1 1 1 0
CALL 0 0 0 0 0 0 1 0 M3 NULL 1 1 1 1 0
STACK
0 0 [¢] 0 0 1 0 0 M4 WRITE 1 0 1 1 0
STACK
0 0 0 0 0 1 0 0 M5 WRITE 1 0 1 1 0
NEXT INSTRUCTION
1 0 1 0 0 [0} 1 0 M1 0 1 1 1 1
INSTRUCTION FETCH

1 = HIGH LOGIC LEVEL
0 = LOW LOGIC LEVEL

5-5






Am8224

Clock Generator and Driver

Distinctive Characteristics

Single chip clock generator/driver for 8080A com-
patible CPU

Power-up reset for CPU

Ready synchronizing flip-flop

Status strobe signal

Oscillator output for external system timing

Available for operation over both commercial and
military temperature ranges

Crystal controlled for stable system operation
Reduces system package count :

Advanced Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am8224 is a single chip Clock Generator/Driver for the
Am9080A and 8080A CPU. It contains a crystal-controlled
oscillator, a “divide by nine” counter, two high-level drivers
and several auxiliary logic functions, including a power-up
reset, status strobe and synchronization of ready. Also pro-
vided are TTL compatible oscillator and ¢2 outputs for

" external system timing. The Am8224 provides the. designer

with a significant reduction of packages used to generate
clocks and timing for the Am9080A or 8080A for both com-
mercial and military temperature range applications.

LOGIC DIAGRAM

PIN DEFINITION

XTAL 1

AL CONNECTIONS FOR CRYSTAL
TANK USED WITH OVERTONE XTAL
osc OSCILLATOR OUTPUT

B (TTL) #p CLK (TTL LEVEL)

Vee +5.0V

VbD +12V

GND ov

RESIN RESET INPUT

RESET RESET OUTPUT

RDYIN READY INPUT

READY READY OUTPUT

SYNC SYNC INPUT

STSTB STATUS STB (ACTIVE LOW)
1

= AMZI080A/8080A CLOCKS

15
::::: ; Z OSCILLATOR 9—12 osc
13 ]
TANK 11
—D__ 8
Clé(é!gK t 10 I
=9
020 a4 5 gy(TTL)
SYNC °
RESIN 2 Jl>
SCHMITT
INPUT
3 4
RDYIN D Q READY
L—4c
ORDERING INFORMATION
Package Temperature Order
Type Range Number
Hermetic DIP —55°C to +125°C AM8224DM
Hermetic DIP 0°Cto +70°C AMS8224DC
Molded DIP 0°C to +70°C AM8224PC
Dice 0°C to +70°C AM8224XC

CONNECTION DIAGRAM

Top View
ReseT [ ® 18 Vee
mesim [ 2 15[ ] xTaL
rovin [} 3 1w [ xTac2
ReADY [] 4 13 [ ] TANK
syne s Amazzs 12[Josc
T [e 1 [ e
5578 )7 w[ ]
eno 8 9[JVoo

Note: Pin 1 is marked for orientation.




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

Storage Temperature

Temperature (Ambient) Under Bias

Supply Voltage to Ground Potential

—65°C 10 +150°C

—55°C to +125°C

Vee 75V
Vbp 15V
Maximum Output Current ¢1 and ¢, (Note 1) 100mA
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
The Following Conditions Apply Unless Otherwise Noted:
AmB8224XC (COM’L) Tp =0°Cto +70°C Vee = 5.0V 5%  Vpp = 12V ‘5%
AmMB8224XM (MIL) Ta=-55"Cto+125°C  Vgg = 5.0V 110% Vpp = 12V 110% Typ
Parameters Description Test Conditions Min (Note 2) Max. Units
I Input Current Loading VE =045V -0.25 mA
IR Input Leakage Current VR =5.25V 10 uA
com'L -1.0
Ve Input Forward Clamp Voltage Ic = -5.0mA Volts
ML —1.2
VL Input LOW Voitage Vee =56.0V 0.8 Volts
r com'L 26 2.2
Reset input
Viy Input HIGH Voltage MIL 2.8 2.2 Volts
All other inputs 2.0
ViH-ViL | RESIN Input Hysteresis Vee = 5.0V 0.25 0.5 Volts
(¢q, 7)), Ready, Reset, STSTB
oL = 2.5mA 045
VoL QOutput LOW Voltage P — Volts
All other inputs
oL = 15mA 0.45
. . 1004A CcomM'L 94 11
P1. ¢ 10H = u B—
270 MIL Vpp —1.6V|Vpp —1.0V
VOoH Output HIGH Voltage com'L 36 4.0 Volts
READY, RESET; ipH = —100uA
ML 3.35 4.0
All other outputs; IgH = —1.0mA 2.4 3.0
i i Vo =0V
Isc Output Short Circuit Current [e} _10 60 mA
(All Low Voltage Outputs Only) Vee © 5.0V
icc Power Supply Current Vee = MAX. (Note 3) 70 115 mA
Ipp Power Supply Current Vpp = MAX. 5.0 12 mA

Notes: 1. Caution: ¢1 and ¢ outputs dc not have short circuit protection.
2. Typical limitsare at Ve = 5.0V, Vpp = 12V, 25°C ambient and maximum loading.

3. For conditions shown as MIN. or MAX_, use the appropriate value specified under Electrical Characteristics for the applicable device type.

Tolerance: .005% at 0°C - 70°C

Resonance: Series (Fundamental)™®

Load Capacitance: 20-35pF

Equivalent Resistance: 75-20 ohms INPUT
Power Dissipation (Min): 4mW

*With tank circuit use 3rd overtone mode.

CRYSTAL REQUIREMENTS TEST CIRCUIT

Ry

Ry




AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Am8224XM Am8224XC
Parameters Description Test Conditions Min. Typ. Max. Min Typ. Max. Units
t, 2t
t1 ¢4 Pulse Width 2%/_ 23ns %( 20
5t 5t
2 ®2 Pulse Width TCY- 35ns g 35ns
tD1 ¢4 to 9 Delay 0 0
tD2 ¢2 to ¢1 Delay C| = 20pF to 50pF 2-199( 17ns Z‘TC - 14ns ns
2t 2t 2t 2t
tD3 ®1 10 ¢ Delay =Y oY, 22ns ey —£Y4 20ns
9 9 9 9
t, ¢1 and ¢ Rise Time 20 20
tf ¢1 and ¢ Fall Time 20 20
#o(TTL), C| = 30pF
tDg2 ©9 to o (TTL) Delay Rq =300 -5.0 15 —5.0 15 ns
Ry = 600 2
— 6t 6t 6t 6t
tDSS ¢ to STSTB Delay SR 33ns ey 2CY 30ns Y
e 9 9 9 9
P ; PR t t
tPw STSTB Pulse Width STSTB,Cp = 15pF —%Y 18ns % 15ns
" Rq =2.0kQ ns
toRs | RDYIN Setup Time to Ry - 40k sons . HCY 50ns #1CY
Status Strobe 9
tory | RDYIN Hold Time atey dtey
After STSTB 9 9
Ready and Reset
RDYIN or RESIN to CL =10pF atcy 4cy
t L P } TCY.
DR ¢ Delay Rq = 2.0k 9 25ns 3 25ns ns
Ro = 4.0k
t t
toLKk | CLK Period <y had
9 9
Maximum Oscillating
frmax Frequency 27 28.12 MHz
Vee =5.0V
. Vpp = 12V
Cin Input Capacitance VgiAs = 2.5V 8.0 8.0 pF
f=1.0MHz

AC CHARACTERISTICS (For tcy = 488.28ns)

TA=0°Ct0+70°C  Vge = +5.0V 15% Vpp = +12V 5%

Parameters Description Test Conditions Min. Typ. Max Units
t51 ¢1 Pulse Width 89 ns
tp2 ¢o Pulse Width 236 ns
tD1 Delay ¢ to ¢p 0 ns
" Delay 69 10 0 ¢1 and ¢p Loaded to %

b2 210@ CL = 20 to 50pF s
tp3 Delay ¢1 to ¢ Leading Edges 109 129 ns
t, Output Rise Time 20 ns
tf Output Fall Time 20 ns
tDss ¢9 to STSTB Delay 296 326 ns
tDep2 ¢ t0 ¢ (TTL) Delay -5.0 15 ns
tpw Status Strobe Pulse Width 40 ns
DR RDYIN Set-up Ti —-167

s etup Time to STSTE Ready and Reset Loaded ns
tDRH RDYIN Hold Time After STSTB t0 2.0mA/10pF 217 ns
tDR Ready or Reset to ¢ Delay 192 ns
FREQ Oscillator Frequency 18.432 MHz

Note: 1. All measurements referenced to 1.5V uniless specified otherwise.




SWITCHING WAVEFORMS

[
R l:— —]
¢. B

1

w /

tpp2 ——e-f ’g

t
l&dﬂal )
‘m—{’—— ‘I 2 i | D2
L o }

6(TTL) %

SYNC
(FROM 8080A)

oss T‘ Tpw “

‘i
RDYIN
OR RESIN

RESET
ouT

Voltage measurement points: @q, ¢2 Logic 0" = 1.0V, Logic "1 =8.0V.
All other signals measured at 1.5V.

Oscillator

The oscillator circuit derives its basic operating frequency
from an external, series resonant, fundamental mode crystal.
Two inputs are provided for the crystal connections (XTAL1,
XTALZ2).

The selection of the external crystal frequency depends mainly
on the speed at which the CPU is to be run. Basically, the
oscillator operates at 9 times the desired processor speed.

The formula to guide the crystal selection is:

Crystal Frequency = times 9

tcy

When using crystals above 10MHz a small amount of fre-
quency ‘‘trimming” may be necessary to produce the de-
sired frequency. The addition of a small selected capacitance
(3pF — 30pF) in series with the crystal will accomplish this
function.

Another input to the oscillator is TANK. This input allows
the use overtone mode crystals. This type of crystal gen-
erally has much lower ““gain” than the fundamental type so
an_external LC network is necessary to provide the additional

“‘gain”’ for proper oscillator operation. The external LC net-
work is connected to the TANK input and is AC coupled to
ground. See typical application with Am8228 and Am9080A
in Figure 2.

The formula for the LC network is:
1

2r V' LC

The output of the oscillator is buffered and brought out
on OSC (pin 12) so that other system timing signals can be
derived from this stable, crystal-controlled source.

F =

Clock Generator

The Clock Generator consists of a synchronous “‘divide by
nine’’ counter and the associated decode gating to create the
waveforms of the two clocks and auxiliary timing signals.

The waveforms generated by the decode gating follow a
simple 2-5-2 digital pattern. See Figure 2. The clocks gen-
erated; phase 1 and phase 2, can best be thought of as con-
sisting of “‘units’’ based on the oscillator frequency. Assume
that one ““unit’’ equals the period of the oscillator frequency.
By multiplying the number of “units”” that are contained in
a pulse width or delay, times the period of the oscillator fre-



quency, the approximate time in nanoseconds can be derived.

The outputs of the clock .generator are connected to two
high level drivers for direct interface to the CPU. A TTL level
phase 2 is also brought out ¢, (TTL) for external timing
purposes. It is especially useful in DMA dependent activities.
This signal is used to gate the requesting device onto the bus
once the CPU issues the Hold Acknowledgement (HLDA).

Several other signals are also generated internally so that
optimum timing of the auxiliary flip-flops and status strobe
(STSTB) is achieved.

EXAMPLE: tcy = 500ns
OSC = 18mHz2/55ns
47~ 11005 (2 x 5505)
6= 2750 (5 x 55ns)
69-04 = 110ns (2 x 55ns)

Figure 1. Clock Generator Waveforms.

STSTB (Status Strobe;

At the beginning of each machine cycle the CPU issues status
information on its data bus. This information tells what type
of action will take place during that machine cycle. By bringing
in the SYNC signal from the CPU, and gating it with an inter-
nal timing signal (¢1A), an active low strobe can be derived
that occurs at the start of each machine cycle at the earliest
possible moment that status data is stable-on the bus. The
STSTB signal connects directly to the Am8228 System Con-
troller.

The power-on Reset also generates STSTB, but of course,
for a longer period of time. This feature allows the Am8228
to be automatically reset without additional pins devoted for
this function.

Power-On Reset and Réady Flip-Flops

A common function in microcomputer systems is the genera-
tion of an automatic system reset and start-up upon initial
power-on. The Am8224 has a built-in feature to accomplish
this feature.

An external RC network is connected to the RESIN input.
The slow transition of the power supply rise is sensed by an
internal Schmitt Trigger. This circuit converts the slow trans-
ition into a clean, fast edge when its input level reaches a
predetermined value. The output of the Schmitt Trigger is
connected to a "D’ type flip-flop that is clocked with ¢2D
(an internal timing signal). The flip-flop is synchronously
reset and an active high level that complies with the micro-
processor input spec is generated. For manual switch type
system Reset circuits, an active low switch closing can be
connected to the RESIN input in addition to the power-on
RC network.

The READY input to the CPU has certain timing specifications
such as “set-up and hold” thus, an external synchronizing flip-
flop is required. The Am8224 has this feature built-in. The
RDYIN input presents the asynchronous “‘wait request’” to
the D" type flip-flop. By clocking the flip-flop with ¢2D, a
synchronized READY signal at the correct input level, can be
connected directly to the CPU.

USED ONLY FOR
OVERTONE CRYSTALS

l T ) [~ 7] 22-27F
— -~ (ONLY NEEDED
1 ABOVE 10MHz)

Fo—
2\ LC

13 14 15

|
]

12 1 22

05C o

10 15

p(TTL) -

3 4 23

RDYIN ————q

v,
cc
AmB224 AmI0BOA

crPU

RESIN RESET

MANUAL 5 19
RESET

SYNC

_ -
STSTB (TO Am8228 PIN-1}

Figure 2. Typical Application with Am8224
and Am9080A.
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Metallization and Pad Layout
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TANK

22 DIE SIZE

Vpp 0.085" X 0.084"




PHYSICAL DIMENSIONS
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Am8228 - Am8238

System Controller and Bus Driver

Distinctive Characteristics

Multi-byte instruction interrupt acknowledge
Selectable single level vectored interrupt (RST-7)
28-pin molded or hermetic DIP package

Single chip system controller and data bus driver for
Am9080A/8080A systems

Bi-directional three-state bus driver for CPU indepen-
dent operation

Advanced low-power Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

Available in military and commercial temperature
range o

Am8238 has extended IOW/MEMW pulse width

FUNCTIONAL DESCRIPTION

The Am8228 and Am8238 are single chip System Controller
Data Bus drivers for the Am9080A Microcomputer System.
They generate all control signals required to directly interface
AmM9080A/8080A compatible system circuits (memory and
1/0) to the CPU.

Bi-directional bus drivers with three-state outputs are provided
for the system data bus, facilitating CPU independent bus
operations such as direct merory access. Interrupt processing
is accommodated by means of a single vectored interrupt or
by means of the standard 8080A single byte and multiple byte
interrupt operation.

LOGIC DIAGRAM

LOGIC SYMBOL

19

g

15—t HOLA DBIN WR

D4 0By J=—= 16

0, DB, f=—= 11

Dy 8l DB fe——e 9
DIRECTIONAL

D4  BUSDRIVER DBjf=—= 5

Dg D8

Dg DBg

8 ~—]0, 085

i

22 ——O| BUSEN

Vee = Pin 28
GND = Pin 14

Dg —=— |=— D8y
Dy =] f=— 08,
Dy ——f - DB,
cPU ——] . | - SYSTEM
oxTal o2 TS e B
Dg —~—f fe— D8
D =] = DBg
Dy ~=—=] |=—= 08y
DRIVER CONTROL
1
— O~ MEM R
STATUS  f——e=i jO—= MEM W
LATCH
T e
(O—= 70w
v b
DBIN lO—~— BUSEN
wR o
HLDA [o— INTA
ORDERING INFORMATION
Am8228 Am8238
Package Temperature Order Order
Type Range Number Number
Molded DIP 0°Cto+70°C  AMB8228PC  AM8238PC
Hermetic DIP  0°C to +70°C  D8228 D8238
Hermetic DIP  -55°C to +125°C AM8228DM AM8238DM
Dice 0°Cto+70°C  AM8228XC AMS8238XC

CONNECTION DIAGRAM

Top View
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Note: Pin 1 is marked for orientation.




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 Volatge to Ground Potential (Pin 28 to Pin 14) Continuous - o —05Vto +7.0V
DC Voltage Applied to aﬂ}puts for HIGH Outpthigtate —0.5V to +V¢c max.
DC Input Voltage S —1.5V to +7.0V
DC Output Current, Into Qyjputs 50mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Noted:

Am8228DM, Am8238DM

Am8228PC, Am8228XC, D8228, Am8238PC, Am8238XC, D8238

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Ta=-55"Cto+125°C

Ta=0"Cto+70°C

VeeMIN. = 4.50V
VeeMIN. =475V

VeeMAX. = 5,50V
VeeMAX. = 5.25V

Typ.
Parameters Description Test Conditions (Note 2) Min. (Note 1) Max. Units
MIL
IoH = —10uA | Dg—D7 8.35 38
MoH Output HIGH Voltage Vee = MIN. CcCOM’L 36 3.8 Volts
IoH = ~1.0mA | All other outputs 24
IoL =2.0mA | Dp-—D7 0.45
VoL Output LOW Voltage Vee = MIN. “Volts
oL = 10mA All other outputs 0.45
Vol - -
Ve Input Clamp Voltage Vee =MIN, Ig = ~5.0mA -0.75 -10 Volts
{All Inputs)
VTH Input Threshold Voltage Ve = 5.0V 0.8 20 Volts
(All Inputs)
STSTB 500
S -
I Input Load Current Vee = MAX,, VE = 045V Dy and Dg 750 uA
All other inputs 250
DBg — DBy 20
IR Input Leakage Current Vce = MAX., VR =56.25V uA
All other inputs 100
INT INTA Current See INTA test circuit 5.0 mA
10(0FF) Off State Output Current Vee = MAX., Vg = 5.25V 100 A
(All Control Qutputs) Vo = 045V 100 K
Short Circuit Current
| \% =50V 15 0
0s (All Ouputs) cc 9 mA
Icc Power Supply Current Vcee = MAX. 140 190 mA
AC CHARACTERISTICS Am8228XM/Am8238XM Am8228XC/Am8238XC
OVER OPERATING TEMPERATURE RANGE ) Typ. Typ.
Parameters Description Test Conditions Min. (Note 1)  Max. Min.  (Note 1)  Max. Units
tpw Width of Status Strobe 22 22 ns
tss Set-up Time, Status Inputs Dg—D7 12 8.0 ns
tsH Hold Time, Status Inputs Dg—D7 5.0 5.0 ns
t i I
DC Delay from STSTB to Any Control Signa CL = 100pF 20 30 60 20 30 60 ns
tRR Delay from DBIN to Control Qutputs 15 35 15 30 ns
tRE Delay from DBIN to Enable/Disable 8080A Bus 25 45 25 45 ns
tRD Dela_y from System Bus to 8080A Bus CL = 25pF 1s 30 15 20 ns
During Read

twR Delay from WR to Control Outputs 5.0 20 45 5.0 20 45 ns
Delay to Enable System Bus DBg—DB

tWwE v o rabesy 0T 25 36 25 30 ns
After STSTB
Delay from 8080A Bus Dg—D7 to System Bus

t =

WD DBg—DB7 During Write CL = 100pF 5.0 20 40 5.0 20 40 ns
Delay from System Bus Enable

t

E to System Bus DBg—DB7 2 38 25 30 ns
tHD HLDA to Read Status Qutputs 15 28 15 25 ns
tps Set-up Time, System Bus Inputs to HLDA 10 10 ns
tpH Hold Time, System Bus Inputs to HLDA 20 20 ns

Notes: 1. Typical values are for T = 25°C and nominal supply voltages.
2. For conditions shown as MIN. or MAX_, use the appropriate value specified under electrical characteristics for the applicable device type.




CAPACITANCE (This parameter is periodically sampled and not 100% tested.)

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
CiN Input Capacitance 8.0 12 pF
[ Output Capacit Control Signal VBIAS =25V, Ve = 5.0V 7.0 15 F
utpu apacitance contro ignals .
out put ~ap gna Ta = 25°C, f = 1.0MHz P
1/0 1/0 Capacitance (D or DB) 8.0 15 pF

SWITCHING WAVEFORMS

>
T T2

STATUS STROBE

\/

AmB080O

DATA BUS
tss SH ——I

DBIN

'RR

HI DA |

INTA TOR, MEM R
DURING HLDA

SYSTEM BUS
DURING READ

AmB8080 BUS

DURINGREAD_——————-———_—_—__{ %
‘REJ———.

1IOW OR MEM W

Am8080 BUS
DURING WRITE

SYSTEM BUS

DURING WRITE — <

SYSTEM BUS
ENABLE

SYSTEM BUS
OUTPUTS

*Extended IOW/MEMW for Am8238 only.

S

Voltage measurements points: Dg—-Dy (when outputs) Logic “0"" = 0.8V, Logic "'1” = 3.0 V. All other signals measured at 1.5V.




QUTPUT
PIN

Note 1. For Dg—Dy: Rq = 4.0k{2, Ry = £, C|_ = 25pF.

TEST CIRCUITS

For ail other outputs: Ry = 50082, Ry = 1.0k{2, C|_ = 100pF.

+12v
e

1.0kQ
+10%

AM8228
AM8238

INTA (for RST 7)

FUNCTIONAL DESCRIPTION

Bi-Directional Bus Driver: An eight-bit, bi-directional bus
driver is provided to buffer the Am9080A/8080A data bus
from Memory and 1/O devices. The Am9080A data bus has
an input requirement of *3.0 volts {min) and can drive (sink)
a current of at least 3.2mA. The Am8228 ® Am8238 data bus
driver matches these input requirements and provides enhanced
noise immunity. The output drive is set for TOmA typical for
Memory and 1/O devices.

The Bi-Directional Bus Drive is controiled by signals from the
Gating Array for proper bus flow and the outputs can be
forced to high impedance state tthree-state) for DMA activities.

Status Latch: The Am8228 ® AmB8238 stores the status infor-
mation in the Status Latch when the STSTB input goes
“LOW". The output of the Status Latch is connected to the
Gating Array and is part of the Control Signal generation.

Gating Array: The Gating Array generates control signals
(MEM R, MEM W, I/O R, 1/O W and INTA) by gating the
outputs of the Status Latch Am9080A signals; i.e., DBIN, WE,
and HLDA.

*The 8080A has an input requirement of 3.3V and can drive a maxi-
mum current of 1.9mA.

The ‘‘read” control signals (MEM R, 1/O R and INTA) are
derived by combinational logic from Status Bit and the DBIN
input.

The “write” control signals (MEM W, I/O W) are similarly
derived from the Status Bits and the WR input.

All Control Signals are “‘active LOW’’ and directly interface
RAM, ROM and 1/O components.

The INTA control signal is normally used to gate the “inter-
rupt instruction port” onto the bus. It also provides a special
feature in the Am8228 ® Am8238. If only one basic vector is
needed in the interrupt structure, the Am8228 ® Am8238 can
automatically insert a RST 7 instruction onto the bus. To use
this option, connect the INTA output of the Am8228 e
Am8238 (pin 23) to the +12 volt supply through a series
resistor (1k ohms). The voltage is sensed internally by the
Am8228 ® Am8238 and logic is ‘‘set-up” so that when the
DBIN input is active, a RST 7 instruction is gated on to the
bus when an interrupt is acknowledged. )

When using a multiple byte instruction as an Interrupt Instruc-
tion, the Am8228 ® Am8238 will generate an INTA pulse for
each of the instruction bytes.

The BUSEN (Bus Enable) input of the Gating Array is an
asynchronous input that forces the data bus output buffers
and control signal buffers into their high-impedance state if
it is a “HIGH"”. If BUSEN is a “LOW"’, normal operation of
the data buffer and control signals take place. This facilitates
CPU independent bus operations such as direct memory access.



DEFINITION OF FUNCTIONAL TERMS LOADING RULES
D7-Dg Data bus to-from Am9080A/8080A Output Output
DB7-DBg  Data bus to-from user system Signal Pin No. InputlLoad  Sink Source
I/OR Input/output read strobe output active LOW Do 15 250pA 2mA  —10uA
1/0OW Input/output write strobe output active LOW D1 7 250uA 2mA —10uA
MEM R Memory read strobe, output, active LOW D2 12 7508A 2mA _10“A_
MEM W Memory write strobe, output, active LOW D3 10 250uAA 2mA —10uA
. ) i Dg 6 250uA 2mA —10pA
Iﬂ Data bus input strobe, input active HIGH D5 5 25004 A T
INTA Interrupt acknowledge strobe, input, active De DY 750uA Y TI0uA
Low . D7 8 250uA 2mA —10uA
HLDA Hold input from Am9080A/8080A active DBy 13 2500 TomA A
_ HIGH DB 16 2500 A 10mA —1mA
WR Write input strobe, active HIGH DB, 1 250uA TOmA A
BUSEN BUSS ENABLE INPUT, input, 3-state output DB3 3 2500A TOmA ImA
control, active LOW for 3-state out DB 5 2500A T0mA A
STSTB Status Strobe, input, strobes status on data DBg 18 2500A 10mA 1A
bus into status latch, active LOW DBg 20 2500A TomA TImA
DBy 7 250uA 10mA —TmA
STSTB 1 500uA — —
DBIN 4 250uA - —
WR 3 250uA - —
HLDA 2 250uA — —
MEM R 24 - 10mA —1mA
MEM W 26 - 10mA —1mA
1I/OR 25 - 10mA —1mA
ow 27 - 10mA —1mA
BUSEN 22 250uA — —
INTA 23 — 10mA —1mA
GND 14
Vee 28
STATUS WORD CHART
TYPE OF MACHINE CYCLE
Interrupt
Data Bus Status Instruction| Memory | Memory | Stack | Stack | Input | Output Interrup Halt Acknowledge
Bit Information Fetch Read Write Read | Write | Read | Write | Ack ledge | Ack led While Halt
® @ | ®| 6|6 |0 ® STATUS
Do INTA 0 0 0 0 0 0 0 1 0 1 WORD
D4 e 1 1 0 1 0 1 0 1 1 1
Dy STACK 0 0 0 1 1 0 0 0 0 0
D3 HLTA 0 0 0 0 0 0 0 0 1 1
D4 ouT 0 0 0 0 0 0 1 0 0 0
Ds My 1 0 0 0 0 0 0 1 0 1
Dg INP 0 0 0 0 0 1 0 0 0 0
D; MEM R 1 1 0 1 0 0 0 0 1 0
L
(NONE)
INTA
oW
IJOR | cONTROL
MEMW [ SIGNALS
MEM R
MEM W
MEM R
MEM R




PHYSICAL DIMENSIONS
Dual-In-Line

28-Pin Side Brazed 28-Pin Molded

. N NI A N T

28 3 T [ ) 15
N ]

580 525

620 = | )

]
1 14 1 1 14
L g s g e g s e s s LIS U R S LN S | N L N g ot R 0 2 4 e
.040
210 | 90

1.5 MAX |
r 1 3 208 |
| [ mAx. |

=TT -

J; N
]

1.5 MAX. i

090 | 016 |
10 022 =

STSTB /oW
HLDA MEMW
WR I/0R

MEMR
DBIN INTA
08By BUSEN
D4 De
DB, DBg
D,
0, s
083 DBg
D
D3 1
D8, DBy
D DIE SIZE
0, o

GND 0.110” X 0.136"




Chapter 6
Am8212 INPUT/OUTPUT PORT

The Am8212 is a general purpose device that provides TTL
compatible, parallel 8-bit interface logic with high fan-out for
a wide variety of applications in typical microprocessor
systems. It may be used as a bus driver, an input port, an out-
put port, or in other applications such as gating interrupt vec-
tors to the Data Bus.

This device has an output high signal level of 3.65 volts or
greater, insuring compatibility with virtually every
microprocessor available. An input low current load on the
data lines of 0.25 mA and a high output sink current drive on
the data lines of 15 mA makes the part very flexible as an in-
terface element to microprocessor Data Busses.

FUNCTIONAL DESCRIPTION

The logic diagram for the Am8212 is shown in Figure 6-1. It
shows 8-bit parallel latch and driver circuits, plus interrupt re-
quest and enable control logic.

The 8-bit parallel data logic consists of eight D-type flip-flops
each of which has a noninverting 3-state buffer on the Q out-
puts. This combination allows data to be transferred from ex-
ternal logic into the microcomputer system or from the
microcomputer system to external logic.

In order to transfer data from external logic to the microcom-
puter system, information can be input to the D-type flip-
flops at any time, whether or not the Am8212 device has been
selected by the microprocessor. When the microprocessor
selects the device, internal logic causes the contents of the
flip-flops to be output by enabling the eight 3-state buffers on
the flip-flop output lines.

The interrupt logic is designed to create an interrupt request
during the time interval between external logic strobing data
into the latches and the microprocessor reading this data.

When the Am8212 device is being used to transfer data from
a microcomputer system to external logic, the microprocessor
provides the data input and device select logic causes input
data to be strobed into the flip-flops. Simultaneously the 3-
state buffers on the flip-flop outputs are enabled so that ex-
ternal logic is able to read data off the output lines.

Am8212 INTERFACE SIGNALS

Figure 6-2 shows the Connection Diagram for the Am8212.

Input

Data Input (DIO - D17, Input)
These are the eight Data Input signals to the D-type flip-flops.

Clear (CLR, Input)
CLR resets ail of the data flip-flops when input low, and sets
the interrupt request signal INT high.

Device Select (DS1 and DS2, Input)

These signals are used to select the Am8212 for an active
operation. DS1 must be low and DS2 must be high for selec-
tion. The consequences of selecting the Am8212 are a func-
tion of the mode in which the device is operating.

Mode Select (MD, Input)
The MD input determines whether the unit will be operated in
Input or Output mode.

N7 DOO DO1 D02 DO3 D04 D05 DO6 D07
sTB
. E
MD
"L/J Y - - - -

ES)
Ds2 <

D Q D Q) DQ DQ DQ 0 Q DQ 0 Q

R C c C c c c Cr
DI Dh D12 13 D4 DI D16 oI iR

FIGURE 6-1 Am8212 LOGIC DIAGRAM
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Device Select 1 —{C] 1 ~ 26 [}F—— Vg (+5V)
Mode —L] 2 23 [J—» Tnterupt
patalno —»] 3 22 [[J&— Datain?
pataouto ] 4 21 [ paaow?
patain1 —»] 5 20 [J#— Datainé
Data Out 1 6 Am8212 19 :‘—b Data Out 6
Data In 2 :g 7 18 Dq—- Dataln 5
Data Qut 2 1—{: 8 17 3—> Data Out 5
patain3 —»{] 9 16 [ J&— Datain4
Data Out3 <«—{J 10 15 [} DataOut4
Strobe —-’C 1 14 :q— Clear
Vss (Gnd) _‘C 12 13 :“‘ Device Select 2

FIGURE 6-2 Am8212 CONNECTION DIAGRAM

When MD is low, the Am8212 is operating in Input mode. In
this mode device select logic enables output on the DO0-DO7
pins while separate logic strobes data into the Am8212, ir-
respective of whether the device has been selected.

When MD is high, the Am8212 is operating in Output Mode.
Now device select logic simultaneously strobes data into the
flip-flops and enables data out.

Strobe (STB, Input)

Strobe is an input control signal which is active in Input Mode
only. External logic uses this signal in order to strobe data into
the flip-flops. This signal also contributes to the logic which
determines the level of the interrupt request signal INT.

OQutput

Data Output (DOO - DO7, Output)
DOO through DO7 are the eight data output signals from the
3-state buffers.

Interrupt Request (INT, Output)
This is the output signal used to request interrupt service from
the microprocessor.

NDFERATING MODES

The simplest way of understanding Am8212 logic is to initially
ignore the interrupt section and examine the 8-bit parallel data
path when the device is operating in Input or Output mode.

There are two important signals created within the
Am8212: the D-type flip-flop clock input and the output
buffer enable. Logic equations for these two signals are as
follows:

C = (MD - STB)+(MD - (DS1 - DS2))

Clock equation

EN = MD+DS1 - DS2
Output Mode

Output Mode operation is selected by the MD control being
input high. MD high forces the first term of the clock equation
to remain permanently low thereby negating the STB signal.
The D-type flip-flop clock input will now follow the device
select. Simultaneously, MD high permanently enables EN, the
output buffer enable control. Thus, flip-flops will be enabled.

Output buffer
enable equation
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The flip-flop inputs will be sampled when the clock signal is
high, which occurs when the device is selected.

Output Mode acquires its name from the fact that this use of
the Am8212 will normally occur when the DI pins are con-
nected to the microcomputer system Data Bus while the DO
pins are connected to external logic. Thus an output or write
instruction that selects the Am8212 will cause select logic to
go true. This permits the data to flow through the flip-flops
and out to external logic.

If external logic is connected to the DI pins in Output Mode,
while the microcomputer system Data Bus is connected to
the DO pins, then a memory read or input instruction that
selects the Am8212 will cause the microcomputer system to
read whatever data happens to be instantaneously present at
the DI pins when the Am8212 is selected.

Input Mode

Input Mode operation is characterized by the MD control
signal being input low. Referring to the flip-flop clock signal
equation, a low MD input will force the second term of the
clock signal equation to be inactive. Now the clock signal will
follow the strobe input (STB). Irrespective of whether the
Am8212 is selected or not, external logic may load data into
the flip-flops by pulsing STB high while data is stable on-the
DI pins. The output buffer enable signal, on the other hand,
must rely on device select logic for a high input, since in the
first term of the buffer enable equation MD will always be
low. Thus, the outputs of the flip-flops will not be available at
the DO pins until the Am8212 has been selected by an input
or read instruction.

Input Mode gets its name from the fact that in this mode ex-
ternal logic is normally connected to the DI pins while the DO
pins connect to the system Data Bus. Clocking data into the
flip-flops via the STB signal and enabling the outputs onto the
Data Bus via the device select logic are asynchronous events.
External logic can input data to the D-type flip-flops at any
time and the microprocessor can subsequently read the data.

Note that nothing in the logic of the device prevents the
microprocessor from connecting to the DI inputs in Input
Mode, while external logic connects to the DO outputs. In this
case, device seiect logic must now create the STB signal,
while external logic must input the device select signals, D31
and DS2. In this configuration, the Am8212 is operating as a
buffered and strobed output port.

INTERRUPT LOGIC

Interrupt logic associated with the Am8212 is aimed at provid-
ing Input Mode handshaking controls. Timing is illustrated in
Figure 6-3.

With its D input tied to ground, the STB pulse will force the
INT output low as long as the SR flip-flop is not being

I\

STB

SR (Q)
DS1.DS2

iNT

FIGURE 6-3 INTERRUPT LOGIC



clamped by the CLR input. INT will remain low until device
select logic has completed a select high pulse. Thus, the INT
signal remains low for the time interval between external logic
strobing data into the D-type flip-flops and the
microprocessor reading this data. Table 6-1 summarizes the
condition of the INT output as a function of the possible in-
puts. SR is the internal Service Request Latch.

In the simplest case the INT output of the Am8212 device will
be connected to the microprocessor’s interrupt request logic.
As soon as external logic strobes data into the D-type flip-
flops, an interrupt request will occur. The microprocessor can
enter an interrupt service routine which reads the contents of
the flip-flops.

Alternatively, the INT output may be used as a handshaking
signal to external logic. When external logic strobes data into
the D-type flip-flops, iNT is immediately output low. External
logic may use the subsequent low-to-high transition of INT as
an acknowledge that the microprocessor has read the con-
tents of the Am8212 device, indicating that the external logic
is free to transmit new data to the DI pins.

TABLE 6-1 INT SIGNAL LOGIC

CLR {DS1 - DS2) sT8 SR NT

0 0 0 1 1
0 1 0 1 0

1 { 0 0
1 1 0 1 0
1 0 0 1 1
1 1 { 1 0

APPLICATIONS

Shown here are several examples of the use of the Am8212 8-
bit 1/0O Port. These are largely illustrative in that many of its
functions can now be implemented in Low-power Schottky.

Unidirectional Bus Buffer

Figure 6-4 illustrates the Am8212 device being used as a sim-
ple bus buffer.

45V e AAA———

sT8
DI0  — ——> D00
Am8212
DI7 i 3 DO7
DST MD  DS2

Bus Control

FIGURE 6-4 AN Am8212 CONFIGURED AS A BUS BUFFER
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In this case, the device is operated in Input Mode, since device
select logic enables or disables the buffers on the outputs.
Since latching in the Input Mode is not required, the STB signal
is tied high. Thus, data entering the DI pins will appear at the
output. MD is shown tied to ground, which is required for In-
put Mode. DS1 is also tied to ground. Select logic is now
based on DS2. Whenever a high input occurs at DS2, data en-
tering via the DI pins will flow through to the DO pins. Any sig-
nal will do — a data line, an address line or a control signal. As
soon as DS2 receives a low input, the DO pins will enter their
high impedance state. Newer microcomputer system designs
would make use of the Am74LS241 for the application. This
results in lower cost and lower power and replaces a 24-pin
with a 20-pin device.

Bidirectional Buffer/Bus Driver

The Am8212 is easily configured as a bidirectional bus driver.
In the high impedance state, the bidirectional bus driver con-
figuration provides very low loading on one side of the bus,
while maintaining high fan-out capability on the other side.

Figure 6-5 shows two Am8212 circuits connected in parallel
as a bidirectional buffer/bus driver. The STB, MD and DS con-
trol signal connections are similar to the unidirectional bus
driver; however the DS1 and DS2 control signals are selected
so that the output of one is in the high impedance state when
the other is in the active data transfer mode.

CLR sTB

()

—>»] DS1 DS2

X

ME

CLR STB

BUS BUFFER

CONTROL > Ds2 Ds1
MD

FIGURE 6-5 BIDIRECTIONAL BUS BUFFER

Again, the Low-power Schottky Am74LS241 would be a bet-
ter choice for new designs in many applications.

Input Port

Two configurations for the Am8212 used as an input port, are
shown in Figures 6-6 and 6-7.

In Figure 6-6 the Am8212 is connected as a port without
latched inputs. The Interrupt signal is not used with this con-
figuration because STB is permanently high.

Since MD is held low, the Am8212 is being operated in Input



Mode. However, STB is held high; therefore data arriving on
the Dl inputs from external logic will flow continuously into the
flip-flops.

The device select signals, DS1 and DS2, are used in an in-
teresting way. Device address logic creates a single high signal
in order to select the Am8212; this high signal is input at DS2.
Simultaneously, the read pulse which will accompany an input
or memory read instruction’s execution is connected to DS1.
Thus the low read pulse accompanying device select will
satisfy the device select logic to enable the output buffers.

+ 5V ———AM———
Y
STB
DI0 D00
D >
[ ] ]
EXTERNAL . ° Am9080A
DATA INPUTS e | DATABUS
D >
DI7 DO7
D51 MD DS2

i70R ————T

FROM ADDRESS
BUS DECODE

L

FIGURE 6-6 UNLATCHED INPUT PORT

FROM PERIPHERAL CONTROL _—j

S8 |—> INT (RESPONSE
TO STROBE)
DIO oo
> D >
° D
EXTERNAL L] L] Am3080A
LOGIC INPUTS ) @ e [ DATABUS
D —>
D17 DO7
DS1 MD DS2

FROM ADDRESS
BUS DECODE

FIGURE 6-7 LATCHED INPUT PORT
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The Figure 6-7 configuration shows the strobe signal STB
connected to peripheral control logic which latches the input
data and creates an interrupt request. Notice that STB deter-
mines the instant at which the latches accept data at the DI in-
puts. The DS signals determine when the latch outputs are
connected to the Data Bus, and when they are in the high im-
pedance state.

Output Port

Figure 6-8 shows the use of the Am8212 as an output port.
Notice that MD is connected to + 5V, creating Output Mode.
DS is connected to the microprocessor system 1/OW signal,
and STB can be used by the external peripheral circuit to
acknowledge that information has been read by the peripheral
device. In Output Mode the operation of STB does not affect
the transfer of information from the input Data Bus to the
latches or the data output of the Am8212; STB doees activate
the interrupt request to signal the CPU that the data transfer
has been completed. The operation of DS1 and DS2 will deter-
mine when_information is read from the Data Bus into the
Am8212. DS1 is connected to the I/OW signal from the
Am8228/8238 and DS2 is generated from the chip select logic
connected to the Address Bus.

< sT8
> D —
L]
E OUTPUTS
Am3080A ° B
DATA BUS . PERIPHERAL
D —-D- —>
DS1 MD 0S2
_ 1 1
T7oW,
+5
FROM ADDRESS
BUS DECODING

FIGURE 6-8 OUTPUT PORT

Status Latch

An Am8212 may be used as a latch to store the status signals
that occur on the Am3080A Data Bus during the T1 clock
period of each M1 machine cycle. When using the Am8212,
rather than the Am8228/8238 System Controller, the status
signal Stack will be present at the output of status latches for
those applications that require it. Figure 6-9 shows a logical
connection of the Am8212 as a status latch.



GND =34 AM9080A

CPU
+ 5V ——— »
-5V ——ee A0-A15 ADDRESS BUS ‘>
) A" ——
HOLD HOLD REQ
INT & INT REQ
CONTROL BUS
INTE » INT ENABLE
WAIT » WAIT

r—w— Vee

TANK Ok XTAL o DmSTB DOT{——> INTA
I I“' D0-D7 DATA BUS - WO

0SC (TTL) <— 3 STACK
2 (TTL) et 1 WR status | LA
RDYIN —3f 4 b2 DBIN : LATCH — OUT
RESIN — A;_ggf - READY HLDA o AME212 L
+12v —»] GENERATOR RESET —> NP
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GND »{ Ds1
STATUS STROBE CLR
- F MD DS2 p—— VccC
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FIGURE 6-9 THE Am8212 USED AS A STATUS LATCH
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Am3212:-Am8212

Eight-Bit Input/Output Port

Distinctive Characteristics

® Fully parallel, 8-bit data register and buffer replacing
latches, multiplexers and buffers needed in micro-
processor systems.

® 4.0V output high voltage for direct interface to MOS
microprocessors, such as the Am9080A family.

® |nput load current 250 A max.
® Reduces system package count

® Available for operation over both commercial and

military temperature ranges.

Advanced Schottky processing with 100% reliability
assurance testing in compliance with MIL-STD-883.

® Service request flip-flop for interrupt generation
® Three-state outputs sink 16mA
® Asynchronous register clear with clock over-ride

FUNCTIONAL DESCRIPTION

All of the principal peripheral and input/output functions
of a Microcomputer System can be implemented with the
Am3212 @ Am8212. The Am3212 ® Am8212 input/output
port consists of an 8-latch with 3-state output buffers along
with control and device selection logic, which can be used to
implement latches, gated buffers or multiplexers.

LOGIC DIAGRAM

1 SERVICE

CONNECTION DIAGRAM

Top View
55 ] ® ~ 2 Vee
mo[ ]2 2 [ Wt
on[]s3 2 [ _]0s
00, ] 4 21 []00g
o[ s 20 []017

0[] e Am3212 19 ]P0
o] amgziz o

00318 17 []00g
o[ o 6 [ 1075
D04 10 15 [_]00g
sts[J 14 [_JetR
ono[ ]2 13 ”:]Ds2

Note: Pin 1 is marked for orientation.

PIN DEFINITION

DI —Dig DATA IN

DOy —DOg DATA OUT

DSy - DSy DEVICE SELECT

MD MODE

STB STROBE

INT INTERRUPT (ACTIVE LOW)
CLR CLEAR (ACTIVE LOW)

[ . REQUEST FF
DS,
DEVICE S
SELECTION —i°°e°
= SR
¢ ~
ACTIVE LOW
I WR
] > —
2 ouTePuT
MD BUFFERS
" -1
sT8 l l 1
3
bIN o o t— 00:
— C R
DATA LATCHES —==| q
s .
o1, 0o a 1—"— 00,
—icC ¢
; |
DIy Do 18— 004
¢ R
9 1
Dly D Q 1—0 00,
¢ R
16 15
Dig o o ’l— DOg
Cr
18 1 17
Dig o @ 1 DOg
< R
20 ; 1
oiy D Q@ 1> g DO;
1., |
22 21
Dig 0D a 1-— DOg
RESET —1C &
DRIVER
— 14
TR ?
(ACTIVE LOW) R

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Hermetic DIP —55°C to +125°C AM8212DM

Hermetic DIP 0°C to +70°C D8212
Molded DIP 0°C to +70°C P8212
Dice 0°C to +70°C AM8212XC
Hermetic DIP 0°C to +70°C D3212
Hermetic DIP —55°C to +125°C MD3212
Molded DIP 0°C to +70°C P3212




FUNCTIONAL DESCRIPTION (Cont'd)

Data Latch

The 8 flip-flops that make up the data latch are of a “D”" type
design. The output (Q) of the flip-flop will follow the data
input (D) while the clock input (C) is high. Latching will occur
when the clock (C) returns low.

The data latch is cleared by an asynchronous reset input
(CLR). (Note: Clock (C) Overrides Reset (CLR)).

Output Buffer

The outputs of the data latch (Q) are connected to 3-state,
non-inverting output buffers. These buffers have a common
control line (EN); this control line either enables the buffer
to transmit the data from the outputs of the data latch (Q)
or disables the buffer, forcing the output into a high im-
pedance state. (3-state). This high-impedance state allows the
Am3212 ® AmB212 to be connected directly onto the micro-
processor bi-directional data bus.

Control Logic

The Am3212 ® Am8212 has control inputs 5§1, DSy, MD
And STB. These inputs are used to control device selection,
data latching, output buffer state and service request flipflop.

DS4, DS, (Device Select)

These 2 inputs are used for device selection. When D_S1 is low
and DSy is high (DSq - DSy) the device is selected. In the
selected state the output buffer is enabled and the service
request flip-flop (SR) is asynchronously set.

MD (Mode)

This input is used to control the state of the output buffer and
to determine the source of the clock input (C) to the data
latch.

When MD is high (output mode) the output buffers are en-
abled and the source of clock (C) to the data latch is from the
device selection logic (DS - DS»).

When MD is low (input mode) the output buffer state is
determined by the device selection logic (DSq - DS5) and the
source of clock (C) to the data latch is the STB (Strobe) input.

STB (Strobe)

This input is used as the clock (C) to the data latch for the
input mode MD = 0) and to synchronously reset the service
request flip-flop (SR).

Note that the SR flip-flop is negative edge triggered.

Service Request Flip-Flop

The SR flip-flop is used to generate and control interrupts
in microcomputer systems. It is asynchronously set by the
CLR input (active low}. When the (SR) flip-flop is set it is in
the non-interrupting state.

The output of the (SR) flip-flop (Q) is connected to an in-
verting input of a “NOR’’ gate. The other input to the “NOR"”
gate is non-inverting and is connected to the device selection
logic (DS7 : DSy). The output of the “NOR’" gate (INT) is
active low (interrupting state) for connection to active low
input priority generating circuits.

TRUTH TABLE

STB | MD | DSq—DS, | Data Out Equals
0 0 0 Three-State
1 0 o] Three-State
0 1 0 Data Latch
1 0 Data Latch
0 0 1 Data Latch
1 0 1 Data In
0 1 1 Data In
1 1 1 Data In

CLR — Resets Data Latch

CLR| DS;-DS, | STB| SR* | INT
0 0 1 1

1 0 1 0.
1 1 ~ 0 0
1 1 0 1 0
1 0 Q 1 1
1 1 . 1 0

— Sets SR Flip-Flop (no effect on Output Buffer)

*Internal SR Flip-Flop




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 —0.5V to +7.0V
Output Voltage —0.5V to +7.0V
Input Voltages —1.0V to +5.5V
Output Current (Each Output) 126mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

P8212, D8212,P3212,D3212 (COM’L) Ta=0°Cto+70°C Vce =5.0V £ 5%
Am8212DM, MD3212 (MIL) Ta =—55°C to +125°C Vce = 5.0V £ 10%
DC CHARACTERISTICS T
yp-
Parameters Description Test Conditions Min. (Note 1) Max. Units
Input Load Current
VE=04 —0.25 A
IF ACK, DSy, CR, Diy — Dlg Inputs F =045V m
IF Input Load Current MD Input Vg =045V —-0.75 mA
IF Input Load Current DS Input VE =045V -1.0 mA
Input Leakage Current _
'R ACK, DS, CR, DIy — Dlg Inputs VR =525V 10 HA
IR input Leakage Current MO Input VR =5.25V 30 uA
IR Input Leakage Current DS Input VR =5.25V 40 uA
comMm'L -1.0
V¢ Input Forward Voltage Clamp Ic = —5.0mA Volts
MIL —1.2
COM'L 0.85
ViL Input LOW Voltage Volts
MIL. 0.80
VIH Input HIGH Voltage 2.0 Volts
VoL Output LOW Voltage loL = 15mA 0.45 Volts
\ 1.0mA COM'L 3.65 4.0
=—1.0m
VOH Output HIGH Voltage OH MIL 3.3 4.0 Volts
I0H = —0.5mA MiIL 35 4.0
Isc Short Circuit Output Current Vo =0V —15 —75 mA
Output Leakage Current _
ligl High Impedance VQ = 0.45V/5.25V 20 kA
Icc Power Supply Current Note 2 a0 130 mA
AC CHARACTERISTICS (Note 3) Typ
Parameters Description Min. (Note 1) Max. Units
tow Pulse Width 30 8 ns
tpod Data to Output Delay 12 30 ns
twe Write Enable to Output Delay 18 40 ns
tset Data Set-up Time 15 s
th Data Hold Time 20 ns
t Reset to Output Delay 18 40 ns
tg Set to Output Delay 15 30 ns
te Output Enable/Disable Time 14 45 ns
te Clear to Output Delay 25 55 ns
CAPACITANCE (Note 4) TEST LOAD d F
F= 1.0MHz, Vgag = 2.5V, Voo = +5.0V, Tp = 25°C (15mA and 30pF)
s . v,
Parameters Description Typ. Max. Units &
CINn DS1 MD Input Capacitance 9.0 12 pF
3000
cIN DSy, CK, A(_:K, DIy —Dig 5.0 90 oF
Input Capacitance : TOD.U.T
CouT DO —-DOg Output Capacitance 8.0 12 pF
*30pF 6009
Notes: 1. Typical limits are at Vge = 5.0V, 25°C ambient and maximum loading.
2. CLR =STB =HIGH; DSq = DS, = MD = LOW; all data inputs are gound, all data outputs are open. L L
3. Conditionsof Test: a) Input pulse amplitude = 2.5V - -
b) Input rise and fall times 5.0ns *Including Jig and Probe

c) Between 1.0V and 2.0V measurements made at 1.5V with 15mA and 30pF Test Load. Capacitance.
4. This parameter is sampled and not 100% tested.



TIMING DIAGRAM

DATA 15V 1.5V

1 Pw I

STB or DSy DS, 15V 1.5V

QUTPUT 1.5V

DS, Ds, 15V 15V

I‘*'E" (SEE NOTE) L*‘D_"
ouTPUT x { }
e . —,fi 05V

I tPW | ’

o
a|
Bl
o
<
o
<

DATA 15V 1.5V
N — | —
L—tSET | Y l
B
ST8 or DSy DS, 15V
lPD‘I
o
QuTPUT 15V
_—
sT8

DS, * D3, 16V 15V

3
@
<

1.5V

Note: Alternative Test Load.

Vee

30082

30pF

AAA
VWA

1k

||H




Input Current Versus

TYPICAL CHARACTERISTICS

Output Current Versus

Output Current Versus

Input Voltage Output LOW Voltage Output HIGH Voltage
[ T 100 T 0 .
Ve =50V Vg = 5.0V Vee = 5.0V
-50 i
1 r g £
1
1 Tp=25°C__| 1 1 -10
S —100 7 A - // = o,
= | | z 60 z TpA=75°C
w Tp=75°C & Tp=75°C / e 5
= —150 74 « A o«
> 3 | 7/ 3 = oEo—1
15 O 40 + g -20 TaA=25°C
5 200 - 5 Ta=25°C / 5 .
e Tp=0C 3 " y e E 25 —Ta=0°C
z A= 3
—250 © i _30
—300 0 -35
3 -2 -1 0 1 2 3 0 0.2 04 06 08 0 10 20 30 40 50
INPUT VOLTAGE — VOLTS OUTPUT LOW VOLTAGE — VOLTS OUTPUT HIGH VOLTAGE — VOLTS
Data to Output Delay Data to Output Delay Write Enable to Output Delay
Versus Load Capacitance Versus Temperature Versus Temperature
50 T 22 T % 40 T
Vv =5. = -
2 1’C(Iz Jees . Vee =5.0v N Vg = 5.0V
! A .20 < 35
40 @
> b~ Attt o
3 Z 8 - 5 30 ST8
w 2 DS.
o 30 - =) o 2 Jtt
= Lo I 5 ./ \ P
2 2 16 o 25 2 =+ —]
= E -~ ° La=Z-FX
3 3 - =
S o 14 | Y 20 ==t
- = @ t——
< s ‘ S
% < 12 w15
a o b =
0 10 g w0
0 50 100 150 200 250 300 25 0 25 50 75 100 ~25 50 75 100
LOAD CAPACITANCE — pF TEMPERATURE - °C TEMPERATURE - °C
INPUT DEVICE OUTPUT DEVICE
4 Detailed
DO DI
5 5 6
L & | 6
8 7 | &
9 10 9 10
| 10 | 10
16 Am3212 15 16 Am3212 | 15
18 Am8212 17 18 Am8212 17
20 19 20 19
22 21 22 21
M TR__ ] el By TR o
S; MD DS, DSy DS,
1 2| 13 I 3 I 2 I 1?
= Vee
QUTPUT
INPUT .
STROBE o ] - Symbolic FLAG
SYSTEM Am3212 Am3212 SYSTEM
INPUT AmB212 Am8212 ouTPUT
—O| TR iNT jo— —o] INT CLR jo—

N
DATA BUS

e
DATA BUS

Vee

LT




TYPICAL APPLICATIONS OF THE Am8212

GATED BUFFER (3-STATE) Vee

By tying the mode signal low and the strobe input high, the sT8

data latch is acting as a straight through gate. The output
buffers are then enabled from the device selection logic DS,

and DS,. ouTPUT
2 . . o ‘S"?; N Am3212 DATA
When the device selection logic is false, the outputs are 3-state. %DAHA_ AmB212 Iéis';C'WN,

When the device selection logic is true, the input data from the
system is directly transferred to the output.

— 1

GATING | =

CONTROL i =
— -

(0S; DS,

Bi-Directional Bus Driver Vee
Two Am3212 @ Am8212’s wired back-to back can be used as
a symmetrical drive, bi-directional bus driver. The devices are STB
cont_rolled by the data bus input control which is connected
to DSq on the first Am3212 ® Am8212 and to DSy on the
second. While one device is active, and acting as a straight
through buffer the other is in its 3-state mode.
DATA Am3212 DATA
BUS AmB8212 . BUS
—Of CLR
DATABUS T l \
CONTROL =
STB
Am3212 /L_
Am8212 \r.,_.._

INPUT

Interrupting Input Port - STROBE —l DATA BUS
N =]

The Am3212 ® Am8212 accepts a strobe from the system sTe
input source, which in turn clears the service request flip-flop
and interrupts the processor. The processor then goes through
a service routine, identifies the port, and causes the device

selection logic to go true — enabling the system input data SpuT E> P )

onto the data bus.

SYSTEM — —
REsET O] CLR N

J_ TO PRIOR

IORITY CKT
PORT (ACTIVE LOW)
SELECTION = OR
(557 -Ds;) TO CPU

INTERRUPT INPUT

h=

|




TYPICAL APPLICATIONS OF THE Am8212 (Cont'd)

Interrupt Instruction Port

The Am3212 ® Am8212 can be used to gate the interrupt
instruction, normally RESTART instructions, onto the data
bus. The device is enabled from the interrupt acknowledge
signal from the microprocessor and from a port selection sig-
nal. This signal is normally tied to ground. (D_S1 could be
used to multiplex a variety of interrupt instruction ports onto
a common bus).

Vee
DATA BUS
—
sTB
RESTART 1
INSTRUCTION s: ::ggé
(RSTO RST 7) /
—| CLR
ronr I \
SELECTION (DS;} —

—_—
INTERRUPT ————

ACKNOWLEDGE —*

Output Port (With Hand-Shaking)

The Am3212 ® Am8212 is used to transmit data from the
data bus to a system output. The output strobe could be a
hand-shaking signal such as “‘reception of data”” from the de-
vice that the system is outputting to. It in turn, can interrupt
the system signifying the reception of date. The selection of
the port comes from the device selection logic. (DSq - DSp).

-
DATA BUS OUTPUT STROBE
|

ST8

Am3212 -
SYSTEM OUTPUT
-
iNT CLR JO——— SYSTEM RESET
N
. —~
v I PORT SELECTION
svsTem cc :E_/S\TC;;)O)NTROL)
INTERRUPT N 1 2

Am9080A Status Latch

The input to the Am3212 ® Am8212 latch comes directly
from the Am9080A data bus. Timing shows that when
the SYNC signal is true (DS7 input), and ¢1 is true,

(DS input) then the status data will be latched into the
Am3212 ® Am8212. The mode signal is tied high so that
the output on the latch is active and evabled all the time.

Do
Pru—
B DW
52
e —
— 0,
p—
— DaTA BUS
Dy
P —
4
Am9080A Dg — Os
5 [
Dg Ds
6 -
07 Dy
19
SYNC
7
DBIN
21 92
> " STATUS LATCH T T,
N\
3 4
Dy D, !
o INTA T
ov Ty : s
] wo ©2 7\
8
9 STACK SYNC
10 |
HLTA
6 Am3212 15 ‘ - — = =
18 Am8212 —— ourt DATA
CLOCK GEN {oaTTL)
& DRIVER

BUS
Gt —— wemR
DS, MD DS
2 1
IENERE

L
17 -
20 M1 = BASIC  oriris <—'—
CONTROL i

DBIN




PHYSICAL DIMENSIONS
Dual-In-Line

Hermetic Molded
PAYLYAViVIV.VAVLVIVIN JATATATATATATATATATATATA!
2 3] ¥ 24 13
! f
i 535
545 299
N 500 5625 D
1 12 1 12
Y Y Y Y YV Y YV ML A R A R
200 120 . 610 200
MAX. 1.225 ' ‘ 590 MAX. ’————fﬁlgig 2 e
. 0 :
‘NOM.
i 015
N f ——L 020 - 008 _L
125 R .125 MIN
oo | L Low L e [ s
110 B I [ B 023 650 . — 873
‘090 030 015 " Nom ~—‘ ]—+ s 022 ‘”—— 625
Metallization and Pad Layout
o Vee
DS, 1 INT
MD 2
DIy 3— Dig
DOy 4 0Og
Dl g Dy
00, 6 D0,
O3 7 = 18 Dlg
0o 8 o, 17 DOg
Dy o [ 16 DI
00: 10 .;r' 15 0055
L
ste n— | l L . &= DIESIZE
GND 12 13 DSy 0.091" X 0.112"”




Chapter 7
Am8255/9555 PERIPHERAL INTERFACE

Early 8080A/9080A microcomputer systems used the 8212
Data Buffer in order to generate 8-bit parallel 1/0. As com-
pared to logic available at the time, the 8212 was an effective
device; by today's standards, however, it is often difficult to
use. The 8255 Programmable Peripheral Interface (PPI) device
has become a standard part for generating parallel data input
and output. With the advent of the Am3080A enhancement of
the 8080A, the Am9555 PPl is now available and may be used
wherever appropriate when generating parallel data input and
output.

Just as the Am9080A microprocessors are pin compatible
with the 8080A, yet have significant enhancements, so the
Am9555 PPl can be used wherever an 8255 currently exists.
The Am9555 PPl has additional features which the 8255 PPI
does not have, but these additional features represent strict
enhancements, which in no way interfere with the Am9555
acting as an exact replacement for the 8255.

The Am9555 Programmable Peripheral Interface circuit pro-
vides flexible, parallel 1/0O capability for the Am9080A, and
most other 8-bit microprocessors.

DBO-DB7

BIDIRECTIONAL
DATA BUS

RD
Wcﬁ—é 3 R/W CONTROL LOGIC
A0 3 AND DATA BUS BUFFER

-

GROUP A- GROUP B
CONTROL CONTROL

p INTERNAL 8-BIT BUS

i

A

GROUP A GROUP B
PORT A | PORT C PoRT c | PoRT B

0

1/0 1/0 1/0 1/0
PA7-PAO0  PC7-PC4 PC3-PCO  PB7-PBO

Significant features of the Am9555 are:

e 24 bits of Input/Output, divided into three 8-bit ports.

e Uni- or bidirectional 1/0, with or without handshaking con-
trol signals.

e Output drivers for any eight of the 1/0 signals provide 2 mA
of source current.

Am9555 FUNCTIONAL DESCRIPTION

A block diagram for the Am9555 is shown in Figure 7-1. The
bidirectional Data Bus interfaces the Am9555 with an
Am9080A microprocessor, and handles all information
transfers between the two.

There are four destinations for information written to the
Am9555. These are I/O ports A, B, and C, and a Control
Register. The Control Register is contained in the Read/Write
Control Logic. The Am9080A microprocessor may read from,
or write to 1/0 Port A, B, or C. The Control Register is a write
only location and cannot be read.

Am9555 INTERFACE SIGNALS

The Connection Diagram and the assignments of 1/0 connec-
tions to the Am9555 are shown in Figure 7-2. Descriptions of
the 1/0 connections and their functions follow.

PORT A BIT 3 <] 1 ~ 40 [J€> PORT A BIT 4
PORT A BIT 2 (] 2 30 [[J<€> PORTABIT 5
PORT A BIT 1 <—>C 3 38 34—» PORT A BIT 6
PORT A BIT 0 -] 4 37 FJ<— PORT A BIT 7
READ —] 5 36 [)€— WRITE
crAFSELECT — ] 6 35 [Je— RESET
(GND) Vss _.: 7 34 [C}€> DATA BUS 0
ADDRESS ‘_’: 8 33 [} DATABUS 1

ADDRESS 0 —»C_j 9 32 [C)=€3 DATA BUS 2
PORT C BiT 7 43 [] 10 angsss 31 [J€3= DATABUS 3

PORT C BT 6 <] 11 30 [ Y- ATABUS 4

PORT C BIT 5 <] 12 29 ) DATABUS 5
PORT C BIT 4 <[] 13 28 [T DATABUS 6
PORT C BIT 0 <] 14 27 [C)€—» DATABUS 7
PORT C BIT 1 <3{] 15 26 [P ViCC (4 5V

PORT C BIT 2 <] 16 25 [ )~ PORT B BIT 7
PORT C BIT 3 3] 17 24 [TJ«—3 PORTBBIT 6
PORT B BIT 0 4’: 18 23 :<_> PORT B BIT 5
PORT B BIT 1 €] 19 22 [TJ€— PORTBBIT 4
PORT B BIT 2 <] 20 21 [}« PorTBEIT3

FIGURE 7-1 Am9555 BLOCK DIAGRAM

FIGURE 7-2 Am9555 CONNECTION DIAGRAM



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

The Data Bus connections, DBO through DB7, form the
bidirectional Data Bus connecting the Am9555 with the
microprocessor system. Information is transferred between
the Am9555 and the Am9080A microprocessor via the Data
Bus.

1/0 Port A (PAO - PA7, Bidirectional)

These eight pins constitute |/O Port A. They may be con-
figured to serve as an input, an output, or a bidirectional
parallel data port. Input-only and output-only pins cannot
coexist within 1/0 Port A.

1/0 Port B (PBO - PB7, Bidirectional)

1/0 Port B may be configured as an input or an output port; it
is designed to support bidirectional parallel data. Also, input-
only and output-only pins cannot coexist within 1/0 Port B.

1/0 Port C (PCO - PC7, Bidirectional)

1/0 Port C may be accessed as a single 8-bit parallel unit, or as
two separate 4-bit parallel units. When either |/O Port A or I/O
Port B is configured as an 1/O port with handshaking, then
selected 1/0 Port C pins provide the handshaking signals.

Input

Chip Select and Address (CS, AO, A1, Input)
There are four addressable locations within the Am9555
PPI: 1/0 Ports A, B and C plus a Control Register. CS must be
low in order to select the PPI. Once selected, AO and A1 iden-

tify the addressable location which will be accessed, as
defined in Table 7-1.

TABLE 7-1 Am9555 CONTROL LINE OPERATION

trol Register while RD is low is an invalid operation.

RD and WR will usually be connected to control signals output
by the Am8228 System Controller. If the Am9555 is being ac-
cessed as four 1/0 ports via /0 instructions, then RD will be
connected to I/OR and WR will be connected to I/0W. If the
Am9555 is being accessed via memory reference instructions,
as four memory locations, then RD will be connected to
MEMR and WR will be connected to MEMW.

Reset (Reset, Input)

The Reset connection provides a system reset to the Am93555
PPI. When the Reset line is activated with a high level signal, all
internal registers are cleared and all three /O ports (A, B, and
C) are configured to function in their input mode only. Thus,
peripheral circuits may read information into the Am9555, but
no information may be written from the Am9555 to peripheral
circuits without writing appropriate control codes to modify
the configuration of 1/0 ports.

SELECT LOGIC

Figure 7-3 shows how an Am9080A system can access six or
less Am9555 PPis without incorporating additional Address
Bus decoding logic using I/O instructions. Since each Am9555
has three I/0 ports, the configuration in Figure 7-3 provides a
maximum of 18 |/O ports. Table 7-2 gives the unique hex-
adecimal addresses for each of the possible 18 1/0 ports.
Notice in Figure 7-3 that each of the Am9555 chip selects (CS)
is attached to a separate Address Bus line. The two low order
Address Bus lines are attached to the AQ and A1 inputs of
each PPl. When any address other than those shown in Table
7-2is used in an IN or OUT instruction, care must be exercised
as more than one chip select will be generated.

When more than 18 1/O ports are needed in an Am9080A
system, chip select decode logic must be added. A maximum
of 64 PPI chips can be connected to the system if they are ac-
cessed using 1/0 instructions. Note that 64 Am9555 devices
provide 192 1/0 ports. Figure 7-4 shows chip select decoding

Al A0 | RD | WR | TS accomplished using the Am25LS138 one-of-eight decoder.
0 0 0 1 0 Transfer Port A to Data Bus
] 1 o 1 0 Transfer Port B to Data Bus
1 0 0 1 0 Transfer Port C to Data Bus TABLE 7-2 HEX PORT ADDRESSES
1 1 0 1 0 Non-functional Condition
0 0 1 0 0 Transfer Data Bus to Port A FOR THE SYSTEM OF FIGURE 7-3
0 1 1 0 0 Transfer Data Bus To Port B
: o] 1 0 o] Transfer Data Bus to Port C AmM9555 /0 /0 /0 CONTROL
1 1 0 0 Data Bus—Control T P REGISTER
X X X X 1 Data Bus Output Off UNI PORT A ORT B PORT €
1 8 F9 FA 8
. 2 F4 F5 F6 F7
CS, AO and A1 will usually be derived from the low order eight .
: : : : F
Address Bus lines from the microprocessor, if the Am9555 is 3 EC ED E
accessed using 1/0 instructions. CS, A0 and A1 will usually be 4 DC DD DE DF
derived from the full Address Bus if the Am9555 is accessed
. N . = == . 5 BC BD BE BF
using memory reference instructions. RD and WR signals
determine whether the Am9555 will be accessed by 1/0 in- 6 7C 70 7E 7F

structions as four |/0 locations, or by memory reference in-
structions as four memory locations.

Read and Write (RD, WR, Input)

These two control signals determine whether data will be read
from, or written into an addressed location within a selected
Am9555 PPI. When WR is pulsed low, data entering via the
bidirectional Data Bus will be written into a selected location.
When RD is pulsed low, the contents of the selected location
will be output to the bidirectional Data Bus. Note that the Con-
trol Register is a write-only location. Thus, accessing the Con-

7-2

OPERATING MODES

Parallel data may be transferred via 1/0 ports of the Am9555
PPl using one of three modes. These three modes are de-
scribed next in conjunction with Table 7-3 and Figure 7-5.

Mode 0 — Simple Input Or Output

In the simplest case, parallel data is either input or output,



MEMORY

SYSTEM
Am9080A
GND
cPu
NV —
e A0 A5 ADDRESS BUS
C oy ———————— ]
HOLD | HoLo rea )
AQ "——J A0
INT INT R D
€0 D Amosss AmM9555
INTE INT ENABLE
A p— p—q A1
WAIT WAIT A A
I LA A2
}—»- WA niT 2 TS —xd S T
TANK O xTaL 00.07 DATA BUS
}—»- WEmR B
0sc (TTL) AW - wr
b2 (TTL) Am8224 @1 WR Am8228 TR j
CLOCK SYSTEM . [ C
ROYIN—2 GENERATOR 2 DBIN CONTROLLER oW a0 -
RESIN READY MDA fe— ousen
« 12V — RESET -
-~ 5v—] SYNC D D
A 5
STATUS STROBE m9ss! Am9555
GND — DATA At p——b Al
PV — BUS
D80-DB7 SYSTEM 10 A A
GND- DATA BUS
ALL UNITS = A4
UNIT 4 CS p—~— TS UNIT3

H/ow

|

3
By

A0 11 A0

D
Am9555 Am9555

a1l p—4 At

>

uniT e T3 p4— TS UNITS

RD

02020:01E0202020X02020:8;
T

2 4
|t
'|$|,l

GUCLI0VTO BUBG U

FIGURE 7-3 MAXIMUM Am9555 CONNECTIONS WITHOUT RESORTING TO DEVICE SELECT LOGIC
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Am9080A

GND ————eeepd cpPU
+5V ————————— >
Y oe— ]
5v AO-A15 ADDRESS BUS
1Y —
HOLD HOLD REQ
INT e INT REQ
INTE > INT ENABLE
WAIT > WAIT
0 INTA
TANK XTAL } N
'—1 I—‘ "1 D0-D7 DATA BUS TER
0SC (TTL) > TEMW
2 (TTL) <— 1 ©1 WR > —> T/0R
ROYIN —3]  Am8224 ) DBIN » Ams228 }—> TOW
CLOCK SYSTEM
BESN e BUSEN
BN — GENERATOR READY HLDA CONTROLLER
£ 12V —pd RESET
+ 5V —p SYNC
GND —> STATUS STROBE —h-{
SYSTEM
+5V- DBO0-DB7 .
GND- DATA BUS
(&
Rl
ADDRESS BUS
A A5 A4 A3 A2 A6 A5 A4 A3 AZ A5 A6 A4 A3 A2 A5 A4 A3 A2
| A_f l l
GBGA Gl C B A GBGAG C B A GBGA Gl C B A GBGAGI C B A
Am25L5138 Am2515138 Am25LS138 Am2518138
Yo 7 Yo Y7 Yo % Yo Y7
l. ® ® o o o .l l‘ ® o o o 0 .l l‘ e & o o o .l l. e o o 0 o .l
To_ TO__ T0__ TO__ TO _
PPl 1 CS PPI 8 CS PPI 16 CS PPI 24 CS PPI 32 CS
—_— AO
FROM PORT
ADDRESSBUS | A0 wopn] A N
-4 CS
SYSTEM DATA BUS AmSSSS  PORT <:>
B
Tow —»{ WR
FROM i7ow PORT
Am8224 7OR —»4 RD c

NOTE: NO ADDRESS OR DATA BUFFERS ARE SHOWN

FIGURE 7-4 Am9080A MICROCOMPUTER 1/0 SYSTEM WITH ADDRESS DECODING FOR 32 1/0 PORTS
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TABLE 7-3 ALLOWED Am9555 1/0 PORT ASSIGNMENTS AND PIN FUNCTIONAL ASSIGNMENTS

PORT A PORT B PORT C
Mode | Assignment | Mode | Assignment PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
0 lor O 0 tor O tor O lorO lor O | or O lor O | or O I or O lor O
0 lor O 1 | lor O lor O | or O lor O 1or O STB (8) 1BF (B) INTR (_B_)‘
0 lor O 1 [¢] lor O | or O lor O lor O lor O ATK (B) OBF (B) INTR (B)
1 | 0 1or O lor O lor O IBF (A) STB(A) INTR (A) lor O | or O Vor O
1 0 0 lor O OBF (A) ACK (A) torQ lor O INTR (A) lor O tor O lor O
[ | 1 | lor O lor O IBF (A) STB (Al | INTR(A) | STB(B) \BF (B) INTR (B)
1 | 1 o 1or O 1or O BF(A) | STB(A) | INTR(A) | ACK(B) | OBF(B) | INTR(B
1 0 1 [ OBF (A) | ACK (A) lor O lor O INTR (A) | STB(B) IBF (B) INTR (B]
i 0 1 0 OBF (A)_| ACKI(A} | lorO TorO | INTR(A) | ACK(B) | OBF(B) | INTR(B
2 1/0 0 | OBF (Al | ACK (A 1BF (A) | STB(A) [ INTR(A) 'or O 1 or O 1or O
2 1/0 0 0 OBF (A]_| ACRA) 18F (A) | STB(A) [ INTR (A) I or O I or O 1 or O
2 1/0 1 | OBF (A)_| ACTK (A) IBF (A) STB (A} | INTR (A) | STB(B) IBF (B) INTR (B)
2 1/0 1 [ OBF (A) | ACK(A) | 1BF(A) | 5TB(A) | INTR(A) | ACK(B) | OBF(B) | INTR(B)
i means mput only.
] means output only
Lor O means input or output, but not both
/0 means bidirectional
MODE 0 MODE 1 MODE 2
PA7 PA7 ~ PA7 W
PA6 PAG PA6
PAS5 Port A PAS Port A PAS
PA4 Input PA4 Input A4
1/0 PORT AC  pa3 o T PA3 or rr:Aa Bad’:rzrctn:nan
PA2 Qutput PA2 Output PA2 -—
PA1 PA1 PA1
PAO PAO >Group 1 PAO
GROUP 1
INPUT OUTPUT ?
PC77) PortC PC7 } Data in OBF —= PC7  OBF —e
PC6 upper = PC6 J or out ACK =— PC6 ACK --—
PC5 Input PC5  iBF — iNTR —= PC5 IBF —=
N PC4 / or Output PC4 STB -— i PC4 TR e—
VOPORTCC b3 Y ot C PC3  INTR —e 23 Su:n J PC3 i}r_TBR —
PC2 Lower 220 PC2  ETB  -— ACK o PC2  Data input
PC1 Input PC1  IBF — OBF —= PC1 or output 7
PCO ¢ or Output PCO  INTR =~— INTR —=— PCO
PB7 P87 PB7
PB6 PB6 Group 2 PBG
PBS Port B ::i 70" 8 ? PB5
PB4 Input Input PB4
1/O PORT B oo o — B3 o == Pgii
PB2 Output PB2 Output PB2
PB1 PB1 PB1
PBO PBO . PBO

FIGURE 7-5 PIN ASSIGNMENTS FOR Am9555 1/0 PORTS OPERATING IN MODES 0, 1 AND 2

without accompanying control signals. This type of operation
is available in the Am9555 in Mode 0.

In Mode 0, I/0O Ports A and B are treated as separate 8-bit
parallel entities; |/O Port C is treated as two separate 4-bit en-
tities. Ports A and B can be defined either as input or output
ports. Each half of I/0 Port C can be separately specified as an
input or an output 4-bit port.

As defined in Table 7-3 ports may be specified as inputs and
outputs in any combination; however, in Mode 0 no bidirec-
tional 1/0 ports are allowed. Input and output signals cannot
be mixed within a single 1/0 port, with the exception of 1/0
Port C, whose upper and lower halves may be separately
assigned to input and output.

Figure 7-6 illustrates Mode O input and output timing.
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Mode 1 — Input Or Output With Handshaking
Control

The first enhancement over simple parallel data transfer is pro-
vided by Mode 1, which uses selected pins of 1/0 Port C to
generate control signals accompanying the parallel data
transfers. These control signals are referred to as handshaking
controls.

Figure 7-7 illustrates the flow of handshaking signals that ac-
company parallel data input. External logic must be able to in-
dicate that new data has been placed at an input port. An in-
put strobe signal (STB) is provided for this purpose.

In order to avoid prematurely inputting new data and overwrit-
ing prior data which the microprocessor has not yet had time
to access, external logic must be told when the data it has
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FIGURE 7-8 MODE 2 HANDSHAKING

presented to an |/O port has been read. Output control signal
IBF serves this purpose. As soon as STB pulses low, I1BF is out-
put high. IBF remains high until the trailing edge of the RD
pulse, which is the control strobe output by the
microprocessor when reading data from the 1/0O port.

Parallel 1/0 is frequently handled by interrupt driven programs.
Interrupt request signal INTR is output high during the time in-
terval between external logic transmitting data to an /0 port
and the CPU reading this data. Thus, while there is data at the
1/0 port waiting to be read, an interrupt request will be active.

Three similar control signals accompany data being output
with handshaking. Timing is illustrated in Figure 7-7. As soon
as the CPU writes data to an |/0 port in Mode 1, OBFis output
low, telling external logic that data at the output port is ready
to be read. When external logic reads the data, it pulses ACK
low as an acknowledge input and this causes OBF to return
high. Thus external logic has acknowledged the presence of
output data.

In the event that the program which controls parallel 1/0
operations is interrupt driven, an interrupt will be requested via
INTR as soon as external logic completes acknowledgement
of data output; the interrupt request will remain active until the
CPU outputs the next data byte.

Mode 2 — Bidirectional Data Transfer

The PPI also allows bidirectional paraliel data transfer via 1/0
Port A. This is referred to as Mode 2. Timing for Mode 2 data
transfer is illustrated in Figure 7-8. Handshaking signals are a
simple combination of Mode 1 input and output handshaking
signals which have already been described.

Mode And Port Combinations

Within the limits of signal conflicts, |/0 ports can be operated
in any combination of modes. Table 7-3 identifies the com-
binations which are physically feasible. Any combination iden-
tified in Table 7-3 is allowed.

7-7

Note that in Modes 1 and 2, certain |/O Port C pins are not
used as input or output controls. These pins may be used for
simple data input or output.

PROGRAMMING

The three 1/0 ports are each accessed as a single data entity.
1/0 Port C, which may have its two halves assigned separately
to input and/or output, or may have individual pins assigned
to support handshaking control signals, is also accessed as a
single, 8-bit entity when reading or writing data; in addition,
control codes allow single bits of I/O Port C to be set or reset.

The various 1/0 port modes are specified by writing appropri-
ate control words to the Control Register. There are two types
of control word:

e Mode control words, identified by 1 in the high order bit.
e Selective control of 1/0 Port C bits, identified by O in the
high order bit.

The mode control word is used to define individual |/O port
modes. The control word format is given in Figure 7-9. Ob-
serve that the control word defines whether 1/0 Port A, B, C

7 6 5 4 3 2 1 0 <& Bit No.

11

tPon C lower 0 = Qutput, 1 = Input
Port BO = Output, 1 = Input
Port B O = Mode O select, 1 = Mode 1 select
Port C upper 0 = Output, 1 = Input
Port A O = Output, 1 = Input
Port A 00 = Mode 0 select
01 =Mode 1 select
10 = Mode 2 select
11 = Mode 2 select

FIGURE 7-9 Am9555 CONTROL WORD FORMAT



upper and C lower will act as an input or an output port. Port
B may be defined as operating in Mode 0 or Mode 1, while Port
A may be defined as operating in Mode 0, Mode 1 or Mode 2.

There are some potentials for conflict in the control word as il-
lustrated. Conflicts are resolved as follows:

1) If I/O Port A is specified as operating in Mode 2, then
bidirectional operation is assumed. It does not matter
whether |/O Port A has been defined as an input or an
output via control word bit 4.

2) If either Port A or Port B is operating in a mode other than
0, then selected Port C pins must serve as control signals.
Those Port C pins which are not serving as control signals
will support independent input or output, as specified by
control word bits 3 and 0.

When the high order bit of the control word is 0, the remaining
bits are used to selectively set or reset single Port C pins.
Figure 7-10 illustrates the control word when being used in
this fashion. Any Port C pin that is serving as an output signal
may be set or reset using a control word as illustrated in Figure
7-10.

ELECTRICAL SPECIFICATIONS

In the 9555, any 8 of the 24 output pins (8 of 16 for the 8255)
from 1/0 Ports A, B or C may be used to provide a source cur-
rent drive capability of 2 milliamps (1 for the 8255) at 1.5 volts.
This feature provides easier interface to relay drivers, LED

multiplex displays and other types of circuits requiring a higher
source current capability from the 1/O port. These and other -
differences between the 8255 and 9555 specifications are
shown in the data sheet which follows.

2 1 0 -—

OEEEEEEE

These
bits are
ignored

Bit No.

Reset selected bit to 0
Set selected bit to 1

-0

0 O Select PCO
0 1 Select PC1
1 0 Select PC2
1 1 Select PC3
0 O Select PC4
0 1 Select PC5
1 0 Select PC6
1 1 Select PC7

FIGURE 7-10 Am9555 PORT C CONTROL WORD FORMAT



Am9555

Programmable Peripheral Interface

DISTINCTIVE CHARACTERISTICS

Direct replacement for Intel C8255

High speed version available

Minimum output source current 2mA at 1.5V
Minimum output sink current 3.2mA at 0.4V

24 programmable 1/0 pins

Programmable modes of operation

Bit set/reset capability

Commercial and military temperature range operation
lon-implanted N-channel silicon gate MOS technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9555 is a high-speed programmable peripheral interface
device. It can be programmed for several modes of operation
allowing simplified interfacing between microprocessor and
peripherals.

The 24 1/O pins are programmable to be either inputs or out-
puts. Outputs provide high source current on any eight of the
twenty-four pins and high sink current on all pins. All signal
levels are identical to TTL specificatjons.

Ghip Select (CS) input used in conjunction with the port
address A0 and A1 allows communication between processor
and Am9555 ports. Data is written or read from a specific port
by using the Write input, WR, or Read input, RD.

BLOCK DIAGRAM

D7-00

BI-DIRECTIONAL
@ DATA BUS

R/W CONTROL LOGIC
AND DATA BUS BUFFER

GROUP A GROUP B
CONTROL CONTROL

INTERNAL 8-BIT BUS

GROUP A GROUP B

PORT A | PORT C PORT C | PORT B

PA7-PA0 PC7-PC4 PC3-PCO PB7-PBO

CONNECTION DIAGRAM

Top View
PORTABITI []1 @ ~ 40 [ ] PORTABIT4
PORTABIT2 []2 39["] PORTARBITS
PORTABITT []3 38| ] PORTABITS
PORTABITO []4 37 [] PORT ABIT 7
READ []5 36 ] WRITE
CHIPSELECT []6 35 [] RESET

(GND) vgs []7 34 ] DATA BUSO

PORT ADDRESS 1 [} 8 33 [ ] DATABUS 1
PORT ADDRESSO [_] 9 32 [ ] DATABUS2
PORTCBIT? [ 31 [ ] DATABUS3
poRTCBITE []1 30 7] paTaBUS 4

Am9555

PORTCBITS []12 29 ] paTABUS 5
PORT C BIT 4 [: 13 28 : DATABUS 6
PORTCBITO []14 27 ] DATABUS 7
poRTCBIT1 []15 26 [ ] Vee (+5V)

PORTCBIT2 [}16 25 [ ] PORT BBIT?7
PORTCBIT3 [{17 24 [ ] PORTBBITE
PORTBBITO []18 23| 1 PORTBBITS
poRTBBITT []19 22 1 PORTBBIT4
poRTBBIT2 []20 21|] PORT BBIT3

Pin 1 is marked for orientation.

ORDERING INFORMATION

FOR USE WITH
Ambient Temperature Am9080A Am9080A-2 Am9080A-1
Package Type Specification C8080A C8080A-2 C8080A-1 Am3080A-4
o ° Am9555DC Am9555DC Am9555-4DC Am9555-4DC
<Ta <
Hermetic DIP 0CsTps+70C C8255
-55°C < Tp <+125°C Am9555DM Am9555DM




INTERFACE SIGNAL DESCRIPTION

The Am9555 uses an 8-bit bi-directional data bus to exchange
data with an associated processor. Internally, information can be
transferred between the data bus and the control register or
the two output port groups, A and B. Group A consists of the
8-bit port A and the 4 high order bits of Port C. Group B
consists of the 8-bit Port B and the 4 lower order bits of
Port C.

Port A Provides an output latch, an input latch, an
input buffer or a bi-directional bus for eight
data bits.

Port B Provides an output latch, an input latch or an
input buffer for eight data bits.

Port C Operates as an output latch for eight bits, an

input buffer for eight bits or as two separate
four bit control ports used in conjunction
with Ports A and B.

The specific function of each port is determined under
program control.

Port Address 0 These two inputs allow selection, by the pro-

Port Address 1 cessor, of a specific port or the control word

(A0, A1) register when used with the Read Input,
Write Input and the Chip Select.

Port A Selection: A1=0,A0=0
Port B Selection: A1=0,A0=1

Port C Selection: A1 =1,A0=0
Control Register Selection: Ai=1, A0 =1
(Reading the Control Register is prohibited.)

Read (RD) The active low Read input provides control
to read data from the Am9555 onto the Data
Bus.

Write (ﬁ) The active low Write input provides control to
write data into the Am9555 from the Data
Bus.

Chip Select The active low Chip Select input allows the

(CS) Am9555 to be individually addressed. When
Chip Select is at a high level, the Data Bus
drivers go to a high impedance state and data
bus transfers are inhibited.

Reset All internal registers are cleared and the ports
are set to the high impedance input mode
when a high level is presented to the Reset
input and during mode selection. Initialization
must include setting the status flip-flops to

their required logic level.

Data Bus The eight-bit Data Bus is used for transferring
data or programming information between the

associated processor and the Am9555.

PROGRAMMING THE Am9555

In order to program the Am9555, the programmable internal
control functions are selected by the processor. This is accom-
plished by performing a write operation inthe programming
mode (A1 = A0 = RD = 1 and CS = WR = 0). Under these
conditions, the data bus information is written into one of two
areas of control. A programmable register is provided for the
control of the operation mode of each group and Input/Qutput
selection of ports. Other logic controls the Bit Set/Reset
capability in Port C.Bit 7 of the Data Bus selects which control
is being programmed.

If Bit 7 = 1, the Operation Control Register is selected.

If Bit 7 = 0, the Bit Set/Reset Function is selected.
The definition of bits 0 through 6 depends on the particular
control mode selected.

Operation Control

1 Group A Control Group B Control

pe7 | D6 | DB5 | B4 | DB3 | DB2 T DB1 | DBO

Group A Control: (Bit 6, 5, 4, 3)
Bits 6 & 5 determine the mode of operation:
For Mode 0, Bit6 =0, Bitb=0
For Mode 1,Bit6 =0, Bitb =1
For Mode 2, Bit6 =1, Bit5 =X

A detailed description of the modes of operation can be
found on the next page.

Bit 4 determines whether Port A will be inputs (1) or
outputs (0).

Bit 3 determines whether the 4 high-order bits of Port C
will be inputs (1) or outputs (0).

Group B Control: (Bits 2, 1, 0)
Bit 2 determines the mode of operation:

For Mode 0, Bit2=0
For Mode 1, Bit2 =1

Bit 1 determines whether Port B will be inputs (1) or
outputs (0).

Bit 0 determines whether the 4 low-order bits of Port C will
be inputs (1) or outputs (0).

Bit Set/Reset

Set/
Reset

pe3 [ pB2 | DB1 | DBO

0 X X X Bit Selection

DB7 | DB6 | DB5 | DB4

Bit Selection:
Bits 3, 2 & 1 specify the bit in Port C that will be set or
reset.

Port C Control Bit

~ Bit

Selected 3 2 1
0 0 0 0
1 4] 0 1
2 4] 1 0
3 0 1 1
4 1 0 4]
5 1 0 1
6 1 1 0
7 1 1 1

Set/Reset:
Bit O determines whether the selected bit in Port C is set (1)
or reset (0).
Bits 6, 5 & 4 are not assigned -a function and can be either
a‘lor 0.




MODES OF OPERATION

The Am9555 can be programmed in a variety of ways to meet
the requirements of interfacing to a multitude of peripherals.
To accomplish this, three basic modes of operation are pro-
vided.

MODE 0 is a basic interface allowing the 24 1/0 pins of the
three ports to be programmed, in four sets, as inputs or
outputs. The four sets are the 8-bit Port A, 8-bit Port B, high-
order 4 bits of Port C and the low-order 4 bits of Port C. Data
is latched on an output port but is not latched on an input
port. During inputs the data bus will effectively follow the
input data while RD = 0. With four sets there are sixteen com-
binations of input and output arrangements. These combina-
tions are selected via the programmable Operation Mode
Register in the Am9555, using Bits 0, 1, 3 and 4 of the data
bus byte.

Programming for Mode O

CS=WR=0 A1=A0=RD=1 Data Bus Bit 7 =1
Data Bus Bit 6 = Bit5=Bit2=0
Data Bus Bit Port A Port C Port B Port C
4 3 1 0 (PC7—PC4) (PC3—-PCO)
0 0 0 0 Out Out Out Out
0 0 0 1 Out Out Out In
0 0 1 0 Out Out in Out
[ 0 1 1 Out Out In In
0 1 0 0 Out In Out Out
0 1 0 1 Out In Out In
0 1 1 0 Out In In Out
0 1 1 1 Out In In In
1 0 0 0 In Out Out Out
1 0 0 1 in Out Out In
1 o] 1 0 In Out In Out
1 0 1 1 In Out In In
1 1 0 0 in in Out Out
1 1 0 1 In In Out In
1 1 1 0 In In In Out
1 1 1 1 In in in In

MODE 1 is a strobed input/output interface utilizing Port A
with the high-order five bits of Port C and Port B with the low-
order three bits of Port C. The two sections of Port C are avail-
able for communication between the associated port and
attached peripheral. Ports A and B can be programmed inde-
pendently to be either outputs or inputs and either function
allows the data to be latched in the Am9555.

Interrupt Enable/Disable flip-flops (INTE) are available on
Port C. The access to INTE for Port A and Port B, respectively,
is via Bit 4 and Bit 2 during an input function and Bit 6 and
Bit 2 during an output function. These bits are programmed
via the Bit Set/Reset Logic, set/reset = 1, enables the interrupt
and set/reset = 0, disables the interrupt.

Communication between port and peripheral is accomplished
with three control signals for an input operation and three
control signals for an output operation. Specific bits in Port C
are assigned the functions as shown in the following table.

. Associated Port
Control Function
A B
STB PC4 PC2
INPUT IBF PC5 PC1
INTR PC3 PCO
OBF PC7 PC1
OUTPUT ACK PC6 PC2
INTR PC3 PCO

For an input operation:

-

Strobe Input (STB): loads data into input latch during STB
=0.

Input Buffer Full (IBF): acknowledges that the data_has been
loaded. IBF is set when STB goes low and reset by RD = 0.

Interrupt Request (INTR): if the INTE flag has been enabled
and the IBF = 1, the INTR signal will go to a high level
when STB returns to a high.

The INTR signal can be connected directly to the INT input
on the processor, allowing an interrupt to be generated when
data is loaded into the port. INTR is reset when the port
receives the RD signal from the processor.

For an output operation:

Output Buffer Full (OBF): a flag that indicates that the pro-
cessor has loaded data into a particular port (OBF = 0).
OBF will be activated by the trailing edge of WR and de-
activated by the leading edge of the ACK signal from the
peripheral device.

Acknowledge (ACK): having read the data from the port, the
peripheral device will respond to the Am9555 with an
Acknowledge signal, ACK. This signal will be active when
ACK =0.

Interrupt Request (INTR): this output can be used to inter-
rupt the processor indicating that the peripheral device has
received the data. If the INTE flag has been enabled and
the OBF = 1, the INTR signal will be set by ACK going high
and reset by WR going to a low level.

MODE 2 allows port A to be used as an eight-bit bi-dirgctional
bus. Port A inputs and outputs are latched. 5 bits of Port C
are used for control between the peripheral device and the
Am9555.

An Interrupt Enable/Disable flip-flop (INTE) is available for
programming via Bit 6 for output operations and Bit 4 for
input operations.

Communication between port and peripheral is perfor'meﬁ via
the same pins of Port C as those associated with Port A opera-
tion in Mode 1.

STB, IBF, OBF, and INTR functions are identical to those
described for Mode 1.

ACK being activated enables the three-state output buffer
on Port A allowing data to be transferred to the peripheral
device. At all other times, the output buffer will be in the high
impedance condition.

In Modes 1 and 2 the Port C status and control bits can be
tested by a read operation accessing Port C. Not all the bits of
Port C are assigned to control or status functions. The un-
assigned bits can be programmed as Inputs or Outputs as
follows:

If programmed as inputs, the pins can be read by a read
operation addressing Port C.

If programmed as outputs, the bits in Group A (PC7-PC4)
must be individually accessed using the Bit Set/Reset
function. Group B bits (PC3-PC0O) can be accessed either
by writing to Port C or by use of the Bit Set/Reset
capability.




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 1.5W

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 Vee Vgs
Am9555DC
8255 0°C < Tp < +70°C +5.0V = 5% ov
Am9555-4DC
Am9555DM -55°C < Ta < +125°C +5.0V + 10% ov

ELECTRICAL CHARACTERISTICS over operating range (Note 1)

C8255 Am9555
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
10H = —200uA 2.4
VOH Output HIGH Voltage 1oy = —100uA (DB) 24 Volts
loH = —501A
1oL = 3.2mA 0.4
VoL Output LOW Voltage oL = 1.6mA i 0.4 Volts
Vin Input HIGH Voltage | 20 | B 2.0 Volts |
ViL Input LOW Voltage 0.8 0.8 Volts
Iy Input Load Current . 10 uA
:8(’19 3) Darlington Drive Current XEQT:: 359\8'9 2.0 2.0 mA
Lo QOutput Leakage Current 100 A
Ta = +25°C 40 40
Icc Ve Supply Current Ta =0°C 50 mA
Tp = —55°C 65




SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Note 2)

Am9555DC
C8255 Am9555DM Am9555-4DC
Parameter Description Min. Max. Min. Max. Min. Max. Units
tAD ACK low to output ON delay (mode 2) 500 500 400 ns
tAK ACK pulse width 500 500 250 ns
tAN ACK high to INTR high delay 500 500 400 ns
tAO ACK low to OBF low delay 500 500 400 ns
tAR Port address to RD set-up time 50 50 50 ns
tAW Port address to WR set-up time 20 0 0 ns
tcRr CS low to RD set-up time 50 B 50 50 ns
tcw TS low to WR set-up time 20 0 0 ns
tDwW Data bus stable to WR set-up time 10 V] 0 ns
tHR RD to Port input stable hold time 50 0 0 ns
1R Port input to RD low set-up time 50 0 0 7 ns
tKD ACK high to output off delay (mode 2) 300 300 300 ns
toD RD high to data bus OFF delay 25 150 25 150 25 100 ns
tpH Peripheral input from STB hold time 150 150 150 ns
tps Peripheral input to STB set-up time 150 150 100 ns
tRA RD high to Address stable hold time 379 | 0 0 ns
tRC RD high to CS high hold time 5.0 0 0 ns
tRD RD to data bus valid delay 350 300 175 ns
tRI RD high to IBF low delay 300 300 200 ns
"N RD low to INTR low delay o 400 400 400 ns
RO RD low to data bus ON delay 25 25 ns
tRP RD pulse width 430 380 250 ns
ts) STB low to IBF high delay 600 600 400 ns
tsN STB high to INTR high delay 500 500 500 ns
tsT STB pulse width 350 350 250 ns
tWA WR high to Address stable hold time 35 35 35 ns
tWwB WR to output valid delay 500 500 450 ns
twe WR high to CS high hold time 35 35 35 ns
twD WR high to data bus stable hold time 65 65 65 ns
WN ‘WR low to INTR low delay 600 600 500 ns
two WR high to ‘OBF low delay 300 300 250 ns
twp WR pulse width 430 380 250 ns
NOTES:

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

2. Test conditions include: transition times <X 20ns, output loading of 1 TTL gate plus 50pF, input and output timing reference levels
0.8V and 2.0V.

3. Available on any 8 of the 24 1/0 pins.

4. Switching parameters are listed in alphabetical order.
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SWITCHING WAVEFORMS (Cont.)
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PHYSICAL DIMENSIONS
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Chapter 8
Am8251/9551
COMMUNICATION INTERFACE

The Am8251/9551 is a programmable Universal Syn-
_chronous/Asynchronous Receiver/Transmitter (USART)
designed to provide serial communications capability in
microprocessor systems. It offers the following features:

e Synchronous or asynchronous serial data transfer
e Half or full duplex signaling

e Data transmitted in character format with five, six, seven or
eight bits per character

e Odd, even or no parity bit
o Microprocessor control of modem control signals

e A programmable synchronizing pattern, loaded into the
device for transmission when no data is present or for auto-
matic sync detection during receiver operations

e Separate registers for control codes and for data written to
transmitter logic (Am9551 only)

FUNCTIONAL DESCRIPTION

The block diagram of the Communication Interface circuit is
shown in Figure 8-1.

The circuit consists of the Control Register, Transmitter,
Receiver, Modem Control, and Read/Write Control sections.

The Control Register section receives eight-bit control words
from the microprocessor; control words are used to establish
or change operating modes and control signal levels, for both
the Transmitter and the Receiver sections.

The Transmitter section receives eight-bit data bytes from the
microprocessor Data Bus, adds formatting bits appropriate to
the operating mode selected and transmits the information
serially. Appropriate control signals indicate when the
Transmit Registers are empty so that the microprocessor may
transmit another parallel data byte.

MICROPROCESSOR INTERFACE
/ \
DATA
BUS .
RxRDY SYNDET D7-DO RD RESET  CLK cs c/D TXRDY  TxE
A A @ 1\ 1&
DATA [
BUS READ/WRITE CONTROL LOGIC —
BUFFERS —]
CONTROL REGISTER
SECTION
INTERNAL DATA BUS
<
A
RECEIVER MODEM TRANSMITTER
SECTION CONTROL SECTION
RxD  RxC DSR DTR CIS RTS TxC XD
\ DATA SET INTERFACE /

FIGURE 8-1 BLOCK DIAGRAM



Data being transmitted is double buffered; the Transmitter
section contains a Transmitter Output Register and a
Transmitter Buffer Register. Data is output serially from the
Transmitter Output Register. Data is written by the
microprocessor into the Transmitter Buffer Register. As soon
as the contents of the Transmitter Output Register have been
exhausted, Transmitter section logic automatically moves the
contents of the Transmitter Buffer Register to the Transmitter
Output Register. Thus, while one character is being output
serially from the Transmitter Output Register, the
microprocessor can be loading the next data byte into the
Transmitter Buffer Register.

The Receiver section accepts serial data input, frames groups
of bits into characters as required by the selected operating
mode, and outputs characters to the Data Bus when re-
quested by the microprocessor. The Receiver section
develops the necessary control and status signals to notify the
microprocessor that a complete character has been framed.

Like the Transmitter section, the Receiver section contains
double buffer registers. Serial data input is framed in the
Receiver Input Register. Once a complete character has been
framed, Receiver section logic automatically transfers the
character into the Receiver Buffer Register. The
microprocessor can read the contents of the Receiver Buffer
Register while the next character is being framed in the
Receiver Input Register.

The Modem Control function contains standard control sig-
nals necessary to coordinate the operation of the communica-
tion interface and a data set.

Read/Write Control logic provides the interface to
microprocessor Control and Address Busses. This logic also
creates microprocessor control signals.

SERIAL 1/0 CONCEPTS

While a detailed discussion of serial I/0 philosophy is beyond
the scope of this book, a summary of elementary serial I/0
protocol is provided since it defines terms used in the follow-
ing discussion.

Serial data characters are transmitted in data units that may be
five, six, seven or eight bits in length. These different data
lengths resuit from historical practice. For example, the early
model 28 Teletype® terminals used a five-bit BAUDOT code,
while the more recent model 33 and 35 Teletypes® use an
eight-bit ASCIl code. A number of small data processing com-
puters use six-bit bytes, while a seven-bit data unit is useful
when handling ASCII codes without parity.

There are two significant problems which must be solved
when transmitting or receiving serial data. First of all, since the
data is, in effect, a signal which asynchronously changes
state, some method must be devised for sampling the signal
at time intervals which correspond to individual data bits. Sec-
ondly, serial bits must be framed accurately into parallel data
units. When examining a serial data stream, there is no direct
way of telling whether two data bits are contiguous members
of a single character, or whether a character boundary occurs
between them.

The problem of determining when to sample a serial data sig-
nal in order to read bit levels is solved by using a clock signal
to time the sampling points on the serial data stream. The
Am9551 has two separate clock signals: RxC identifies sam-
pling points on the serial received data stream; TxC identifies
sampling points on the transmitted data stream. The high-to-
low transitions of TxC and RxC identify the sampling point on

® Registered Trade Mark - Teletype Corp., Skokie, lllinois
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the accompanying signals. These two signals may or may not
have the same frequency and be derived from the microcom-
puter system clock.

The data set or other logic which is communicating with the
Am9551 must also have clock signals to time the serial data
stream being transmitted or received. These remote clock sig-
nals will be generated by separate and distinct logic from that
which generates clock signals for the Am9551. This being the
case, it is important to ensure that some method of syn-
chronization is guaranteed between the two ends of the serial
data transfer. This synchronization is established by one of
two schemes, which result in “‘synchronous’’ or
““asynchronous” serial data transfer.

SYNCHRONOUS SERIAL DATA TRANSFER

Synchronous serial data transfer requires a valid data bit to be
transferred on every active transition of the accompanying
clock signal. So long as the frequencies of the clock signals at
the two ends of the serial data transfer are the same, within
some reasonable margin of error, transmitted data will be ac-
curately interpreted at the receiving station.

In a synchronous data stream, character boundaries are estab-
lished by preceding each block of serial data with a known bit
pattern. This is referred to as the SYNC character. A SYNC
character typically has the binary value 01101001. Commonly
there will be either one or two SYNC characters preceding any
data block. Thus, receiving logic can hunt for SYNC charac-
ters, and upon detecting one or two SYNC character patterns
in a data stream, will be able to establish character boundaries.
The first data bit following the SYNC pattern is the first data
bit of a new character, and each character has a known num-
ber of data bits. In order to provide complete flexibility, the
Am9551 allows one or two SYNC characters to be specified,
and allows any character to be used as a SYNC character.

The characters of the synchronous data stream will each have
five, six, seven or eight data bits, with an optional parity bit.
The parity bit can provide either odd or even parity, under pro-
gram control.

When transmitting synchronous serial data, transmitting logic
is obliged to transmit a valid data bit on every active transition
of the TxC clock. If no valid data is ready to be transmitted,
then a SYNC character is inserted. When the Am9551 is
receiving serial data it recognizes and discards SYNC charac-
ters in order to start assembling data characters; however,
within the data stream, any SYNC characters that may occur
are assembled and transmitted as valid data.

ASYNCHRONOUS SERIAL DATA

Asynchronous serial data is the second method used to
transmit and receive serial data. In an asynchronous data
stream, valid data characters are transmitted only as available.
In between transmission of valid data characters, the serial
data signal is held high, referred to as “marking’’. Each
asynchronous data character is “"framed’” by a single start bit,
and either 1, 1-1/2 or 2 stop bits. A start bit is a low level, or 0
bit. A stop bit is a high level, or 1 bit. A 1/2 stop bit is a high
level signal maintained for half of the time assigned to a nor-
mal serial data bit. Between the start and stop bits, there will
be five, six, seven or eight data bits, together with an optional
parity bit.

At the beginning of every asynchronous character, logic must
identify the start bit in order to assemble the data character
which follows. This being the case, there is a chance of errors
resulting from the transmit and receive logic clocks not being



exactly in phase. In order to resolve this problem,
asynchronous serial data is usually sampled by a clock running
at 16 or 64 times the serial data frequency. Thus, receive logic
will sample the serial data stream on the 8th or 32nd clock
pulse after detecting the leading edge of the start pulse, in
which case, an error of 7 or 31 clock pulses can be tolerated.
Thereafter, data bits are sampled every 16 or 64 clecks so that
the sample continues to occur in the middle of the assigned
bit slots.

Synchronous and asynchronous character streams are illustr-
ated in Figure 8-6.

INTERFACE SIGNALS

Figure 8-2 shows the Connection Diagram for the Am9551.

Data Bus 2 4-’: 1 N~ 28 :(-P Data Bus 1
Data Bus 3 4—): 2 27 :1-) Data Bus 0
Receive Data —3»{C] 3 2 :—— vee (+5V)
Ground —c 4 25 :‘— Receive Clock.
Data Bus 4 4")‘ ] 5 24 w
DataBus 5 <[] 6 23" [} Requestto Send
DataBus 6 <»{C] 7 AMI5! 2 ["Je— Data Set Ready
Data Bus 7 <] 8 21 ) Reset
Transmit Cock =] 9 20 [} Clock
Wi —»] 10 19 [} Transmit Data
Chip Select —)C 1 18 :—> Transmitter Empty
Control/Data —»] 12 17 [} Tiear To Send
Read —)d 13 16 31-) Sync Detect
Receiver Ready 4—u 14 15 :—> Transmitter Ready

FIGURE 8-2 Am9551 CONNECTION DIAGRAM

Input

Chip Select (CS, Input)
This signal must be input low for the device to be selected.

Control Or Data (C/D, Input)

Within a selected device C/D is used as an address input.
When C/D is low, data locations are addressed. When C/D is
high, control/status locations are addressed.

Read (RD, Input)

Within a selected device,-RD low causes the unit to place the
contents of its addressed location on the Data Bus.

Write (WR, Input) _
Within a selected device, WR low causes the unit to store
Data Bus contents in the addressed device location.

Data Set Ready (DSR, Input)
This signal is input low by a data set (modem) which is ready
to transmit or receive data.

Clear To Send (CTS, Input)
This signal is input low by a data set (modem) in response to
RTS.

Transmitter Clock (TxC, Input)
This clock signal is input to control the serial data output
transfer rate.
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Receiver Clock (RxC, Input)
This clock signal is input to control the serial data input
transfer rate.

Receive Data (RxD, Input)
Serial Data is input via this signal.

Reset (RESET, Input)
This control input forces the Am8251/9551 into idle mode.

Clock (CLK, Input)
This is the master synchronization timing signal input to the
Am8251/9551 from the microprocessor.

Output

Data Terminal Ready (DTR, Output)
This is a control signal which may be output low when the
device is ready to transmit data to a data set.

Request To Send (RTS, Output)
This is a control output which precedes individual transmis-
sions from the Am8251/9551 to a data set.

Transmitter Ready (TxRDY, Output)

This control signal is output high when data is transferred
from the Transmitter Buffer Register to the Transmitter Out-
put Register.

Transmitter Empty (TxE, Output)
This control signal is output high when the contents of the
Transmitter Qutput Register has been output.

Transmit Data (TxD, Output)
Serial data is output from the Am8251/9551 via this signal.

Receiver Ready (RxRDY, Output)
This control signal is output low when a completely framed
character is in the Receiver Buffer Register.

Bidirectional

Data Bus 0 - 7 (DO - D7, Bidirectional)
Data Bus via which 8-bit parallel data is transferred between
the microprocessor and the device.

Sync Detect (SYNDET, Input)
A low-to-high input at SYNDET synchronizes a synchronous
serial data input stream in external sync mode.

Sync Detect (SYNDET, Output)

A high SYNDET output occurs whenever the Am8251/9551
finds sync when receiving synchronous input data in internal
sync mode.

DEVICE OPERATIONS

Many aspects of Am8251/9551 operations are not im-
mediately obvious; therefore the following discussion explains
the functions performed by device signals in greater detail.

POWER
Input/Output Control

Data Bus Buffers

The Data Bus buffers connect to the microcomputer Data Bus
for bidirectional transfer of information between the
microprocessor and the Am9551. The output buffers use 3-
state drivers controlled by Chip Select (CS). Unselected
devices have their outputs in the high impedance condition.



Addressing
There ate four addressable locations within the Am9551:

o The Receiver Buffer Register

e The Transmitter Buffer Register
e The Status Register

e The Cbntrol Register

The Receiver Buffer Register is a read-only location while the
Transmitter Buffer Register is a write-only location. These two
locations are therefore accessed via a single address, and
selected by the Read or Write signals. The Status Register is a
read-only location, while the Control register is a write-only
location. Thus, these two are accessed using another single
address and differentiated in the same way.

Note that a Control code written to control logic has its own
Control Register. The 8251 Communication Interface which
the Am9551 replaces, requires Control codes to be written
into the Transmitter Buffer Register. Special programming
techniques are required to account for this anomaly in 8251
design. The fact that the Am9551 has a separate Control
Register is transparent to the user; programs written to con-
trol the 8251 will also operate with the Am9551. New pro-
grams being generated for the Am9551 need not include the
precautions that surround transmitting Control codes to the
8251.

In summary, each Am9551 must have two assigned ad-
dresses. These may be memory or I/O addresses. They are
selected by the logic which creates CS and C/D. For an
Am9551 to be selected, CS must be input low. If C/D is high,
then the Control Register or the Status Register will be ac-
cessed. If C/D is low, then the Receiver or Transmitter Buffer
Register will be accessed.

If the Am9551 is being accessed using input/output instruc-
tions, then CS and C/D will be decoded from Address Bus
lines AO - A7. If the Am9551 is being accessed via memory
reference instructions, then CS and C/D will be decoded from
the entire Address Bus.

Table 8-1 summarizes Am3551 access logic.

TABLE 8-1 Am9551 FUNCTIONAL OPERATION DURING
READ AND WRITE

D |WR|c/D] CS FUNCTION

0 1 0 0 Receiver Register — Data Bus

1 0 0 0 Data Bus — Transmitter Register
0 1 1 0 Status Register — Data Bus

1 0 1 0 Data Bus — Control Register

X | X X 1 Data Bus — High impedance

Read And Write

These are two control signals which determine whether data
will be read from, or written into an addressed location within
a selected Am9551. When WR is pulsed low, data entering via
the bidirectional Data Bus will be*written into a selected loca-
tion. When RD is pulsed low, the contents of the selected
location will be output to the bidirectional Data Bus.

RD and WR wiill usually be connected to control signals output
by the Am8228/38 System Controller. If the Am9551 is being
accessed via |/0_instructions, as two 1/0 ports, then RD will
be connected to TOR and WR will be connected to IOW. If the
Am9551 is being accessed via memory reference instructions,
as two memory locations, then RD may be connected to
MEMR and WR may be connected to MEMW.
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Data Set Ready, Data Terminal Ready

Data Set Ready is input low from a data set (modem) which is
ready to transmit or receive data. DSR controls one of the
eight bits of an internal status word which can be monitored
by the CPU and has no other internal effect.

Data Terminal Ready is a control signal output from the
Am9551 to a data set. It acknowledges that the microcom-
puter system is ready to transfer data to or from the data set.

DTR is set and reset by control commands sent by the
microcomputer to the Am9551.

Request To Send and Clear To Send

When DSR and DTR are both low, the Am9551 can communi-
cate with external logic. Individual messages, however, are in-
itiated by the Am9551 outputting RTS low. This indicates that
the AmS9551 is ready to transmit.

CTS is the Clear To Send signal with which external logic
acknowledges RTS. In a full duplex data link, RTS from the
transmitter becomes CTS at the receiver. In a half duplex data
link, the modem receiving RTS sends back CTS two millise-
conds later.

Transmitter Ready

Transmitter logic contains two registers in order to buffer data
output. The actual data byte being serially output is stored in
the Transmitter Output Register. When the microprocessor
transmits data to the Transmitter section, the data is stored in
a Transmitter Buffer Register.

As soon as the serial output of data in the Transmitter Output
Register is complete, Transmitter Buffer Register contents are
transferred to the Transmitter Output Register and TxRDY is
output high. TxRDY remains high until the microprocessor
outputs another data byte to the Transmitter Buffer Register.
TxRDY also forms one bit in the status word.

The microprocessor can use TxRDY in one of two ways. If the
program controlling the Am9551 is interrupt-driven, then the
TxRDY high pulse can be used to create an interrupt request.
Upon acknowledging this interrupt request, the
microprocessor simply writes another data byte to the
Transmitter Buffer Register. If the program monitoring the
Am9551 is not interrupt-driven, then the microprocessor can
read the status word and test the TxRDY bit to see if the
Am9551 is ready to receive another byte of data.

Transmitter Empty

TxE is output high as soon as data in the Transmitter Output
Register has been output. TXxE remains high until data has
been loaded by Transmitter section logic from the Transmitter
Buffer Register into the Transmitter Output Register.

If valid data is not present in the Transmitter Buffer Register,
then TxE will remain high while a Break signal is output during
asynchronous serial output. During synchronous serial
transmission, however, a SYNC character will be shifted into
the Transmitter Buffer Register. TxE will be pulsed high for the
short time interval during which data is transferred from the
Transmitter Buffer Register to the Transmitter Output
Register, irrespective of whether valid data or a SYNC
character is being transmitted.



Transmitter Clock

TxC provides the signal which clocks data being shifted out
from the Transmitter Output Register. When the Am9551 is
used in a synchronous communication system, the transmitter
clock is set to the actual frequency of data transmission. In an
asynchronous communication system, the transmitter clock
may be selected to be 1x, 16x or 64x the data transmission
frequency. Information is shifted on the high-to-low transition
of the clock pulse. 1x asynchronous transmission is some-
times referred to as isosynchronous transmission.

Receiver Ready

RxRDY is a status signal output by the Am9551 when a com-
pletely framed character is in the Receiver Buffer Register,
waiting for transfer to the CPU. RxRDY also forms one bit of
the status word. RxRDY may be used to generate an interrupt
request or the RxRDY Status bit may be polled by reading the
Status Register. This signal is reset when the Receiver Buffer
Register is read by the CPU.

Receiver Clock

RxC provides the clock signal which times data being shifted
into the Receiver Register of the Am9551. When the Am9551
is used in the synchronous mode, RxC is set to the actual fre-
quency at which data is received. In the asynchronous mode,
ﬁmay be selected to be 1x, 16x or 64x the actual rate at
which data is received. Data is shifted into the Receiver
Register during the low-to-high transition of RxC.

Sync Detect

When the Am955 1 is operating in synchronous mode SYNDET
is output high after the binary pattern defined by the
microprocessor as the synchronizing pattern has been
detected at the beginning of serial data stream. Subsequently,
when the Am9551 is operating in the synchronous mode with
internal sync detection, SYNDET is output high whenever the
SYNC pattern is detected within the receive data input.

The Am9551 can also be programmed to operate in the syn-
chronous mode with external SYNC detect. SYNDET then
becomes an input signal. A low-to-high transition on the
SYNDET input will cause the Receiver Register to start framing
a new character, after the next low-to-high transition of the
RxC signal. SYNDET must remain high until RxC has made its
low-to-high transition.

Reset

When Reset is activated with a high input, it forces the
Am9551into an idle mode in which data is neither transmit-
ted nor received. Following Reset, a new set of Control words
must be output by the microprocessor to the Am9551 before
operations can resume. The Am9551 should be reset after
power is first applied to the device.

Clock

The Clock signal provides timing for Am93551 internal opera-
tions. Clock may be connected to any system timing signal
that meets the requirements for minimum and maximum fre-
quency. CLK does not determine serial data transmit or receive
frequencies. CLK must be more than 30 times the frequency of

the F Receiver Clock input (RxC) or the Transmitter Clock input
(TxC) when the Am9551 is operated in the synchronous mode.
When the Am9551 is operated in the asynchronous mode,
CLK must be greater than 4.5 times the frequency of either the
Receiver or the Transmitter Clock. In addition, there are
minimum and maximum frequencies specified in the data

sheet for individual devices.
DEVICE PROGRAMMING

A USART is operated within a microcomputer system under
program control. The microcomputer program controlling the
Am9551 must perform these tasks:

o Output Control codes

e Input status

e Output data to be transmitted

e Input data which has been received

Control codes determine the mode in which the Am9551 will
operate and are used to set or reset control signals output by
the Am9551.

The Status Register contents will be read by the program
monitoring the device's operation in order to determine error
conditions, when and how to read data, write data or output
Control codes. Program logic may be based on reading status
bit levels, or Am9551 control signals may be used to request
interrupts.

c/D=1

ASYNCHRONOUS
OPERATION
MODE CONTROL
c/D=1 INITIALIZING
SEQUENCE
COMMAND
- DATA
C/D=0

c/D=0 DATA

SYNCHRONOUS
OPERATION

MODE CONTROL

SYNC #1
INITIALIZING
SEQUENCE

SYNC #2
(OPTIONAL)

COMMAND

DATA

FIGURE 8-3 INITIALIZATION CONTROL WORD SEQUENCE



INITIALIZATION

The Am9551 must be initialized following a system reset, or
prior to starting a new serial I/O operation sequence. It is reset
following power up and subsequently may be reset at any
time following completion of one set of operations and pre-
ceding a new set. Following a reset, the idle state in which
data can be neither transmitted nor received is entered.

The Am9551 is initialized by outputting two, three or four con-
trol words, as shown in Figure 8-3. Note that in asynchronous
operation a mode control word must be output to the
Am9551 device followed by a command word. For syn-
chronous operation, the mode control word is followed by one
or two SYNC characters, and then a command word.

A single address is set aside internally for mode control bytes,
command bytes and SYNC character bytes. For this to be
possible, logic internal to the Am9551 directs control informa-
tion to its proper destination based on the sequence in which
it is transmitted. Following a reset, the first control code out-
put is interpreted as a mode control. If the mode control
specifies synchronous operation, then the next one or two
bytes output as control codes will be interpreted as SYNC
characters; the preceding mode determines whether one or
two SYNC characters must follow. For either asynchronous or
synchronous operation, the next byte output as a Control
code is interpreted as a command. All subsequent bytes out-
put as Control codes are interpreted as commands.

There are two ways in which control logic may return to the
state of anticipating a mode control input:

e There is a specific command which forces a return to mode
control.

e Following a reset, control logic will revert to interpreting the
next control code as a mode control.

MODE CONTROL CODES

The Am9551 will interpret mode control codes as illustrated in
Figures 8-4 and 8-5. Control code bits O and 1 determine
whether synchronous or asynchronous operation is specified.
Interpretation of subsequent bits differs for synchronous or
asynchronous modes.

A non-zero value in bits 0 and 1 specifies asynchronous mode
and defines the relationship between data transfer baud rate
and receive or transmit clock rate. Asynchronous serial data

4 3 2 1 0 < BitNo.

l l l I L1111
A4 A
L 00 -Sync Mode

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

6=Parity disable, 1=Parity enable

0=0dd parity, 1=Even parity

§ O SYNDET output
11 SYNDET input

{0 2 SYNC characters
11 1SYNC character

FIG.JRE 8-4 SYNCHRONOUS MODE CONTROL CODE
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may be received or transmitted on every clock pulse, on every
16th clock pulse, or on every 64th clock pulse.

For synchronous and asynchronous modes, control bits 2 and
3 determine the number of data bits which will be present in
each data character. Similarly, bits 4 and 5 determine whether
there will be a parity bit in each data unit, and if so, whether
odd or even parity will be adopted.

1 0 <& Bit No.

Llllfllﬂ

RIS

01 Async mode, 1x Baud rate factor
10 Async mode, 16x Baud rate factor
11 Async mode, 64x Baud rate factor

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

————————— (O =Parity disable, 1=Parity enable

0=0dd parity, 1=Even parity

00 Invalid

01 1 stop bit

2 10 1-1/2 stop bits
11 2 stop bits

FIGURE 8-5 ASYNCHRONOUS MODE CONTROL CODE

Control code bits 6 and 7 in asynchronous mode determine
how many stop bits will terminate each character. 1-1/2 stop
bits can only be specified with a 16x or 64x baud rate factor. In
these two cases, the half stop bit will be equivalent to 8 or 32
clock pulses, respectively.

In synchronous mode, control bits 6 and 7 determine how
character synchronization will be achieved. When SYNDET is
an output, internal synchronization is specified; one or two
SYNC characters, as specified by control bit 7, must be
detected at the head of a data stream in order to establish
synchronization. When SYNDET is an input, external logic
forces synchronization by inputting SYNDET high.

Figure 8-6 illustrates synchronous and asynchronous serial
data stream options.

SYNC WORD

The SYNC WORD, although classified as a control word in the
context of initializing the Am9551, does not actually control
operation of the circuit. The first control word in the initializing
sequence for the Am9551 is interpreted as the Mode Control
word. If the Mode Control word specifies operation in the syn-
chronous mode, the next one or two control words transmit-
ted will be treated as sync character(s) and will be loaded to
the SYNC Word Register for use by the transmitter and the
receiver circuits.

COMMAND WORDS

Command words are used to initiate specific functions within
the Am9551 such as, “‘reset all error flags’’ or “'start searching
for sync’”. Command Words may be issued by the
microprocessor to the Am9551 at any time during the execu-
tion of a program in which specific functions are to be initiated
within the communication circuit.
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FIGURE 8-6 SYNCHRONOUS AND ASYNCHRONOUS DATA
CHARACTERS AS A FUNCTION OF MODE CONTROL

During initialization, the last Control Word issued must be a
Command Word to initiate operation of the Am3551. The in-
itializing sequence consists of programming the mode of
operation, then coding the Sync characters (if appropriate) and
sending the Command Word.

Figure 8-7 shows the Command Word format.

COMMAND WORD FUNCTIONS

Bit DO is the Transmit Enable control (TxEN). Data transmission
from the Am9551 cannot take place unless TxEN is set in the
Command Register. Table 8-2 defines the way in which TxEN,
TxE and TxRDY combine to control transmitter section opera-
tions.

Bit D1 is the Data Terminal Ready (DTR) bit. When the DTR
command bit is set, the DTR output connection is active (low).
DTR is used to advise the data set that_the data terminal is
prepared to accept or transmit data. The DTR signal is used in
systems where data communications are operated by remote
control.

Bit D2 is the Receiver Enable command bit (RxE). RxE is used
to enable the RxRDY output signal. RxE prevents the RxRDY
signal from being generated to notify the CPU that a complete
character is framed in the Receive Character Buffer. It does
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5

4 2 1 0 -&— Bit No.

Ll

1111

A A A

11
A

ML ..

1 = enable transmission

0 = disable transmission

DTR

1 =DTR output is forced to 0
0 = DTR output is forced to 1
RxE

1 = enable RxRDY

0 = disable RxRDY

e SBRK

1 =TxD is forced low

0 = normal operation
ER

1 =reset error flags (PE, OE, FE)

RTS
1 =RTS output is forced to 0
0 = RTS output is forced to 1

IR
1 =enter idle mode

EH
1 = enter HUNT mode

FIGURE 8-7 COMMAND WORD FORMAT




TABLE 8-2 OPERATION OF THE TRANSMITTER SECTION
AS A FUNCTION OF TxE, TxRDY, AND TxEN

TxEN| TxE |TxRDY OPERATION

1 1 1 Transmit Register and Transmit Character
Buffer empty. TxD continues to mark if
Am9551 is in the asynchronous mode. TxD
will send Sync pattern if Am9551 is in the
Synchronous Mode.

Transmit Register is shifting a character to
TxD. Transmit Character Buffer is available
to receive a new byte from the CPU.
Transmit Register has finished sending. A
new character is waiting for transmission.
This is a transient condition.

Transmit Register is currently sending and
an additional character is stored in the
Transmit Character Buffer for transmission.

0 X X | Transmitter not enabled.

not, however, inhibit the assembly of data characters at the
input. Consequently, if communication circuits are active,
characters will be assembled by the reciever and transferred to
the Receiver Character Buffer. If RxE is disabled, the overrun
error (OE) will probably be set; to ensure proper operation of
the Am9551, the Overrun Error should be reset with the same
command that enables RxE.

Bit D3 is the Send Break command bit (SBRK). When SBRK is
set, the transmitter output (TxD) is interrupted and a con-
tinuous binary 1" level (mark) is applied to the TxD output
signal. The break will continue until a subsequent Command
Word is sent to the Am9551 to reset SBRK.

Bit D4 is the Error Reset bit (ER). When a Command Word is
transmitted with the ER bit set, all three error flags in the
Status Register are reset. Error Reset occurs when the Com-
mand Word is loaded into the Am9551. No latch is provided in
the Command Register to save the ER command bit.

Bit D5, the Request To Send command bit (RTS), sets a latch
to reflect the RTS signal level. The output of this latch is inde-
pendent of other signals in the Am9551. As a result, data
transfers may be made by the microprocessor to the Transmit
Register, and data may be actively transmitted to the com-
munication line through TxD regardless of the status of RTS.

Bit D6, the Internal Reset bit (IR), causes the Am9551 to return
to the Idle mode. All operations cease and no new operation
can be resumed until the circuit is reinitialized.

If the operating mode is to be altered during the execution of a
microprocessor program, the Am93551 must first be reset.
Either the external reset connection can be activated, or the In-
ternal Reset command can be sent to the Am9551. Internal
Reset is a momentary function performed only when the com-
mand is issued.

Bit D7 is the Enter Hunt mode command bit (EH). This com-
mand is only effective for the Am9551 when it is operating in
the Synchronous mode. EH causes the receiver to stop as-
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sembling characters at the RxD input and start searching for
the prescribed sync pattern. Once the “‘Enter Hunt”” mode has
been initiated, the search for the sync pattern will continue un-
til SYNC is found or until EH is reset by a subsequent com-
mand, or the IR command is sent to the Am9551.

THE STATUS REGISTER

The Status Register maintains information about the current
operational status of the Am9551. Figure 8-8 shows the for-
mat of the Status Register.

TxRDY signals the CPU that the Transmit Character Buffer is
empty and that the Am9551 can accept a new character for
transmission.

RxRDY signals the CPU that a completed character is holding
in the Receive Buffer Register for transfer to the CPU.

7 6 5 4 3 2 1 0 «— Bit No.

t TxRDY

PE

PARITY ERROR

OE

OVERRUN ERROR
S 3

FRAMING ERROR
(Asynchronous mode only)

SYNDET
DSR

FIGURE 8-8 STATUS REGISTER
TxE signals the CPU that the Transmit Register is empty.

PE is the Parity Error signal indicating to the CPU that the
character stored in the Receive Character Buffer was received
with an incorrect number of binary 1" bits.

OE is the receiver Overrun Error. OE is set whenever a byte
stored in the Receiver Character Register is overwritten with a
new byte before it could be transferred to the CPU.

FE is the character Framing Error which indicates that the byte
stored in the Receiver Character Buffer was received with in-
correct character bit format, as specified by the current mode.

SYNDET is the synchronous mode status bit associated with
internal sync detection.

DSR is the status bit set by the external Data Set Ready signal
to indicate that the communication Data Set is operational.

All status bits are set by the functions described for them. All
status bits, once set, remain set until the CPU reads the Status
Register, at which time all status bits are reset. The three error
status bits may also be reset with the ER command.



Am8251- Am9551

Programmable Communications Interface

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® Direct replacement for Intel C8251 The Am8251/9551 is a programmable serial data communi-
® Separate control and transmit register input buffers cation interface that provides a Universal Synchronous/Asyn-
® 8080A/9080A compatible chronous Receiver/Transmitter (USART) function. It is nor-
® Synchronous or asynchronous serial data transfer mally used as a peripheral device for an associated processor,
® Parity, overrun and framing errors detected and may be programmed by the processor to operate in a
® Half or full duplex signalling variety of standard serial communication formats.
: ?haractler length Ofl 5, 6'h7 or48 b!ts“ The device accepts parallel data from the CPU, formats and
. cr;;erna or externa sync romzatl.on bi serializes the information based on its current operating mode,
. d par!ty, efven parity cl)lr no parity bit and then transmits the data as a serial bit stream. Simultane-
. yodem inter acse controlled by processor ously, serial data can be received, converted into parallel form,
o Frc:gra-[r_nTrrllable yn.(;)Ipalttern | de-formated, and then presented to the CPU. The USART can
ully compatible logic levels operate in an independent full duplex mode.
® +5 only power supply
e Commercial and military temperature range operation Data, Control, operation anfi format options are-all sele_cted by
® lon-implanted N-channel silicon gate MOS technology commands from an z?ss.qcnated processor. This provides an
® 100% MIL-STD-883 reliability assurance testing unusual degree of flexibility and allows the Am8251/9551 to
service a wide range of communication disciplines and appli-
cations.
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INTERFACE SIGNAL DESCRIPTION

Data Bus

The Am9551 uses an 8 bit bi-directional data bus to exchange
information with an associated processor. Internally, data is
routed between the data bus buffers and the transmitter sec-
tion or receiver section as selected by the Read (RD) or Write
(WR) control inputs.

Chip Select (CS)

The active low Chip Select input allows the Am9551 to be in-
dividually selected from other devices within its address range.
When Chip Select is high, reading or writing is inhibited, and
the data bus output is in it's high impedance state.

Reset

The Am9551 will assume an idle state when a high level is
applied to the Reset input. When the Reset is returned Low,
the Am9551 will remain in the idle state until it receives a new
mode control instruction.

Read (RD)
The active low Read input enables data to be transferred from
the Am9561 to the processor. )

Write (WR)

The active low Write input enables data to be transferred from
the processor to the Am9551.

Control/Data (C/D)

During a Read operation, if this input is at a high level the
status byte will be read, and if it is at a low level the receive
data will be read by the processor. When a Write operation is
being performed, this input will indicate to the Am9551 that
the bus information being written is a command if C/D is high
and data if C/D is low.

c/D | RD | WR

Am9551 DATA - DATA BUS
DATA BUS - Am9551 DATA
Am9551 STATUS - DATA BUS
DATA BUS - Am9551 COMMAND
DATA BUS - 3-STATE

—-ooooml

0
0
1
1
X

X = O = O
X O = O =

Clock (CLK)

This input is used for internal timing within the Am9551. It
does not control the transmit or receive rate. However, it
should be at least 30 times the receive or transmit rate in the
synchronous mode and 4.5 times the receive or transmit rate
in the asynchronous mode. The CLK frequency is also re-
stricted by both an upper and a lower bound. This input is
often connected to a clock from the associated processor.

Receiver Data (RxD)
Serial data is received from the communication line on this
input.

Receiver Clock (RxC)

The serial data on input RxD is clocked into the Am9551 by
the RxC clock signal. In the synchronous mode, RxC is deter-
mined by the baud rate and supplied by the modem. In the
asynchronous mode, RxCis 1, 16, or 64 times the baud rate as
selected in the mode control instruction. Data is sampled by
the Am9551 on the rising edge of RxC.

Receiver Ready (RxRDY)
The RxRDY output signal indicates to the processor that data

has been shifted into the receiver buffer from the receiver sec-
tion and may be read. The signal is active high and will be re-

set when the buffer is read by the processor. RxRDY can be
activated only if the receiver enable (RxE) has been set in the
command register, even though the receiver may be running.
If the processor does not read the receiver buffer before the
next character is shifted from the receiver section then an
overrun error will be indicated in the status buffer.

Sync Detect (SYNDET)

This signal is used only in the synchronous mode. It can be
either an output or input depending on whether the program
is set for internal or external synchronization. As an output,
a high level indicates when the sync character has been de-
tected in the received data stream after the Internal Synchron-
ization mode has been programmed. If the Am9551 is pro-
grammed to utilize two sync characters, then SYNDET will go
to a high level when the last bit of the second sync character
is received. SYNDET is reset when the status buffer is read or
when a Reset signal is activated. SYNDET will perform as an
input when the External Synchronization mode is programmed.
External logic can supply a positive-going signal to indicate to
the Am9551 that synchronization has been attained. This will
cause it to initialize the assembly of characters on the next
falling edge of RxC. To successfully achieve synchronization
the SYNDET signal should be maintained in a high condition
for at least one full period of RxC.

Transmit Data (TxD)

Serial data is transmitted to the communication line on this
output.

Transmitter Clock (TxC)

The serial data on TxD is clocked out with the TxC signal. The
relationship between clock rate and baud rate is similar to that
for BRxC. Data is shifted out of the Am9551 on the falling edge
of TxC.

Transmitter Ready (TxRDY)

The TxRDY output signal goes high when data in the Transmit
Data Buffer has been shifted into the transmitter section al-
lowing the Transmit Data Buffer to accept the next byte from
the processor. TxRDY will be reset when information is writ-
ten into the Transmit Data Buffer. Loading command register
also resets TxRDY. TxRDY will be available on this output
pin only when the Am9551 is enable to transmit (CTS = 0,
TxEN = 1). However, the TxRDY bit in the status Buffer will
always be set when the Transmit Data Buffer is empty regard-
less of the state of TxEN and CTS.

Transmitter Empty (TxE)

The TxE output signal goes high when the Transmitter section
has transmitted its data and is empty. The signal will remain
high until a new data byte is shifted from the Transmit Data
Buffer to the Transmitter section. In the synchronous mode if
the processor does not load a new byte into the buffer in time,
TxE will, independent of the status of the TxEN bit in the
command register, momentarily go to a high level as SYNC
characters are loaded into the Transmitter Section.

Data Terminal Ready (DTR)

This signal is a general purpose output which reflects the state
of bit 1in the Command instruction. ltis commonly connected
to an associated modem to indicate that the Am9551 is ready.

Data Set Ready (DSR)

This is a general purpose input signal and forms part of the sta-
tus byte that may be read by the processor. DSR is generally
used as a response to DTR, by the Modem, to indicate that it
is ready. The signal acts only as a flag and does not control
any internal logic.
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Request to Send (RTS)

This is a general purpose output, similar to DTR, and reflects
the state of bit 5 in Command Instruction. It is normally used
to initiate a data transmission by requesting the modem to pre-
pare to send.

Clear to Send (CTS)

This is a general purpose input signal used to enable the 8251/
9551 to transmit data if the TXEN bit in the Command byte is
a one. CTS is generally used as a response to R1S by a modem
to indicate that transmission may begin. Designers not using
CTS in their systems should remember to tie it low so that
8251/9551 data transmission will not be disabled.

OPERATION AND PROGRAMMING

The microcomputer program controlling the Am9551 per-
forms these tasks:

® Qutputs control codes

® |nputs status

® Qutputs data to be transmitted

® Inputs data which have been received

Control codes determine the mode in which the Am9551 will
operate and are used to set or reset control signals output by
the Am9551.

The Status register contents will be read by the program moni-
toring this device’s operation in order to determine error con-
ditions, when and how to read data, write data or output con-
trol codes. Program logic may be based on reading status bit
levels, or control signals may be used to request interrupts.

INITIALIZING THE Am9551

The Am9551 may be initialized following a system reset or
prior to starting a new serial 1/0O sequence. The USART must
be reset following power up and subsequently may be reset at
any time following completion of one activity and preceeding
a new set ofﬁoperations. Following a reset, the Am9551 enters

an idle state in which it can neither transmit nor receive data.

The Am9551 is initialized with two, three or four control
words from the processor. Figure 1 shows the sequence of
control words needed to initialize the Am9551, for synchron-
ous or for asynchronous operation. Note that in asynchronous
operation a mode control is output to the device followed by a
command. For synchronous operation, the mode control is
followed by one or two SYNC characters, and then a com-
mand.

ASYNCHRONOUS SYNCHRONOUS
OPERATION OPERATION
B MODECONTROL | |\ 0o MODE CONTROL
SEQUENCE
COMMAND SYNC #1
cid=1 SYNC #2 stavenee -
_ DATA (OPTIONAL)
c/b=0 "
. COMMAND
DATA
cib=0 <

Figure 1. Control Word Sequence for Initialization.

Only a single address is set.aside for mode control bytes, com-
mand bytes and SYNC character bytes. For this to be possible,
logic internal to the chip directs control information to its pro-
per destination based on the sequence in which it is received.
Following a reset, the first control code output is interpreted
as a mode control. If the mode control specifies synchronous
operation, then the next one or two bytes (as determined by
the mode byte) output as control codes will be interpreted as
SYNC characters. For either asynchronous or synchronous
operation, the next byte output as a control code is inter-
preted as a command. All subsequent bytes output as control

codes are interpreted as commands. There are two ways in
which control logic may return to anticipating a mode con-
trol input; following an external Reset signal or following an
internal Reset command.

MODE CONTROL CODES
The Am9551 interprets mode control codes as illustrated in
Figures 2 and 3.

Control code bits 0 and 1 determine whether synchronous or
asynchronous operation is specified. A non-zero value in bits O
and 1 specifies asynchronous operation and defines the rela-
tionship between data transfer baud rate and receiver or trans-
mitter clock rate. Asynchronous serial data may be received or
transmitted on every clock pulse, on every 16th clock pulse, or
on every 64th clock pulse. A zero in both bits 0 and 1 defines
the mode of operation as synchronous.

For synchronous and asynchronous modes, control bits 2 and
3 determine the number of data bits which will be present in
each data character.

For synchronous and asynchronous modes, bits 4 and 5 deter-
mine whether there will be a parity bit in each character, and
if so, whether odd or even parity will be adopted. Thus in syn-
chronous mode a character will consist of five, six, seven or

7 6 1 0 -=— BitNo.

[TTTT T

Sync mode

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

0 = Parity disable, 1 = Parity enable

0 = 0dd parity, 1 = Even parity

Q =SYNDET output
t = SYNDET input

2 SYNC characters
1SYNC character

Figure 2. Synchronous Mode Control Code.

7 6 5 4 3 2 1 0-=— B8itNo.

CLITTI LI ]
=

00 Invalid

01 Async mode, 1 x Baud rate factor
10 Async mode, 16 x Baud rate factor
11 Async mode, 64 x Baud rate factor

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

0 = Parity disable, 1 = Parity enable

0 =0dd parity, 1= Even parity

00 Invalid

01 1stop bit
10 1% stop bits
11 2stop bits

Figure 3. Asynchronous Mode Control Code.
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eight data bits, plus an optional parity bit. In asynchronous
mode, the data unit will consist of five, six, seven or eight data
bits, an optional parity bit, a preceeding start bit, plus 1, 1%,
or 2 trailing stop bits. Interpretation of subsequent bits differs
for synchronous or asynchronous modes.

Control code bits 6 and 7 in asynchronous mode determine
how many stop bits will trail each data unit. 1% stop bits can
only be specified with a 16x or 64x baud rate factor. In these
two cases, the half stop bit will be equivalent to 8 or 32 clock
pulses, respectively.

In synchronous mode, control bits 6 and 7 determine how
character synchronization will be achieved. When SYNDET is
an output, internal synchronization is specified; one or two
SYNC characters, as specified by control bit 7, must be de-
tected at the head of a data stream in order to establish syn-
chronization.

COMMAND WORDS

Command words are used to initiate specific functions within
the Am9551 such as, “reset all error flags” or “’start searching
for sync”. Consequently, Command Words may be issued by
the microprocessor to the Am9551 at any time during the exe-
cution of a program in which specific functions are to be initi-
ated within the communication circuit.

Figure 4 shows the format for the Command Word.

7 6 5 4 3 2 1 0-=— BuNo

TxEN
1 = Enable transmission

0 = Disable transmission

DTR
1 = DTR output 1s forced to 0

RxE
1 = Enable RxRDY
0 Disable RxRDY

SBRK

1 =7TxD s forced low

0 = Normal operation

ER

1 = Resets all error flags in
Status register (PE, OF, FE)

RTS
1 = RTS output is forced 1o 0

IR
1 = Reset format

EH
1 = Enter HUNT mode

Figure 4. Am9551 Control Command.

Bit 0 of the Command Word is the Transmit Enable bit (TXEN).
Data transmission from the Am9551 cannot take place unless
TxEN is set in the command register. Figure 5 defines the
way in which TxEN, TxE and TxRDY combine to control
transmitter operations.

Bit 1 is the Data Terminal_Ready (DTR) bit. When the DTR
command bit is set, the DTR output connection is active
(low). DTR is used to advise a modem that the data terminal is
prepared to accept or transmit data.

Bit 2 is the Receiver Enable Command bit (RxE). RxE is used
to enable the RxRDY output signal. RXE prevents the RxRDY
signal from being generated to notify the processor that a com-
plete character is framed in the Receive Character Buffer. It
does not inhibit the assembly of data characters at the input,
however. Consequently, if communication circuits are active,

characters will be assembled by the receiver and transferred to
the Receiver Character Buffer. If RxE is disabled, the overrun
error (OE) will probably be set; to insure proper operation,
the overrun error is usually reset with the same command that
enables RxE.

TxEN TxE TxRDY
1 1 1

Transmit Output Regsiter and
Transmit Character Buffer emp-
ty. TxD continues to mark if
Am9551 is in the asynchronous
mode. TxD will send Sync
pattern if Am9551 is in the
Synchronous Mode. Data can be
entered into Buffer.

Transmit Output Register is
shifting a character. Transmit
Character Buffer is available to
receive a new byte from the
processor.

Transmit Register has finished
sending. A new character is
waiting for transmission. This is
a transient condition.

Transmit Register is currently
sending and an additional charac-
ter is stored in the Transmit
Character Buffer for transmis-
sion.

Transmitter is disabled.

0 0/1 0/1

Figure 5. Operation of the Transmitter Section
as a Function of TxE, TXRDY and TxEN.

Bit 3 is the Send Break Command bit (SBRK). When SBRK is
set, the transmitter output (TxD) is interrupted and a contin-
uous binary ‘0" level, (spacing) is applied to the TxD output
signal. The break will continue until a subsequent Command
Word is sent to the Am9551 to remove SBRK.

Bit 4 is the Error Reset bit (ER). When a Command Word is
transmitted with the ER bit set, all three error flags in the
Status Register are reset. Error Reset occurs when the Com-
mand Word is loaded into the Am9551. No latch is provided in
the Command Register to save the ER command bit.

Bit 5, the Request To Send Command bit (RTS), sets a latch
to reflect the RTS signal level. The output of this latch is cre-
ated independently of other signals in the Am9551. As a re-
sult, data transfers may be made by the microprocessor to the
Transmit Register, and data may be actively transmitted to the
communication line through TxD regardless of the status of
RTS.

Bit 6, the Internal Reset (IR), causes the Am9551 to return to
the Idle mode. All functions within the Am9551 cease and no
new operation can be resumed until the circuit is reinitialized.
If the operating mode is to be altered during the execution of
a microprocessor program, the Am9551 must first be reset.
Either the external reset connection can be activated, or the
Internal Reset Command can be sent to the Am9551. Internal
Reset is a momentary function performed only when the
command is issued.

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt
mode command is only effective for the Am9551 when it is
operating in the Synchronous mode. EH causes the receiver to
stop assembling characters at the RxD input and start search-
ing for the prescribed sync pattern. Once the ““Enter Hunt’
mode has been initiated, the search for the sync pattern will
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continue indefinitely until EH is reset when a subsequent TxRDY signals the processor that the Transmit Character Buf-
Command Word is sent, when the IR command is sent to the fer is empty and that the Am9551 can accept a new character
Am9551, or when SYNC characters are recognized. for transmission.

STATUS REGISTER RxRDY signals the processor that a completed character is

holding in the Receive Character Buffer Register for transfer

The Status Register maintains information about the current to the processor.

operational status of the Am9551. Figure 6 shows the format

of the Status Register. TxE signals the processor that the Transmit Register is empty.
PE is the Parity Error signal indicating to the CPU that the
7 65 4 3 2 1 O=— BitNo. character stored in the Receive Character Buffer was received
[_rl | I l l l I with an incorrect number of binary 1" bits.

TXRDY OE is the receiver Overrun Error. OE is set whenever a byte
stored in the Receiver Character Register is overwritten with

RxRDY a new byte before being transferred to the processor.
TXE FE is the character framing error which indicates that the
e asynchronous mode byte stored in the Receiver Character Buf-
Parity error fer was received with incorrect character bit format, as speci-

e fied by the current mode.
Overrun error SYNDET is the synchronous mode status bit associated with
FE internal sync detection.
SYNDET DSR is the status bit set by the external Data Set Ready signal
to indicate that the communication Data Set is operational.
DSR All status bits are set by the functions described for them.
SYNDET is reset whenever the processor reads the Status
Figure 6. The Am9551 Status Register. Register. OE, FE, PE are reset only by command.

MAXIMUM RATINGS Above which the 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 o N —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —0.5V to +7.0V
Power Dissipation o S o o 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 Vee Vgs
Am9551DC
C8251 0°C <Tp < +70°C +5.0V : 5% ov
Am9551-4DC
Am9551DM —B5°C < Tp < +125°C +5.0V + 10% ov
ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) c8251 Am9551
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
loH = —200pA 24
VoH Output HIGH Voltage Volts
_ IoH = —1004A 24
| =3.2mA 04
VoL Output LOW Voltage oL Volts
loL = 1.6mA 045
A Input HIGH Voltage 20 Vee 20 Vee Volts
ViL Input LOW Voltage —05 08 —05 | 08 Volts
I Input Load Current Vgs < VN < Vee 10 10 A
\ =045V —-50 —!
IpL Data Bus Leakage ouT 50 HA
Vout = Vce 10 10
Ta =+25°C 45 45
Ice Ve Supply Current Ta=0°C 80 80 mA
| TA =-55°C 120
[ co Output Capacitance o 15 pF
Cy Input Capacitance 10 10 pF
- fc = 1.0MHz, Inputs = 0V
Cijo 1/0 Capacitance 20 20 pF




SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Note 2)

Am9551DM
C8251 Am9551DC Am9551-4DC
Parameters Description Min. Max. Min. Max. Min. Max. Units
tAR CS, C/D Stable to READ Low Set-up Time 50 50 50 ns
tAW TS, C/D Stable to WRITE Low Set-up Time 20 20 20 ns
tCcR DSR, CTS to READ Low Set-up Time 16 16 16 tcY
tcy Clock Period 420 1.35 380 1.35 .380 1.35 us
tDF READ High to Data Bus Off Delay 25 200 25 200 25 200 ns
tDTx TxC Low to TxD Delay 1.0 1.0 1.0 us
tpw Data to WRITE High Set-up Time 200 150 100 ns
tgs External SYNDET to RxC Low Set-up Time 16 16 16 tCY
tHRx Sampling Puise to Rx Data Hold Time 2.0 2.0 20 us
t|s Data Bit (Center) to Internal SYNDET Delay 25 25 25 tCY
toW Clock Pulse Width 220 0.7tCY 175 0.7tCY 175 0.7tCY ns
tR. tF Clock Rise & Fall Time 0 50 (4] 50 0 50 ns
tRA READ High to CS, C/D Hold Time 5.0 5.0 5.0 ns
tRD READ Low to Data Bus On Delay 350 250 180 ns
1x Baud Rate 15 15 15
t Receiver Clock High Time
il
1x Baud Rate 12 12 12
tRPW Receiver Clock Low Time x
Bod Rat o no Lo “
tRR READ Pulse Width 430 380 250 ns
tRy Time Between WRITE Pulses During Initialization 6.0 6.0 6.0 oy
(Note 3)
tRx Data Bit (Center) to RxRDY Delay 20 20 20 tCY
tSRx Rx Data to Sampling Pulse Set-up Time ' 20 2.0 2.0 us
1x Baud Rate 15 15 15
typD Transmitter Clock High Time tCY
Bavd Fate 30 30 30
1x Baud Rate 12 ) 12 12
tTPW Transmitter Clock Low Time ég;((;g"f;: 10 10 10 tCY
tTx Data Bit (Center) to TxRDY Delay 16 16 16 tCcY
tTXE Data Bit (Center) to Tx EMPTY Delay 16 16 16 tCY
WA WRITE High to CS, C/D Hold Time 20 20 20 ns
twe WRITE High to TxE, DTR, RTS Delay i 16 16 16 tCcY
twD WRITE High to Data Hold Time - 65 ] 65 65 ns
tww WRITE Pulse Width 400 380 250 ns
T 1x Baud Rate DC 56 DC 56 DC 56
fRx Receiver Clock Frequency ;g;(d&;;: J be 520 be 520 b 520 kHz
1x Baud Rate DC 56 DC 56 DC 56
frx Transmitter Clock Frequency ;izd&’iﬁ: be 520 be 520 be 520 kHz
NOTES:

1. Typical values are for Tp = 25°C, nominal supply voltage and nominal processing parameters.

2. Test conditions include: transition times << 20nS, output loading of 1TTL gate plus 100pF, input and output timing reference levels
of 0.8V and 2.0V.

3. This time period between write pulses is specified for initialization purposes only; when MODE, SYNC 1, SYNC 2, COMMAND
and first DATA BYTE are written into the Am9551. Subsequent writing of both COMMAND and DATA are only allowed when
TxRDY = 1.

4. Reset Pulse Width = 6tCY min.

5. Switching Characteristic parameters are listed in alphabetical order.



SWITCHING WAVEFORMS
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PHYSICAL DIMENSIONS
28-Pin Hermetic DIP
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Chapter 9
REGISTERS AND BUFFERS

Am8216/8226 BIDIRECTIONAL BUFFERS
Am25L5240/241 EIGHT-BIT BUFFERS
Am25LS273 EIGHT-BIT REGISTERS

with common clear
Am25LS373 EIGHT-BIT LATCH

with 3-state output
Am25LS374 EIGHT-BIT REGISTER

with 3-state output
Am25LS377 EIGHT-BIT REGISTER

with common enable

The design of microprocessor systems frequently calls for the
use of buffers and registers in addition to the more specialized
circuits described in the preceding chapters. Early 8080A
system designs made extensive use of the 8212 discussed
previously and the 8216/8226 Bidirectional Buffers described
in this chapter. The impact of Low-power Schottky Tech-
nology is beginning to be felt however, and several devices are
now available which offer considerable benefit to the system
designer. In particular, the space-saving 20-pin Low-power
Schottky devices presented here can be used to implement
many of its functions for which the older parts were designed,
and often offer added capability as well. Since the operation
and application of buffers and registers are generally well un-
derstood, discussion in these chapters is limited to a brief
description of all the parts. This is followed by a section con-
taining data sheets for each of the parts.

Am8216/8226

The Am8216/8226 Bidirectional Buffers provide 4-bit parallel
driver/receiver capability. They are used in microcomputer
systems to isolate loads presented by memory and 1/O cir-

9-1

cuits from the system busses. Inversion of the inputs is pro-
vided by the Am8226, while the Am8216 propagates inputs
uninverted.

These Schottky Bipolar devices feature high level outputs for
direct interfacing to MOS devices, and 3-state control.

Am25L5240/241

These devices are 8-bit parallel buffers providing 40mA of sink
and 10mA of source current capability. Schmitt trigger inputs
with a minimum of 200mV of hysteresis are provided on all in-
puts. The Am25LS240 and Am25LS241, which are respec-
tively inverting and non-inverting buffers, have two enable
pins, each of which controls four of the eight buffer outputs.

Am25LS273
Am25LS373
Am25LS374
Am251L8377

These circuits consist of four different implementations of a
20-pin, 8-bit parallel register. Each device contains eight high
speed D-type flip-flops with a maximum clock frequency of
40 MHz. All have 8mA of sink and 440uA of source current
capability. In addition, two buffered control signals common
to all eight stages are provided. In the Am25LS273, the com-
bined signals are Clock (CP) and an active low Clear (CL). The
Am25LS373 is implemented as an 8-bit latch with Latch Ena-
ble (G) and 3-state Output Enable (OE). For the Am25LS374,
Clock (CP) and Output Enable (OE), provide an 8-bit register
with 3-state control while the Am25LS377 offers clock enable
capability by means of the Enable (E) signal.






Am8216 -

Am8226

Four-Bit Parallel Bidirectional Bus Driver

Distinctive Characteristics

Data bus buffer driver for 8080 type CPU’s

Low input load current — 0.25mA maximum

High output drive capability for driving system data
bus — 50mA at 0.5V

100% reliability assurance testing in compliance with
MIL-STD-883

Am3216 and Am8216 have non-inverting outputs

e Output high voltage compatible with direct|interface

to MOS
® Three-state outputs
® Advanced Schottky processing

® Auvailable in military and commercial temperature

range
e Am3226 and Am8226 have inverting outputs

FUNCTIONAL DESCRIPTION

The Am3216, Am3226, Am8216 and Am8226 are four-bit,
bi-directional bus drivers for use in bus oriented applications.
The non-inverting Am3216 and Am8216, and inverting
Am3226 and Am8226 drivers are provided for flexibility in
system design.

Each buffered line of the four bit driver consists of two
separate buffers that are three-state to achieve direct bus inter-
face and bi-directional capability. On one side of the driver the
output of one buffer and the input of another are tied together
(DB), this side is used to interface to the system side com-
ponents such as memories, 1/0, etc., because its interface is
TTL compatible and it has high drive (50mA). On the other
side of the driver the inputs and outputs are separated to
provide maximum flexibility. Of course, they can be tied

together so that the driver can be used to buffer a true bi-direc-
tional bus. The DO outputs on this side of the driver have a
special high voltage output drive capability so that direct inter-
face to the 8080 type CPUs is achieved with an adequate
amount of noise immunity.

The CS input is a device enable. When it is “high’’ the output
drivers are all forced to their high-impedance state. When it is
a “LOW" the device is enabled and the direction of the data
flow is determined by the DIEN input.

The DIEN input controls the direction of data flow which is
accomplished by forcing one of the pair of buffers into its high
impedance state and allowing the other to transmit its data. A
simple two gate circuit is used for this function.

LOGIC DIAGRAMS
Am3216 * Am8216 Am3226 * Am8226
4——0 DB ¢——0 DBy
Dooo_q DOoo___._Q
Dl,o———-__r m,o____r
— $+——o0 D8, ﬁ $———O DBy
DOy o % D00 0 <l
TPy V"[ D|20—__..P
4 $——o0 DB, L $————O DB,
oo | Y sopo |4t
Diy °—‘—‘——£- Dizo r[y‘,
P! ¢$———0 DBy 4 $———00D8;3
S S
DIEN DIEN
cs cs
ORDERING INFORMATION CONNECTION DIAGRAM
Vi
Am3216  Am3226 Top View
Am8216 Am8226 crpsecect &5 []1® 16 [] Vee
Package Temperature Order Order DATA OUTPUT DOy [ 2 15 |7 5ren DATA IN ENABLE
Type Range Number Number OATA BUS ° E j (DIRECTION CONTROL}
BI-DIRECTIONAL o8 []3 14 [ ] 003 DATA OUTPUT
Hermetic DIP  —55°Cto +125°C  MD3216 MD3226 oaTA NUT DI [[4 Am32IE 13 ey DATASSS
Hermetic DIP 0°C to +70°C D3216 D3226 oatacuTeur 00,5 ATEZE 1, [0, oaTa meur
Molded DIP 0°C to +70°C P3216 P3226 OATA BUS Am8226
Hermetic DIP —55°C to +126°C MD8216  MD8226 L I
Hermetic DIP  0°C to +70°C D8216 D8226 paTAPUT D1, []7 10|08, gAY Al
Molded DIP 0°C to +70°C P8216 P8226 Note: Pin 1 is marked ono[]s o[ o1, DATAINRUT
Dice 0°C to +70°C  AM8216XC AMB8226XC for orientation.




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

Temperature (Ambient) Under Bias

—55°C to +125°C

Storage Temperature

—65°C to +150°C

At Output and Supply Voltages —-0.5Vto +7.0V
All Input Voltages —1.0V to +5.5V
Output Currents 125mA
Am3216, Am3226, Am8216 AND Am8226 MILITARY
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (-55°C to +125°C)
The following conditions apply unless otherwise specified:
MD3216, MD8216, MD3226, MD8226 (MIL) Ta = —56°Cto +125°C Vee = 5.0V + 10%
DC CHARACTERISTICS
- . e . Typ' .
Parameters Description Test Conditions Min. (Note1) Max. Units
g1 Input Load Current DIEN, CS' VE =045 —0.15 | —05 | mA
lF2 Input Load Current »&ﬁ-)ther Inputs VE =0.45 —0.08 —0.25 mA
IR1 Input Leakage Current DIEN, CS VR = 5.5V 80 uA
IR2 Input Leakage Current DI Inputs VR = 5.5V 40 uA
- ”VC Input Forward'ilolte;;e Clamp Ic =-5.0mA —1.2 Volts
T Am3216, o
Am8216 095
ViL Input LOW Voltage ——— - — Volts
Am3226, 0.9
Am8226 ) :
ViH Input HIGH Voltage 2.0 Volts
DO 20
Qutput Leakage Current
| 1 =0.45V/5.
N {Three-State) DB Vo - 045V/5.5V 100 | M
Am3216,
Am8216 9° 130 .
icc Power Supply Current e B SIS A mA
Am3226, 85 120
Am8226
DO Outputs Ig|_ = 15mA
Vori1 Qutput LOW Voltage DB Outputs Ig|_ = 25mA 03 0.45 Volts
VoL2 Output LOW Voltage DB Outputs g = 45mA 0.5 0.6 Volts
loH = -0.56mA | 3.4 40
VOH1 Qutput HIGH Voltage DO Outputs Volts
loH = -2.0mA 24
VOH?2 Output HIGH Voltage DB Outputs IgH = —5.0mA 24 3.0 Volts
DO Outputs = 0V, Vge = 5.0V —15 —35 —65
1os Qutput Short Circuit Current 8 — mA
DB Outputs =0V, Vg = 5.0V -30 —75 -120
AC CHARACTERISTICS
e . i Typ.
Parameters Description Test Conditions Min. (Note1) Max.  Units
tPp1 Input to Qutput Delay DO Outputs CL =30pF, R1 = 30082, Rp = 60052 15 25 ns
) Am3216, Am8216 20 33
tPD2 Input to Output Delay DB Outputs CL =300pF, Rq = 9082, Ry = 18002 ns
Am3226, Am8226 16 25
Am3216 Note 3 45 75
tg Output Enable Time Am8216 Note 2 45 75 ns
Am3226, Am8226 Note 3 35 62
Am3216, Am8216 20 40
tp Qutput Disable Time Note 4 ns
Am3226, Am8226 16 38




Am3216, Am3226, Am8216 AND Am8226 COMMERCIAL

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (0°C to +70°C)
The following conditions apply unless otherwise specified:
D3216, D8216, D3226, D8226, P3216, P8216, P3226, P8226 (COM’L)

TA=0°Cto+70°C  Veg =5.0V + 5%

DC CHARACTERISTICS
. . e . Typ. .
Parameters Description Test Conditions Min. (Note1) Max. Units
IF1 Input Load Current DIEN, CS Vg =045 -0.15 -0.5 mA
IF2 input Load Current All Other Inputs VE =045 -0.08 —0.25 mA
IR1 Input Leakage Current DIEN, cs VR =5.25V 20 RA
IR2 Input Leakage Current DI Inputs VR = 5.25V 10 HA
Ve Input Forward Voltage Clamp Ic = —5.0mA —-1.0 Volts
Vi Input LOW Volitage 0.95 Volts
VIH Input HIGH Voltage 20 Volts
Itol Output Leakge Current Do Vo = 0.45V/5.5V 20 uA
(Three-State) DB 100
Am3216, Am8216 95 130
Ice Power Supply Current mA
Am3226, Am8226 85 120
DB Outputs I = 15mA
Vori Output LOW Voltage DB Outputs 1OL = 25mA 0.3 0.45 Volts
Am3216, Am8216 | DB Outputs Ig|_ = 55mA 0.5 0.6
VoL2 Output LOW Voltage Volts
Am3226, Am8226 | DB Outputs g = 50mA 0.5 0.6
VOH1 Output HIGH Voltage DO Outputs IgH = —1.0mA COM'L | 3.65 40 Volts
VOH2 Output HIGH Voltage DB Outputs IgH = —10mA 24 3.0 Volts
DO Outputs = 0V —-15 —35 —65
los Output Short Circuit Current mA
DB Outputs Ve = 5.0V -30 —75 -120
AC CHARACTERISTICS -
ye.
Parameters Description Test Conditions Min. (Note1) Max. Units
tPD1 Input to Output Delay DO Outputs Ci = 30pF, Rq =300Q, Ry = 60002 15 25 ns
Am3216, Am8216 20 30
tpp2 Input to Output Delay DB Outputs CL =300pF, R1 =900, Ry = 1800 ns
Am3226, Am8226 16 25
Am3216 Note 3 45 65
tg Output Enable Time Am8216 ‘Note 2 45 65 ns
Am3226, Am8226 | Note 3 35 54
tp Output Disable Time Note 4 20 35 ns
TEST CONDITIONS TEST LOAD CIRCUIT
Vee

Input pulse amplitude of 2.5V.

Input rise and fall times of 5.0 ns between 1.0 and 2.0 volts.

Output loading is 5.0mA and 10pF.
Speed measurements are made at 1.5V levels.

Ry

ouT




CAPACITANCE (Note 5) Typ.

Parameters Description Test Conditions Min. (Note 1) Max. Units
[+ Input Capacitance 4.0 8.0 pF
c"\l o} c VBlas = 28V. Vcc = 8.0V 6.0 10 F

tput it K
outi utput -apacitance Ta = 25°C, f = 1.0MHz P
CouTt2 Qutput Capacitance 13 18 pF
Notes: 1. Typical values are for Tp = 25°C, Vee =5.0V.

2.

3
4.
5

DO outputs, C| = 30pF, Rq = 300/10k$2, Ry = 180/1.0k§2; DB outputs, C_ = 300pF, Ry =90/10k2, Ry = 180/1.0kK2.

. DO outputs, C_ = 30pF, Rq = 300/10kS2, Ry = 600/1.0kS2; DB outputs, C = 300pF, Ry = 90/10kS2, Ry = 180/1.0kS2.

DO outputs, C|_ = 5.0pF, Ry = 300/10k§2, Ry = 600/1.0k§2; DB outputs, C; =5.0pF, Rq =90/10k&2, Ry = 180/1.0kS2.

. This parameter is periodically sampled and not 100% tested.

SWITCHING WAVEFORMS

INPUTS % 15V
OUTPUT

Se—j—
QUTPUTS % 15V !

FUNCTION TABLE

8216 8226
DIEN CS DB DO DB DO
L L DI = DB DI z DI z
H L DB - DO z DB z DB
L H z z z z
H H z z z z
H = HIGH
L = LOW
TYPICAL APPLICATION
MEMORY 1o
DI DO Di DO
wewR —o| oiEn ATEZIE@ g oR —OlDEN  ATEZRE) s

1k

BI-DIRECTIONAL DATABUS (8)

MEMORY AND i/0 INTERFACE TO A BI-DIRECTIONAL BUS




16-Pin Hermetic DIP

PHYSICAL DIMENSIONS
Dual-In-Line

16-Pin Molded DIP

LWL LWL

|'N
&
&

iyl
A
5l

CHIP SELECT CS

DATA OUTPUT DOg

DATABUS

i pirecTioNAL B0

DATA INPUT DIg

DATA QUTPUT DOy

DATA BUS

81 DIRECTIONAL 81

DATA INPUT DIy

.DIE SIZE 0.066"" X 0.090"

DATA IN ENABLE
DIEN {pIRECTION CONTROL

DO3 DATA OUTPUT

o8, DATA BUS
3 BI DIRECTIONAL

Di3 DATA INPUT
DOy DATA OUTPUT

DB DATA BUS
2 81 DIRECTIONAL

017 DATA INPUT

CHIP SELECT CS
DATA QUTPUT DOg

ATA
81 DIRECTIONAL D50

DATA INPUT DIg

DATA OUTPUT DOy

DATA BUS

81 DIRECTIONAL D81

DATA INPUT DIy

DIE SIZE 0.066" X 0.090”

| |
065 023
63‘2*" = 015 ’]"'
785 ; 320
o B
| - 756 310
] 080 ; \ MAx.l~———m——f 2950
015 — i\?cz)?w.
B |
|t o - . -
IR i 1 %
10 I | 380
b - LI R W - I B
Metallization and Pad Layout
Am3216 Am3226
Am8216 Am8226

DATA IN ENABLE

OIEN (DIREGTION CONTROL)

DO3 DATA OUTPUT

DB DATA BUS
381-DIRECTIONAL

Di3 DATA INPUT
D07 DATA OUTPUT

DB. DATA BUS
2 B1.DIRECTIONAL

Dly DATA INPUT




Am251L.S240 - Am25L.S241

Octal Buffers/Line Drivers with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

® Three-state outputs drive bus lines or buffer memory
address registers

® Hysteresis at inputs improve noise margins

® Drive output can sink 40mA at 0.5V max.

® 10mA source current

® 200mV minimum hysteresis

® Typical data-to-output propagation delay times:
Inverting — 14ns
Non-inverting — 18ns

® Advanced low-power Schottky processing

® 100% reliability assurance testing in compliance with
MiL-STD-883
® 20-pin hermetic and molded DIP packages

FUNCTIONAL DESCRIPTION

These octal buffers/line drivers employed as memory-address
drivers, clock drivers, and bus-oriented transmitters/receivers
provide improved PC board density. The outputs have 40mA
sink and 10mA source capability which allow operation with
1302 bus termination to V- Schmitt trigger inputs are on
all bus drivers (0.2V minimum guaranteed noise margin). All
data inputs offer one LPS unit load.

The Am25LS240 and Am25LS241 have four buffers which
are enabled from one common line, and the other four buffers
are enabled from another common line. The Am25LS240 is
inverting, while the Am25L.S241 presents true data at the
outputs.

LOGIC DIAGRAMS

Am251L.5240
e

6 [—"P— @] vee
w1 2] 9] 26
2va [3] 18] 1v1
1a2 [4] [17] 2a4
2v3 [5] [76] 1v2
143 [6] [15] 243
2v2 [7] BRE
1A4 @ 73] 2a2
2v1 E [12] 1va
GND @ [11] 24

Am25LS241

6 [—P—  [29] vee
a1 [2] 79] 26
2va [3] 18] 1v1
a2 [4] [17] 244
2v3 E] v2
183 [6] [75] 243
2v2 [7] [14] 1v3
184 [8] (73] 242
2v1 [9] [72] 1va
ano [io] 1] 2a1

ORDERING INFORMATION

Am25L5240 Am25L5241
Package Temperature Order Order

Type Range Number Number
Hermetic DIP —55°C to +125°C AM25L.5240DM AM25LS241DM

Dice —55°C to +125°C AM251.5240 XM AM25LS241XM
Hermetic DIP 0°C to +70°C AM25L5240DC AM25L5241DC
Molded DIP 0°C to +70°C AM25LS240PC AM251LS241PC

Dice 0°C to +70°C AM25L.5240 XC AM25LS241XC




Am25L.S273

8-Bit Register With Clear

DISTINCTIVE CHARACTERISTICS

Eight-bit, high-speed parallel registers

Buffered outputs to eliminate output commutation

Positive edge-triggered D-type flip-flops

Common clock and common clear

Am?25LS273 features 8mA sink current over the military
temperature range
Am25LS273 has 50mV
Amb4LS/74L.S273
Am251.5273 features 40MHz clock frequency

Am25LS273 has 440uA source current at HIGH output
® 100% reliability assurance testing in compliance with MIL-
STD-883

improved VQ| compared to

FUNCTIONAL DESCRIPTION

The Am25LS273 and the Amb54LS/74LS273 are eight-bit
registers built using Advanced Low-Power Schottky Tech-
nology. These registers consist of D-type flip-flops with a
buffer common clock and an asynchronous active LOW
buffered common clear.

When the clear input is LOW, the Q outputs are LOW,
independent of the other inputs. Information meeting the
set-up and hold time requirements of the D inputs is trans-
ferred to the Q outputs on the LOW-to-HIGH transition of
the clock input. These devices are supplied in the 20-pin
space saving package featuring 0.3-inch centers between rows
of leads.

The Am25L.S273 is a high performance version of the Amb4LS/
741.S273. Improvements include faster A.C. specifications,
higher noise margin and twice the fan-out over the military
temperature range.

LOGIC DIAGRAM

Dg D, Dy
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04 Dg Dg D,

>
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Qq Qs Qg Q7

CONNECTION DIAGRAM
Top View

Vec Q7 D; Dg Qg Q5 Dg Dy Q CP
NEREREREREREREREREN
20 19 18 17 16 15 14 13 12 1
L4

L]

12 3 4 5 6 7 8 9 10
guuooauuuuy
€ Qp Dy Dy Q; Q D Dy Qz GND

Note: Pin 1 is marked for orientation.

LOGIC SYMBOL
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1—Of CL
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Ve = Pin 20
GND =Pin 10




Am25LS373

Octal Latches With Three-State Output

DISTINCTIVE CHARACTERISTICS

® 8 latches in a single package

® Three-state outputs interface directly with bus organized
systems

® Hysteresis on latch enable input for improved noise margin

® Am25LS features improved noise margin, higher drive and
more speed

® 100% reliability assurance testing in compliance with MIL-
STD-883

FUNCTIONAL DESCRIPTION

The Am25LS373 and Amb54LS/74L.S373 are octal latches
with three-state outputs for bus organized system applications.
The latching flip-flops appear 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.

LOGIC DIAGRAM

el

o)

—Of
—O ©

ENABLE

B

I
Pl sl s el
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CONNECTION DIAGRAM
Top View

Vec Y7 D; Dg Ye Ys Dg Dy Ya G

OO0nnnonnn

20 19 18 17 16 15 14 13 12 M

L]
guouuouodauug
OE Yo Dy Dy Yi Yz Dy D3 Y3 GND

Note: Pin 1 is marked for orientation.

LOGIC SYMBOL
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1 —Of o
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HERRRE
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Am25L.S374

8-Bit Register With Three-State Outputs

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® Eight-bit, high speed parallel registers The Am25L.5374 and Am54LS/74L.S374 are eight-bit registers
® Positive, edge-triggered, D-type flip-flops built using advanced Low-Power Schottky technology. These
@ Buffered common clock and buffered common three-state registers consist of eight D-type flip-flops with a buffered
control common clock and a buffered three-state output control.
® Am251S374 features BmA sink current over the military When the output enable (OE) input is LOW, the eight outputs
temperature range are enabled. When the OE input is HIGH, the outputs are in
® Am25LS374 has 50mV improved V(g compared to the three-state condition.
Amb4/74L.S374

Input data meeting the set-up and hold time requirements of
the D inputs is trarisferred to the Y outputs on the LOW-to-
HIGH transition of the clock input. The device is packaged
in a space-saving (0.3-inch row spacing) 20-pin package. The
Am25LS374 is a high-performance version of the Am54LS/
74LS374. Improvements include faster AC specifications,
higher noise margin and twice the fan-out over the military
temperature range.

® Am25LS374 has 440uA HIGH output current
® 100% reliability testing in compliance with  MIL-STD-883

LOGIC DIAGRAM

Dg D, D, D3 D, Dg Dg D,
CLO((Z:E—DO *
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| l | l l I I
e e B B | | |
Yo Yq Y, Y3 Ya Yg Yo Yy
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
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AononoOonnnn IR
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) 1 —of oF
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Vg = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10




Am25LS377

8-Bit Register With Register Enable

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® Eight-bit, high speed parallel registers The Am25LS377 and the Amb4LS/74L.S377 are eight-bit
® Positive, edge-triggered, D-type flip-flops registers built using advanced Low-Power Schottky technology.
® Buffered common clock and buffered common clock enable These registers consist of eight D-type flip-flops with a
® Am25LS377 features 8mA sink current over the military buffered common clock and a buffered common clock enable.
temperature range . When the clock enable (E) input is LOW, new data is entered
® Am25LS377 has 50mV improved Vg compared to into the flip-flop register on the LOW-to-HIGH transition of
Am74LS the clock input. When the(E)input is HIGH, the register will
® Am25LS377 features 40MHz clock frequency retain the present data independent of the clock inputs.

Am25LS377 has 440uA source current at HIGH output .
® 100% reliability assurance testing in compliance with MIL- The device is packaged in a space-saving (0.3-inch row spacing)

STD-883 20-pin package. The Am25LS377 is a high-performance
version of the Am54LS/74LS377. Improvements include faster
switching specifications, higher noise margin, and twice the
fan-out over the military temperature range.

LOGIC DIAGRAM

Do D4 D, D3 D, Dg Dg D,
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LOGIC SYMBOL
CONNECTION DIAGRAM
Top View
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Note: Pin 1 is marked for orientation. GND = Pin 10




Chapter 10
ENCODERS AND DECODERS

Am25LS2513 Priority Encoder

The Am25LS2513 is an 8-to-3 priority encoding circuit with 3-
state output buffers. It is packaged in a space-saving 20 pin,
300 mil wide package and dissipates only 120mW; the device
utilizes Advanced Low-power Schottky processing tech-
nology. Because of the combination of encoding and 3-state
circuitry, this product can be used directly as an interface bet-
ween a multiple interrupt 1/0 system and the 8080A/9080A
Data Bus. No other chips are required, since the Am25LS2513
handles the following functions directly:

e Arbitrates priority among contending service requests

e Encodes the highest priority request into a 3-bit binary
vector appropriate for the RST instruction

e Generates the interrupt request (INT) input to the processor

o Presents a vector to the Data Bus in response to interrupt
acknowledge (INTA) from the processor

Am25LS138 1-0f-8 Decoder

Am25LS139 Dual 1-Of-4 Decoder

Am25LS2537 3-State 1-0f-10 Decoder
Am25LS2538 3-State 1-Of-8 Decoder
Am25LS2539 3-State Dual 1-Of-4 Decoder
These devices are used in microprocessor systems to decode
memory and /0 circuit device selects from the Address Bus.
They are available in a variety of forms which are easily
adapted to many applications.

The Am25LS138 is a conventional 3-to-8 line decoder that is
easily expanded. It has active-low 2-state outputs.

The Am25LS139 is a dual 2-to-4 line decoder, also expanda-
ble, with active-low 2-state outputs. The two can be used
together to provide a wide variety of address selection
capabilities.

The Am25LS2538 and Am25LS2539 provide the same type of
decoding as their Am25LS138 and Am25LS 139 counterparts,
but also provide polarity control and 3-state outputs, all in
space-saving 20 pin “‘skinny-dips".

The polarity control allows the output to be specified as either
active-low or active-high. This simplifies interfacing with
device select inputs of either polarity, and allows an all-low
multiple select mode to be achieved.

The Am25LS2537 operates in the same manner as the
Am25LS2538, but has two more outputs, thus providing a
decade decode function instead of octal.

Data sheets for all five parts are included at the end of this
chapter.

USING DECODERS IN DEVICE SELECT LOGIC

The address space of the computer system may be defined by
the number of address lines on the microcomputer Address
Bus. Thus 8080A/9080A microcomputer systems, having 16
address lines, allow an address space of 65,536 memory bytes
(65,536 = 2'¢),

Actual memory blocks may be implemented in units ranging
from 256 to 16,384 byte blocks. Thus memory may be
visualized as consisting of a number of blocks, each of which
is implemented by one, or a group of packages. Each block of
memory is a unique memory device. The number of memory
devices present in a total memory system will depend on the
memory space occupied by individual memory devices and the
total memory space required by the entire system. Figure 10-1
illustrates this concept.

A0
ADDRESS BUS
AN
A12
A15 *-
™M m M
J {/ ] v v
4096-Byte 4096-Byte 4096-Byte
Memory Memory Memory
Device Device Device

S = Device Select inputs
M = Memory Address inputs

FIGURE 10-1 THE CONCEPT OF MEMORY DEVICES AND ADDRESS
SPACES

For any memory, the 16 address lines of the Address Bus may
be separated into device select lines and memory address
lines. Device select lines are used to decode a master enable
for each device block while memory select lines are used to
generate memory addresses within a selected memory device.

Figure 10-1 shows blocks of memory each containing 4096
addressable locations. Twelve address lines are required to
specify 4096 address locations. There are a total of 16 address



lines on the 8080A/9080A Address Bus, therefore, four ad-
dress lines remain from which 16 device selects can be gener-
ated. This is illustrated in Figure 10-2.

A0 4096 addresses
to each memory
bank

ANl
A12
A15 ?

Decoder Iy
P SO
3 for [ ] 16 separate
Device [} device select
> Select ® lines
Logic »S15

FIGURE 10-2 ADDRESS BUS LINES AND DEVICE SELECT LOGIC

Decoder logic must be used to create device select signals
such that one line will be high while the remaining 15 are low.
Inputs to the decoder logic then will consist of the four high
order address lines which generate 16 different combinations
of high and low levels.

Figure 10-3 shows how Am25LS139 1-of-4 decoders may be
used in device select logic to create select lines for blocks of
memory. The size of a memory block will depend on the level
to which devices have been cascaded. Since each Am25LS139
is a 1-of-4 decoder, only two input lines can be selected from

the Address Bus. Assuming that the Address Bus has 16 lines,
the first level of decode logic can break the total memory
space (64K bytes) into quarters or 16K blocks. This can be
used with the new 16K x 1 RAM chips. Each of the four select
lines created by the first level of decode logic may be used as
a simple device select, or it may be input as an enable to the
second level of decode logic which, in Figure 10-3, is shown
receiving A12 and A13 as address inputs. Thus, the first level
decoder may drive up to four second level decoders. Each out-
put from a second level decoder selects a 4K block of memory
for 4K x 1 RAMs — static or dynamic —and two 2K x 8
ROMs.

Third level decoders may be driven from the outputs of the
second level decoders. Each third level decoder will address
one quarter of the second level decoder's address space,
which is 1024 addressable locations. This is useful when using
1024 (1K) byte memory devices, implemented as 1K x 8
ROMs, 1K x 1 RAMs, 1K x 4 RAMs, etc.

In many microcomputer systems, memory will be imple-
mented in blocks of different sizes. For example, read only
memory may be presentin 8K, 4K, 2K, or 1K byte blocks, while
read/write memory may be presentin 16K, 4K, 1K or 256-byte
blocks.

Figure 10-4 shows how 1-of-4 and 1-of-8 decoders may be
mixed in order to create device select lines for various sizes of
memory blocks. The only significant difference between logic
illustrated in Figures 10-4 and 10-5, is the mix of memory
block sizes. Notice that G1, the enable input to the 1-of-8
decoders, is used in Figure 10-5 as a means of switching
devices on and off based on the status of the high order ad-
dress line.

The device select network in Figure 10-6 illustrates how a 1-
of-4 decoder can be used at the first level of decode logic with
1-0f-8 decoders at the second level of decode logic.

3 16K Byte Blocks
b— (16K RAM, etc.)

—F

< /2. p—>
Am25LS139
Als —1 A
Al4 ——3{ B »1 G
1/2
Am25LS139
A3 —4 A
A2 ——>1 B

p——» 4K Byte Blocks
>
>

(4K RAM, 32K ROM, etc.)

»{ G b 1K Byte Blocks

Al ——pf A
A10 ——31 B

— (1K RAM, 4K RAM
1/2 b—> 8K ROM, 8K EROMletc.)
Am25LS139

FIGURE 10-3 Am25LS139 DEVICE SELECT NETWORK
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FIGURE 10-6 1-OF-8 DECODERS DRIVEN BY A 1-OF-4 DECODER IN
A DEVICE SELECT NETWORK
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Am25L.S2513

Three-State Priority Encoder

DISTINCTIVE CHARACTERISTICS

Encodes eight lines to three-line binary

Expandable

Cascadable

Three State version of Amb41L.S/74L.S/25L.5148

Gated three-state output

Advanced Low-Power Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am25LS2513 Low-Power Schottky Priority Encoder
performs priority encoding of 8 inputs to provide a binary-
weighted code of the priority order of the 3 tri-state active
HIGH outputs Ap, A1, A2. Three active LOW and two active
HIGH inputs in AND-OR configuration allow control of the
tri-state outputs. The use of the input enable (ET) combined
with the enable output (EO) permits cascading without addi-
tional circuitry. Enable input (ET) HIGH will force all outputs
LOW subject to the tri-state control. The enable output is
LOW when all inputs Ig through 17 are HIGH and the enable
input is LOW.

LOGIC DIAGRAM
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CONNECTION DIAGRAM LOGIC SYMBOL
Top View
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Am25L.S138

3-Line To 8-Line Decoder/Demultiplexer

Distinctive Characteristics
@ Higher Speed compared to Am54LS/74LS

® Inverting and non-inverting enable inputs

® 50mV improved Vo compared to Am74LS
® 440uA source current

® 100% reliability assurance testing in compliance with

® 8mA sink current over full military temperature range MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am25LS138 is a 3-line to 8-line decoder/demultiplexer
fabricated using advanced Low-Power Schottky technology.
The decoder has three buffered select inputs A, B and C
that are decoded to one of eight Y outputs.

LOGIC DIAGRAM

One active-HIGH and two active-LOW enables can be used o

for gating the decoder or can be used with incoming data
for demultiplexing applications. When the enable input G2
function is in the disable state, all eight Y outputs are HIGH
regardless of the A, B and C select inputs.
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ORDERING INFORMATION CONNECTION DIAGRAM

Top View

A @ 16 b Vee

Package Temperature Order g P
Type Range Number <d- W™

B o ° 28 []a ]

Molded DIP 0°Cto+70°C  AM25L5138PC

Dice 0°Cto +70°C  AM25LS138XC s =N
Hermetic DIP —55°Ct0 +125°C  AM25LS138DM o e v
Hermetic Flat Pak  —55°C to +125°C AM 25LS138FM vl 0[]
Dice —55°C t0 +125°C  AM 25LS138XM oo[]e o ve

Note: Pin 1 is marked for orientation.




Am25LS139

Dual 2-Line To 4-Line Decoder/Demultiplexer

Distinctive Characteristics ® 50mV improved Vg, compared to Am74LS

e Higher speed compared to Am54LS/74LS ® 440uA source current

® Two independent decoders/demultiplexers ® 100% reliability assurance testing in compliance with
® 8mA sink current over full military temperature range MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am25L.5139 is a dual 2-line to 4-line decoder/demulti- An active LOW enable can be used for gating or can be used
plexer unit fabricated using advanced Low-Power Schottky as a data input for demultiplexing applications. When the
technology. Each decoder has two buffered select inputs A enable is HIGH, all four Y outputs are HIGH, regardless of
and B which are decoded to one of four Y outputs. the A and B inputs.

LOGIC DIAGRAM
(One Decoder Shown)

R =
8 —DO——J——o& l! ) "3
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
Package Temperature Order
Type Range Number w]® T w[ve
Molded DIP 0°Ct0 +70°C  AM25LS139PC 4 M
Hermetic DIP 0°Cto +70°C  AM25LS139DC ‘ g o, P
Dice 0°C to +70°C AM25L5139XC A= E A
Hermetic DIP —-55°C to +125°C AM25LS139DM e § e
Hermetic Flat Pak  —55°C to +125°C  AM 25LS139FM we e e
Dice —55°C 10 +125°C  AM 25L.S139XM v o[
ono )8 9 Javs
Note: Pin 1 is marked for orientation.




Am25LS2537

One-Of-Ten Decoder With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

® Three-state outputs
® Separate output polarity control
® [nverting and non-inverting enable inputs
® Does not respond to codes above nine
® Am25LS family has improved sink current, source current,
and higher noise margin
® 100% reliability assurance testing in compliance with MIL-
STD-883
LOGIC DIAGRAM
[ »—If Yo
HD- |
-
:)[%t— K
-
:)Diﬁ— :
B
O—1 L v,
= :)%
A
1?—4
A
B
D
B
)| )o—&— 0
B
) ><>t— s
.
D c B A B 2 POL OF

FUNCTIONAL DESCRIPTION

The Am25LS2537 is a demultiplexer/one-of-ten decoder that
accepts four active high BCD inputs and selects one-of-ten
mutually exclusive outputs. The device features three-state
outputs as well as a buffered common polarity control such
that the outputs are mutually exclusive active-low or mutually
exclusive active-high. The logic design of the Am25L52537
ensures that all outputs are unselected when the binary codes
greater than nine are applied to the inputs. The inputs A, B,
C, and D of the Am25LS2537 correspond to the respective
binary weight of 1, 2, 4, and 8.

The output enable (OE) input controls the three-state outputs.
When the OE input is HIGH, the outputs are in the high im-
pedance state. When the OE input is LOW, the outputs are
enabled. The polarity (POL) input is used to drive the Y out-
puts to either the active-HIGH state or the active-LOW state.
When the POL input is LOW, the outputs are active-HIGH.
When the POL input is HIGH, the Y outputs are active-LOW.
The device features one active-HIGH and one active-LOW
enable input which can be used for gating the decoder or can
be used with incoming data for demultiplexing applications.

The Am25L.52537 is packaged in a space saving (0.3-inch row
spacing) 20-pin package. The device also features Am25LS
family faster switching specifications, higher noise margin,
and twice the fan-out over the military temperature range.

LOGIC SYMBOL

716 17

6
A

POL B C D

5 —Of E1

5 —O| o€

Yo Yy Yp Y3 Yq Y5 Yg Y; Yg Yg

BERRRRER

3 2 1 19 18 8 9 11 12 13
Vee =Pin 20
GND = Pin 10

CONNECTION DIAGRAM
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Am25L.S2538

One-of-Eight Decoder With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

® Three-state decoder outputs

® Buffered common output polarity control

® |nverting and non-inverting enable inputs

® Am25LS family has improved sink current, source current,
and noise margin characteristics

® 100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am25LS2538 is a three-line to eight-line decoder/
demultiplexer fabricated using advanced Low-Power Schottky
technology. The decoder has three buffered select inputs—
A, B, and C—that are decoded to one-of-eight Y outputs. Two
active-HIGH and two active-LOW enables can be used for
gating the decoder or can be used with incoming data for
demultiplexing applications.

A separate polarity (POL) input can be used to force the
function active-HIGH or active-LOW at the output. Two
separate active-LOW output enables (OE) inputs are provided.
If either OE input is HIGH, the output is in the high impedance
(off) state. When the POL input is LOW, the Y outputs are
active-HIGH and when the POL input is HIGH, the Y outputs
are active-LOW.

The device is packaged in a space saving (0.3-inch row
spacing) 20-pin package. It also features Am25LS family
improved switching specifications, higher noise margin, and
twice the fan-out over the military temperature range.

LOGIC DIAGRAM
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Am25LS2539

Dual One-Of-Four Decoder With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

® Two independent decoders/demultiplexers

® Three-state outputs
® Buffered common polarity control

® Am25LS family has improved sink current, source currents,

and noise margin characteristics

® 100% reliability assurance testing in compliance with

MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am25LS2539 is a dual two-line to- four-line decoder/
demultiplexer fabricated using advanced Low-Power Schottky
technology. Each decoder has two buffered select inputs—
A and B which are decoded to one-of-four Y outputs. An
enable input (E) is used for gating or can be used as a data
input for demultiplexing applications. When the enable input
goes HIGH, all four decoder functions are inhibited.

An output enable (OE) input is used to control the three-
state outputs of the device. When the OE input is LOW, the
outputs are enabled. When the OE input is HIGH, the outputs
are in the high impedance (off) state. The device also has
separate buffered polarity (POL) inputs to force the outputs
to either an active-HIGH state or an active-LOW state. When
the POL input is LOW, the outputs are active-HIGH and when
the POL input is HIGH, the outputs are active-LOW. The
device is packaged in a space saving (0.3 inch row spacing)
20-pin package. The device features Am25LS family improved
switching specification, higher noise margin, and twice the
fan-out over the military temperature range when compared
with Amb4LS/74LS devices.

LOGIC DIAGRAM

LOGIC SYMBOLS
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Chapter 11
MEMORIES

The principles of memory system design are covered
elsewhere in this handbook. Presented in this chapter are data
sheets for the following memories:

Read/Write Memory

Static Dynamic
Am9101, 91L01 256x4 22-pin Am9050 4Kx1
Am9102, 91L02 1Kx1 16-pin Am9060 4Kx1
Am9111, 91L11 256x4 18-pin
Am9112, 91L12  256x4 16-pin Read Only Memory
. Mask Programmed
Am9130, 91L30 1Kx4 22-pin
. Am9208 1Kx8
Am9131, 91L31 1Kx4 22-pin
. Am9216 2Kx8
Am9140, 91L40 4Kx1 22-pin
AmM9141 91L41 4Kx1 29.0i Am9217/8316A 2Kx8
g X o Am9218/8316E  2Kx8
Am9135 1Kx4 18-pin
Am9145 4Kx1 18-pin Erasable
Am1702A 256x8
Am2708 1Kx8

18-pin
22-pin

24-pin
24-pin
24-pin
24-pin

24-pin
24-pin



Am9101/Am91L01/Am2101 FAMILY

256x4 Static R/W Random Access Memories

Am9101A
PART Am9101B Am9101C
NUMBER Am2101 Am2101-2 Am9TLO1A AmM91L01B AmM91LO1C Am9101D Am9101E
Am2101-1
A.(,.:ﬁ\fEss 1000ns 650ns 500ns 400ns 300ns 250ns 200ns

DISTINCTIVE CHARACTERISTICS

® 256 x 4 organization

o Low opérating power
125mW Typ; 290mW maximum — standard power
100mW Typ; 175mW maximum — low power

FUNCTIONAL DESCRIPTION

The Am9101/Am91L01 series of devices are high-performance,
low-power, 1024-bit, static, read/write random access memories.
They offer a wide range of access times including versions as fast
as 200ns. Each memory is implemented as 256 words by 4 bits per
word. This organization permits efficient design of small memory

0O

e DC _standby mode “’jd"ce,s power up to 84% systems and allows finer resolution of incremental memory depth,

e Logic voltage levels identical to TTL

e High output drive — two full TTL loads These memories may be operated in a DC standby mode for

e High noise immunity — full 400mV reductions of as rr.luch as_84 percent of the normal power dissipation.

o Single 5 volt power supply — Data can .be retained with a power supply as low as 1.5 volts. The

o cal +10% mili low power Am91L01 series offer reduced power dissipation during
s x +
tolt?rances. _.5/{,.commercua e military . ) . normal operating conditions and even lower dissipation in the stand-
® Uniform switching characteristics — access times insensitive to by mode
supply variations, addressing patterns and data patterns . .
PRIy i~ g P . The Chip Enable input control signals act as high order address lines
® Both military and commercial temperature ranges available p ! e
e T hi ble i and they control the write amplifier and the output buffers. The
wo chip enable inputs Output Disable signal provides independent control over the output
® Output disable control state of enabled chips.

® Zero address set-up and hold times for simplified timing h devi W full : " fresh .

e 100% MIL-STD-883 reliability assurance testing T ese devices are a ully static and no refresh operations or sense
amplifiers or clocks are required. Input and output signal levels are
identical to TTL specifications, providing simplified interfacing and
high noise immunity. The outputs will drive two full TTL loads for
increased fan-out and better bus interfacing capability.

Am9101 BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
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Note: Flat Pack version avaiiable in 24-pin package.
ORDERING INFORMATION
M
AMBIENT PACKAGE POWER ACCESS TIMES
TEMPERATURE TYPE TYPE
SPECIFICATION 1000ns 650ns 500ns 400ns 300ns 250ns 200ns
N P2101-1
Molded DIP Standard P2101 P2101-2 AMS101APC AM9101BPC AM9101CPC AM9101DPC | AMY101EPC
L P AM91L01BCP P
0°C 10 +70°C ow 22/13)11L:)1A C 91L01BCP | AM91L01CPC
Hermetic DIP Standard c2101 €2101-2 AMO101ADC | AM9101BDC | AMI101CDC | AM9101DDC | AM9101EDC
Low AMITLOTADC | AMI1LO1BDC | AM91LO1CDC
. Standard AM9101ADM | AM9101BDM | AM9101CDM
Hermetic DIP T ANISTLOTADM
ow L AM91L01BDM M
—55°C to +125°C AMI1L01€D
" ic Flat Pack Standard AM9101AFM | AMI101BFM
ermetic Flat Pac Low AMQ1LO1AFM| AM91LOTBFM




MAXIMUM RATINGS abcve which the 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, Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs —0.5V to+7.0V
DC Input Voltage —0.5V to +7.0V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS
AmM9101PC, Am9101DC Ta =0°Cto +70°C Am9101/
Am91L01PC Am91L01DC Vee = +5.0V £5% Am91L01 Am2101
AmM2101 Family Family
Parameters Description Test Conditions Min. Max. Min. Max. Units
10H = —200pA 24 Vol
Output HIGH Volt Vee = MIN. olts
VoH uteu age cc IoH = —1502A 2.2
oL = 3.2mA 0.4 Vol
W Vol \% = MIN. olts
VoL Output LO! oltage cc | loL = 2.0mA 045
ViH Input HIGH Voltage 20 | Vee 22 | Vee Volts
VL Input LOW Voltage —05| 0.8 —-0.5 | 0.65 Volts
[N} Input Load Current Vee = MAX,, 0V < VN <5.25V 10 10 uA
VouT = Vee 5.0 15 A
| Output Leakage Current VCE=V e M
LO (s] g CE IH VouT = 0.4V —10 —-50
Am9101A/B 50
. Am9101C/D/E 55
Icct Ta=25C 60
Am91LC1A/B 31
\D/a‘a 0“,\; open AMI1LOTC 34 A
Power Supply Current cc = Max. m
PRl _ Am9101A/B 55
ViN =Vce
| c Am9101C/D/E 60
Ta=0° 70
ce2 A Am31L01A/B 33
Am91LO1C 36 ]
ELECTRICAL CHARACTERISTICS Am9101/
AmM9101DM, AM9101FM Ta=—-55"Cto+125°C Am91L01
AmM91L01DM, AmO1LOTFM Vee = +6.0V £10% Family
Parameters Description Test Conditions Min. Max. Units
Ve = 4.75V 24
V Output HIGH Voltage I = —200uA Volt
OH P o OH Voo = 45V 22 o
VoL Output LOW Voltage Vee =MIN., IgL = 3.2mA 04 Volts
ViH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage —0.5 0.8 Volts
Iy Input Load Current Vee =MAX, 0V < VN <55V 10 uA
\Y =V 10
ILo Output Leakage Current VGE = VIH out cc uA
VouT = 0.4V —-10
Am9101A/B 50
o Amg101C
icct Ta=25°C m910 5
Am91LO1A/B 31
Data out open Am91LO1C 34
Power Supply Current Ve = Max. Am9101A/B o mA
VIN=Vee m910 6
. Ta e _BEC Am9101C 65
cc3 A Am91LOTA/B 37
Am91L01C 40
CAPACITANCE
Parameters Description Test Conditions Typ. Max. Units
) Am2101 4.0 8.0
CiN Input Capacitance, Vi = OV ! pF
o AmM9101/Am31L01 30 6.0
Ta=25°C,f=1mHz
c Output Capaci v ov Am2101 8.0 12 .
utput Capacitance, VouT = p
out T Am9101/Am91L01 6.0 9.0




SWITCHING CHARACTERISTICS over operating temperature and voltage range

Output Load = 1 TTL Gate +100pF

Ta=0°Cto+70°C

Vce = +5V £5%

Transition Times = 10ns Ta=-55"Cto+125°C Vee = +5V £10%
Input Levels, Output References = 0.8V and 2.0V 9101A 9101B 9101C
2101 2101-2 21011 91L01A 91L01B 91L01C  9101D 9101E
Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Units
tRC Read Cycle Time 1000 650 500 500 400 300 250 200 ns
tA Access Time 1000 650 500 500 400 300 250 200 ns
Chip Enable to
t
CcO Output ON Delay (Note 1) 800 400 350 200 175 150 125 100 ns
Output Disable to
t 700 350 300 175 150 125 100 5
0D Output ON Delay 8 ns
Previous Read Data Valid with
0 0 4 0 40 30
toH Respect to Address Change 0 0 4 30 ns
Output Disable to
IDF1 | Gutout OFF Delay 0 |200| 0 {150} 0 |150| 5.0 |125| 5.0 |100| 5.0 |100| 50| 75 | 5.0 | 60 | ns
tprp | Chip Enable to o (20| 0o {150 o |150( 10 |125]| 10 |125| 10 [100| 10 |100| 10 | 80 | ns
Output OFF Delay
twe Write Cycle Time 1000 650 500 500 400 300 250 200 ns
tAwW Address Set-up Time 150 150 100 0 0 0 0 0 ns
twp Write Pulse Width’ 750 400 300 175 150 125 100 85 ns
tew Chip Enable Set-up Time 900 550 400 175 150 125 100 85 ns
(Note 1)
twWR Address Hold Time 50 50 50 0 0 0 0 0 ns
tDw Input Data Set-up Time 700 400 280 150 125 100 85 65 ns
tDH Input Data Hold Time 100 100 100 0 0 0 0 0 ns
Notes: 1. Both CE1 and CE2 must be true to enable the chip. '

SWITCHING WAVEFORMS
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The Am9101/Am91L01 Family is designed to maintain
storage in a standby mode. The standby mode is entered by
lowering V¢ to around 1.5—2.0 volts (see table and graph
below). -When the voltage to the device is reduced, the
storage cells are isolated from the data lines, so their con-
tents will not change. The standby mode may be used by a
battery operated backup power supply system, or, in a

POWER DOWN STANDBY OPERATION

large system, memory pages not being accessed can be
placed in standby to save power. A standby recovery time
must elapse following restoration of normal power before
the memory may be accessed.

To ensure that the output of the device is in a high im-
pedance OFF state during standby, the chip select should
be held at V|y or Vcgg during the entire standby cycle.

Parameters

STANDBY OPERATING CONDiTiONS OVER TEMPERATURE RANGE

DATA IN2 11 DATA OUT 2

DIE SIZE 0.132" X 0.131"

(Pin numbers are for DIP configurations only)

Description Test Conditions Min. Typ. Max Units
VpD Vg in Standby Mode 1.5
) Vpp =15y | AmOILOT 11 25
Ta-0C AmMZ101 13 31
Ail Inputs = Vpp mA
Vpp=20v | AmMIILOT 13 31
) Am9101 17 41
tpp Icc in Standby Mode
Vpp=15v | AmIILOT 1 28
Ta=-55°C Am9101 13 34 A
m,
; v
All inputs = Vpp Vpp=20v | Am9ILO1T 13 34
Am9101 17 46
dv/dt Rate of Change of V¢ 1.0 V/us
R Standby Recovery Time tRC ns
tcp Chip Deselect Time (o] ns
VCES CE Bias in Standby Vpp Volts
Typical Power Supply Current Typical Output Current
Versus Voltage Versus Voltage
+5.0 i dv/dt 30 24 T
4TV = / —\ Ta e | 2 \\ //[ [vec=a7sv
vee 25 | INPUTS = 5.0V — 20 Ta=25°C
‘ ‘ Am9101 L1 < gl
"Wpp — - 16 :
| » B S B AR
g N I B
‘ 15 / s 12 , \ —
Vin 8 | / g I ‘T
® 10 3 Srame
*  8[fLow N\
Vi 5 aHf-sTATE -
DESELECT STANDBY MODE RECOVERY READ OR 2 S \
CHIP WRITE N
CYCLE 0 0
o 1 2 3 4 5 6 0 1 2 3 4 5
Ve - VOLTS VouT — VOLTS
Access Time
Versus Voo Normalized Typical Power Supply Current
Metallization and Pad Layout to Vee = +5.0 Volts Versus Ambient Temperature
cc
ADDRESS3 1 Ve (+5V) 1.05 T T 30 T
ADDRESS2 2 ADDRESS 4 Ta=70°C 28 Ve = MAX.
ADDRESS 1 3 | ‘ %
WRITE ENABLE 10 2
CHIP ENABLE 1 A < »
ADDRESS0 4 —— OUTPUT DISABLE <‘ | E
CHIP ENABLE 2 5 0951 T IU B
2 L 18
ADDRESS5 5— i
| 16
090 - ——
ADDRESS6 6 ‘ 14
ADDRESS 7 7 ‘ 12
0385 10
DATA OUT 4 4.0 45 5.0 55 6.0 25 50 75
(GND) Vgg 8 —— OATA I 4 Vee - VOLTS T — AMBIENT TEMPERATURE — °C
DATAIN1 & DATAOUT 3
DATAOUT 1 10 DATAIN3




DEFINITION OF TERMS
FUNCTIONAL TERMS

CE1, CE2 Chip Enable Sigials. Read and Write cycles can be
executed only when both CE1 is low and CE2 is high.

WE Active LOW Write Enable. Data is written into the memory
if WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in bistable latch circuits. A.static memory will store data as
long as power is supplied to the chip without requiring any
special clocking or refreshing operations.

N-Channel An insulated gate field effect transistor technology
in which the transistor source and drain are made of N-type
material, and electrons serve as the carriers between the two
regions. N-Channel transistors exhibit lower thresholds and
faster switching speeds than P-Channel transistors.

SWITCHING TERMS

top Output enable time. Delay time from falling edge of OD
to output on.

tgc Read Cycle Time. The minimum time required between
successive address changes while reading.

ta Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.

tco Access Time from Chip Enable. The minimum time during
which the chip enable must be LOW prior to reading data on
the output.

ton Minimum time which will elapse between change of
address and any change of the data output.

tprq Time delay between output disable HIGH and output
data float.

tpr2 Time delay between chip enable OFF and output data
float.

twe Write Cycle Time. The minimum time required between
successive address changes while writing.

taw Address Set-up Time. The minimum time prior to the
falling edge of the write enable during which the address inputs
must be correct and stable.

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

twr Address Hold Time. The minimum time after the rising
edge of the write enable during which the address must remain
steady.

tpw Data Set-up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

tpy Data Hold Time. The minimum time that the data input
must remain steady after the rising edge of the write enable.
tcw Chip Enable Time during Write. The minimum duration
of a LOW level on the Chip Select prior to the rising edge of
WE to guarantee writing.



APPLICATIONS
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(12 8ITS) A
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-7 VvV . e
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Bee TE] 256 X4 TEi 256 X4 TET 256 X4
CONTROL
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oD DO op po
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Am21L01 WE  amgrLot Am91LO1T

cEr 26 X4 TEl 256X4 e 6X4

ADDRESS 9 ——:—DC l D ji DO - j; Do - I op -
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SYSTEM
DISABLE A : :
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I
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Am9102/Am91.02 FAMILY

1024 x1 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS

FUNCTIONAL DESCRIPTION

® | ow-Power Dissipation The Am9102 Family of 1024-bit static N-channel RAMs
100 mW typical; 260 mW maximum contains members with cycle times ranging from 650ns to
® Standby operating mode reduces power 84% 200ns All the devices are organized as 1024 x 1, and all
18 mW typical; 42 mW maximum have a power-saving standby operating mode.
® |nput and output voltage levels identical to TTL . . .
® High-Output Drive — Two full TTL loads guaranteed E;Ch device has a chip e:able input '(CE) ftfllat controls a
e High Noise Immunity — 400 mV guaranteed 1 ree-state.: output toAma e cons.t!'uctlon of larye memory
® Uniform Access Times systems simple. Reading and writing are performed by en-
Switching characteristics are insensitive to data patterns, ablldng thehchlp'tamd a';:‘)h/"ng a (L‘V%I;I t:”"‘,’”te ora HdI_GH tlo
addressing patterns, and power supply variations read on the yvn e t.ana e input . inputs are. irectly
e Single 5-Volt Power Supply TTL compatible with no external components required, and
. he i i i
10% tolerance for full temperature range devices tnd cl)_lg\F/)VUttv?” drive two full TTL loads in both the HIGH
5% tolerance for commercial range devices a states.
® High-Performance Plug-In Replacement for: Intel 2102, The devices operate from a single +5 volt power supply.
Signetics 2602, Intersil IM75652, Mostek 4102, T14033/4/5 The power dissipation of the devices can be reduced to
@ Auvailable for operation over both commercial and about 16% of the normal operating power by lowering the
military ranges voltage on the power supply pin. Data is guaranteed to be
® 100% reliability assurance testing in accordance with retained in the power-down condition.
M1 L-STD-883 . . . . . .
STD-8 . . . L All unit members in the family are available in plastic or
® Zero data hold and address hold times simplify timing . . R
requirements hermetic DIPs for operation over the commercial tempera-
ture range and, except for the Am9102D/E, may all also
be purchased for operation over the military temperature
range. All AC and DC parameters are guaranteed over the
operating range.
BLOCK DIAGRAM CONNECTION DIAGRAM
Top View
Ao —
A g5 o
— a
Az — §§§ —!\ 32% 32 AGI:1 6
g —| 2%5 — /) CELL ARRAY ASE , . :]As
Q
Ay —] &0 we []3 14 [JAg
e Al [ ]ce
i> ~ ] s 12 [ boun
o As[fo 1 [ ]ow
WE
o 1/0 CONTROL Doyt A 10 Vee
Ag Ao 9 [Jano
A
A COLUMN
7 DECODER
Ag
Ag Note: Pin 1 is marked for orientation,
ORDERING INFORMATION
AMBIENT PACKAGE POWER e - ACCESS TIMES '
TEMPERATURE TYPE TYPE 650ns 500ns 400ns 3000 | 250ms 200ns
Standard | AM9102PC | AM9102APC | AM9102BPC | AM9102CPC [ AM91020PC | Am9102EPC
Molded DIP
0°C < TA < +70°C Low AM91L02PC | AM91LO2APC | AMO1L02BPC | AM91L0O2CPC
Standard | AM@102DC | AM9102ADC | AM91028DC | AM9102CDC | AM91020DC | Am9102EDC
Hermetic DIP i P
o  Low AMZ1L02DC [ AM91L02ADC| AMSTLO2BDC | AM9TLO2CDC  AMITLOICDC
" o Standard | AM9102DM | AM9102ADM | AM9102BDM | AM9102CDM | AM9101CDM
_B5°C 10 +125°C ermete Low AM91L02DM| AM91LO2ADM| AM91L02BDM AMQILOZCDM{ AM91LO1CDM
" Flocp Standard | AM9102FM_| AM9102AFM | AM9102BFM |
ermetic Flat Pack Low AM91L02FM [ AM91L02AFM] AMO1LOZBFM




MAXIMUM RATINGS above which the 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, Continuous —0.5Vto+7V
DC Voltage Applied to Outputs —0.5Vto+7V
DC Input Voltage —-0.5V to +7V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS over operating range
. . Am9102C
Amg1L02PC, Am91L02DC Tao=0Cto+70 C Vce = t5.0V 5% Am9102/A/B Am9102D
Am9102PC, Am9102DC Am91L02/A/B Am9102E
Parameters Description Test Conditions Min. Max. Min. Max.  Units
VOH Qutput HIGH Voltage Vee = MIN,, IgH = —200uA 24 2.4 Volts
VoL Output LOW Voltage Vee = MIN, I = 3.2mA 04 0.4 Volts
Guaranteed input logical HIGH
HIGH i
ViH tnput HIGH Leve voltage for all inputs 20 Vee 20 Vee Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs -0.5 08 -0.5 0.8 Volts
Iy Input Load Current Vee = MAX., V iy = 0V to 5.25V 10 10 HA
Am91L02 28 31
Icet ) Ta=25"C
All inputs = Ve Am9102 45 50
Power Supply Current Data out open mA
Ve = MAX. Am91L02 30 33
icc? ‘ Ta=0C
| AmM9102 50 55
|
1
| Vout = Vce 5.0 5.0
Lo Output Leakage Current | V@Eg =V |y uA
l I Voyt =04V -10 -10
Am91L02DM, FM Ta- 55°Cro1125°C Ve - 15,0V 110% Am9102/A/B Am9102C
AmM9102DM, FM Am91L02/A/B Am91L02C
Parameters Description Test Conditions Min. Max. Min. Max.  Units
I Ve =4.75V 24 24
VOH I Output HIGH Voltage loH = —200pA Volts
‘[ Vce = 4.50V 2.2 2.2
|
VoL ] Output LOW Voltage Vee = MIN,, g = 3.2mA 04 0.4 Volts
! o
Guaranteed input logical HIGH
\ | tHIGH Level
H neu eve voltage for all inputs 20 Vee 20 Vee Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs —0.5 08 -0.5 0.8 Volts
T
L Input Load Current | Vce =MAX., Vi =0V 1055V 10 10 uA
f Am91L02 3 31
lcen i ) Ta=25"C
| Allinputs = Ve Am9102 45 50
Power Supply Current I Data out open mA
| Vce = MAX. AmM91L02 35 37
Iccs Ta=-55"C
| Am9102 55 60
I 4
| VouT = Vce | 10 10
ILo Qutput Leakage Current ' VCS = ViH LA
| VouT = 04V 1 —10 —10
CAPACITANCE (T = 25°C)
Parameters Description Test Conditions Min. Typ. Max. Units
CiINn Input Capacitance, Any Input VIN=0V,f=1MHz 3.0 5.0 pF
cOUT Output Capacitance VouTt =0V, f=1MHz 40 6.0 pF




Am9102 FAMILY SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS

over operating temperature and voltage range
Load = 1 TTL gate and 100pF, Vi = 0.8V, Vi =20V, t, = ty = 10ns. Output reference level 0.8V, 2.0V

Am9102 Am9102A Am91028 Am9102C
Am91L02 Am91L02A Am91L02B Am91L02C Am9102D Am9102E
Read Cycle Characteristics Min.  Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Units
RC Read Cycle Time 650 500 400 300 250 200 ns
A Access Time 650 500 400 300 250 200 ns
tco CE LOW to Qutput HIGH or LOW 200 175 150 125 100 80 ns
Previous Read Data Valid .
tOH1 with Respect to Chip Select 50 50 50 50 40 30 ns
Previous Read Data Valid
t o
OH2 with Respect to Chip Select 0 0 o 0 0 ns
Write Cycle Requirements
we Write Cycle Time 650 500 400 300 250 200 ns
taw Address Set-Up Time 20 20 20 20 20 20 ns
twp Write Pulse Width 200 175 150 125 100 80 ns
Write Recovery Time
t 0 0 Qo
WH {Address Hold Time) 0 e 0 ns
oW Data Set-Up Time 175 150 125 100 75 60 ns
tDH Data Hold Time 0 0 [¢] 0 0 0 ns
tcw Chip Enable Set-Up Time 200 175 150 125 100 85 ns

SWITCHING WAVEFORMS
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POWER DOWN STANDBY OPERATION

The Am9102 Family is designed to maintain storage in a
standby mode. The standby mode is entered by lowering Ve
to around 1.5—2.0 volts (see table and graph below). When
the voltage to the device is reduced, the storage cells are iso-
lated from the data lines, so their contents will not change.
The standby mode may be used by a battery operated back-
up power supply system, or, in a large system, memory pages

A standby recovery time must elapse following restoration
of normal power before the memory may be accessed.

To ensure that the output of the device is in a high im-
pedance OFF state during standby, the chip select should
be raised for the chip disable time (tcp) prior to entering
the standby mode, and should be held at Vpp during the

not being accessed can be placed in standby to save power. entire standby cycle.

STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE

Parameters Description Test Conditions Min. Typ. Max Units
Vpp V¢ in Standby Mode 1.5
A
) Vpp =15V m91L02 10 23
Ta=0°C AmM9102 12 28 A
m.
All Inputs = Vp
D Vpp = 2.0V Am91L02 12 28
Am9102 15 38
Ipp Icc in Standby Mode n
Vpp = 1.5V Am91L02 10 26
Ta =-55°C Am9102 12 31 A
m
All Inputs = V
nputs = Vpp Vpp =20V | Am91L02 12 31
Am9102 15 42
dv/gt Rate of Change of Vg 1.0 Vius
tR Standby Recovery Time TrC ns
Tcp Chip Deselect Time 0 ns
VCES CE Bias in Standby Vpp Volts
Power Supply Current Typical Output Current
Versus Voltage Versus Voltage
+5.0 dv/dt 30 T T 24 T
475V / \ Tp=25°C 2\ Ve = 475V ]
vee 25 FINPUTS = 5.0 20 \X/ Ta=257C
l L+ T 18 N
*Vpp 20 [
< T I \
E S M\
| 15 ! 12
2 [ 1T\
ViH _8 Z 10 ]
& " g ¢ STATE
- tcp ‘JRA..L *  6fLow \
ViU 5 4 H-STATE
DESELECT STANDBY MODE RECOVERY READ OR 2 | \\
CHIP WRITE 0 0 i
CYecLE 0 1 2 3 4 5 8 0 1 2 3 4 5
Vee - VOLTS VouTt — VOLTS
Access Time Versus Vgc Typical Power Supply Current
Metallization and Pad Layout Normalized to Vg = +5.0 Volts Versus Ambient Temperature
Ay 1.05 30
16 : 23 Ta=70°C 28 Ve = MAX
I ° B— 26
Ly — 13 CE o / 24
< ¢ 2
i S —
| 3 L 0% [ ~
w o © 18
84— 12 Dour 8
0.90
{ 14
| 12
” B O 0.85 10
[] = 4.0 45 5.0 55 6.0 25 50 75
] 10 Ve Vee - VOLTS Ta — AMBIENT TEMPERATURE — °C
8 9 GND
Ao
DIE SIZE 0.128"" X 0.128""




Typical Vyy Limits Typical Tace Typical
Versus Ambient Temperature Versus Ambient Temperature Tacc Versus C
18 300
Vee = MIN | 20 LT
1T2L LOAD IS I
‘e C = 100pF
250
i 220 //
ViH = MIN - | A =
> < J/,/ < V
> 14 o 200 ] o 200
> 2 /'—[ <
ViL = MAX. = | =
| 180
12 — 150 ¢ —
l 160
10 l 100 l 140
0 25 50 75 0 25 50 75 0 100 200 300 400 500 600
Ta — AMBIENT TEMPERATURE - C Ta — AMBIENT TEMPERATURE C c oF
-

DEFINITION OF TERMS
FUNCTIONAL TERMS

CE Active LOW chip enable. Data can be read from or written
into the memory only if CE is LOW.

@_TE Active LOW write enable. Data is written into the memory if
WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in bistable latch circuits. A static memory will store data as long
as power is supplied to the chip without requiring any special
clocking or refreshing operations.

N-Channel An insulated gate field effect transistor technology
in which the transistor source and drains are made of N-type
material, and electrons serve as the carriers between the two
regions. N-Channel transistors exhibit lower thresholds and faster
switching speeds than P-Channel transistors.

SWITCHING TERMS
tgrc Read Cycle Time. The minimum time required between
successive address changes while reading.

ta  Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.

tco Access Time from Chip Enable. The minimum time during

which the chip enable must be LOW prior to reading data on the
output.

toH1 Minimum Access Time. Minimum time which will elapse
between change of address and any change on the data output.

ton2 Minimum time which will elapse between a change on the
chip enable and any change on the data output.

twc Write Cycle Time. The minimum time required between
successive address changes while writing.

taw Address Set-Up Time. The minimum time prior to the falling
edge of the write enable during which the address inputs must be
correct and stable.

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

twr Address Hold Time. The minimum time after the rising edge
of the write enable during which the address must remain steady.

tpw Data Set-Up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

‘tpy Data Hold Time. The minimum time that the data input

must remain steady after the rising edge of the write enable.

tcw Chip Enable Time During Write. The minimum duration of a
LOW level on the Chip Select while the write enable is LOW to
guarantee writing.




APPLICATIONS
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PHYSICAL DIMENSIONS
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Am9OT1/Am91LT1/Am2111 FAMILY

256x4 Static R/W Random Access Memories

AmM9111A
PART AM91118B AmM9111C
NUMBER Am2111 Am2111-2 AmMOTL11A AmMOTL118B AMOIL11C Am9111D AM9111E
Am2111-1
A%"’sts 1000ns 650ns 500ns 400ns 300ns 250ns 200ns

DISTINCTIVE CHARACTERISTICS

@ 256 x 4 organization for small memory systems

® Low operating power dissipation
125mW Typ; 290mW maximum — standard power
100mW Typ; 175mW maximum — low power

FUNCTIONAL DESCRIPTION

The Am9111/Am91L11 series of devices are high performance,
low power, 1024-bit, static, read/write random access memories.
They offer a wide range of access times including versions as fast as
200ns. Each memory is implemented as 256 words by 4 bits per
word. This organization permits efficient design of small memory

e DC standby mode reduces power up to 84% ) A |
K . ical to TTL systems and allows finer resolution of incremental memory depth.
° L?g'c voltage Igve!s identical to The input data and output data signals are bussed together to share
® High output drive — two full TTL loads common 1/O pins. This feature not only decreases the package size,
e High noise immunity — full 400mV but helps eliminate external logic in bus-oriented memory systems.
® Single 5 volt p:)wer supply — S These memories may be operated in a DC standby mode for
tolerances: +5% commercial, +10% military reductions of as much as 84% of the normal power dissipation. Data
e Uniform switching characteristics — access times insensitive to can be retained with a power supply as low as 1.5 volts. The low
supply variations, addressing patterns and data patterns power Am91L11 series offer reduced power dissipation during
® Both military and commercial temperature ranges available normal operating conditions and éven lower dissipation in the stand-
e Bussed input and output data ori common pins. by mode.
® Output disable control The Chip Enable input control signals act as high order address
® Zero address set-up and hold times for simplified timing lines and they control the write amplifier and the output buffers.
e 100% MIL-STD-883 reliability assurance testing The Output Disable signal provides independent control over the
output state of enabled chips.
These devices are all fully static and no refresh operations or sense
amplifiers or clocks are required. Input and output signal levels are
identical to TTL specifications, providing simplified interfacing and
high noise immunity. The outputs will drive two full TTL loads for
increased fan-out and better bus interfacing capability.
Am9111 BLOCK DIAGRAM CONNECTION DIAGRAM
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ORDERING INFORMATION
Ambient Package Power Access Times
Temperature Type Type
Specification 1000ns 650ns 500ns 400ns 300ns 250ns 200ns
P2111-1
Molded DIP Standard P2111 P2111-2 AM9111APC AM9111BPC | AM9111CPC AM9111DPC | AM9111EPC
Low AM91L11APC | AM91L11BPC [ AM91L11CPC
0°C to +70°C 21111
Standard - N
Hermetic DIP andar c21m Cc2111-2 AM9111ADC AM9111B0OC | AM9111CDC AM9111DDC | AMI111EDC
Low AM91L11ADC | AM91L11BDC | AMI1L11CDC
. Standard AM9111ADM | AM9111BDM | AM9111CDM
Hermetic DIP Tow
_B5°C to +125°C AM91L11ADM | AM91L11BDM| AM91L11CDM
u c Flat Pack Standard AM9111AFM | AM9111BFM
ermetic Flat Pac Low AM91L11AFM | AMO1L11BFM




MAXIMUM RATINGS above which the 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 Vsg, Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
DC Input Voltage —0.5V to +7.0V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS
Am9111PC, Am9111DC Ta=0"Cto +70°C Am9111/
Am91L11PC, Am91L11DC Vee = +5.0V £6% Am91L11 Am2111
Am2111 Family Family
Parameters Description Test Conditions Min. Max. Min. Max. Units
N 10H = —200uA 24 Vol
\" Output HIGH Voltage Ve = MIN. olts
OH P o cc IOH = —1501A 22
lop = 3.2mA 0.4 Vol
W Volt = olts
VoL Output LO oltage Ve = MIN. oL = 20mA 045
Viy Input HIGH Voltage 20 | Vce 22 | Vee Volts
ViL Input LOW Voltage -05| 08 | -05]| 0.65 | Volts
LN Input Load Current Vee = MAX, 0V < V)N < 5.25V 10 10 MA
Vour = Vce 5.0 15
Lo 1/0 Leakage Current VCE = ViH HA
VouT = 04V —-10 —50
Am9111A/B 50
o Am9111C/D/E 55
Icct Ta=25C 50
ce i AmS1L11A/B 31
Sa‘a 0”'\;“’9“ | AmoiL11C 34 R
P ty C t = Max. m
ower Supply Curren cc l AmO111A/B s
Vin = Vce ‘
o Am9111C/D/E 60
Icc2 Ta=0"C 70
Am91L11A/B 33
Am91L11C 36
ELECTRICAL CHARACTERISTICS Am9111/
AmM9111DM, Am9111FM Ta- -55'Cto1125°C Am91L11
Am91L11DM, Am91L11FM Vee = 15.0V +10% Family
Parameters Description Test Conditions Min. Max. Units
Ve = 4.75V 24
V Output HIGH VoIt i = —200uA Volt:
OH uted age OH * Veo - 45V 22 ol
VoL Output LOW Voitage Vee = MIN,, Ig = 3.2mA 0.4 Volts
ViH Input HIGH Voltage 2.0 Vee Volts
ViL input Low Voltage —0.5 08 Volts
Ly Input Load Current Vee = MAX, 0V €< VN <55V 10 HA
V =V 10
Lo Output Leakage Current VCE = VIH [ out cc ! LA
| VouT =04V | -10
- S +
AmM9111A/AMI111B | 50
I 5
Icct Tp=25°C Am9111C ! 5
Am91L11A/Am91L11B | 31
| Dataout open AmMIIL1IC 34
Power Supply Current V¢ = Max. mA
Vin = Vee Am9111A/Am9111B | | 60 |
o Am9111C 65
lccs Ta=-55°C .
I AmS1L11A/AmI1L11B 37
| Amo1LI1C 20
CAPACITANCE
Parameters Description Test Conditions Typ. Max. Units
] Am2111 4.0 8.0
CIN Input Capacitance, V| = 0V pF
Am9111/Am91L11 3.0 6.0
Ta=25°C,f=1mHz
¢ o c . v ov Am2111 10 15 £
utput Capacitance, = p
ouT out Am9111/Am91L11 8.0 1




SWITCHING CHARACTERISTICS over operating and voltage range

Output Load = 1 TTL Gate +100pF Ta=0°Cto+70°C Ve = +5V 5%
Transition Times = 10ns Ta = —55°C to +125°C Vee = +5V £10%
Input Levels, Output References = 0.8V and 2.0V 9111A 9111B 9111C

2111 2111-2 21111 91L11A 91L11B  91L11C  9111D 9111E

Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Units
tRC Read Cycle Time 1000 650 500 500 400 300 250 200 ns
ta Access Time 1000 650 500 500 400 300 250 200 ns

Chip Enable to

t

co Output ON Delay (Note 1) 800 400 350 200 175 150 125 100| ns

top Output Disable to 700 350 300 175 150 125 100 85 ns
Output ON Delay

tOH Previous Read Data Valid with 0 0 0 40 40 40 30 30 ns

Respect to Address Change

Output Disable to

tDF1 Output OFF Delay [¢] 200| O 150 O | 150 5.0 {125 5.0 {100| 50 |100| 50| 75 | 5.0 | 60 ns

tDF2 Chip Enable to 0 200 O 150 [¢] 150 | 10 {150 | 10 | 125| 10 | 125 | 10 [ 100 | 10 80 ns
Output OFF Delay
twe Write Cycle Time 1000 650 500 500 400 300 250 200 ns
tAW Address Set-up Time 150 150 100 0 0 0 0 0 ns
twp Write Pulse Width 750 400 300 175 150 125 100 85 L
tew ?&2:;‘7‘"9 Set-up Time 900 550 400 175 150 125 100 85 ns
tWR Address Hold Time 50 50 50 0 0 0 0 0 ns
tDW Input Data Set-up Time 700 400 280 150 125 100 85 65 ns
tDH Input Data Hold Time 100 100 100 o] 0 0 0 0 ns

Notes: 1. Both CE1 and CE2 must be LOW to enable the chip.

SWITCHING WAVEFORMS

READ CYCLE WRITE CYCLE

tRe twe

I
[
ADDRESS X

| ’ # fow

CHIP ENABLE 1
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DEFINITION OF TERMS
FUNCTIONAL TERMS

CE1, CE2Z Chip Enable Signals. Read and Write cycles can be
executed only when both CE1 and CE2 are LOW.

WE Active LOW Write Enable. Data is written into the memory
if WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in bistable latch circuits. A_static memory will store data as
long as power is supplied to the chip without requiring any
special clocking or refreshing operations.

N-Channel An insulated gate field effect transistor technology
in which the transistor source and drain are made of N-type
material, and electrons serve as the carriers between the two
regions. N-Channel transistors exhibit lower thresholds and
faster switching speeds than P-Channel transistors.

SWITCHING TERMS

top Output enable time. Delay time from falling edge of OD
to output on.

trc Read Cycle Time. The minimum time required between
successive address changes while reading.

ta Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.

tco Access Time from Chip Enable. The minimum time during
which the chip enable must be LOW prior to reading data on
the output.

toq Minimum time which will elapse between change of
address and any change of the data output.

tprq Time delay between output disable HIGH and output
data float.

tpez Time delay between chip enable OFF and output data
float.

twe Write Cycle Time. The minimum time required between
successive address changes while writing.

taw Address Set-up Time. The minimum time prior to the
falling edge of the write enable during which the address inputs
must be correct and stable.

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

tyr Address Hold Time. The minimum time after the rising
edge of the write enable during which the address must remain
steady.

tpw Data Set-up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

tpy Data Hold Time. The minimum time that the data input
must remain steady after the rising edge of the write enable.
tcw Chip Enable Time during Write. The minimum duration
of a LOW level on the Chip Select prior to the rising edge of
WE to guarantee writing.



POWER DOWN STANDBY OPERATION

The Am9111/Am91L11 Family is designed to maintain
storage in a standby mode. The standby mode is entered by
lowering Vg to around 1.5-2.0 volts (see table and graph
below). When the voltage to the device is reduced, the
storage cells are isolated from the data lines, so their
contents will not change. The standby mode may be used
by a battery operated backup pewer supply system, or, in a

large system, memory pages not being accessed can be
placed in standby to save power. A standby recovery time
must elapse following restoration of normal power before
the memory may be accessed.

To ensure that the output of the device is in a high im-
pedance OFF state during standby, the chip select should
be held at V| or Vg during the entire standby cycle.

STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE

DIE SIZE: 0.132" X 0.131”

(Pin numbers shown are for DIP versions only)

Parameters Description Test Conditions Min. Typ. Max Units
Vpp Vg in Standby Mode 1.5 ’
) Vpp - 15V | AmIILTT 11 25
Ta=0C Am9111 13 31 A
m,
All Inputs = Vppy
Vpp = 2.0V AmI1L11 13 31
. Am9111 17 41
ipD Icc in Standby Mode
Vpp = 1.5V Am91L11 1 28
Ta=-55C Am9111 13 34 A
m.
All Inputs = V
pu PD Vpp = 2.0V Am91L11 13 34
Am9111 17 46
dv/dt Rate of Change of V¢ 1.0 V/us
R Standby Recovery Time tRC ns
tcp Chip Deselect Time 0 ns
VCEs CE Bias in Standby VpD Volts
Typical Power Supply Current Typical Output Current
Versus Voltage Versus Voltage
150 — vt 30 T T 24 T
475y - / \ - Ta-25°C 22\ Vee <475V
vee / 25 [ INPUTS = 5.0V /4 20} —+Ta=25"C
J Amg111 LT ; 18 4
Veo 20 L [
< /' S
s /] R T2
[}
S 5l ¢ %
cs 10 a2 8
- (CP |—.JR - T 6
Vie ' 5 4
DESELECT STANDBY MODE RECOVERY READ OR
CHIP WRITE 2
CYCLE 0 0
o 1 2 3 4 5 6
Vee - VOLTS VouT - VOLTS
Access Time
Versus Ve Normalized Typical Power Supply Current
Metallization and Pad Layout to Vg = +5.0 Volts Versus Ambient Temperature
ADDRESS 3 Vee 145V) 105 I o T
ADDRESS 2 ADDRESS 4 Tp =70°C 28 Vee = MAX. 4‘
| 26
ADDRESS 1 1.0 )
WRITE ENABLE 24
CHIP ENABLE 1 Pe 2
ADDRESS 0 “‘ € ~
DATA 1/0, 3 095" T ] , o
ADDRESS 5 - L 18 B
16
ADDRESS 6 0.90 14
i 12
0.85 10
DATA 1/03 4.0 45 5.0 5.5 6.0 0 25 50 75
ADDRESS 7 DATA 110y Vee -~ VOLTS T, — AMBIENT TEMPERATURE — °C
(GND) Vgg DATA 1/0,
OUTPUT CHIP ENABLE 2
DISABLE




Am9111 FAMILY — APPLICATION INFORMATION

These memory products provide all of the advantages of
AMD’s other static N-channel memory circuits: +5 only power
supply, all TTL interface, no clocks, no sensing, no refreshing,
military temperature range available, low power versions avail-
able, high speed, high output drive, etc. In addition, the
Am9111 series features a 256 x 4 organization with common
pins used for both Data In and Data Out signals.

This bussed 1/0O approach cuts down the package pin count
allowing the design of higher density memory systems. [t also
provides a direct interface to bus-oriented systems, eliminating
bussing logic that could otherwise be required. Most micro-
processor systems, for example, transfer information on a
bidirectional data bus. The Am9111 memories can connect

directly to such a processor since the common /O pins act as
a bidirectional data bus.

The Output Disable control signal is provided to prevent signal
contention for the bus lines, and to simplify tri-state bus
control in the external circuitry. If the chip is enabled and the
output is enabled and the memory is in the Read state, then the
output buffers will- be impressing data on the bus lines. At
that point, if the external system tries to drive the bus with
data, in preparation for a write operation, there will be conflict
for domination of the bus lines. The Output Disable signal
allows the user direct control over the output buffers, inde-
pendent of the state of the memory. Although there are
alternative ways to resolve the conflict, normally Output
Disable will be held high during a write operation.

Typical Vyy Limits
Versus Ambient Temperature

Typical ty Versus
Ambient Temperature

Typical tp Versus C
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Am9112/Am91L.12 FAMILY

256x4 Static R/W Random Access Memories

Part Am2112 Am2112:2 AmI112A Am91128 Am3112C Amg112D AM9112E
Number AmMI1L12A Am91L128 Am91L12C
"}‘Ecess 1000 ns 650ns 500ns 400ns 300ns 250ns 200ns
ime

Distinctive Characteristics

256 x 4 organization
16-pin standard DIP
Low operating power dissipation
125mW Typ; 290mW maximum — standard power
100mW Typ; 175 mW maximum — low power
e DC standby mode reduces power up to 84%
20mW Typ; 47mW maximum
Logic voltage levels identical to TTL
High output drive — two full TTL loads guaranteed
High noise immunity — full 400mV
Uniform switching characteristics — access times insensitive to
supply variations, address patterns and data patterns.
Single +5V power supply — tolerances + 5% commercial,
+10% military
Bus oriented |/O data
Zero address, set-up, and hold times guaranteed for simpler timing
Direct plug-in replacement for 2112 type devices
100% MIL-STD-883 reliability assurance testing

. e o o o

"Am9112 BLOCK DIAGRAM

FUNCTIONAL DESCRIPTION

The Am9112/Am91L12 series of products are high performance,
low power, 1024-bit, static read/write random access memories.
They offer a range of speeds and power dissipations including
versions as fast as 200ns and as low as 100mW typical.

Each memory is implemented as 256 words by 4-bits per word. This
organization allows efficient design of small memory systems and
permits finer resolution of incremental memory word size relative
to 1024 by 1 devices. The output and input data signals are
internally bussed together and share 4 common /O pins, This
feature keeps the package size small and provides a simplified
interface to bus-oriented systems.

The Am3112/Am91L12 memories may be operated in a DC standby
mode for reductions of as much as 84% of the normal operating
power dissipation. Though the memory cannot be operated, data
can be retained in the storage cells with a power supply as low as
1.5 volts, The Am91L12 versions offer reduced power during
normal operating conditions as well as even lower dissipation in
standby mode.

The eight Address inputs are decoded to select 1-0f-256 locations
within the memory. The Chip Enable input acts as a high-order
address in multiple chip systems. It also controls the write amplifier
and the output buffers in conjunction with the Write Enable input.
When CE is low and WE is high, the write amplifiers are disabled,
the output buffers are enabled and the memory will execute a read
cycle. When CE is low and WE is low, the write amplifiers are
enabled, the output buffers are disabled and the memory will
execute a write cycle. When CE is high both the write amplifiers and

the output buffers are disabled.
o
=2 These memories are fully static and require no refresh operations
Ap—=—] BE N or sense amplifiers or clocks. All input and output voltage levels are
[s)e} 32X8 32X8 32X8 32X8 . . egs . .
Ay —ef QO STORAGE | STORAGE | sTORAGE | sTORAGE identical to standard TTL specifications, including the power supply.
o% ARRAY | ARRAY ARRAY ARRAY
A3 ——  EO
Ap—] B CONNECTION DIAGRAM
Top View
@ @ @ @ ADDRESS 3 Vee+5V)
ADDRESS 2 ADDRESS 4
Ag— ]
COLUMN DECODER/INPUT CONTROL/ ~— WE ADDRESS 1[] WRITE ENABLE
AG —_—] OUTPUT BUFFERS/SELECT LOGIC/
DISABLE LOGIC |-— e aporess o[ CHIP ENABLE
S
ADDRESS 5 [ | DATA 1/04
‘ ‘ t ‘ ADDRESS 6 | DATA 1/03
110, 1104 103 10,
ADDRESS 7 DATA1/O
E 2 Note:
(GND) vss [] DATA (/04 Pin 1 is marked
for orientation.
ORDERING INFORMATION
Ambient Access Time
Temperature P_?_Ckage F_‘I?WGr — —_— — - =
Specification vpe ype 1000ns 650ns 500ns 400ns 300ns 250ns 200ns
Molded DIP Standard P2112 P2112-2 AM9112APC AM9112BPC AM9112CPC AM9112DPC | AM9112EPC
e — p AVE A 8 e i M
0°C to +70°C Low . AM9TL12APC AMI1L12BPC AM91L12CPC
. Standard c2112 C2112-2 AM9112ADC AM9112BDC AM9112CDC AM9112DDC | AM9112EDC
Hermetic DIP  —— e e
Low 7 AM91L12ADC | AM91L12BDC | AM91L12CDC
Standard [ AM9112ADM AM9112BDM AM9112CDM
Hermetic DIP —
° Low AM91L12ADM | AM91L12BDM | AM91L12CDM
—55°C to +125°C
) Standard AM9112AFM AM9112BFM
Hermetic Flat Pack
Low AMO1L12AFM | AMI1L12BFM




MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
V¢ With Respect to Vgg, Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs —0.5V to +7.0V
DC Input Voltage —0.5V to +7.0V
Power Dissipation 1.0W
ELECTRICAL CHARACTERISTICS Am9112/
Am9112PC, Am9112DC Ta=0°Cto+70°C Am91L12
AmM91L12PC, Am91L12DC Voo = +5V £5% Family .
Parameters Description Test Conditions Min. Max. Units
VOH Output HIGH Voltage Ve = MIN, IgH = —200uA 24 Volts
VoL Output LOW Voltage Vee = MIN, Ig| = 3.2mA 0.4 Volts
ViH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage —-0.5 0.8 Volts
LIN] Input Load Current Vee = MAX, 0V € Vg €525V 10 HA
Vout =V 5.0
Lo 1/O Leakage Current VCE = VIH our cc HA
VouTt =0.4V -10
AmS9112A/B 50
lect Ta=25°C AmM9112C/D/E 55
Am91L12A/B 31
Data out open
Power Supply Current Vee = MAX. AmINL12C 34 mA
VIN = Ve Am9112A/B 55
1
lee2 Ta-0°C Am9112C/D/E 60
Am91L12A/B 33
Am91L12C 36
ELECTRICAL CHARACTERISTICS Am9112/
Am9112DM, Am9112FM Ta=-55°Cto+125°C Am91L12
AmM91L12DM, Am91L12FM Veg=+5.0V £ 10% Family
Parameters Description Test Conditions Min. Max. Units
Vee =4.75V 24
VoH Output HIGH Voltage loH = —200uA Volts
Vee = 4.50V 2.2
VoL Output LOW Voltage Vee =MIN,, IoL = 3.2mA 0.4 Volts
ViH Input HIGH Voltage 2.0 Vee Volts
Vi Input LOW Voltage —0.5 0.8 Volts
I Input Load Current Vee =MAX, 0V < VN < 5.5V 10 LA
Vourt =V 10
o 1/0 Leakage Current VEE = VIH T cc kA
VoyuTt =04V -10
Am9112A/B 50
et Tp-25°C Am9112C 55
_ Am91L12A/B 31
Data out open AMO1L12C 2
Power Supply Current Vee = MAX. m mA
VIn = Vee Am9112A/B 60
lecs Ta - _B5°C Am9112C 65
Am91L12A/B 37
Am91L12C 40
CAPACITANCE
Parameters Description Test Conditions Typ. Max. Units
CIN Input Capacitance, V| = 0V Am2112 40 80 pF
o Am9112/Am91L12 3.0 6.0
TA=25"C,f=1mHz Am2112 0 - 18 ]
CouT Output Capacitance, VoyT = OV m pF
Am9112/Am91L12 8.0 11




SWITCHING CHARACTERISTICS over operating temperature and voltage range

Output Load = 1 TTL Gate +100pF

Transition Times = 10ns Am9112A Am9112B Am9112C
Input Levels, Output References = 0.8V and 2.0V Am91L12A Am91L12B Am91L12C Am9112D Am9112E
Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Units
tRc Read Cycle Time 500 400 300 250 200 ns
tA Access Time 500 400 300 250 200 ns
Output Enabled t t ON D
tco utput Enabled to Outpu elay 50 | 175 | 50 | 150 | 60 | 125 | 50 | 100 [ 50 | 85 ns
{Note 1)
Previous Read Data Valid with Respect
1
OH to Address Change 40 40 40 30 30 ns
tpE Output Disabled to Output OFF Delay 5.0 125 5.0 100 5.0 100 5.0 75 5.0 60 ns
(Note 2)
twe Write Cycle Time 500 400 300 250 200 ns
tAW Address Set-up Time 0 0 0 0 0 ns
tWwR Address Hold Time 0 0 0 0 0 ns
twp Write Pulse Width (Note 3) 175 150 125 100 85 ns
tcw Chip Enable Set-up Time 175 150 125 100 85 ns
tpw Input Data Set-up Time 150 125 100 85 65 ns
tDH Input Data Hold Time (Note 4) 0 0 0 0 0 ns
SWITCHING WAVEFORMS (Note 5)
READ CYCLE WRITE CYCLE
{* 'RC % twe f
ADDRESS * X
CHIP ENABLE NN ][ NK /
| ! tco i t taw ! tou
WP 1
™~ co - we WR
WRITE ENABLE ‘j *1-5 *
oF oH
— 'DF .
o] "' ow
20— oureur OO
A A DATA INPUT
DATA 1/0 - ‘v’?.,.r.)’.t.’ VALID ‘.t‘)t‘:‘:.t.’ STABLE
|
lA -—l

Notes: 1.
2.
3.
4.

Output is enabled and tco commences only with both CE LOW and WE HIGH.
Output is disabled and tpg defined from either the rising edge of CE or the falling edge of WE.

Minimum typ is valid when CE has been HIGH at least tpg before WE goes LOW. Otherwise WP(min.) = tDW(min.) * 1DF(max.)-

When WE goes HIGH at the end of the write cycle, it will be possible to turn on the output buffers if CE is still LOW. The data out will be

the same as the data just written and so will not conflict with input data that may still be on the 1/O bus.

. See ""Application Information’’ section of this specification.




DEFINITION OF TERMS

FUNCTIONAL TERMS

CE Active LOW Chip Enable. Data can be read from or written
into the memory only if CE is LOW.

WE Active LOW Write Enable. Data is written into the memory
if WE is LOW and read from the memory if WE is HIGH.

Static RAM A random access memory in which data is stored
in bistable latch circuits. A static memory will store data as long
as power is supplied to the chip without requiring any special
clocking or refreshing operations.

N-Channel An insulated gate field effect transistor technology
in which the transistor source and drain are made of N-type
material, and electrons serve as the carriers between the two
regions. N-Channel transistors exhibit lower thresholds and faster
switching speeds than P-Channel transistors.

SWITCHING TERMS

trc Read Cycle Time. The minimum time required between
successive address changes while reading.

ta Access Time. The time delay between application of an
address and stable data on the output when the chip is enabled.

tco Output Enable Time. The time during which CE must be
LOW and WE must be HIGH prior to data on the output.

toH Minimum time which will elapse between change of address
and any change on the data output.

tpr Time which will elapse between a change on the chip enable
or the right enable and on data outputs being driven to
a floating status.

twc Write Cycle Time. The minimum time required between
successive address changes while writing.

taw Address Set-up Time. The minimum time prior to the
falling edge of the write enable during which the address inputs
must be correct and stable.

twp The minimum duration of a LOW level on the write enable
guaranteed to write data.

twr Address Hold Time. The minimum time after the rising edge
of the write enable during which the address must remain steady.
tpw Data Set-up Time. The minimum time that the data input
must be steady prior to the rising edge of the write enable.

tp4 Data Hold Time. The minimum time that the data input
must remain steady after the rising edge of the write enable.

tcw Chip Enable Time During Write. The minimum duration of a
LOW level on the Chip Select while the write enable is LOW to
guarantee writing.



POWER DOWN STANDBY OPERATION

The- Am9112/Am91L12 Family is designed to maintain
storage in a standby mode. The standby mode is entered by
lowering Vec to around 1.56—2.0 volts (see table and graph
below). When the voltage to the device is reduced, the
storage cells are isolated from the data lines, so their con-
tents will not change. The standby mode may be used by a
battery operated backup power supply system, or, in a

large system, memory pages not being accessed can be
placed in standby to save power. A standby recovery time
must elapse following restoration of normal power before
the memory may be accessed.

To ensure that the output of the device is in a high im-
pedance OFF state during standby, the chip select should
be held at V| or Vcgg during the entire standby cycle.

STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE

DIE SIZE 0.132" X 0.131"

Parameters Description Test Conditions Min. Typ. Max. Units
Vep V¢ in Standby Mode 1.5
) Vpp =15y | AmOILI2 1 25
Ta=07¢C Am9112 13 31 A
m,
All Inputs = V
PD Vpp =20y | AMOTLI2 13 31
. Am9112 17 41
IpD Icc in Standby Mode
Vpp = 1.5V Am91L12 11 28
Ta = —55°C Am9112 13 34 A
m
Alll ts =V
nputs = Vpp Vpp=20v | AmIILI2 13 34
Am9112 17 46
dv/dt Rate of Change of V¢ 1.0 Vius
R Standby Recovery Time tRC ns
tcp Chip Deselect Time 0 ns
VCES CE Bias in Standby VpD Volts
Typical Power Supply Current Typical Output Current
Versus Voltage Versus Voltage
+5.0 dv/dt 30 T T 24 Y\ T
475V Ta=25°C 22 Voe =475V |
vee 25 |FINPUTS = 5.0V 20 / Ta=257C
’ Am9112 l// < agh— }& .
Vpp 20 118 e — t —]
< /’ 5 14 I \ —
f s / o1 I\ —
8 / z 10 [ \
T < 8 / HIGH
© STATE
+ 6 frow AN
5 4 lf-sTATE N
DESELECT STANDBY MODE RECOVERY READ OR 2 f N
CHIP WRITE 4] 0
CYCLE 0 1 2 3 4 5 6 o 1 2 3 4 5
Vee — VOLTS VouT — VOLTS
Access Time Versus Vcc Typical Power Supply Current
; pply
Metallization and Pad Layout Normalized to V¢ = +5.0 Volts Versus Ambient Temperature
ADDRESS 3 Vee (#5 V) 1.05 [ 30 T
ADDRESS 2 ADDRESS 4 T = 70°C 28 Ve = MAX.
ADDRESS 1 — 26
WRTTE ENABLE 1.0 24 \\
CHIP ENABLE
ADDRESS 0 < / E 22 ]
DATA 1/04 L 095 i) 20
ADDRESS § & S 18
ADDRESS 6 16
0.90 1a
12
DATA 1/03 085 10
ADDRESS 7 DATA 1/0y 40 45 5.0 55 6.0 0 25 50 75
Vee - VOLTS Ta — AMBIENT TEMPERATURE — °C
(GND) Vgg DATA /04




APPLICATION INFORMATION

These memory products provide all of the advantages of
AMD'’s other static N-channel memory circuits: +5 only power
supply, all TTL interface, no clocks, no sensing, no refreshing,
military temperature range available, low power versions avail-
able, high speed, high output drive, etc. In addition, the
Am9112 series features a 256 x 4 organization with common
pins used for both Data In and Data Out signals.

This bussed 1/O approach keeps the package pin count low
allowing the design of higher density memory systems. It
also provides a direct interface to bus-oriented systems, elimi-
nating bussing logic that could otherwise be required. Most
microprocessor systems, for example, transfer information on
a bidirectional data bus. The Am9112 memories can connect
directly to such a processor since the common [/O pins act as
a bidirectional data bus.

If the chip is enabled (CE low) and the memory is in the
Read state (WE high), the output buffers will be turned on
and will be driving data on the 1/O bus lines. If the external
system tries to drive the bus with data, there may be con-
tention for control of the data lines and large current surges
can result. Since the condition can occur at the beginning of
a write cycle, it is important that incoming data to be written
not be entered until the output buffers have been turned off.

These operational suggestions for write cycles may be of some
help for memory system designs:

1. For systems where CE is always low or is derived directly
from addresses and so is low for the whole cycle, make sure
twp is at least tpw + tpF and delay the input data until
tpf following the falling edge of WE. With zero address
set-up and hold times it will often be convenient to make
WE a cycle-width level (twp = twc) so that the only
subcycle timing required is the delay of the input data.

2. For systems where CE is high for at least tpf preceeding
the falling edge of WE, typ may assume the minimum
specified value. When CE is high for tpg before the start of
the cycle, then no other subcycle timing is required and WE
and data-in may be cycle-width levels.

3. Notice that because both CE and WE must be low to cause
a write to take place, either signal can be used to determine
the effective write pulse. Thus, WE could be a level with
CE becoming the write timing signal. In such a case, the
data set-up and hold times are specified with respect to the
rising edge of CE. The value of the data set-up time remains
the same and the value of the data hold time should change
to a minimum of 25ns.

Typical Vi Limits
Versus Ambient Temperature

Typical tp Versus
Ambient Temperature

Typical ta Versus C_
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Am9130- Am9iIL30

1024 x 4 Static R/W Random Access Memories

DISTINCT!VE CHARACTERISTICS GENERAL DESCRIPTION

® 1k X 4 organization The Am9130 and Am91L30 products are high performance,
® Fully static data storage — no refreshing adaptive, low-power, 4k-bit, static, read/write random access
® Single +5V power supply memories. They are implemented as 1024 words by 4 bits per
® High-speed — access times down to 200ns max. word. Only a single +5V power supply is required for normal
® | ow operating power operation. A DC power-down mode reduces power while

— 578mW max., 9130 retaining data with a supply voltage as low as 1.5V.

- 36§mW max., 91L.30 All interface signal levels are identical to TTL specifications,
¢ '”Vte'f"c? '99'C levels identical to TTL providing good noise immunity and simplified system design.
® H}gh noise :mrr'uumty — 400mV worst-case All inputs are purely capacitive MOS loads. The outputs will
® High output drive — two standard TTL loads drive two full TTL loads or more than eight low-power
® DC power-down mode — reduces power by >80% Schottky loads.

e Singl | | i - .
Sung.e phase, low voltage, OVY capacnance clock Operational cycles are initiated when the Chip Enable clock
® Static clock may be stopped in either state L R
. X goes HIGH. When the read or write is complete, Chip Enable
® Data register on-chip
. . goes LOW to preset the memory for the next cycle. Address
® Address register on-chip . . R . :
. ) and Chip Select signals are latched on-chip to simplify system
® Steady power drain — no large surges o . N . |
e Unique Memory Status signal timing. Output data is aiso latched and is available until the
. next operating cycle. The WE signal is HIGH for all read

— improves performance . ; ) . .

— self clocking operation operations and is LOW during the Chip Enable time to perform
e Full MIL temperature range available a write. Data In and Data Out signals share common 1/0 pins.
® 100% MIL-STD-883 reliability assurance testing Memory Status is an output signal that indicates when data is

actuaily valid and when the preset interval is complete. It can
be used to generate the CE input and to improve the memory
performance.
BLOCK DIAGRAM CONNECTION DIAGRAM
A O——=|
Al O—| ROW "\
o] ss 12 ROV 64 ° . N
2‘ gj,’ ?&FEE; :ﬁ SX[%L:)%{SRSE :zi) STORAGE CELL MATRIX ADDRFSSSE ! 22 :]VCC‘ 5o0v)
NP LATCH U UV IV I ADDRESS 7 [ ] 2 21[] ADDRESS 0
45 O——=1 v aooresse [ 3 20 [} ADDRESS 1
ADDRESSQE 4 19 :lADDRESSZ
TIMING
ct CONTROL oatao1[]s 18 [ JADDRESS 3
0w ) ~ Am9130
REF ROW pATA 1102 [] ® Am91L30 " [ ] ADDRESS 4
ABO—=1  coLumn 16 16 16 16 oata 03] 7 16 [ ] aoDRESS 5
~ EB?ESS — Acooéggé?, oataoa[|s 15 | | WRITE ENABLE
A8 O— AND 8 DECODERS .
A9 H LATCH SAL{ WA |SAL] WA | SAL| WA §SAL | WA SA OUTPUT DISASLE E ’ " jCH‘P seLEeT
memory status [ 10 13 [TJOUTPUT ENABLE
HIP 08 : [o]:3 iB o8 iB o8B 18 o8 {GND) V. mn 12 CHIP ENABLE
I o *
cs 1 BUFFER CONTROL
i (T 1T
vee (L l l Top View
e OF OD WE 101 102 \23 4%4 MS Pin 1 is marked for orientation
ORDERING INFORMATION
Package Ambient Temoerature Power Access Time
mbient Te ur
Type P Type 500ns 400ns 300ns 250ns 200ns
0°C < Ta < +70°C STD | Am9130ADC Am9130BDC Am9130CDC Am9130DDC Am9130EDC
Hermetic SUAT LOW | Am91L30ADC | Am91L30BDC | Am91L30CDC | Am31L30DDC
DIP o STD | Am9130ADM | Am9130BDM | Am9130CDM
-55°C < < °
55 C<Ta<*125C G | Am91L30ADM | Am91L30BDM | Am91L30CDM




MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Vec with Respect to Vgg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —0.5V to +7.0V
Power Dissipation 1.25W

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 POWER-DOWN RANGE
Vee Vgs Vee Vgs Ambient Temperature Part Number
4.75V < Vgg <5.25V ov 15V < Ve <5.25v ov 0°C<Ta< +70°C AM91X30XDC
4.50V < Ve < 5.50V ov 15V < Vg <5.50V ov ~55°C < Tp < +125°C AM91X30X DM

ELECTRICAL CHARACTERISTICS over operating range (Note 1)

Am9130 Am91L30
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
VOH Output HIGH Voltage IoH = —200kA ://2::: : :;iv i; z: Volts
VoL Output LOW Voltage loL =3.2mA 0.4 04 Volts
VIH Input HIGH Voltage 2.0 Vee 2.0 Vee Volts
ViL Input LOW Voltage —05 0.8 -05 08 Volts
N} Input Load Current Vgs < VIN < Ve 10 10 HA
Lo Output Leakage Current Vgs < VouT < Ve, Output disabled 10 10 LA
Max. Voo Ta= 25°C\ 50 100 40 65
lcc Vcc Supply Current Outhil disabled Ta=0°C 110 70 mA
Ta=-55°C 125 80
Cia Input Capacitance (Address) 3.0 6.0 3.0 6.0 pF
CouT Output Capacitance Test frequency = 1MHz 4.0 7.0 4.0 7.0 pF
Cic Input Capacitance {Control) TA =.25()C 6.0 9.0 6.0 9.0 pF
All pins at 0V
Ci/o 1/0O Capacitance 6.0 9.0 6.0 9.0 pF
POWER DOWN CHARACTERISTICS Am9130 Am91L30
Parameter Description Test Conditions Min. Typ- Max. Min. Typ. Max. Unit
dv/dt V¢ Rate of Change 3.0 30 V/us
tPS Power Down Set-Up Time tEL tEL ns
tPH Power Up Hold Time tEL tEL ns
Ta =25°C 36 72 28 55 mA
Ve = 2.0V Ta=0"C 78 60 mA
1PD Icc in Standby TA =-55° 89 68 mA
(Note 2) Ta = 25°C 20 52 16 45 mA
Veg = 1.5V Ta =0°C 56 48 mA
Ta =-55°C 64 55 mA

POWER DOWN WAVEFORM

dv/dt
v MINIMUM \\ / \
ce OPERATING Ve -
S - '<_ wH
CE
AND
o€
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SWITCHING CHARACTERISTICS over operating range
READ CYCLE (Notes 7,8, 9)

Am9130A Am9130B Am9130C Am9130D
Am91L30A Am91L30B Am91L30C Am91L30D Am9130E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit

tRC Read Cycle Time (Note 5) 770 620 470 395 320 ns
tA (::cgetsj git.lT:u(tN\j:;::)Delay) 500 400 300 250 200 | ns
tEH Chip Enable HIGH Time (Note 14) 500 400 300 250 200 ns
tEL Chip Enable LOW Time (Note 14) 250 200 150 125 100 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 -5 -5 ns
tAS Address to Chip Enable Set-Up Time 0 0 0 0] 0 ns
tRS Read to Chip Enable Set-Up Time 0 [¢] 0 0 4] ns
tRH Chip Enable to Read Hold Time 0 0 0 0 0 ns
tOH Chip Enable to Output OFF Delay (Note 3) 0 0 0 0 0 ns
tCF OE or OD to Qutput OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Qutput ON Delay (Note 11) 220 185 150 125 110 ns
tES Output Enable to CE LOW Set-Up Time (Note 12)| 90 75 60 55 50 ns
tDM Data Out to Memory Status Delay 0 0 0 0 0 ns
tP Internal Preset Interval (Note 14) tEL tEL tEL tEL tEL ns

SWITCHING WAVEFORMS

tcs

XXXXXKRRR)

OOOOONXX

OOOOOOCO00000000

READ CYCLE
| tRC
l } tEH I | tEL
CHIP ‘l
ENABLE ! j
tAS I i [ tAH ’ ]
"" ."'.'."'07" ‘"""""'."'.'.'."V"’"V""’V‘V.V’V""".' ’v’V" .V "
womness OOKKRRE || XN
|
f

v.v.v.v.v‘v.v

"""'VV"'VVVV""V'VVV'V""
OB

MXXXX XX RXXXRIXXIMX XX XXIXXXXXXX)

OUTPUT
ENABLE

QuUTPUT
DISABLE

CHIP
et OO0 OO
‘—’1—— tRS ' }'—'—— tRH
it R NN

XXX XXARXXXANXX

O0000000000NX
OB

V/ " ’V." .‘.“‘ ’V V"."".' ’V .' ’V .V."V.V‘V’V."'.'."V.‘." ’V"’V.'.V""."V" ‘V.'.'
RN EOORERERBEEN

DATA 1/0

OUTPUT VALID

—

om

MEMORY

STATUS (NOTE 6)

Siat

'

[ J—




SWITCHING CHARACTERISTICS over operating range
| WRITE CYCLE (Notes 7, 8, 9)

Am9130A Am9130B Am9130C Am9130D
Am91L30A Am91L30B Am91L30C Am91L30D Am9130E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit

tWC Write Cycle Time (Note 5) 770 620 470 395 320 ns
tA Access Time (CE to Output ON Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15) 500 400 300 250 200 ns
tEL Chip Enable LOW Time (Notes 14, 15) 250 200 150 125 100 ns
tAS Address to Chip Enable Set-Up Time 0 0 o] 0 0 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 -5 -5 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tWW Write Pulse Width (Note 10) 200 165 135 115 100 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tDH Data Input Hold Time (Note 10) 0] 0 0 0 o] ns
tDM Data Out to Memory Status Delay 0 0 0 0 0 ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns

SWITCHING WAVEFORMS
WRITE CYCLE

tEH

CHIP
ENABLE

I

(ASH

t

EL

N

XXX/ OO XX XXX
oo X1 AN
| | cH |
s I
e QR0 OO0 OO XX XY
seCEl R AR
| ‘ ww |
FRTTE "'"."V.'"".'.‘0'.'.'070""'.'0'.'.'.'".""V".V 'i ".V.""'.""V’Y"
et RSO A0
oureur OO OOOXOOOOOONNN) XXX XX
e KRR QRN
| {NOTE 13) ‘ |
outeut IOORRVOOOOOONOOOCOOOONOCOOOOSOOKRX A OOOOOOOO0OOOO00X
R NN RO
DATA 1/0 [ ¥ { IN
—— _l J STABLE
i—- s % I —Jl tDH
Ny (NOTESE,15) /IL




SWITCHING CHARACTERISTICS over operating range
READ/MODIFY/WRITE CYCLE (Notes 7, 8, 9)

Am9130A Am9130B Am9130C Am9130D
Am91L30A Am91L30B Am91L30C Am91L30D Am9130E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRMWC R/M/W Cycle Time (Notes 5, 16) 1170 950 740 625 520 ns
tA Access Time (CE to Output Valid Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15) 900 730 570 480 400 ns
tEL Chip Enable LOW Time (Notes 14, 15) 250 200 150 125 100 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
| tcs | Chip Select to CE Set-Up Time (Noted) | -5 | 5 5 5 -5 ns
tAS Address to Chip Enable Set-Up Time 0 0 0 0 ns
tRS Read to Chip Enable Set-Up Time 0] 0] 0 0 ns
tOH Chip Enable to Output OFF Delay o] 0 0 ns
tDH Data input Hold Time (Note 10) 0 0 0 0 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tWW Write Pulse Width (Note 10) 200 165 135 115 100 ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay {Note 11) 220 185 150 125 110 ns
tDV Data Valid after Write Delay 10 10 10 10 10 ns
tR Read Mode Hold Time tA tA tA tA tA ns
tDM Data Out to Memory Status Delay 0 0 0 0 0 ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns
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NOTES:

1. Typical operating supply current values are specified for
nominal processing parameters, nominal supply voltage
and the specific ambient temperature shown.

2. Typical power-down supply current values are specified
for nominal processing parameters, the specific supply
voltage shown and the specific ambient temperature
shown.

3. At any operating temperature the minimum access time,
tA(min.), will be greater than the maximum CE to
output OFF delay, tOH(max.).

4. The negative value shown indicates that the Chip Select
input may become valid as late as 5ns following the
start of the Chip Enable rising edge.

5. The worst-case cycle times are the sum of CE rise time,
tEH, CE fall time and tEL. The cycle time values shown
include the worst-case tEH and tEL requirements and
assume CE transition times of 10ns.

6. The Memory Status signal is a two-state output and is
not affected by the Output Disable or Qutput Enable
signals. If the output data buffers are turned off, Memory
Status will continue to reflect the internal status of the
memory.

7. Output loading is assumed to be one standard TTL gate
plus 50pF of capacitance.

8. Timing reference levels for both input and output signals
are 0.8V and 2.0V.

CE and WE transition times are assumed to be <10ns.

10. The internal write time of the memory is defined by
the overlap of CE high and WE low. Both signals must
be present on a selected chip to initiate a write. Either
signal can terminate a write. The tWW, tDS and tDH
specifications should all be referenced to the end of the
write time. The Write Cycle timing diagram shows
termination by the falling edge of CE. If termination is
defined by bringing WE high while CE is high, the
foilowing timing applies:

CE J;
= tWW 1

TWW |

p—

TR, o SR
POCOOR et RO

=
i

11.  The output data buffer can be ON and output data
valid only when Qutput Enable is high and Output
Disable is low. OE and OD perform the same function
with opposite control polarity.

12. The output data buffer should be enabled before the
falling edge of CE in order to read output information.
When the output is disabled and CE is low, the output
data register is cleared.

13.  Input and output data are the same polarity.

14.  The Chip Enable waveform requirements may be defined
by the Memory Status output waveform. For a read
cycle, the basic CE requirement is that tEH = tA and
tEL = tP:

/1

0ns MIN |t 0ns MIN

- X Y

15.  The Memory Status output functions as if all operations
are read cycles. If a write cycle begins with WE low and
Data In stable at the time CE goes high, the rising edge
of MS may be used as an indication that the write is
complete and CE may be brought low. ina cycle where
WE goes low at some point within the CE high time, the
rising edge of MS should be ignored as an indication of
write status. The falling edge of MS is always valid
independent of the type of operation being performed.

16. For the R/M/W cycle, tEH (min.) is defined as tR (min.)
+tCF (max.) + tDS (min.). This provides a conservative
design with no 1/O overlap and assumes that tCF begins
at the end of the tR time. Other designs with somewhat
shorter R/M/W cycles are possible.

FUNCTION DESCRIPTION

Block Diagram

The block diagram for the Am9130 shows the interface con-
nections along with the general signal flow. There are ten
address lines (AQ through A9) that are used to specify one
of 1024 locations, with each location containing 4 bits. The
Chip Select signal acts as a high order address. The Chip
Enable clock latches the addresses into the address registers
and controls the sequence of internal activities.

The row address signals (AO through A5) and their inversions
are distributed to the 64 row address decoders where one of

the rows is selected. The 64 cells on the selected row are then
connected to their respective bit line columns. Meanwhile, the
column address signals (A6 through A9) are decoded and
used to select 4 of 64 columns for the sense amplifiers. Thus a
single cell is connected to each output path.

During read operations, the sensed data is latched into the
output register and is available for the balance of the operating
cycle. During write operations, the write amplifier is turned on
and drives the input data onto the sense lines, up the column




bit fines and into the selected cell. Read and write data are
the same polarity.

The data buffer is three-state and unselected chips have
their outputs turned off so that several may be wire-ored
together. The Output Enable and Output Disable signals pro-
vide asynchronous controls for turning off the output buffers.

Within the storage matrix there is an extra row of simulated
cells. This reference row is selected on every operating cycle
in addition to the addressed row and provides internal timing
signals that control the data flow through the memory. The
Memory Status output signal is derived from the reference
row and uses the same designs for its sense and buffer circuits
as used by the data bits.

Chip Enable

The Chip Enable input is a control clock that coordinates all
internal activities. The rising edge of CE begins each cycle and
strobes the Address and Chip Select signals into the on-chip
register. Internal timing signals are derived from CE and from
transitions of the address latches and the reference cells.

When the actual access time of the part has been reached (or
a write operation is complete), CE may be switched low if
desired. The worst-case time as specified in the data sheet may
be used to determine the access. Alternatively, the access or
write-complete time indicated by the rising edge of the
Memory Status output signal may be used.

When CE goes low, the internal preset operation begins. The
memory is ready for a new cycle only after the preset is
complete. The worst-case CE low time specified in the data
sheet may be used to determine the preset interval. Alterna-
tively, the actual preset time is indicated as complete when
Memory Status goes low.

There are no restrictions on the maximum times that CE may
remain in either state so the clock may be extended or stopped
whenever convenient. After power-on and before beginning a
valid operation, the clock should be brought low to initially
preset the memory.

Address and Chip Select

The Address inputs are latched into the on-chip address
register by the rising edge of CE. Addresses must be held
stable for the specified minimum time following the rising
edge of CE in order to be properly loaded into the register.
Following the address hold time, the address inputs are ignored
by the memory until the next cycle is initiated.

The Chip Select input acts as a high order address for use when
the system word capacity is larger than that of an individual
chip. It allows the Address lines to be wired in parallel to all
chips with the CS lines then used to select one active row of
chips at a time. Unselected chips have their output buffers off
so that selected chips wired to the same data lines can domi-
nate the output bus. Only selected chips can perform write
operations.

CS is latched in the same way that Addresses are. Once a
memory is selected or deselected, it will remain that way
until a new cycle with new select information begins.

Write Enable

The Write Enable line controls the read or write condition of
the devices. When the CE clqck is low, the WE signal may be
in any state without affecting the memory. WE does not
affect the status of the output buffer.

To execute a read cycle, WE is held high while CE is high. To
perform a write operation, the WE line is switched low while
CE is high. Only a narrow write pulse width is required to
successfully write into a cell. In many cases, however, it will
be convenient to leave the WE line low during the whole
cycle.

A write cycle can take place only when three conditions are
met: The chip is selected, CE is high, and WE is low. This
means that if either CE goes low or WE goes high, the writing
is terminated.

Data In and Data Out

The requirements for incoming data during a write operation
show a minimum set-up time with respect to the termination
of the write. Termination occurs when either WE goes high or
CE goes low. If incoming data changes during a write operation,
the information finally written in the cell will be that stable
data preceeding the termination by the set-up time. Since the
data being written during a write cycle is impressed on the
sense amplifier inputs, the output data will be the same as the
input once the write is established.

During a read cycle, once all of the addressing is complete and
the cell information has propagated through the sense ampli-
fier, it enters the output data register. The read information
can also flow: through to the output if the buffer is enabled. As
long as CE is high, the addressing remains valid and the output
data will be stable. When CE goes low to begin the internal
preset operation, the output information is latched into the
data register. It will remain latched and stable as long as CE
is low. If the output is disabled when CE is low, the output
data register is cleared. At the start of every cycle when CE
goes high, the output data latch is cleared in preparation for
new information to come from the sense amplifier, and the
output buffer is turned off.

OE and OD are designed to provide asynchronous control of
the output buffer independent of the synchronous Chip Select
control. The OE and OD control lines perform the same
internal function except that one is inverted from the other.
If either OE is low or OD is high, the output buffer will turn
off. If the CS input is latched low and OE is high and OD is
low, then the output buffer can turn on when data is
available.

Memory Status

The Memory Status output is derived from the actual perform-
ance of the reference row of cells. Since the reference row is
always doing a read operation, the MS output will appear in
every operating cycle, whether a read or write is being per-
formed. MS uses the same output circuitry as used in the data
path. The result is that Memory Status tracks very closely
the true operating performance of the memory.

The rising edge of MS indicates when output data is valid and
tracks changes in access time with changing operating condi-
tions. The rising edge also specifies the end of the time that
CE must be held high for a read. CE may be high as long as
desired, but may safely go low any time after MS goes high.
The falling edge of MS occurs after CE goes low and the
internal preset period is complete. It indicates that CE may
go high to begin a new cycle. See the Am9130/40 Application
Note for details.
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Am9131- Am91L31

1024 x 4 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS

GENERAL DESCRIPTION

® 1k X 4 organization The Am9131 and Am91L31 products are high perfor-
® Fully static data storage — no refreshing mance, low-power, 4k-bit, static, read/write random access
® Single +5V power supply memories. They are implemented as 1024 words by 4 bits
® High-speed — access times down to 200ns max. per word. Only a single +5V power supply is required for
® | ow operating power normal operation. A DC power-down mode reduces power
— 578mW max., 9131 while retaining data with a supply voltage as low as 1.5V.
— 368mW max., 91L31 All interface signal levels are identical to TTL specifications,
® Interface logic levels identical to TTL providing good noise immunity and simplified system de-
4 H!gh noise immunity — 400mV worst-case sign. All inputs are purely capacitive MOS loads. The out-
® High output drive — two standard TTL loads puts will drive two full TTL loads or more than eight
® DC power-down mode — reduces power by >80% low-power Schottky loads.
® Single phase, low voltage, low capacitance clock i . .
e Static clock may be stopped in either state Operational cycles are initiated when the Chip Enable
e Dat “)t \ hi PP clock goes HIGH. When the read or write is complete,
ataregis e-r on-chip . Chip Enable goes LOW to preset the memory for the next
® Address register on-chip . . A
e Stead wer drain — no large suraes cycle. Address and Chip Select signals are latched on-chip
gady powe ge surg to simplify system timing. Output data is also latched and is
® Full MIL temperature range available . f . = . .
e 100% MIL-STD-883 reliability assurance testin available until the next operating cycle. The WE signal is
o reliability assurance testing HIGH for all read operations and is LOW during the Chip
Enable time to perform a write. Data In and Data Out
signals share common 1/O pins.
BLOCK DIAGRAM CONNECTION DIAGRAM
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e o S Sy 7N I SN N . e
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GND O——am o [} o o o Top View
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Pin 1 is marked for orientation.
ORDERING INFORMATION
Package Ambient Temperature Power Access Time
I
Type P Type 500ns 400ns 300ns 250ns 200ns
o o STD | Am9131ADC Am9131BDC Am9131CDC Am9131DDC | Am9131EDC
. 0C<Tpx<+70°C
Hermetic LOW | Am91L31ADC | Am91L31BDC | Am91L31CDC | Am91L31DDC
DIp STD | Am@131ADM | Am9131BDM | Am9131CDM
-55°C < < +125°
S5 C<TA<*125C " oW [ Am91L31ADM | Am91L31BDM | Am91L31CDM




The Am9131 and Am91L31 memories are identical in
every respect to their counterparts in the Am9130 and
Am91L30 family, with the single exception that the Mem-
ory Status output is not functional. Pin 10 on the Am9131/

L31 products should not be used and should not be con-
nected to any external circuit. Please refer to the- Am9130/
L30 data sheet for the electrical and switching characteris-
tics of the Am9131/L31.

PHYSICAL DIMENSIONS
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Am9140 - Am91L40

4096 x 1 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS

4k X 1 organization

Fully static data storage — no refreshing

Single +5V power supply

High-speed — access times down to 200ns max.
Low operating power

— 578mW max., 9140

— 368mW max., 91L40

Interface logic levels identical to TTL

High noise immunity — 400mV worst-case

High output drive — two standard TTL loads
DC power-down mode — reduces power by >80%
Single phase, low voltage, low capacitance clock
Static clock may be stopped in either state
Data register on-chip

Address register on-chip

Steady power drain — no large surges

Unique Memory Status signal

— improves performance

— self-clocking operation

Full MIL temperature range available

® 100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The ‘Am9140 and Am91L40 products are high performance,
adaptive, ' low-power, 4k-bit, static, read/write random access
memories. They are implemented as 4096 words by 1 bit per
word. Only a single +5V power supply is required for normal
operation. A DC power down mode reduces power while
retaining data with a supply voltage as low as 1.5V.

All interface signal levels are identical to TTL specifications,
providing good noise immunity and simplified system design.
All inputs are purely capacitive MOS loads. The outputs will
drive two full TTL loads or more than eight low-power
Schottky loads.

Operational cycles are initiated when the Chip Enable clock
goes HIGH. When the read or write is complete, Chip Enable
goes LOW to preset the memory for the next cycle. Address
and Chip Select signals are latched on-chip to simplify system
timing. Output data is also latched and is available until the
next operating cycle. The WE signal is HIGH for all read
operations and is LOW during the Chip Enable time to perform
a write.

Memory Status is an output signal that indicates when data is
actually valid and when the preset interval is complete. It can
be used to generate the CE input and to improve the memory
performance.

BLOCK DIAGRAM CONNECTION DIAGRAM
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ORDERING INFORMATION
Package Ambient Temperature Power Access Time
Type P Type 500ns 400ns 300ns 250ns 200ns
0°C < Ta < +70°C STD | Am9140ADC Am9140BDC Am9140CDC Am9140DDC | Am9140EDC
Hermetic SIAS LOW | Am91L40ADC | Am91L40BDC | Am91L40CDC | Am91L40DDC
oip o .| STD | Am9140ADM | Am9140BDM | Am9140CDM
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MAXIMUM RATINGS above which the 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 Vsg —0.5V to +7.0V
All Signal Voltages with Respect to Vgg —0.5V to +7.0V
Power Dissipation 1.25W

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

OPERATING RANGE POWER DOWN RANGE
Vee Vgg Vee Vgg Ambient Temperature Part Number
475V < Vg <5.25V ov 15V < Ve <5.25V ov 0°C < Tp <+70°C AM91X40XDC
450V < Vg < 5.50V ov 15V < Vg <5.50V ov ~55°C < Tp < +125°C AM91X40XDM

ELECTRICAL CHARACTERISTICS over operating range (Note 1)

Am9140 Am91L40
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Vee = 4.75V 24 24
VoH Output HIGH Voltage I0H = —200pA Volts
Vee = 4.5V 2.2 2.2
VoL Output LOW Voltage loL =3.2mA 0.4 04 Volts
VIH Input HIGH Voltage 2.0 Vce 2.0 Vee Volts
ViL Input LOW Voltage -0.5 0.8 -05 0.8 Volts
N1 Input Load Current Vgs < VIN < Ve 10 10 HA
Lo Output Leakage Current Vgs < VouT < Vg, Output disabled 10 10 LA
) Max. v Ta=25C 50 100 40 65
lcc Ve Supply Current - vee TA=0C 11 A
Output disabled A 0 70 m
Ta=-55C 125 80
Cia Input Capacitance (Address) Test frequency = 1 MHz 3.0 6.0 3.0 6.0 pF
Cout Output Capacitance Ta=25C 4.0 7.0 4.0 7.0 pF
Cic Input Capacitance (Control) All pins at OV 6.0 9.0 6.0 9.0 pF
POWER DOWN CHARACTERISTICS Am9140 Am91L40
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Unit
dv/dt Ve Rate of Change 3.0 3.0 V/us
tPS Power Down Set-Up Time tEL tEL ns
tPH Power Up Hold Time tEL tEL ns
Ta=25°C 36 72 28 55 mA
Vee = 2.0V Ta=0°C 78 60 mA
Icc in Standby Ta =-55° 89 68 mA
IeD 5
(Note 2) Ta =25°C 20 52 16 45 mA
Vee = 1.5V Ta=0°C 56 48 mA
Tp =-55°C 64 55 mA
POWER DOWN WAVEFORM
/— dv/dt \
e et /
= tPS - - tPH
AND
OE




SWITCHING CHARACTERISTICS over operating range
READ CYCLE (Notes 7, 8, 9)
Am9140A Am9140B Am9140C Am9140D
Am91L40A Am91L40B Am91L40C Am91L40D Am9140E

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRC Read Cycle Time (Note 5) 770 620 470 395 320 ns
tA Q:cgisj gL":;JtN\‘/’;:g’Delay) 500 400 300 250 200 | ns
tEH Chip Enable HIGH Time (Note 14) 500 400 300 250 200 ns
tEL Chip Enable LOW Time (Note 14) 250 200 150 125 100 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 -5 -5 ns
tAS Address to Chip Enable Set-Up Time [4] 0 0 0 0 ns
tRS Read to Chip Enable Set-Up Time 0 0 0 0 0 ns
tRH Chip Enable to Read Hold-Time 0 0 0 0 0 ns
tOH Chip Enable to Output OFF Delay (Note 3) 0 0 0 0 0 ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay (Note 11) 220 185 150 125 110 ns
tES Output Enable to CE LOW Set-Up Time (Note 12)| 90 75 60 55 50 ns
tDM Data Out to Memory Status Delay (o] 0] 0 0 0 ns
tP Internal Preset Interval (Note 14) teEL tEL tEL tEL tEL ns

SWITCHING WAVEFORMS
READ CYCLE

‘ I (EH [ tEL

EnABLE /‘ \L 422222&

RXXRXRXRT XXX YRR XX KX KX KX XXRXRY
roonzss XNXKAKIAN A o el

|
| h
! tcH |

‘v’v.v‘v’v’v.v‘v A v’v.v’v.v‘v‘v.v‘v.v‘v’v‘v ‘;’v .v’v.v‘v

tCS !

e CRXXXXAXAD ‘

‘V’V

=i QRN QRO

‘——*; tRS | !———'— tRH
WAITE OOCOOOOOOOOOOCONNNYX
EuasLe SR
'—— [ —

OUTPUT '.V.V.V.V.V.v "V‘V.V.'.'.'"'V".'"""."v‘v."'".V"."'e' 16""""'.""""""""v
veie AN RRONX

XROAIAXXXXX

OOOO0000000NX

ouTeUT v.v.v’v’v’v.v’v.v’v’v’v’v.v’v’v’v‘v’v.v.v’v’vov’v.v’v’v.v.v’
oot OOOORRRROONNNRN 09999

<——tCF‘—1
N

DATA OUT

T

‘ QUTPUT VALID
T

DM tP

MEMORY
STATUS

(NOTE 6)

|———|— tCO
f
\
/




SWITCHING CHARACTERISTICS over operating range
WRITE CYCLE (Notes 7, 8, 9)

Am9140A Am9140B Am9140C Am9140D
Am91L40A Am91L40B Am91L40C Am91L40D Am9140E

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tWC Write Cycle Time (Note 5) 770 620 470 395 320 ns
tA Access Time (CE to Output ON Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15) 500 400 300 250 200 ns
tEL Chip Enable LOW Time (Notes 14, 15) 250 200 150 125 100 ns
tAS Address to Chip Enable Set-Up Time 0 0 0 0 0 ns
tAH Chip Enable to Address Hold Time 200 170 150 -1 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) —5 -5 —5 -5 -5 ns
tCH" Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tWw Write Pulse Width (Note 10) 200 165 135 115 100 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tDH Data Input Hold Time (Note 10) 0 0 0 0 0 ns
tDM Data Out to Memory Status Delay 0 ¢] 4] 0 0 ns
P Internal Preset Interval tEL L | | tEL tEL tEL ns

SWITCHING WAVEFORMS
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SWITCHING CHARACTERISTICS over operating range
READ/MODIFY/WRITE CYCLE (Notes 7, 8, 9)

Am9140A Am9140B Am9140C Am9140D
Am91L40A Am91L40B Am91L40C Am91L40D Am9140E
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit
tRMWC R/M/W Cycle Time (Notes 5, 16) 970 785 605 510 420 ns
tA Access Time (CE to Output Valid Delay) 500 400 300 250 200 ns
tEH Chip Enable HIGH Time (Notes 14, 15) 700 565 435 365 300 ns
tEL Chip Enable LOW Time (Notes 14, 15) 250 200 150 125 100 ns
tCH Chip Enable to Chip Select Hold Time 200 170 150 130 120 ns
tAH Chip Enable to Address Hold Time 200 170 150 130 120 ns
tCS Chip Select to CE Set-Up Time (Note 4) -5 -5 -5 —5 -5 ns
tAS Address to Chip Enable Set-Up Time 0 0 0 0 0] ns
tRS Read to Chip Enable Set-Up Time 0 o] ns
tOH Chip Enable to Output OFF Delay 0 0 ns
tDH Data input Hold Time (Note 10) 0 0 0 0 0 ns
tDS Data Input Set-Up Time (Note 10) 200 165 135 115 100 ns
tWw Write Pulse Width (Note 10) 200 165 135 115 100 ns
tCF OE or OD to Output OFF Delay (Note 11) 200 165 135 115 100 ns
tCO OE or OD to Output ON Delay (Note 11) 220 185 150 125 110 ns
tDV Data Valid after Write Delay 10 10 10 10 10 ns
tR Read Mode Hold Time tA tA tA tA tA ns
tDM Data Out to Memory Status Delay 0 o] 0 0 0 ns
tP Internal Preset Interval tEL tEL tEL tEL tEL ns
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NOTES:

1. Typical operating supply current values are specified for
nominal processing parameters, nominal supply voltage
and the specific ambient temperature shown.

2. Typical power-down supply current values are specified
for nominal processing parameters, the specific supply
voltage shown and the specific ambient temperature
shown.

3. At any operating temperature the minimum access time,
tA(min.), will be greater than the maximum CE to
output OFF delay, tOH(max.).

4. The negative value shown indicates that the Chip Select
input may become valid as late as 5.0ns following the
start of the Chip Enable rising edge.

5. The worst-case cycle times are the sum of CE rise time,
tEH, CE fall time and tEL. The cycle time values shown
include the worst-case tEH and tEL requirements and
assume CE transition times of 10ns.

6. The Memory Status signal is a two-state output and is
not affected by the Qutput Disable or Output Enable
signals. If the output data buffers are turned off, Memory
Status will continue to reflect the internal status of the
memory.

7. Output loading is assumed to be one standard TTL gate
plus 50pF of capacitance.

8. Timing reference levels for both input and output signals
are 0.8V and 2.0V.

CE and WE transition times are assumed to be <10ns.

10. The internal write time of the memory is defined by
the overlap of CE high and WE low. Both signals must
be present on a selected chip to initiate a write. Either
signal can terminate a write. The tWW, tDS and tDH
specifications should all be referenced to the end of the
write time. The Write Cycle timing diagram shows
termination by the falling edge of CE. If termination is
defined by bringing WE high while CE is high, the
following timing applies:

N

fe—— 05— tOH

\'o'o'o'o'o'o'o'ea'o'o'o'o‘o'o'o'o'l
I I - o

11. The output data buffer can be ON and output data
valid only when Output Enable is high and Output
Disable is low. OE and OD perform the same function
with opposite control polarity.

12. The output data buffer should be enabled before the
falling edge of CE in order to read output information.
When the output is disabled and CE is low, the output
data register is cleared.

13. Input and output data are the same polarity.

14. The Chip Enable waveform requirements may be defined
by the Memory Status output waveform. For a read
cycle, the basic CE requirement is that tEH > tA and
tEL = tP:

S/

Ons MIN.

|ﬁr Ons MIN
cE \ {

16.  The Memory Status output functions as if all operations
are read cycles. If a write cycle begins with WE low and
Data In stable at the time CE goes high, the rising edge
of MS may be used as an indication that the write is
complete and CE may be brought low. Ina cycle where
WE goes low at some point within the CE high time, the
rising edge of MS should be ignored as an indication of
write status. The falling edge of MS is always valid
independent of the type of operation being performed.

16. For the R/M/W cycle, tEH (min.) is defined as tR (min.)
+ tWW. Note 5 defines tRMWC but it may also be viewed
as tRC + tWW. Modify times are assumed to be zero. For
systems with Data In and Data Out tied together R/M/W
timing should make allowance for tCF time so that no
bus conflict occurs (see Am9130 data sheet for timing
approach).

FUNCTIONAL DESCRIPTION

Block Diagram

The block diagram for the Am9140 shows the interface connec-
tions along with the general signal flow. There are twelve
address lines (AO through A11) that are used to specify one
of 4096 locations, with each location containing one bit. The
Chip Select signal acts as a high order address. The Chip
Enable clock latches the addresses into the address registers
and controls the sequence of internal activities.

The row address signals (A0 through A5) and their inversions
are distributed to the 64 row address decoders where one of

the rows is selected. The 64 cells on the selected row are then
connected to their respective bit line columns. Meanwhile,
the column address signals (A6 through A11) are decoded
and used to select one of 64 columns for the sense amplifier.
Thus a single cell is connected into the output path.

During read operations, the sensed data is latched into the
output register and is available for the balance of the operating
cycle. During write operations, the write amplifier is turned on
and drives the input data onto the sense lines, up the column




bit lines and into the selected cell. Read and write data are
the same polarity.

The data buffer is three-state and unselected chips have
their outputs turned off so that several may be wire-ored
together. The Output Enable and Output Disable signals pro-
vide asynchronous controls for turning off the output buffers.

Within the storage matrix there is an extra row of simulated
cells. This reference row is selected on every operating cycle
in addition to the addressed row and provides internal timing
signals that control the data flow through the memory. The
Memory Status output signal is derived from the reference
row and uscs the same designs for its sense and buffer circuits
as used by the data bits.

Chip Enable

The Chip Enable input is a control clock that coordinates all
internal activities. The rising edge of CE begins each cycle and
strobes the Address and Chip Select signals into the on-chip
register. Internal timing signals are derived from CE and from
transitions of the address latches and the reference cells.

When the actual access time of the part has been reached (or
a write operation is complete), CE may be switched low if
desired. The worst-case time as specified in the data sheet may
be used to determine the access. Alternatively, the access or
write-complete time indicated by the rising edge of the
Memory Status output signal may be used.

When CE goes low, the internal preset operation begins. The
memory is ready for a new cycle only after the preset is
complete. The worst-case CE low time specified in the data
sheet may be used to determine the preset interval. Alterna-
tively, the actual preset time is indicated as complete when
Memory Status goes low.

There are no restrictions on the maximum times that CE may
remain in either state so the clock may be extended or stopped
whenever convenient. After power-on and before beginning a
valid operation, the clock should be brought low to initially
preset the memory.

Address and Chip Select

The Address inputs are latched into the on-chip address
register by the rising edge of CE. Addresses must be held
stable for the specified minimum time following the rising
edge of CE in order to be properly loaded into the register.
Following the address hold time, the address inputs are ignored
by the memory until the next cycle is initiated.

The Chip Select input acts as a high order address for use when
the system word capacity is larger than that of an individual
chip. It allows the Address lines to be wired in parallel to all
chips with the CS lines then used to select one active row of
chips at a time. Unselected chips have their output buffers off
so that selected chips wired to the same data lines can domi-
nate the output bus. Only selected chips can perform write
operations.

CS is latched in the same way that Addresses are. Once a
memory is selected or deselected, it will remain that way
until a new cycle with new select information begins.

Write Enable

The Write Enable line controls the read or write condition of
the devices. When the CE clack is low, the WE signal may be
in any state without affecting the memory. WE does not
affect the status of the output buffer.

To execute a read cycle, WE is held high while CE is high. To
perform a write operation, the WE line is switched low while
CE is high. Only a narrow write pulse width is required to
successfully write into a cell. In many cases, however, it will
be convenient to leave the WE line low during the whole
cycle.

A write cycle can take place only when three conditions are
met: The chip is selected, CE is high, and WE is low. This
means that if either CE goes low or WE goes high, the writing
is terminated.

Data In and Data Out

The requirements for incoming data during a write operation
show a minimum set-up time with respect to the termination
of the write. Termination occurs when either WE goes high or
CE goes low. If incoming data changes duringa write operation,
the information finally written in the cell will be that stable
data preceeding the termination by the set-up time. Since the
data being written during a write cycle is impressed on the
sense amplifier inputs, the output data will be the same as the
input once the write is established.

During a read cycle, once all of the addressing is complete and
the cell information has propagated through the sense ampli-
fier, it enters the output data register. The read information
can also flow through to the output if the buffer is enabled. As
long as CE is high, the addressing remains valid and the output
data will be stable. When CE goes low to begin the internal
preset operation, the output information is latched into the
data register. It will remain latched and stable as long as CE
is low. If the output is disabled when CE is low, the output
data register is cleared. At the start of every cycle when CE
goes high, the output data latch is cleared in preparation for
new information to come from the sense amplifier, and the
output buffer is turned off.

OE and OD are designed to provide asynchronous control of
the output buffer independent of the synchronous Chip Select
control. The OE and OD control lines perform the same
internal function except that one is inverted from the other.
If either OE is low or OD is high, the output buffer will turn
off. If the CS input is latched low and OE is high and OD is
low, then the output buffer can turn on when data is
available.

Memory Status

The Memory Status output is derived from the actual perform-
ance of the reference row of cells. Since the reference row is
always doing a read operation, the MS output will appear in
every operating cycle, whether a read or write is being per-
formed. MS uses the same output circuitry as used in the data
path. The result is that Memory Status tracks very closely
the true operating performance of the memory.

The rising edge of MS indicates when output data is valid and
tracks changes in access time with changing operating condi-
tions. The rising edge also specifies the end of the time that
CE must be held high for a read. CE may be high as long as
desired, but may safely go low any time after MS goes high.
The falling edge of MS occurs after CE goes low and the
internal preset period is complete. It indicates that CE may
go high to begin a new cycle. Se¢ the Am9130/40 Application
Note for details.
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Am9141-Am91L41

4096 x 1 Static R/W Random Access Memories

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® 4k X 1 organization The Am9141 and Am91L41 products are high perfor-
® Fully static data storage — no refreshing mance, low-power, 4k-bit, static, read/write random access
® Single +5V power supply memories. They are implemented as 4096 words by 1 bit
® High-speed — access times down to 200ns max. per word. Only a single +5V power supply is required for
® | ow operating power normal operation. A DC power-down mode reduces power
— 578mW max., 9141 while retaining data with a supply voltage as low as 1.5V.
— 368mW max., 91 L.“ ) All interface signal levels are identical to TTL specifica-
¢ Interface logic levels identical to TTL tions, providing good noise immunity and simplified system
¢ High noise immunity — 400mV worst-case design. All inputs are purely capacitive MOS loads. The
¢ High output drive — two standard TTL loads outputs will drive two full TTL loads or more than eight
® DC power-down mode — reduces poyver by >80% low-power Schottky loads.
® Single phase, low voltage, low capacitance clock . . h he Chi
e Static clock may be stopped in either state Operational cycles are initiated wi .en t e Chip Enable.clock
e Data register on-chip goes HIGH. When the read or write is complete, Chip En-
& Address register on-chip able goes LOW to preset the memory for the next cycle.
e Steady power drain — no large surges Addrlf.afss and Chlp .Selec(t) sngnals are laltchtid r:]n-(;:hnpd t'o
e Full MIL temperature range available SIm'T Ibly SVSthImhtlmlng. utput data is a_i_?] atLEe and is
® 100% reliability assurance testing in compliance with available until the next qperatlng Fyde' € W signal _'S
MIL-STD-883 HIGH for all read operations and is LOW during the Chip
Enable time to perform a write.
BLOCK DIAGRAM CONNECTION DIAGRAM
A0 O—]
Al O—1 ROW ADDRESS 6 ] 1® ~ 22 [ Vee #50v)
A2 O—={  ADDRESS 12 ROW 64
A3 O] BUFFERS i:) LoDRESS :t:) AooRESs 7[] 2 21[] ADDRESS 0
A4 O—]  LATCHES STORAGE CELL MATRIX ADDRESS 8[| 3 20 [ ] ADDRESS 1
A5 O— 64 x 64
ADDRESSQI: 4 19 jADDRESS?
CE O CEINM_I_I'IR‘KOSL ADDRESS 10 5 AM9141 18 ]ADDRESS3
e ADDRESS 11| 6 AmQ11.41 17 [_] ADDRESS 4
g DATA IN 7 16 j ADDRESS 5
A7 O—=1  coLumMN
a8 O—|  ADDRESS _t> couumny oATAOUT []8 15 [_] WRITE ENABLE
” o—] lA‘r\ggm [ DECODER 64 ouTPUT DIsABLE [ |9 14 [ crPSECECT
A10 = SENSE
A1l O—e] i: L:y& W:l\III};E C(?l\?N,\l‘E%]I: 10 13 [T] oUTPUT ENABLE
outPuT | meuT (GND) Vgs [] 11 12 [ ] cHIP ENABLE
CHIP E BUFFER | BUFFER
SELECT 110
CS O— BUFFER CONTROL
AND LOGIC
LATCH
= 1]
GND O—= o DATA DATA Top View
OE OD WE ouT IN
Pin 1 is marked for orientation.
ORDERING INFORMATION
Package Ambient Temperature Power Access Time
Type P Type 500ns 400ns 300ns 250ns 200ns
0°C < Ta <+70°C STD | Am9141ADC Am9141BDC Am9141CDC Am9141DDC | Am9141EDC
Hermetic SUAE LOW | Am91L41ADC | Am91L41BDC | Am91L41CDC | Am91L41DDC
DIP o o.| STD | Am9141ADM [ Am9141BDM [ Am9141CDM
| < <+
55 C<TA<*125C MOW [Am91L41ADM | Am91L41BDM | Am91L41CDM




The Am9141 and AmS1L41 memories are identical in
every respect to their counterparts in the Am9140 and
Am91L40 family, with the single exception that the Mem-
ory Status output is not functional. Pin 10 on the Am9141/

L41 products should not be used and should not be con-
nected to any external circuit. Please refer to the Am9140/
L40 data sheet for the electrical and switching characteris-
tics of the Am9141/L41.

PHYSICAL DIMENSIONS
Dual-In-Line
22-Pin Hermetic
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Am9135

1024 x 4 Static R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

High-speed — access times down to 80ns max.
Standard 18-pin dual in-line package

1k x 4 organization

Fully static data storage

Clocked static access circuitry

No dynamic nodes

No refreshing

Single +5V power supply

Interface logic levels fully TTL compatible
High output drive — 4.0mA @ 0.4V
Bidirectional Data Bus

Constant power drain — no large surges
Military temperature range available
Advanced N-channel Silicon Gate Technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9135 products are high performance, 4096-bit, static,
read/write random access memories, designed for applications
requiring high speed. They are implemented as 1024 words by
4 bits per word. The data input and output signals are bussed
together and share common /O pins. Input and output data are
the same polarity. A single +5 volt power supply is required.

All interface signal levels are fully compatible with TTL speci-
fications, providing good noise immunity and simplified sys-
tem design. The outputs will drive two full Schottky loads or
eleven LS loads for increased fan-out, better capacitive drive
and improved bus interface capability.

The memory matrix uses a conventional fully static, six-
device storage cell. The addressing and sensing functions use
clocked static circuitry for improved speed and lower power.
The Chip Enable clock may be stopped indefinitely in either
state.

Operational cycles are initiated when the Chip Enable signal
goes low. When the read or write is complete, Chip Enable
goes high to preset the memory for the next cycle. The WE sig-
nal is high for read operations and low during the Chip Enable
low time to perform a write.

BLOCK DIAGRAM

AQ ——=

Al | ADDRELSS STORAGE MATRIX

BUFFERS
A2
3 64X 16 | 64X 16 1 64 X 16 | 64 X 16
A3 —=]

A5 ———]

- ROW
A4 DECODER

A6 ———e]

SENSE AMPLIFIERS

ADDRESS
A7 BUFFERS |
A8 COLUMN

DECODER

A9 ———e]

SRR

DATA BUFFERS

ol

1701 1/02 1/03 1/04

CONNECTION DIAGRAM

-/
ADDRESS 2 1. 18 [ —— vectsy
ADDRESS 1 ———»{: 2 17 [ J=—— nooress 3
ADDRESS 0 ——-':l 3 16| J=—— ADDRESS 4
ADDRESS 8 —-E 4 15 | _J=—— ADDRESS 5
aooress 9 —={ s AMOI3S 14| J=—— aooress 7
oatalo 1 =—={ |6 13 b—— ADDRESS 6
DATA 1/0 2 ‘——E 7 12 j‘—’ DATA1/O 4
m——[& 11:}<—>DATAI/03
(GND) vss —D 9 10| J—— WRITE ENABLE
Top View

Pin 1 is marked for orientation.

ORDERING INFORMATION

Package Type Ambient _Tfamgerature Access Time
Specification
150ns 120ns 100ns 80ns
0°C < Tp<+70°C Am9135FDC Am9135GDC Am9135HDC Am9135JDC
Hermetic DIP
—55°C < Tp <+125°C Am9135FDM Am9135GDM Am9135HDM




MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias
VCC with Respectto VSS
All Signal Voltages with?%espect to VSS
Power Dissipation

—55°C to +125°C
—0.5V to +7.0V
—0.5V to +7.0V

1.25W

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
Am9135DC 0°C < Tp < +70°C +5.0V £ 5% ov
AmM3135DM ~B5"C <t Tp < +125°C | +50V 1 10% | OV

ELECTRICAL CHARACTERISTICS over operating range (Note 1) Am9135DC Am9135DM
Parameters Description Test Conditions Min.  Typ. Max. Min. Typ. Max. Units
I0H = —400pA, VCC = 4.75V 24 24
VOH Output HIGH Voltage Volts
10H = —200uA, VCC = 4.5V 2.2
VvOL Output LOW Voltage IOL = 4.0mA 0.4 04 Volts
VIH Input HIGH Voltage 24 vVCC 24 VCC Volts
ViL Input LOW Voltage -0.5 0.8 -0.5 08 Volts
X Input Load Current VSS < VIN = VCC 10 10 LA
10z Output Leakage Current VSS < VOUT < VCC, Output disabled 10 50 uA
Ta =25°C 90 120 90 120
1ce v | Max. VCC, — o — A
C CC Supply Current Output disabled Ta=0C 135 135 m
Ta =-55'C 150
CIA Input Capacitance (Address)_ Test Frequency = 1.0MHz 3.0 6.0 3.0 6.0 pF
c1/0 1/0 Capacitance Ta=25"C 6.0 9.0 6.0 2.0 pF
cic Input Capacitance {Control) All pinsat OV 60 | 90 6.0 9.0 pF
NOTE . o .
OTES o 6. The internal write time is defined by the overiap of CE low and
1. Typical values are for TA = 25 C, nominal supply voltage and WE low. Both signals must be low to initiate a write. Either

nominal processing parameters.

Timing reference levels for both input and output signals are

0.8V lew and 2.0V high.

. Output loading is one standard Schottky TTL load plus 100pF
capacitance.

. Cycle times {TELEL) are the sum of CE fall time, CE low time

(TELEH), CE rise time and CE high time (TEHEL). The values

shown for cycle times include worst-case CE low and CE high

requirements and assume transition times of bns.

The output buffers turn off when CE goes high. They remain

off until the access time following the next falling edge of CE.

2.

signal can terminate a write by going high. The input data set-
up and hold timing should be referenced to the rising edge of
the signal that terminates the write.

. When the WE line goes low the output buffers are turned off
following the turn-off delay (TWLQZ). When the falling edge
of WE occurs early in the write cycle or preceeds the falling
edge of CE, the output buffers will not turn on and the Data
1/0 lines will be available for input information. When the fall-
ing edge of WE occurs late in the write cycle, output data may
occupy the 1/0 bus and input data should not be asserted until
after the TWLQZ delay.



SWITCHING CHARACTERISTICS over operating range (Notes 2 and 3)

Am9135F Am9135G Am9135H Am9135J
Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Units
TELEL CE Low to CE Low Time (Note 4) 235 190 160 130 ns
(Cycle Time)
TELQV CE Low to Qutput Valid Delay 150 120 100 80 ns
(Access Time)
TELEH CE Low Time 150 120- 100 80 ns
TEHEL CE High Time 75 60 50 40 ns
Address Valid to CE Low
TAVEL 0]
(Address Set-up Time) 0 0 0 ns
CE High to Address Don’t Care
TEHAX (Address Hold Time) 0 0 0 0 ns
TWHEL WE High to CE-Low 0 0 0 0 ns
(Read Set-up Time)
CE High to WE Don’t Care
TEHWX (Read Hold Time) 0 0 0 0 ns
TEHQZ CE High to Output Off (Note 5) 60 55 45 35 ns
TWLQZ WE Low to Output OFF (Note 7) 40 35 30 25 ns
TELWH CE Low to WE High 120 100 80 55 ns
WE Low to WE High
WH
W (Write Pulse Duration) 90 80 65 50 ns
TWLEH WE Low to CE High 90 80 65 50 ns
TDVWH Data In Valid to WE or CE High
80 65
TDVEH (Data In Set-up Time) (Note 6) 90 50 ns
TWHDX WE or CE High to Data In Don’t Care 0 0 0 0 ns
TEHDX (Data In Hold Time) (Note 6)
TIMING DIAGRAM
READ WRITE WRITE
(cTsléE'E) TELEL TELEL
TELEH le— TEHEL ——a| TELEH TEHEL —en] TELEH
— -
S N \ N /
ENABLE = 7 - =
l-— TAVEL TEHAX — o] TAVEL TEHAX =—TAVEL TEHAX —o{
] = T — —
b R i
—of el TwhEL TEHWX J—‘ ’—— TWLEH TWLEH
le—— TELWH
TWLWH
s : i
ENABLE
TELQV Twiaz ——I f— Ll TWHDX TDVEH—
(ACCESS) ] TEHDX
ouTPUT




SYMBOLS AND ABBREVIATIONS

This data sheet uses a new type of specification nomenclature
that is derived from background work of several users and
manufacturers of semiconductor memories. It should help to
clarify signal and parameter symbols and definitions and make
data sheet information more consistent.

ELECTRICAL PARAMETER ABBREVIATIONS

All abbreviations use upper case letters with no subscripts. The
initial symbol is one of these four characters:

V (Voltage)
I (Current)
P (Power)
C (Capacitance)

The second letter specifies input (I) or output (O), and the
third letter indicates the high (H), low (L) or off (Z) state of
the pin during measurement. Examples:

VOH = Output high voltage
1L = Input low current
10Z = Output off current (leakage)

TIMING PARAMETER ABBREVIATIONS

All timing abbreviations use upper case characters with no sub-
scripts. The initial character is always T and is followed by four
descriptors. These characters specify two signal points arranged
in a ‘from-to’ sequence that define a timing interval. The two
descriptors for each signal point specify the signal name and
the signal transitions. Thus the format is:

TX XXX

signal name from which interval is defined J

transition direction for first signal
signal name to which interval is defined

The signal definitions used in this data sheet are:

A = Address

D = Data In

Q = Data Out

W = Write Enable
E = Chip Enable

The transition definitions used in this data sheet are:

H = transition to high

L = transition to low

V = transition to valid

X = transition to invalid or don't care
Z = transition to off (high impedance)

TIMING LIMITS

The table of timing values shows either a minimum or a maxi-
mum limit for each parameter. Input requirements are speci-
fied from the external system point of view. Thus, address set-
up time is shown as a minimum since the system must supply at
least that much time (even though most devices do not require
it). On the other hand, responses from the memory are spec-
ified from the device point of view. Thus, the access time is
shown as a maximum since the device never provides data later
than that time.

transition direction for second signal

\

Example:

ENABLE

TAVEL

ADDRESS

The drawing shows the address setup time defined as TAVEL,

Address Valid to Enable Low time.

WAVEFORMS
WAVEFORM  INPUT ouTPUT
SYMBOL
MUST BE WILL BE
VALID VALID
CHANGE WILL CHANGE
FROM H TO L FROM H TO L
CHANGE WILL CHANGE
FROM L TOH FROM L TO H
DON'T CARE: CHANGING:
ANY CHANGE STATE
PERMITTED UNKNOWN
_ HIGH
IMPEDANCE

PHYSICAL DIMENSIONS
Dual-In-Line
18-Pin Hermetic
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1
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Am9145

4096 x 1 Static R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

High-speed — access times down to 80ns max.
Standard 18-pin dual in-line package

4k x 1 organization

Fully static data storage

Clocked static access circuitry

No dynamic nodes

No refreshing

Single +5V power supply

Interface logic levels fully TTL compatible
High output drive — 4.0mA @ 0.4V

Separate Data In and Data Out

Constant power drain — no large surges
Military temperature range available
Advanced N-channel Silicon Gate Technology
100% MIL-STD-883 reliability assurance testing

FUNCTIONAL DESCRIPTION

The Am9145 products are high performance, 4096-bit, static,
read/write random access memories, designed for applications
requiring high speed. They are implemented as 4096 words by
1 bit per word. The data input and output signals use separate
interface pins. Input and output data are the same polarity. A
single +5 volt power supply is required.

All interface signal levels are fully compatible with TTL speci-
fications, providing good noise immunity and simplified sys-
tem design. The outputs will drive two full Schottky loads or
eleven LS loads for increased fan-out, better capacitive drive
and improved bus interface capability.

The memory matrix uses a conventional fully static, six-
device storage cell. The addressing and sensing functions use
clocked static circuitry for improved speed and lower power.
The Chip Enable clock may be stopped indefinitely in either
state.

Operational cycles are initiated when the Chip Enable signal
goes low. When the read or write is complete, Chip Enable
goes high to preset the memory for the next cycle. The WE sig-
nal is high for read operations and low during the Chip Enable
low time to perform a write.

BLOCK DIAGRAM

CONNECTION DIAGRAM

20 .

al sopress ADDRESS 2 ——==] |1 18] —— vec sy
Az STORAGE MATRIX ADDRESS 1 —‘[: 2 17 j<— ADDRESS 3
A3 64 X 64

aq Sehow [ apoRess 0 ——={ |3 16| J=—— ADORESS 4
. ADDRESS 8 —-—{: 4 15| J=— ApODRESS 5
F ——— ADDRESS 9 ——[:1 s Am9145 4| J=—— aooress7
26 ——=] poDRESS ADDRESS 10 —-E 6 13 :l_, ADDRESS 6

BU

" | ) SENSE AMPLIFIERS DATA OUT ‘——E 7 12 j—-— ADDRESS 11
A8 ———]

A9 ——e] I ' WRITE ENABLE —{__ |8 1 fe—oatam
A0 —=1 coLumn .
Al DECODER l OATABUFERS | e (GND) vss { 9 10 :""_ CHIP ENABLE

})T D‘O Top View
Pin 1 is marked for orientation.
ORDERING INFORMATION
Ti
P Ambient Temperature Access Time
ackage Type e
Specification
150ns 120ns 100ns 80ns
0°C < Tp < +70°C Am9145FDC Am9145GDC AmQ145HDC | Am9145JDC
Hermetic DIP
—55°C < Tp <+125°C Am9145FDM | Am9145GDM Am9145HDM




MAXIMUM RATINGS above which 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 - —0.5V to +7.0V
All Signal Voltages with Respect to VSS —0.5V to +7.0V
Power Dissipation 1.25W

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 VvCcC VSS
Am9145DC 0°C < Tp <+70°C +5.0V : 5% ov
Am9145DM —55°C < Tp < +125°C +5.0V 1 10% ov

ELECTRICAL CHARACTERISTICS over operating range (Note 1) Am9145DC Am9145DM
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
IOH = —400uA, VCC = 4.75V 2.4 24
VOH Output HIGH Voltage Volts
IOH = —200uA, VCC = 4.5V 2.2
vOL Output LOW Voltage 1OL =4.0mA 0.4 0.4 Volts
VIH Input HIGH Voltage 2.4 VCC 2.4 VCC Volts
ViL Input LOW Voltage -05 0.8 -0.5 0.8 Volts
[1D.8 Input Load Current VSS < VIN < VCC 10 10 LA
102 Output Leakage Current VSS < VOUT < VCC, Output disabled 10 50 LA
Tp=25°C 90 120 90 120
Max. VCC, “o'c A
ICC VCC Supply Current Output disabled Ta = 135 135
Ta=-55°C 150
CIA Input Capacitance (Address) Test Frequency = 1.0MHz 3.0 6.0 3.0 i 6.0 pF
couT Output Capacitance Ta=25°C 4.0 7.0 4.0 7.0 pF
cic Input Capacitance (Control) All pins at OV 6.0 9.0 6.0 9.0 pF
NOTES 5. The output buffer turns off when CE goes high. It remains off
until the access time following the next falling edge of CE.
1. Typical values are for Tp = 25°C, nominal supply voltage and 6. The internal write time is defined by the overlap of CE low
nominal processing parameters. and WE low. Both signals must be low to initiate a write.
2. Timing reference levels for both input and output signals are Either signal can terminate a write by going high. The input
0.8V low and 2.0V high. data setup and hold timing should be referenced to the rising
3. Output loading is one standard Schottky TTL load plus 100pF edge of the signal that terminates the write.
capacitance. 7. When the WE line goes low the output buffer is turned off fol-
4. Cycle times (TELEL) are the sum of CE fall time, CE low time lowing the TWLQZ delay. This permits the Data In and Data

(TELEH), CE rise time and CE high time (TEHEL). The values
shown for cycle times include worst-case CE low and CE high
requirements and assume transition times of 5ns.

Out lines to be tied together and used as a bidirectional Data
1/0 bus. Timing will then be as shown on the Am9135 data
sheet.



SWITCHING CHARACTERISTICS over operating range (Notes 2 and 3)

Am9145F Am9145G Am9145H Am9145J
Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Units
TELEL CE Low to CE Low Time (Note 4) 235 190 160 130 ns
(Cycle Time)
TELQV CE Low to Output Valid Delay 150 120 100 80 ns
(Access Time)
TELEH CE Low Time 150 120 100 80 ns
TEHEL CE High Time 75 60 50 40 ns
Address Valid to CE Low
VEL [¢]
TA (Address Set-up Time) 0 ° ° "
CE High to Address Don’t Care
[0] 0
TEHAX (Address Hold Time) 0 0 ns
TWHEL WE High to CE Low 0 0 o 0 ns
(Read Set-up Time)
CE High to WE Don’t Care
0 0 o] 0 ns
TEHWX (Read Hold Time)
TEHQZ CE High to Output Off (Note 5) 60 55 45 35 ns
TWLQZ WE Low to Output OFF (Note 7) 40 35 30 25 ns
TELWH CE Low to WE High 120 100 80 55 ns
WE Low to WE High
WH
WL (Write Pulse Duration) 90 80 65 50 ns
TWLEH WE Low to CE High 90 80 65 50 ns
TDVWH Data In Valid to WE or CE High 90 80 65 50 ns
TDVEH (Data In Set-up Time) (Note 6)
TWHDX WE or CE High to Data In Don’t Care 0 0 0 0 ns
TEHDX (Data In Hold Time) (Note 6)
TIMING DIAGRAM
READ WRITE WRITE
TELEL
(CYCLE) -TELEL TELEL
| TELEH le— TEHEL —f TELEH TEHEL —or| TELEH
p—
N \ \ /
ENABLE
N | - r
—] — TAVEL TEHAX r——— f—TAVEL TEHAX f=— TAVEL TEHAX —e=]
[ 11 — ~—
= K it i
Ai f=— TWHEL TEHWX ;—{ '-— TELWH TWLEH TWLEH ——f
| = TWLWH ]
= i
ENABLE
X 2

TELQV
™ (ACCESS)

TwLQz

DATA OUT

(NOTE 7)

OOCX

OO

K

.00

0'0'0'0‘0‘0'0'0'0'0'0""'0‘0'0'0'0'0'0'"0'0'0'0'0'0'0'0'0'07- XOXOOOOOOOOONT
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SYMBOLS AND ABBREVIATIONS

This data sheet uses a new type of specification nomenclature
that is derived from background work of several users and
manufacturers of semiconductor memories. It should help to
clarify signal and parameter symbols and definitions and make
data sheet information more consistent.

ELECTRICAL PARAMETER ABBREVIATIONS

All abbreviations use upper case letters with no subscripts. The
initial symbol is one of these four characters:

V (Voltage)
I (Current)
P (Power)
C (Capacitance)

The second letter specifies input (1) or output (O), and the
third letter indicates the high (H), Iow (L) or off (Z) state of
the pin during measurement. Examples:

VOH = Output high voltage
IIL = Input low current
10Z = Output off current (leakage)

TIMING PARAMETER ABBREVIATIONS

All timing abbreviations use upper case characters with no sub-
scripts. The initial character is always T and is followed by four
descriptors. These characters specify two signal points arranged
in a ‘from-to” sequence that define a timing interval. The two
descriptors for each signal point specify the signal name and
the signal transitions. Thus the format is:

TX X XX
signal name from which interval is defined J
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

\

Example:

ENABLE

TAVEL

ADDRESS

The drawing shows the address setup time defined as TAVEL,
Address Valid to Enable Low time.

The signal definitions used in this data sheet are:

A = Address

D = Data In

Q = Data Out

W = Write Enable
E = Chip Enable

The transition definitions used in this data sheet are:

H = transition to high

L = transition to low

V = transition to valid

X = transition to invalid or don’t care
Z = transition to off (high impedance)

TIMING LIMITS

The table of timing values shows either a minimum or a maxi-
mum limit for each parameter. Input requirements are speci-
fied from the external system point of view. Thus, address set-
up time is shown as a minimum since the system must supply at
least that much time (even though most devices do not require
it). On the other hand, responses from the memory are spec-
ified from the device point of view. Thus, the access time is
shown as a maximum since the device never provides data later
than that time.

WAVEFORMS
WAVEFORM  INPUT OUTPUT
SYMBOL
MUST BE WILL BE
VALID VALID
CHANGE WILL CHANGE
FROMHTO L FROM H TO L
CHANGE WILL CHANGE
FROM L TOH FROM LTO H
DON'T CARE: CHANGING:
ANY CHANGE STATE
PERMITTED UNKNOWN
_ HIGH
IMPEDANCE

PHYSICAL DIMENSIONS
Dual-In-Line
18-Pin Hermetic

-

200 .290
MAX. 3
[]
- -
008 +ve

016
.023

012 :




Am9050

4096-Bit Dynamic R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS
® High density 4096 x 1 organization

High output drive

Low power dissipation—

Standard 18-pin dual-in-line package

TTL compatible interface (except CE)

400mW typ., 750mW max. operating
5.0mW typ., 13mW max. refresh only
0.1mW typ., 3.0mW max. standby

® Simplified timing requirements—

Low Ipp current surges—easier decoupling

Zero data hold with respect to CE
Optional data hold with respect to R/W
Optional data set-up with respect to R/W

® Low clock capacitance ~20pF max.

® Unique fully capacitive input circuits—
eliminate extraneous current surges

® Direct plug-in replacement for TMS 4050

® N-channel silicon gate MOS technology

® 100% MIL-STD-883 reliability assurance testing

FUNCTIONAL DESCRIPTION

The Am9050 devices are high performance, 4k-bit, dynamic,
read/write, random access memories. They are organized as
4096 words by 1-bit per word. The basic memory element is
a one-transistor cell that stores charge on a small internal
capacitor. The memory mechanism is dynamic and the chip
should be periodically refreshed in order to maintain stored
data integrity.

All input signals are fully TTL compatible except the single
high-level clock signal called Chip Enable. When CE goes low
the memory is internally precharged and then assumes its low
power standby mode. All operating cycles are initiated when
CE goes high. Read-out is nondestructive so that re-writing is
not necessary. Successive read and write operations at the
same location can improve performance since readdressing is
not required. This combination is specified as a Read/Modify/
Write cycle.

Data In and Data Qut signals are bussed together as a common

1/0 signal line. An external pull-up resistor is used for TTL
compatibility. Input and output data are the same polarity.

BLOCK DIAGRAM

STORAGE
ROW CELL

DECODER MATRIX

64 X 32

A0~ s | aporess
BUFFERS

REFERENCE CELLS

CE CLOCK
GENERATOR

COLUMN SENSE PVG

REFERENCE CELLS

—~— Vg5

STORAGE
CELL

ROW
DECODER MATRIX

64 X 32

~———Vgp

Ag — A
67 11} ADDRESS
BUFFERS

-*i‘L MN DE E
coru €00 CONTROL f=a-e=DI/O

Voo

f=——R/W

DATA

CONNECTION DIAGRAM
Top View

~5v) vgg[] 1®

oataro[] 2

E

[ ] vss (GND)

] ADDRESS 11
ADDRESS 10
ADDRESS 9

Am9050 14 | ] ADDRESS 8

N

ADDRESS 0[] 3

>

&

ADDRESS 1[| 4

ADDRESS 2[ | 5
READ/WRITE 6

13 | ] ADDRESS 7

cHipenABLE[ ] 7 12 | ] ADDRESS 6
AppRess3[ ] 8 11 [ ] ADDRESS 5
ADDRESs 4[] 9 10 [JVop (+12v)

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Ambient Temperature Access Time
Specification Package Type
300ns 250ns 200ns
Molded DIP AM9050CPC AM9050DPC AMY050EPC
0°C<TaA<+70°C
Hermetic DIP AM9050CDC AM9050DDC AM9050EDC




MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias 0°C to +70°C
All Supply Voltages with Respect to Vgg —-0.3V to +20V
All Input Signal Voltages with Respect to Vgg —0.3V to +20V
Output Voltage with Respect to Vgg, Opé}ating —2.0V 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.

OPERATING RANGE

Ambient Temperature Vbp Vss VBB

0°C to +70°C +12V + 5% ’ 0 —5.0V + 10%

No signal or supply voltage should ever be more than 0.3V more negative than Vgp.

ELECTRICAL CHARACTERISTICS over operating range (note 1)

Parameters Description Test Conditions Min. Typ. Max. Units
IoH = —0.5mA
VOH Output HiGH Voltage 29K t0 55V 24 Vce Volts
VoL Output LOW Voltage loL =5mA Vss 0.4 Volts
Input HIGH Voltage
\Y
H (Except CE) 2.4 Vee Volts
Input LOW Voltage
—0. 0.8 Volt:
Vie (Except CE) 6 ol
VIH(CE) Chip Enable Input HIGH Voltage Vpp —0.6 Vpp +1.0 Volts
VIL(CE) Chip Enable Input LOW Voltage —-1.0 0.8 Volts
h Input Load Current (Except CE) 0.6V<V| <55V 10 uA
f1(CE) Input Load Current, CE —1.0 < Vi(cg) < 13.2V 10 uA
\% =13.2Vv 35 60 A
I5)») Vpp Supply Current IH(CE) m
ViL(ce) =06V 10 200 LA
Am9050C 32 60
Read i
ead or Write cycle Am9050D 34 60
minimum cycle time
Am9050E 35 60 mA
| Average V Supply Current
DD(AV) ge VDD Sup Am9050C 32 60
Re'afj/Modlfv/Wr!te cycle Am90500 34 60
minimum cycle time
Am9050E 35 60
—
\% =-55V,V =126V
IsB Vg Supply Current 8B DD —5.0 —100 uA
Vgs =0V
CAPACITANCE
Parameters Description Test Conditions Min. Typ. Max. Units
. Input Capacitance
[o
i (Except CE) Vpp = 12V, Vsg = 0V 50 7.0 pF
Vgg = —5.
Ci input Capacitance BB 5ov _
i (CE) (Chip Enable) All inputs =0V Vi(ce) =0, 12V 15 20 pF
f=1MHz
Ci/o 1/0 Capacitance 6.0 8.0 pF




SWITCHING CHARACTERISTICS over operating range Am9050C Am9050D Am9050E

Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Units
tR I Column Refresh Interval | ' 2.0 | l 2.0 I I 2.0 I ms '

Read Cycle
te(rd) Read Cycle Time CE transition times < 20ns 470 430 400 ns
tw(CEH) | Chip Enable HIGH Pulse Width o 306 74000 260 | 4000 | 230 4000 ns
tw(CEL) | Chip Enable LOW Pulse Width 130 130 130 ns
tsu(ad) Address Set-up Time 0 ¢} 0 ns

Chip Enable

tsulrd) Read Set-up Time transition times < 40ns 0 0 0 ns
th(ad) Address Hold Time 125 100 100 ns
th(rd) Read Hold Time 0 0 0 ns
tPOD CE to Output Disable Delay Output load: 40 40 40 ns
ta(CE) Chip Enable Access Time (Note 6) TTL gate, S0pF Chip Enable 280 230 180 ns
ta(ad) Address Access Time (Note 6) 2.2kQ 10 5.5V rise time <20ns 300 250 200 | ns

Write Cycle
telwr) Write Cycle Time CE transition times < 20ns 470 430 400 ns
tw(CEH) | Chip Enable HIGH Pulse Width 300 | 4000 260 | 4000 [ 230 | 4000 ns
tw(CEL) | Chip Enable LOW Pulse Width 130 130 130 ns
T (wr) Write Pulse Width 200 190 180 ns
tsu(ad) Address Set-up Time 0 0 0 s
tsu(da) Data In Set-up Time ,(_:hip ‘Enable 180 170 160 ns

transition times < 40ns

Tsu(wr) Write Pulse Set-up Time 240 220 210 ns
th(ad) Address Hold Time 125 100 100 ns
th(da) Data In Hold Time (Note 2) 0(30) 0(20) 0(10) ns
td(wr) Write Delay 40 40 40 ns
tpOI Write to Output OFF Delay |40 40 40 ns

Read/Modify /Write Cycle

tc(RMW) | Read/Modify/Write Cycle Time CE transition and 730 660 600 ns
t(CEH) | Chip Enable HIGH Pulse Width Read/Write fall time < 20ns 560 | 4000 | 490 | 4000 | 430 | 4000 ns
tw(CEL) Chip Enable LOW Pulse Width 130 130 130 ns
tw(wr) Write Pulse Width 200 190 180 ns
tsu(ad) Address Set-up Time 0 0 0 ns
tsu(da) | Data In Set-up Time Chip Enable 180 170 | 160 ns
tsu(rd) Read Set-up Time transition times < 40ns 0 0 0 ns
tsu(wr) Write Pulse Set-up Time 240 220 210 ns
th(ad) Address Hold Time 125 100 100 ns
th(rd) Read Hold Time 300 250 200 ns
th(da) Data in Hold Time (Note 2) 0(30) 0(20) 0(10) ns
tpOI Write to Output OFF Delay Output load: 40 40 40 ns
ta(CE) Chip Enable Access Time (Note 6) TTL gate, 50pF Chip Enable 280 230 180 ns
ta(ad) Address Access Time (Note 6) 2.2kQ2 1055V J‘ rise time < 20ns 300 250 200 ns

Notes: 1. Typical values are at Tp = 2500, nominal supply voltages and nominal processing parameters.

2. Data Hold Time (th(da)) may be optionally specified with respect to either the rising edge of Read/Write or the falling edge of Chip Enable. The
zero data hold time shown in the characteristics table is with respect to Chip Enable. Data hold time with respect to Read/Write is shown in
parenthesis.

. Input signal (except Chip Enable) timing references are 0.6 V and 2.2 V.

. Chip Enable timing references are at 10% and 90% of V|4(CE).

. Output timing references are 0.4V and 2.4V.

. Slope of access time versus load capacitance is approximately 0.1ns/pF.

In a write cycle, when tg(yyr), the delay between the rising edge of CE and the falling edge of R/W, exceeds 40ns then the putput buffer may turn
on. To avoid bus conflict with input data in such acase it is recommended that ty (wr) = tPO|{max.) + tg,(da) be observed. When tg(wr) is less
than 40ns the output buffer will not turn on and tpg| will not apply. No bus conflict will occur in such a case and tgy (da) (max.) will not be limited
by the potential presence of output data.

NoO AW



SWITCHING WAVEFORMS
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APPLICATION INFORMATION
INTERFACE SIGNALS

The 12 Address inputs are used to specify one of 212 |ocations within the memory (212 = 4096). Chip Enable signals can be decoded
externally for high order addressing so that several memory chips may be operated together for capacities greater than 4 K words.
Registers are included on chip for the Address signals in order to simplify system timing requirements.

The Data In signal timing is specified relative to the rising edge of R/W. The Data In and Read/Write circuitry are static and the
input data set-up requirement is independent of the write pulse width. The hold time for input data may be timed relative to either
R/W or to CE, for extra flexibility in system design.

The Read/Write line controls the effective state of the 1/0O data line as well as the type of operation being performed. It may
be thought of as a normally high signal that is pulsed low when writing is desired. The normally high state prevents unintentional
modification of data. R/W should also be high during all refresh operations.

The Chip Enable input is a high level clock signal that controls the basic timing of all internal operations. When CE is low the
memory enters the standby mode and dissipates very little power. Active operations begin when CE goes high. In a memory system
with an array of storage chips, it is usually the case that only a few devices will be active at any one time, thus keeping the average
power dissipation at very low levels.

The input and output data signals share a common 1/0 line. The output buffer is an open drain configuration permitting wired-OR
connection of several chips for increased memory depth. Unclocked devices will have their outputs off, allowing other external data
signals to dominate the 1/0 bus.

All input circuitry in the Am9050 memories is purely capacitive and does not cause clock related current surges to flow in the input
lines. This feature improves noise immunity margins and helps simplify input driving requirements.

Current surges occur in the Vpp and Vgg supplies in conjunction with both the rising and falling transitions of Chip Enable. Both
voltages must be decoupled to Vgg to prevent the current spikes from generating excessive noise.

REFRESH

Information is stored as the presence or absence of charge within each internal cell. Leakage currents eventually drain away any
charge present in a cell and information is lost. To prevent data loss, a cell can have its charge level restored before too much charge
has leaked off. Each cell must be refreshed at least once every 2 ms, worst case.

The 4096 cells in the memory matrix are organized as an array of 64 rows and 64 columns. When any cell within a row is actively
cycled, all 64 locations in the row are refreshed. Thus the refresh requirement is met if all 64 rows are accessed every 2ms. Address
lines Ag through Ag specify the rows.

PHYSICAL DIMENSIONS

18- Pin Side Brazed 18-Pin Molded

- 229 290
310 I-— j
T T 1
-
008
' 2 TvP
090 _ | | . oe 012
150 110 i . 023
DATA /0 2
ADDRESS 0O 3 \/SSNjND}
ADDRESS 11
ADDRESS 1 4
ADDRESS 2 5 ADDRESS 10
READ/WRITE 6 ADDRESS 9
CHIP ENABLE 7 ADDRESS 8
ADDRESS 7
1 — Connected to
Al RESS
DORESS3 8 ADDRESS 6 Substrate (—5 V Vgg)
ADDRESS 5
ADDRESS 4 9

Vpp (+12V) DIE SIZE 136" X 161"




Am9060

4096-Bit Dynamic R/W Random Access Memory

DISTINCTIVE CHARACTERISTICS

High density 4096 x 1 organization

High output drive — two full TTL loads

TTL compatible interface (except CE)

Low power dissipation —
400mW typ., 750mW max. operating
5.0mW typ., 13mW max. refresh only
0.1mW typ., 3.0mW max. standby

Low Ipp current surges — easier decoupling

Low V¢ current drain — 10uA

Simplified timing requirements —
Zero data hold with respect to CE
Optional data hold with respect to R/W
Optional data set-up with respect to R/W

Low clock capacitance —20pF max.

Unique fully capacitive input circuits —
eliminate extraneous current surges

Direct plug-in replacement for TMS4060

N-channel silicon gate MOS technology

100% MIL-STD-883 reliability assurance testing

FUNCTIONAL DESCRIPTION

The Am9060 devices are high performance, 4k-bit, dynamic,
read/write, random access memories. They are organized as
4096 words by 1-bit per word. The basic memory element
is a one-transistor cell that stores charge on a small internal
capacitor. The memory mechanism is dynamic and the chip
should be periodically refreshed in order to maintain stored
data integrity.

All input signals are fully TTL compatibie, except the single
high-level clock signal called Chip Enable. When CE goes low
the memory is internally precharged and then assumes its low
power standby mode. All operating cycles are initiated when
CE goes high. Read-out is nondestructive so simple read or
write operations are normally performed. Successive operations
at the same location can be designed to improve performance
since readdressing is not required. The most useful double
operation combination is specified as a Read/Modify/Write
cycle.

The output buffer will drive two standard TTL loads. The
buffer is a three-state totem-pole cohfiguration and exhibits a
high output impedance when CE is low or when the chip is
unselected. Qutput data polarity is inverted relative to the
input data.

BLOCK DIAGRAM
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0775 | ADDRESS ROW CELL
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64 X 32
REFERENCE CELLS
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DECODER MATRIX
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CONNECTION DIAGRAM

Top View
[« . |
(-5V)vgg [] @ 22 [7] Vgs (GND)
AppRress9[] 2 21| ] ADDRESS 8
ADDREss 10 [] 3 20 [ ] ADDRESS 7
ADDRESS 11[_] 4 19 [ ] ADDRESS 6
CHIPSELECT [ | 5 i8 EVDD (+12)

paTAIN[]6  Amgoso 17 []cHIP ENABLE
DATAOUT [ |7 16| JNC
appresso[ |8 15 [_] ADDRESS 5
Aporess1[ o 14 [ ] aDDRESS 4
Abpress 2 [ 10 13 | ] ADDRESS 3

5 vee [ 12 | ] READ/WRITE

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Ambient Temperature
P Package Type

Access Time

Specification
300ns 250ns 200ns
Molded DIP AM9060CPC AM9060DPC AM9060EPC
0°C<TA <+70°C
Hermetic DIP AM9060CDC AM9060DDC AM9060EDC




MAXIMUM RATINGS above which useful life may be impaired

Storage Temperature

—65°C to +150°C

Ambient Temperature Under Bias

0°C to +70°C

All Supply Voltages with Respect to Vgg —0.3V to +20V
All input Signal Voltages with Respect to Vgg —0.3V to +20V
Output Voltage with Respect to Vgg, Operating —2.0V 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.

OPERATING RANGE

Ambient Temperature Ves

r 0°C to +70°C —5.0V ¢ 10%4'

No signal or supply voltage should ever be more than 0.3V more negative than Vgg.

Vbp Vec Vss

+12V + 5% +5.0V + 5% 0

ELECTRICAL CHARACTERISTICS over operating range (note 1)

Parameters Description Test Conditions Min. Typ. Max. Units
VOH Output HIGH Voltage IoH = —2.0mA 2.4 Vee Volts
VoL Output LOW Voltage loL =3.2mA Vss 04 Volts

Input HIGH Voltage
\"
IH (Except CE) 2.4 Vee Volts
Input LOW Voltage
A\ —0.6 Volt
- (Except CE) 0.8 olts
VIH(CE) Chip Enable Input HIGH Voltage Vpp —-0.6 Vpp +1.0 Volts
ViL(CE) Chip Enable Input LOW Voltage —-1.0 0.8 Volts
I Input Load Current (Except CE) Vgg < V| <Vce 10 LA
11(CE) Input Load Current, CE -1.0V SV(cg) S13.2V 2.0 uA
-0.6V < Vo <Vgc
1oz Output Leakage Current CE= V)L (cE) or cs-= Vin 10 uA
icc Ve Supply Current (Note 7) CE =V (cg)orCS=Vy 10 HA
\ =126V
DD Vpp Supply Current IH(CE) 32 60 mA
ViL(CE) =06V 10 200 uA
) Am9060C 29 60
Read or Write cycle Am9060D 31 60
minimum cycle time
. Am9060E 32 60 A
Average V Supply Current m.
DDlAV) 9 ¥bD Am9060C 29 60
Rt_eafi/MOdlfy/Wr!te cycle Am9060D 31 60
minimum cycle time
Am9060E 32 60
Vg =55V, Vpp = 12.6V
I Vg Supply C t —5. -
BB 8B Supply Curren Vee = 5.25V, Vsg = OV 5.0 100 LA
CAPACITANCE T
L. . yp.
Parameters Description Test Conditions (Note 1) Max. Units
Input Capacitance
c.
iaw) (Address and Write) 5.0 7.0 pF
Ci(cp) Input Capacitance VoD =12V, Vss iOV
! (Chip Select and Data) VBB = —5.0V.Vee =50V 30 50 pF
All inputs = 0V
Input Capacitance —
c: f= 1MHz -
i(CE) (Chip Enable) V|(Cg)=—1.0,108 15 20 pF
Co Output Capacitance 3.0 5.0 pF




SWITCHING CHARACTERISTICS over operating range

Am9060C Am9060D Am9060E
Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Units
I tR ‘ Column Refresh Interval I ] 2.0 l [ 2.0 [ I 2.0 ms
Read Cycle
te(rd) Read Cycle Time CE transition time < 20ns 470 430 400 ns
tw(CEH) | Chip Enable HIGH Pulse Width 300 | 4000 | 260 | 4000 { 230 | 4000 ns
tw(CEL) Chip Enable LOW Pulse Width 130 130 130 ns
tsu(ad) Address Set-up Time 0 0 0 ns
tsu(CS) Chip Select Set-up Time 0 Q 0 ns
tsu(rd) Read Set-up Time transitci::\pt:Er:::Z40 ns 0 0 0 ns
th(ad) Address Hold Time 125 100 100 ns
th(Cs) Chip Select Hold Time 125 100 100 ns
th(rd) Read Hold Time 0 0 4] ns
tpZL Chip Enable to Output ON Delay Output load: 175 150 125 ns
POz Chip Enable to Output OFF Delay one standard 30 30 30 ns
ta(CE) Chip Enable Access Time (Note 6) TTL gate Chip enable 280 230 180 | ns
ta(ad) Address Access Time (Note 6) plus S0pF rise time <20ns 300 250 200 ns
Write Cycle
te(wr) Write Cycle Time CE transition time < 20ns 470 430 400 ns
tw(CEH) | Chip Enable HIGH Pulse Width 300 | 4000 | 260 | 4000 | 230 | 4000 ns
tw(CEL) | Chip Enable LOW Pulse Width 130 130 130 ns
twiwr) Write Pulse Width 200 190 180 ns
tsu(ad) Address Set-up Time 0 0 0 ns
tsu(CS) | Chip Select Set-up Time Chip Enable 0 0 0 ns
transition times <40ns
tsu(da) Data In Set-up Time 180 170 160 ns
tsu(wr) | Write Pulse Set-up Time 240 220 210 ns
th(ad) Address Hold Time 125 100 100 ns
th(CS) Chip Select Hold Time 125 100 100 ns
th(da) Data In Hold Time (Note 2) 0 (30) 0 (20) 0(10) ns
Read/Modify/Write Cycle
tc(RMW) | Read/Modify/Write Cycle Time CE transition time and 710 640 580 ns
tw(CEH) | Chip Enable HIGH Pulse Width Read/Write fall time < 20ns 540 | 4000 | 470 | 4000 | 410 | 4000 [ ns
tw(CEL) Chip Enable LOW Pulse Width 130 130 130 ns
tw(wr) Write Pulse Width 200 190 180 ns
tsulad) Address Set-up Time 0 0 0 ns
tsu(CS) Chip Select Set-up Time 0 0 0 ns
tsu(da) Data In Set-up Time 180 170 160 ns
tsu(rd) Read Set-up Time 0 0 0 ns
tsulwr) Write Pulse Set-up Time Chip Enable 240 220 210 ns
th(ad) Address Hold Time transition times <40ns 125 100 100 ns
th(Cs) Chip Select Hold Time 125 100 100 ns
th(rd) Read Hold Time 280 230 180 ns
th(da) Data In Hold Time (Note 2) 0 (30) 0 (20) 0 (10) ns
tpzL Chip Enable to Output ON Delay 175 150 125 ns
tpO| Write to Output Invalid Delay QOutput load: 30 30 30 ns
POz Chip Enable to Output OFF Delay °"TeTSCa:;Z'd 30 30 30 ns
ta(CE) Chip Enable Access Time plus 50 pF Chip Enable 280 230 180 ns
ta(ad) Address Access Time (Note 6) rise time <20ns 300 250 200 ns
Notes: .
1. Typical values are at Tp = 25 C, nominal supply voltages and nominal processing parameters.
2. Data Hold time (th(g,)) may be optionally specified with respect to either the rising edge of Read/Write or the falling edge of Chip Enable. The zero

value shown in the Characteristics table is with respect to Chip Enable. Data hold time with respect to Read/Write is shown in parenthesis.
Input signal (except Chip Enable) timing references are 0.6V and 2.2 V.
Chip Enable timing references are at 10% and 90% of VH(CE).

Output timing references are 0.4V and 2.4V.

Nogsw

Slope of access time versus load capacitance is approximately 0.1ns/pF.
. Vcc supplies the final output transistor only. Except for leakage, Vcc supply current during CE on is dependent on output loading only.
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APPLICATION INFORMATION
INTERFACE SIGNALS

The 12 Address inputs are used to specify one of 212 locations within the memory (212 = 4096). The Chip Select signal acts as a
high order address so that several memory chips may be operated together for capacities greater than 4k words. Registers are
included on chip for the Chip Select and Address signals in order to simplify system timing requirements. After the Chip Select
input has been latched by the rising edge of CE, the select status of the chip cannot be altered by changing the state of Chip Select
line. Chip Select only affects the data control circuitry.

The Data In signal timing is specified relative to the rising edge of R/W. The Data In and Read/Write circuitry are static and the
input data set-up requirement is independent of the write pulse width. The hold time for input data may be timed relative to either
R/W or to CE, for extra flexibility in system design.

The Read/Write line controls the type of operation being performed. It may be thought of as a norma_lly high signal that is pulsed
low when writing is desired. The normally high state prevents unintentional modification of data. R/W should also be high during
all refresh operations, unless Chip Select is high.

The Chip Enable input is a high level clock signal that controls the basic timing of all internal operations. When CE is low the
memory enters the standby mode and dissipates very little power. Active operations begin when CE goes high. In a memory system
with an array of storage chips, it is usually the case that only a few devices will be active at any one time, thus keeping the average
power dissipation at very low levels.

The Data Qut circuitry is three-state and designed to permit wired-OR connection of several chips for greater memory depth than
4k. Unclocked or unselected devices will have high impedance outputs, allowing a selected and clocked device to dominate the
output data bus. The output data is inverted relative to the input data; that is, information written in as a logic one will be read out
as a logic zero. Valid output is always preceeded by a period of low output data.

All input circuitry in the Am9060 memories is purely capacitive and does not cause clock related current surges to flow in the input
lines. This feature improves noise immunity margins and helps simplify input driving requirements.

Current surges occur in the Vpp and Vgg supplies in conjunction with both the rising and falling transitions of Chip Enable. Both
voltages must be carefully decoupled to Vgg to prevent the current spikes from generating excessive noise.

REFRESH

Information is stored as the presence or absence of charge within each internal cell. Leakage currents eventually drain away any
charge present in a cell and information is lost. To prevent data loss, a cell can have its charge level restored before too much charge
has leaked off. Each cell must be refreshed at least once every 2 ms, worst case.

The 4096 cells in the memory matrix are organized as an array of 64 rows and 64 columns. When any cell within a row is actively
cycled, all 64 locations in the row are refreshed. Thus the refresh requirement is met if all 64 rows are accessed every 2 ms. Address
lines Ag through Ag specify the rows.

The Chip Select input only controls the Data Out and Read/Write circuitry so that a chip need not be selected in order to be
refreshed. This allows parallel refreshing of many devices without causing contention on output busses.

PHYSICAL DIMENSIONS
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Am9208

1024 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

1024 x 8 organization

High speed — 250ns access time

Fully capacitive inputs — simplified driving

2 fully programmable chip selects — increased flexibility
Logic voltage levels compatible to TTL

Three-state output buffers — simplified expansion
Standard supply voltages — +12V, +5.0V

No Vgpg supply required

N-channel silicon gate MOS technology

100% MIL-STD-883 reliability assurance testing

Direct plug-in replacement for Intel 8308/2308 and T.1. 4700

FUNCTIONAL DESCRIPTION

The Am9208 devices are high performance, 8192 bit, static,
mask programmed, read only memories. Each memory is
implemented as 1024 words by 8 bits per word. This organi-
zation simplifies the design of small memory systems and
permits incremental memory sizes as small as 1024 words.
The fast-access times provided allow the ROM to service high
performance microcomputer applications without stalling the
processor.

Two Chip Select input signals are logically ANDed together
to provide control of 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 unselected chips are turned off and assume a high
impedance state. This permits wire-ORing with additional
Am9208 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. The Am9208 is pin compatible with the Am9216 which
is a 16k-bit mask programmed ROM. Input and output voltage
levels are compatible to TTL specifications, providing simplified
interfacing.

BLOCK DIAGRAM

A7 ——= row STORAGE
ARRAY
Ag ———m DECODER 64X 128

Aq COLUMN DECODER

€Sy ——=t  cHIP
SELECT
CS) ———w] DECODER

QUTPUT BUFFERS

RRERRER

040,030,405 0g 07 Og

CONNECTION DIAGRAM

Top View
ADDRESS 7 [ ® ~ 24 [] Vec+sv)
ADDRESS6 [ | 2 23 [_] ADDRESS 8
ADDRESSS [ [ 3 22 [ ] ADDRESS 9
ADDRESS 4 [ | 4 21 [Jne
ADDRESS 3 [: 5 20 €S4/CS4
ApoRess2 [ | 6 19 [J Vop+12v)
ADDRESST [} 7 Amsacs 18 : €8,/CS,
ADDRESSO [ | 8 17 [Jouptuts
output1[_] 9 16 []outeut?
outpuT2 [} 10 15 [_JoutPute
OUTPUT 3 1 14 [_JoutPuts
(GND)Vgg E 12 13 [ outeut 4

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Ambient Temperature Access Time
Package Type Specification
400ns 300ns 250ns
0°C<Ta <70°C Am9208BDC Am9208CDC Am9208DDC
Hermetic DIP
—55°C<TA<125°C Am9208BDM Am9208CDM




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

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Vpp with Respect to Vgg 15V
Vce with Respect to Vgg +7.0V
DC Voltage Applied to Outputs —0.5Vto+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.

OPERATING RANGE

Part Number Ambient Temperature Vpp Vee Vss
Am9208DC 0°C < Tp <+70°C +12V £ 5% | +5.0V 5% ov
Am9208DM —55°C < Tp <+125°C | +12V + 10% | +5.0V + 10% oV
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE AmB208DC Am9208DM
Parameters Description Test Conditions Min. Max. Min. Max. Units
I =—1.0mA 3.7 3.7
VoH Output HIGH Voltage OoH Volts
loHg = —4.0mA 24 24
VoL Output LOW Voltage loL =3.2mA 0.4 0.4 Volts
ViH Input HIGH Voltage 24 Vee+1.0 26 Voo +1.0 Volts
Vip Input LOW Voltage -0.5 0.8 -0.5 0.8 Volts
Lo Output Leakage Current Chip disable 10 10 LA
Iy Input Leakage Current 10 10 uA
Am9208B/C 35 43
Selected )
ipp Vpp Supply Current AmY208D 50 mA
Am9208B/C 48 53
Deselected
Am9208D 55 61
A
e Ve Supply Current m9208B/C 13 5 A
Am9208D 15 17
SWITCHING CHARACTERISTICS Am9208BDC  Am9208CDC  Am9208DDC
OVER OPERATING RANGE Am9208BDM  Am9208CDM
Parameters Description Test Conditions Min. Max. Min. Max. Max. Units
ty Address to Output Access Time ty = tf = 20ns 400 300 250 ns
tco Chip Select to Output ON Delay Output load: 160 140 125 ns
R . one standard
toH Previous Read Data Valid with TTL gate 20 20 ns
Respect to Address Change plus 100pF
toF Chip Select to Output OFF Delay (Note 1) 120 100 90 ns
C Input Capacitance TA=25°C, f=1MHz 6.0 6.0 6.0 pF
Co Output Capacitance All pins at OV 6.0 6.0 6.0 pF
Notes: 1. Timing reference levels — Inputs: High = 2.0V, Low = 1.0 V. Outputs: High = 2.4V, Low = 0.8V.
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Temperature (Normalized)

TYPICAL CHARACTERIST
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PROGRAMMING INSTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION

The Am9208 is 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 +5.0 V)
Logic “0”" = a more negative voltage (normally 0V)

FIRST CARD

Column Number
10 thru 29
32 thru 37

50 thru 62
65 thru 72

SECOND CARD

Column Number
31
33

Description
Customer Name
Total number of “’1’s”" contained in the data.

This is optional and should be left blank if not used.

9208B or 9208C
Data

Description
CS, input required to select chip (0 or 1)
CS; input required to select chip (0 or 1)

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 1024 data cards are required.

Column Number
10,12, 14, 16, 18
20, 22, 24, 26, 28
40,42,44, 46, 48,
50, 52, 54

73 thru 80

Address input pattern with the most significant bit {Ag) in column 10 and the least significant bit (Ag)

in column 28.

Output pattern with the most significant bit (Og) in column 40 and the least significant bit (O4)in

column 54.

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 64 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 Q0 through 3F: 64 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.

3 OUTPUT VALUES FOR ADDR +

E 0 1 2 3 4 5 6 7 8 9 A B C D E F
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Am9216

2048 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

2048 x 8 organization

High speed — 300ns access time

Fully capacitive inputs — simplified driving

2 fully programmable chip selects — increased flexibility
Logic voltage levels compatible with TTL

Three-state output buffers — simplified expansion
Standard supply voltages — +12V, +5.0V

No Vgg supply required

N-channel silicon gate MOS technology

100% MIL-STD-883 reliability assurance testing

FUNCTIONAL DESCRIPTION

The Am9216 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.

Two Chip Select input signals are logically ANDed together
to provide control of 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 unselected chips are turned off and assume a high
impedance state. This permits wire-ORing with additional
Am9216 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. The Am9216 is pin compatible with the Am9208 which
is an 8k-bit mask programmed ROM. Input and output voltage
levels are compatible with TTL specifications.

BLOCK DIAGRAM

A1) ]

[ryp——
Row STORAGE
Ay . ARRAY
DECODER
A 128X 128
Pp——

Ay COLUMN DECODER

€5 ——=1  chHie
SELECT OUTPUT BUFFERS

o T

07070304 0g Og 07 Og

CONNECTION DIAGRAM

Top View
ADDRESS 7 ® ~ 24 [ ] Vel
ApDRESS 6 [ [ 2 23 [_] ADDRESs 8
ADDRESS 5 [| 3 22 | ] ADDRESS 9
ADDRESs 4 [ | 4 21 [ ] ADDRESS 10
ADDRESS3 [ | 5 20 :] €54/C5;
ADDRESs 2 [_| 6 19 Vpo(+12V)
Am9216 g _
ADDRESS! |:‘ 7 18 C5,/C8,
ApDRESS0 [ | 8 7 OUPTUT 8
outeut1 [ | @ 16 g OUTPUT 7
outeut2 ] 10 15 []outPuT s
outeuTa [ 11 14 [ Joutpurs
(GND)Vgg |: 12 13 : OUTPUT 4

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Ambient Temperature Access Time
Package Type Specifications
400ns 300ns
0°C<Ta<70°C AM9216BDC AM9216CDT
Hermetic DIP
—55°C < Tp<125°C AM9216BDM




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

Storage Temperature —65°C to +150°C
Ambient Temperature Under Bias —55°C to +125°C
Vpp with Respect to Vgg 15V
Ve with Respect to Vgg +7.0V
DC Voltage Applied to Outputs —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.

OPERATING RANGE

Part Number Ambient Temperature Voo Vee Vss
AmM9216DC 0°C < Tp <+70°C +12V 5% | +5.0V ¢ 5% ov
Am9216DM —55°C < Tp < +125°C | +12V : 10% | +6.0V + 10% ov

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE

Am9216DC Am9216DM
Parameters Description Test Conditions Min. Max. Min. Max. Units
I0H = —1.0mA 3.7 3.7
VoH Output HIGH Voltage Volts
IoH = —4.0mA 2.4 2.4
VoL Output LOW Voltage loL =3.2mA 0.4 0.4 Volts
ViH Input HIGH Voltage 2.4 Vee+ 1.0 2.6 Veet+1.0 Volts
ViL Input LOW Voltage —0.5 0.8 -0.5 0.8 Volts
Lo Output Leakage Current Chip disabled 10 10 uA
LIN] Input Leakage Current 10 10 uA
Am92168B 42
Selected 47
IpD VppD Supply Current AmS216C 49 mA
Am9216B 52
Deselected 57
Am9216C 60
Am92168B 13
Icc Ve Supply Current 15 mA
Am9216C 15
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am9216BDC, Am9216BDM, Am9216CDC Am9216DC/DM Am9216CDC
Parameters Description Test Conditions Min. Max. Min. Max. Units
ty Address to Output Access Time 400 300 ns
tco Chip Select to Qutput ON Delay ty = tf = 20ns 160 140 ns
. . . Output load:
Previous Read Data Valid with
t
OH Respect to Address Change one standard TTL gate 20 20 ns
plus 100pF (Note 1)
tDF Chip Select to Output OFF Delay 120 100 ns
[of) Input Capacitance Ta =25°C, f= 1.0MHz 6.0 6.0 pF
Co QOutput Capacitance All pinsat 0V 6.0 6.0 pF

Notes: 1. Timing reference levels — Inputs: High = 2.0V, Low = 1.0V.
Outputs: High =2.4V, Low = 0.8V.

SWITCHING WAVEFORMS

e m ‘ ’

0'"0'0'"0“ KK 0
OAN

QRUIXLRY

X

CHiP
SELECTS DISABLED

x: ENABLED ‘,
|
|

K DISABLED

DATA
ouT

|
|
‘ — tco—f i
}
l

"’ V ouTpPUT
ol 0‘02’00‘

XX
o’ ’m

Fw

AVA

5




TYPICAL CHARACTERISTICS
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PROGRAMMING INSTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION

The Am9216 is programmed from punched cards, card coding forms or from paper tape in card image form in the format as shown

contained in the data.

This is optional and should be left blank if not used.

below.
Logic ‘1" = a more positive voltage (normally +56.0 V)
Logic “0"" = amore negative voltage (normally 0V)
FIRST CARD
Column Number Description
10 thru 29 Customer Name
32 thru 37 Total number of ““1's”’
50 thru 62 9216B or 9216C
65 thru 72 Data

SECOND CARD

Column Number
31
33

Description

CS5 input required to select chip (0 or 1)
CS; input required to select chip (O or 1)

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 2048 data cards are required.

Column Number
10, 12, 14, 16, 18
20, 22, 24, 26, 28, 30
40,42, 44, 46, 48,
50, 52, 54

73 thru 80

(Ag) in column 30.

column 54,

Coding these columns is not essential and may be used for card identification purposes.

Address input pattern with the most significant bit (A10) in column 10 and the least significant bit

Output pattern with the most significant bit (Og) in column 40 and the least significant bit (O4)in




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 all 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.

OUTPUT VALUES FOR ADDR +

0 1 2 3 4 5 6 7 8 9 A B C D E F
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Am9217/8316A

2048 x 8 Read Only Memory

DISTINCTIVE CHARACTERISTICS

2048 x 8 organization

Plug-in replacement for 8316A

Access times as fast as 450 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 Am9217 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 per-
mits incremental memory sizes as small as 2048 words. The
fast access times provided allow the ROM to service high per-
formance 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 Am9217
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

A0 ———T
A9
A8 ]
ROW STORAGE
A7 ———] ARRAY
DECODER A
Af ————a]
A5 ———a]
Al ——e ]
A3
7\2' COLUMN DECODER
A0
cs1 ——]
cHIP
cs2 SELECT OUTPUT BUFFERS
os3 | oecooer

EEERREN

01 02 03 04 05 06 07 08

CONNECTION DIAGRAM

ApDREss 7 [} 1. 7 24 [] vectsov)
aoonesss [ 2 23 [Jouteuts
ADDRESS9 [ ] 3 22 [ ] outeut2
ADDRESS 10 E 4 21 : QUTPUT 3
ADDRESSO [_| & 20 [T outeuta
ADDRESS 1 : ) m9217 19 :] OQUTPUT b
ADDRESS2 [ ] 7 18 [ ]outeute
aooress3 [ 8 17 [] output 7
ADDRESS 4 [ | 9 16 [ ] outeuts
ADDRESS5 [ 10 15 [ ] cs1/csi
ADDRESS6 [ | 11 14 [7] csaic
Gnoyvss [ 12 13 €S3/CS3
Top View

Pin 1 is marked for orientation.

ORDERING INFORMATION

-Ambient Temperature

Access Time

Package Type Specifications
550 ns 450ns
0°C<TA<70°C Am9217ADC Am9217BDC
) C8316A
Hermetic DIP
—65°C < Ta <125°C Am9217ADM Am9217BDM




MAXIMUM RATINGS (Above 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 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
Am9217ADC TaA=0°Cto+70°C
Am9217BDC VCC =5.0V * 5%

C8316A Am9217XDC C8316A
Parameters Description Test Conditions Min. Max. Min. Max. Units
9217 IOH = —200upA 24
VOH Output HIGH Voltage Volts
8316A I0H = —100uA 22
9217 =
voL Output LOW Voltage IOH = 3.2mA 04 Volts
8316A I0L = 2.0mA 0.45
VIH Input HIGH Voltage 2.0 VCC+ 1.0 2.0 VCC +1.0 Volts
VIL Input LOW Voitage —05 0.8 -0.5 0.8 Volts
1LO Output Leakage Current Chip Disabled 10 10 LA
[IR] Input Leakage Current 10 10 LA
1ICC VCC Supply Current 70 98 mA
ELECTRICAL CHARACTERISTICS
AmM9217ADM Ta=-55"Cto+125°C
AmM9217BDM VCC = 5.0V + 10% Am9217XDM
Parameters Description Test Conditions Min. Max. Min Max. Units
VOH Qutput HIGH Voltage 9217 IOH = —200upA 2.2 Volts
vVOL Output LOW Voltage 9217 IOL = 3.2mA 0.45 Volts
VIH Input HIGH Voltage 2.0 VCC+1.0 Volts
ViL Input LOW Voitage —-05 0.8 Volts
ILO Output Leakage Current Chip Disabled 10 uA
ILl Input Leakage Current 10 uA
1ICcC VCC Supply Current 80 mA
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
Am9217XDC/C8316A Ta=0°C 1o +70°C VCC = 5.0V * 5%
AmM9217XDM Ta=-565°Cto+125°C  VCC=5.0V * 10% Am9217A Am9217B 8316A
Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Units
ta Address to Output Access Time ‘=20 550 450 850 ns
tr = tf = 20n F— -
tCO Chip Select to OQutput ON Delay ' s 180 150 300 ns
Output load:
Previous Read Data Valid with
tOH one standard TTL gate 20 20 — ns
Respect to Address Change
plus 100pF (Note 1)
tDF Chip Select to Output Off Delay 180 150 300 ns
Cl Input Capacitance Ta =25°C, f=1.0MHz 7.0 7.0 10 pF
[of0] Output Capacitance All pins at OV 7.0 7.0 15 pF
Notes: 1. Timing reference levels: High = 2.0V, Low = 0.8V.
SWITCHING WAVEFORMS
"V"‘V.V.V’V'V’V.V.V‘v V"’
ADDRESSES m STABLE ’.’.’.””‘.’.’.’.’.‘0’.’.‘...
ONNNNYNNNNYNNNNN
sELeone DISABLED ’ x ENABLED ‘ X DISABLED
‘ “‘4 €0 7--| L—.— tOH -1 }-—— tDF -—|
VAV VAV VAV, VAV, VAVAVAVAV VA,V
DATA .”" "c QUTPUT . ” ”G
out "”."‘ ’.’.’ VALID "””.’."".‘ 0
’ AYAVAYAVAYAYAYANL AAAAAAAAA‘
f ta




PROGRAMMING INSTRUCTIONS
CUSTOM PATTERN ORDERING INFORMATION
The Am9217 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 8316A or 9217
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.

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 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 (AQ) in column 30.

40, 42, 44, 46, 48, Qutput 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 ali 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.

S OUTPUT VALUES FOR ADDR +
R 0 1 2 3 4 5 6 7 8 9 A B C D E F
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PHYSICAL DIMENSIONS
Dual-In-Line
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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

A8 —o=]
sTomce

A7 —-]
a6 DECODER 128 X 128

—

Y

COLUMN DECODER

A3
A2
Al
A0

pE——
cst CHIP
SELECT

cs3 «| DECODER

OUTPUT BUFFERS

EREERREN

01 02 03 04 05 06 07 08

€S2 ——=

CONNECTION DIAGRAM

o /

ADDRESS 7 [: ] 24 :' VCC (+5.0V)
ADDRESS6 [ | 2 23 [ ] ADDRESS 8
ADDRESS5 [ 3 22 [] ADORESS9
AoDREssa [ | a 21 [ ] cs3/es3
ADDRESS3 [ | 5 20 [] csiicst
aporess2 [] 6 19 [] ADDRESS 10
aooRess 1[ | 7 Am9218 18 [ ] csarcsz
AbDREsso | 8 17 [] ouptuTs
output1[_] o 16 [ outPuT?
output2 [ 10 15 [ Joutputs
outputa [ 11 12 [Jouteuts
(GND) VSS |: 12 13 :] QUTPUT 4
Top View

Pin 1 is marked for orientation.

ORDERING INFORMATION

Ambient Temperature

Access Time

Package Type Specifications
450ns 350ns
0°C<TA<70°C Am9218BDC Am9218CDC
) C8316E
Hermetic DIP
—55°C < Tp <125°C Amg218BDM




MAXIMUM RATINGS (Above 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 —-0.5V to +7.0V
DC Input Voltage —0.5V to +7.0V

1.0W

Power Dissipation

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

exposure to excessive voltages.

ELECTRICAL CHARACTERISTICS

AmM9218BDC Ta=0°Cto+70°C
Am9218CDC
C8316A VCC = 5.0V £5% Am9218XDC C8316E
Parameters Description Test Conditions Min. Max. Min. Max. Units
9218 10H = —200uA 2.4
VOH Output HIGH Voltage H Volts
8316E I0H = —100pA 2.4
9218 =3.2 0.4
VoL Output LOW Voltage 10L = 3.2mA Volts
8316E I0L =2.1mA 0.4
VIH Input HIGH Voltage 2.0 \—VCC +1.0 2.0 VCC+1.0 Volts
VIL Input LOW Voltage —-0.5 0.8 —-0.5 0.8 Volts
ILO Output Leakage Current Chip Disabled 10 10 uA
Ll Input Leakage Current F 10 r 10 LA
ICC VCC Supply Current 70 95 mA
ELECTRICAL CHARACTERISTICS
AmM9218BDM Ta=-55"Cto+125°C
VCC = 5.0V £10% Am9218B
Parameters Description Test Conditions Min. Max. Units
VOH . Output HIGH Voltage 10H = —200uA 2.2 Volts
VoL Output LOW Voltage IOL = 3.2mA 0.45 Volts
VIH Input HIGH Voltage 2.0 VCC + 1.0 Volts
ViL Input LOW Voltage —0.5 0.8 Volts
1ILO Output Leakage Current Chip Disabled 10 BA
1Ll Input Leakage Current 10 kA
ICC VCC Supply Current 80 mA
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
AmM9218XDC/C8316E Ta=0°Cto+70°C VCC = 5.0V * 5%
AmM9218BDM Ta=-55°Cto+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 o =20 450 350 450 ns
tr=1tf =20ns
tCO Chip Select to Output ON Delay 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
coO Output Capacitance All pins at OV 7.0 7.0 7.0 pF
Notes: 1. Timing reference levels: High = 2.0V, Low = 0.8 V.
SWITCHING WAVEFORMS
\WaAVAVAV, A\ /\/\'\/
ADDRESSES STABLE ‘. ". " ’.‘ 0”’.’ ’.”
0 0 OA .0000

CHIP
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ouT

'0' XA
’A 0 0‘

|
|
|
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‘——xouﬂ :
XX '0 XXX
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OuUTPUT
VALID

o

QX0




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 +5.0V)

Logic ““0” = a more negative voltage (normally 0 V)

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.

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 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 (AQ) 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 all 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.

s OUTPUT VALUES FOR ADDR +

D
0 1 2 3 4 5 6 7 8 9 A B Cc D E F

R
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Am1702A

256-Word by 8-Bit Programmable ROM'’s

Distinctive Characteristics

® Field programmable 2048-bit ROM’s ® Typical programming time of 2 minutes/device
® Am1702A can be erased and reprogrammed by UV @ Available for operation over full military temperature
light range
® 100% tested for programmability ® 100% processing to MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC SYMBOL
The Am1702A is a 256-word by 8-bit field programmable
MOS read-only memory, differing only in the package.
The Am1702A package has a quartz lid through which the 3 Ao
PROM can be erased by ultraviolet light. 27— A
The device is shipped with all outputs at a logic LOW level. 2: 2;
Each bit in the memory can be electrically programmed to 20 Ag Am1802A/Am 17024
a HIGH level. The device has three-state outputs which go 19— As
to a high-impedance OFF state when the chip select is 8 26
HIGH. When the chip select is LOW, the outputs can drive :: PS7
one TTL unit load. ~ DOy DOy DO3 DO4 DOg DOg DO7 DOg
The Am1702A can directly replace the Intel 1702A. Except I T | I | | I |
for programming procedure, the Am1702A can replace the 4 s 6 7 8 9 0 u
1702. (The Am1702A differs from the Am1702 only in )
the programming method and in the programmed state. Vee fPf"”
The Am1702 is initially all HIGH, and the LOW's are ypp ~hin 22
programmed; the Am1602A/1702A is initially all LOW and wo p.: ‘e
the HIGH's are programmed. Once programmed, they PBB - Pin13
are identical).
Pins 22 and 23 must be connected to V.

LOGIC BLOCK DIAGRAM

A - P (PROGRAMMING INPUT)
Al

R [

A3 —— ONE-OF-256 256 X 8

Ag e} DECODER >‘ MEMORY ARRAY

Ag —

As

A7

cs BUFFERS

T T T TT]

DO7 DO, DO3 DO4 DOg DOg DO7 DOg

ORDERING INFORMATION CONNECTION DIAGRAM
CONNECT Top View

TO Vv, —_
vop —-L& A3 A4 As Ag A7 Vg Ves TS P

e Temperature  Order OOOCOONOII00

Type Range Number 23 22 Al 20 19 18 17 16 15 14 13
Hermetic DIP/Quartz Lid 0°C to +70°C AM1702ADC
Hermetic Dip/Quartz Lid —55°C to +85°C [ AM9702AHDL D
L]

1 2 3 4 5 6 7 8 9 10 1" 12

oo guyuuy

Az Ay Ag DOy DOy DO3 DO4 DO DOg DO DOg Vee

Note: Pin 1 is marked for orientation.




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

Storage Temperature

—65°C to +125°C

Temperature (Ambient) Under Bias

—55°C to +70°C

Power Dissipation

W

Input and Supply Voltages (Operating)

Ve —20 V to Ve +0.5V

Input and Supply Voltages (Programming) 50 V

OPERATING RANGE

Part Number Vee Vaa Ambient Temperature

C1702A +5.0V + 5% —9.0V +5% -9.0V +5% 0"C to +70°C

During operation Vgg = P = pin 22 = pin 23 = V.

D.C. CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Parameters Description Conditions Min. Typ. Max. Units
Vou Output HIGH Level loH = —200uA 3.5 4.5 \%
VoL Output LOW Level oL = 1.6 mA o -7 0.45 v
10H Output HIGH Current VouT =00V -2.0 mA
loL Output LOW Current VouT =045V 1.6 4 mA
Viy Input HIGH Level Vee—2.0 Vee+0.3 \

Vi "] Input LOW Levet Vee—10.0 B Vee—42 %

I I Input Leakage Current VN =00V o 1.0 rA
I o Output Leakage Current CS = Ve —2.0, VoyT = 0.0V 1.0 WA
IcF1 Output Clamp Current Ta =0°C,Vout = -1.0V 8 14 mA
Ice2 Output Clamp Current Ta =25°C, VoyT =—-1.0V 13 mA

_"BG ' VGG Current o 1.0 N uA
1pDO VG_G=VCC'IOL:O . 5 10 mA

VEs =Vee—2.0,Ta~25C
1pD1 Vpp Current (Note 1) loL=0, V(s =Vge—2.0, Tp =25°C 35 50 mA
1pp2 IoL=0,Vg5=0,Tp = 25°C 32 46 mA:]
'pD3 loL =0, VE§ = Vec—2.0, TA =0°C 38.5 60 mA

Note: 1. Ipp may be reduced by pulsing the Vgg supply between Ve and —9 V. Vpp current will be directly proportional to Vgg duty cycle. The data

outputs will be unaffected by address or chip select changes while Vg is at Ve, For this option specify Am1702AL.

CAPACITANCE (Tp =25°C)

(These parameters are guaranteed by design and are not 100% tested)

Parameters Description Conditions Typ. Max. Units
CiN Input Capacitance 8 15 pF
CouT OQutput Capacitance All unused pins are at Voo 10 15 pF
[SV7eTe] VGG Capacitance 30 pF




A. C. CHARACTERISTICS OVER OPERATING RANGE

Vil =0V, Vi = 40V, t, -

t¢ =2 50ns, Load = 1 TTL Gate.

Parameters Description Conditions Min Typ. Max. Units
freg Repetition Rate ) 1.0 MHz
tOH Previous Read Data Valid o 100 ns
tacc Address to Output Delay o 0.7 1.0 us

_}E)VGG Set-up Time, Vgg - 0 us
s Chip Select Delay 100 ns
tco Output Delay frrom csS - 900 7ns
toD Outpnﬂ_aeselecl T}\ ~0°Cto +70°C 7 - ] 300 ns

—Toﬁc Data Out Valid from Vgg (Note 2) T B | 5.0 us‘_

Note: 2. The output will remain valid for tgq¢ after the VGG pin is raised to Ve, even if address changes occur.

SWITCHING WAVEFORMS

Vig — 50,
ADDRESS
Vi w,
ViH
cs
Vit
tacc ’1 I S Tp—
VoH -
DATA OUT INVALID VALID INVALID
Vou —

The Vgg input may be switched between +5 V (Vgc) and —9 V to save power. To read data, the Vgg level
must be lowered to —9 V at least tpygg Prior to the address selection. Once data has appeared at the
output (tacc). Vgg may be raised to +5 V. The data output will rémain steady for toqc. To deselect the

chip, CS must be raised to Viy prior to raising Vgg to +5 V. If CS goes HIGH while Vg is at Vg,

cs

Vie

VoH

DATA QUT

Vou

Figure 1. Reading Data

Figure 2. Deselecting Output from Chip Select.

CLOCKED Vgg OPERATION

deselection of the chip will not occur until tgp after Vgg goes back to —9 V.




PROGRAMMING THE Am1702A

Each storage node in the Am1702A consists of an MOS
transistor whose gate is not connected to any circuit element.
The transistors are all normally off, making all outputs LOW
in an unprogrammed device. A bit is programmed to a HIGH
by applying a large negative voltage at the MOS transistor;
electrons tunnel through the gate insulation onto the gate
itself. When the programming voltage is removed, a charge
is left on the gate which hoids the transistor on. Since the gate
is completely isolated, there is no path by which the charge
can escape, except for random high energy electrons which
might retunnel through the gate insulation. Under ordinary
conditions retunneling is not significant. The application of
high energy to the chip through X-rays or UV light (via the
quartz window) raises energy levels so that the charge can
escape the gate region, erasing the program and restoring the
device to all LOW.

Programming a bit is accomplished by addressing the desired
word using negative 44V logic levels, applying a negative
voltage to Vpp, Vgg, and the outputs to be programmed, and

then applying a —49 volt pulse to the programming pin. The
duty cycle on the programming pin should not exceed 20% to
avoid over-heating the device. For long-term data retention, at
least 32 program pulses should be applied for each address. All
eight outputs are programmed simultaneously.

Programming Boards are available for the Data 1/0 automatic
programmer (part number 1010/1011), for the Spectrum
Dynamics programmer (part number 434-549), and for the
Pro-Log programmer (part number PM9001).

ERASING THE Am1702A

The Am1702A may be erased (restored to all LOW's) by
exposing the die to ultraviolet light from a high intensity
source. The recommended dosage is 6 W-sec/cm?2 at a wave-
length of 2537 A. The Ultraviolet Products, Inc., models
UVS-54 or S-52 can erase the Am1702A in about 15 minutes,
with the devices held one inch from the lamp. {Caution should
be used when Am1702A’s are inspected under fluorescent
lamps after being programmed, as some fluorescent lamps may
emit sufficiently in the UV to erase or ‘“soften’’ the PROM.)

PROGRAMMING REQUIREMENTS (T = 25°C, Ve = OV, CS = 0V, Vgg = +12V + 10%)

Parameters Description Conditions Min. Typ. Max. Units
ILitp Input Current, Address and Data VN = —48V 10 mA
1L 12P Input Current, Program and VGg Inputs VN = —48V 10 mA
IgB Vgg Current (Note 2) 10 mA
IppP Ipp Current During Programming Pulse Vab = \/Erog =—48V, VGG = —36V 200 Note 1 mA
Vinp Input HIGH Voltage " 03 Volts
ViLie Voltage Applied to Output to Program a HIGH —46 —48 Volts
ViL2p Input LOW Level on Address Inputs —40 —48 Volts
ViLap Voltage Applied to Vpp and Program Inputs —46 —48 Volts
ViLap Voltage Applied to Vg Input -35 —40 Volts
tyPW Programming Pulse Width VGG = =35V, Vpp = Vpyog = —48V 3 ms
tpw Data Set-up Time 25 MS
tDH Data Hold Time 10 us
tvyw VGG and Vpp Set-up Time 100 us
typ VGG and Vpp Hold Time 10 100 us
tacw Address Set-up Time (Complement) 25 MS
tACH Address Hold Time (Complement) 25 Hs
TATW Address Set-up Time (True) 10 us
TATH Address Hold Time (True) 10 us

Duty Cycle 20 %

Note: 1. Do not allow Ipp to exceed 300mA for more than 100us.
2. Vgg supply must be current limited to 100mA max.
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Am2708

1024 x 8 Erasable Read Only Memory

DISTINCTIVE CHARACTERISTICS

® Direct replacement for Intel 2708/8708

® |nterchangeable with Am9208, Am9216 masked ROMs

Fast programming time — typically 100 sec.
TTL compatible interface signals

Fully static operation — no clocks

Fast access time — 450 ns

Three-state outputs

Tested for 100% programmability
N-channel, silicon-gate MOS technology
100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am2708 is an 8,192-bit erasable and programmable MOS
read-only memory. It is organized as 1024 words by 8 bits per
word. Erasing the data in the EROM is accomplished by
projecting ultra-violet light through a transparent quartz lid for
a predetermined time period.

When the Chip Select/Write Enable input is at the high logic
level, the device is unselected and the data lines are in their high
impedance state. The device is selected when CS/WE is at the
low logic level. The contents of a particular memory location,
specified by the 10 address lines, will be available on the data
lines after the access time has elapsed. For programming,
CS/WE is connected to +12V and is used in conjunction with
the Program input. The Address and Data lines are TTL com-
patible for all operating and programming modes.
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Chapter 12
CLOCK GENERATION

The Am9080A microprocessor requires a two-phase clock
signal with specific amplitude and timing relationships. The
Am8224 clock generator circuit provides clock signals that
meet specifications for any Am9080A microprocessor;
however, in many cases it may be desirable to construct a
clock circuit specifically for the application. This chapter de-
scribes the standard clock signals and methods of generating
them.

The standard Am9080A clock signals, represented by the
symbols @1, and ®2, are defined in Figure 12-1.

The Am8224 Clock Generator is shown in Figure 12-2. It con-
tains a crystal controlied oscillator, a clock generator circuit,
and output buffers that produce the required ®1 and ®2
amplitudes. It also contains Reset and Ready synchronization
circuits to ensure that these signals are timed correctly with
the internal operating sequences of the CPU. A detailed
description of the Am8224 is included elsewhere in this
handbook.

When designing an alternate clock circuit, there are three areas
that must be considered. These are:

e Oscillator circuit design

o Clock waveform generator design
e Clock driver circuit design

Each of these considerations is handled independently in the
rest of this chapter, but all three functions must be present in
order to replace the Am8224.

CLOCK GENERATORS

Observe that the clock period, tCY, in Figure 12-1 is the inter-
val between the leading edges of ®1. It can be expressed as a
sum of time intervals as follows:

tCY =tD3 + trd2 + tP2 + tf P2 + tD2 + trP1

The minimum specifications for each of these timing
parameters are contained in the table included with Figure
12-1. The standard Am9080A processor has a minimum clock
cycle (tCY) of 480 ns. The Am9080A-4 has a minimum clock
period of 250 ns. Other requirements are:

e ®1 and the ®2 clock pulses must not be high
simultaneously.

e Both clock pulses must be low simultaneously after the
trailing edge of ®2 and prior to the next leading edge of ®1.

CLOCK WAVEFORM DETAIL

®2

< Y >»|
[t 1D P I
®1
1
—>| D1
l<-———tfl)2-—>l
[ € 103 ———>|

CLOCK SWITCHING CHARACTERISTICS over operating range

1
tD2

Am9080A-4 Am9080A-1 Am9080A-2 Am9080A
C8080A-1 C8080A-2 C8080A
Parameters Description Min. Max. Min. Max. Min. Max. Min. Max. Units

tCY Clock Pe.riod 250 2000 320 2000 380 2000 480 2000 ns
tr, tf Clock Transition Times 0 15 0 25 0 50 0 50 ns
t®1 Clock @1 Pulse Width 50 50 60 60 ns
tb2 Clock ®2 Pulse Width 120 145 175 220 ns
tD1 P1 1o P2 Offset 0 0 0 0 ns
tD2 P2 to 1 Offset 50 60 70 70 ns
tD3 ®1to P2 Delay 50 60 70 80 ns

FIGURE 12-1 Am9080A CLOCK REQUIREMENTS

12-1



XTALT —— N
XTAL2 OSCILLATOR 1P 0sc
TANK
W —
CLOCK
GEN —D— 2
N
®2D PDIA d2TTIY
SYNC STSTB
s IS
D
RESIN 1>
— — RESET
c Q
RDYIN D Q READY
C

FIGURE 12-2 Am8224 CLOCK GENERATOR BLOCK DIAGRAM

Several approaches can be used to generate satisfactory
waveforms. One method divides the clock period, tCY, into n
equal segments. One or more consecutive segments are
detected to activate @1, @2, and the delay following ®2. One
design technique uses a modulo n counter operating from an
oscillator set to the frequency:

n_

tCY
Figure 12-3 shows the timing waveforms for generating ®1
and ®2 using several different modulo n counter techniques.

Any of the waveforms shown in Figure 12-3 will drive an
Am9080A microprocessor, but not necessarily at the
minimum rated tCY. The minimum clock period attainable for
each waveform is given in Figure 12-3. The four-segment
clock meets minimum timing parameters of Figure 12-1 with
the widest margins for each version of the Am9080A. The
four-segment clock also has the advantage of requiring an
oscillator frequency which is only four times the ®1 clock fre-
quency.

FOUR-SEGMENT CLOCKS

An inexpensive four-segment clock generator not based on a
modulo four counter is shown in Figure 12-4. The amplitudes
and pulse widths of the clock are determined by a pulse circuit
consisting of the Am0056 level converter and input coupling
capacitors. The D flip-flop connected to the inputs of the
pulse circuit provides alternate phase pulses from which the

€Lock \2f3\4/s\8)7\8)9 MINIMUM CLOCK CYCLE TIMING
o N\
Am9080A-4 AmY080A- 1 Am9080A-2 AmY080A UNITS

4 SEGMENT 2 3\4
2 250 320 380 480 nsec
o1 _J\ [ \

5 SEGMENT 250 320 380 480 nsec
B2 3 s
P17 ‘1\ ’ \

6 SEGMENT 300 320 380 480 nsec
B2 ’2 3 4\5 6.
o1 ’1 z\ / \

7 SEGMENT 280 nsec 340 nsec 410 nsec 515 nsec nsec
2 [ a I
o STA____ [\

8 SEGMENT 250 320 380 480 nsec

FIGURE 12-3 N SEGMENT CLOCK GENERATOR TECHNIQUES

12-2
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* These values of C are for 4 MHz operation with the Am3080A-4.
Other values of C can be approximated from C = (3x10'3) x required pulse width.

FIGURE 12-4 FOUR-SEGMENT CLOCK CIRCUIT TO GENERATE ®1 ®2 CLOCKS FOR Am9080A

MICROPROCESSOR

®1 and P2 pulses are generated. The ®1 and P2 clocks go to
the high level when the capacitive coupled input changes from
high to low. The duration of the pulse width is determined by
the value of the capacitor and is approximated by the equa-
tion:

C = (3 x 1073 x pulse width out

The circuit in Figure 12-4 has the advantage of requiring an in-
put oscillator frequency which is only two times the frequency
of the ®1 pulse. Therefore, the 9080A microprocessor can use
an operating oscillator frequency of only 4 MHz, and the
Am3080A-4 requires just 8 MHz.

Figure 12-5 shows the waveforms generated by the circuit in
Figure 12-4.

Another four-segment circuit for generating ®1 and $2 uses
a two-stage Johnson counter as shown in Figure 12-6. The
width of the ®1 and ®2 clock pulses are precisely determined
from the crystal controlled clock frequency applied to the cir-
cuit. However, the oscillator must be four times the frequency
of the ®1 clock period.

12-3

The two series gates at the output of @2 insert extra propaga-
tion delay to compensate for the delay in generating phase
one. This eliminates overlap in the generation of phase one
and phase two.

r’

VERT = 5V/DIV HORIZ = 50ns/DIV

FIGURE 12-5 WAVEFORMS GENERATED
BY CIRCUIT OF FIGURE 12-4
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FIGURE 12-6 FOUR-SEGMENT CLOCK WAVEFORM GENERATOR

FIVE-SEGMENT CLOCKS

A five-segment clock circuit can be constructed using the
divide-by-five counter shown in Figure 12-7.

Although three flip-flops are used in a divide-by-five counter,
the diagram of Figure 12-7B show that when the counteris in-
itialized in one of the unused states, (two, five, or seven) the
counter progresses through the non-used states to a valid
operating sequence. The count sequence of the circuit is
shown in Figure 12-7C. This circuit, as in all other clock
generators based on a counter, has the advantage of generat-
ing precisely controlled ®1 and ®2 clock pulse widths.

The input frequency from the oscillator must be 5.

tCY

EIGHT-SEGMENT CLOCKS

A suggested circuit for an eight-segment clock generator is
shown in Figure 12-8. This circuit is based on a four-stage
Johnson counter. Although the Johnson counter uses one
more flip-flop than a three-stage divide-by-eight binary
counter, it has the advantage of extreme simplicity. The
oscillator frequency applied must be eight times tCY. The
standard Am9080A using this circuit and operating at the
minimum clock period will require an oscillator operating at
16-2/3 MHz.

CK =20 MHz

D1 = 50nsec

2 == 150nsec

for 4 MHz operation
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FIGURE 12-8 AN EIGHT-SEGMENT CLOCK

MONOSTABLE MULTIVIBRATOR

It is not necessary to use counters for the generation of ®1
and ®2 in an Am9080A microprocessor system. A clock cir-
cuit based on the Am26S02 monostable multivibrator is
shown in Figure 12-9. The advantage of this circuit is that the
input clock frequency needs only to be equal to the operating
clock frequency of the microprocessor. The values for R1, C1,
C2 and R2 are shown in Figure 12-9 for a microprocessor with
a one microsecond clock period.

Figure 12-10 shows waveforms from a clock generator con-

structed from the circuit of Figure 12-9, after being amplified
by a clock driver.

+5V
Am26S02
y )
3 13
5] _ CD 6 _ ¢p 10
[ Q pF— 1 ™ 10 QpP— M
4 17 12
(] Q| n
CLOCK
1 2 14 15
F———m—e]
c1 R1 R2 G2
40pF 5K () 5K () 200pF

CLOCK _J——L__J__
o — N\ I
0w —— I

FIGURE 12-9 A MONOSTABLE MULTIVIBRATOR-BASED CLOCK
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FIGURE 12-10 WAVEFORMS GENERATED
BY CIRCUIT OF FIGURE 12-9

CLOCK DRIVER CIRCUITS

All of the clock circuits discussed so far except Figure 12-4
need buffer amplifiers or clock drivers to ensure appropriate
logic levels and signal characteristics. The circuit of Figure
12-11, based on the AmO00586, is a recommended clock driver.

Capacitors C1 and C2 couple the TTL ®1 and ®2 clocks
generated at the inputs to the Am0056. C1 and C2 can be
selected so that the pulse width is determined by the RC time
constants formed with the value of the input capacitors. The
pulse width is determined approximately by the equation:

C = (3 x 1073 x the pulse width desired

However, when this clock driver circuit is used in conjunction
with one of the n segment clock generation techniques based
on a counter circuit, the value of C may be set slightly larger
than required to ensure that the input clock pulse controls the
width of the output of the AmO0056. This eliminates variations
in pulse width due to changes in input capacitance over the
operating temperature range.




The 47 ohm resistors shown in series with the ®1and ®2 out-
puts of the AmO056 dampen ringing that may occur just after
the leading and trailing edges of the clock pulses. Any resistor
from 10 ohms to 51 ohms may be used. The resistor will
affect the rise and fall times of the clock pulses as a function
of series resistance and load capacitance as follows:

tr = tf = 2.2RSCL
Where:

tr = clock pulse rise time

tf = clock pulse fall time

RS =resistance in series with clock pulse output
CL =load capacitance

A low logic level of the clock pulses that is near or at OV is es-
tablished by developing a slightly negative power supply with
a diode clamp circuit. This is connected to the minus voltage
AmO0056 input.

High frequency decoupling capacitors are incorporated on
both the positive and negative supply inputs to the clock
driver.

OSCILLATOR CIRCUITS

An oscillator circuit based on the Am686 high speed compara-
tor does not require a crystal to maintain a stable operating
frequency. This circuit is shown in Figure 12-12. The circuitis a
relaxation oscillator providing a squarewave frequency with

+ 12V
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>
K K I 0.1
V+
VpgA
ci* 47
L
A out
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FROM DUAL .
I cLock
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OUTPUT co* DRIVER 47 AmS308
- Bin B out p——=AAA~ D1
BBB
V- 0.1
¢
1000 & IN40O1 =

<

b3

-JL

5V

* The value of C1 and C2 can be approximated
' using C = (3x10-3) x pulse width out.

minimal drift and pulse position jitter over an operating range
of 1 MHz to 30 MHz. Symmetry of the output waveform is
better than 1% at 1 MHz and better than 5% at 25 MHz. Fre-
quency stability is accurate to within 1% of 1 MHz and less
than 4% at 25 MHz. These accuracies hold for an operating
temperature range between -55°C to + 125°C. When operat-
ing the circuit over a restricted temperature range of 0°C to
70°C, the accuracies are improved by a factor of two to one
over those stated above.

For the clock rates of interest here:

1

fosc =256 cR

The oscillator output is compatible with TTL signals.

Increased accuracy of the circuit can be obtained when a
crystal is used. The crystal is connected either across resistor
R or from the ( +) input to ground.

Since the oscillator circuit shown in Figure 12-12 is a high per-
formance linear circuit, care should be taken when designing
the printed circuit to ensure that all connections within and
around the oscillator are as short as possible. The power sup-
plies that operate the high frequency comparator should be
decoupled at the circuits. A ground plane on the printed circuit
board is desirable.
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FIGURE 12-11 A CLOCK DRIVER CIRCUIT
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FIGURE 12-12 CLOCK OSCILLATOR USING
THE Am686 HIGH SPEED COMPARATOR
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FIGURE 12-13 OSCILLATOR DESIGN USING A DUAL MONOSTABLE MULTIVIBRATOR Am26123

Another oscillator incorporates dual Am26 123 multivibrators
as illustrated in Figure 12-13. The frequency of the output is
determined by the values of C1 and R1. C2 and R2 determine
the pulse width. Accuracies in both frequency and pulse width
stability can be achieved to better than =+ 1° within the operat-
ing temperature range of 0°C to 70°C.

Output waveforms for the circuit are shown in Figure 12-14.
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VERT = 2V/DIV
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Figure 12-15 shows an oscillator which is designed with the
Amb555 precision timer circuit. The duty cycle for this circuit is
determined as follows:

_ RB
D RA + 2 RB

The frequency in Hz for the output is given by:

1

F 0693 (RA + 2RBI C

When RA = RB the oscillator circuit has a duty cycle of 0.25.
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FIGURE 12-14 WAVEFORMS GENERATED
BY CIRCUIT OF FIGURE 12-13
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FIGURE 12-15 OSCILLATOR DESIGN USING THE Am555 TIMER






Chapter 13
MEMORY SYSTEM DESIGN

Memories are a major subsection of the hardware in every
microcomputer system. The typical system uses memory for
storage of both programs and data. In the typical application it
is usual to use both RAM and ROM components in the design
of the memory. The variety of memory components available
gives the microprocessor designer a wide latitude in configur-
ing his memory systems to best meet his requirements.

RAM memory components are available in both static and
dynamic organizations. However, the ease of use of static
RAMs have made these devices popular for microcomputer
applications. Static RAMs are also much more economical in
the capacities normally found with microcomputers.

Many of the techniques and considerations for organizing
static RAM configurations in this chapter apply to all types of
random access memories, including semiconductor ROMs,
EROMSs, and dynamic RAMs.

Figure 13-1 shows the general organization of memory con-
structed with static RAM and/or ROM. The CPU supplies 16
address lines to the memory to be used to access a specific 8-
bit memory location during a memory access cycle. Any one
of 65,536 locaticns can be uniquely accessed. An 8-bit Data
Bus is provided for the transfer of information between the
CPU and memory.

Two signals, MEMR and MEMW, cause the memory to per-
form active cycles, and control the direction in which data is to
be transmitted between the CPU and the memory.

CHIP SELECT DECODING

The number of chip selects that must be provided is a function
of the total memory required and the number of addressable
locations in the memory devices. For example, if a RAM
memory is to be provided with 16K bytes and the memory
components to be used are organized as 1K x 1 (e.g., the
Am9102 RAM), a total of 128 devices will be required,
organized in 16 groups of eight. Each group of eight devices
will be connected in paraliel thus forming the 8-bit wide
memory byte. For convenience we will refer to this group as a
memory page.

Sixteen similar groups, each with its own chip select signal,
are required to form the memory.

One hundred and twenty eight devices will still be required if
the Am9111 (organized as 256 x 4) is used instead of the
1K x 1 devices; however, the memory will be designed as 64
groups of twe devices. Thus 64 chip select signals will be re-
quired with a correspondingly greater amount of logic.

The 16 bits of the Address Bus are divided into two groups of
signals. The low order bits of the bus are applied directly to
the memory chips as address inputs, while the high order bits
are applied to the chip select logic. How many bits are
assigned to each group is a function of the number of ad-
dressable locations contained in the memory devices used.
Thus, the Am3102 mentioned earlier has 1024 addressable

"locations and therefore requires that the ten least significant
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FIGURE 13-1 AN Am9080A STATIC MEMORY GENERAL CONFIGURATION



bits of the CPU Address Bus be applied to all 128 memory
devices in parallel. Four of the most significant six bits of the
Address Bus are applied to the chip select logic to generate
the 16 chip select signals. In the case of the Am9111, only
eight of the least significant bits are applied to all devices
(28=256). However, since a 16K byte memory requires 64 chip
select signals, six of the most significant eight bits of the Ad-
dress Bus are applied to the chip select logic. In both cases 14
of the address bits are required.

ADDRESS BUFFERS

Additional Address Bus buffers may be necessary to provide
the required drive. The need for buffers depends on the total
number of memory components used and the system opera-
tion speed. Memory system timing is considered in Chapter
14.

Tables 13-1 and 13-2 show the input and output capacitance
and current specifications for a selection of memory devices
that may be used in the design of a memory.

TABLE 13-1 STATIC RAM CAPACITANCE SPECIFICATIONS

Am9101 Am3111|Am9112| Am9 130} Am9102{ Am9140

256x4 | 256x4 | 256x4 1Kx4 1Kx1 4Kx1
Address Inputs | 6 pf 6 pf 6 pf 6 pf 5 pf 6 pf
Data Input 6 pf -—- -—- --- 5 pf 6 pf
Data Output 9 pf --- - - 6 pf 9 pf
Data 1/0 --- Mpf | 11pf 9 pf - -

Since all memory devices are connected to the Address Bus,
the input current (ILI) must be summed for all memory devices
and compared with the specific source current for the
AmSY080A. The critical load is usually determined by the ability
of the Am9080A to supply source current at the rated V|H of
the memories.

When the microcomputer is to be operated near its maximum
operating frequency for the system design, the read and write
cycle times become critical. Then the capacitive load on the
Address Bus must also be considered. The capacitive loads of
the address inputs of all memories must be calculated and
compared with the rated capacitive load that can be driven by
the Address Bus at the required ~"Address Output Delay From
®2” (tDA) of the Am9080A. This specification is rated at a

capacitive load of 100 pf. However, larger capacitive loads can
be driven by the Address Bus if an increase in the tDA
specification can be tolerated.

Tables 13-1 and 13-2 show the current and capacitance rat-
ings of RAM memory products. Typical microprocessor
systems may use a combination of other memory products,
however.

DATA BUFFERS

Extra Data Bus buffers may be required in addition to those
contained in the Am8228 as shown in Figure 13-1.

Since the CPU Data Bus is bidirectional, the Data Inputs and
Data Outputs of the memories must be connected. In order to
prevent bus conflict, many memories with separate Inputs and
Outputs have an Output Disable signal provided which causes
output to be active only when this signal is active. Otherwise
the outputs are in the high impedance state. Normally this sig-
nal will be connected to the MEMR signal from the Am8228 so
that the outputs will only drive the Data Bus during a read cy-
cle.

The Am9102 does not have the output disable function.
Therefore, when designing with this part, separate Data Bus
buffers should be provided on the Data Output with a 3-state
control input to function as the output disable.

During a memory read cycle, the actively addressed memories
must drive not only the load presented by the Data Bus or the
Data Bus buffers, but also must supply the leakage current to
all non-active memory circuits connected to the correspond-
ing bits. If the memories used have separate Data In and Data
Out, the leakage current for both must be supplied by the driv-
ing memory. When using N-MOS memories, itis generally the
ability of the memory to supply source current to all other
memories at the VOH level that determines how large the
memory system can be without the additional Data Bus
buffer. When large memories are required, the memory
system should be partitioned into blocks with separate Data
Bus buffers assigned to each block.

When designing memory systems for microcomputers that
are operating at or near the limits of their read or write cycle
time, the capacitive load presented by the Data Inputs and
Data Outputs must also be considered. The data access time
of the memory is typically specified at 50 or 100 pf of total
load. However, RAM memories with separate Data Inputs and

TABLE 13-2 STATIC RAM INTERFACE CURRENT SPECIFICATIONS

PARAMETER DESCRIPTION TEST CONDITION Am3130 | Am9140 | Am9101 | Am9102 | Am9111 Am9112 UNITS
loH Output source Vo > 2.4V -200 -200 -200 -200 -200 -200 kA
current {min}
loL Output sink VL <0.4v 3.2 32 3.2 3.2 3.2 3.2 mA
current (min)
I Input load 0V < V)y «5.25V 10 10 10 10 10 10 uA
current (min)
, Output leakage Vout = Vee 5 5 5 5 HA
Lo current
Vout = 0.4V -10 -10 -10 -10 HA
Lo Output leakage | Vss < Vout < Vce 10 10 HA
current
All specifications have been rearranged to show the available current as a function of the rated output voltage. The data sheet guarantees the voltage
parameter at a specified current.




Data Outputs connected together to the Data Bus can present
15 pf or 20 pf for each circuit connected to a common bit of
the Data Bus. Then the number of memories connected to the
Data Bus may be restricted and additional buffers |ncorpor—
ated to break up and isolate capacitive loads.

Generally, when system access time is critical, capacitive load
considerations rather than static load will dictate the size of
the memory block that can be constructed before additional
buffers are required.

The foregoing discussion is of necessity rather general. The
wide selection of different memory types and organizations,
each with dissimilar specifications, make rules-of-thumb
about when to use separate Address and Data Bus buffers im-
possible. Each application must be configured to meet the
specific objectives of that system, and the component
specifications for the parts used consulted.

CHIP SELECTION CONSIDERATIONS

Microcomputers with large memory systems, or in which a
memory section must be generalized to operate anywhere in
the memory map, are best designed to use all 16 address bits
for memory address signals and chip selection. Decoder cir-
cuits, such as the Am25LS138 and Am25LS139, are an effi-
cient way to decode the chip selects. These circuits present a
minimum load to the Address Bus and generate several chip
select signals with a minimum number of logic packages.

Other systems in which the total amount of memory to be
used is a small portion of the 64K addressable memory space
of the Am9080A, and in which the memory is preassigned to
fixed address locations within the memory map can use less
than the full 16 lines for address and chip select decoding. The
advantages are that fewer interconnections need to be made
between the CPU and the memory modules. However, the
designer must be careful that no two assigned memory sec-
tions will respond simultaneously to any valid address which
may be generated by the program.

The AmS3080A obtains the first instruction from address loca-
tion 0000 after reset is applied to the circuit. Thus, the first in-
struction of the program must be located in page 0. There are
no constraints on where the remaining ROM and RAM may be
placed in the memory map, and locations should be selected
for the convenience of both the hardware and program design.
Memory device select logic ‘is discussed elsewhere in this
handbook.

SOME MEMORY CONFIGURATIONS

Figure 13-2 shows a 256 x8 memory constructed with
Am9111 static RAM devices. Each circuit contains 1K bits of
storage organized as 256 x 4. Two circuits thus provide the re-
quired 256 x 8-bit storage. No Address or Data Bus buffers
are provided since the small memory will not impose a load
condition beyond the capabilities of the system. Address bits
AO through A7 are connected directly to the address inputs of
both memory circuits. Address A15 is inverted and applied to
CE2 of both memories. CE1 is not needed in a small memory
system for chip select decoding and is therefore permanently
enabled by connecting it to ground. MEMR connected to Out-
put Disable (OD) causes the output drivers in the Data Bus to
become active only when a Memory Read function is re-
quested by the CPU. At all other times the output drivers are in
the high impedance state.

The memory map in Figure 13-2 shows the address assign-
ments for the RAM, as configured. Address bit A15 causes
the RAM to respond to all memory locations from address
800016 through 80FF+6. Since none of the high order address
bits other than A15 are used in the chip enable generation, re-
dundant addresses above 80FF¢ will also cause the RAM to
respond. Consequently, ROM, which may also be mapped in
the memory space, cannot use addresses above 800016 in this
configuration.

Three different configurations for a 1K x 8-bit memory system
are given in Figures 13-3, 13-4A and 13-5. Figure 13-3 uses
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the Am9102 to form the 1K by 8-bit memory. Note that the
Am9102 has separate data inputs and data outputs. Since no
output disable control signal is available in the Am9102, a
unidirectional output data buffer such as the Am25LS241
should be connected between the data outputs from the RAM
circuits and the bidirectional system Data Bus. The buffer is
controlled by the MEMR signal. When active, this signal allows
memory data outputs to drive the bidirectional Data Bus. Ad-
dress lines AOQ through A9 from the system Address Bus are
applied to the address inputs of all eight Am9102 memories.
Address A15 is inverted and supplied to the chip enable in-
puts, causing the RAM to respond to primary addresses
800046 through 83FF1e.

Figure 13-4A is an alternate construction for the 1K byte RAM
memory using the Am9111 memories. There are two
differences between this circuit and that of Figure 13-3.

First, four chip select signals must be generated from the Ad-
dress Bus to activate one of the four 256 byte groups that
make up the memory. Second, since there are four devices
connected to each bit, the Data Bus signals have more capaci-
tive load than in the example of Figure 13-3. Consequently, in
systems where memory access timing is critical, less margin is

available when using the Am9111 than with the Am3102.
Notice in Table 13-1 that the input/output capacity of the
Am9111is 11 pf. Thus, the circuit of Figure 13-4A provides 44
pf of load capacity plus the additional distributed load capaci-
tance of the interconnections to the Data Bus. However, the
AmS102 of Figure 13-3 imposes only 5 pf of load capacity on
each one of the Data Bus signals. As a consequence, much
larger memories can be constructed with the Am9102 before
the capacitive drive capability of the driving memory is ex-
ceeded. The circuit of Figure 13-4A could be expanded to a
practical limit of approximately 2K bytes of memory before
additional bidirectional bus buffers would be required to isol-
ate the increased capacitive load from the memory compo-
nents. If larger memory systems are constructed with the
Am9111, memory should be divided into blocks of 2K bytes
each, with each block isolated through a separate set of
bidirectional system Data Bus buffers.

The memory map of Figure 13-4B shows the same 1K address
assignment as Figure 13-3; however, the memory is sub-
divided into four equal pages of 256 bytes each.

A third configuration of the 1K x 8-bit memory is shown in
Figure 13-5. This circuit uses the Am9130, 4K-bit memories.
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Because of the small number of chips connected to the Data
Bus, no bidirectional bus buffers are included in the circuit
diagram. Address lines AQ through A9 are applied directly to
the address inputs of the Am9130. Address A15 is inverted
and applied as the chip select so that this memory responds
to the same addresses as the memories of Figure 13-4 and
13-3. The output disable signal is connected to MEMR, caus-
ing the |/0 pins to drive the Data Bus only during memory read
functions. An output enable signal is not needed in the small
memory configuration shown and is permanently activated
with +5 volts.

The Am9130 requires address and chip select signals to be ac-
tive at the input before the Chip Enable signal switches from
low to a high logic level. The Chip Enable causes the address
and the chip select inputs to be latched internally. MEMR and
MEMW are “"ORed’” together and applied to the Chip Enable to
generate this function.

The Am9140 4K static memory, organized as 4K x 1-bits, may
be preferred in static memory systems where 4K bytes or
more are required. An 8K byte static memory using the
Am9140 is shown in Figure 13-6A. The Am9140 memories re-
quire 12 address bits to select the desired location. Address

MEMR

MEMW

ov l o
eaEi %152 o :> T OB e b—
A
’-—j 1/0 0D 1/0 OD PAGE 0
1/2 Am25LS139 ’_?L,__I___
- TEl CET e |d E1 CE2 wel 4
A
(" At —-Do—— G vo | > — :> 170 0D PAGE 1
A3 —— A Yi I I I I I—[ ! l
A8 e g Y2 -
| | -
Y3 CE1 CEZ WE —9 CE1 e WE —4
ADDRESS A
BUS < :::> 1/0 0D > /0 OD -PAGE 2
. > G- = 2 mrl—
A
\_ 4o /0 0D /0 0D PAGE 3
k4 1K K )
‘DO D1 yDZ D3 D4 |D5| D6 | D7
) A

p
SYSTEM
DATA
BUS

FIGURE 13-4A 1K x8 RAM MEMORY CONSTRUCTED WITH Am9111 MEMORIES

83FF FrFP A8
Pﬁg';" 5 REDUNDANT 1 0
8300 RAM MEMORY 1
ADDRESSES
FF PAGE PAGE
82 RAM 83FF 3 5
PAGE 2
8200 a9
B1FF AAM
PAGE PAGE
PAGE 1 8000 ) o
8100
8OFF 0
RAM
PAGE 0
8000 0000

FIGURE 13-4B MEMORY MAP FOR FIGURE 13-4A



+5V
MEMR
EMW ‘I
Ne_
A5
‘ [ |
SYSTEM CS CE WE OD Of TS ceE WE OD OE
ADDRESS
BUS A9 A9 A9
Am9130 Am9130
A0 A0
!
/o1 /02 /03 1/04 /01 1/02  1/03  1/04
D0 DI D2 D3 D4 D5 D6 D7
SYSTEM l l 1 l
DATA
BUS

FIGURE 13-5 A 1K X 8-BIT STATIC RAM USING Am9130 MEMORY DEVICES

bits A12 and A15 from the system Address Bus are used in
generating the chip select signals to the two pages of memo-
ry. A15 has been arbitrarily selected to ensure that the RAM
will respond only to addresses at location 800016 or greater.
Notice that Figure 13-6A does not use bidirectional Data Bus
buffers to isolate the memory from the system Data Bus, nor
are Address Bus buffers required between the CPU and
memory. :

If the memory is to be expanded beyond 8K bytes, the follow-
ing consideration must be observed.

The data inputs of each data line in memory are connected
together as are the outputs. Thus the input/output load
capacity presented to the Data Bus is 21 pf. However, the
Am9140 has a rated maximum access time with a capacitive
load of 50 pf.

A memaory circuit that is accessed must drive the load capacity
of additional nonactive memories that are connected to the
Data Bus as well as the distributed capacity of the intercon-
nections and input capacity of other circuits connected to the
Data Bus. Therefore, practical considerations may make it
desirable to divide the memory into blocks of 12K bytes each
with separate Data Bus buffers.

Address assignments for the memory are shown in Figure
13-6B. The memory map shows that page O consists of ad-
dress 8000+¢ through 8FFF16. Page 1 responds to all addresses
between 900016 and 9FFF16. Both page O and page 1 respond
to several additional groups of addresses above 80001s.

A 16K-byte memory using the 4K Am3140 memory is shown
in Figure 13-7A. The system Address and Data Busses are
fully buffered to isolate the loads. Transmission line impe-
dances on the System Busses can be expected to be different

13-6

from those on a printed circuit module that might contain the
16K memory section. The buffers serve to interface between
the two different impedances, thereby reducing both the load-
ing and noise on the System Busses. Address selection is ac-
complished with most significant bits, A15 and A14. This
allows the independent selection of any of the four 16K
memory sections that can be addressed within 65,536 bytes
of memory space.

The bidirectional system Data Bus is split into unidirectional
Write and Read Data Busses. Isolating these two sets of sig-
nals splits the capacitive load that is connected to each of the
two busses. The capacitive load presented by the data output
connections from the Am3140s limits the number of 4K pages
that may be included in a RAM memory section. Each data
output presents 9 pf of capacity, as shown in Table 13-1. An
active memory page within a memory section must drive the
1/0 capacity of the three circuits which are in the high impe-
dance state plus the interconnection capacity of the printed
circuit module plus the input capacitance of the buffer.

Thus, a practical limit on the size of a memory section con-
structed with the Am9140 is 16K total bytes with individual
Data Bus buffers and address buffers. When more than 16K
bytes of memory are required in a system, two similar
modules, each with 16K bytes, may be connected to the
system Address and Data Busses in parallel. The appropriate
address connections are made on the modale to ensure that
each memory section responds to a unique set of memory ad-
dresses. Addresses are fully decoded in this configuration and
no redundant memory addresses are detected by the memory
pages.

When designing memory systems that operate at or near the
minimum memory gccess time possible, the choice of the type
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of memories to be used, and the size of the memory section
that can be constructed before appropriate Address and Data
Bus buffers are included, is dominated by the capacitive loads
that are imposed by other memory circuits connected to the
data inputs and outputs.

The need for extra Address and Data Bus buffers in
microcomputers with ample read and write access times will
usually be determined by the D.C. load conditions presented
to these two busses. Generally, the load imposed on source
current capability of a memory when its output is at VOH is

the limiting factor.

Failure to design for the maximum load conditions, both A.C.
and D.C. of the operating conditions of the microcomputer,
may cause the incidence of soft failure (error in reading or
writing) to increase at the limits of the environmental operat-
ing conditions. Because of the random nature and infrequency
of such errors, the problem is difficult to isolate. The difficulty
lies not with the incompatibility of the devices used in the con-
struction of the microcomputer; but, with the inadequacy of
the design.







Chapter 14
PROCESSOR/MEMORY TIMING

There are many memory products that can be used with the
Am9080A microprocessor. In addition to different forms of
memory organization, each type of memory is available in ver-
sions with different guaranteed access times. To ensure
operation of the microcomputer over the full range of environ-
mental conditions, it is necessary that the appropriate memory
type be chosen to function with the Am3080A. This chapter
discusses the basic timing requirements for the Am9080A in-
struction cycle, plus the timing parameters that must be con-
sidered when designing microcomputer memory systems.

A typical Am9080A microcomputer block diagram is shown in
Figure 14-1. The memory system may be composed of ran-
dom access (RAM) memory products as well as read only
(ROM) memory products.

The microcomputer initiates a memory access cycle by
generating an address that is transmitted to the memory
system via the Address Bus. Address Bus buffers may or may
not be required, depending on the design of the memory
system. Control signals originating in the Am8228 System
Controller control both the time at which the memory access
will be executed and the direction in which information is to be
transmitted on the Data Bus. A typical microcomputer con-
figuration will have bidirectional Data Bus buffers to isolate the
data signals from the memory and provide the necessary sig-
nal amplitude to interface to the Am3080A. Address and Data
Bus buffers are discussed in greater detail in Chapter 13, which
discusses static memory organization.

Memory Read Cycle

The memory read cycle for an Am9080A using non-clocked
memories is shown in Figure 14-2. Notice that two clock cy-
cles are used by the CPU to generate an address and read the
data at the addressed memory location. Figure 14-2 shows
maximum available memory access timing within which the
Am9080A microprocessor will function over the full environ-
mental operating range. The maximum allowable memory ac-
cess time is the interval between the memory address becom-
ing available to the memory circuits and the output from the
memory becoming available to the Data Bus.

The time delay for chip select decode logic is not included in
the access time calculation. Typical chip select decode logic
circuits will introduce delays that are generally on the order of
15 to 30 ns. However, the specifications for typical memory
products show that the chip select signal can be appiied
somewhat later than the address without introducing extra
delays in the availability of data. The critical memory accesd
path for the read cycle is from the time that the memory ad-
dress is available until the data read from the selected location
is available to the microprocessor.

The equation for caiculating the maximum allowable memory
access time can be derived from timing parameters as follows:

tACC = 2tCY - (tr + tDA + tBA + tDS2 + tMB)
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This equation is quite general for 8080A/9080A-based
microcomputers using non-clocked memories and includes
allowance for both address and memory data buffers.

In the smallest memory systems, (that is, memories that are
typically less than 2K bytes), when using 1K memory circuits,
Address buffers and extra memory Data Bus buffers other
than those incorporated in the Am8228 will not be required.
Larger memory systems (those requiring approximately 2K
bytes of memory or more) may require the use of Address Bus
buffers. Additional Data Bus buffers may also be required de-
pending on the type of memory circuits that are used and the
capacitive and DC load conditions presented by the memory
circuits to the Data Bus. The corresponding delays in pro-
pagating signals (addresses, and data) through these buffers
must be subtracted from the maximum available memory ac-
cess time. This means that microprocessors with larger
memory systems have tighter constraints on the maximum
allowable memory access time in order to ensure reliable
operation over the full environmental conditions.

Tabie 14-1 shows assumed delay parameters for each version
of the Am9080A microprocessor. Three sets of parameters
are listed for each version. The first set assumes that no Ad-

dress Bus buffers, nor separate memory block Data Bus
buffers are required. This will be characteristic of small to
moderate memory systems. The second entry for each
microprocessor includes allowance for address buffers. Larger
memory systems will require that the memory be partitioned
into blocks with separate Data Bus buffers for each block to
isolate the DC and capacitive loads from the Data Bus system;
this is shown as the third entry. Table 14-1 shows that as ad-
ditional memory buffers are included, their propagation delays
subtract from the minimum allowable memory access time of
the circuits used in the memory. For example, the Am9080A
with a minimal memory system operating with a 480 ns clock
period can accept a memory circuit with an access time of 560
ns or less. However, when the same microprocessor is used
with a large memory system, memory components with a
minimum access time of 500 ns must be used if the clock
period is to be retained at 480 ns.

The tACC equation given earlier in this chapter shows that
there is a linear relationship between all the timing parameters
and the minimum allowable memory access time. Thus, it is
possible to increase one of the timing parameters in order to
decrease another parameter, without altering the maximum
allowable access time.
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tDS2 DATA IN TO ®2 CLOCK SET UP Am9080A 150 ns
tDB DATA BUS PROPAGATION DELAY Am8228 30 ns
t™MB MEMORY BUFFER DELAY MEMORY BUFFER 30 ns EXPECTED MAXIMUM
tACC MEMORY ACCESS TIME MEMORY

FIGURE 14-2 READ CYCLE TIMING FOR NON-CLOCKED MEMORIES
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TABLE 14-1 MAXIMUM AVAILABLE MEMORY ACCESS TIME FOR VARIOUS SYSTEM CONFIGURATIONS

SYSTEM MIN MAX(1) MAX MAX(2) MIN MAX MAX(2) MIN
tcY tr tDA tBA tDS2 1DB t™MB tACC
1 0 0 560
2 Am3080A 480 20 200 30 150 30 0 530
3 30 30 500
4 0 0 405
5 Am9080A-2 380 20 175 30 130 30 0 375
6 30 30 345
7 0 o 320
8 Am080A- 1 320 20 150 30 120 30 0 290
30 30 260

1) 2 generated by the Am8224 has a max rated tr of 20 nsec.

2) Address Buffers are assumed for medium to large memory systems and separate
memory block Data Buffers are assumed only for larger memories

The tACC equation may be rearranged to solve for the
minimum microprocessor cycle time (tCY) as a function of the
memory circuit access time. tCY is given as follows:

tCY =1/2(tACC + tr + tDA + tBA + tDS2 + tDB + tMB)

Figure 14-3 shows the minimum allowable processor cycle
time (tCY) for the Am3080A versus available memory access
time for three different system configurations. Each of the
curves terminates in the lower left-hand corner at 480 ns tCY
which corresponds to the minimum allowable microprocessor

cycle time for the Am3080A.
The curves can be used in two ways.

e The required maximum memory access time can be deter-
mined from the curves if the microprocessor clock period
(tCY) is known.

e If the memory system is constructed with components hav-
ing a known maximum address access time, the minimum
usable microprocessor clock period can be determined.
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FIGURE 14-3 MINIMUM Am9080A CYCLE TIME VS MEMORY ACCESS TIME FOR THREE MEMORY CON FIGURATIONS
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FIGURE 14-4 MINIMUM CYCLE TIMES OF DIFFERENT Am9080A MICROPROCESSORS WITH SMALL MEMORIES

Figure 14-4 shows the minimum cycle time of different ver-
sions of the Am9080A microprocessor configured with
minimal memory systems versus memory access time. Each
one of the curves terminates at the minimum rated clock
period at which the corresponding microprocessor can be
operated.

Timing for the memory read cycle is slightly different when
constructing memory systems with clocked memories like the
Am9130 and Am9140 4K static memories. Figure 14-5 shows
the organization of the microcomputer using these devices.
Figure 14-6 shows the timing for memory read operations.
The maximum allowable memory access time (tA) is calcul-
ated as follows:

tA=2tCY —(tr + tDS2 + tDB.+ tMB + tDSS + tDC + tCB)

tr
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tDB
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2 rise time
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FIGURE 14-6 MEMORY READ OPERATION WITH CLOCKED MEMORIES

The critical timing for memory systems constructed with the
Am9130 and Am9140 consists of the delays that accumulate
until the Chip Enable signal is activated, the access time of the
memory, and the delay in propagating the output back to the
microprocessor Data Bus. Addresses are applied to the ad-
dress inputs of the memories and are used for chip select
decoding in the same way as for non-clocked static memories
discussed earlier. However, the address generation is not the
critical path for memory timing with this configuration.

Figure 14-5 shows that the STSTB signal, generated in the
Am8224, is delayed from the leading edge of $2. STSTB
latches the status bits from the CPU and causes the MEMR
signal to be activated during a memory read cycle. However,
additional delays are encountered in the Am8228 in generating
the MEMR signal as indicated in the parameter tDC. The
Am9080A timing is such that the address outputs will be sta-
ble to the memories well before the MEMR signal is energized.
However, memory access time for the clocked memories is
measured as the interval between the Chip Enable signal
becoming active high and data being available at the output of
the memory circuit.

The delays corresponding to propagation of signals through
memory data buffers in larger systems is reflected in the tim-
ing parameter tMB. Parameter tDF describes DBIN delayed
from the rising edge of ®2. This signal is used to gate the out-
puts from the memory through the Data Bus buffers con-
tained in the Am8228 to the CPU. The system timing is,
however, such that this delay will be considerably shorter than
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the access time of the memory and therefore will not appear in
the critical path. For this reason it does not appear as a term in
the tA equation for calculating memory access time.

The equation is rearranged to solve for tCY as follows:
tCY =3/4(tA + tDC + tCB + tDB + tDS2 + tr)

Table 14-2 shows worst case timing parameters for each of
these terms.

The equation is plotted in Figure 14-7 for the different
Am9080A microprocessors configured with different speed
versions of the Am9130/9140 memories.

The_timing diagram of Figure 14-8 shows the memory write
(MEMW) signal as_having the same shape but delayed from
the write pulse (WR). WR is generated whenever an output
from the microprocessor is generated regardless of whether
that output is to be written into_memory or /0. The MEMW
signal is generated from the WR signal only during those
machine cycles in which a write is to be performed to the
memory. This signal can be used to activate the read/write
line of the memory circuits.

Memory Write Cycle

The memory write operation requires an address to be gener-
ated by the CPU; data must be placed on the Data Bus, and a
write pulse must be applied after both the address and the
data are stable. A typical configuration for a microprocessor
system incorporating non-clocked memories is shown in
Figure 14-1. The write cycle timing for this circuit is shown in
Figure 14-8. The critical timing delays are the length of time it
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TABLE 14-2 TIMING PARAMETERS ASSUMED FOR FIGURE 14-7

CLOCK TIMING PARAMETERS (ns) ACCESS
PROCESSOR PERIOD tA
ns 2cY DSS C 1CB - 0B 1DS2 t ns
480 960 320 a5 10 30 150 20 385
Am9080A 491 982 325 45 10 30 150 20 400
566 1132 375 45 10 30 150 20 500
380 760 253 45 10 30 130 20 272
401 802 265 45 10 30 130 20 300
AmS0BOA-2 476 952 315 45 10 30 130 20 400
551 1102 365 45 10 30 130 20 500
320 640 213 40* 10 20+ 120 20 217
382 764 260 40+ 10 20% 120 20 300
Am9080A- 1
ma08 457 914 310 40° 10 20+ 120 20 400
532 1064 360 40+ 10 20+ 120 20 500

*From Am8238-4 spec
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takes to generate the address and decode the chip select sig-
nals to the memory circuits, and the length of time it takes to
make data available from the CPU to the memory inputs. Both

- of these delays must be completed, and the address and data
to the memories must be stable before the write pulse is initi-
ated. In the circuit diagram of Figure 14-1, the memory circuit
write control signal is operated by the MEMW signal originat-
ing in the Am8228. The minimum and maximum time delays
specified for the components shown in Figure 14-1 are con-
tained in the table at the bottom of Figure 14-8. An analysis of
these timing parameters will indicate that there is sufficient
time for both the address and data to become stable before
write pulses apply to ensure that there is no critical timing path
during the memory write cycle.

When constructing memory systems with the AmS080A
microprocessors, care must be exercised to ensure that data
is not removed from the memories significantly before the
write pulse is deactivated. When the microprocessor consists
of the Am9080A CPU, Am8228 Clock Generator, and Am8228
System Controller, proper operation of the memory write cycle
over the full environmental operating conditions is assured.

The foregoing discussions are centered on memory speeds
necessary to allow the microprocessor to operate at its
minimum rated clock period. However, it is possible with the
Am9080A to construct a microcomputer that uses memory
products with slower memory cycle times than those that
allow the microprocessor to run at its full operating speed. To

T3
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®1 / \ \
—-D‘ g tr
®2 [ \ [ \ [
—>
J tBA
ADDRESS
GENERATION BUFFERS
DELAYS
CHIP ENABLE SIGNAL ACTIVE .
-
—> tDD
DATA AVAILABLE FROM CPU
DATA € | %~ 0 nsec
PROPAGATION DATA DELAYED THROUGH Am8228
hcAT 3 I
tMB
DATA DELAYED IN MEMORY BLOCK BUFFER -
L~> > ls— 10C —] C
R h -
- f— tWR -] [ tWR
MEMW
— - CB - tCB
MEMW BUFFERED
PARAMETER DESCRIPTION CIRCUIT MIN. MAX. UNITS COMMENTS
Y CLOCK PERIOD Am8080A 250 2000 nsec
tr CLOCK RISE TIME Am8224 20 nsec
tDA CLOCK 2 TO ADD DELAY AmS080A 200 nsec
BA ADDRESS BUFFER DELAY ADD BUFFERS 30 nsec EXPECTED MAX.
tCE CHIP ENABLE LOGIC DELAY C.E. LOGIC 30 nsec EXPECTED MAX.
DD CLOCK ®2 TO DATA DELAY Am9080A 220 nsec
t€ DATA PROPAGATION DELAY Am8228 30 nsec
tMB MEMORY BUFFER DELAY MEMORY BUFFERS 30 nsec
tDC CLOCK TO CONTROL DELAY AmMI080A 120 nsec
tWR WR TO MEMW DELAY Am8228 5 45 nsec
B CONTROL BUFFER DELAY 30 nsec WHERE REQUIRED

FIGURE 14-8 MEMORY WRITE CYCLE TIMING
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ensure that information is not lost, the memory system can
request that the Am9080A temporarily suspend its operation
and wait until the memory has completed its access. This is
accomplished by applying a ‘Ready signal to the Am9080A
CPU. A memory read cycle begins with the Ready line normally
high. The CPU initiates a memory access cycle and supplies
the address to the memory system. The memory responds by
deactivating the Ready line with a low level input for a time
sufficient to allow the memory system to complete the ac-
cess. After the appropriate time delay, the Ready signal would
be returned to the high level and the microprocessor resumes
its normal operation. Figure 14-9 shows the timing required to

inject the Wait state into the machine cycle with the deactiva-
tion of the Ready input. The Ready input must be deactivated
for the minimum period labeled tRS prior to the trailing edge of
®d2. The Wait state is entered on the next following leading
edge of ®1. Wait is shown delayed from the leading edge of
@1 by the time period tDC. The Am9080A remains in the Wait
state until the Ready line is returned high. During the time that
the CPU is in the Wait state, the Address Bus will hold its out-
put to the memory system. If a write cycle is in progress the
Data Bus outputs will remain stable for the duration of the
Wait state. MEMR and MEMW signals also remain stable.

T1 STATE | T2 STATE |

N N

TW STATE

TW STATE

[\

I T5 STATE

lr___1

b2

1
1 tDA

|

ADDRESS
BUS

m ADDRESS BUS STABLE

I
tRS

READY

tRS

ber-|

RS i(—ﬁ

.

1 X

l
T

|
|
T
I

——

WAIT

|
|
|
"‘P

tDC

tDC

j——*“—-

FIGURE 14-9 WAIT CYCLE OPERATION
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Chapter 15
INTRODUCTION TO INTERRUPTS

A program is executed by a microprocessor in order to imple-
ment the transfer functions required in the microcomputer
system. Most programs obtain information from external
devices (inputs) and transfer results to external circuits (out-
puts).

The service requirements for input/output devices, however,
have a wide latitude. For example, a telecommunication ter-
minal operating at 110 baud generates or requires a new infor-
mation bit every 9.09 milliseconds; a limit switch in an in-
dustrial process may only actuate once a day or less; a CRT
display may need service every microsecond. After a data bit
is presented to a communication channel, the program has
about 9 milliseconds in which to prepare the next bit of pre-
sentation. However, in the latter example, the closure of a limit
switch may require immediate attention. Thus, the methods of
servicing the 1/0 devices by the program must be tailored to
the characteristics and requirements of the devices.

There are two general ways in which a program services 1/0
circuits.

e Program Controlled 1/0
e Interrupt Driven 1/0O

PROGRAMMED 1/0

Programmed 1/0 exists when the program is structured to
periodically test 1/O circuits to determine their operational
condition. With more than one I/O circuit, the process of test-
ing each 1/0 in sequence is known as polling. If an I/0 needs
service when polled, the program may record this event for
later processing or may immediately enter the 1/O service
routine.

Programmed 1/0 techniques are best used when:

e The frequency of service required by an 1/0 device is known
and the service time required is relatively long, or

@ The program has few other tasks that can be performed
while waiting for 1/0O operations.

The frequency at which an 1/0 circuit is polled is determined
principally by the time required to completely service it. Thus,
if a device must be serviced within one millisecond after it is
ready, it must be polled at a frequency greater than one kHz.
The polling frequency of the device is calculated as follows:

1
P =

tF + tP + 1S

where: tFis the maximum time to complete the current
program task subsequent to the 1/O device

becoming ready for service.

tP is the maximum time for the program to
complete the polling subroutine and identify
the 1/0O device that needs service.

tS is the time required to execute the 1/0 ser-
vice subroutine (or a portion of the subroutine
required).
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Polling Instruction
Sequence Entry
Point

l

Read Status 1

YES
NO

Service
Device 1
Read Status 2
Service
Device 2
NO
Read Status 3
Service
Device 3

FIGURE 15-1 POLLING PROGRAM LOGIC

Assume an 1/0 device generates a service requirement once
every second and requires service within one millisecond after
the request.

The 1/0 device must be polied at a frequency greater than
1,000 times a second. However, only when the device requires
service will an I/0 subroutine be executed. The remaining poll-
ing sequences consume microprocessor execution cycles with
no useful transfer functions being executed. Implementing
programmed 1/0 consists of including an instruction sequence
which periodically scans external 1/0 device status conditions.
The program which tests the status must contain logic which
branches to an appropriate 1/0 service routine upon detecting
the appropriate status.

If a number of different external logic sources need to be ser-
viced by a single microprocessor, the program being executed
by the microprocessor will contain an instruction sequence
which checks the status of each external logic device in turn.



This is the polling subroutine. Programmed logic associated
with polling is illustrated in Figure 15-1.

Each polling step in Figure 15-1 can be implemented, with the
8080A/9080A 1/0 instructions, as follows:

IN STATX Input Device Status
JNZ PROGX If not zero, branch to device
service routine

For the usual case where the non-zero condition exists, these
two instructions execute in 20 machine cycles, which require
between 3.75 and 10 usec, depending on the microprocessor
and clock period in use. If a microcomputer system must ser-
vice ten different external logic sources, and each poll requires
7.5 usec all ten external sources can be polled in 75 usec.

in many microcomputer systems, the program receives data
from the /0 sub-system before proceeding and may be suffi-
ciently lightly loaded that the polling overhead is not a prob-
lem.

INTERRUPT 1/0

In contrast to programmed 1/O, where the microprocessor
schedules all events, interrupt I/0O allows external logic to
force program execution sequence changes. Figure 15-2 il-
lustrates the logical concept of an interrupt.

MAIN
PROGRAM
FLOW

INTERRUPT REQUEST ———3»

FROM DEVICE '4—-— FINISH CURRENT INSTRUCTION
o SUBROUTINE
RE-ESTABLISH TO SERVICE
MAIN PROGRAM THE PARTICULAR
AT POINT OF DEVICE
ORIGINAL MAIN
INTERRUPT PROGRAM RETURN
\ INSTRUCTION

FIGURE 15-2 PROGRAM FLOW SHOWING THE MAIN
PROGRAM BEING INTERRUPTED

A microprocessor that supports interrupts will have a specific
signal or signals via which external logic can request an inter-
rupt. The microprocessor will acknowledge an interrupt upon
completing execution of one instruction and before starting
execution of a new instruction. At its most elementary level,
the process of acknowledging an interrupt involves saving the
Program Counter contents - which addresses the object
code for the instruction which was about to be ex-
ecuted - then loading some new address into the Program
Counter. These steps are illustrated in Figure 15-3.

The interrupt occurs at A while the instruction location MR is
executing. When the instruction is completed, the CPU disa-
bles further interrupts and generates an Interrupt
Acknowledge machine cycle during which the interrupting
device inserts an extra instruction to be processed (shown at
B). This instruction is usually a Restart (RST) or a Call. Either of
these instructions causes the Program Counter contents (now
MR + 1) to be saved (C) in the area of memory pointed to by

the contents of the Stack Pointer + 1. The RST or Call in-
struction causes the Program Counter to be loaded with the
location of the first instruction (SR) shown at D. The interrupt
service routine is executed and control passed back to the
main routine. Interrupts are re-enabled at E if not re-enabled
earlier (instruction at location SR + k-1). A Return (RTN) in-
struction is executed at F (instruction in location SR + k). This
causes the Program Counter contents to be read from Stack
locations SP + 1 and SP + 2 and loaded to the Program
Counter. The next instruction of the main routine (at location
MR + 1)is now loaded (G) to the Instruction register and ex-
ecuted.

PROGRAM ”R(?G“AM
COUNTER ¢ i
CONTENTS (5 A memory SONTENTS
| MR

SR B MR + 1

SR+ 1 MR +2

SR+2 5

[}
: i sp
| ©— SP+1
SR+ k-1 E SP2
SRk RTN

FIGURE 15-3 SEQUENCE OF EVENTS FOR
INTERRUPT PROCESSING

An interrupt subroutine in which only the Program Counter is
saved is limited to processing instructions which do not dis-

- turb the contents of CPU registers which may be in use by the
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main routine; more commonly, registers are used by both the
main routine and the service routine. In this case, it is fre-
quently necessary to save the contents of the A, B, C, D, E, H
and L registers as well as the contents of the program status
word before servicing an interrupt. Once the interrupt service
routine has completed execution, all these register contents
must be restored. If Stack instructions are used to save and
restore register contents in pairs, then the following instruc-
tion sequence represents the overhead associated with every
interrupt service routine:

PUSH PSW Save PSW and A
PUSH B Save B and C
PUSH D Save D and E
PUSH H Save H and L

Start of interrupt service routine

End of interrupt service routine

POP H Restore registers
POP D

POP B

POP PSW

These eight instructions execute in 84 machine cycles. In addi-
tion, the Enable Interrupts and Return Instructions, when used,
add 15 cycles.

Provided that a single external logic source can request inter-
rupts, the interrupt acknowledge process is very straightfor-
ward. By way of contrast, the polling overhead is 20 machine
cycles per interrupting source.



When more than one external logic source may request an in-
terrupt, three additional considerations need to be addressed:

1) Following an interrupt acknowledge, the microprocessor
must have some means of identifying which external
source requested the interrupt.

2) In the event that more than one external logic source is re-
questing interrupt service simultaneously, interrupt request
priorities must be arbitrated.

3) Some method to selectively enable and disable interrupt re-
quests from specific devices may be desired.

SOURCE IDENTIFICATION IN MULTIPLE INTER-
RUPT CONFIGURATIONS

When dealing with multiple interrupts, microcomputer
systems in general provide two methods of determining their
interrupting source: polling and vectoring.

Polling is similar to the program sequence illustrated in Figure
15-1; however, the instruction sequence is executed following
an interrupt acknowledge, that is, at the beginning of the inter-
rupt service routine.

If, following an interrupt acknowledge, instructions have to be
executed to determine the source of the interrupt request,
then interrupt logic has enabled the asynchronous execution
of the polling sequence -- and that is all. The fact that the
polling sequence follows an interrupt request means that at
least one active interrupt request is present. In programmed
1/0, the polling instruction sequence may be executed many
times when no external logic is requesting 1/0O service.
Therefore, initiating execution of the polling sequence has
merit, even though response time to a service request is still
long.

Vectoring is a far more efficient method of handling interrupts.
Vectored interrupt logic requires that the device requesting in-
terrupt service identify itself by contributing to the address
which is loaded into the Program Counter following the inter-
rupt acknowledge. Thus, vectored interrupt acknowledge logic
causes different addresses to be loaded into the Program
Counter such that each address is specific to a single external
interrupt request. Now program logic spends no time deter-
mining the source of the interrupt and can service the interrupt
immediately. Figure 15-4 illustrates vectored interrupt logic.

The 8080A/9080A provides two means of implementing vec-
tored interrupt logic. When the Am9080A acknowledges an
interrupt, it outputs an interrupt acknowledge status (INTA); in
response to INTA, the microprocessor anticipates receiving,
on the Data Bus, the object code for one instruction to be ex-
ecuted in response to the interrupt acknowledge. Typically this
instruction will be a Restart (RST) or a Call.

8080A /9080A interrupt logic has been described in detail in
the processor description elsewhere in this Handbook. The
following is a summary of the interrupt acknowledge event se-
quence:

1) External logic requests an interrupt by placing a high signal

at the microprocessor INT input.

Provided that interrupts have been enabled, the

microprocessor will acknowledge the interrupt upon com-

pleting execution of the current instruction.

3) Interrupts are disabled.

4) Upon acknowledging an interrupt, the microprocessor ex-
ecutes a special interrupt acknowledge Instruction Fetch
sequence. During this Instruction Fetch sequence, the Pro-
gram Counter contents are not incremented, and an INTA
status is output on the Data Bus during the second clock
period of the INTA machine cycle. The Am8228/38 System
Controller device automatically converts this INTA status
into an INTA control signal.

5) INTA causes an instruction to be placed on the Data Bus.

6) The instruction inserted by the interrupting device during
the active INTA signal is executed.

2

External logic must sense the INTA status or control signal and
respond to it by performing whatever priority arbitration or in-
terrupting device identification steps may be required. It must
also generate the instruction code required by the
microprocessor during the interrupt acknowledge sequence
and must place it on the Data Bus. Any instruction, with the
exception of the XTHL instruction, may be returned by exter-
nal logic during the interrupt acknowledge Intruction Fetch se-
quence. Most frequently the Restart or Call instructions are
used.

Microcomputer systems with only one interrupting device may
have the RST 7 instruction inserted automatically by the
Am8228/38 System Controller. Thus, no external logic is re-
quired. This application of the System Controller is described
in Chapter 5.

INTERRUPT ACKNOWLEDGE
INTERRUPTING DEVICE
VECTORS
TO ONE SUBROUTINE

MAIN
PROGRAM
FLOW

[ e INTERRUPT REQUEST

%

INTERRUPT RETURN
SUBROUTINES MAIN
PROGRAM

FIGURE 15-4 PROGRAM FLOW WITH SEVERAL INTERRUPTING DEVICES
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The circuit of Figure 15-5 generates one éf three interrupts the concurrent interrupts should be serviced first.

using only one additional buffer circuit (Am25LS240) and an The circuit of Figure 15-6 expands the Am9080A microcom-
OR ~gate. When multiple interrupts occur concurrently, the puter to provide for eight interrupting devices using the
resulting combined Restart instruction will load the Program Am25L.S2513 priority encoder. Three-state output circuits

Counter with the address of a location other than one of the allow the encoder to connect directly to the System Data Bus.
three desired interrupt subroutines. A service routine would

then be programmed at this location to determine which of

SYSTEM DATA BUS
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DB2 - L
DB3 =
DB4 & :
DB5 >
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FIGURE 15-5 Am9080A MICROCOMPUTER WITH THREE INTERRUPTS
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FIGURE 15-6 PRIORITY ENCODED RST INTERRUPT INSTRUCTION
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The other five Data Bus signals are returned to V¢ through
pull-up resistors to ensure that the full 8-bit Restart vector is
generated when the INTA signal is active. The resistor values
shown are representative only and must be selected indepen-
dently for each system to provide the optimum trade off bet-
ween fast capacitive charge time and minimum D.C. load on
the bus.
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Chapter 16
BASIC TIME DELAYS

The generation of time delays represents an important part of
many microcomputer systems. This is particularly true of the
on-line control of industrial processes into which so many
microprocessors are incorporated. Film developing, copy
machines, chemical reactions, heat treatment, space vehicle
guidance, home appliance control, etc. are examples of ap-
plications in which timing becomes a significant part of the
control process. Even in conventional data processing and dis-
play terminals, time delays are an important function. The
generation of time delays and recording of real time eventsis a
requirement of the microcomputer in these and other applica-
tions.

There are two commonly used methods of generating time
delays.

e Programmed timing loop
e Externally generated timing

The principal advantages of the programmed timing loop are
the ease with which it can be created and the elimination of
any additional external circuits to generate the time delays.
Program generated time delays are based on executing an in-
struction sequence, where the time taken to execute instruc-
tions can be computed exactly. In the simplest case, an ele-
mentary instruction loop is executed some fixed number of
times. Consider the following instruction sequence:

Clock

Periods
MVi A,COUNT  Load initial counter value 7
LOOP DCR A Decrement Counter 5
JNZ LOOP Repeat if not zero 10

An initial constant, represented by the label COUNT, is loaded
into the Accumulator. The next two instructions decrement
the Accumulator contents and test for zero. When the Ac-
cumulator contains 0, execution falls through the delay se-
quence. The DCR and JNZ instructions form a loop which ex-
ecutes in 15 clock periods. The initial MVI instruction executes
in 7 clock periods, so the total time delay is given by the equa-
tion:

DELAY = [ 15(COUNT)+ 7tCY

Where: COUNT is the value loaded to the Accumulator at the
start of the delay.

tCY is the microprocessor operating clock period.

tCY typically varies between 250 and 500 nsec depending on
the Am9080A version used. The maximum time delay is
generated when COUNT initially equals 0, since the Accumula-
tor will contain FFi following the first decrement. Thus,
assuming a 500 nsec clock, the instruction sequence illustr-
ated above will generate time delays ranging from 11 through
1923.5 usec, in increments of 7.5 usec.

The length of the time delay can be increased in several ways
including:

e Insert more instructions in the basic timing loop.
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o Use counts which are greater than eight bits in length.
o Repeat the delay routine several times.
Longer timing loops can be programmed with the use of non-

functional instructions such as NOP, ANA A, ORA A, as in the
following sequence.

Clock
Periods
Mvi A,COUNT  Load initial counter value 7
LooP NOP Pause 4
NOP Pause 4
DCR A Decrement Counter 5
JNZ LOOP Return if not zero 10

This routine has a delay which is:
DELAY = [23(COUNT)+ 7]tCY

The minimum and maximum delays achievable with this loop
using an 8-bit value for COUNT are 15 usec and 2947.5 usec
respectively, assuming tCY is 500 nsec. The delay time incre-
ment is 11.5 usec.

Rather than using longer strings of NOP instructions to in-
crease the delay, nonfunctional instructions with longer ex-
ecution times may be used as in the following example.

Clock.
Periods
Mvi A,COUNT Load initial counter value 7
LOOP ANI OFFH Pause 7
ANI OFFH Pause 7
DCR A Decrement Counter 5
JNZ LOOP Return if not zero 10

The delay generated by this routine is 18 psec minimum and
3715.5 usec maximum assuming a tCY of 500 nsec and an 8-
bit value for COUNT. The minimum increment is 14.5 usec.

The disadvantage of increasing the timing delay by inserting
nonfunctional instructions in the loop is that the minimum in-
crement of delay is increased. However, the resolution, ex-
pressed as a per cent of maximum delay, is constant.

Delays that must be implemented with a small incremental
value, but which must be capable of large delay intervals, can
be implemented with larger binary numbers for COUNT.

Here is a possible instruction sequence based on a 16-bit
value for COUNT.

Clock
Periods
LXI B.CNT16 10
LOOP DCX B 5
MOV  AB 5
ORA C 7
JNZ LOOP 10

The time delay is computed by the following equation:
DELAY = [27(CNT16) + 101tCY

CNT16 can assume any value in the range O through 65,536.



Assuming a 500 nsec clock, the total time delay computed will
vary between 18.5 usec and 0.884741 seconds, in increments
of 13.5 usec.

The maximum time delay is generated by loading O into the B
and C Registers with the LXl instruction. Following the first ex-
ecution of DCX, 0000 will decrement to FFFFe.

The DCX instruction does not set any status flags. Therefore,
the following MOV and ORA instructions are required. These
two instructions OR the contents of the B and C Registers,
leaving the results in the Accumulator. If both the B and C
Registers contain 0, then the ORA instruction will set the 0
status flag and cause execution of the time delay loop to ter-
minate.

The disadvantages of using program generated time delays
are that no otherwise useful instruction sequences can be ex-
ecuted during the time delay, and multiple time delays are
difficult, if not impossible, to generate simultaneously.

Both of these objections are avoided if time delays are gener-
ated externally to the microprocessor. Additional circuits are
added to the /0 system to generate the required delays under
program control. If additional delays are required by the logic
of the program, additional circuits are added as required. The
program sets or initiates the time delays by setting specific
flags in preassigned 1/0O ports as shown in Figures 16-1 and
16-2. When the delay terminates, it sets an input bit in a
preassigned /0 port.

3 END OF DELAY

7 P START DELAY

1/0 Port C
in Mode O

FIGURE 16-1 USING AN Am9555 PPI IN MODE 0 TO
CONTROL A TIME DELAY

The program can be alerted by the timer that the delay has ter-
minated in one of the following ways.

@ The program may periodically test the input bit to determine
if the delay has terminated.

e The timer may activate the interrupt request line to the CPU.

In the former case, the same problems with sampling the timer
status flag (i.e., resolution is dependent on the length of the
sampling programs, and the program is not completely free to
process other functions) exist. Activating the interrupt with
the termination of the time delay frees the microprocessor to
perform other functions without the overhead of periodically
sampling the timer status at the |/O port; however, additional
1/0 circuits must be provided for the timer interrupts.

External timers may be constructed with any of the usual
techniques for generating time delays such as:
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o Monostable multivibrators (one-shots)
o Counter operation from a predetermined clock source.
When several time delays are to be generated concurrently,

these methods have the disadvantage of requiring more 1/0
circuitry.

vee
vee J_
—> LH " —>
FROM 1/0
S INT
PORT PIN B a b Q
Am25LS123
A2 or Am25LS175
Am74123
Al a »{ CK a
R [ CIR
i 3
>
% INTA -hDo—
Vee
B __< E -—-—-
Q t
INT -
INTA - ‘;l |

FIGURE 16-2 USING A MONOSTABLE MULTIVIBRATOR TO
GENERATE A TIME DELAY

An alternative technique is to use memory locations that are
incremented or decremented to perform the time delay
counter functions as in the technique used by the program-
med delay loop discussed earlier. The difference is that no
delay loop is incorporated to generate delay time. Rather, an
external clock source is provided which is connected to the
INT line of the CPU to signal the program that a time mark has
occurred. Figure 16-3 shows how this approach may be im-
plemented.

Multiple time delays and real time counters are easily incorpor-
ated in this technique by assigning additional memory loca-
tions as required. Each time the time mark generator (+N
counter) causes an interrupt, the program stops its current
task, increments or decrements each assigned timer location’
and tests for terminal counts. If one or more timers have ter-
minated, the interrupt subroutine which decrements the timer
locations sets flags to be tested and acted on by the main
routine after the interrupt subroutine has completed. The main
routine may initiate time delays asynchronously at any point in
the program where required by setting the delay count value in
the assigned timer memory location. The program control se-
quence to initiate a time delay is as follows:

1) The main program sets the desired time delay count into
the assigned memory location.

2) An assigned bit is set in a special memory location that
stores flags to indicate when timers are active.

3) The main routine continues normal processing until the
timer interrupt occurs.

4) The interrupt subroutine decrements each currently active
timer memory location and tests each for zero count.



5) The interrupt subroutine resets the timer flag for each
timer memory location which is detected to be zero.

6a) Control is passed back to the main routine to resume nor-
mal processing; or,

6b) The interrupt subroutine performs whatever special pro-
cessing is required by the application at the end of the
time delay before returning control to the main program.

This method allows inclusion of additional timers and real time
clocks to the application without expansion of 1/0 circuits, yet
avoids utilizing the CPU processing capability to generate time
delays.

The interval between time marks should be as long as practical
to minimize the amount of processor capacity that is required
to maintain the interval timers. On the other hand, the time
marks must be generated by the +N counter frequently
enough to provide the resolution needed by the timer requiring
the smallest interval. Generally, when all timers are muliples of
a single time mark interval, the interval can be made longer

than when a completely nonsynchronous relationship exists
between timer intervals.

If several timers must be used with one or a few having much
higher resolution than the rest, two or more time mark genera-
tors can be incorporated in the external logic. Each mark is as-
sociated with a separate time delay subroutine which main-
tains interval timers only requiring high resolution or low
resolution. The processing overhead associated with main-
taining timers is therefore reduced.

In summary, use of program instruction sequences to gener-
ate time delays is recommended when the microprocessor is
under-utilized in a microcomputer system. |f the
microprocessor has no useful instruction sequences to ex-
ecute during a delay, then generating time delays using exter-
nal logic simply represents additional hardware and fabrication
expense. The use of external logic to generate time delays
should be confined to applications where the microprocessor
is pressed for time or where multiple parallel time delays are
needed.

GND > Am9080A
+5V > CPU R
-5V > AO-A15 ADDRESS BUS ‘>
+12v >
N
HOLD j HOLD REQ
INT INT REQ
INTE - INT ENABLE
WAIT > WAIT
Ok xTAL L NTA > CONTROL BUS
TANK T
-D7 DATA BUS
3 po-b | > R
0sC (TTL) —> VEMW
— &2 (TTL) ~—— 1 D1 WR » > T/OR
RDYIN —3» Am8224 D2 DBIN o Am8228 |}—3T/OW
J— cLOCK SYSTEM
RESIN —4 GENERATOR | READY HLDA > CONTROLLER je—— BUSEN y,
+ 12V —3»] RESET
- DBO-DB7 SYSTEM DATA BUS
+ 5V 3 -« SYNC
STATUS STROBE
GND —3 >
+ 5V ——P|
GND ————3]
INTERRUPT
NTA— VECTOR
GENERATION
* A
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FIGURE 16-3 USE OF AN EXTERNAL COUNTER TO PROVIDE A TIME MARK FOR GENERATING SOFTWARE CONTROLLED DELAY LOOPS






Chapter 17
MULTIPLICATION

Many microprocessor applications need to multiply binary
numeric data. In some cases, since execution speed is not a
problem, software multiply routines will suffice. But many
times the throughput requirements are so demanding that
only external hardware can do the job. This chapter suggests
methods to handle both types of requirements.

SOFTWARE MULTIPLICATION

There are several methods for programming simple multiplica-
tion. Figure 17-1 shows a conventional approach using a shift-
and-add algorithm. This routine multiplies two 8-bit values lo-
cated in Registers C and D and provides a 16-bit result in the
BC register pair. The routine is 21 bytes long. Its execution
time, in processor clock periods, is 477 + 4N, where N is the
number of 1s in the C register operand. The average execution
time (N=4) will be 493 periods which translates to 247 usec
for a 500 ns clock. Faster execution times can be achieved by
using higher speed processors that can run with faster clocks.

Another multiply routine is shown in Figure 17-2. This routine
simply adds the multiplicand to itself the number of times in-
dicated by the value of the multiplier. The 8-bit multiplicand is
located in Register E and the 8-bit multiplier in the Accumula-
tor. The 16-bit result is formed in the HL register pair. This
simple routine is only 14 bytes long, but is usually quite slow.
Execution time in processor clock periods is 31+ 25M, where
M is the value of the multiplier. The average execution time
(M=128) is 3231 periods which translates to 1616 usec for a
500 ns clock. Note, however, that for small values of the
multiplier the performance improves significantly.

For example, when M =8, execution time drops to oniy 116
usec with a 500 ns clock, less than half the average execution
time of the shift-and-add approach.

Expansion of these types of software routines to higher
numerical values — for example, 16 X 16 with 32-bit result —
is not difficult, but will extend execution times dramatically.
For many applications the speeds will still be quite reasonable.

BYTES #EXECUTIONS CLOCK PERIODS
MVI B0 ;CLEAR PARTIAL SUM 2 1 7
MVI  E9 :LOAD LOOP COUNTER 2 1 7
JMP  MID 3 1 10
LOOP:
MOV AB 1 8 5
JNC  MULT1 ;LSB OF C=0 3 8 10
ADD D ;LSB=1. ADD TO PARTIAL 1 0—38 4
MULT1:
RAR ;SHIFT SUM FROM B TO C 1 8
MOV BA 1 8 5
MID:
MOV AC 1 9 5
RAR ;CRY=LSB OF C 1 9 4
MOV CA 1 9 5
DCR E 1 9 5
JINZ LOOP 3 9 10
DONE:
FIGURE 17-1 A SHIFT-AND-ADD MULTIPLICATION PROGRAM
BYTES #EXECUTIONS CLOCK PERIODS
LXI H,0 ;CLEAR H,L PAIR 3 1 10
MVI D.0 ;CLEAR MSB OF DE 2 1 7
ORA A ;TEST FOR O 1 1 4
Jz DONE 3 1 10
LOOP:
DAD D ;ADD DE TO ™M 10
DCR A ;HL A TIMES 1 M 5
JNZ  LOOP 3 M 10
DONE:

FIGURE 17-2 REPEATING ADDITION MULTIPLICATION PROGRAM

17-1



But some applications will require considerable more perfor-
mance, which can be provided only by external hardware
multiplication. The Am25LS14 Serial-Parallel Multiplier is well-
suited for the needs of very high speed designs.

SUMMARY OF THE Am25LS14 DEVICE

Conceptually the operation of the Am25LS14 device is quite
straightforward. Consider the following very elementary
multiplication:

1101 Multiplicand

x 0101 Multiplier
1101
00000
110100
0000000
1000001 Product

Partial Products

The Am25LS 14 device illustrated in Figure 17-3 performs bin-
ary multiplications as illustrated above by applying a parallel
multiplicand at the X input. The multiplier is applied serially to
the Y input, least significant bit first. The product appears
serially at the S output, least significant bit first.

The Am25LS14 handles 8-bit parallel multiplicands. Four-bit
binary data has been illustrated above in order to keep the il-
lustration simple.

Upon examining the binary multiplication illustrated above, it
can be seen that if the low order bit of the multiplier is applied
first, then the first line of the partial product will be created;
the low order bit of this partial product may be output at the S
pin since it plays no further part in generating the product
result. When the next bit of the multiplier is input at Y, the
second line of the partial product is created. Once again the
second bit of the product may be output at S; it consists of

v-—o—Do———D a

X7 X6 X5 X4 X3 X2 X1 X0
D D D D D 0 D o
E Q E Q E Q E E Q E Q E Q E 2
CLEAR % ° l 1 1 J. 1 l J
(CLR) - e d hd - i -

] = LOW-to-HIGH transition
CS = Connected to S output
of higher order device

AR = Qutput as required per
Booth's algorithm

—{ CP
CLR
l A7 A6 A5 A4 A3 A2 Al A0
d CLEAR
ADDER/SUBTRACTOR AND REGISTERS
YO@Y-1
4, CP M SUM
‘_ D Q S
CLOCK cp
(cP) CLR
" Dc
K ]I »*
INPUTS INTERNAL | OUTPUT
— FUNCTION
CLR cp K M Xi Y Y-1 S
- - L L - - - - Most Significant Multiplier Device
- - cs H - - - - Devices Cascaded in Multiplier String
L - - - OP - L L Load New Multiplicand and Clear Internal Sum and Carry Registers
H - - - - - - Device Enabled
H 1 - - L L AR Shift Sum Register
H 1 - - - L H AR Add Multiplicand to Sum Register and Shift
H 1 - - - H L AR Subtract Multiplicand from Sum Register and Shift
H 1 - - - H H AR Shift Sum Register
H = HIGH OP = Xi latches open for new
L =LOW data (i =0,7)

FIGURE 17-3 Am25LS14 FUNCTIONAL LOGIC DIAGRAM
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the low order bit of the partial product second line added to
the retained lowest order bit of the first partial product line. In
this fashion, multiplier bits may be applied at the Y inputs, one
at a time, beginning with the low order bit; as each multiplier
bit is applied an additional product bit is generated for output
at the S pin.

The clock input to the multiplier device is used to time
multiplication steps. With each clock pulse an additional bit of
the multiplier must be input at Y and an additional bit of the
product will be generated at S.

If the multiplicand is greater than eight bits wide, then
multiplier devices can be cascaded together. All that is needed
is for the S output of a high order device to be connected to
the K input of the next low order device. The final product will
be created at the S output of the lowest order device.

The multiplier device will also handle signed binary data. In this
case a low input must be applied at the M pin of the multiplier
device; in the event that more than one multiplier device has
been cascaded together a low M input must be applied to the
high order multiplier device only.

The clear input of the multiplier device must be input low pre-
ceding any multiplication. This low input clears all internal
registers.

The operation of the Am25LS14 and Am25LS22 chips are de-
scribed in detail in the AMD ‘Digital Signal Processing
Handbook"'.

A SYSTEM CONFIGURATION

The logic diagram in Figure 17-4 shows how the hardware for
an 8 X 8 multiply is organized. The basic operational sequence
is:

1) The processor writes the two’s complement multiplicand
byte into the Am25LS14.

2) The processor writes the two's complement multiplier
byte into one of the Am25LS22 shift registers.

3) The external hardware shifts the multiplier byte into the
Am25LS14 and accumulates 16 bits of result in the two
Am25LS22 registers.

4) When the operation is complete, the processor reads the
least significant byte of the result from one Am251LS22.

5) The processor then reads the most significant byte of the
result from the other Am25LS22.

The interface and control logic performs several important
functions:

1) Decoding the read and write addresses.

2) Synchronizing control lines with the multiplier clock.

3) Generating appropriate control pulses for loading, initializ-
ing and reading the Am25LS14 and Am25LS22 chips.

4) Start, count and stop the clock pulse train to the multiplier
chip.

5) Controlling the Sign Extend input on an Am25LS22.

The Select signal is derived from the processor Address Bus
and will depend on how the 1/0 system is organized. The low
order address line serves to select between the two address
locations used by the multiplier.

MULTIPLIER \ &

cLock L-»Dc >
2518175 -
ADDRESS::D)— REGISTER 2515139
(SELECT) A K
c CLEAR\ CP Y ] 25LS14
ow i Lo a3 2B 2vi AND LOAD »loir MULTIPLIER
B Y1 »0D2 Q2 2A  1Y2f—y START >l
—>8 10 D1 Q1 [LNRIZ] 4 vy |
A0 1A 2vo ~{D0 Q0 18 LoAD-#
2A 2v1 162G 'é‘
I0R 26 RUN/
1 } STOP
2515139 f R Y 251822
DECODER ENABLE MSB = CP DA'| REGISTER
ENABLE LSB »loe
+ DY :DYO-DY7' | DQJTSA
| Lydser/PaR
_b‘ RE
COMPLETE\ >|CLR Q0
} Y _ 251822
P DA REGISTER
D Q »lene 00 —1° 4 i Dined
> el —> ack—4—ic DY0-DY7
= - o8 - /PA:Y
74LS7U Y O ' »4SER
. RE
258163 _/ SIGN EXTEND T
COUNTER DISABLE

FIGURE 17-4 8-BIT X 8-BIT MULTIPLICATION USING THE Am25LS14 DEVICES
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The multiplier clock can be any convenient clock signal up to a
frequency of about 24 MHz. ®2 (TTL) or OSC output from the
Am8224 may be used. Where the frequency is too high, it may
be simply divided by two with a flip-flop.

Total multiply times will include the times necessary for pass-
ing operands and results, and will vary depending on the ap-
plication. The actual hardware execution time will be 17 times
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the multiplier clock period. With a 20 MHz clock, for example,
multiplication will be complete in only 850 ns, easily within an
instruction cycle for the processor. Thus, as far as the pro-
gram is concerned, results are available for reading as soon as
the last operand has been written. When the multiplier clock is
too slow for this to be true, a NOP may be inserted in the pro-
gram before results are retrieved.




Appendix A
INSTRUCTION SUMMARIES

This Appendix summarizes all of the instruction opcodes for There are 256 possible combinations of the eight bits of the
convenient reference. Instructions are listed (l) by functional instruction opcode. Twelve are unassigned and should not be
categories, (ll) in ascending order of hex opcode value, and (ill) used. They are:
alphabetically by standard mnemonic. The 8080A/9080A In-
struction Description in Chapter 3 of this Handbook provides HEX BINARY
detailed descriptions of the operation of each processor in- 08 00001000
struction. 10 00010000
18 00011000
20 00100000
28 00101000
30 00110000
38 00111000
CcB 11001011
D9 11011001
DD 11011101
ED 11101101

FD 11111101

| 8080A/9080A INSTRUCTION SUMMARY
BY FUNCTIONAL GROUPS

Data Transfer
HEX  MNEMONIC
40 MOV BB 58 MOV EB 70 MOV M,B 1A LDAX D
41 MOV B,C 59 MOV EC 71 MOV M,C 2A LHLD
42 MOV B,D 5A MOV ED 72 MOV M,D 3A LDA
43 MOV B,E 5B MOV EE 73 MOV ME 02 STAX B
44 MOV BH 5C MOV EH 74 MOV MH 12 STAX D
45 MOV B,L 5D MOV EL 75 MOV M,L 22 SHLD
46 MOV BM 5E MOV EM 77 MOV M,A 32 STA
47 MOV BA 5F MOV EA 78 MOV AB 01 LXI B
48 MOV C,.B 60 MOV H,B 79 MOV AC 1" LXi D
49 MOV C.C 61 MOV H,C 7A MOV AD 21 LXI H
4A MOV CD 62 MOV H,D 7B MOV AE 31 LXI SP
4B MOV C,E 63 MOV H,E 7C MOV AH F9 SPHL
4C MOV CH 64 MOV HH 7D MOV AL E3 XTHL
4D MOV C.L 65 MOV H,L 7E MOV AM EB XCHG
4E MOV CM 66 MOV HM 7F MOV AA D3 ouT
4F MOV CA 67 MOV HA 06 MVI B DB IN
50 MOV DB 68 MOV LB OE Mvi  C C5 PUSH B
51 MOV D,C 69 MOV L,C 16 Mvi D D5 PUSH D
52 MOV DD 6A MOV LD 1E MVI E E5 PUSH H
53 MOV D,E 6B MOV L,E 26 MVI  H F5 PUSH PSW
54 MOV DMH 60 MOV LH 2E MVI L C1 POP B
55 MOV D,L 6D MOV L,L 36 MVi M D1 POP D
56 MOV DM 6E MOV LM 3E MVI A E1 POP H
57 MOV DA 6F MOV LA 0A LDAX B F1 POP PSW




Arithmetic

tIE)S MNEMONIC
80 ADD B Cé ADI 9E SBB M 3C INR A
81 ADD C CE ACI 9F SBB A 03 INX B
82 ADD D 90 SUB B D6 SuUl 13 INX D
83 ADD E 91 suB C DE SBI 23 INX H
84 ADD H 92 SuB D 09 DAD B 33 INX SP
85 ADD L 93 SUB E 19 DAD D 05 DCR B
86 ADD M 94 SUB H 29 DAD H 0D DCR C
87 ADD A 95 SUB L 39 DAD SP 15 DCR D
88 ADC B 96 SUB M 27 DAA 1D DCR E
89 ADC C 97 SUB A 04 INR B 25 DCR H
8A ADC D 98 SBB B oc INR C 2D DCR L
8B ADC E 99 SBB C 14 INR D 35 DCR M
8C ADC H 9A SBB D 1C INR E 3D DCR A
8D ADC L 9B SBB E 24 INR H 0B DCX B
8E ADC M 9C SBB H 2C INR L 1B DCX D
8F ADC A 9D SBB L 34 INR M 2B DCX H
3B DCX SP
Logical
HEX MNEMONIC
A0 ANA B A9 XRA C B2 ORA D BB CMP E
A1 ANA C AA XRA D B3 ORA E BC CMP H
A2 ANA D AB XRA E B4 ORA H BD CMP- L
A3 ANA E AC XRA H B5 ORA L BE CMP M
A4 ANA H AD XRA L B6 ORA M BF CMP A
Ab ANA L AE XRA M B7 ORA A FE CPI
AB ANA M AF XRA A F6 ORI 07 RLC
A7 ANA A EE XRI B8 CMP B OF RRC
E6 ANI BO ORA B B9 CMP C 17 RAL
A8 XRA B B1 ORA C BA CMP D 1F RAR
2F CMA
) Branching Control
HEX MNEMONIC HEX MNEMONIC
Cc3 JMP D7 RST 2 EC CPE 00 NOP
Cc2 JNZ DF RST 3 F4 CP 76 HLT
CA Jz E7 RST 4 FC CM F3 o]
D2 JNC EF RST 5 Cc9 RET FB El
DA JC F7 RST 6 Co RNz 37 STC
E2 JPO FF RST 7 C8 Rz 3F CcMC
EA JPE CcD CALL DO RNC
F2 JP Cca CNz D8 RC
FA JM cc Ccz EO RPO
E9 PCHL D4 CNC E8 RPE
Cc7 RST O DC cC FO RP
CF RST 1 E4 CPO F8 RM




8080A/9080A INSTRUCTION SUMMARY

HEXADECIMAL ORDER

HEX MNEMONIC

00

NOP
LXI
STAX
INX
INR
DCR
MvI
RLC
DAD
LDAX
DCX
INR
DCR
MVI
RRC
LXI
STAX
INX
INR
DCR
MVI
RAL
DAD
LDAX
DCX
INR
DCR
Mvi
RAR
LXI
SHLD
INX
INR
DCR
MvI
DAA
DAD
LHLD
DCX
INR
DCR
MVI
CMA
LXI
STA
INX
INR
DCR
MVI
STC
DAD
LDA
DCX
INR
DCR
MVI
cMC
MOV
MOV
MOV
MOV

W mwwww

lvlvivivRvivl OO0 mwWwm

mmmooOo

IITTITT T

I

MOV B,H
MOV B,L
MOV BM
MOV BA
MOV C.B
MOV C.C
MOV C,D
MOV C.E
MOV CH
MOV C,L
MOV CM
MOV CA
MOV D,B
MOV D,C
MOV D,D
MOV D,E
MOV D,H
MOV D,L
MOV DM
MOV D,A
MOV E,B
MOV E,C
MOV E,D
MOV E,E
MOV EH
MOV E,L
MOV E.M
MOV E.A
MOV H,B
MOV H,C
MOV H,D
MOV H,E
MOV H,H
MOV H,L
MOV HM
MOV HA
MOV L,B
MOV L,C
MOV L,D
MOV L,E
MOV LH
MOV L,L
MOV LM
MOV LA
MOV M,B
MOV M,C
MOV M,D
MOV M,E
MOV M,H
MOV M,L
HLT
MOV M,A
MOV A B
MOV A.C
MOV AD
MOV AE
MOV A H
MOV AL
MOV AM
MOV A A
ADD B

ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC
SuB
SuB
SuB
SuB
SuB
SuUB
SuB
SuB
SBB

SBB

SBB

SBB

SBB

PE2000
ELLEET

ANA
ANA
ANA
ANA

>
p=4
>

XRA
XRA
XRA
XRA
XRA
XRA
XRA
XRA
ORA
ORA
ORA
ORA
ORA
ORA
ORA
ORA
CMP
CMP
CMP
CMP
CMP
CMP

FTIMOOWP>PIrIMOOE>ZrIMOOE>PEIrIMUOUOWPITIMUO®PIrIMUORPICIMOO®@PICIMOO

CmPpP
CMP
RNZ
POP
JNZ
JVP
CNz
PUSH
ADI
RST
Rz
RET

CALL

o

N

w

I

E=

PSW

PSW




11l 8080A/9080A INSTRUCTION SUMMARY
ALPHABETICAL ORDER

HEX MNEMONIC

CE  ACI B DCX D 50 MOV D,B F1 POP PSW
8F ADC A 2B DCX H 51 MOV D,C C5 PUSH B
88 ADC B 3B DCX SP 52 MOV D,D D5 PUSH D
89 ADC C F3 DI 53 MOV D,E E5 PUSH H
8A ADC D FB El 54 MOV D.H F5 PUSH PSW
8B ADC E 76 HLT 55 MOV D,L 17 RAL
8C ADC H DB N 56 MOV DM 1F RAR
8D ADC L 3C INR A 5F MOV EA D8 RC

8E ADC M 04 INR B 58 MOV EB c9 RET

87 ADD A oc INR  C 59 MOV E,.C 07 RLC

80 ADD B 14 INR D 5A MOV ED F8 RM

81 ADD C 1c INR E 5B MOV EE DO RNC

82 ADD D 24 INR H 5C MOV EH Co RNZ

83 ADD E 2C INR L 5D MOV EL FO RP

84 ADD H 34 INR M 5E MOV EM E8 RPE

85 ADD L 03 INX B 67 MOV H,A EO RPO

86 ADD M 13 INX D 60 MOV H,B OF RRC
c6 ADI 23 INX  H 61 MOV H,C c7 RST O
A7  ANA A 33 INX  SP 62 MOV H,D CF RST 1
A0 ANA B DA JC 63 MOV H,E D7 RST 2
Al ANA C FA UM 64 MOV H,H DF RST 3
A2 ANA D c3  JMP 65 MOV H,L E7 RST 4
A3 ANA E D2  UNC 66 MOV H.M EF RST 5
A4 ANA H C2 JUNZ 6F MOV LA F7 RST 6
A5  ANA L F2 JP 68 MOV LB FF RST 7
A6 ANA M EA  JPE 69 MOV L.C c8 RZ

E6 ANI E2 JPO 6A MOV LD 9F SBB A
CD  CALL CA Jz 6B MOV L,E 98 SBB B
DC CC 3A  LDA 6C MOV LH 99 SBB C
FC c™m OA LDAX B 60 MOV LL 9A SBB D
2F CMA 1A LDAX D 6E MOV LM 9B SBB E
3F cMC 2A LHLD 77 MOV M,A 9C SBB H
BF CMP A 01 Xt B 70 MOV M,B 9D SBB L
B8 CMP B 1 LXI D 71 MOV M.,C 9E SBB M
B9 CMP C 21 LXi H 72 MOV M.,D DE SBI

BA CMP D 31 LXI  SP 73 MOV M,E 22 SHLD
BB CMP E 7F MOV AA 74 MOV MH F9 SPHL
BC CMP H 78 MOV AB 75 MOV M,L 32 STA
BD CMP L 79 MOV AC 3E MVI A 02 STAX B
BE CMP M 7A MOV AD 06 MVI B 12 STAX D
D4  CNC 78 MOV AE OE MVI  C 37 STC
C4 CNZ 7C MOV AMH 16 MVI D 97 SUB A
F4 cP 7D MOV AL 1E MVI  E 90 SUB B
EC  CPE 7E MOV AM 26 MVI  H 91 SUB C
FE CPI 47 MOV BA 2E MVI L 92 SUB D
E4 CPO 40 MOV BB 36 MVI M 93 SUB E
cc  cz 41 MOV B.C 00 NOP 94 SuB H
27 DAA 42 MOV B.D B7 ORA A 95 SUB L
09 DAD B 43 MOV BE BO ORA B 96 SUB M
19 DAD D 44 MOV BH B1 ORA C D6  Sul

29 DAD H 45 MOV BL B2 ORA D EB XCHG
39 DAD SP 46 MOV BM B3 ORA E AF  XRA A
3D DCR A AF MOV CA B4 ORA H A8 XRA B
05 DCR B 48 MOV CB B5 ORA L A9  XRA C
0D DCR C 49 MOV C.C B6E ORA M AA  XRA D
15 DCR D 4A MOV CD F6 ORI AB  XRA E
1D DCR E 4B MOV CE D3 OUT AC  XRA H
25 DCR H 4C MOV CH E9 PCHL AD XRA L
2D DCR L 4D MOV CL (of POP B AE  XRA M
35 DCR M 4E MOV CM D1 POP D EE XRI

0B DCX B 57 MOV DA E1 POP H E3 XTHL




Appendix B
ASCIlI CODE TABLE

ANSI X3.4 1968 VERSION

HEX ASCIl HEX ASCII
CODE CHARACTER CODE CHARACTER

00 NUL 2B +
01 SOH 2C

02 STX 2D -
03 ETX 2E .
04 EOT 2F /
05 ENQ 30 0
06 ACK 31 1
07 BEL 32 2
08 BS 33 3
09 HT 34 4
0A LF 35 5
0B VT 36 6
ocC FF 37 7
oD CR 38 8
OE SO 39 9
OF Sl 3A :
10 DLE 3B ;
1 DC1 3C <
12 DC2 3D =
13 DC3 3E >
14 DC4 3F ?
15 NAK 40 @
16 SYN 41 A
17 ETB 42 B
18 CAN 43 C
19 EM 44 D
1A suB 45 E
1B ESC 46 F
1C FS 47 G
1D GS 48 H
1E RS 49 [
1F us 4A J
20 SP 4B K
21 ! 4C L
22 "’ 4D M
23 # 4E N
24 $ 4F (0]
25 % 50 P
26 & 51 Q
27 | 52 R
28 ( 53 S
29 ) 54 T
2A * 55 U

HEX
CODE

ASCII
CHARACTER

56
57
58
59
5A

| == ——N<XxE§<C~0 00033 —x—=-T@ 400000/ | po—rmNIXS<

DEL




Appendix C
AMD TECHNICAL PUBLICATIONS

There is a continuing flow of technical information available from
Advanced Micro Devices. In addition to this 8080A/9080A Hand-
book, the following major publicatons are available at press time:

1.
2.
3.
4.
5.
6.
7.
8.
9.

Bipolar Memory, Logic and Interface catalog
Bipolar Logic catalog supplement

Am2900 Bipolar Microprocessor Family
Am2900 Design for a 16-bit Minicomputer
Am2914 Priority Interrupt
Microprogramming Handbook

Digital Signal Processing Handbook

Linear Catalog

MOS/LSI Catalog
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