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CHAPTER 1
INTRODUCTION TO MCS-85™

THE MCS-85™ MICROCOMPUTER
SYSTEM

The basic philosophy behind the MCS-85
microcomputer system is one of logical, evolu-
tionary advance in technology without the
waste of discarding existing investments in
hardware and software. The MCS-85 provides
the existing 8080 user with an increase in per-
formance, a decrease in the component count,
operation from a single 5-Volt power supply, and
still preserves 100% of his existing software in-
vestment. For the new microcomputer user, the
MCS-85 represents the refinement of the most
popular microcomputer in the industry, the Intel
8080, along with a wealth of supporting soft-
ware, documentation and peripheral com-
ponents to speed the cycle from prototype to
production. The same development tools that
Intel has produced to support the 8080
microcomputer system can be used for the
MCS-85, and additional add-on features are
available to optimize system development for
MCS-85.

This section of the MCS-85 User’s Manual will
briefly detail the basic differences between the
MCS-85 and MCS-80™ families. It will illustrate
both the hardware and software compatibilities
and also reveal some of the engineering trade-
offs that were met during the design of the
MCS-85. More detailed discussion of the
MCS-85 bus operation and component
specifications are available in Chapters: 2, 3, 4,
and 5. The-information provided in Chapter 1
will be helpful in understanding the basic con-
cepts and philosophies behind the MCS-85.

EVOLUTION

In December 1971, Intel introduced the first
general purpose, 8-bit microprocessor, the
8008. It was implemented in P-channel MOS
technology and was packaged in a single 18
pin, dual in-line package (DIP). The 8008 used
standard semiconductor ROM and RAM and,
for the most part, TTL components for I/O and
general interface. It immediately found applica-
tions in byte-oriented end products such as ter-
minals and computer peripherals where its in-
struction execution (20 micro-seconds), general

11

NUMBER OF COMPONENTS FOR AVERAGE SYSTEM

8335 S7S5A
ROMANO EPROMAO
MCS-85™ TOTAL SYSTEM

BOB0A AND
PERIPHERALS
—

1971 1972 1973 1974 1975 1976 1977

8-BIT SMALL SYSTEM COMPONENT COUNT 1871 — 1877
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purpose organization and instruction set

matched the requirements of these products. 1
Recognizing that hardware was but a small part

o .8
[ T

in the overall system picture, Intel developed
both hardware and software tools for the

design engineer so that the transition from pro-
totype to production would be as simple and

|~

fast as possible. The commitment of providing

a total systems approach with the 8008 micro-
computer system was actually the basis for the

sophisticated, comprehensive development

INSTRUCTION CYCLE {microsaconds)
=
T

tools that Intel has available today.

THE 8080A MICROPROCESSOR 0
1973 1974 1976 1876 1877

With the advent of high-production N-channel VEAR
RAM memories and 40 pin DIP packaging, Intel
designed the 8080A microprocessor. It was
designed to be software compatible with the
8008 so that the existing users of the 8008 could
preserve their investment in software and at the
same time provide dramatically increased per-
formance (2 micro-second instruction execu-
tion), while reducing the amount of components
necessary to implement a system. Additions
were made to the basic instruction set to take
advantage of this Increased performance and
large system-type features were included on-
chip such as DMA, 16-bit addressing and exter-
nal stack memory so that the total spectrum of
application could be significantly increased.
The 8080 was first sampled in December 1973.
Since that time it has become the standard of
the industry and is accepted as the primary
building block for more microcomputer based
applications than all other microcomputer sys-
tems combined.

bined.

A TOTAL SYSTEMS COMMITMENT

The Intel® 8080A Microcomputer System en-
compasses a total systems commitment to the
user to fully support his needs both in develop-
ing prototype systems and reliable, high volume

PROTOTYPE PRODUCTION

production. From complex MOS/LSI peripheral
components to resident high level systems
language (PL/M) the Intel® 8080 Microcom-
puter System provides the most comprehen-
silve, effective solution to today's system pro-
blems.
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SOFTWARE COMPATIBILITY

As with any computer system the cost of soft-
ware development far outweighs that of hard-
ware. A microcomputer-based system is tradi-
tionally a very cost-sensitive application and
the development of software is one of the key
areas where success or failure of the cost ob-
jectives is vital.

80B0A
PROGRAMS

B08SA
SYSTEM

The 8085A CPU is 100% software compatible
with the Intel® 8080A CPU. The compatibility is
at the object or ““machine code” level so that ex-
isting programs written for 8080A execution will
run on the 8085A as is. The value of this
becomes even more evident to the user who has
mask programmed ROMs and wishes to update
his system without the need for new masks.

PROGRAMMER TRAINING

A cost which is often forgotten is that of pro-
grammer training. A new, or modified instruc-
tion set, would require programmers to relearn
another set of mnemonics and greatly affect
the productivity during development. The 100%
compatibility of the 8085A CPU assures that no
re-training effort will be required.

BOBOA B0BDA
DEVELOPMENT PROGRAM
TOOLS LIBRARIES

mcs-e5 ™

1-3

For the new microcomputer user, the software
compatibility between the 8085A and the 8080A
means that all of the software development
tools that are available for the 8080A and all
software libraries for 8080A will operate with
the new design and thus save immeasurable
cost in development and debug.

The 8085A CPU does however add two instruc-
tions to initialize and maintain hardware
features of the 8085A. Two of the unused op-
codes of the B80B0A instruction set were
designated for the addition so that 100% com-
patibility could be maintained.

HARDWARE COMPATIBILITY

The integration of auxiliary 8080A functions,
such as clock generation, system control and
interrupt prioritization, dramatically reduces
the amount of components necessary for most
systems. In addition, the MCS-85 operates off a
single +5 Volt power supply to further simplify
hardware development and debug. A close ex-
amination of the AC/DC specifications of the
MCS-85 systems components shows that each
is specified to supply a minimum of 400xA of
source current and a full TTL load of sink cur-
rent so that a very substantial system can be
constructed without the need for extra TTL buf-
fers or drivers. Input and output voltage levels
are also specified so that a minimum of 350mV
noise margin is provided for reliable, high-
performance operation.

PC BOARD CONSIDERATIONS

The 8085A CPU and the 8080A are not pin-
compatible due to the reduction in power sup-
plies and the addition of integrated auxiliary
features. However, the pinouts of the MCS-85
system components were carefully assigned to
minimize PC board area and thus yield a
smooth, efficient layout. For new designs this
incompatibility of pinouts presents no pro-
blems and for upgrades of existing designs the
reduction of components and board area will
far offset the incompatibility.



The MCS-85 was designed to minimize the
amount of components required for most
systems. Intel designed several new peripheral
components that combine memory, I/0 and
timer functions to fulfill this requirement. These
new peripheral devices directly interface to the
multiplexed MCS-85 bus structure and provide
new levels in system integration for today’s
designer.

10/ PORT A
|| Ko
ADg, <:> 256 X 8
STATIC 7
RAM
* PORT B
| Ko
BLET %]
Ao——] =L
Wi—————+ PORT C
o| K2 e
RESET ——— = TIMER

TIMER IN —-' T-—v,_.‘: (+5V)

(1] uT Vgg (OV)
*: 8155=CE, 8156=CE

8155/8156 RAM, 1/O and Timer

256 bytes RAM

Two 8-bit ports

One 6-bit port (programmable)

One 14-bit programmable interval timer
Single +5 Volt supply operation

40 pin DIP plastic or cerdip package

READY

AD,.,

AM.:>

CE——}
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G K X8
CE— ROM
10/M————————

ALE——— -7

[ P —

1OW ————————=
RESET ———————]

(3] S—

Veg (45V)
Vg (OV)

8355 ROM and /0
2K bytes ROM
Two 8-bit ports (direction programmable)
Single +5 Volt supply operation
40 pin DIP plastic or cerdip package

READY +——r

Aﬂo:>

I ——

PORT A
S
PORT B
. o

2K x 8
10/M ———————1 EPROM
ALE———+]

AD

oW ———————=

RESET ——————

PROGIE!—]

Voo
B8755A EPROM and 1/0

Socket compatible with 8355
2K bytes EPROM

~ Two 8-bit ports (direction programmable)
Single + 5 Volt supply read operation
U.V. Erasable
40 pin DIP package

L-vm {+5v)

Vgg (0V)

One of the most important advances made with
the MCS-85 is the socket-compatibility of the
8355 and 8755A components. This allows the
systems designer to develop and debug in
erasable PROM and then, when satisfied,
switch over to mask-programmed ROM 8355
with no performance degradation or board
relayout. It also allows quick prototype produc-
tion for market impact without going to a com-
promise solution. ¢

1/0 PORTS

gLy

8155/8156
RAM, 1/0, TIMER

TIMER IN ——
TIMER OUT  ——o

§ MCS-85 SYSTEM BUS 9
8355 87534
ROM, 1/0 EPROM, /0

/0 PORTS

SYSTEM EXPANSION

Each of these peripheral components has
features that allow a small to medium system
to be constructed without the addition of buf-
fers and decoders to maintain the lowest possi-
ble component count.

1/0 PORTS
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INTERFACING TO MCS-80/85
PROGRAMMABLE PERIPHERAL
COMPONENTS

The MCS-85 shares with the MCS-80 a wide
range of peripheral components that solve
system problems and provide the designer with
a great deal of flexibility in his I/O, Interrupt and
DMA structures. The MCS-85 is directly com-
patible with these peripherals, and, with the ex-
ception of the 8257-5 DMA controller, needs no
additional circuitry for their interface in a
minimum system. The 8257-5 DMA controller
uses an 8212 latch and some gating to support
the multiplexed bus of MCS-85.

PROGRAMMABLE PERIPHERALS

The list of programmable peripherals for use
with the 8085A includes:

8251A Programmable Communications
Interface

8253-5 Programmable Interval Timer

8255A-5 Programmable Peripheral Inter-
face

8257-5 Programmable DMA Controller

8259-5 Programmable Interrupt Con-
troller

8271 Diskette Controller

8273 Synchronous Data Link Con-
troller

8275 CRT Controller

8278 Keyboard/Display Controller

8279 Keyboard/Display Controller

The MCS-80/85 peripheral compatibility assures
the designer that all new peripheral com-
ponents from Intel will interface to the MCS-85
bus structure to further expand the application
spectrum of MCS-85.

16

A15-AB

8085A

CONTROL BUS ‘g
825X-5
PERIPHERALS

AD7-ADO

ADDRESS BUS >
wa| {3 {p

ALE 8212 8212
8257.5 a
2
4

REQUESTS

DATA BUS

— T = MEMR, I0R,
RD, WR, 10/M DECODER EaeRAL Lt
e MEMW, 1OW

SERIAL I/O

PARALLEL 1/0

B085A
CPU AND MEMORIES

DMA CONTROL

INTERRUPT CONTROL
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INTERFACING TO STANDARD MEMORY

The MCS-85 was designed to support the full
range of system configurations from small 3
chip applications to large memory and /O ap-
plications. The 8085A CPU issues advanced
READ/WRITE status signals (S0, S1, and 10/M)
so that, in the case of large systems, these
signals could be used to simplify bus arbitra-
tion logic and dynamic RAM refresh circuitry.

In large, memory-intensive systems, standard
memory devices may provide a more cost-
effective solution than do the special 8155 and
8355 devices, especially where few 1/0O lines are
required.

DEMULTIPLEXING THE BUS

In order to interface standard memory com-
ponents such as Intel® 2114, 2142, 2716, 2316E,
2104A and 2117 the MCS-85 bus must be
“demultiplexed”. This is accomplished by con-
necting an Intel® 8212 latch to the data bus and
strobing the latch with the ALE signal from the
8085A CPU. The ALE signal is issued to indicate
that the multiplexed bus contains the lower
8-bits of the address. The 8212 latches this in-
formation so that a full 16-bit address is
available to interface standard memory com-
ponents.

USE OF 8212

Large, memory intensive systems are usually
multi-card implementations and require some
form of TTL buffering to provide necessary cur-
rent and voltage levels. Frequently, 8212s are
used for this purpose. The 8212 has the advan-
tage of being able to latch and demultiplex the
address bus and provide extra address drive
capability at the same time.

1-7

8085A

ALE

oRofin,

7

STANDARD
RAM

STANDARD
ROM
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SYSTEM PERFORMANCE af
The true benchmark of any microcomputer- ‘5_\
based system is the amount of tasks that can = 1f
be performed by the system in a given period of EF \
time. Increasing speed of CPU instruction ex- B
ecution has been the common approach to in- 0l \
creasing system throughput but this puts a 3 L \
greater strain on the memory access require- E s
ment and bus operation than is usually prac- 2 r \
tical for most applications. A much more 3 _ 0
desirable method would be to distribute the g .
task-load to peripheral devices. €
DISTRIBUTED PROCESSING i

1973 1974 1975 1978 1977

The concept of distributed task processing is
not new to the computer designer, but until
recently little if any task distribution was
available to the microcomputer user. The use of
the new programmable MCS-80/85 peripherals el
can relieve the central processor of many of the cpu
bookkeeping /0 and timing tasks that would
otherwise have to be handled by system soft-
ware.

YEAR

INSTRUCTION CYCLE/ACCESS TIME

The basic instruction cycle of the 8085A is 1.3 i i
microseconds, the same speed as the 8080A-1.

A close look at the MCS-85 bus operation shows
that the access requirement for this speed is
only 575 nanoseconds. The MCS-80™ access re-
quirements for this speed would be under 300
nanoseconds. This illustrates the efficiency
and improved timing margins of the MCS-85 bus
structure. The new 8085A-2, a high-speed
selected version of the 8085A with a .8 micro-
second instruction cycle, provides a 60% per-
formance improvement over the standard
8085A.

CONCLUSIONS: THROUGHPUT/COST

When a total system throughput/cost analysis
is taken, the MCS-85 system with its advanced
processor will yield the most cost-effective,
reliable and producible system.
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CHAPTER 2
FUNCTIONAL DESCRIPTON

21 WHAT THE 8085A IS

The 8085A is an 8-bit general-purpose micro-
processor that is very cost-effective in smalil
systems because of its extraordinarily low hard-
ware overhead requirements. At the same time
it is capable of accessing up to 64K bytes of
memory and has status lines for controlling
large systems.

2.2 WHAT'S IN THE 8085A

In the 8085A microprocessor are contained the
functions of clock generation, system bus con-
trol, and interrupt priority selection, in addition
to execution of the instruction set. (See Figure
2-1.) The 8085A transfers data on an 8-bit, bi-
directional 3-state bus (ADg7) which is time-
multiplexed so as to also transmit the eight
lower-order address bits. An additional eight
lines (Ag.15) expand the MCS-85 system memory
addressing capability to 16 bits, thereby allow-
ing 64K bytes of memory to be accessed direct-
ly by the CPU. The 8085A CPU (central process-
ing unit) generates control signals that can be
used to select appropriate external devices and

INTA RSTES TRAP
INTR l RST 85 l AST7.S l

[ INTERRUPT CONTROL ;]
U

functions to perform READ and WRITE opera-
tions and also to select memory or /O ports.
The 8085A can address up to 256 different 1/10
locations. These addresses have the same
numerical values (00 through FFH) as the first
256 memory addresses; they are distinguished
by means of the 10/M output from the CPU. You
may also choose to address I/O ports as
memory locations (i.e., memory-map the 1/0O,
Section 3.2).

2.2.1 Registers

The 8085A, like the 8080, is provided with inter-
nal 8-bit registers and 16-bit registers. The
8085A has eight addressable 8-bit registers. Six
of them can be used either as 8-bit registers or
as 16-bit register pairs. Register pairs are
treated as though they were single, 16-bit
registers; the high-order byte of a pair is located
in the first register and the low-order byte is
located in the second. In addition to the register
pairs, the 8085A contains two more 16-bit
registers.

S10 s00

SERIAL /O CONTROL
8-BIT INTERANAL DATA BUS '
4

e e .

A A4

ACCUMULATOR L'IEMP.
(A REG.) (0)

y
FLAG (5)

FLIP-FLOPS

y
INSTRUCTION
REGISTER (6}

B ® T

INSTRUCTION
DECODER

CYCLE
ENCODING

m

REG.
D

REG.

REG.

m (L]

E
REG.

Hoom
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L
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STACK POINTER
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0] ARRAY

POWER
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— . sy

—=GND

proaram counter 1%
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TIMING AND CONTROL
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RESET IN

g

Ag1s ADy7
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FIGURE 2-1 8085A CPU FUNCTIONAL BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The 8085A’s CPU registers are distinguished as
follows:

* The accumulator (ACC or A Register) is
the focus of all of the accumulator in-
structions (Table 4-1), which include
arithmetic, logic, load and store, and 1/O
instructions. It is an 8-bit register only.
(However, see Flags, in this list.)

e The program counter (PC) always points
to the memory location of the next in-
struction to be executed. It always con-
tains a 16-bit address.

¢ General-purpose registers BC, DE, and
HL may be used as six 8-bit registers or
as three 16-bit registers, interchangeably,
depending on the instruction being per-
formed. HL functions as a data pointer to
reference memory addresses that are
either the sources or the destinations in
a number of instructions. A smaller
number of instructions can use BC or DE
for indirect addressing.

* The stack pointer (SP) is a special data
pointer that always points to the stack
top (next available stack address). It is
an indivisible 16-bit register.

e The flag register contains five one-bit
flags, each of which records processor
status information and may also control
processor operation. (See following
paragraph.)

222 Flags

The five flags in the 8085A CPU are shown
below:

D;
s

Ds Ds D4 D3 D, D, Do

74 AC P CY

The carry flag (CY) is set and reset by arithmetic
operations. Its status can be directly tested by
a program. For example, the addition of two
one-byte numbers can produce an answer that
does not fit into one byte:

HEXIDECIMAL BINARY
AEH 10101110
+74H 01110100
122H 100100010

Carry bit sets carry flagto 1

2-2

An addition operation that results in an
overflow out of the high-order bit of the ac-
cumulator sets the carry flag. An addition
operation that does not result in an overflow
clears the carry flag. (See 8080/8085 Assembly
Language Programming Manual for further
details.) The carry flag also acts as a “borrow”
flag for subtract operations.

The auxiliary carry flag (AC) indicates overflow
out of bit 3 of the accumulator in the same way
that the carry flag indicates overflow out of bit
7. This flag is commonly used in BCD (binary
coded decimal) arithmetic.

The sign flag is set to the condition of the most
significant bit of the accumulator following the
execution of arithmetic or logic instructions.
These instructions use bit 7 of data to represent
the sign of the number contained in the ac-
cumulator. This permits the manipulation of
numbers in the range from —128 to + 127.

The zero flag is set if the result generated by
certain instructions is zero. The zero flag is
cleared if the result is not zero. A result that has
a carry but has a zero answer byte in the ac-
cumulator will set both the carry flag and the
zero flag. For example,

HEXADECIMAL BINARY
A7H 10100111
+ 59H + 01011001
100H 100000000
/ L 1
Carry bit /

Eight zero bits set zero flag to 1

Incrementing or decrementing certain CPU
registers with a zero result will also set the zero
flag.

The parity flag (P) is set to 1 if the parity
(number of 1-bits) of the accumulator is even. If
odd, it is cleared.

2.23 Stack

The stack pointer maintains the address of the
last byte entered into the stack. The stack
pointer can be initialized to use any portion of
read-write memory as a stack. The stack pointer
is decremented each time data is pushed onto
the stack and is incremented each time data is
popped off the stack (i.e., the stack grows
downward in terms of memory address, and the
stack “top” is the lowest numerical address
represented in the stack currently in use). Note
that the stack pointer is always incremented or
decremented by two bytes. since all stack
operations apply to register pairs.
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2.2.4 Arithmetic-Logic Unit (ALU)

The ALU contains the accumulator and the flag
register (described in Sections 2.2.1 and 2.2.2)
and some temporary registers that are inac-
cessible to the programmer.

Arithmetic, logic, and rotate operations are per-
formed by the ALU. The results of these opera-
tions can be deposited in the accumulator, or
they can be transferred to the internal data bus
for use elsewhere.

2.2.5 Instruction Register and Decoder

During an instruction fetch, the first byte of an
instruction (containing the opcode) is trans-
ferred from the internal bus to the 8-bit instruc-
tion register. (See Figure 2-1.) The contents of
the instruction register are, in turn, available to
the instruction decoder. The output of the
decoder, gated by timing signals, controls the
registers, ALU, and data and address buffers.
The outputs of the instruction decoder and in-
ternal clock generator generate the state and
machine cycle timing signals.

2.2.6 Internal Clock Generator

The 8085A CPU incorporates a complete clock
generator on its chip, so it requires only the ad-
dition of a quartz crystal to establish timing for
its operation. (It will accept an external clock in-
put at its X, input instead, however.) A suitable
crystal for the standard 8085A must be parallel-
resonant at a fundamental of 6.25 MHz or less,
twice the desired internal clock frequency. The
8085A-2 will operate with crystal of up to 10
MHz. The functions of the 8085A internal clock
generator are shown in Figure 2-2. A Schmitt
trigger is used interchangeably as oscillator or

* SCHMITT

e

@1

Ol

.|H}Tl—|[] v

*EXTERNAL CAPACITORS REQUIRED ONLY FOR CRYSTAL FREQUENCIES =4MMHz.

FIGURE 2-2 8085A CLOCK LOGIC
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as input conditioner, depending upon whether a
crystal or an external source is used. The clock
circuitry generates two nonoverlapping internal
clock signals, ¢4 and ¢, (see Figure 2-2). ¢, and
¢, control the internal timing of the 8085A and
are not directly available on the outside of the
chip. The external pin CLK is a buffered, in-
verted version of ¢4. CLK is half the frequency of
the crystal input signal and may be used for
clocking other devices in the system.

MEMORY ADDRESSES
RSTO

00H
AST1 h
TRAP
RST2
104
ASTY
RST 7.5 104
RST 4.5
RST 55
RST4 o
24M
RSTS
284
2cH
RSTE
304
M
[
30M
8085A
EXECUTING acH
FTWAS
N RESPONSE 1O INTI
3
K 8085A
SYSTEM
MEMORY

FIGURE 2-3 8085A HARDWARE AND SOFT-
WARE RST BRANCH LOCATIONS

2.2.7 Interrupts

The five hardware interrupt inputs provided in
the 8085A are of three types. INTR is identical
with the 8080A INT line in function; i.e., it is
maskable (can be enabled or disabled by El or
DI software instructions), and causes the CPU
to fetch in an RST instruction, externally placed
on the data bus, which vectors a branch to any
one of eight fixed memory locations (Restart ad-
dresses). (See Figure 2-3.) INTR can also be
controlled by the 8259 programmable interrupt
controller, which generates CALL instructions
instead of RSTs, and can thus vector operation
of the CPU to a preprogrammed subroutine
located anywhere in your system's memory
map. The RST 5.5, RST 6.5, and RST 7.5 hard-
ware interrupts are different in function in that
they are maskable through the use of the SIM
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instruction, which enables or disables these in-
terrupts by clearing or setting corresponding
mask flags based on data in the accumulator.
(See Figure 2-4.) You may read the status of the
interrupt mask previously set by peforming a
RIM instruction. Its execution loads into the ac-
cumulator the following information. (See
Figure 2-5.)

e Current interrupt mask status for the

RST 5.5, 6.5, and 7.5 hardware status.

e Current interrupt enable flag status (ex-
cept that immediately following TRAP,
the IE flag status preceding that inter-
rupt is loaded).

* RST 5.5, 6.5, and 7.5 interrupts pending.

RST 5.5, 6.5, and 7.5 are also subject to being
enabled or disabled by the El and DI instruc-
tions, respectively. INTR, RST 5.5, and RST 6.5
are level-sensitive, meaning that these inputs
may be acknowledged by the processor when
they are held at a high level. RST 7.5 is edge-
sensitive, meaning that an internal flip-flop in
the B0O85A registers the occurrence of an inter-
rupt the instant a rising edge appears on the
RST 7.5 input line. This input need not be held
high; the flip-flop will remain set until it is
cleared by one of three possible actions:

* The 8085A responds to the interrupt,
and sends an internal reset signal to the
RST 7.5 flip-flop. (See Figure 2-6A.)

SIM — SET INTERRUPT MASK
(OPCODE = 30)

CONTENTS OF ACCUMULATOR BEFORE EXECUTING SIM:

L 1

RESET INTERRUPT 7.5
FLIP.FLOP

INTERRUPT MASKS

MASK SET ENABLE

FIGURE 2-4 INTERRUPT MASKS SET USING
SIM INSTRUCTION

RIM — READ INTERRUPT MASK
(OPCODE = 20)

CONTENTS OF ACCUMULATOR AFTER EXECUTING RIM:

7 0

%ﬂj 85 155 IE M7.s MAS M55

L ] L <

PENDING INTERRUPTS INTERRUPT MASKS

INTERRUPT ENABLE FLAG

FIGURE 2-5 RIM — READ INTERRUPT MASK

RST75

[ ser 8085 |

RST 75 RESET
F.F. (INTERNAL)

1 Q
INTERRUPT

REQUEST
(INTERNAL)

FIGURE 2-8A RST 7.5 FLIP FLOP

RESET IN SCHMITT
TRIGGER

TRAP
INTERRUPT
REQUEST
(INTERNAL)
D
FIF

CLEAR

TRAP F.F.
INTERNAL

TRAP
ACKNOWLEDGE

FIGURE 2-6B TRAP INTERRUPT INPUTS

FIGURE 2-6 RST 7.5 AND TRAP INTERRUPT
INPUTS
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e The 8085A, before responding to the RST
7.5 interrupt, receives a FiE'S'ET'IN signal
from an external source; this also ac-
tivates the internal reset.

* The 8085A executes a SIM instruction,
with accumulator bit 4 previously set to
1. (See Figure 2-4.)

The third type of hardware interrupt is TRAP.
This input is not subject to any mask or inter-
rupt enable/disable instruction. The receipt of a
positive-going edge on the TRAP input triggers
the processor's hardware interrupt sequence,
but the pulse must be held high until
acknowledged internally (see Figure 2-6B).

The sampling of all interrupts occurs on the
descending edge of CLK, one cycle before the
end of the instruction in which the interrupt in-
put is activated. To be recognized, a valid inter-
rupt must occur at least 160 ns before sampling
time in the 8085A, or 150 ns in the 8085A-2. This
means that to guarantee being recognized, RST
5.5 and 6.5 and TRAP need to be held on for at
least 17 clock states plus 160 ns (150 for
8085A-2), assuming that the interrupt might ar-
rive just barely too late to be acknowledged dur-
ing a particular instruction, and that the follow-
ing instruction might be an 18-state CALL. This
timl‘;\g assumes no WAIT or HOLD cycles are
used.

The way interrupt masks are set and read is
described in Chapter 4 under the RIM (read in-

terrupt mask) and SIM (set interrupt mask) in-
struction listings. Interrupt functions and their
priorities are shown in the table that follows.

Address (1) T
Name Priority Branched to T!{” or
when Inter- 99
rupt occurs
TRAP 1 24H Rising edge
AND high
level until
sampled
RST 7.5 2 3CH Rising edge
(latched)
RST 6.5 3 34H High level
until sam-
pled
RST 5.5 4 2CH High level
until sam-
pled
INTR 5 (2) High level
until sam-
pled
NOTES:

(1) In the case of TRAP and RST 5.5-7.5, the
contents of the Program Counter are
pushed onto the stack before the branch
occurs.

(2) Depends on the instruction that is pro-
vided to the 8085A by the 8259 or other
circuitry when the interrupt is acknowl-
edged.

2.2.8 Serial Input and Output

The SID and SOD pins help to minimize chip
count in small systems by providing for easy in-
terface to a serial port using software for timing
and for coding and decodlng of the data. Each

time a RIM instruction is executed, the status of -

the SID pin is read into bit 7 of the accumulator
RIM is thus a dual-purpose instruction. (See
Chapter 4.) In similar fashion, SIM is used to
latch bit 7 of the accumulator out to the SOD
output via an internal flip-flop, providing that bit
6 of the accumulator is set to 1. (See Figure 2-7.)
Section 2.3.8 describes SID and SOD timing.

SID can also be used as a general purpose
TEST input and SOD can serve as a one-bit con-
trol output.

EFFECT OF RIM INSTRUCTION

SiD

§

ACCUMULATOR

EFFECT OF SIM INSTRUCTION

//////

ACCUMULATOR

FIGURE 2-7 EFFECT OF RIM AND SIM
INSTRUCTIONS ON SERIAL DATA LINES
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The 8085A CPU generates signals that tell
peripheral devices what type of information is
on the multiplexed Address/Data bus and from
that point on the operation is almost identical
to the MCS-80™ CPU Group. A multiplexed bus
structure was chosen because it freed device
pins so that more functions could be integrated
on the 8085A and other components of the fami-
ly. The multiplexed bus is designed to allow
complete compatibility to existing peripheral

avLesd teyullelnents. (dee rigure 2-8.)

To enhance the system integration of MCS-85,
several special components with combined
memory and I/O were designed. These new
devices directly interface to the multiplexed
bus of the 8085A. The pin locations of the 8085A
and the special peripheral components are
assigned to minimize PC board area and to
allow for efficient layout. The details on
peripheral components are contained in subse-
quent paragraphs of this chapter and in
Chapters 5 and 6.

INT. ———

ADDRESS BUS >
0 8080A

] Oy

8224
] ¢, b— NTA

¢> 8228 i
RESETIN ., L— RESET @; e

p— MEMRD
p—— MEM WR
p-— /0 RD
b— [TOWR

FIGURE 2-8A MCS-80™ CPU GROUP

DATA/ADDRESS BUS

ADDRESS

=] ) ADDRESS BUS
8085A

_D o= ALE
INTR

INTA, «———(g

RESET IN ——————

RESET OUT +———{

FIGURE 2-8B MCS-85™ CPU/8085A (MCS-80 COMPATIBLE
FUNCTIONS)

_DATA IN OR OUT

B G

I, S

TIME MULTIPLEX DATA BUS

FIGURE 2-8C MULTIPLEXED BUS TIMING

FIGURE 2-8 BASIC CPU FUNCTIONS
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2.3.1 Multiplexed Bus Cycle Timing

The execution of any 8085A program consists
of a sequence of READ and WRITE operations,
of which each transfers a byte of data between
the 8085A and a particular memory or |/O ad-
dress. These READ and WRITE operations are
the only communication between the processor
and the other components, and are all that is
necessary to execute any instruction or pro-
gram.

Each READ or WRITE operation of the 8085A is
referred to as a machine cycle. The execution of
each instruction by the 8085A consists of a se-
quence of from one to five machine cycles, and
each machine cycle consists of a minimum of
from three to six clock cycles (also referred to
as T states). Consider the case of the Store Ac-
cumulator Direct (STA) instruction, shown in
Figure 2-9. The STA instruction causes the con-
tents of the accumulator to be stored at the
direct address specified in the second and third
bytes of the instruction. During the first
machine cycle (M4), the CPU puts the contents
of the program counter (PC) on the address bus
and performs a MEMORY READ cycle to read
from memory the opcode of the next instruction
(STA). The My machine cycle is also referred to
as the OPCODE FETCH cycle, since it fetches
the operation code of the next instruction. In
the fourth clock cycle (T,) of M4, the CPU inter-
prets the data read in and recognizes it as the
opcode of the STA instruction. At this point the

CPU knows that it must do three more machine
cycles (two MEMORY READs and one MEMORY
WRITE) to complete the instruction.

The 8085A then increments the program
counter so that it points to the next byte of the
instruction and performs a MEMORY READ
machine cycle (M) at address (PC + 1). The ac-
cessed memory places the addressed data on
the data bus for the CPU. The 8085A temporarily
stores this data (which is the low-order byte of
the direct address) internally in the CPU. The
8085A again increments the program counter to
location (PC +2) and reads from memory (Mj)
the next byte of data, which is the high-
order byte of the direct address.

At this point, the B085A has accessed all three
bytes of the STA instruction, which it must now
execute. The execution consists of placing the
data accessed in M, and M3 on the address bus,
then placing the contents of the accumulator
on the data bus, and then performing a
MEMORY WRITE machine cycle (M4). When M4
is finished, the CPU will fetch (M,) the first byte
of the next instruction and continue from there.

State Transition Sequence

As the preceding example shows, the execution
of an instruction consists of a series of
machine cycles whose nature and sequence is
determined by the opcode accessed in the M,

MACHINE

INSTRUCTION CYCLE >

CYCLE My M2

TSTATE T T % T T T

CLK

TYPE OF

MACHINE CYCLE MEMORY READ

THE ADDRESS (CONTENTS OF THE

ADDRESS BUS FIRST BYTE (OPCODE] OF THE

INSTRUCTION

DATA BUS
INSTRUCTION OPCODE (STA)

MEMORY READ

|[THE ADDRESS (PC + 1) POINTS| THE ADDRESS (PC + 2) POINTS| THE ADDRESS IS THE DIRECT
PROGRAM COUNTER) POINTS TO THE [TO THE SECOND BYTE OF
|[THE INSTRUCTION

LOW ORDER BYTE OF THE
DIRECT ADDRESS

M3 My

T3 T L] T3 T T2 T3

MEMORY READ MEMORY WRITE

TO THE THIRD BYTE OF THE |ADDRESS ACCESSED IN M3
INSTRUCTION AND M3

HIGH ORDER BYTE OF THE
DIRECT ADDRESS

CONTENTS OF THE
ACCUMULATOR

FIGURE 2-9 CPU TIMING FOR STORE ACCUMULATOR DIRECT (STA) INSTRUCTION
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(READY + BIMC}
HOLD «

() iy
OLG ) VacioiRY
TMAI.Y

TReseT
STATUS CONTRO!

MACHINECYCLE 10/ | 1] S0 |AD | WR | INTA
OPCODE FETCH (oF) o 1|10 1] 1 RESEY,
MEMORY READ (MR) of|1|ofo| 1] 1 LT
MEMORY WRITE (MW) ofof1|[1]o] 1 RESET
1/0 READ (loR) 1 ]1]ofo] 1]
1/0 WRITE (1ow) vlofif1]of T\ HALT
INTR ACKNOWLEDGE  (INA) vl 1] e '
BUS IDLE (81): DAD o|1|of1 ]| 1] 1 \I{IT'LT

INARST/TRAP) 1 | 1] 11| 0] e lay

HALT vs| of ofrs| vs| 1 READY,

0=Logic “0” 1= Logic 1" TS=High Impedance X =Unspecified

READY +BIMC
FIGURE 2-10 8085A MACHINE CYCLE CHART VALIDINT
SET RESET
HLDA FF HALT FF
machine cycle. While no one instruction cycle s!',
will consist of more than five machine cycles, INTA FF
every machine cycle will be one of the seven INTE FF

types listed in Figure 2-10. These seven types of
machine cycles can be differentiated by the
state of the three status lines (I0/M, Sg, and S,)
and the three control signals (RD, WR, and
INTA).

Most machine cycles consist of three T states,
(cycles of the CLK output) with the exception of
OPCODE FETCH, which normally has either
four or six T states. The actual number of states
required to perform any instruction depends on
the instruction being executed, the particular
machine cycle within the instruction cycle, and
the number of WAIT and HOLD states inserted
into each machine cycle through the use of the
READY and HOLD inputs of the 8085A. The
state transition diagram in Figure 2-11 il-

LAST
MACHINE CYCLE

OF INSTRUCTION RESET

HLDA FF

YES

lustrates how the B085A proceeds in the course SET

of a machine cycle. The state of various status TALE
and control signals, as well as the system INTEEE
buses, is shown in Figure 2-12 for each of the ]

ten possible T states that the processor can be

in. ¥ NOTE: SYMBOL DEFINITION

= CPU STATE T,. ALL CPU STATE TRANSITIONS OCCUR
ON THE FALLING EDGE OF CLK.

E: SYMBO
Figure 2-11 also shows when the READY, HOLD, <)> ~ A DECISION {X) THAT DETERMINES WHICH OF SEVERAL
and interrupt signals are sampled, and how El ALTERMATIVEEATHITO.LOLLOW;

; : = PERFORM THE ACTION X.
they modify the basic instruction Sequelnce (Ts- = - FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS.
Te and Twair). As we shall see, the timings for :

: = FLOWLINE CATES THE SEQUENCE OF E
each of the seven types of machine cycles are T CONDITION XIS TRUE, | o CCE OF EVENTS
almost identical. cc = NUMBER OF CLOCK CYCLES IN THE CURRENT MACHINE

CYCLE.

BIMC = “BUS IDLE MACHINE CYCLE"” = MACHINE CYCLE WHICH
DOESN'T USE THE SYSTEM BUS.

OPCODE FETCH (OF): V“”“""";V..‘;‘T".’s':.‘ﬁ.'i';‘;:'.;l;::L’;‘S::XQI&%’:E.’E‘.?“

The OPCODE FETCH (OF) machine cycle is N oo
unique in that it has more than three cloc =  Bhnk S ST

cyc?es. This is because the CPU must interpre': CLOGK CYCLE AFTER THE HLDA FLIP FLOP ISSET.

the opcode accessed in T4, Ty, and Tj before it

can decide what to do next. FIGURE 2-11 8085A CPU STATE TRANSITION
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Status & Buses Control
Machine i (e L
State |S$1,50|10/M |Ag-A45/ADg-AD7|RDWR|INTA|ALE
T X | x X X 1 1 1t
T2 X X X X X X 0
TwaIT X | X X X X X| o
T3 X | X X X X X 0
Ta 1 | o X TS 1 1] 0
Ts 1 0* X TS 1 1 0
Te 1 0* X Ts 1 1 0
Theser | X | TS| TS Ts Ts| 1! 0
Thais | 0 | T8 | T8 TS TS| 1] 0 |
Too | X [ TS| TS | TS TS| 1] 0 |
0=Logic “0"” 1=Logic “1” TS=High Impedance X=Unspecified

TALE not generated during 2nd and 3rd machine cycles of DAD
instruction.

*10/M = 1 during T4-Tg states of RST and INA cycles.

FIGURE 2-12 8085A MACHINE STATE CHART

Figure 2-13 shows the timing relationships for
an OF machine cycle. The particular instruction
illustrated is DCX, whose timing for OF differs
from other instructions in that it has six T
states, while some instructions require only
four T states for OF. In this discussion, as well
as the following discussions, only the relative
timing of the signals will be discussed; for the
actual timings, refer to the data sheets of the in-
dividual parts in Chapters 5 and 6.

The first thing that the 8085A does at the begin-
ning of every machine cycle is to send out three
status signals (IO/M, S1, S0) that define what
type of machine cycle is about to take place.
The 10/M signal identifies the machine cycle as
being either a memory reference or input/output
operation. The S1 status signal identifies
whether the cycle is a READ or WRITE opera-
tion. The SO and S1 status signals can be used
together (see Figure 2-10) to identify READ,
WRITE, or OPCODE FETCH machine cycles as
well as the HALT state. Referring to Figure 2-13,
the 8085A will send out IO/M = 0,S1 =1,80 = 1
at the beginning of the machine cycle to iden-
tify it as a READ from a memory location to ob-
tain an opcode; in other words, it identifies the
machine cycle as an OPCODE FETCH cycle.
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The 8085A also sends out a 16-bit address at the
beginning of every machine cycle to identify the
particular memory location or 1/0O port that the
machine cycle applies to. In the case of an OF
cycle, the contents of the program counter is
placed on the address bus. The high order byte
(PCH) is placed on the Ag-A+s5 lines, where it will
stay until at least T4. The low order byte (PCL) is
placed on the ADy-ADy lines, whose three-state
drivers are enabled If not found already on.
Unlike the upper address lines, however, the in-
formation on the lower address lines will re-
main there for only one clock cycle, after which
the drivers will go to their high impedance state,
indicated by a dashed line in Figure 2-13. This is
necessary because the ADy-AD7 lines are time
mulitplexed between the address and data
buses. During T, of every machine cycle, ADg-
AD; output the lower 8-bits of address after
which ADy-AD; will either output the desired
data for a WRITE operation or the drivers will
float (as is the case for the OF cycle), allowing
the external device to drive the lines for a READ
operation.

Since the address information on ADgy-AD; is of
a transitory nature, it must be latched either in-
ternally in special multiplexed-bus components
like the 8155 or externally in parts like the 8212
8-bit latch. (See Chapter 3.) The 8085A provides
a special timing signal, ADDRESS LATCH
ENABLE (ALE), to facilitate the latching of Ag-A7;
ALE is present during T, of every machine cycle.

After the status signals and address have been
sent out and the ADy-AD; drivers have been
disabled, the 8085A provides a low level on RD
to enable the addressed memory device. The
device will then start driving the ADy-AD; lines;
this is indicated by the dashed line turning into
a solid line in Figure 2-13. After a period of time
(which is the access time of the memory) valid
data will be present on ADy-AD;. The 8085A dur-
ing T3 will load the memory data on ADy-ADy in-
to its instruction register and then raise RD to
the high level, disabling the addressed memory
device. At this point, the 8085A will have fin-
ished accessing the opcode of the instruction.
Since this is the first machine cycle (M;) of the
instruction, the CPU will automatically step to
T4, as shown in Figure 2-11.

During T4, the CPU will decode the opcode in
the instruction register and decide whether to
enter Ts on the next clock or to start a new
machine cycle and enter T4. In the case of the
DCX instruction shown in Figure 2-13, it will
enter T and then Tg before going to T;.
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FIGURE 2-13 OPCODE FETCH MACHINE CYCLE (OF DCX INSTRUCTION)

During Ts and Tg, of DCX, the CPU will decre-
ment the designated register. Since the Ag-Ais
lines are driven by the address latch circuits,
which are part of the incrementer/decrementer
logic, the Ag-A+s lines may change during Ts and
Te. Because the value of Ag-A45 can vary during
T4-Tg, it is most important that all memory and
/0 devices on_the system bus quallflg their
selection with RD. If they don't use RD, they
may be spuriously selected. Moreover, with a
linear selection technique (Chapter 3), two or
more devices could be simultaneously enabled,
which could be potentially damaging. The
generation of spurious addresses can also oc-
cur momentarily at address bus transitional
periods in T4. Therefore, the selection of all
memory and |/O devices must be qualified with
RD or WR. Many new memory devices like the
8155 and 8355 have the RD input that internally
is used to enable the data bus outputs, remov-
ing the need for externally qualifying the chip
enable input with RD.

Figure 2-14 is identical to Figure 2-13 with one
exception, which is the use of the READY line.
As we can see in Figure 2-11, when the CPU is in
T,, it examines the state of the READY line. If
the READY line is high, the CPU will proceed to
Tz and finish executing the instruction. If the
READY line is low, however, the CPU will enter
Twair and stay there indefinitely until READY
goes high. When the READY line does go high,
the CPU will exit Twa;r and enter T3, in order to
complete the machine cycle. As shown in

2-10

Figure 2-14, the external effect of using the
READY line is to preserve the exact state of the
processor signals at the end of T, for an integral
number of clock periods, before finishing the
machine cycle. This “stretching” of the system
timing has the further effect of increasing the
allowable access time for memory or /O
devices. By inserting Twair states, the 8085A
can accommodate even the slowest of
memories. Another common use of the READY
line is to singe-step the processor with a
manual switch.

2.3.2 Read Cycle Timing
MEMORY READ (MR):

Figure 2-15 shows the timing of two successive
MEMORY READ (MR) machine cycles, the first
without a Twa it state and the second with one
Twarr state. The timing during T4-T3 is absolute-
ly identical to the OPCODE FETCH machine cy-
cle, with the exception that the status sent out
during T;is IO/IM = 0, S1 = 1, S0 = 0, identify-
ing the cycles as a READ from a memory loca-
tion. This differs from Figure 2-13 only in that SO
= 1 for an OF cycle, identifying that cycle as an
OPCODE FETCH operation. Otherwise, the two
cycles are identical during T+-Ts.

A second difference occurs at the end of T;. As
shown in Figure 2-11, the CPU always goes to T,
from T3 during M4, which is always an OF cycle.
During all other machine cycles, the CPU will
always go from T3 to Ty of the next machine
cycle.
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My (OF)
SIGNAL T T TWAIT Ty Ts Ts T
e
w [TN_/ 1 / / Vg O e oy
s'?.':; X 10/M=0,51=1,50=1
Aghys x PCH X UNSPECIFIED
ouT IN
ADG-AD, X PCL -( DyD; (DCX) )—————-L——— — ——
ALE / \ ( )
)
A & . 7 i
READY \_ f %./‘\
<\
FIGURE 2-14 OPCODE FETCH MACHINE CYCLE WITH ONE WAIT STATE
ik MR OR 10R MR OR I0R
i T T2 T3 T T2 TWAIT T3
CLK = \ ’ \ ’
sn:/sﬁo, X 10/M =0 (MR) OR 1 (I0R), S1=1,50=0 10/M =0 (MR) OR 1 (IOR),S1=1,50=0 x
Aghis X x X
out IN out - IN
ADy-AD, X Aoh7 .f( DgD7 )- -( Aoy bl -<
ALE h’ \ ’() l
- ] f
READY :&_.-—-:\'\_’ \-_d.di./"’—_\—’

FIGURE 2-15 MEMORY READ (OR /O READ) MACHINE CYCLES
(WITH AND WITHOUT WAIT STATES)
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The memory address used in the OF cycle is
always the contents of the program counter,
which points to the current instruction, while
the address used in the MR cycle can have
several possible origins. Also, the data read in
during an MR cycle is placed in the appropriate
register, not the instruction register.

1/10 READ (IOR):

Figure 2-15 also shows the timing of two suc-
cessive /0 READ (IOR) machine cycles, the first
without a Twat state. As is readily apparent, the
timing of an IOR cycle is identical to the timing
of an MR cycle, with the exception of IO/M = 0
for MR and IO/M = 1 for IOR; recall that I0/M
status signal identifies the address of the cur-
rent machine cycle as selecting either a
memory location or an 1/0O port. The address
used in the IOR cycle comes from the second
byte (Port No.) of an INPUT instruction. Note
that the 1/O port address is duplicated onto both
ADg-AD7 and Ag-Ais. The IOR cycle can occur
only as the third machine cycle of an INPUT in-
struction.

Note that the READY signal can be used to
generate Tyt states for /O devices as well as
memory devices. By gating the READY signal
with the proper status lines, one could generate
TwaiT states for memory devices only or for /O
devices only. By gating in the address lines, one
can further qualify Twar state generation by the
particular devices being accessed.

2.3.3 WRITE Cycle Timing
MEMORY WRITE (MW):

Figure 2-16 shows the timing for two successive
MEMORY WRITE (MW) machine cycles, the first
without a Twair state, and the second with one
Twair State. The 8085A sends out the status dur-
ing Ty in a similar fashion to the OF, MR and

-10R cycles, except that IO/M = 0, S1 = 0, and

S0 = 1, identifying the current machine cycle as
being a WRITE operation to a memory location.

The address is sent out during T4 in an identical
manner to MR. However, at the end of T4, there
is a difference. While the ADy-AD; drivers were
disabled during T,-T; of MR in expectation of
the addressed memory device driving the ADg-
ADy lines, the drivers are not disabled for MW.
This is because the CPU must provide the data
to be written into the addressed memory loca-
tion. The data is placed on ADy-AD; at the start
of To. The WR signal is also lowered at this time
to enable the writing of the addressed memory
device. During T,, the READY line is checked to
see if a Tyar state is required. If READY is low,
Twarr States are inserted until READY goes
high. During T3, the WR line is raised, disabling
the addressed memory device and thereby ter-
minating the WRITE operation. The contents of
the address and data lines are not changed un-
til the next T4, which directly follows.

Note that the data on ADy-AD; is not
guaranteed to be stable before the falling edge

MW OR 1OW MW OR 10W
SIGNAL :
T T2 T T T2 * 0 Twarr T3
—
ek N/ 4 7 7 / /
10/M, ez e e
=0 (MW)OR 1 (I =0,50=1 10/M =0 (MWi OR 1 (I0W], S1=0,50=1 X
ity x 10/M = 0 (MW) OR 1 (1OW), S1 X /M =0 (MW] OR 1 (
AgAis ) X
out ] out out out
ADg-AD; X Aghy X Do D7 X AgAy X Dp07 x
ALE / \
-
WR \ / \ o/
READY ?_/—-\ \_ t
* — > —a J;\—>

FIGURE 2-16 MEMORY WRITE (OR 1/0 WRITE) MACHINE CYCLES

(WITH AND WITHOUT WAIT STATES)



FUNCTIONAL DESCRIPTION

of WR. The ADy-AD; lines are guaranteed to be
stable both before and after the rising edge of
WR.

1/0 WRITE (IOW):

As Figure 2-16 shows, the timing for an /O
WRITE (IOW) machine cycle is the same as an
MW machine cycle except that IO/M = 0 during
the MW cycle and I0/M = during the IOW cycle.

As with the IOR cycle discussed previously, the
address used in an IOW cycle is the /0 port
number which is duplicated on both the high
and low bytes of the address bus. In the case of
IOW, the port number comes from the second
byte of an OUTPUT instruction as the instruc-
tion is executed.

2.3.4 Interrupt Acknowledge (INA) Timing
Figures 2-17 and 2-18 (a continuation of 2-17)
depict the course of action the CPU takes in

response to a high level on the INTR line if the
INTE FF (interrupt enable flip-flop) has been set

by the El instruction. The status of the TRAP
and RST pins as well as INTR is sampled during
the second clock cycle before My « T4. If INTR
was the only valid interrupt and if INTE FF is
set, then the CPU will reset INTE FF and then
enter an INTERRUPT ACKNOWLEDGE (INA)
machine cycle. The INA cycle is identical to an
OF cycle with two exceptions. INTA is sent out
instead of RD. Also, IO/M = 1 during INA,
whereas IO/M = 0 for OF. Although the con-
tents of the program counter are sent out on the
address lines, the address lines can be ignored.

When INTA is sent out, the external interrupt
logic must provide the opcode of an instruction
to execute. The opcode is placed on the data
bus and read in by the processor. If the opcode
is the first byte of a multiple-byte instruction,
additional IN4A pulses will be provided by the
8085A to clock in the remaining bytes.
RESTART and CALL instructions are the most

M3 (MR)
SIGNAL

My (INA)

M2 (INA)

» T T3 T

)

Ta Ts Ts T L] T3

CLK

{\J‘U‘\J’\_/'\_F\_/_\_F\J'

5

INTR

-

~

iNTA \ ,
10/M, 51,50 (0,101 1 (SR R1]
Aghis (PC-NH PCH PCH
+ .
IN our N our N
AD-AD, 0D, ). .( PCL DyD; (CALLI Jw foe s st e e o e -.-< PCL < Dy-D, (82) >..

ALE

FIGURE 2-17 INTERRUPT ACKNOWLEDGE MACHINE CYCLES
(WITH CALL INSTRUCTION IN RESPONSE TO INTR)
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logical choices, since they both force the pro-
cessor to push the contents of the program
counter onto the stack before jumping to a new
location. In Figure 2-17 it is assumed that a
CALL opcode is sent to the CPU during M4. The
CALL opcode could have been placed there by a
device like the 8259 programmable interrupt
controller.

After receiving the opcode, the processor then
decodes it and determines, in this case, that the
CALL instruction requires two more bytes. The
CPU therefore performs a second INA cycle (My)
to access the second byte of the instruction
from the 8259. The timing of this cycle is iden-
tical to M4, except that it has only three T
states. M, is followed by another INA cycle (M3)
to access the third byte of the CALL instruction
from the 8259.

Now that the CPU has accessed the entire in-
struction used to acknowledge the interrupt, it
will execute that instruction. Note that any in-
struction could be used (except El or DI, the in-
structions which enable or disable interrupts),
but the RESTART and CALL instructions are the
most logical choices. Also notice that the CPU
inhibited the incrementing of the program
counter (PC) during the three INA cycles, so
that the correct PC value can be pushed onto
the stack during M4 and Ms.

During M4 and Ms, the CPU performs MEMORY
WRITE machine cycles to write the upper and
then lower bytes of the PC onto the top of the
stack. The CPU then places the two bytes ac-
cessed in M and Mj; into the lower and upper
bytes of the PC. This has the effect of jumping
the execution of the program to the location
specified by the CALL instruction.

M3 (INA)

Mg (MW)

Mg (MW) My (OF)

SIGNAL
T T2 T

T2

T3 T ] T3 T T2

CLK

/NN NN NNNNNNS VS

INTR

INTA

| /

10/M, §1, 50 x (1,10 10,0,1) 10,0,1) 10,1,1)
Ag-As x PCH (SP1)H (SP-2)H PCH(B3)
our N our our our our our
T t T
ADy-AD; .( pCL Dy-0 la:n)..( (8P DD PCH) (SP-2IL Dy-0; (PCL) 82
ALE
/ / \ i\

N

FIGURE 2-18 INTERRUPT ACKNOWLEDGE MACHINE CYCLES
(WITH CALL INSTRUCTION IN RESPONSE TO INTR)
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2.3.5 Bus Idle (Bl) and HALT State

Most machine cycles of the 8085A are
associated with either a READ or WRITE opera-
tion. There are two exceptions to this rule. The
first exception takes place during M, and M3 of
the DAD instruction. The 8085A requires six in-
ternal T states to execute a DAD instruciton,
but it is not desirable to have My be ten (four
normal plus six extra) states long. Therefore,
the CPU generates two extra machine cycles
that do not access either the memory or the |/O.
These cycles are referred to as BUS IDLE (Bl)
machine cycles. In the case of DAD, they are
identical to MR cycles except that RD remains
high and ALE is not generated. Note that
READY is ignored during M, and M3 of DAD.

The other time when the BUS IDLE machine cy-
cle occurs is during the internal opcode genera-
tion for the RST or TRAP interrupts. Figure 2-19
illustrates the Bl cycle generated in response to
RST 7.5. Since this interrupt is rising-edge-
triggered, it sets an internal latch; that latch is
sampled at the falling edge of the next to the
last T-state of the previous instruction. At this
point the CPU must generate its own internal
RESTART instruction which will (in subsequent
machine cycles) cause the processor to push
the program counter on the stack and to vector
to location 3CH. To do this, it executes an OF
machine cycle without issuing RD, generating
the RESTART opcode instead. After M4, the
CPU continues execution normally in all
respects except that the state of the READY
line is ignored during the Bl cycle.

My (OF)
SIGNALS

My (BI} Mg (MW

T2

CLK

RST 75

l:\/

10/M

\_/‘ig\_/_\_/'\_/_\_f'\_/“\_/'\_/“\_/'

§1.80

AgAys (PC-1IH

PCH

X (SPAIH

ouT

— PCL

ADy-AD;

————

ouT

— —— — —-( (sP-11L

PCH

READY
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Figure 2-20 illustrates the Bl cycle generated in
response to RST 7.5 when a HALT instruction
has just been executed and the CPU is in the
TuaLt State, with its various signals floating.
There are only two ways the processor can com-
pletely exit the Tya T State, as shown in Figure
2-11. The first way is for RESET to occur, which
always forces the 8085A to Treser. The second
way to exit Tyar permanently is for a valid in-
terrupt to occur, which will cause the CPU to
disable further interrupts by resetting INTE FF,
and to then proceed to M; « T, of the next in-
struction. When the HOLD input is activated,
the CPU will exit Tya,t for the duration of TyoLp
and then return to TyaLT.

In Figure 2-20 the RST 7.5 line is pulsed during
ThaLT- Since RST 7.5 is a rising-edge-triggered
interrupt, it will set an internal latch which is
sampled during CLK = “1"” of every Tya_t State
(as well as during CLK = “1” two T states
before any M; « T4.) The fact that the latched in-
terrupt was high (assuming that INTE FF = 1
and the RST 7.5 mask =0) will force the CPU to
exit the Tya,t state at the end of the next CLK
period, and to enter My « T4.

This completes our analysis of the timing of
each of the seven types of machine cycles.

My (OF) M3 (HALT)
SIGNALS

My (B1) M2 (MW)

T3 Ta T THALT | THALT

T2 T3 Ts Ts Ts T T2

ALE

RST7.5 —-
10/ = B
51,50
AgAis (PC-T)H PCH __,.____( PCH (SP-1H
IN out ouT N
ADg-ADy HALT __.___.r.__..< PCL —— __...;.__.___.__—.(m.m PCH

3l
|
1
|
|
1

READY

=

R
b ¥

FIGURE 2-20 HALT STATE AND BUS IDLE MACHINE CYCLE

RST 7.5 TERMINATES Tyat STATE
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2.3.6 HOLD and HALT States

The 8085A uses the TyoLp state to momentarily
cease executing machine cycles, allowing ex-
ternal devices to gain control of the bus and
peform DMA cycles. The processor internally
latches the state of the HOLD line and the un-
masked Iinterrupts during CLK = ‘“1” of every
ThaLt State. If the internal latched HOLD signal
is high during CLK = “1" of any Tya_t state, the
CPU will exit Tyar and enter Tyop on the
following CLK = “1"”. As shown in Figure 2-21
this will occur even if a valid interrupt occurs
simultaneously with the HOLD signal.

The state of the HOLD and the unmasked inter-
rupt lines is latched internally during CLK = 1
of each TyoLp state as well as during TyaLt
states. If the internal latched HOLD signal is
low during CLK = 1, the CPU will exit TyoLp and
enter TyaLt on the following CLK = 1.

The 8085A accepts the first unmasked, enabled
interrupt sampled; thereafter, all interrupt
sampling is inhibited. The interrupt thus ac-
cepted will inevitably be executed when the
CPU exits the HOLD state, even at the expense
of holding off higher-priority interrupts
(including TRAP). (See Figure 2-22.)

When the CPU is not in Tyart or THovup, it inter-
nally latches the HOLD line only during CLK =
1 of the last state before T3 (T, or Twayr) and dur-
ing CLK = 1 of the last state before Ts (T4 of a
six T-state My). If the internal latched HOLD
signal is high during the next CLK = 1, the CPU
will enter TyoLp after the following clock. When
the CPU is not in TyaLt Or THoLp, it will internally
latch the state of the ynmasked interupts only
during CLK of the next to the last state before
each My » T4,

SIGNALS Ta Thoo Ty* Thoto (Ty* Thoto " Thoo Thowo T
ax | [ / J=t s oy
HOLD \\ v\
HLDA ’ | \
NTERRUPTS SAMPLED

| HERE REGARDLESS

| .~ OF HOLD

|

INTERRUPT / i \
ety —
— g
START OF INTERRUPT —___
CYCLE DELAYED
*SIGNIFIES THAT T¢-Ty MAY TAKE PLACE INSIDE THE 5085A EVEN WHILE THE PROCESSOR IS IN A HOLD STATE. BY no'is

FIGURE 2-21 HOLD VS INTERRUPT — NON HALT
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woin | [ \ / i
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| IMMEDIATELY AFTER
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|
| INTERRUPT ACCEPTED HERE CAUSES SAMPLING TO BE INHIBITED —
= INHIBITING HIGHER INTERRUPTS (EVEN TRAP)

LOW PRIORITY —J___\
INTERRUPT(S) T

| | /
HIGH PRIORITY |
INTERAUPT(S)

| !

FIGURE 2-22 8085A HOLD VS INTERRUPTS — HALT MODE

2.3.7 Power On and RESET IN

The 8085A employs a special internal circuit to
increase its speed. This circuit, which is called
a substrate bias generator, creates a negative
voltage which is used to negatively bias the
substrate. The circuit employs an oscillator and
a charge pump which require a certain amount
of time after POWER ON to stabilize. (See
Figure 2-23.)

Taking this circuit into account, the 8085A is
not guaranteed to work until 10 ms after Vg
reaches 4.75V. For this reason, it is suggested
that RESET IN be kept low during this period.
Note that the 10 ms period does not include the
time it takes for the power supply to reach its
4.75V level — which may be milliseconds in
some systems. A simple RC network (Figure 3-6)
can satisfy this requirement.

The RESET IN line is latched every CLK = 1.
This latched signal is recognized by the CPU
during CLK = 1 of the next T state. (See Figure
2-24)) If it is low, the CPU will issue RESET OUT
and enter Tyat for the next T state. RESET IN
should be kept low for a minimum of three clock
periods to ensure proper synchronization of the
CPU. When the RESET IN signal goes high, the

2-18

CPU will enter M, « T, for the next T state. Note
that the various signals and buses are floated in
Treser a@s well as Tyar and Tyorp- For this
reason, it Is desirable to provide pull-up
resistors_for the main control signals (par-
ticularly WR).

Specifically, the RESET IN signal causes the
following actions:

RESETS SETS
PROGRAM COUNTER RST 5.5 MASK
INSTRUCTION REGISTER RST 6.5 MASK
INTE FF RST 7.5 MASK
RST 7.5 FF

TRAP FF

SOD FF

MACHINE STATE FF'’s

MACHINE CYCLE FF's

INTERNALLY LATCHED
FF’s for HOLD, INTR,
and READY

RESET IN does not explicitly change the con-
tents of the 8085A registers (A, B,C, D, E, H, L)
and the condition flags, but due to RESET IN oc-
curring at a random time during instruction ex-
ecution, the results are indeterminate.
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POWER SUPPLY

M, (OF)

ov

Van (INTERNAL)

WV

24V w—
RESET IN

oV -

FIGURE 2-23 POWER-ON TIMING
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FIGURE 2-24 RESET IN TIMING
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Following RESET, the 8085A will start executing
instructions at location 0 with the interrupt
system disabled, as shown in Figure 2-24.

Figure 2-24 also shows READ and WRITE opera-
tions being terminated by a RESET signal. Note
that a RESET may prematurely terminate any
READ or WRITE operation in process when the
RESET occurs.

2.3.8 SID and SOD Signals:

Figure 2-25 shows the timing relationship of the
SID and SOD signals to the RIM and SIM instruc-
tions. The 8085A has the ability to read the SID
line into the accumulator bit 7 using RIM instruc-
tions. The state of the SID line is latched inter-
nally during T3 « CLK = 0 of the RIM instruction.
Following this, the state of the interrupt pins
and masks are also transferred directly to the
accumulator.

The 8085A can set the SOD flip-flop from bit 7 of
the accumulator using the SIM instruction. (See
Figure 2-26.) The data is transferred from the ac-
cumulator bit 7 to SOD duringM; « T,- CLK = 0
of the instruction following SIM, assuming that
accumulator bit 6 is a 1. Accumulator bit 6 is a
“serial output enable” bit.
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My (OF) My (OF] My (OF)
SIGNAL
T T2 T3 T4 T T2 T3 Ta T T T3 Ta
l\
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FIGURE 2-25 RELATIONSHIP OF SID AND SOD SIGNALS TO RIM AND SIM INSTRUCTIONS

EFFECT OF RIM INSTRUCTION EFFECT OF SIM INSTRUCTION
siD

B085A

ACCUMULATOR ACCUMULATOR

FIGURE 2-26 EFFECT OF RIM AND SIM INSTRUCTIONS

24 COMPARISON OF MCS-80 AND MCS-85
SYSTEM BUSES

This section compares the MCS-80 bus with the
MCS-85 bus. Figure 2-28 details the signals and
general timing of the two buses; the timing
diagrams are drawn to the same scale (8080A
clock cycle = 480 ns and 8085A clock cycle =
320 ns) to facilitate comparison.
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MCS-80™ System Bus

The MCS-80 bus is terminated on one end by the
CPU-GROUP (consisting of the 8080A, 8224,
8228) and on the other end by the various
memory and /O circuits. The following figure
shows the major signals of the MCS-80 bus.

INTA =¥ ——F s Aotis

HOLD ————————— 8080A
8224
MDA =]
8228 <+- 0,0,
READY
RESET

PR MEMR, MEMW

] iOR, iIOW

FIGURE 2-27 COMPARISON OF SYSTEM BUSES

MCS-85™ System Bus

The MCS-85 bus is terminated on one end by the
8085A and the other end by various memory and
1/0 devices. The MCS-85 bus may be optionally
de-multiplexed with an 8212 eight bit latch to
provide an MCS-80 type bus. The following
figure shows the major signals of the MCS-85
bus.

INTR

_—
- ALE
INTA =——— = (OPTIONAL)
= Agh;
HOLD———————= L
8

HLDA = 8085A y
78 Aghig

READY ——— /5 AD,-AD,
RESETOUT =————— A AD, WR
CLK =————— 10/M, ALE

MCS-80™ System Bus

SIGNAL(S) FUNCTION

Aog-Ais The 16 lines of the address
bus identify a memory or I/O
location for a data transfer
operation.

Do-D7 The 8 lines of the data bus

are used for the parallel
transfer of data between
two devices.

These five control lines
(MEMORY READ, MEMORY
WRITE, I/O READ, /0 WRITE,
and INTERRUPT ACKNOWL-
EDGE) identify the type and
timing of a data transfer
operation.

These signals are used for
the synchronization of slow
speed memories, system
reset, DMA, sytem timing,
and CPU interrupt.

READY, RESET,
HOLD, HLDA
¢2 (TTL), INT

FIGURE 2-28 COMPARISON OF SYSTEM BUSES
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MCS-85™ System Bus
SIGNAL(S) FUNCTION

Ag-Ais These are the high order
eight bits of the address,
and are used to identify a
memory or |/O location for a
data transfer cycle.

These eight lines serve a
dual function. During the
beginning of a data transfer
operation, these lines carry
the low order eight bits of
the address bus. During the
remainder of the cycle,
these lines are used for the
parallel transfer of data be-
tween two devices.

These signals identify the
type and timing of a data
transfer cycle.

The I/O/IMEMORY line iden-
tifies a data transfer as be-
ing in the I/O address space
or the memory address
space.

ADDRESS LATCH ENABLE
enables the latching of the
Ag-A7 signals.

READY, RESET These signals are used for
OUT, HOLD, the synchronization of slow
HLDA, CLK, INTR speed memories, system
reset, DMA, system timing
and CPU interrupt.

ADg-AD;

d
o
3
b
|
>

I0/M

ALE
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MCS-80™ System Bus

The basic timing of the MCS-80 BUS for a READ
CYCLE is as follows:

@

@
w X X

® ® ®

e (D G SR

@
WEWIR, TOF or INTA ®

The MCS-80 first presents the address (?)and
shortly thereafter the control signal(@. The
data bus, which was in the high impedance
state, is driven by the selected device (3. The
selected device eventually presents the valid
data to the processor (3). The processor raises
the control signal 5, which causes the select-
ed device to put the data bus in the high impe-
dance state(6). The processor then changes
the address (7) for the start of the next data
transfer.

The basic timing of the MCS-80 BUS for a
WRITE CYCLE is as follows:

®
X X
@ ®
omon ==X X
MEMW or 1OW @‘\Laz_:_s» _____ \® ®/

The MCS-80 first presents the address (1), then
enables the data bus driver(?, and later
presents the data(@). Shortly thereafter, the
MCS-80 drops the control signal @) for an inter-
val of time and then raises the signal 5. The
MCS-80 then changes the address®)in
preparation for the next data transfer. The ad-
vance write signal of the 8238 is also shown (@).

MCS-85™ System Bus

The basic timing of the MCS-85 BUS for a READ
CYCLE is as follows:

Ag-Asg, 10/M x x
(OPTIONALLY
AgA; LATCHED X X:
SIGNALS)

AD or INTA

At the beginning of the READ cycle, the 8085A
sends out all 16 bits of address (). This is
followed by ALE (@ which causes the lower
eight bits of address to be latched in either the
8155/56, 8355, 8755A, or in an external 8212. RD
is then dropped (3) by the 8085A. The data bus is
then tri-stated by the 8085A in preparation for
the selected device driving the bus @)); the
selected device will continue to drive the bus
with valid data (), until RD is raised (§) by the
8085A. At the end of the READ CYCLE (@), the
address and data lines are changed in prepara-
tion for the next cycle.

The basic timing of the MCS-85 BUS for a
WRITE CYCLE is as follows:

Ag-Ays, IO/M x x
(OPTIONALLY:X X:
LATCHED
At SIGNALS]

The timing of the WRITE CYCLE is identical to
the MCS-85 READ CYCLE with the exception of
the ADo-AD; lines. At the beginning of the
cycle (O, the low order eight bits of address are
on ADy-AD;. After ALE drops, the eight bits of
data (2) are put on ADy-AD;. They are removed @)
at the end of the WRITE CYCLE, in anticipation
of the next data transfer.

FIGURE 2-28 (Continued) COMPARISON OF SYSTEM BUSES
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The following observations of the two buses
can be made:

1. The access times from address leaving
the processor to returning data are almost
identical, even though the 8085A is
operating 50% faster than the 8080.
With the addition of an 8212 latch to the
8085A, the basic timings of the two
systems are very similar.

The 8085A has more time for address
setup to RD than the 8080.

The MCS-80 has a wider RD signal, but a
narrower WR signal than the 8085A.

The MCS-80 provides stable data setup to
the leading and trailing edges of ;
while the 8085 provides stable data setup
to only the trailing edge of WR.

The MCS-80 control signals have different
widths and occur at different points in the
machine cycle, while the 8085A control
signals have identical timing.

While not shown on the chart, the MCS-80
data and address hold times are adversely
affected by the processor preparing to
enter the HOLD state. The 8085A has iden-
tical timing regardless of entering HOLD.
Also not shown on the chart is the fact
that all output signals of the 8085A have
—400pa of source current and 2.0 ma of
sink current. The B8085A also has input
voltage levels of V, =0.8V and V| =2.0V.

CONCLUSION:

The preceding discussion has clearly shown
that the MCS-85 bus satisfies the two restric-
tions of COMPATIBILITY and SPEED. It is com-
patible because it requires only an 8212 latch to
generate an MCS-80 type bus. If the four control
signals MEMR, MEMW, IOR and 1OW are
desired, they can be generated from RD, WR,

2-23

and I0/M with a decoder or a few gates. The
MCS-85 bus is also fast. While running at 3MHz,
the 8085A generates better timing signals than
the MCS-80 does at 2MHz. Furthermore, the
multiplexed bus structure doesn’t slow the
8085A down, because it is using the internal
states to overlap the fetch and execution por-
tions of different machine cycles. Finally, the
MCS-85 can be slowed down or sped up con-
siderably, while still providing reasonable
timing.

TO USE. The RD, WR, and INTA control signals
all have identical timing, which isn’t affected by
the CPU preparing to enter the HOLD state. Fur-
thermore, the address and data bus have good
setup and hold times relative to the control
signals. The voltage and current levels for the
interface signals will all drive buses of up to 40
MOS devices, or 1 schottky TTL device.

The MCS-85 system bus is also EFFICIENT. Effi-
ciency is the reason that the lower eight ad-
dress lines are multiplexed with the data bus.
Every chip that needs to use both As-A7 and Dy-
D; saves 7 pins (the eighth pin is used for ALE)
on the interface to the processor. That means
that 7 more pins per part are available to either
add features to the part or to use a smaller
package in some cases. In the three chip
system shown in Figure 3-6, the use of the
MCS-85 bus saves 3 x 7 = 21 pins, which are
used for extra I/O and interrupt lines. A further
advantage of the MCS-85 bus is apparent in
Figure 3-7, which shows a printed circuit layout
of the circuit in Figure 3-6. The reduced number
of pins and the fact that compatible pinouts
were used, provides for an extremely compact,
simple, and efficient printed circuit. Notice that
great care was taken when the pinouts were
assigned to ensure that the signals would flow
easily from chip to chip to chip.
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CHAPTER 3

System Operation
and Interfacing
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CHAPTER 3
SYSTEM OPERATION AND INTERFACING

3.1 INTERFACING TO THE 8085A

The 8085A interfaces to both memory and I/O
devices by means of READ and WRITE machine
cycles, the timing of which are identical. During
each machine cycle the 8085A issues an address
and a control signal, then either sends data out on
the bus or reads data from the bus. The 8085A may
be performing a READ machine cycle, but what
it reads could be a ROM, RAM, I/O device, periph-
eral device, or nothing.

There is no distinction between data, instruction
opcodes, and I/O port numbers except the way the
CPU interprets what it reads from the bus. If an op-
code is what would logically appear on the bus, the
CPU will treat as an opcode whatever does appear
there; if an I/0O port number is to be expected, what
appears will be interpreted as a port number. The
same is true for a WRITE cycle. The 8085A issues
an address, data, and a control signal. Unless it is
requested to WAIT (by use of the READY line) it will
complete the cycle and proceed to the next. Regard-
less of whether there is a device present to accept
the data, the CPU executes one instruction at a
time, in sequence, until told to do otherwise. The
program controls the sequence and nature of all
machine cycles until an interrupt occurs.

There are two ways of addressing I/O devices in the
MCS-85 system. If the IO/M output from the CPU is
used to distinguish between /O and memory
READ and WRITE cycles, then that system is said
to employ standard, or 1/0O-mapped, I/O. If IO/M is
not so used, the CPU does not distinguish between
/O and memory, and its system employs memory-
mapped I/O. Each method of addressing I/O has ad-
vantages and disadvantages.

32 MEMORY-MAPPED /O
321 Advantages of Memory-Mapped /O

Since the processor doesn't distinguish /O from
memory using this addressing scheme, you can
take advantage of the larger instruction set that
references the memory address space. Instead of
only being able to transfer a byte of data between
the accumulator and the /O port (using INPUT and
OUTPUT instructions), you can now program

arithmetic and logic operations on port data as well
as move data between any internal register and the
I/0 port. Consider the new meaning of the following
instructions:

Examples:

MOVr,M (Input Port to any Register)
MOV M,r  (Output any Register to Port)
MVI M (Output immediate data to Port)
LDA (Input Port to ACC)

STA (Output from ACC to Port)
LHLD (16-Bit Input)

SHLD (16-Bit Output)

ADD M (Add Port to ACC)

ANA M (AND Port with ACC)

322 Disadvantages of Memory-Mapped /O

While memory instructions may increase the flex-
ibility of the 1/O system, there are some drawbacks.
Since /O devices are now addressed as memory,
there are fewer addresses available for memory. A
common practice is to use address bit 15 (As) to
distinguish memory from 1/O. (See Figure 3-2 and
accompanying discussion.) If Ais=0 then memory
is being addressed; if Ais=1, /O is being ad-
dressed. This particular scheme limits the max-
imum amount of memory that can be used to 32k
bytes. A further disadvantage of memory-mapped
110 is that it takes 3 bytes of instruction and 13
clock cycles using the LDA or STA instructions
to specify moving a byte of data between the ac-
cumulator and an I/O device, whereas the INPUT
and OUTPUT instructions require only two bytes
and 10 clock cycles. This is because the /O ad-
dress space is smaller (only 256 bytes) and there-
fore requires fewer bits to completely specify
an address. A futher advantage of using the IN-
PUT and OUTPUT Instructions is that it allows
the easy connection of the MCS-80 peripherals
to the MCS-85 multiplexed bus. If you memory-
map the MCS-80 peripherals to the MCS-85 bus,
you must either latch the lower address bits
with an 8212 or use a portion of the memory ad-
dress space by connecting the chip selects and
address lines of the ports to the unmultiplexed
upper eight lines of the address bus.
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3.3 ADDRESS ASSIGNMENT
3.3.1 Decoding

Besides memory-mapped |/O, another practice
is to only partially decode the address bus
when generating chip selects. Every device has
a given number of unique addresses associated
with it. The 8355, for instance, has 2k bytes of
ROM and therefore has 2k addresses associated
with the ROM. Any one of these 2k addresses
can be uniquely specified by a pattern on the 11
(211 = 2k) address lines. However, since the 8355
must work with other devices in a system, it
isn't enough to simply specify the 11 bits; fur-
ther bits of information must be used to locate
the 2k bytes within the 65k address space. The
2k bytes are located by the use of chip enable
(CE) inputs to the 8355 chip. If the 8355 were to
occupy the first 2k bytes of the memory address
space, it would, strictly speaking, be necessary
to decode the fact that A45-Ay; were all zeroes,
and use that condition as a chip enable. Then
the 8355 would be selected only when the ad-
dress bus was less than 2k.

However, if other 2k blocks of addresses aren’t
being used, you may combine those addresses
and not decode all of the upper five address
lines for chip enables. In fact, in a small system
you may need to decode only one bit of address,
which is to say connect that bit of the address
bus to the chip enable line of the 8355. If you
connect Aq4 to the CE line of the 8355 and tie CE
to V¢g, then the 8355 would be selected when-
ever the memory address was less than 2k. (See
Figure 3-1A.)

However, it will also be selected whenever
memory locations 4k-6k, 8k-10k, 61k-63k (i.e.,
whenever bit A;=0) is addressed. If the pro-
grammer is aware of this, and if there are no
other devices assigned to the other address
spaces, then it may be an acceptable condition.
Care must be taken, however, to ensure that at
no time will two different devices be selected
simultaneously. Whenever one device is
selected, that memory address must deselect
all other devices. If two devices are selected
simultaneously for a READ operation, the elec-
trical conflict on the bus may damage one or
both parts. Note also that the address bus may
reflect an undesired address during Ts, T of an
opcode fetch cycle and during address bus
transitional periods in Ty (this is illustrated in
Chapter 2). Therefore, all memory and I/O
devices must qualify their selection with RD or
WR, or the address on the bus at the falling
edge of the ALE, so as to ignore all spurious ad-
dresses.

32

3.3.2 Linear Selection

Using an address bit as a chip select is referred
to as linear selection. The direct consequence
of linear selection is that you cut the available
address space in half for each single address
bit used as a chip enable. If this penalty is too
high, you can always use an 8205 one-of-eight
decoder. Also, some chips have multiple chip
enables, which allows for some automatic
decoding of the address. (See Figures 3-1B and
3-1C.)

One drawback to linear selection is that the
memory addresses of the different parts are not
contiguous. For example, if three 8355s are ad-
dressed using linear selection, one might be
located at 0-2k, the next at 6k-8k, and the next at
10k-12k. The programmer must recognize these
page boundries and jump over them.

3.4 INTERFACING TO THE 8155/8156,

8355/8755A
3.4.1 /O Mapped l/O:

This section describes some of the techniques
involved in connecting the MCS-85 combination
memory and /O chips to the 8085A as /O
devices.

Figure 3.1A shows one 8355 connected to the
8085A bus. (In the interest of simplicity, only the
chip enable and |IO/M lines are shown; the other
lines are connected as shown in Figures 3.6, 3.7
or 3.8.) Notice that CE is tied to Vgc and CE is
connected to Ayq. This is because after RESET
the processor always starts executing at loca-
tion 0. Since the ROM normally contains the
program, it must be selected when the address
is all zeroes.

One consequence of the ROM being selected
by an all-zero address is that the 1/0O ports on
the chip will be selected only when A;; =0. This
is because the |/O ports and the memory have
common chip enables, therefore forcing the
selection conditions of one onto the other. Fur-
thermore, since the IO/M line of the chip is con-
nected to the IO/M line of the 8085A, the port
has 1/0 mapped /0. The 1/0O ports can be ac-
cessed only by use of the INPUT and OUTPUT
instructions; since these are the only instruc-
tions that cause I0/M to go high.

The boxes to the right of the chip in Figure 3.1A
indicate the memory addresses and I/O Port
numbers required to access the chip. As a
result of the linear selection technique used,
there are many “don’t care” bits (marked by
“X"s) in the address. While they don't affect the
addressing of this device, they may affect other
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FIGURE 3-1A SINGLE CHIP 8355/8755A
An te
Vee CE '~
10/M 10/M . )
‘ MEMORY ADDRESS
[ xxx[oa, “ T ~ A
( 1/0 PORT :
(X X X X[0 X AyA
FIGURE 3-1B MULTIPLE CHIPS 8156
oAy ce !
10/f 10/f 3 1€
] | MEMORY ADDRESS
:‘fsma/\ KX T T[X KX X[A- - [ 1 - A
Ay B 1/0 PORT
10/ [KXT 1]X A 4l
8355/8755A & MEMORY, ADDRESS
& FXOI[X Ag [ - -~ [ - - A
Vee CE 1/0 PORT A
o o
MEMORY ADDRESS , -
FX0oa[xAg -[- - BE |
1/0 PORT x 3
#o [ X 0 o[x XA, A
FIGURE 3-1C FULLY DECODED AND EXPANDED
8206 8165
As Ay 07 P 3
Ay | A, i 10/M
A A A
A 2 ! MEMORY ADDRESS
m: e: | 8155 P T XXXTA [ - - Ay
E 0 p— CE 1/0 PORT
J:j (o/f n/ 01 1 1[1 A A A
1o/ // MEMORY ADDRESS
s P o o]0 X X XA - [- - - A
8205 8356/8765A i // 1O PORT
Ais - 0, b & #0 0 1 0 0]0 A, A AJ
Az ——— A, ! Vee CE
An Ay ! 1O/M
SO \ 3 MEMORY ADDRESS
A;EL—aE: ' B355/8765A o9 VA -T- s s e = A
A o€, 0p b & - 1/0 PORT
Vee—| ce #7 [0 717 X A4
o/m ’ e
oM /’ MEMORY ADDRESS
/|°°°°|“‘n"]'~~‘|---~]
/ 1/0 PORT
#0 0 0 0 0[]0 X A A !

FIGURE 3-1D SEPARATE CHIP ENABLES FOR I/0 AND MEMORY

CE-10

CE-MEM

\-\__ % QUAD
2701 MUX
I 8156
ouT CE
10/M
b Ao

!

FIGURE 3-1 MCS-85™ PERIPHERALS WITH 1/0 MAPPED 1/0
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thus each device must have an address that not
only selects itself, but also deselects all other
devices. If there are any bits which are truly
‘‘don’t cares,” they are customarily assigned to
be zero. If all the “X" bits in Figure 3.1A were
“don’t cares,” then the chip could be addressed
as memory locations 0-2k, and |/O Ports 0-3.

Figure 3.1B shows a slightly larger system of
two 8355s and one 8156. Notice that 8355 No. 1
uses its two chip enable lines to decode A, =1,
A1 =0. It is possible to address each of the
chips without selecting any of the others. Also
notice that there are some Illegal addresses
(e.g., A12=0, Ay;=1) that would cause two of
the devices to turn on simultaneously. The pro-
grammer must not use these addresses.

Figure 3.1C shows a larger MCS-85 system. Two
8205s are used to completely decode the ad-
dresses. There are some interesting points to
observe here. First, while some of the devices
have multiple possible address (i.e., they have
some ‘‘don’'t care” bits), there aren't any ad-
dresses which can cause simultaneous selec-
tion of two or more parts. Second, the 1/O and

required per eight chips for the decoding; that’s
an overhead of only 1/8 of a chip per part.

Figure 3.1D shows a remedy to the problem il-
lustrated in Figure 3.1C, namely that I/O and
memory portions of the chip are forced to live
with each other’s chip enable constraints. By
using aquad 2 to 1 multiplexer, the chip enables
of the 1/0O and memory portions of four chips
can be independently assigned.

3.42 Memory-Mapped 1/O:

Figure 3.2A shows an 8355 connected to the
8085A. Since the IO/M pin of the 8355 is con-
nected to A5, whenever A5 =1 the |/O ports will
be accessed. While A5 could be set to 1 either
by a memory or by an /O instruction, in this
situation the port is usually accessed only by
the memory instructions. You may access ports
either as memory locations (where Ai;s=1
refers to a memory address of 32k or higher) or
as |/O ports (where As=1 refers to an I/O ad-
dress of 128 or higher, since bits Ag-As are a

FIGURE 3-2A SINGLE CHIP

B355/8756A
Ay CE
Vee CE
A 10/
MEMORY ADDRESS
{[o X X X[0 A -[- - - -] - - A‘_,J
1/0 ADDRESS
[xxx[ox- - - - [ x A A
FIGURE 3-2B MULTIPLE CHIPS
8156
Ays CE
As 10/
1 MEMORY ADDRESS
?Ess/sms,x ([0 X 1 1]X X X X[A,- - -]- - - A
Az P : 1/0 ADDRESS e
|0/ [x v ax x - T - TX A A A
8366/8755A MEMORY ADDRESS
G PXOoi[X A [~ - - [ - - A
Vee CE 4 1/0 ADDRESS
10/M [ XXX - - ] X A4
. MEMORY ADDRESS
Exoo|ko N | . -ﬁ,
1/O ADDRESS
I | (G |

FIGURE 3-2 MCS-85™ PERIPHERALS WITH MEMORY-MAPPED 1/O
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replication of bits Ap-A;). Assuming that
memory-mapped |/O is used, the addresses are
shown in the boxes to the right in Figure 3-2. If
you want to be sure that neither the I/O nor the
memory is ever selected by any INPUT or OUT-
PUT instruction, then the chip enable must be
conditioned by I0/M =0.

Figure 3.2B shows a somewhat larger system,
also using memory-mapped /0. As in Figure
3.1B care must be exercised to ensure that no
two devices are accessed simultaneously. You
can see that considerable memory address
space is used up as a result of using memory-
mapped 1/O.

3.5 INTERFACING TO MCS-80™ PERIPHERALS
3.5.1 /0 Mapped 1/0:

For want of a better name, the Intel® 825x, 827x,
and 829x series penpherals are referred to here
as MCS-80 peripherals because unlike the 8155/
56, 8355 and 8755A, they are compatible with
the nonmultiplexed MCS-80 system bus.

To interface to an MCS-80 peripheral, you must
B_gvnde a constant address, a chip select, and

or WR. Since the upper address lines (A8~A15)
of the B085A are nonmultiplexed, they can be
tied directly to the peripherals, as shown in
Figure 3.3A. To provide 1/0 mapped /O, use
either linear selection (keeping the 1/0 and
memory addresses noncoincidental), or condi-
tion the chip selects WR with 10/M = 1. Figure
3.3A shows a technique of gating the chip
selects with IO/M =1, using an 8205. This
technique also allows more I/O devices to be
used than linear selection would. Note that this
technique relies on the fact that the I/O Port
number is copied onto Ag-Ai5 as well as Ag-A;
during an INPUT or OUTPUT instruction.

Figure 3.3B shows an alternative approach to
interfacing to MCS-80 components. By latching
the lower 8 bits of address with an 8212, and
decoding the control signals with an 8205, you
create an exact copy of the MCS-80 (8080A,
8224, 8228) bus. You may then use whatever cir-
cuits have been previously developed for the
8080. The total cost is one 8212 and one 8205.
Since the same signals might have needed buf-
fering anyway (and the 8212 and 8205 provide
buffering of their outputs), the extra component
overhead ranges from little to nothing.

3.5.2 Memory-Mapped 1/O:

Exactly the same techniques used to memory
map the MCS-85 apply to the MCS-80 I/0 devices.
Figure 3.4 shows an 8205 used to qualify the
chip select of the I/0 device with |IO/M = 0. Since

3-5

the MCS-80 peripherals require nonmultiplexed
address lines, linear select is not too useful
unless the address lines are latched. This is
because connecting both the chip selects and
the address lines of the MCS-80 peripherals to
Ag-Ais would deplete all the useful addresses
very quickly.

3.6 INTERFACING TO STANDARD BUS
MEMORIES

Standard bus memory devices are designed to
be used with nonmultiplexed address and data
buses. Interfacing to standard memories is very
similar to interfacing to MCS-85 memories with
the exception that Ag-A; must be latched. Once
this requirement is met, all the tricks discussed
earlier can be used. Since the address lines
would eventually require buffering as the
system size grew, the overhead of the 8212
latch again becomes negligible.

Figure 3.5 shows the interface of the 8085A to a
large block of memory, specifically 16k bytes of
ROM and 8k bytes of RAM. Besides the
memories, the circuit requires only 2-1/6 other
parts for logical gating. If MCS-80 I/O parts were
used, the 8212 latch could be shared between
the two groups, further reducing the gating
overhead per IC. Sixteen 2142 chips and eight
2316E chips are used in this design. The data
bus, address lines 8-10, and control signals in
this system all should be buffered. This applies
to any system with the number of memory
devices represented here.

Wherever two or more parts are paralleled on
the same bus, they must be 3-state devices
such as the 2142 RAM, 2316E ROM, 2716
EPROM, 2332 ROM, 2732 EPROM, and 2364
ROM, which have either an output disable (OD)
input or multiple chip select (CS) inputs. To pre-
vent bus contention, only one memory device
may be output-enabled at a time in this con-
figuration; the outputs of all others must be
deselected during RD.

For additional information on interfacing stan-
dard memory devices, please read Section 2 of
Appendix | and the Intel applications note AP-30
“Application of Intel's 5V EPROM and ROM
Family for Microprocessor Systems” available
from: Intel, Literature Dept., 3065 Bowers Ave.,
Santa Clara, CA 95051. i

3.7 DYNAMIC RAM INTERFACE:

For interfacing the dynamic RAM, Intel makes a
single-component dynamic RAM refresh con-
troller, the 8202, which interfaces the 8085A to
multiplexed-address-bus dynamic RAMs like
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FIGURE 3-3A DECODED CHIP SELECTS

Ay
As
8205
"
Aw A 0; p—— IS 82585
An A ' ia
ay ——————————{ &, o & 825545
mmm—
D,D Ay
1o/ Ey O o Ao
Ay — - Ex o p s sz PNz
Ey - f— Ay
Ao Io 10 olx X % A,I
8251A 1/0 PORT
cs IoololxxA.A.,l
I—1~
10 PORT
AD < RD |oon1|xxA.A.|
wR - wr
ADy-ADy DDy 1/0 PORT
00 0 olx X X Ay

FIGURE 3-3B DECODED CONTROLS AND LATCHED ADDRESS (MCS-80™ TYPE BUS)

8205 0, b—o s
wR Ay O b— ﬂ" < WR
] & o b = — &0
10/ | A o p—o S5IA
5V 0 p—vr
R ob— o
RESET OUT —— &, 0, p——————— WEMR
rq Ey 0y p——
A = d&s
[ ] 1/0 PORT
ADq m,< > Dg-D; (AR x_ Al
8212 As '
:> Dhia DOy >.,.A,
L Gl |-
sT8
ALE [
s,
FIGURE 3-3 MCS-80™ PERIPHERALS WITH 1/O MAPPED /O
8205
Afg —— 1A, o, D._
Aun Ay :
Ag Ag 3
H
1
Ay Ey :
‘ IOIﬁ — E’ E & 5
__L_d Ey 0s D—I A
b —o{ rD 1/0 ADDRESS
WR < WR [t ooo]xxx1]x - x]
AD,-4D; > DD,
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the Intel 2104A and 2117. The 8202 provides the
necessary refreshing for such dynamic RAMs,
and also provides the control signals required
for accessing, selecting, and address clocking.
It allows for the use of the 8085A’s full capabili-
ty of 64k bytes of address space with no addi-
tional buffering devices. As with other standard
memory interfaces, it is necessary to demulti-
plex the lower 8 bits of address from the multi-
plexed 8085A bus, ADg.7.

3.8 MINIMUM MCS-85™ SYSTEM

The Schematics of Figure 3.6 depict a minimum
system core. In actual use, some of the pro-
cessor control signals (TRAP, INTR, and HOLD)
would have to be terminated. Also, interface
logic to external devices as well as more
memory and |/O devices may be desirable. The
first thing one notices about the system in
Figure 3.6 is the scarcity of parts required to
build this system. With a minimum of parts, we

have constructed a microcompijter system that
has the following functions:

PARTS FUNCTIONS
1 8085A 1 CPU (Clock cycle
1 8355/8755A <320 ns)
18156 2048 Bytes of either
1 Crystal EPROM or ROM
4 Resistors 256 Bytes of RAM
1 Capacitor 38 1/0 Lines
1 Diode 5 Interrupts
1 Programmable Timer/
1 +5 Power Supply Countger
1 Crystal and Oscillator
1 Clock

1 Power-on Reset

By looking at the printed circuit layout of Figure
3.7, we can see that not only are there just 3 ICs,
but that the interconnection of these parts is
extremely easy and provides a very dense
layout. Expecially notice the easy flow of the
system bus on the solder side of the board.

cs2

cs1

=

2xX 2142

2X 242

MEMOHY ADDHESS

2316E

cs
WR WE
I op
Ag-A,
8205
Ay — 4 o0, p—o
| s -0
Ay —— 1 a, , : -
Ay — A |
i e g : L] disi
A —F | e _dcs2
om Ey 0y fo—e cs3
2316€
I O T s1
8212 O B
Y —fesa
ol E:>D o
il =
sTe Aahn
=0
ae — lps,
Achu |
RD
A >°

=7 //[ 2 1 1 1 1 X A ] e L A
// / //
/
/ /
7 MEMORY ADDHESS /
[T o o] o x m~ ] =/
MEMORY ADDRESS
:7/ ,4 °©o 0 1 11 Aw- - ] A |
/ / /
/ /'
/ /
MEMORY ADDRESS /
[ o v o] o age ] == 3| Ao ,/

FIGURE 3-5 STANDARD MEMORIES WITH LATCHED ADDRESS AND DECODED CHIP SELECTS
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FIGURE 3-6 MINIMUM 8085 SYSTEM
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SYSTEM OPERATION
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FIGURE 3-8 EXPANDED SYSTEM
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3.9 EXPANDED MCS-85™ SYSTEM

Figure 3.8 shows the circuit Figure 3.6 expand-
ed to its maximum size without the use of any
extra logic. In an extremely small board area we
can fit:

PARTS FUNCTION

1 8085A 1 CPU (Clock cycle

3 8355/8755A =320 ns)

28156 6144 Bytes ROM/EPROM
1 Crystal 512 Bytes RAM

4 Resistors 76 1/0 Lines

1 Capacitor 5 Interrupts

1 Diode 2 Programmable Timer/

Counters
2 Serial I/O Lines
1 Crystal and Oscillator

1 Clock
1 Power-on Reset

3.10 MCS-85 SYSTEM WITH 8185

The 8185 1K-byte static RAM chip is another
multiplexed-bus component that insures that
the most highly integrated systems can be built
with MCS-85 components. Figure 3.9 shows a
4-chip MCS-85 system schematic with the
following characteristics:

PARTS FUNCTION

1 8085A 1 CPU

18185 2048 Bytes ROM/EPROM
18156 1280 Bytes RAM

1 8355/8755A 38 /O Lines
5 Interrupts
1 Timer/Counter

2 Serial I/O Lines

The 8185 also has power-down capability. By
connecting CE1 to |0/M from the 8085A the 8185
will be powered down during I/O operations and
Interrupt Acknowledge cycles.

3-1
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FIGURE 3-9 MCS-85 SYSTEM WITH 8185
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The Instruction Set
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41 WHAT THE INSTRUCTION SET IS

CHAPTER 4
THE INSTRUCTION SET

DDD,SSS

A computer, no matter how sophisticated, can
do only what it is instructed to do. A program is
a sequence of instructions, each of which is
recognized by the computer and causes it to
perform an operation. Once a program is placed
in memory space that is accessible to your
CPU, you may run that same sequence of in-
structions as often as you wish to solve the
same problem or to do the same function. The
set of instructions to which the 8085A CPU will
respond is permanently fixed in the design of

the chip.

Each computer instruction allows you to ini- p
tiate the performance of a specific operation.
The 8085A implements a group of instructions
that move data between registers, between a
register and memory, and between a register
and an |/O port. It also has arithmetic and logic

instructions,

conditional

and unconditional

branch instructions, and machine control in-
structions. The CPU recognizes these instruc-
tions only when they are coded in binary form.

4.2 SYMBOLS AND ABBREVIATIONS:

The following symbols and abbreviations are
used in the subsequent description of the
8085A instructions:

SYMBOLS
accumulator
addr

data

data 16

byte 2

byte 3

port
r,ri,r2

MEANING RP

Register A

16-bit address quantity

8-bit quantity

16-bit data quantity

The second byte of the instruc-

tion

The third byte of the instruc- rh
tion

8-bit address of an I/O device rl

One of the registers A,B,C,
D,EH,L

*All mnemonics copyrighted © Intel Corporation 1976. 4-1

The bit pattern designating
one of the registers A,B,C,D,
E,H,L (DDD =destination,
SSS = source):

DDD or REGISTER
SSS NAME

111
000
001
010
011
100
101

One of the register pairs:

B represents the B,C pair with
B as the high-order register
and C as the low-order
register;

D represents the D,E pair with
D as the high-order register
and E as the low-order
register;

H represents the H,L pair with
H as the high-order register
and L as the low-order
register;

SP represents the 16-bit stack
pointer register.

The bit pattern designating

rImooOow>

one of the register pairs
B,D,H,SP:
REGISTER

Re PAIR

00 B-C

01 D-E

10 H-L

11 SP

The first (high-order) register
of a designated register pair.

The second (low-order)
register of a designated
register pair.
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PC 16-bit program counter
register (PCH and PCL are
used to refer to the high-order
and low-order 8 bits respec-
tively).

SP 16-bit stack pointer register
(SPH and SPL are used to refer
to the high-order and low-order
8 bits respectively).

m Bit m of the register r (bits are
number 7 through 0 from left
to right).

LABEL 16-bit address of subroutine.
The condition flags:

z Zero

S Sign

P Parity

CY Carry

AC Auxiliary Carry

() The contents of the memory

location or registers enclosed
in the parentheses.

“Is transferred to”

A Logical AND

s Exclusive OR

A Inclusive OR

+ Addition

- Twos complement subtraction
* Multiplication

- “Is exchanged with"

_— The ones complement (e.g., (A))
n The restart number 0 through 7
NNN The binary representation 000

through 111 for restart number
0 through 7 respectively.

The instruction set encyclopedia is a detailed
description of the 8085A instruction set. Each
instruction is described-in the following man-
ner:

1. The MCS-85 macro assembler format, con-
sisting of the instruction mnemonic and
operand fields, is printed in BOLDFACE on
the first line.

2. The name of the instruction is enclosed in
parentheses following the mnemonic.

3. The next lines contain a symbolic description
of what the instruction does.

4. This is followed by a narrative description of
the operation of the instruction.

*All mnemonics copyrighted © Intel Corporation 1976.

5. The boxes describe the binary codes that
comprise the machine instruction.

6. The last four lines contain information about
the execution of the instruction. The number
of machine cycles and states required to ex-
ecute the instruction are listed first. If the in-
struction has two possible execution times,
as in a conditional jump, both times are
listed, separated by a slash. Next, data ad-
dressing modes are listed if applicable. The
last line lists any of the five flags that are af-
fected by the execution of the instruction.

4.3 INSTRUCTION AND DATA FORMATS

Memory used in the MCS-85 system is organ-
ized in 8-bit bytes. Each byte has a unique location in
physical memory. That location is described by one of
a sequence of 16-bit binary addresses. The 8085A can
address up to 64K (K = 1024, or 210; hence, 64K
represents the decimal number 65,536) bytes of
memory, which may consist of both random-access,
read-write memory (RAM) and read-only memory
(ROM), which is also random-access.

Data in the 8085A is stored in the form of 8-bit
binary integers:

DATAWORD
il e I T leharal

D7 Ds D5 D4 Dg Dz D1 Do

MSB LSB

When a register or data word contains a binary
number, it is necessary to establish the order in which
the bits of the number are written. In the Intel 8085A,
BIT O is referred to as the Least Significant Bit (LSB),
and BIT 7 (of an 8-bit number) is referred to as the
Most Significant Bit (MSB).

An 8085A program instruction may be one, two or
three bytes in length. Multiple-byte instructions must
be stored in successive memory locations; the address
of the first byte is always used as the address of the in-
struction. The exact instruction format will depend
on the particular operation to be executed.

Single Byte Instructions

=T @R mo=f
D, Do | Op Code

Two-Byte Instructions

One D; Dg | Op Code
Byte Dtl Ly Tz Tie Tepd) ID Data or
Two |7 0| Address
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Three-Byte Instructions

Byte e T S R

Oyr:e D7 Do| Op Code

Byte | ] e i R

Two | D7 Do|\ pata
or

Byte === I} Address

Three | D7 Do

4.4 ADDRESSING MODES:

Often the data that is to be operated on is stored in
memory. When multi-byte numeric data is used, the
data, like instructions, is stored in successive memory
locations, with the least significant byte first, follow-
ed by increasingly significant bytes. The 8085A has
four different modes for addressing data stored in
memory or in registers:

* Direct — Bytes 2 and 3 of the instruction
contain the exact memory ad-
dress of the data item (the low-
order bits of the address are in
byte 2, the high-order bits in
byte 3).

* Register — The instruction specifies the
register or register pair in which
the data is located.

Indirect The instruction
specifies a register pair which
contains the memory address
where the data is located (the
high-order bits of the address
are in the first register of the
pair the low-order bits in the
second).

¢ Immediate — The instruction contains
the data itself. This is either an
8-bit quantity or a 16-bit quanti-
ty (least significant byte first,
most significant byte second).

Unless directed by an interrupt or branch in-
stitution, the execution of instructions pro-
ceeds through consecutively increasing
memory locations. A branch instruction can
specify the address of the next instruction to be
executed in one of two ways:

* Direct — The branch instruction contains
the address of the next instruc-
tion to be executed. (Except for
the ‘RST' instruction, byte 2
contains the low-order address
and byte 3 the high-order ad-
dress.)

* Register

*All mnemonics copyrighted © Intel Corporation 1976.
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* Register Indirect — The branch instruc-
tion indicates a register-pair
which contains the address of
the next instruction to be ex-
ecuted. (The high-order bits of
the address are in the first
register of the pair, the low-
order bits in the second.)

The RST instruction is a special one-byte call in-
struction (usually used during interrupt se-
quences). RST Includes a three-bit field; pro-
gram control is transferred to the instruction
whose address is eight times the contents of
this three-bit field.

4.5 CONDITION FLAGS:

There are five condition flags associated with
the execution of instructions on the BO085A.
They are Zero, Sign, Parity, Carry, and Auxiliary
Carry. Each is represented by a 1-bit register (or
flip-flop) in the CPU. A flag is set by forcing the
bit to 1; it is reset by forcing the bit to 0.
Unless indicated otherwise, when an instruc-
tion affects a flag, it affects it in the following
manner:

Zero: If the result of an instruction
has the value 0, this flag is set;
otherwise it is reset.

If the most significant bit of the
result of the operation has the
value 1, this flag is set; other-
wise it is reset.

If the modulo 2 sum of the bits
of the result of the operation is
0, (i.e., if the result has even
parity), this flag is set; other-
wise it is reset (i.e., if the result
has odd parity).

If the instruction resulted in a
carry (from addition), or a bor-
row (from subtraction or a com-
parison) out of the high-order
bit, this flag is set; otherwise it
is reset.

Auxiliary Carry: If the instruction caused a
carry out of bit 3 and into bit 4
of the resulting value, the aux-
iliary carry is set; otherwise it is
reset. This flag is affected by
single-precision additions, sub-
tractions, increments, decre-
ments, comparisons, and logi-
cal operations, but is principal-
ly used with additions and in-
crements preceding a DAA
(Decimal Adjust Accumulator)
instruction.

Sign:

Parity:

Carry:
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4.6 INSTRUCTION SET ENCYCLOPEDIA

In the ensuing dozen pages, the complete
8085A instruction set is described, grouped in
order under five different functional headings,
as follows:

1. Data Transfer Group — Moves data be-
tween registers or between memory
locations and registers. Includes moves,
loads, stores, and exchanges. (See
below.)

2. Avithmetic Group — Adds, subtracts, in-
crements, or decrements data in
registers or memory. (See page 4-13.)

3. Logic Group — ANDs, ORs, XORs, com-
pares, rotates, or complements data in
registers or between memory and a
register. (See page 4-16.)

4. Branch Group — Initiates conditional or
unconditional jumps, calls, returns, and
restarts. (See page 4-20.)

5. Stack, 1/0, and Machine Control Group
— Includes instructions for maintaining
the stack, reading from input ports,
writing to output ports, setting and
reading interrupt masks, and setting and
clearing flags. (See page 4-22.)

The formats described in the encyclopedia
reflect the assembly language processed by
Intel-supplied assembler, used with the Intellec®
development systems.

4.6.1 Data Transfer Group

This group of instructions transfers data to and
from registers and memory. Condition flags are
not affected by any instruction in this group.

MOV r, M (Move from memory)
(r) — ((H) (L)
The content of the memory location, whose
address is in registers H and L, is moved to
register r.

| [ I | |
0 1 D D D 1 1 0

Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none

MOV M, r (Move to memory)
(H) (L) = ()
The content of register r is moved to the
memory location whose address is in
registers H and L.

Cycles: 2
States: (4
Addressing: reg. indirect
Flags: none

MVI r, data (Move Immediate)
(r) — (byte 2)
The content of byte 2 of the instruction is
moved to register r.

[ i | | |
0 0 D D D 1 1 0

data
Cycles: 2
States: 7
Addressing: immediate
Flags: none

MVI M, data (Move to memory immediate)
((H) (L)) — (byte 2)
The content of byte 2 of the instruction is
moved to the memory location whose ad-
dress is in registers H and L.

MOV r1, r2 (Move Register)
(r1) — (r2)
The content of register r2 is moved to
register r1.
| i =l | |
0 1 D D D S S S
Cycles: 1
States: 4
Addressing: register
Flags: none

*All mnemonics copyrighted © Intel Corporation 1976.

| | [ | | | I
0 0 1 1 0 1 1 0

data
Cycles: 3
States: 10
Addressing: immed./reg. indirect

Flags: none
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LXI rp, data 16 (Load register pair immediate)

(rh) — (byte 3),

() — (byte 2)

Byte 3 of the instruction is moved into the
high-order register (rh) of the register pair
rp. Byte 2 of the instruction is moved into
the low-order register (rl) of the register pair

rp.

LHLD addr

(Load H and L direct)
(L)—((byte 3)(byte 2))

(H)—((byte 3)(byte 2)+1)

The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register L. The
content of the memory location at the suc-
ceeding address is moved to register H.

| | | I I
0 0 R P 0 0 0 1

Ve "l "0y Plia Vg ilip
¢ o 1= 70 1T "0} 1 ©

low-order data

low-order addr

LDA addr

high-order data high-order addr
Cycles: 3 Cycles: 5
States: 10 States: 16
Addressing: immediate Addressing: direct
Flags: none Flags: none

(Load Accumulator direct)

(A) — ((byte 3)(byte 2))

The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register A.

I | | I I T |
0 0 1 1 1 0 1 0

low-order addr

STA addr

high-order addr
Cycles: 4
States: 13
Addressing: direct
Flags: none

(Store Accumulator direct)
((byte 3)(byte 2)) — (A)

The content of the accumulator is moved to
the memory location whose address is
sipecified in byte 2 and byte 3 of the instruc-
tion.

| | il | | I [
0 0 1 1 0 0 1 0

low-order addr

SHLD addr

(Store H and L direct)

((byte 3)(byte 2))—(L)

((byte 3)(byte 2)+1)—(H)

The content of register L is moved to the
memory location whose address is
specified in byte 2 and byte 3. The content
of register H is moved to the succeeding
memory location.

I I | V| I I I
0 0 1 0 0 0 1 0

low-order addr

high-order addr

LDAX rp

Cycles: 5
States: 16
Addressing: direct
Flags: none

(Load accumulator indirect)

(A) — ((rp)

The content of the memory location, whose
address is in the register pair rp, is moved
to register A. Note: only register pairs
rp=B (registers B and C) or rp=D
(registers D and E) may be specified.

high-order addr

| I I | |
0 0 R P 1 0 1 0

Cycles: 4
States: 13
Addressing: direct
Flags: none

*All mnemonics copyrighted ©Iintel Corporation 1976.
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Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
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mTImUTy Tuualiun wilose aaaress IS In the
register pair rp. Note: only register pairs
rp=B (registers B and C) or rp=D
(registers D and E) may be specified.

I | I I |
0 0 R P 0 0 1 0

Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
XCHG (Exchange H and L with D and E)
(H) - (D)
(L) - (B)

The contents of registers H and L are ex-
changed with the contents of registers D
and E.

1=l | I | |
1 1 0 1 0 1 1
Cycles: 1
States: 4
Addressing: register
Flags: none

4.6.2 Arithmetic Group

This group of instructions performs arithmetic
operations on data in registers and memory.

Unless indicated otherwise, all instructions in
this group affect the Zero, Sign, Parity, Carry,
and Auxiliary Carry flags according to the stan-
dard rules.

All subtraction operations are performed via
two’s complement arithmetic and set the carry
flag to one to indicate a borrow and clear it to
indicate no borrow.

ADDr (Add Register)
(A) — (A) + ()
The content of register r is added to the
content of the accumulator. The result is
placed in the accumulator.

== 7
i o0 @ ©f o|sl @& 8

Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,CY,AC

*All mnemonics copyrighted ©Intel Corporation 1976.

address is contained in the H and L
registers is added to the content of the ac-
cumulator. The result is placed in the ac-
cumulator.

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: ZS,P,CY,AC

ADI data (Add immediate)
(A) — (A) + (byte 2)
The content of the second byte of the in-
struction is added to the content of the ac-
cumulator. The result is placed in the ac-
cumulator.

Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC

ADCr (Add Register with carry)
(A) — (A) + () + (CY)
The content of register r and the content of
the carry bit are added to the content of the
accumulator. The result is placed in the ac-
cumulator.

Cycles: 1
States: 4
Addressing: register
Flags: ZS,P,CY,AC
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ADC M (Add memory with carry)
(A) — (A) + (H) (L)) + (CY)
The content of the memory location whose
address is contained in the H and L
registers and the content of the CY flag are
added to the accumulator. The result is
placed in the accumulator.

SUB M

(Subtract memory)

(A) — (A) — ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is subtracted from the content of
the accumulator. The result is placed in the
accumulator.

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z,5,P,CY,AC

ACIl data (Add immediate with carry)
(A) — (A) + (byte 2) + (CY)
The content of the second byte of the in-
struction and the content of the CY flag are
added to the contents of the accumulator.
The result is placed in the accumulator.

Cycles: 2
States: 7"
Addressing: reg. indirect
Flags: Z,5,P,CY,AC

SUI data (Subtract immediate)
(A) — (A) — (byte 2)
The content of the second byte of the in-
struction is subtracted from the content of
the accumulator. The result is placed in the
accumulator.

data data
Cycles: 2 Cycles: 2
States: 7 States: 7
Addressing: immediate Addressing: immediate
Flags: ZS5,P,CYAC Flags: Z,5,P,CY,AC

SUBTr (Subtract Register)

(A) — (A) — () -

The content of register r is subtracted from
the content of the accumulator. The result

is placed in the accumulator.

SBBr (Subtract Register with borrow)
(A) = (A) - () - (CY)

. The content of register r and the content of
the CY flag are both subtracted from the
accumulator. The result is placed in the ac-
cumulator.

Cycles:

1
States: 4
Addressing: register
Flags: Z,S,P,CY,AC

*All mnemonics copyrighted ©Intel Corporation 1976.
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Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,CY,AC
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SBB M (Subtract memory with borrow)
(A) — (A) = ((H) (L) - (CY)
The content of the memory location whose
address is contained in the H and L
registers and the content of the CY flag are
both subtracted from the accumulator. The
result is placed in the accumulator.

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z,S,P,CY,AC

SBIl data (Subtract immediate with
borrow)

(A) — (A) — (byte 2) — (CY)

The contents of the second byte of the in-
struction and the contents of the CY flag
are both subtracted from the accumulator.

The result is placed in the accumulator.

data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC

INRTr (Increment Register)
r—(@ + 1
The content of register r is incremented by
one. Note: All condition flags except CY
are affected.

INRM (Increment memory)
((H) (L) = ((H) (L) + 1
The content of the memory location whose
address is contained in the H and L
registers is incremented by one. Note: All
condition flags except CY are affected.

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z,S,P,AC

DCRr (Decrement Register)
V=0
The content of register r is decremented by
one. Note: All condition flags except CY
are affected.

Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,AC

DCR M (Decrement memory)
((H) (L)) — (H) (L) — 1
The content of the memory location whose
address is contained in the H and L
registers is decremented by one. Note: All
condition flags except CY are affected.

Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,AC

*All mnemonics copyrighted © Intel Corporation 19786,
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Cycles: 3
States: 10
Addressing: reg. indirect
Flags: ZS,P,AC
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INX rp (Increment register pair)
(rh) (1) — (rh) (rl) + 1
The content of the register pair rp is in-

cremented by one. Note: No condition flags.

are affected.

Cycles: 1
States: 6
Addressing: register
Flags: none
DCX rp (Decrement register pair)

(rh) (rl) — (rh) (rl) — 1

The content of the register pair rp is
decremented by one. Note: No condition
flags are affected.

Cycles: 1
States: 6
Addressing: register
Flags: none

DAD rp (Add register pair to H and L)

(H) (L) = (H) (L) + (rh) (r)

The content of the register pair rp is added
to the content of the register pair H and L.
The result is placed in the register pair H
and L. Note: Only the CY flag is affected. It
is set if there is a carry out of the double
precision add; otherwise it is reset.

DAA (Decimal Adjust Accumulator)
The eight-bit number in the accumulator is
adjusted to form two four-bit Binary-Coded-
Decimal digits by the following process:

1. If the value of the lease significant 4 bits
of the accumulator is greater than 9 or if
the AC flag is set, 6 is added to the ac-
cumulator.

2. If the value of the most significant 4 bits
of the accumulator is now greater than 9,
or if the CY flag is set, 6 is added to the
most significant 4 bits of the ac-
cumulator.

NOTE: All flags are affected.

[ 1787 | | 1 I
0 1 0

Cycles: 1
States: 4
Flags: Z,S,P,CY,AC

4.6.3 Logic Group

This group of instructions performs logical
(Boolean) operations on data in registers and
memory and on condition flags.

Unless indicated otherwise, all instructions in
this group affect the Zero, Sign, Parity, Auxiliary
Carry, and Carry flags according to the stan-
dard rules.

ANA T (AND Register)
(A) — (A) A (n)
The content of register r is logically ANDed
with the content of the accumulator. The
result is placed in the accumulator. The CY
flag is cleared and AC is set.

Cycles: 3
States: 10
Addressing: register
Flags: cY

*All mnemonics copyrighted © Intel Corporation 1976.

Cycles: 1
States: 4
Addressing: register
Flags: Z2S,P,CY,AC
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ANA M (AND memory)

(A) — (A)A ((H) (L)

The contents of the memory location

whose address is contained in the Hand L

registers is logically ANDed with the con-
.tent of the accumulator. The result is

placed in the accumulator. The CY flag is

cleared and AC is set.

Cycles: 2
States: 7
Addressing: reg. indirect

Flags: ZS,P,CY,AC

ANI data (AND immediate)

(A) — (A) A (byte 2)

The content of the second byte of the in-
struction is logically ANDed with the con-
tents of the accumulator. The result is
placed in the accumulator. The CY flag is
cleared and AC is set.

data
Cycles: 2
States: 7
Addressing: immediate

Flags: Z,5,P,CY,AC

XRATr (Exclusive OR Register)

(A) — (A) ()

The content of register r is exclusive-OR'd
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are cleared.

Cycles: 1
States: 4
Addressing: register

Flags: Z,S,P,CY,AC

*All mnemonics copyrighted © Intel Corporation 1976.

XRA M (Exclusive OR Memory)

(A) — (A) v ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is exclusive-OR'd with the con-
tent of the accumulator. The result is
placed in the accumulator. The CY and AC
flags are cleared.

Cycles: 2
States: 7
Addressing: reg. indirect

Flags: Z,S,P,CY,AC

XRI data (Exclusive OR immediate)

(A) — (A) - (byte 2)

The content of the second byte of the in-
struction is exclusive-OR'd with the con-
tent of the accumulator. The result is
placed in the accumulator. The CY and AC
flags are cleared.

data
Cycles: 2
States: 7
Addressing: immediate

Flags: Z,S,P,CY,AC

ORAT (OR Register)

(A) — (A) V(n)

The content of register r is inclusive-OR'd
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are cleared.

Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,CY,AC
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ORA M (OR memory)

(A) = (A) V ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is inclusive-OR'd with the content
of the accumulator. The result is placed in
the accumulator. The CY and AC flags are
cleared.

CMP M (Compare memory)

(A) = ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is subtracted from the ac-
cumulator. The accumulator remains un-
changed. The condition flags are set as a
result of the subtraction. The Z flag is set
to 1 if (A)=((H) (L))- The CY flag is set to 1 if

(A)<((H) (L))

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z,S,P,CY,AC

ORI data (OR Immediate)
(A) — (A) V (byte 2)
The content of the second byte of the in-
struction is inclusive-OR'd with the content
of the accumulator. The result is placed in
the accumulator. The CY and AC flags are
cleared..

data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,8,P,CY,AC

CMPr

(A) — ()
The content of register r is subtracted from
the accumulator. The accumulator remains
unchanged. The condition flags are set as
a result of the subtraction. The Z flag is set
to 1if (A) = (r). The CY flag is set to 1 if (A)
< (r).

(Compare Register)

Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,CY,AC
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Cycles: 2
States: 7
Addressing: reg. indirect
Flags: Z,S,P,CY,AC
CPI data (Compare immediate)
(A) — (byte 2)

The content of the second byte of the in-
struction is subtracted from the ac-
cumulator. The condition flags are set by
the result of the subtraction. The Z flag is
set to 1 if (A)=(byte 2). The CY flag is set to
1if (A)< (byte 2).

data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC
RLC (Rotate left)

(An +1) = (An) i(Ag) — (A7)
(CY) — (A7)

The content of the accumulator is rotated
left one position. The low order bit and the
CY flag are both set to the value shifted out
of the high order bit position. Only the CY
flag is affected.

Cycles: 1
States: 4
Flags: cY
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RRC (Rotate right)
(An) = (An+1); (A7) — (Ag)
/(CY) — (Ag)
The content of the accumulator is rotated
right one position. The high order bit and
the CY flag are both set to the value shifted
out of the low order bit position. Only the
CY flag is affected.

Cycles: 1
States: 4
Flags: CcY
RAL (Rotate left through carry)
(An)+ = %n); (CY)—(A7)
o)—

The content of the accumulator is rotated
left one position through the CY flag. The
low order bit is set equal to the CY flag and
the CY flag is set to the value shifted out of
the high order bit. Only the CY flag is af-
fected.

Cycles: 1
States: 4
Flags: CcY
RAR (Rotate right through carry)
(An) = (An+1(CY) — (A)
(A7) — (CY)

The content of the accumulator is rotated
right one position through the CY flag. The
high order bit is set to the CY flag and the
CY flag is set to the value shifted out of the
low order bit. Only the CY flag is affected.

Cycles: 1
States: 4
Flags: CcY

*All mnemonics copyrighted © Intel Corporation 1976.

CMA __ (Complement accumulator)
(A) — (A)
The contents of the accumulator are com-
plemented (zero bits become 1, one bits
become 0). No flags are affected.

Cycles: 1
States: 4
Flags: none
CMC (Complement carry)
(CY) — (CY)

The CY flag is complemented. No other
flags are affected.

Cycles: 1
States: 4
Flags: CY

STC (Set carry)
CY) — 1
The CY flag is set to 1. No other flags are
affected.

Cycles: 1
States: 4
Flags: cY
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4.6.4 Branch Group

This group of instructions alter normal sequen-
tial program flow.

Condition flags are not affected by any instruc-
tion in this group.

The two types of branch instructions are uncon-
ditional and conditional. Unconditional
transfers simply perform the specified opera-
tion on register PC (the program counter). Con-
ditional transfers examine the status of one of
the four processor flags to determine if the
specified branch is to be executed. The condi-
tions that may be specified are as follows:

CONDITION CcCC
NZ — not zero (Z=0) 000
Z— zero (Z=1) 001
NC — no carry (CY=0) 010
C — carry (CY=1) 011
PO — parity odd (P=0) 100
PE — parity even (P=1) 101
P — plus (S=0) 110
M — minus (S=1) 111
JMP addr (Jump)

(PC) — (byte 3) (byte 2)

Control is transferred to the instruction
whose address is specified in byte 3 and
byte 2 of the current instruction.

low-order addr

high-order addr

Cycles: 3
States: 10
Addressing: immediate
Flags: none

*All mnemonics copyrighted ®Intel Corporation 1976.

Jecondition addr (Conditional jump)
If (CCC),

(PC) — (byte 3) (byte 2)

If the specified condition is true, control is
transferred to the instruction whose ad-
dress is specified in byte 3 and byte 2 of the
current instruciton; otherwise, control con-
tinues sequentially.

low-order addr
high-order addr
Cycles: 2/3
States: 7110
Addressing: immediate
Flags: none
CALL addr (Call)

((SP) — 1) — (PCH)

((SP) —2) — (PCL)

(SP) — (SP) — 2

(PC) — (byte 3) (byte 2)

The high-order eight bits of the next in-
struction address are moved to the
memory location whose address is one
less than the content of register SP. The
low-order eight bits of the next instruction
address are moved to the memory location
whose address is two less than the content
of register SP. The content of register SP is
decremented by 2. Control is transferred to
the instruction whose address is specified
in byte 3 and byte 2 of the current instruc-
tion.

low-order addr

high-order addr

Cycles: 5
States: 18
e immediate/
Addressing: reg. indirect
Flags: none
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((SP) — 2) — (PCL)
(SP) — (SP) — 2

(PC) — (byte 3) (byte 2)
If the specified condition is true, the ac-
tions specified in the CALL instruction (see
above) are performed; otherwise, control
continues sequentially.

T T 1 T
1 1]¢Cc Cc Cc|1 0 0
low-order addr
high-order addr
Cycles:  2/5
States: 9/18

: 1) immediate/
Addressing: reg. indirect
Flags: none
RET (Return)

(PCL) — ((SP));

(PCH) — ((SP) + 1);

(SP) — (SP) + 2;

The content of the memory location whose
address is specified in register SP is moved
to the low-order eight bits of register PC.
The content of the memory location whose
address is one more than the content of
register SP is moved to the high-order eight
bits of register PC. The content of register
SP is incremented by 2.

[ I | I I I |
1 1 0 0 1 0 0 1
Cycles: 3
States: 10
Addressing: reg. indirect
Flags: none

*All mnemonics copyrighted © Intel Corporation 1976.
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(PCH) — ((SP) + 1)

(SP) — (SP) + 2

If the specified condition is true, the ac-
tions specified in the RET instruction (see
above) are performed; otherwise, control
continues sequentially.

| I | | |
1 cC C C 0 0 0
Cycles: 1/3
States: 6/12
Addressing: reg. indirect
Flags: none
RST n (Restart)

((SP) — 1) — (PCH)

((SP) — 2) — (PCL)

(SP) — (SP) — 2

(PC) — 8 * (NNN)

The high-order eight bits of the next in-
struction address are moved to the
memory location whose address is one
less than the content of register SP. The
low-order eight bits of the next instruction
address are moved to the memory location
whose address is two less than the content
of register SP. The content of register SP is
decremented by two. Control is transferred
to the instruction whose address is eight
times the content of NNN.

| | [ T 1
1 1 N N N 1 1 1
Cycles: 3
States: 12
Addressing: reg. indirect
Flags: none

1514131211109 8 7 6 5 4 3 2 1 0
0|0(0|O|O(O[(O(O|O[O|N|N|NfO|O|O

Program Counter After Restart
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PCHL (Jump H and L indirect —
move H and L to PC)

(PCH) — (H)

(PCL) — (L)

The content of register H is moved to the
high-order eight bits of register PC. The
content of register L is moved to the low-
order eight bits of register PC.

Cycles: 1
States: 6
Addressing: register
Flags: none

4.6.5 Stack, I/0, and Machine Control Group

This group of instructions performs /O, manipu-
lates the Stack, and alters internal control
flags.

Unless otherwise specified, condition flags are
not affected by any instructions in this group.

PUSH rp (Push)
((SP) — 1) — (rh)
(SP) — 2) — (rl)
((SP) — (SP) — 2
The content of the high-order register of
register pair rp is moved to the memory
location whose address is one less than
the content of register SP. The content of
the low-order register of register pair rp is
moved to the memory location whose ad-
dress is two less than the content of
register SP. The content of register SP is
decremented by 2. Note: Reglster pair rp =
SP may not be specified.

I I [ I [
1 1 R P 0 1 0 1

Cycles: 3
States: 12
Addressing: reg. indirect
Flags: none

PUSH PSW (Push processor status word)
((SP) — 1) — (A)
((SP) = 2)o — (CY), ((SP) — 2); — X
((SP) = 2), — (P), (SP) — 2)3 — X
((SP) — 2)4 — (AC), ((SP) — 2)s — X
(SP) — 2)s — (2), ((SP) — 2)7 — (S)
(SP) — (SP) — 2 X: Undefined.

*All mnemonics copyrighted ©Intel Corporation 1976.

The content of register A is moved to the
memory location whose address is one
less than register SP. The contents of the
condition flags are assembled into a pro-
cessor status word and the word is moved
to the memory location whose address is
two less than the content of register SP.
The content of register SP is decremented
by two.

Cycles: 3
States: 12
Addressing: reg. indirect
Flags: none
FLAG WORD

Dy Dg D5 D4 D3 D2 D4 Do

S| Z ]| X]|AC| X | P | X |CY

X: undefined

POP rp
(r) — ((SP))
(rh) — ((SP) + 1)
(SP) — (SP) + 2

The content of the memory location, whose
address is specified by the content of
register SP, Is moved to the low-order
register of register pair rp. The content of
the memory location, whose address is one
more than the content of register SP, is
moved to the high-order register of register
rp. The content of register SP is in-
cremented by 2. Note: Register pair rp =
SP may not be specified.

(POP)

I [ | | |
1 1 R P 0 0 0 1
Cycles: 3
States: 10
Addressing: reg.indirect
Flags: none
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POP PSW (Pop processor status word)

(CY) — ((SP)o

(P)— ((SP))2

(AC)— ((SP)4

@) — (SP)e

(S) — ((SP)z

(A) — ((SP) + 1)

(SP) — (SP) + 2

The content of the memory location whose
address is specified by the content of
register SP is used to restore the condition
flags. The content of the memory location
whose address is one more than the con-
tent of register SP is moved to register A.
The content of register SP is incremented
by 2.

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z,S,P,CY,AC

XTHL (Exchange stack top with H
and L)

(L) - (SP)

(H) - ((SP) + 1)

The content of the L register is exchanged
with the content of the memory location
whose address is specified by the content
of register SP. The content of the H register
is exchanged with the content of the
memory location whose address is one
more than the content of register SP.

SPHL
(SP) — (H) (L)

(Move HL to SP)

The contents of registers H and L (16 bits)
are moved to register SP.

Cycles: 1
States: 6
Addressing: register
Flags: none
IN port (Input)
(A)—(data)

The data placed on the eight bit bi-
directional data bus by the specified port is
moved to register A.

port
Cycles: 3
States: 10
Addressing: direct
Flags: none
OUT port (Output)

(data) — (A)

The content of register A is placed on the

eight bit bi-directional

data bus for

transmission to the specified port.

1 1 1 0 0 0 1 1 port
Cycles: 5 Cycles: 3
States: 16 States: 10
Addressing: reg. indirect Addressing: direct
Flags: none Flags: none

*All mnemonics copyrighted @ Intel Corporation 1976.



THE INSTRUCTION SET

El (Enable interrupts)
The interrupt system is enabled following
the execution of the next instruction.

Cycles: 1
States: 4
Flags: none

NOTE: Interrupts are not recognized during the
El instruction. Placinﬂ an El instruction on the
bus in response to during an INA cycle is
prohibited.

DI (Disable interrupts)

The interupt system is disabled immediate-
ly following the execution of the DI instruc-
tion.

Cycles: 1
States: 4
Flags: none

NOTE: Interrupts are not recognized during the
DI instruction. Placing a DI instruction on the
bus in response to INTA during an INA cycle is
prohibited.

HLT (Halt)

The processor is stopped. The registers
and flags are unaffected. A second ALE is
generated during the execution of HLT to
strobe out the Halt cycle status informa-

tion.
| | T . | |
0 1 1 1 0 1 1 0
Cycles: 1+
States: 5
Flags: none
NOP (No op)

No operation is performed. The registers
and flags are unaffected.

*All mnemonics copyrighted © Intel Corporation 1976.

Cycles: 1
States: 4
Flags: none
RIM (Read Interrupt Masks)

The RIM instruction loads data into the ac-
cumulator relating to interrupts and the
serial input. This data contains the follow-
ing information:

e Current interrupt mask status for the
RST 5.5, 6.5, and 7.5 hardware inter-
rupts (1 = mask disabled)

e Current interrupt enable flag status (1
= interrupts enabled) except im-
mediately following a TRAP interrupt.
(See beiow.)

* Hardware interrupts pending (i.e.,
signal received but not yet serviced),
on the RST 5.5, 6.5, and 7.5 lines.

* Serial input data.

Immediately following a TRAP interrupt,
the RIM instruction must be executed as a
part of the service routine if you need to
retrieve current interrupt status later. Bit 3
of the accumulator is (in this special case
only) loaded with the interrupt enable (IE)
flag status that existed prior to the TRAP
interrupt. Following an RST 5.5, 6.5, 7.5, or
INTR interrupt, the interrupt flag flip-flop
reflects the current interrupt enable status.
Bit 6 of the accumulator (17.5) is loaded
with the status of the RST 7.5 flip-flop,
which is always set (edge-triggered) by an
input on the RST 7.5 input line, even when
that interrupt has been previously masked.
(See SIM Instruction.)

Opcode: 0 0 1 0 0

Accumulator
Content
After RIM:| SID |17.5 | 16.5 [ I6.5| 1E |M7.5(M6.5|M5.5

| — 1 L 1

l—lnterrupt Masks

Interrupt Enable Flag

Interrupts Pending

Serlal Input Data
Cycles: 1
States: 4

Flags: none
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tﬁe contents of iHe accumulator (which
must be previously loaded) to perform the
following functions:

e Program the interrupt mask for the
RST 5.5, 6.5, and 7.5 hardware inter-
rupts.

* Reset the edge-triggered RST 7.5 in-
put latch.

* |oad the SOD output latch.

To program the interrupt masks, first set ac-
cumulator bit 3 to 1 and set to 1 any bits 0,
1, and 2, which disable interrupts RST 5.5,
6 5, and 7.5, respectively. Then do a SIM in-
struction. If accumulator bit 3 is 0 when the
SIM instruction is executed, the interrupt
mask register will not change. If ac-
cumulator bit 4 is 1 when the SIM instruc-
tion is executed, the RST 7.5 latch is then
reset. RST 7.5 Is distinguished by the fact
that its latch is always set by a rising edge
on the RST 7.5 input pin, even if the jump to
service routine is inhibited by masking.
This latch remains high until cleared by a
RESET IN, by a SIM Instruction with ac-
cumulator bit 4 high, or by an internal pro-
cessor acknowledge to an RST 7.5 interrupt
subsequent to the removal of the mask (by
a SIM instruction). The RESET IN signal
always sets all three RST mask bits.

If accumulator bit 6 is at the 1 level when
the SIM instruction is executed, the state
of accumulator bit 7 is loaded into the SOD
latch and thus becomes available for inter-
face to an external device. The SOD latch is
unaffected by the SIM instruction if bit 6 is
0. SOD is always reset by the RESET IN
signal.

Opcode: 0 0 1 1 0 0 0 0

Accumulator -

Content
gfh'd‘?’e sop|soe| x |r7.5|msE|m7.5|M6.5|M5.5
7
[HST 5.5 Mask
RST 6.5 Mask
L__RST 7.5 Mask

Mask Set Enable
Reset RST 7.5 Flip-Flop

Undefined
SOD Enable
Serial Output Data
Cycles: 1
States: 4
Flags: none
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8085A INSTRUCTION SET INDEX
Table 4-1
Instruction Code vtes | g, | Machine Cyctes | Page Instruction Code Bytes | v | Machine Cycles | Page

ACl  DATA CE data 2 7 FR 47 LXI  RP,DATA16 | OORP 0001 datayg 3 10 | FRR 4.5
ADC REG 1000 1888 1 4 F 46 MOV  REG,REG 010D DSSS 1 4 F 4-4
ADC M 8E 1 7 FR 47 MOV  M,REG 0111 0SSS 1 7 FW 4.4
ADD REG 1000 0SSS 1 R F 46 MOV REGM 0i1pD 0110 1 7 FR 4-4
ADD M 86 1 7 FR 4-6 MVl REG,DATA | 000D D110 data 2 7 FR 4-4
ADI  DATA C6 data 2 7 FR 46 MVl M,DATA 36 data 2 10 | FRW 4.4
ANA  REG 1010 08SS 1 4 F 4-3 NOP 00 1 4 F 417
ANA M AB 1 7 FR 410 ORA REG 1011 0SSS 1 4 F 4-10
ANl DATA E6 data 2 7 FR 410 ORA M B6 1 1 FR a-n
CALL LABEL CD addr 3 18 |SRAWW 413 ORI DATA F6 data 2 7 FR 4
ce LABEL DC addr 3 9/18 | SRISRRWW |4.14 0UT PORT 03 data 2 10 | FRO 416
Ccm LABEL FC addr 3 9/18 |[SRISRRWW | 4-14 PCHL ES 1 [} S 4-15
CMA 2F 1 4 F 412 POP RP 11RP 0001 1 10 | FRR 4-15
cMe 3F 1 4 F 412 PUSH RP 11RP 0101 1 12 | sww 4-15
CMP  REG 1011 188§ 1 4 F an RAL 17 1 4 F 412
cMP M BE 1 7 FR an RAR 1F 1 4 F 4-12
CNC  LABEL D4 addr 3 9/18 [SR/SRRWW |4.14 RC o8 1 6/12 | SISRR 4-14
CNZ LABEL C4 addr 3 9/18 [SRISRAWW | 4-14 RET { cs 1 10 | FRR 4-14
cp LABEL F4 addr 3 9/18 | SR/ISRRWW | 4.14 RIM 20 1 4 F 417
CPE  LABEL EC addr 3 9/18 |[SRISRRWW | 414 RLC 07 1 4 F an
CPl  DATA FE data 2 7 FR an AM F8 1 B/12 | S/SRR 4-14
CPO  LABEL E4 addr 3 9/18 [ SRISRARWW |4-14 RNC 0o 1 6/12 | SSSRR 414
cz LABEL CC addr 3 9/18 [SRISRAWW | 414 ANZ co 1 6/12 | SSSRR 414
DAA 27 1 4 F 49 RP FO 1 6/12 | S/SRR 414
DAD RP 00RP 1001 1 10 FBB 4.9 RPE EB 1 6/12 | S/SRR 414
DCR  REG 00SS S101 1 4 F 4.3 RPO E0 1 6/12 | S/SRR 414
DCR M 35 1 10 |FRAW 4-8 RRC OF 1 4 F 412
0CX RP 00RP 1011 1 6 |S 4.9 RST N XX X1 1 12 [ SRR 4-14
ol F3 1 4 |F 47| | Rz c8 1| 612 [ S/SRR 4.14
El F8 1 4 IF 417| | sBB  REG 1001 1588 1 4 |F 4.7
HLT 7% 1 5 |FB 417| | seg ™ 9E 1 7 | FR 4.8
IN PORT DB data 2 10 |FRI 4-16 SBI DATA DE data 2 7 FR 4-8
INR  REG 00SS S100 ! 4 |F 4-8 SHLD ADDR 22 addr 3 16 | FRAWW 4.5
INR M 34 1 10 | FRW 4-8 SIM 30 1 4 F 4-18
INX  RP 00RP 0011 1 6 S 4.9 SPHL Fo 1 [ s 4-16
JC LABEL DA addr 3 710 | FRIFRR 413 STA ADDR 32 addr 3 13 | FRAW 4-5
M LABEL FA addr 3 710 [ FR/FRR 413 STAX RP 000X 0010 1 7 FW 4-§
JMP LABEL C3 addr 3 10 |FRR 413 STC 37 1 4 F 4.12
JNC  LABEL D2 addr 3 710 | FR/IFRR 413 SUB REG 1001 0SSS 1 4 F 4-7
INZ  LABEL €2 addr 3 710 | FR/FRR 4413 SUB M 96 1 7 FR 4.7
JP LABEL F2 addr 3 |70 [FRIFRR 413 | sul  DATA D6 data 2 7 | FR 4.7
JPE LABEL EA addr 3 | 710 [FRIFRR 413 | | xcHe EB 1 4 |F 48
JPO LABEL E2 addr 3 | 710 |FRIFRR 413 XRA REG 1010 1588 1 4 |F 410
iz LABEL CA addr 3 710 |FR/IFRR 413 XRA M AE 1 7 FR 410
LDA ADDR 3A addr 3 13 FRRR 4-5 XRI  DATA EE data 2 7 FR 410
LDAX RP 000X 1010 1 7 FR 4.5 XTHL E3 1 16 | FRRWW 416
LHLD ADDR 2A addr 3 16 FRRRR 4.5

Machine cycle types:

F Four clock period instr fetch X Variable or optional binary digit

S Six clock period instr fetch DDD  Binary digits identifying a destination register | B=000,C=001,0=010 Memory= 110

R Memory read §SS  Binary digits identifying a source register E=011,H=100,L=101 A=111

I 1/0 read BC=00,HL=10

w Memory write RP Register Pair I DE=01,5P=11

0 1/0 write

B Bus idle

*All mnemonics copyrighted © Intel Corporation 1976. 4-19
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8085A CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE

Table 4-2
oP oP opP oP oP orP
CODE| MNEMONIC JCODE| MNEMONIC |CODE| MNEMONIC | CODE| MNEMONIC | CODE | MNEMONIC | CODE| MNEMONIC
00 NOP 28 DCX H 56 MOV DM 81 ADD C AC XRA H D7 RST 2
01 LXI B,D16] 2C INR L 57 MOV DA 82 ADD D AD |XRA L D8 RC
02 STAX B 2D DCR L 58 MOV EB 83 ADD E AE XRA M D9 -
03 INX B 2E MVI L,D8 59 MOV EC 84 ADD H AF XRA A DA | JC Adr
04 INR B 2F CMA BA MOV ED 85 ADD L BO ORA B DB IN D8
05 DCR B 30 SImMm 5B MOV EE 86 ADD M B1 ORA C DC cc Adr
06 MViI B,D8 | 31 LX!I SP,D16] 5C MOV EH 87 ADD A B2 ORA D DD | —
07 RLC 32 STA Adr 5D MOV E,L 88 ADC B B3 ORA E DE SBI D8
08 - 33 INX SP 5E MOV EM 89 ADC C B4 ORA H DF RST 3
09 DAD B 34 INR M 5F MOV EA 8A ADC D BS ORA L EO RPO
0A LDAX B 35 DCR M 60 MOV H,B 8B ADC E B6 ORA M E1 POP H
oB DCX B 36 MVI M,D8 61 MOV H,C 8C ADC H B7 ORA A E2 JPO Adr
oc INR c 37 STC 62 MOV H,D 8D ADC L B8 CMP B E3 XTHL
oD DCR c 38 - 63 MOV H,E BE ADC M B9 CMP C E4 crPO Adr
0E MVl -~ C,D8 | 39 DAD SP 64 MOV HH 8F ADC A BA |CMP D ES PUSH H
OF RRC 3A LDA Adr 65 MOV H,L 90 SUB B BB CMP E E6 ANI D8
10 - 3B DCX SP 66 MOV HM N SuB C BC CMP H E7 RST 4
1 LX1 D,D16} 3C INR A 87 MOV HA 92 sus D BD CMP L E8 RPE
12 STAX D 3D DCR A 68 MOV LB 93 SUB E BE CMP ™M E9 PCHL
13 INX D 3E MVI A,D8 69 MOV LC 94 SUB H BF CMP A EA JPE Adr
14 INR D 3F cMmC B6A MOV LD 95 sSuB L co RNZ EB XCHG
15 DCR D 40 MOV B,B 68 MOV L,E 96 SUB M c1 POP B EC CPE Adr
16 MvI D,D8 | 41 MOV B,C 6C MOV LH 97 Sus A c2 JNZ Adr ED -
17 RAL 42 MOV B,D 6D MOV L,L 98 SBB B c3 JMP  Adr EE XRI D8
18 — 43 MOV B,E 6E MOV LM a9 SBB C ca CNZ Adr EF RST 5
19 DAD D 44 MOV BH 6F MOV LA 9A SBB D cs PUSH B FO RP
1A LDAX D 45 MOV B,L 70 MOV MpB 9B SBB E Cc6 AD! D8 F1 POP PSW
18 DCX D 46 MOV BM n MOV M,C ac SBB H Cc7 RST 0 F2 JP Adr
ic INR E 47 MOV B,A 72 MOV  M,D 9D SBB L c8 RZ F3 DI
D DCR E 48 MOV C.8B 73 MOV ME 9E SBB M (o] RET Adr Fa cP Adr
1E MVI E.D8 | 49 MOV CC 74 MOV MH 9F SBBE A CA Jz F5 PUSH PSW
1F RAR 4A MOV C,D 75 MOV M,L AQ ANA B cB — F6 ORI D8
20 RIM 4B MOV C.E 76 HLT Al ANA C cc cz Adr F7 RST 6
21 LX1 H.,D16} 4C MOV CH 77 MOV MA A2 ANA D cD CALL Adr F8 RM
22 SHLD Adr 4D MOV C,L 78 MOV AB A3 ANA E CE AClI D8 F9 SPHL
23 INX H 4E MOV CM 79 MOV AC A4 ANA H CF RST 1 FA JM Adr
24 INR H 4F MOV C.A 7A MOV AD AS ANA L DO RNC FB El
25 DCR H 50 MOV DB 78 MOV AE A6 ANA M D1 POP D FC Ccm Adr
26 MVI H,08 | 51 MOV D,C 7C MOV AH A7 ANA A D2 JNC Adr FD -
27 DAA 52 MOV D,D 7D MOV AL A8 XRA B D3 OouT D8 FE CPI D8
28 — 53 MOV D,E 7E MOV AM A9 XRA C D4 CNC Adr FF RST 7
29 DAD H 54 MOV DH 7F MOV AA AA | XRA D D5 PUSH D
2A LHLD Adr 55 MOV D,L 80 ADD B AB XRA E D6 SuUl D8

D8 = constant, or logical/arithmetic expression that evaluates

to an 8 bit data quantity.

Adr = 16-bit address.

*All mnemonics copyrighted © Intel Corporation 1976.

D16 = constant, or logical/arithmetic expression that evaluates
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 4-3
Instruction Code(1) Clock(2) Instruction Code(1) Clock(2)
Mnemonic Description D7 Dg D5 Dg D3 Dz Dy Dg Cycles M D D7 Dg D5 Dg 03 D02 Og Dp Cycles
MOVE, LOAD, AND STORE
MOVI12  Moveregistortoregister © 1 D D D S S S 4 CNC Call on no carry 110 170 1. .00 98
MOV M.r Move register tomemory 0 1 1 1 0 S§ S § 7 cz Call on zero 100 1 7 00 9B
MOV r.M Move memory toregister 0 1 D D D 1 1 0 7 ez Call on no zero t 1t oo 0 1 00 98
MVi ¢ Move immediateregister 0 0 D D D 1 1 0 7 ce Call on positive U Vol B led 107 818
MVIN Move immediatememory 0 0 1 1 0 1 1 0 10 cM Call on minus 1 1 1 1 1 1 00 98
LXIB Load immediateregister 0 0 0 0 0 0 0 1 10 CPE Call on parity even 1 10 1 1 00 918
Pair B& C cPO Call on parity odd 1 1 1 0 0 1 0 0 918
LXID Load immediateregister 0 0 0 1 0 0 0 1 10 RETURN
Pair D & E RET Return 110 0 1 0 01 10
LXIH Load immediateregister 0 O 1 0 0 0 0 1 10 RC Return on carry 1 1 0 1 1 0 0 0 612
P&t ANC Return on no carry 1 1.0 1 0 0 00 612
LXI SP Load immediatestack 0 0 1 1 0 0 0 1 10 o L i1 00 S0 s 0 ez
pointer
STAX 8 Store A indirect 0 00 0 00 10 7 z:z :::“:: :: ::s:;: : : ‘: ? g g g g Z::
STAXD Store A indirect g 0o 1 0 0 1O 7 i et MR e R e
LDAX B Load A indirect o000 1 0 10 7
LDAX D Load A indirect 00001 10 10 7 e ey e ey o 12
STA Store Adiiect o'a 1 e 13 RPO Return on parity odd T 1 1 0 0 0 0 0 68612
LDA Load A direct 00 1 1 1 0 10 13 AESTARY,
SHLD Store H & L direct 000 1 0 0 0 10 16 RSy Aestae LR Y . L
LHLD Load H & L direct 0D 0o 1 0 1 0 10 16 INPUT/OUTPUT
XCHG ExchangeD&EH&L 1 1 1 0 1 0 1 1 4 i taput Vi 1 Ll gt 1 0
Rigisted out Dutput 1T 10 1 0 0 1 1 10
STACK OPS INCREMENT AND DECREMENT
PUSH 8 PushregisterPairB& 1 1 0 0 0 1 0 1 12 INR Y Increment register 0 0De=DeD Y a0 0 4
C on stack DCRr Decrement register @000 B = Y=0: ) 4
PUSH D PushregisterPairD& 1 1 0 1 0 1 0 1 12 INR M Increment memory 000 1 1 0 1 00 10
E on stack DCRM Decrement memory 60 1 1 0 1 01 10
PUSH H Push register Pair H & 1T 1 1 0 0 1 01 12 INX B Incrament B & C 00 0 0 0 0 1 1 6
L on stack registers
PUSH PSW Push A and Flags T 1 1 1 01 0 12 INX D Increment D & E 00 0 1t 0 0 1 1 6
on stack registers
POPB Pap register Pair B & 1 1 0 0 0 0 01 10 INX H Increment H & L 00 1 0 0D 0 1 1 [
C off stack registers
POPD Pop register Pair D & T 101 00 01 10 INX SP Incrementstackpointer 0 0 1 1 0 0 1 1 6
£ off stacy DeX 8 Decrement B & C 000001011 6
PORH ':";"‘l‘:‘:ﬁ':' Pirh& U 0 el Boe 1 DEX D Decremont D & E 000 0 1 10 11 8§
POPPSW  Pop Aand Flags 111 1 00 01 10 AcKs Decromantl &L LR R
off stack DCX SP Decrement stack 000 1 1 1 0 11 8
XTHL Exchange top of 1 11 000 11 1 pointar
stack, H& L ADD
SPHL H&Ltostackpoiner 1 1 1 1 1 0 0 1 6 ADDr Add register to A 1T 00 00 s §S 4
JUmP ADCr Add register 1o A L T T R R, P Y T 4
NP Jump unconditional 1 100 0 0 11 10 with canry
iI© Juinp o caty 1 1 0 1 1 0 10 70 ADDM Add memory to A 1 00 0 0 1 10 7
e Jump on no carry 1T 1 01 0 0 10 0 ADCS ::: —— ) Lo o0 A SR 3
Jz Jump on 2 L T U ) ADI Add lm"n:diale WA 1 1 0 0 0 1 10 7
INZ Jump on no zero 1 1 0 0 0 0 1 0 70 ACl AN mmediete oA T @ g T B 2
JP Jump on positive 1 1 1 1 0 0 1 0 710 with carry
M dump an minus LIS L (L S B 4L DAD B AddB&CwH&L 0 0D 0 0 1 0 0 1 10
JPE Jump on parity even 1T 1 1 0 1 0 1 0 710 DAD O AddD&EtoH&L 0 0 ‘ob A ool 10
40 Jump on parity add 111000 10 70 DAD H AddH&LWH&L 0 0 1 0 1 0 0 1 10
PCHL H&L to program 1101 008 DAD SP Add stack painter to 00 1 1 1 0 01 10
counter H&L .
CALL SUBTRACT
CALL Call unconditional 11 0 0 1 1 01 18 SUB '+ Subtract ragister 1 00 1 0 s SS a4
cc Call on carry 1t 1 0 1 1 1 D 0O 918 from A

*All mnemonics copyrighted © Intel Corporation 1976.
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Instruction Code(1) Clock(2) Instruction Code(1) Clock(2)
Mnemonic Description D; Dg Ds Dg D3 Dz Dy Dg Cycles Mnemonic Description D7 Dg D5 Dg D3 Dz Dy Dp Cycles
SBBr Subtract register from 1 ¢ 0 1 1 8 8§ § 4 ORI OR immediate with A 1 3 3 3500 30 7
A with borrow cPI Compare immediata T 1 1 1 1 1 10 7
SUB M Subtract memory 1 00 1 0 1 10 7 with A
from A ROTATE
SBB M Subtract memoryfrom 1 0 O 1 1 1 1 0 7 RLC Rotate A laft 0 oo~ pMar e 3 4
A with birroly . RRC Rotate A right 00 0 0 1 1 11 4
sub SpNecthoeie (V) ey 9 9 RAL RoteAleftthrough 0 0 0 1 0 1 1 1 4
from A
carry
SBI Subtract immediate T 10 1 1 1 10 7 RAR Rotste Arightthrough 0 0 0 1 1 1 1 1 s
fram A with borrow
LOGICAL o
7 ! SPECIALS
ANA T And register with A 1. 0 1 0 0 S S 4 CMA Complement A 000 1 0 1 1 11 s
XRAr Ex::u:ve OR register 1. 0 1 0 S § 8§ STC Set carry 600 1 1 0 1 11 4
wi
: cMe Complement carry 00 1 1 1 1 o1 4
ORAT OR register with A 1 01 1 0 8§ § § K E
3 DAA Decimal adjust A 00 1 0 D 1V oV 4
CMPr Compare registerwith A 1 0 1 1 1 S § § B CONTROL
ANAM And memary with A 1 0 1 0 0 1 10 7
. El Enable Interrupts 1Y 3 3.9 011 4
XRAM Exclusive 0R memory | R PR H Lt N0 N B 7 X
with A [l Disable Interrupt T 1 1 1 0 0 11 4
ORAM OR memory with A 101 101 10 7 Nop No-operation 0,0 10 0L 00,0 00 8
cMPM ComparememorywithA 1 0 1 1 1 1 1 0 7 HLT Hajt 05 0 eyt 1 0 5
ANI And immediste with A 11 1 0 0 1 10 7 NEW B0BSA INSTRUCTIONS
XAl Exclusive OR immediate 1 1 1 0 1 1 1 0 7 R Rosd \otaouptMak: 00 07 ), 0, 00 0 00 0 &
with A Sim Set Interrupt Mask 0o 0o v 1 0 0 0 O 4
NOTES: 1. DDS or SSS: 8 000, C 001, D 010, E 011, H 100, L 101, Memory 110, A 111.
2. Two possible cycle times. (6/12) indicate i ion cycles dependent on condition flags.

*All mnemonics copyright

©Intel Corporation 1977
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8085A/8085A-2

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

M Single +5V Power Supply B Four Vectored Interrupt Inputs (One is
M 100% Software Compatible with 8080A :g:“‘"";?isb'::'::ftzztlsta" 8080A-
W 1.3 us Instruction Cycle (8085A); P P
0.8 us (8085A-2) W Serial In/Serial Out Port
B On-Chip Clock Generator (with External
Crystal, LC or RC Network) B Decimal, Binary and Double Precision

Arithmetic
B On-Chip System Controller; Advanced
Cycle Status Information Available for B Direct Addressing Capability to 64k

Large System Control Bytes of Memory

The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed.
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 (RAM/I0) and 8355/8755A
(ROM/PROM/10)| while maintaining total system expandabllity. The 8085A-2 is a faster version of the B085A.

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the
8080A, thereby offering a high level of system integration.

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A.

iNTA RSTE5 TRAP
INTR [ RST6.5 1 RST75 l E) s0D
INTERRUPT CONTROL SERIAL 1/0 CONTROL
0 8817 INTERNAL DATA BUS
C

ar ey 4 T

> o4

<
ACCUMULATOR TEMP, REG
" [l

INSTRUCTION
REGISTER )

<y

FLAG %
FLIP.FLOPS hvA
B e c [
REG. REG,

ARITHMETIC INSTRUCTION SR ]
LOGIC N REG. REG. |
UNIT MASTINE W L m REGISTER
1aLy) — CYCLE REG. REG. ARRAY
Ll ENCODING el
STACK POINTER
) S

1 1al

PROGRAM COUNTER

POWER |~ +5V
INCREMENTER/ODECREMENTER

SUPPLY |—= GND ADDRESS LATCH (16)] ’

TIMING AND CONTROL < L

(L} @
Xt LK RESET [ ADDRESS BUFFER I I DATA/ADORESS BUFFER I

X2 —=| GEN CONTROL STATUS DMA Py
g o O A O O i
cLK OuT AD Wl ALE S5, IO/M HLDA RESET OUT

" Avs-Ag ADy-ADg
READY HOLD FESETIN ADDRESS BUS ADDRESS/DATA BUS

Figure 1. B0O85A CPU Functional Block Diagram
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X1 O 40 Vee
X2 02 33 3 HOLD
RESET OUT [}3 38 1 HLDA
soD 4 373 cLK (0UT)
sID s 36 |3 RESET IN
TRAP []6 35 1 READY
RST75 []7 a1 1o/m
RST6.5 []8 330 s
RST5.5 o 323 RD
INTR 10 31| g WR
INTA ] 11 8085A 30 ALE
ADg ] 12 293 sp
AD1 13 280 A1s
ADz []14 270 A4
AD3 Q15 260 A13
ADg4 Q16 250 A2
ADs Q17 243 AN
ADg [ 18 233 A1
AD7 []19 220 Ag
vss 20 210 Ag

Figure 2. 8085A Pinout Diagram
8085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol
Ag-Ais
(Output, 3-state)

ADo-7
(Input/Output,
3-state)

ALE
(Output)

So, S1, and 10/M
(Output)

Function

Address Bus: The most significant 8
bits of the memory address or the 8
bits of the 1/0 address, 3-stated dur-
ing Hold and Halt modes and during
RESET.

Multiplexed Address/Data Bus: Low-
er 8 bits of the memory address (or
1/0 address) appear on the bus dur-
ing the first clock cycle (T state) of a
machine cycle. It then becomes the
data bus during the second and third
clock cycles.

Address Latch Enable: It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip latch of pe-
ripherals. The falling edge of ALE is
set to guarantee setup and hold times
for the address information. The fall-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:

10/M S1 Sp Status

0 Memory write
Memory read
1/O write

1/0 read 3
Opcode fetch
Interrupt Acknowledge
Halt

Hold

Reset

= 3-state (high impedance)
X = unspecified

CHNT SR = 0 < YT Tt o 21 o

XXO ==
XXO =400

52

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
(Input)

HOLD

(Input)

HLDA

(Output)

INTR
(Input)

Function

S1 can be used as an advanced R/W
status. I0/M,Sp and S1 become valid
at the beginning of a machine cycle
and remain stable throughout the
cycle. The falling edge of ALE may be
used to latch the state of these lines.

READ control: A low level on RD in-
dicates the selected memory or 1/0
device is to be read and that the Data
Bus is available for the data transfer,
3-stated during Hold and Halt modes
and during RESET.

WRITE control: A low level on WR in-
dicates the data on the Data Bus is to
be written into the selected memory
or I/O location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

If READY is high during aread orwrite
cycle, it indicates that the memory or
peripheral is ready to send or receive
data. If READY is low, the cpu will
wait an integral number of clock
cycles for READY to go high before
completing the read or write cycle.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the use of the bus as soon as
the completion of the current bus
transfer. Internal processing can con-
tinue. The processor can regain the
bus only after the HOLD is removed.
When the HOLD isacknowledged, the
Address, Data, RD, WR, and 10/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLD
request and that it will relinquish the
bus in the next clock cycle. HLDA
goes low after the Hold request is
removed. The cpu takes the bus one
half clock cycle after HLDA goes low.

INTERRUPT REQUEST: is used as a
general purpose interrupt. It is sam-
pled only during the next to the last
clock cycle of an instruction and dur-
ing Hold and Halt states. If itis active,
the Program Counter (PC) will be in-
hibited from incrementing and an
INTA will be issued. During this cycle
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service routine. The INTR is enabled
and disabled by software. It is dis-
abled by Reset and immediately after
an interrupt is accepted.



8085A/8085A-2

8085A FUNCTIONAL PIN DESCRIPTION (Continued)

allowing

Symbol Function Symbol Function

INTA INTERRUPT ACKNOWLEDGE: Is Schmitt-triggered  input,

(Output) used instead of (and has the same connection to an R-C network for
timing as) RD during the Instruction power-on RESET delay. The cpu is
cycle afteran INTR is accepted. Itcan held in the reset condition as long as
be used to activate the 8259 Interrupt RESET IN is applied.
chip or some other interrupt port.

% RESET OUT Indicates cpu is being reset. Can be

:g{_ :: .RES-{A:?T Ib{IERHUP-{S' These It:l'rl?; (Output) used as a system reset. The signal is

RST 75 NP4 st tahve 8 same '"','"19 asl HE synchronized to the processor clock

Z axcop Gy, ‘cause, an-inwerna 8 and lasts an integral number of clock

(Inputs) START to be automatically inserted. periods

The priority of these interrupts is X
; 1, X2 X1 and X2 are connected to a crystal,
9':3?:%1:5'15:0:1;nhTab'? 1r: T'::S o (Input) LC, or RC network todrivetheinternal
:rl:lTRufn -~ declﬁgon tgheer L l':y .ng.'j clock generator. X1 can also be an
viduail masked ;)ut xs?:zaythz ISI!:II external clock input from a logic gate.
instruc’t’ion 9 The input frequency is divided by 2 to
! give the processor's internal oper-

TRAP Trap interrupt is a nonmaskable RE- ating frequency.

(Input) START interrupt. It is recognized at
the same time as INTR or RST 5.5-7.5. CLK Clock Output for use as a system
It is unaffected by any mask or Inter- (Output) clock. The period of CLK is twice the
rupt Enable. It has the highest priority X1, X2 input period.
of any interrupt. (See Table 1.) SID Serial input data line. The data on this

RESET IN Sets the Program Counter to zero and (Input) line is loaded into accumulator bit 7

(Input) resets the Interrupt Enable and HLDA whenever a RIM instruction is exe-
flip-flops. The dataand address buses cuted.
and the control lines are 3-stated dur- SoD Serial output data line. The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chronqu; nature of BESET. the pro- SIM instruction.
cessor's internal registers and flags
may be altered by RESET with unpre- Vee +5 volt supply.
dictable results. RESET IN is a Vss Ground Reference.

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger

TRAP 1 24H Rising edge AND high level until sampled.
RST 7.5 2 3CH Rising edge (latched).

RST 6.5 3 34H High level until sampled.

RST 5.5 4 2CH High level until sampled.

INTR 5 See Note (2). High level until sampled.

NOTES:

(1) The processor pushes the PC on the stack before branching to the indicated address.
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is
acknowledged.
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FUNCTIONAL DESCRIPTION

The 8085A is a complete 8-bit parallel central processor.
Itis designed with N-channel depletion loads and requires
a single +5 volt supply. Its basic clock speed is 3 MHz
(8085A) or 5 MHz (8085A-2), thusimprovingonthe present
8080A's performance with higher system speed. Also itis
designed to fit into a minimum system of three IC's: The
cpu (8085A), a RAM/IO (8156}, and a ROM or EPROM/IO
chip (8355 or 8755A).

The 8085A has twelve addressable 8-bit registers. Four of
them can function only as two 16-bit register pairs. Six
others can be used interchangeably as 8-bit registers or
as 16-bit register pairs. The 8085A registersetisasfollows:

Mnemonic Register Contents
ACCorA Accumulator 8 bits
PC Program Counter 16-bit address
BC,DE HL General-Purpose 8 bits x 6 or
Registers; data 16 bits x 3
pointer (HL)
SP Stack Pointer 16-bit address
Flags or F Flag Register 5flags (8-bitspace)

The B085A uses a multiplexed Data Bus. The address is
split between the higher 8-bit Address Bus and the lower
8-bit Address/Data Bus. During the first T state (clock
cycle) of a machine cycle the low order address is sent
out on the Address/Data bus. These lower 8 bits may be
latched externally by the Address Latch Enable signal
(ALE). During the rest of the machine cycle the data bus is
used for memory or I/0O data.

The 8085A provides RD, WR, Sg, S1, and 10/M signals for
bus control. An Interrupt Acknowledge signal (INTA) is
also provided. HOLD, READY, and all Interrupts are syn-
chronized with the processor's internal clock. The 8085A
also provides Serial Input Data (SID) and Serial Output
Data (SOD) lines for simple serial interface.

In addition to these features, the 8085A has three mask-
able, vector interrupt pins and one nonmaskable TRAP
interrupt.

INTERRUPT AND SERIAL 1/0

The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5,
RST 7.5, and TRAP. INTR is identical in function to the
8080A INT. Each of the three RESTART inputs, 5.5, 6.5,
and 7.5, has a programmable mask. TRAP is also a
RESTART interrupt but it is nonmaskable.

The three maskable interrupts cause the internal execu-
tion of RESTART (saving the program counter in the stack
and branching to the RESTART address) if the interrupts
are enabled and if the interrupt mask is not set. The non-
maskable TRAP causes the internal execution of a
RESTART vector independent of the state of the inter-
rupt enable or masks. (See Table 1.)

There are two different types of inputs in the restart in-
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like
INTR (and INT on the 8080) and are recognized with the
same timing as INTR. RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an internal
flip-flop which generates the internal interrupt request.
(See Section 2.2.7.) The RST 7.5 request flip-flop remains

54

set until the request is serviced. Then it is reset auto-
matically. This flip-flop may also be reset by using the
SIM instruction or by issuing a RESET IN to the 8085A.
The RST 7.5 internal flip-flop will be set by a pulse on the
RST 7.5 pineven when the RST 7.5 interruptis masked out.

The status of the three RST interrupt masks can only be
affected by the SIM instruction and RESET IN. (See SIM,
Chapter 4.)

The interrupts are arranged in a fixed priority that deter-
mines which interrupt is to be recognized if more than
one is pending as follows: TRAP — highest priority,
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This
priority scheme does not take into account the priority
of a routine that was started by a higher priority interrupt.
RST 5.5 can interrupt an RST 7.5 routine if the interrupts
are re-enabled before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events such
as power failure or bus error. The TRAP input is recog-
nized just as any other interrupt but has the highest
priority. It is not affected by any flag or mask. The TRAP
input is both edge and level sensitive. The TRAP input
must go high and remain high until it is acknowledged.
It will not be recognized again until it goes low, then high
again. This avoids any false triggering due to noise or
logic glitches. Figure 3 illustrates the TRAP interrupt
request circuitry within the B085A. Note that the servicing
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR)
disables all future interrupts (except TRAPs) until an El
instruction is executed.

INSIDE THE
BOB5A

EXTERNAL
TRAP
INTERRUPT
REQUEST | TRAP
AESET IN SCHMITT

TRIGGER

RESET
INTERRUPT

+wsv—{D CLK REQUEST

CLEAR

INTERNAL TRAP F.F,

TRAP
ACKNOWLEDGE

Figure 3. TRAP and RESET IN Circuit

The TRAP interrupt is special in thatit disables interrupts,
but preserves the previous interrupt enable status. Per-
forming the first RIM instruction following a TRAP inter-
rupt allows you to determine whether interrupts were
enabled or disabled prior to the TRAP. All subsequent
RIM instructions provide current interrupt enable status.
Performing a RIM instruction following INTR, or RST
5.5-7.5 will provide current Interiupt Enable status,
revealing that Interrupts are disabled. See the descrip-
tion of the RIM instruction in Chapter 4.

The serial I/O system is also controlled by the RIM and
SIM instructions. SID is read by RIM, and SIM sets the
SOD data.
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DRIVING THE X1 AND Xz INPUTS

You may drive the clock inputs of the 8085A or 8085A-2
with a crystal, an LC tuned circuit, an RC network, or an
external clock source. The driving frequency must be at
least 1 MHz, and must be twice the desired internal clock
frequency; hence, the 8085A is operated with a 6 MHz
crystal (for 3 MHz clock), and the 8085A-2 can be operated
with a 10 MHz crystal (for 5 MHz clock). If a crystal is used,
it must have the following characteristics:

Parallel resonance at twice the clock frequency desired
CL (load capacitance) < 30 pf

Cs (shunt capacitance) = 7 pf

Rs (equivalent shunt resistance) < 75 Ohms

Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the 20 pf capacitors between X1, X2 and
ground. These capacitors are required with crystal fre-
quencies below 4 MHz to assure oscillator startup at the
correct frequency. A parallel-resonant LC circuit may be
used as the frequency-determining network for the 8085A,
providing that its frequency tolerance of approximately
+10% is acceptable. The components are chosen from
the formula:

| e e ) R
211'\/L(Cext + Cint)

To minimize variations in frequency, it is recommended
that you choose a value for Cext that is at least twice that
of Cint, or 30 pF. The use of an LC circuit is not recom-
mended for frequencies higher than approximately 5 MHz.

An RC circuit may be used as the frequency-determining
network for the 8085A if maintaining a precise clock fre-
quency is of no importance. Variations in the on-chip
timing generation can cause a wide variation in frequency
when using the RC mode. Its advantage is its low com-
ponent cost. The driving frequency generated by the
circuit shown is approximately 3 MHz. It is not recom-
mended that frequencies greatly higher or lower than this
be attempted.

Figure 4 shows the recommended clock driver circuits.
Note in D and E that pullup resistors are required to assure
that the high level voltage of the input is at least 4 V.

For driving frequencies up to and including 6 MHz you
may supply the driving signal to X1 and leave X2 open-
circuited (Figue 4D). If the driving frequency is from 6 MHz-
to 10 MHz, stability of the clock generator will be improved
by driving both X1 and X2 with a push-pull source (Figure
4E). To prevent self-oscillation of the 8085A, be sure that
Xz is not coupled back to X1 through the driving circuit.

X 8085A

o 1
| B ot |
2 |

T Cint
2008+ | |
T 1 <15pF
| L T
== - 2 |
2007+ X ]
o P A |
|-
*20 pF CAPACITORS REQUIRED FOR

CRYSTAL FREQUENCY = 4 MHz ONLY.

A. Quartz Crystal Clock Driver

X, BOBSA
L-; [~ 23
|
| Cint
Lext == Cexr * oo
I
2 |
X
T
B. LC Tuned Circuit Clock Driver
8085A

.—E X1
| 1

s

> ~10K

>

200F <
I 2
= ——%

C. RC Circuit Clock Driver

+5V

Low time > 60 ns
47002

1KQ

- X

L Jp— R

*X2 LEFT FLOATING

D. 1-6 MHz Input Frequency External Clock Driver
Circuit

+5V
Low time > 40 ns

%470:1 / L

+BV

4700

X2

E. 1-10 MHz Input Frequency External Clock Driver
Circuit

Figure 4. Clock Driver Circuits
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GENERATING AN 8085A WAIT STATE

If your system requirements are such that slow memories
or peripheral devices are being used, the circuit shown in
Figure 5 may be used to insert one WAIT state in each
8085A machine cycle

The D flip-flops should be chosen so that
® CLK is rising edge-triggered
* CLEAR is low-level active.

CLEAR 8085A
ALE —=fCLK CLK OUTPUT —={CLK T0
8085A
“p" “p READY
T S Fe |G | weut
5V —={o )

Figure 5. Generation of a Wait State for 8085A CPU

As in the 8080, the READY line is used to extend the read
and write pulse lengths so that the 8085A can be used with
slow memory. HOLD causes the cpu to relinquish the bus
when it is through with it by floating the Address and Data
Buses.

SYSTEM INTERFACE

The 8085A family includes memory components, which
are directly compatible to the 8085A cpu. For example, a
system consisting of the three chips, 8085A, 8156, and
8355 will have the following features:

e 2K Bytes ROM

e 256 Bytes RAM

e 1 Timer/Counter

® 4 8-bit I/0 Ports

* 1 6-bit 1/0 Port

* 4 Interrupt Levels

e Serial In/Serial Out Ports

This minimum system, using the standard 1/0O technique
is as shown in Figure 6.

In addition to standard 1/0, the memory mapped 1/0
offers an efficient 1/O addressing technique. With this
technique, an area of memory address space is assigned
for 1/0 address, thereby, using the memory address for
1/0 manipulation. Figure 7 shows the system configura-
tion of Memory Mapped 1/0 using 8085A.

The 8085A cpu can also interface with the standard
memory that does not have the multiplexed address/data
bus. It will require a simple 8212 (8-bit latch) as shown in
Figure 8.

[H Lo

—
—=]RST75 HLDA
—=| RSTES 8085A s00
—| RSTES siD
—={ INTR e S,
R
S LU ouT Sy
ADDR_ DATA ALE AD WR 0/ RDY CLX
N\ Ves Veo
m (8) l l
\ = e
wR
PORT
f®g156 ‘
ALE
PORT
< > patas © ‘ﬂ»
ADDR
T
|

x
l
Az
3
»3

/
8755A
DATA/

g

RDY Vee

Vss Ve Voo PROG

AAA Veo

A Vee

AW Veo

‘\/ ‘vf

*NOTE: OPTIONAL CONNECTION

Figure 6. 8085A Minimum System (Standard 1/0
Technique)
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2

8085A

B085A MINIMUM SYSTEM CONFIGURATION

-~ -

T~

AN

—
=

Vee

WA—=Vee

10/M

CLK

RESET OUT |

READY

:TIMER
IN

RESET

L

3

o = AD
WR|RD| ALE | ce V‘” 10

N\ A0

AD 10/ i
il

TIMER
out

8156

[RAM + I/0 + COUNTER/TIMER]

8355 [ROM +1/0]
OR
8755A [PROM + 1/0]

*NOTE: OPTIONAL CONNECTION ‘ @ @

g3

Figure 7. MCS-85™ Minimum System (Memory Mapped 1/0)

X, Xz RESET IN
e LGT HOLD
—={rsT7 HLDA
—1{nsT6 son
—<{RsTS B8085A sio
—={inTR 5
e RESET
s ADOR/ %
ADDR DATA ALE AID WA I0/M _ ADY CLK

RERRN

() (8))

1o/ (cs)

EIE]

(16}

DATA
STANDARD

ADDR (CS)

CLK

RESET

10/M (CS)

Y
NRRNENT

1

/0 PORTS,
CONTROLS

Figure 8. MCS-85™ System (Using Standard Memories)
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BASIC SYSTEM TIMING

The 8085A has a multiplexed Data Bus. ALE is used as a
strobe to sample the lower 8-bits of address on the Data
Bus. Figure 9 shows an instruction fetch, memory read
and |/0 write cycle (as would occur during processing of
the OUT instruction). Note that during the 1/0 write and
read cycle that the 1/0 port address is copied on both the
upper and lower half of the address.

There are seven possible types of machine cycles. Which
of these seven takes place is defined by the status of the
three status lines (IO/M, S1, So) and the three control
signals (RD, WR, and INTA). (See Table 2.) The status
lines can be used as advanced controls (for device selec-
tion, for example), since they become active at the T4

TABLE 2. 8085A MACHINE CYCLE CHART

STATUS CONTROL

MACHINE CYCLE 1o/ 151150 [AD | Wa [ TnTA
OPCODE FETCH  (OF) 0 1 110 1 1
MEMORY READ  (MR) 0 1100 1 1
MEMORY WRITE (MW) 0 gl 1)1 o 1
1/0 READ (I0R) 1 110]0 1 1
I/O WRITE (ow) 1 0417375 1 o 1
ACKNOWLEDGE
OF INTR (INA) 1 1 1 1 0
BUS IDLE (81): DAD o 110 1

ACK. OF

RST, TRAP 1 11111 1 1

HALT T8 | 0f 0TS | TS 1

TABLE 3. 8085A MACHINE STATE CHART

state, at the outset of each machine cycle. Control lines Status & Buses Control
RD and WR become active later, at the time when the Machine
transfer of data is to take place, so are used as command State [$1,50 [10/M|Ag-A15/ADo-AD;|RD,WR |INTA|ALE
lines. Ty X | X X X 1 1 1°
A machine cycle normally consists of three T states, with T2 X | x X X X x| o
the exception of OPCODE FETCH, which normally has Twarr X | x X X X x| o
either four or six T states (unless WAIT or HOLD states Ta X | x X X X X | 0
are forced by the receipt of READY or HOLD inputs). Any Ta 1 ot X TS 1 11 0
T state must be one of ten possible states, shown in Ts 1 | o X s 1 1] o
Table 3. Te 1 |or| x s 1 10
Tagser | X | TS | TS TS Ts| 1| o0
Thar | O | TS| TS Ts Ts| 1|0
Twoo | X | TS| TS TS Ty R
0= Logic "0 TS = High Impedance
1 Logic 1" X = Unspecified

* ALE not generated during 2nd and 3rd machinz cycles of DAD Instruction.
t10/M = 1 during Tq-Tg of INA machine cycle.

L M, My
cLK n p T A T T, o T T, T \ T ,
Ag-Ag x C,, (HIGH ORDER ADDRESS) X (PC+1),, 10 PORT
——— L
7
‘LOV:)ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY (1/O PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
ALE
= '/ 1 T NLLLY
WR \ ’
o/ \ I \
STATUS X S48y (FETCH) X 10 (READ) X 01 WRITE x n

Figure 9. BO85A Basic System Timing
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TABLE 4. ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . .. .... 0°C to 70°C "COMMENT
Storage: Temperatiiie:::.z-—cx oz o siivos)s B o B G ot G divice. THie o m ttees g ey snd fibxmn)
Volta.ge on Any Pin = operation i:'ul:;e device at these or :;\{h?stmir cendltion'ssanbot:vla trrfose
Wiy e O e B~ e e
TABLE 5. D.C. CHARACTERISTICS
(Tp =0°Cto 70°C; Vg =5V #5%; Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions

ViL Input Low Voltage -0.5 +0.8 \4

Viu Input High Voltage 20 Ve t0.5 v

VoL Output Low Voltage 0.45 \" loL = 2mA

Vou Output High Voltage 2.4 \J loy = -400uA

lce Power Supply Current 170 mA

I Input Leakage +10 HA Vin = Vee

Lo Output Leakage £10 HA 0.45V < Vot < Vee

ViLr Input Low Level, RESET -0.5 +.8 A\

ViHR Input High Level, RESET 24 Vee 0.5 \

Vhy Hysteresis, RESET 0.25 \'




RNKR5A IRFR:A-') 8085A-2/2I
Symbol Parameter 8085A/2! (Preliminary) Units
Min. Max. Min. Max.
tcyc CLK Cycle Period 320 2000 200 2000 ns
t1 CLK Low Time 80 40 ns
t2 CLK High Time 120 70 ns
tr.te CLK Rise and Fall Time 30 30 ns
tXKR X1 Rising to CLK Rising 30 120 30 100 ns
tXKF X1 Rising to CLK Falling 30 150 30 110 ns
tac As-15 Valid to Leading Edge of Control!"! 270 115 ns
tacL Ao-7 Valid to Leading Edge of Control 240 115 ns
tap Ap-15 Valid to Valid Data In 575 350 ns
tAFR Address Float After Leading Edge of 0 0 ns
READ (INTA)
taL As-15 Valid Before Trailing Edge of ALE!"! 115 50 ns
taLL Ao-7 Valid Before Trailing Edge of ALE 90 50 ns
tARY READY Valid from Address Valid 220 100 ns
tca Address (Ag-A1s) Valid After Control 120 60 ns
tcc Width of Control Low (RD, WR, INTA) 400 230 ns
Edge of ALE
tcL Trailing Edge of Control to Leading Edge of 50 25 ns
ALE
tow Data Valid to Trailing Edge of WRITE 420 230 ns
tHABE HLDA to Bus Enable 210 150 ns
tHABF Bus Float After HLDA 210 150 ns
tHACK HLDA Valid to TRailing Edge of CLK 110 40 ns
tHDH HOLD Hold Time 0 0 ns
tHDS HOLD Setup Time to Trailing Edge of CLK 170 120 ns
tINH INTR Hold Time 0 0 ns
tiNs INTR, RST, and TRAP Setup Time to 160 150 ns
Falling Edge of CLK
tLA Address Hold Time After ALE 100 50 ns
tLe Trailing Edge of ALE to Leading Edge 130 60 ns
of Control
tLek ALE Low During CLK High 100 50 ns
tLDR ALE to Valid Data During Read 460 270 ns
tLow ALE to Valid Data During Write 200 120 ns
tLL ALE Width 140 80 ns
tLRY ALE to READY Stable 110 30 ns

5-10



8085A/8085A-2

TABLE 6. A.C. CHARACTERISTICS (Cont.)

4 8085A-2(2]
Symbol Parameter 8085A/2! (Preliminary) Units
Min. Max. Min. Max.
tRAE Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
tRD READ (or INTA) to Valid Data 300 150 ns
tRv Control Trailing Edge to Leading Edge 400 220 ns
of Next Control
tRDH Data Hold Time After READ INTA |/ 0 0 ns
tRYH READY Hold Time 0 0 ns
tRys READY Setup Time to Leading Edge 110 100 ns
of CLK
twop Data Valid After Trailing Edge of WRITE 100 60 ns
twoL LEADING Edge of WRITE to Data Valid 40 20 ns

Notes:

1. Ag-A15 address Specs apply to 10/M, So, and Sy except As-A1s are undefined during T4-Te of OF cycle whereas 10/M, Sg, and
S1 are stable.

2. Test conditions: tcyc = 320ns (8085A)/200ns (8085A-2); CL = 150pF.
3. For all output timing where Cr = 150pF use the following correction factors:
25pF < Cp < 150pF: -0.10 ns/pF
150pF < CL < 300pF: +0.30 ns/pF
. Output timings are measured with purely capacitive load.
. All timings are measured at output voltage Vi = 0.8V, Vi = 2.0V, and 1.5V with 20ns rise and fall time on inputs.
. To calculate timing specifications at other values of tcyc use Table 7.
. Data hold time is guaranteed under all loading conditions.

N O A



8085A/8085A-2

TABLE 7. BUS TIMING SPECIFICATION AS A Toyc DEPENDENT

'8085A 8085A-2 (Preliminary)
AL - (1/2)T-45 MIN taL - (1/2)T-50 MIN
A = (1/2) T - 60 MIN tA = (1/2) T - 50 MIN
tiy - (1/2T-20 MIN g, - (1/2T-20 MIN
t o - (1/2)T-60 MIN Yok - (1/2)T-50 MIN
Y - (1/2)T-30 MIN o - (1/2) T-40 MIN
taD —  (6/2+N)T-225 MAX taD —  (5/2+N) T-150 MAX
thb —  (3/2+N)T-180 MAX [ —  (3/2+N)T-150 MAX
tRAE - (1/2T-10 MIN thaE - (1/2)T-10 MIN
toa - (1/2T-40 MIN toa - (1/2)T-40 MIN
tow —  (3/2+N) T-60 MIN teni - (3/2+N)T-70 MIN
Wi - (1/2T-60 MIN S - (1/2)T-40 MIN
tep —  (32+N)T-80 MIN tee —  (32+N)T-70 MIN
torL - (1/2T-110 MIN ™ - (1/2T-75 MIN
taARyY = (3/2) T - 260 MAX tARY = (3/2) T-200 MAX
tiacic (1/2) T- 50 MIN tyack  —  (1/2)T-60 MIN
iABE (1/2) T +50 MAX tyage . — (1/2) T +50 MAX
tHABE = (1/2) T +50 MAX tHABE - (1/2) T +50 MAX
tai - (2/2T-50 MIN S - (2/2)T-85 MIN
4 = (1/2) T- 80 MIN t, n (1/2) T- 60 MIN
t2 = (1/2) T- 40 MIN 12 = (1/2) T-30 MIN
Yy - (3/2T-8 MIN tey - (3/2)T-80 MIN
tLoR —  (4/2)T-180 MAX %R —  (4/2)T-130 MAX
NOTE: N isequal to the total WAIT states. NOTE: N isequal to the total WAIT states.
T=tcyc. T=tcye.
Xy INPUT .\

CLK
OUTPUT

— ‘x‘ul‘—

| txkE

=

Figure 10. Clock Timing Waveform

5-12




8085A/8085A-2

Read Operation
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Figure 11. 8085A Bus Timing, With and Without Wait

5-13



s . RNREA/RNREA,D,

N N L W =% f NS

&
1
HOLD
____{ \ —
'HDs Y

—

HLDA 4
tHaBF—

BUS (ADDRESS, CONTROLS) ¢

A

o T

—
I

Figure 12. 8085A Hold Timing.
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Figure 13. 8085A Interrupt and Hold Timing
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8085A/8085A-2

TABLE 8. INSTRUCTION SET SUMMARY

Instruction Codejl] Clocki2) Instruction Codef1] Clocki2|
Mnemonic Description D; O 05 Dg D3 D2 Dy Dy Cycles Mnemaonic Description 07 Dg Ds Dy D3 Dz Dy Dp Cycles
MOVE, LOAD. AND STORE CPE Call on panily even 1 110 1 10 0 918
MOV 2 Move register loregister 0 1+ D D D S S § 4 cPO Call on panty odd 1 1100 1 0 0 918
MOV M.r Move register fomemory 0 1 1 1 0 S S S 7 RETURN
MOV r. M Move memory toregrster 0 1 D D D 1 1 0 7 RET Return T 1000 10 0% 10
MVI ¢ Move immediate register 0 0 0O D D 1t 1 0 7 RC Return on carry 1101100 0 612
MVIM Move immediate memory © 0 1 1 0 1 1 0 10 RNC Return on no carry 1 101000 0 612
LXi B Load immediatereqister 0 0 0 0 0 0 0 1 10 RZ Return on zero 11001 00 0 6m2
ParB&C RNZ Return on no zero 11000000 612
i Load )mmediatereqister 0 0 0 1t 0 0 0 1 10 RP Return on positive 1 11 100 0 0 612
Par D& E RM Relurn on minus T 11 1 100 0 6/12
LXIH Load immediatereqister 0 0 1 0 0 0 0 1 10 RPE . Return on parity even 1 110100 0 612
pas; APO Retrnonpariyodd 1 1 1 0 0 0 0 0 612
LXI SP Load immediate stack 00110001 10 RESTART
pointer
STAXB  Store A indirect 00000010 7 RSY Restart VT A i A 92
STAX D Store A indirect 00010010 7 INPUT/OUTPUT
LDAX B Load A indirect 00001010 7 (N Input VT O g tel T 10
LDAX D Load A indirect 00011010 7 our Output VOV 000 0 G 10
STA Stare A direct 00110010 13 INCREMENT AND DECREMENT
LDA Load A direct 00 1 11010 13 INR r Increment register 0 0DDDIVY OO 4
SHLD Store H & L direct 00100010 16 DCR Decrement register 0 00DDDI1 O 4
LHLD Load H & L direct 0101010 16 INR M Increment memory 00110100 1
XCHG Exchange D& E H& L 1 11010 11 4 DCR M Decrement memory 00 1 T 0 10 Y 10
Registers INX B Increment 8 & C 000O0OD0O0TI111 6
STACK OPS reqisters
PUSH B Push register Pa B & 110001101 12 INX D Increment D & E 0001 O0O0T11T 1 &
C on stack registers
PUSH D Push register Pair D & T 1010 101 12 INX H Increment H & L 0011000 11 6
E on stack registers
PUSH H Push register Pair H & 11100 101 12 INX SP Increment stackpointer 0 0 1 1 0 0 1 1 6
L on stack ocx B Decrement B & C 00001011 &
PUSH PSW  Push A and Flags LI R N A I+ R S 3 DCX D Decrement D & E 00011011 6
OD'staok DX H Decrement H & L 0010101 1 6
POP B Pop register Pair B & 1t 1000001 10 DCX SP Decrement stack 00 1 1 101 1 6
C off stack pointer
POP D Pop register Pair D & Tt 1010001 10 ADD
E ofl stack
POP H Popregister PaitH& 1 1 1 0 0 0 0 1 10 AUD)Y Addeqister; oA 1:0: 0 005555 8§ 4
L off stack ADC ¢ Add regisier 1o A 1000 1S SS 4
POPPSW  Pop A and Flags 11110001 10 with.carry
off stack ADD M Add memory 1o A 1000011 V0 7
XTHL Exchange top of 11 100011 16 ADC M Add memory o A 10001t 110 7
stack. H & L with carry
SPHL H&Ltostackponter 1 1 1 1 1 0 0 1 & ADl Add immediate to-A TR0t 1.0 7
ACI Add immediate lo A 1100 1v 1 10 7
Jump with carry
JMP Jump unconditional 11000011 10 DAD B AJdBAR&CloHEL D0 O0O0OT1TO0O0T1 10
J Jump on carry 1o 11010 70 DAD D AddDBEtOH&L 00011001 10
JINC Jump on no carry 110100 10 70 | papH AddH& LIoH& L 00101001 10
iz Jump on zero 1100170 1 0 70 | pADSP Add stack pointer 1o 001110071 10
JNZ Jump on no zero Tt 100 00 1 0 7/10
JP Jump an positive 1t 11100 10 7/10 SUBTRACT
JM Jump on minus 11 1t 1010 70 SUB 1 Subtract register 100108 S S 4
JPE Jump on parity even 11101010 710 from A
JPO Jump on parity odd 1 11000 1 0 7/10 SBBr Subtract reqister trom 1 00118 S S 4
PCHL H & L to program 11101001 6 Aiwilhlorrow
counter SuB M 'S'ubu:clmemory 100110110 7
om
CALL SBB M Subtract memory from 100 111 10 7
CALL Call unconditional 11001101 118 A with borrow
cc Call on carry 11011 100 918 | sy Subtract immediate 11010110 7
CNC Call on no carry 1 10 1 0 1 0 0 a8 tfrom A
cz Call on zero 1 100 1 1 00 918 SBI Sublract immediate 10091 ¥ 0 =7
174 Call on no zero 11000 1 0 0 918 from A with borrow
cp Call on positive 11110100 918 LOGICAL
c™m Call on minus 11t 1 1 1 1.0 0, 918 ANA | And register with A 10 10 0S'S S 4
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8085A/8085A-2

TABLE 8. INSTRUCTION SET SUMMARY (Continued)

Clockj2)

Instruction Codefl| Clock|2) Instruction Codej1]
Mnzmonic Oescription D; Dg Os D4 D3 Dy 0; Og Cycles Mnemonic Description 07 Dg Os D4 D3 Dz Dy Og Cycles
XRA Exclusive Or register 1010 18S§SS ¢ RAL Rotate A left through 0.0 0=17 0551 1 4
with A carry
ORA 1 Or register with A 10110S8SSS 4 RAR Rotate A right through 0,00 0535 gl 10D 4
CMP r Compareregisterwith A 1 0 1 1 1 § § § 4 carry
ANA M And memory with A 10100110 7 SPECIALS
XRA M Exclusive Or memory 101011t 110 7 CMA Complement A 0,0 it Oiglaidl ¥ 1 4
withh' sTC Set carry 001 10111 4
ORA M Or memory with A 10110110 7 CMC Complement carry 0.0 1eIBt I ¥ 1 4
CMP M Compare memorywtth A 1 0 1 1 1 1 1 0 7 DAA Decimal adjust A 001001 11 4
ANI And immediate with A 11100110 7 CONTROL
XRI Exclusive Or immediate 11101110 7
with A El Enable Interrupts ) (S ) 0 (Y I O T 4
ORI Or immediate with A 11110110 7 DI Disable Interrupt 1.1 %5000 1 3 4
cPl Compare immediate 11T 111110 7 NoP No-operation 07 0000700 0 0 4
with'A HLT Hall 01110110 5
ROTATE NEW B80B5A INSTRUCTIONS .
RLC Rotate A lett 00000111 1T 4 RIM Read Interrupt Mask 0010000OD0 4
RRC Rotate A right 000G 1T 111 4 SIM Set Interrupt Mask 001 1000O0O0 4

NOTES: 1. DDD or SSS: B 000. C 001. D 010 £ 011. H 100. L 101. Memory 110. A 111
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags

*All mnemonics copyright

©intel Corporation 1977
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8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

Compatible
8085A 8085A-2 CPU Chip
Enable

8155 8155-2 ACTIVE LOW

8156 8156-2 ACTIVE HIGH
B 256 Word x 8 Bits B 1 Programmable 6-Bit I/0 Port
B Single +5V Power Supply B Programmable 14-Bit Binary Counter/
B Completely Static Operation Timer
B Internal Address Latch B Multiplexed Address and Data Bus
B 2 Programmable 8 Bit I/0 Ports W 40 Pin DIP

The 8155 and 8156 are RAM and /O chips to be used in the MCS-85™microcomputer system. The RAM portionis designed
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states
in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2.

The |I/0 portion consists of three general purpose I/0 ports. One of the three ports can be programmed to be status pins,
thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for
the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
PCy O ™ ] Vee
Pc, [] 2 39 [] pc,
TiMERIN [} 3 38 [] pc, |0/ ] PORTA
el whe a| K2 e
PCg [] 5 36 [] P8,
TimeRouT [ 8 * 357 v8, A%-7 ] L]
J STATIC >
1o/M [} 7 34 [] P8, RAM —
b s az[] e, ALE Bo-7
wa o 5% s e, |
ALE [} 11 gyggo 30[] P8, RD———— =
AD, [J12 81562 2917 pa, HR PORT C
a0, 13 281 pa, c @:>m:u_5
a0, 1 o[l oag neser———— |
AD, O} 15 26 [ PAg
ap, [ 18 25 [ PA ] t
AD‘ v 247 PA‘ TIMER CLK Vee (+5V)
5 3
TIMER OUT Vs (OV)
ADg [ 18 23| PA, ss
AD, []19 227 PA,
Vss [ 20 21[] pa,

*: 8155/8165-2 = CE, 8156/8156-2 = CE
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8155/8156 PIN FUNCTIONS

Symbol
RESET
(input)

ADg-7
(input)

CE or CE
(input)
RD
(input)

WR
(input)

Function

Pulse provided by the 8085A to ini-
tialize the system (connect to 8085A
RESET OUT). Input high on this line
resets the chip and initializes the
three 1/0 ports to input mode. The
width of RESET pulseshould typically
be two 8085A clock cycle times.

3-state Address/Data lines that inter-
face with the CPU lower 8-bit Ad-
dress/Data Bus. The 8-bit address is
latched into the address latch inside
the 8155/56 on the falling edge of
ALE. The address can be either for
the memory section or the I/0 section
depending on the I0O/M input. The
8-bit data is either written into the
chip or read from the chip, depending
on the WR or RD input signal.

Chip Enable: On the 8155, this pin is
CEand is ACTIVE LOW. On the 8156,
this pin is CE and is ACTIVE HIGH.

Read control: Input low on this line
with the Chip Enable active enables
and ADo-7 buffers. If I0/M pin is low,
the RAM content will be read out to
the AD bus. Otherwise the content
of the selected 1/0 port or command/
status registers will be read to the
AD bus.

Write control: Input low on this line
with the Chip Enable active causes
the data on the Address/Data bus to
be written to the RAM or I/0 ports and
command/status register depending
on I0/M.

Symbol
ALE
(input)

10/M

(input)
PAo-7(8)
(input/output)

PBo-7(8)
(input/output)

PCo-5(6)
(input/output)

TIMER IN
(input)

TIMER OUT

(output)

Vce
Vss

un n

Address Latch Enable: This control
signal latches both the address on the
ADg-7 lines and the state of the Chip
Enable and 10/M into the chip at the
falling edge of ALE.

Selects memory if low and 1/0 and
command/status registers if high.

These 8 pins are general purpose I/0O
pins. The in/out direction is selected
by programming the command
register.

These 8 pins are general purpose |/0O
pins. The in/out direction is selected
by programming the command
register.

These 6 pins can function as either
input port, output port, or as control
signals for PA and PB. Programming
is done through the command reg-
ister. When PCo-s5 are used as control
signals, they will provide the fol-
lowing:

PCo — A INTR (Port A Interrupt)
PC1 — ABF (Port A Buffer Full)

PC2 — A STB (Port A Strobe)
PC3 — B INTR (Port B Interrupt)
PCs — B BF (Port B Buffer Full)
PCs — B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be
either a square wave or a pulse de-
pending on the timer mode.

+5 volt supply.
Ground Reference.
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DESCRIPTION ‘ ,

The 8155/8156 contains the following:

e 2k Bit Static RAM organized as 256 x 8

e Two B-bit /0O ports (PA & PB)andone6-bit1/Oport(PC)

e 14-bit timer-counter .
The 10/M (10/Memory Select) pin selects either the five

registers (Command, Status, PAo-7, PBo-7, PCo-5) or

the memory (RAM) portion. (See Figure 1.)

The 8-bit address on the Address/Data lines, Chip Enable

input CE or CE, and I0/M are all latched on-chip at the

falling edge of ALE. (See Figure 2.)

| |
| S B.8IT INTERNAL DATA BUS 2
S
| |
| |
| AV |
| | commann I C I 8 I PA I TIMER | TIMER :
| LS8
| | status I I |
I TIMER l
| A . | fa  MoDE |
| i
LV

Figure 1. 8155/8156 Internal Registers

CE (8155)

OR

\
\

10/M

AD, , ADDRESS X DATA VALID >——<
ALE / \ /
RD OR WR \ /

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS.

Figure 2. 8155/8156 On-Board Memory Read/Write Cycle
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The command register consists of eight latches. Four
bits (0-3) define the mode of the ports, two bits (4-5)
enable or disable the interrupt from port C when it acts
as control port, and the last two bits (6-7) are for the timer.

The command register contents can be altered at any
time by using the I/0 address XXXXX000 during a WRITE
operation with the Chip Enable active and I0/M = 1. The
meaning of each bit of the command byte is defined in
Figure 3. The contents of the command register may
never be read.

Cere s LM WAMLIDIGAD W DU YL IGWLNISO, viHIC U saut)
bit; six (0-5) for the status of the ports and one (6) for the
status of the timer.

The status of the timer and the 1/0.section can be polled
by reading the Status Register (Address XXXXX000).
Status word format is shown in Figure 4. Note that you
may never write to the status register since the command
register shares the same 1/0O address and the command
register is selected when a write to that address is issued.

7 6 5 4 3 2 1 0
[7m2[vmy| e8] 1ga] pc| rc.] ea | Pa |

L ] L J
l—- DEFINES PAsy
0= INPUT

L DEFINESPBey | | OUTPUT

00=ALT 1

L= DEFINES PCg5 Near2

10=ALT 4

. ENABLE PORT A
INTERRUPT 1= ENABLE
ENABLE PORT B 0 = DISABLE
INTERRUPT

[ 00 = NOP — DO NOT AFFECT COUNTER
OPERATION

01 = STOP — NOP IF TIMER HAS NOT STARTED:
STOP COUNTING IF THE TIMER IS
RUNNING

10 = STOP AFTER TC — STOP IMMEDIATELY
AFTER PRESENT TC IS REACHED (NOP
IF TIMER HAS NOT STARTED)

11 = START — LOAD MODE AND CNT LEMGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING). IF TIMER IS RUNNING, START
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC
IS REACHED.

—= TIMER COMMAND—|

AD; ADz ADs AD; AD3 AD; AD; ADg

INTE| B |[INTR|INTE| A |INTR|
DXrmen]"g¥] & ["a7]"ae] & | A-l

PORT A INTERRUPT REQUEST

PORT A BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT A INTERRUFT ENABLE

PORT B INTERRUPT REQUEST

PORT B BUFFER FULLJEMPTY
(INPUT/OUTPUT)

PORT B INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT
IS LATCHED HIGH WHEN
TEAMINAL COUNT IS
REACHED, AND IS RESET TO
LOW UPON READING OF THE
C/S REGISTER AND BY
HARDWARE RESET).

Figure 3. Command Register Bit Assignment
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INPUT/OUTPUT SECTION

The 1/0 section of the 8155/8156 consists of five registers:
(See Figure 5.)

¢ Command/Status Register (C/S) — Both registers are
assigned the address XXXXX000. The C/S address
serves the dual purpose.

When the C/S registers are selected during WRITE
operation, a command is written into the command
register. The contents of this registerare notaccessible
through the pins.

When the C/S (XXXXX000) is selected during a READ
operation, the status information of the 170 ports and
the timer becomes available on the ADg-7 lines.

PA Register — This register can be programmed to be
either input or output ports depending on the status of
the contents of the C/S Register. Also depending on
the command, this port can operate in either the basic
mode or the strobed mode (See timing diagram). The
I/O pins assigned in relation to this register are PAp-7.
The address of this register is XXXXX001.

PB Register — This register functions the same as PA
Register. The /O pins assigned are PBg-7. The address
of this register is XXXXX010.

* PC Register — This register has the address XXXXX011
and contains only 6 bits. The 6 bits can be program-
med to be either input ports, output ports or as control
signals for PA and PB by properly programming the
ADz and AD3 bits of the C/S register.

When PCo-5 is used as a control port, 3 bits are
assigned for Port A and 3 for Port B. The first bit is an
interrupt that the 8155 sends out. The second is an
output signal indicating whether the buffer is full or
empty, and the third is an input pin to accept a strobe
for the strobed input mode. (See Table 1.)

When the ‘C’ port is programmed to either ALT3 or ALT4,
the control signals for PAand PB are initialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF Low Low
INTR Low High
STB Input Control Input Control

170 ADDRESST
SELECTION

A7|AB | AS | A4 |A3 | A2 (A1 (A0
X| X |[X|[x]|X]0]|0|o0 [|Interval Command/Status Register
X|[X | X|[Xx|X|[0[|0][1|General Purpose I/O Port A
X|X|X|X|Xx]|0|1]|0 |General Purpose |/O Port B
X| X | X|x|[{x|0o]|1]1]|Port C— General Purpose I/O or Control
X|X | X|X|X]|1]|0]| 0 |Low-Order8 bits of Timer Count
X|X | X|X|[X|[1]|0] 1 |High6 bits of Timer Count and 2 bits

ol Timer Mode
X: Don't Care.

1:1/0 Address must be qualified by CE =1 (81561 or GE=0(8155) and I0/M = 1 in order
to select the appropriate register.

Figure 5. 1/0 port and Timer Addressing Scheme

Figure 6 shows how I/O PORTS A and B are structured
within the 8155 and 8156:

B155/8156
ONE BIT OF PORT A OR PORT B

7 e o
D Q)
clx €CIR OUTPUT
ENABLE

INTERNAL DATA BUS
35
=]
=
cl
x
|
= |
-4

MODE( 1 RAR
et
loool? | ; 4_‘
| @ |
‘___o—_l_ 3 | tarcw
a o
READ PORT
cLK
L/’ '
NOTES: -
(1) OUTPUT MODE (4) =1 FOR OUTPUT MODE

4 MULTIPLEXER
(2) SIMPLE INPUT -

{3) STROBED INPUT | CONTROL
READ PORT ~ (I0/M-1) » (RD=0) » (CE ACTIVE] = (PORT ADDRESS SELECTED)
WRITE PORT = (10/M~1) » (WR=0) » (CE ACTIVE) = (PORT ADDRESS SELECTED)

=0 FOR INPUT MODE

Figure 6. 8155/8156 Port Functions
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

Pin ALT 1 ALT 2 ALT 3 ALT 4

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt)
PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full)
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)
PC3 Input Port Output Port Output Port B INTR (Pgst B Interrupt)
PC4 Input Port Output Port Output Port B BF (Port B Buffer Full)
PC5 Input Port Output Port Output Port B STB (Port B Strobe)

Note in the diagram that when the I/O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed.

The outputs of the 8155/8156 are “glitch-free” meaning
that you can write a “1" to a bit position that was previ-
ously "1" and the level at the output pin will not change.

Note also that the output latch is cleared when the port
enters the input mode. The output latch cannot be loaded
by writing to the port if the port is in the input mode. The
result is that each time a port mode is changed from input
to output, the output pins will go low. When the 8155/56
is RESET, the output latches are all cleared and all 3 ports
enter the input mode.

When in the ALT 1 or ALT 2 modes, the bits of PORT C
are structured like the diagram above in the simple input
or output mode, respectively.

Reading from an input port with nothing connected to the
pins will provide unpredictable results.

Figure 7 shows how the 8155/8156 I/O ports might be
configured in a typical MCS-85 system.
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TOBO8S RST INPUT

PORT A m PORT A

A INTR (SIGNALS DATA RECEIVED)
ABF (SIGNALS DATA READY)
A STB (ACKNOWL. DATA RECEIVED)
PORT C~| | B STB (LOADS PORT B LATCH)
B BF (SIGNALS BUFFER IS FULL)
B INTR (SIGNALS BUFFER |

8155/8156

TO/FROM
PERIPHERAL
INTERFACE

READY FOR READING)

PORT B INPUT

TO 8085 INPUT PORT (OPTIONAL)

TO 8085 RST INPUT

v,

Figure 7. Example: Command Register = 00111001
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TIMER SECTION

The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count (TC) is reached.

The timer has the I/0 address XXXXX100 for the low order
byte of the register and the I/O address XXXXX101 for
the high order byte of the register. (See Figure 5).

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the timer
addresses. Bits 0-13 of the high order count register will
specify the length of the next count and bits 14-15 of the
high order register will specify the timer output mode
(see Figure 8). The value loaded into the count length
register can have any value from 2H through 3FFH in
Bits 0-13.

7 6 5 4 3 2 1 0

I M2 I M1]Tul lel ™ | Ttol Ts[ TBJ
L i ; ]
TIMER MODE MSB OF CNT LENGTH

7 6 5 4 3 2 1 0

Gl

L J
LS8 OF CNT LENGTH

Figure 8. Timer Format

There are four modes to choose from: M2 and M1 define
the timer mode, as shown in Figure 9.

TIMER OUT WAVEFORMS:

1AODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
|
My Wy t I
o o 1 SINGLE
SQUARE WAVE
2. CONTINUOUS
3, SINGLE  ee—— — -
1 0  PULSEON
TERMINAL COUNT
4. CONTINUOUS
Vv 7 puises U u

Figure 9. Timer Modes

Bits 6-7 (TM2 and TM1) of command register contents
are used to start and stop the counter. There are four
commands to choose from:

T™M2 ™1

0 0 NOP — Do not affect counter operation.

0 1 STOP — NOP if timer has not started;
stop counting if the timer is running.

1 0 STOP AFTER TC — Stop immediately
after present TCis reached (NOPif timer
has not started)

1 1 START — Load mode and CNT length

and start immediately after loading (if
timer is not presently running). If timer
is running, start the new mode and CNT
length immediately after present TC is
reached.
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Note that while the counter is counting, you may load a
new count and mode into the count length registers.
Before the new count and mode will be used by the
counter, you must issue a START command to the
counter. This applies even though you may only want to
change the count and use the previous mode.

In case of an odd-numbered count, the first half-cycle
of the squarewave output, which is high, is one count
longer than the second (low) half-cycle, as shown in
Figure 10.

- ——

g

—_— 5 .———

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 10. Asymmetrical Square-Wave Output Resulting
from Count of 9

The counter in the 8155 is not initialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin
following RESET until a START command is issued via
the C/S register.

Please note that the timer circuit on the 8155/8156 chip
is designed to be a square-wave timer, not an event
counter. To achieve this, it counts down by twos twice
in completing one cycle. Thus, its registers do not con-
tain values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1 into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 (decimal). (For
the detection of single pulses, it is suggested that one
of the hardware interrupt pins on the 8085A be used.)
After the timer has started counting down, the values
residing in the count registers can be used to calculate
the actual number of TIMER IN pulses required to com-
plete the timer cycle if desired. To obtain the remaining
count, perform the following operations in order:

Stop the count
Read in the 16-bit value from the count length registers

1.
2.
3. Reset the upper two mode bits

4. Reset the carry and rotate right one position all 16 bits
through carry

. If carry is set, add 1/2 of the full original count (1/2 full
count — 1 if full count is odd).

Note: If you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the 8155/56 always
counts out the right number of pulses in generating the
TIMER OUT waveforms.
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EXAMPLE PROGRAM

ADJUST, 78

E63F
1F
47
79
1F
4F
Do

3F
7C

1F
67
7D
1F
6F
09
44
4D
co

MOV AB

ANI 3F
RAR
MOV B,A
MOV AC
RAR
MOV CA
RNC

CMC
MOV AH

RAR
MOV H,A
MOV AL
RAR
MOV LA
DAD B
MOV BH
MOV C,L
RET

Following is an actual sequence of program steps that adjusts the 8155/56 count register
contents to obtain the count, extracted from Intel® Application Note AP38. “Application
Techniques for the Intel B085A Bus." First store the value of the full original count in register
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample
the timer-counter, storing the lower-order byte of the current count register in register C and
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine:

;Load accumulator with upper half
; of count.

;Reset upper 2 bits and clear carry.
;Rotate right through carry.

;Store shifted value back in B.
;Load accumulator with lower half.
;Rotate right through carry.

:Store lower byte in C.

:If in 2nd half of count, return.
:If in 1st half, go on.

:Clear carry.

;Divide full count by 2. (If HL
;is odd, disregard remainder.)

;Double-precision add HL and BC.

:Store results back in BC.

;Return.

After executing the subroutine, BC will contain the remaining count in the current count cycle.
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8085A MINIMUM

SYSTEM CONFIGURATION

Figure 11 shows a minimum system using three chips,

containing:

256 Bytes RAM
2K Bytes ROM

38 I/0 Pins

1 Interval Timer
4 Interrupt Levels

8085A

AB-15 ~ P S >
< h*

ALE A 7N
m ==l AvAv
WR I Vee
10/M
CLK
RESET OUT |
READY | ¢

t — "v‘VV—’ Vee

i Iz

1 1

mmer || = AB- 10/ H
AESET IN WR([AD| ALE | CE U 1o/m CE ALEl K[RST{RDY

A10 07, ] 1
i NA v
—j LATCHES
TIMER
TIMER
our 8355 |[ROM + 1/0|
CONTROL OR
256 x 8 PROM
RAM 8755 |PROM + 1/0|
8156 I

étl}';li

H

“NOTE: OPTIONAL CONNECTIONS

§88 88

Figure 11. 8085A Minimum System Configuration. (Memory Mapped 1/0)



TemperatureUnderBias ................ 0°Cto +70°C
Storage Temperature ............... -65°Cto +150°C
Voitage on Any Pin

With RespecttoGround  ............... -0.5V to +7V

PowerDissipation ..........c.ccciiiiiiiiaiaiann. 1.5W

Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (14 =0°Cto 70°C; Vi = 5V + 5%)

SYMBOL | PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \'
ViH Input High Voltage 20 Vec+0.5 \'
VoL Output Low Voltage 0.45 \ loL =2mA
Vou Output High Voltage 2.4 Vv loy = -400pA
e Input Leakage +10 HA Vin = Veg to OV
ILo Output Leakage Current 10 HA 0.45V < VouT < Vcc
lcc Vec Supply Current 180 mA
1)L(CE) Chip Enable Leakage
8155 +100 A Vin = Vce to OV
8156 -100 A
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A.C. CHARACTERISTICS (14 = 0°Cto 70°C; V¢ = 5V * 5%)

sesmss | Tpmaeees
SYMBOL | PARAMETER MIN. MAX. MIN. MAX. UNITS
tAL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 30 ns
tic Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
teL READ/WRITE Control to Latch Enable 10 ns
tce READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 100 ns
twp Data In Hold Time After WRITE 0 0 ns
RV Recovery Time Between Controls 300 200 ns
twp WRITE to Port Qutput 400 300 ns
tpr Port Input Setup Time 70 50 ns
trp Port Input Hold Time 50 10 ns
tsgF Strobe to Buffer Full 400 300 ns
tss Strobe Width 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
tg) Strobe to INTR On 400 300 ns
tRDI READ to INTR Off 400 300 ns
tpss Port Setup Time to Strobe Strobe 50 0 ns
tPHS Port Hold Time After Strobe 120 100 ns
tsge Strobe to Buffer Empty 400 300 ns
twer WRITE to Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
trL TIMER-IN to TIMER-OUT Low 400 300 ns
tTH TIMER-IN to TIMER-OUT High 400 300 ns
IRDE Data Bus Enable from READ Control 10 10 ns
4 TIMER-IN Low Time 80 40 ns
t2 TIMER-IN High Time 120 70 i

5-27



8155/8156/8155-2/8156-2

,
N
/

===

WAVEFORMS
a. Roa_d Cycle
CE (8155) 5
~
OR
CE (8156) /)
10/M \_
X .
- fap
AD, , >< ADDRESS
\
tay —o| jo—— ta —

AL

s

N\

5

DATA VALID

R i‘ *RDE * == ‘apr |
~_ | ~
AD le—— tho——»
\ 0%
le——— ¢ -~ to —
oo ‘v
b. Write Cycle
CE (8155) \ / \
-
OR

CE (8156) / \ /

10/M \ / \

2
*
ADg 5 X ADDRESS )‘ Xr DATA VALID X
o—— tyy —] ety — tow tor
ALE /| \ /
e te | *wo
- N / \
tec tay

Figure 12. 8155/8156 Read/Write Timing Diagrams
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a. Strobed Input Mode

: / . NI

e - ZL4
Vi \ /
= N\ ey
WrUT ONTA X : )(m

b. Strobed Output Mode

e /\ ‘w\L

STROBE

\

Ywer s

OUTPUT DATA
TO PORT

Figure 13. Strobed I/0 Timing
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a. Basic Input Mode

INPUT

DATA BUS* x

b. Basic Output Mode

OUTPI:JT

*DATA BUS TIMING IS SHOWN IN FIGURE 7,

Figure 14. Basic I/0 Timing Waveform

LOAD COUNTER FROM CLR —vl

RELOAD COUNTER FROM CLR —|

2 | 1 5 | 4 | 3 2 1 s |
t t2 _
TIMER IN L—\—/_
o b t
teve
‘\ l' P
TIMER OUT
(PULSE) NoTEN) /
| W—
oL ] Ty [
o ,' r—_—
TIMER OUT \
(SQUARE WAVE) \ NOTE 1) 7

T e ——————

NOTE 1: THE TIMER OUTPUT ISPERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M‘ MODEBIT=1)

L L——

Figure 15. Timer Output Waveform Countdown lfom Sto1
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intel

8185*/8185-2** i, B,
1024 x 8-BIT STATIC RAM FOR MCS-85" . %

*Compatible with 8085A
**Compatible with 8085A-2

[ | Multiplexed Address and Data Bus m Low Standby Power Dissipation

B Directly Compatible with 8085A
Microprocessor

m Single +5V Supply

® Low Operating Power Dissipation ® High Density 18-Pin Package

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A
microprocessor to provide a maximum level of system integration

The low standby power dissipation minimizes system power requirements when the 8185 is disabled.
The 8185-2 is a high-speed selected version of the 8185.

PIN CONFIGURATION BLOCK DIAGRAM

ADg []
AD, [
A0,
AD; []
AD, ]
AD; ]
ADg ]
Ap; [
Vss [

-
©

[ Veo
17 [0 RD
16 ] WR
15 [ ALE S—
R —
b &s te——— &
13 [ cE, AD
12 [ CE; WR=——————]
1[4
0[] Ag 1

1K x8
DATA
ADg-AD; 8US RAM
BUFFER MEMORY
ARRAY

X-Y DECODE

©® N WM ae WwWN
-
o

PIN NAMES

ADDRESS/DATA LINES
ADDRESS LINES ADDRESS
LATCH

CHIP SELECT  _
CHIP ENABLE (10/M] As: Ay
CHIP ENABLE

ADDRESS LATCH ENABLE
READ ENABLE

WRITE ENABLE
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8185/8185-2 A
ruJLl}l A Y 7,
e —=|rsT75 HLDA R
At the beginning of an 8185 memory access cycle, the 8- —|RsTE5 8085A soD
bit address on ADg-7, Ag and Ag, and the status of CE1 and —|RsT535 siD
CEzareall latched internally in the 8185 ty_thefalling edge —=|INTR e s,
of ALE. If the latched status of both CE1 and CE2 are =™ oo/ our %
ADDR DATA ALE AD WA I0/M RDY CLK

active, the 8185 powers itself up, but no action occurs until
the CS line goes low and the appropriate RD or WR control
signal input is activated.

The CS input is not latched by the 8185 in order to allow
the maximum amount of time for address decoding in
selecting the 8185 chip. Maximum power consumption
savings will occur, however, only when CEq and CE2 are
activated selectively to power down the 8185 whenitis not
in use. A possible connection would be to wire the 8085A's
I0/M line to the 8185's CEq input, thereby keeping the
8185 powered down during I/O and interrupt cycles.

TABLE 1.
TRUTH TABLE FOR
POWER DOWN AND FUNCTION ENABLE

CE, | CE, | Cs [(cs)@ 8185 Status
1 X X 0 Power Down and
Function Disable[1)
X 0 X 0 Power Down and
Function Disable|1)
0 1 1 0 Powered Up and
Function Disable|1]
0 1 0 1 Powered Up and
Enabled
Notes:
X: Don't Care.

1: Function Disable implies Data Bus in high impedance state
and not writing. .

2: C8* = (CE1=0)+ (CE2=1)+ (CS§=0)
CS* = 1 signifies all chip enables and chip select active

TABLE 2.
TRUTH TABLE FOR
CONTROL AND DATA BUS PIN STATUS

__ | __|ADq.7 During Data

(CS*) | RD | WR |Portion of Cycle (8185 Function

0 X X |Hi-Impedance No Function

1 0 1 |Data from Memory|Read

1 1 0 |Data to Memory [Write

1 1 1 |Hi-lmpedance Reading, but not

Driving Data Bus

Note:
X: Don't Care.
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Figure 1. 8185 in an MCS-85 System.

4 Chips:
2K Bytes ROM
1.25K Bytes RAM
38 I/0 Lines
1 Counter/Timer
2 Serial 1/0 Lines
5 Interrupt Inputs
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on Any Pin

0°C to +70°C
-65°C to +150°C

0
'729

“i”

@

4

&
\\\
\\ -,\“\’

*COMMEH.,

Stresses above those listed under “Absolute Mammumﬁghﬁy%

permanent damage to the device. This is a stress rating on'y,
opcnlion of the dev:ce at Ihue or any other conditio

of this specification i o

with Respect to Ground .............. -0.5V to +7V Expoein yelipray refiiy condigorafor "mnded,'md
POWET DISSIDAHON. ocvoeoioneessomsiesossionssoss 1.5W may affect device reliability. % r,,
e
D.C. CHARACTERISTICS (Ta=0°C to 70°C; Vcc = 5V * 5%)
Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 v
ViH Input High Voltage 20 Vcet0.5 Vv
VoL Output Low Voltage 0.45 Vv loL =2mA
VoH Output High Voltage 24 loH = 400pA
I Input Leakage +10 nA VIN = Vce to 0V
ILo Output Leakage Current +10 BA 0.45V < Vour < Vece
lcc Vce Supply Current
Powered Up 100 mA
Powered Down 25 mA
A.C. CHARACTERISTICS (Ta=0°C to 70°C; Vcc = 5V + 5%)
8185 8185-2
Preliminary Preliminary
Symbol Parameter |/ Min. Max. Min. Max. Units
taL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time After Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tLo ALE to Data Out Valid 300 200 ns
te Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
teL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 150 ns
twp Data In Hold Time After WRITE 20 20 ns
tsc Chip Select Set Up:-to Control Line 10 10 ns
tcs Chip Select Hold Time After Control 10 10 ns
taLCE Chip Enable Set Up to ALE Falling 30 10 ns
tLACE Chip Enable Hold Time After ALE 50 30 ns
Notes:

1. All AC parameters are referenced at
a) 2.4V and .45V for inputs
b) 2.0V and .8V for outputs.
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Figure 2. 8185 Timing.
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8355*/8355-2**

16,384-BIT ROM WITH /O
*Directly Compatible with 8085A CPU

**Directly Compatible with 8085A-2

= 2048 Words x 8 Bits m Each /0O Port Line Individually
Programmable as Input or Output

= Single + 5V Power Supply
+ IntemialAddiess Latch m Multiplexed Address and Data Bus

m 2 General Purpose 8-Bit I/O Ports = 40-Pin DIP

The Intel® 8355 is a ROM and I/O chip to be used in the MCS-85" microcomputer system. The ROM portion is organized as
2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU.

The I/O portion consists of 2 general purpose I/O ports. Each /O port has 8 port lines, and each I/O port line is indivdu-
ally programmable as input or output.

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor.

PIN CONFIGURATION BLOCK DIAGRAM
cE, 1 ~ w0 [ Ve
CEx[] 2 39 [ps, CLK
ck[]3 38 [re, l
RESET[] 4 37 [Jesg READY
N.C. (NOT CONNECTED) [} 5 36 P8,
READY [} 6 3s [Jpe, ADg—7
oM} 34 [Jrs, PORTA
S (e
= 10 7
ABOYS ga6e/m3s5.2 32 2P0
W ] 10 n[dea, s | 2Kx8
ALEC] 1 a0 [pag L — ROM
Ay 12 20 [1ea, 10/M——— PORT 8
ap,[]13 2 [Jra, o SI— PB""
AD, [} 14 27 [JpA, F;;
Ap, [} 15 26 [JPA, RESET.
Ap, [} 16 25 [IpA, oR
ap O} 17 24 [pa,
ap, [ 18 23[JA,, L
Ap, [ 19 2[4, Ve 15V}
v 20 2[4, ! Vgs (OVI
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ADo-7
(Input)

As-10
(Input)

CE;
CE2
(Input)

10/M
(Input)

RD

(Input)

10w
(Input)

8355/8355-2

cinel  auuiesy  lalciied. | ne signals
(AD, 10/M, Ag-10, CE, CE) are latched
in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower B-bits of the ROM or |/O address
are applied to the bus lines when ALE
is high.

During an 1/0 cycle, Port A or B are
selected based on the latched value of
ADo. IfRD orIOR is low when the latched
chip enables are active, the output
buffers present data on the bus.

These are the high order bits of the ROM
address. They do not affect 1/0 oper-
ations.

Chip Enable Inputs: CEj is active low
and CEz is active high. The 8355 can be
accessed only when BOTH Chip En-
ables are active at the time the ALE
signal latches them up. If either Chip
Enable input is not active, the ADo-7
and READY outputs will be in a high
impedance state.

If the latched 10/M is high when RD is
low, the output data comes from an
I/0 port. If it is low the output data
comes from the ROM.

If the latched Chip Enables are active
when RD goes low, the ADo-7 output
buffers are enabled and output either
the selected ROM location or I/O port.
When both RD and TOR are high, the
ADo-7 output buffers are 3-state.

If the latched Chip Enables are active,
a low on iOW causes the output port
pointed to by the latched value of ADg
to be written wl_t_h the data on ADg-7.
The state of 10/M is ignored.

READY
(Output)

PAg-7
(Input/
Output)

PBo-7
(Input/
Output)

RESET
(Input)

TOR
(Input)

Vce
Vss

L]
has been forced low by CE low, CE
high and ALE high.

Ready Is a 3-state output controlled by
CE1, CE2, ALE and CLK. READY is
forced low when the Chip Enables are
active during the time ALE is high, and
remains low until the rising edge of the
next CLK (see Figure 8).

These are general purpose |/O pins.
Their input/output direction is deter-
mined by the contents of Data Direction
Register (DDR). Port A is selected for
write operations when the Chip Enables
are active and TOW is low and a 0 was
previously latched from ADo.

Read operation is selected by either
IOR low and active Chip Enables and
ADg low, or 10/M high, RD low, active
chip enables, and ADg low.

This general purpose |/O port is
identical to Port A except that it is
selected by a 1 latched from ADo.

An input high on RESET causes all pins
in Port A and B to assume input mode.

When the Chip Enables are active, a low
on IOR will output the selected 1/0 port
onto the AD bus. TOR low performs the
same function as the combination I0/M
high and RD low. When TOR is not used
in a system, TOR should be fied to Vcc
("17).

+5 volt supply.

Ground Reference.




8355/8355-2

FUNCTIONAL DESCRIPTION

ROM Section

The 8355 contains an 8-bit address latch which allows it
to interface directly to MCS-48 and MCS-85 Microcom-
puters without additional hardware.

The ROM section of the chip is addressed by an 11-bit
address and the Chip Enables. The address and levels on
the Chip Enable pins are latched into the address latches
on the falling edge of ALE. If the latched Chip Enables
are active and |0/M is low when RD goes low, the contents
of the ROM location addressed by the latched address
are put out through ADp-7 output buffers.

I/0 Section

The 1/0 section of the chip is addressed by the latched
value of ADg-1. Two 8-bit Data Direction Registers (DDR)
in 8355 determine the input/output status of each pin in
the corresponding ports. A 0" in a particular bit position
of a DDR signifies that the corresponding 1/0 port bit is
in the input mode. A "1" in a particular bit position signi-
fies that the corresponding 1/O port bit is in the output
mode. In this manner the /O ports of the 8355 are bit-by-
bit programmable as inputs or outputs. The table sum-
marizes port and DDR designation. DDR's cannot be
read.

AD, | ADo Selection
0 0 Port A
0 1 Port B
1 0 Port A Data Direction Register (DDR A)
1 1 Port B Data Direction Register (DDR B)

When IOW goes low and the Chip Enables are active, the
data on the ADg-7 is written into 1/O port selected by the
latched value of ADg-1. During this operation all I/O bits
of the selected port are affected, regardless of their 1/0
mode and the state of 10/M. The actual output level does
not change until IOW returns high (glitch free output).

A port can be read out when the latched Chip Enables are
active and either RD goes low with 10/M high, or IOR
goes low. Both input and output mode bits of a selected
port will appear on lines ADg-7.

To clarify the function of the I/0 ports and Data Direction
Registers, the following diagram shows the configuration
of one bit of PORT A and DDR A. The same logic applies
to PORT B and DDR B.

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch's output buffer to be
disabled, preventing the data in the output latch from
being passed through to the pin. This is equivalent to
putting the port in the input mode. Note also that the data
can be written to the Output Latch even though the Out-
put Buffer has been disabled. This enables a port to be
initialized with a value prior to enabling the output.

The diagram also shows that the contents of PORT A and
PORT B can be read even when the ports are configured
as outputs.
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8355
CNE BIT OF PORT A AND DDR A:

VAN ouTPUT |
D, LATCH
° D o :
CLK I
ouTPUT
ENABLE |
3 WRITE PA |
@ |
<
% DDR |
a|ba p LATCH o |
z $ot—af( PAo
e
= |
&
5| meser |
WRITE DDR A }
|
- G

READ PA

WRITE PA = ([OW=0) « (CHIP ENABLES ACTIVE) « (PORT A ADDRESS SELECTED)

WRITE DDA A = (TOW=D) » (CHIP ENABLES ACTIVE) « (DDR A ADDRESS SELECTED)

AEAD PA = ([(10/M-1) » {RD-0)] + (iDFi~0) ) « (CHIP ENABLES ACTIVE) « (PORT A ADDRESS SELECTED)

NOTE: WRITE PA IS NOT QUALIFIED BY I0/M,

System Interface with 8085A

A system using the 8355 can use either one of the two
I1/0 Interface techniques:

e Standard 1/0
e Memory Mapped I/0

If a standard 1/0 technique is used, the system can use
the feature of both CE and CE. By using a combination
of unused address lines A11-15 and the Chip Enable
inputs, the 8085A system can use up to 5 each 8355's
without requiring a CE decoder. See Figure 1.

If a memory mapped 1/0 approach is used the 8355 will
be selected by the combination of both the Chip Enables
and I0/M using the ADg-15 address lines. See Figure 2.

AD CLK 10/
ALE [OW READY CE

A

8355

Figure 2. 8355 in 8085A System (Memory-Mapped 1/0)
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8355/8355-2

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................ 0°Cto+70°C
Storage Temperature ............... -65°Cto+150°C
Voltage on Any Pin

With RespecttoGround ............... -0.5V to +7V
PowerDIsSIPation ......cceeceviscsossvssssnsse 1.5W

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (1 =0°Cto 70°C; Ve = 5V * 5%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 A Vee = 5.0V

ViH Input High Voltage 2.0 Vec+0.5 \' Vee = 5.0V

VoL Output Low Voltage 0.45 \Y loL =2mA

VoH Output High Voltage 24 \' loy = -400uA

TR Input Leakage 10 HA Vin = Ve to OV

Lo Output Leakage Current *10 KA 0.45V <Vout <Vce
lec Vec Supply Current 180 mA

A.C. CHARACTERISTICS (14 =0°Cto 70°C; Ve = 5V + 5%)

8355 (Preal?r?l?r.riry)
Symbol Parameter Min. Max. Min. Max. Units
tcyc Clock Cycle Time 320 320 ns
T CLK Pulse Width 80 80 ns
T2 CLK Pulse Width 120 120 ns
tr.tr CLK Rise and Fall Time 30 30 ns
taL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
tLL Latch Enable Width 100 70 ns
tRDF Data Bus Float after READ 0 100 0 85 ns
toL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to Write Set Up Time 150 150 ns
twp Data In Hold Time After WRITE 10 10 ns
twp WRITE to Port Output 400 400 ns
tPr Port Input Set Up Time 50 50 ns
trp Port Input Hold Time 50 50 ns
tRYH READY HOLD Time 0 160 0 160 ns
taRy ADDRESS (CE) to READY 160 160 ns
tRv Recovery Time Between Controls 300 200 ns
tRDE READ Control to Data Bus Enable 10 10 ns

Note: CLoap = 150pF
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2.0v

L 0.8V

e — Ty —of

teve

Figure 3. Clock Specification for 8355
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A
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e YA
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AD A
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Figure 4. ROM Read and I/O Read and Write
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a. Input Mode

DATA*
BUS
b. Output Mode
iow
GLITCH FREE
we o~~~ ouTtPuT
PORT
OUTPUT

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 1/0 Port Timing

“"_/_\ 7 X\ / / \ /_\_/_\_

fe— taL —

(CE;=1-CEy=0) .

READY = = o o o] - \/ e S
=~ tARY ’I — tavn

Figure 6. Wait State Timing (Ready = 0)






intel

8755A

16,384-BIT EPROM WITH 1/0
® Directly Compatible with 8085A CPU

= 2048 Words x 8 Bits
= Single + 5V Power Supply (Vcc)

= U.V. Erasable and Electrically
Reprogrammable

= Internal Address Latch

m 2 General Purpose 8-Bit /0 Ports

m Each 1/O Port Line Individually
Programmable as Input or Output

m Multiplexed Address and Data Bus

= 40-Pin DIP

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the MCS-85™
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 450 ns

to permit use with no wait states in an 8085A CPU.

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu-

ally programmable as input or output.

PIN CONFIGURATION

PROG AND CE; [ 1 40 [J Vee
CE;[] 2 39 []78;
ck 3 38 |]PBs

RESET [] ¢ 37 P8
Voo [ & 36 []PB,
READY [ 6 35 []PBy
lom]7 34 78,
ior []s 33 []P8,
Ao e 32[1P8,
iow [J 10 s7s5A ~ 31 [1PA;
ALE[I 30 [JPAg
ADg 12 | 29 [OPAs
AD, [ 13 28 [1PA,
ADzE 14 27 :]PA:I
AD4[] 15 26 [1PA;
ADy [ 16 25 [ 1PA,
ADg [ 17 24 [1PAg
ADg [} 18 23 1Ay
AD; [} e 2214y
Ves [] 20 21 Ay

BLOCK DIAGRAM

CLK —1

PORT A
% o e
—1
CE2 2Kx8
10/ ————= EPROM
ALE PORT B
: G L
AD
oW

RESET -}

s E———

PROG/CE, —1 1—v.:c 145v)

Voo Vg (OV)




ALE
(input)

ADo-7
(input/output)

As-10
(input)

PROG/CE1
CE2
(input)

10/M
(input)

RD

(input)

|IOW
(input)

CLK
(input)

oTEE A

When Address Latch Enable goes
high, ADo-7, I0/M, As-10, CE2, and
CE1 enter the address latches. The
signals (AD, I0/M, As-10, CE) are
latched in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the PROM or I/0
address are applied to the bus lines
when ALE is high.

During an 1/0 cycle, Port A or B are
selected based on the latched value of
ADo. If RD or IOR is low when the
latched Chip Enables are active, the
output buffers present data on the
bus.

These are the high order bits of the
PROM address. They do not affect
I1/0 operations.

Chip Enable Inputs: CE is active low
and CEz is active high. The 8755A
can be accessed only when BOTH
Chip Enables are active at the time
the ALE signal latches them up. If
either Chip Enable input is notactive,
the ADo-7 and READY outputs will
be in a high impedance state. CE1 is
also used as a programming pin. (See
section on programming.)

If the latched 10/M is high when RD
is low, the output data comes from
an 1/0 port. If itis low the output data
comes from the PROM.

If the latched Chip Enables are active
when RD goes low, the ADg-7 output
buffers are enabled and output either
the selected PROM location or I/O
port. When both RD and IORare high,
the ADo-7 output buffers are 3-stated.

If the latched Chip Enables are active,
a low on |IOW causes the output port
pointed to by the latched value of
ADo to be written with_the data on
ADp-7. The state of I0/M is ignored.

The CLK is used to force the READY
into its high impedance state after it
has been forced low by CE1 low, CE2
high, and ALE high.

READY
(output)

PAp-7
(input/output)

PBo-7
(input/output)

RESET
(input)

iOR
(input)

Vce
Vss
Voo

READY is a 3-state output controlled
by CE2, CE1, ALE and CLK. READY
is forced low when the Chip Enables
are active during the time ALEis high,
and remains low until the rising edge
of the next CLK. (See Figure 6.)

These are general purpose I/O pins.
Their input/output direction is deter-
mined by the contents of Data Direc-
tion Register (DDR). PortAisselected
for write operations when the Chip
Enables are active and IOW is low
and a 0 was previously latched from
ADo, AD1.

Read operation is selected by either
IOR low and active Chip Enables and
ADg and AD1 low, or IO/M high, RD
low, active Chip Enables, and ADg
and AD1 low.

This general purpose |/O port is
identical to Port A except that it is
selected by a 1 latched from ADpand
a 0 from AD1.

In normal operation, an input high on
RESET causes all pins in Ports A and
B to assume input mode (clear DDR
register).

When the Chip Enables are active, a
low on IOR will output the selected
I/0 port onto the AD bus. IOR low
performs the same function as the
combination_of 10/M high and RD
low. When IORis notusedinasystem,
IOR should be tied to Vce ("1").

+5 volt supply.
Ground -Reference.

Vpp is a programming voltage, and
must be tied to +5V when the 8755A
is being read. ;

For programming, a high voltage is

supplied with Vpp=25V, typical. (See
section on programming.)




8755A

FUNCTIONAL DESCRIPTION

PROM Section

The 8755A contains an 8-bit address latch which allows
it to interface directly to MCS-48 and MCS-85 Micro-
computers without additional hardware.

The PROM section of the chip is addressed by the 11-bit
address and CE. The address, CE1 and CE2 are latched
into the address latches on the falling edge of ALE. If the
latched Chip Enables are active and |0/M is low when RD
goes low, the contents of the PROM location addressed
by the latched address are put out on the ADo-7 lines.

I/0 Section

The I/0O section of the chip is addressed by the latched
value of ADo-1. Two 8-bit Data Direction Registers (DDR)
in 8755A determine the input/output status of each pin
in the corresponding ports. A 0" in a particular bit posi-
tion of a DDR signifies that the corresponding I/0 port bit
is in the input mode. A 1" in a particular bit position signi-
fies that the corresponding /O port bit is in the output
mode. In this manner the I/0 ports of the 8755A are bit-by-
bit programmable as inputs or outputs. The table
summarizes port and DDR designation. DDR's cannot be
read.

AD1 ADo Selection
0 0 |PortA
0 1 |PortB
1 0 | Port A Data Direction Register (DDR A)
1 1 Port B Data Direction Register (DDR B)

When IOW goes low and the Chip Enables are active, the
data on the AD is written into I/0O port selected by the
latched value of ADo-1. During this operation all 1/0 bits
of the selected port are affected. regardless of their I/O
mode and the state of 10/M. The actual output level does
not change until IOW returns high. (glitch free output)

A port can be read out when the latched Chip Enables are
active and either RD goes low with 10/M high, or lOR goes
low. Both input and output mode bits of a selected port
will appear on lines ADg-7.

To clarify the function of the I/0 Ports and Data Direction
Registers, the following diagram shows the configuration
of one bit of PORT A and DDR A. The same logic applies
to PORT B and DDR B.

8755A
ONE BIT OF PORT A AND DDA A:

{\ ouTPUT |
LATCH

Do o a N ;
cLK |

ouUTPUT
ENABLE |
£ WRITE PA |
= |

<

-4 o DDR |
3 0 o LATCH a |
3 CLR gL B
E RESET |
WRITE DDR A :
|
: g et

READ PA

WRITE PA - ({GW=0) » (CHIP ENABLES ACTIVE) » (FORT A ADDRESS SELECTED)
WRITE DDR A = {{0W=0} » (CHIP ENABLES ACTIVE) « (DJOR A ADDRESS SELECTED)
READ PA - ([(10/M=1) » (RD=01]+ (IDA=0)} » (CHIP ENABLES ACTIVE) « (PORT A ADDRESS SELECTED)

NOTE: WRITE PA IS KOT QUALIFIED BY 10/,

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch's output buffer to be
disabled, preventing the data in the Output Latch from
being passed through to the pin. This is equivalent to
putting the portin the input mode. Note also that the data
can be written to the Output Latch even though the Output
Buffer has been disabled. This enables a port to be ini-
tialized with a value prior to enabling the output.

The diagram also shows that the contents of PORT A and
PORT B can be read even when the ports are configured
as outputs.

TABLE 1. 8755A PROGRAMMING MODULE CROSS
REFERENCE

MODULE NAME USE WITH

UPP 955 UPP(4)

UPP UP2(2) UPP 855
PROMPT 975 PROMPT 80/85(3)
PROMPT 475 PROMPT 48(1)
NOTES:

1. Described on p. 13-34 of 1978 Data Catalog.
2. Special adaptcr socket.

3. Described on p. 13-39 of 1978 Data Catalog.
4. Described on p. 13-71 of 1978 Data Cataiog.




8755A

ERASURE CHARACTERISTICS

The erasure characteristics of the 8755A are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 8755A in
approximately 3 years while it would take approximately 1
week to cause erasure when exposed to direct sunlight.
If the B755A is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels
are available from Intel which should be placed over the
8755 window to prevent unintentional erasure.

The recommended erasure procedure for the B755A is
exposure to shortwave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e.,
UV intensity X exposure time) for erasure should be a
minimum of 15W-sec/cm2. The erasure time with this
dosage is approximately 15 to 20 minutes using an ultra-
violet lamp with a 12000uW/cm2 power rating. The
8755A should be placed within one inch from the lamp
tubes during erasure. Some lamps have a filter on their
tubes and this filter should be removed before erasure.

PROGRAMMING

Initially, and after each erasure, all bits of the EPROM
portions of the 8755A are in the 1" state. Information is
introduced by selectively programming “0" into the
desired bit locations. A programmed “0" can only be
changed to a "1" by UV erasure.

The 8755A can be programmed on the Intel® Universal
PROM Programmer (UPP), and the PROMPT™ 80/85 and
PROMPT-48™ design aids. The appropriate programming
modules and adapters for use in programming both
8755A's and 8755's are shown in Table 1.

The program mode itself consists of programming a
single address at a time, giving a single 50 msec pulse
for every address. Generally, it is desirable to have a
verify cycle after a program cycle for the same address
as shown in the attached timing diagram. In the verify
cvcle (i.e., normal memory read cycle) 'Vpp' should
be at +5V.

Preliminary timing diagrams and parameter values per-
taining to the 8755A programming operation are con-
tained in Figure 7.

SYSTEM APPLICATIONS

System Interface with 8085A

A system using the 8755A can use either one of the two I/0
Interface techniques:

e Standard I/0O
* Memory Mapped I/O

If a standard 1/0 technique Is used, the system can use the
feature of both CE2 and CEj. By using a combination of
unused address lines A11-15 and the Chip Enable inputs, the
8085A system can use up to 5 each 8755A’s without requiring
a CE decoder. See Figure 2.

If a memory mapped 1/0O approach is used the 8755A will be
selected by the combination of both the Chip Enables and
10/M using the ADg-15 address lines. See Figure 1.

e i

ADy7

8085A

ar

ALE

RD

Wh

CLK (92)
READY
10/M

Vee

AD CLK 10/
ALE iOW READY CE

Ay Ay

IOR

8755A

Figure 1. 8755A in 8085A System (Memory-Mapped 1/0)
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Figure 2. 8755A in 8085A System (Standard 1/0)
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Temperature Under Bias
Storage Temperature
Voltage on Any Pin
With Respect to Ground
Power Dissipation

*Except for programming voltage.

D.C. CHARACTERISTICS

-10°C to +70°C
-65°Cto +150°C

-0.5 to +7Vv*
1.5W

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings™ may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indi d in the op: i | of this specification is not implied
Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.

(Ta = 0°C to 70°C; Ve = 5V *+ 5%)

SYMBOL | PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Vv
Vin Input High Voltage 20 Vect0.5 v
VoL Output Low Voltage 0.45 \ loL =2mA
VoH Output High Voltage 2.4 A lon = -400pA
Iy Input Leakage 10 HA Vin = Vg to OV
ILo Output Leakage Current +10 HA 0.45V <Vout <Vce
lec Vce Supply Current 180 mA
A.C. CHARACTERISTICS (15 =0°Cto 70°C; V¢ = 5V * 5%)
SYMBOL| PARAMETER MIN. | MAX. UNITS TEST CONDITIONS
teye Clock Cycle Time 320 ns
T CLK Pulse Width 80 ns Croap = 150 pF
T2 CLK Pulse Width 120 ns (See Figure 3)
ity CLK Rise and Fall Time 30 ns
tAL Address to Latch Set Up Time 50 ns
tLA Address Hold Time after Latch 80 ns
tLe Latch to READ/WRITE Control 100 ns
trRD Valid Data Out Delay from READ Control 170 ns
tap Address Stable to Data Out Valid 450 ns 150 pF Load
tL Latch Enable Width 100 ns
tRDF Data Bus Float after READ 0 100 ns
toL READ/WRITE Control to Latch Enable 20 ns
tce READ/WRITE Control Width 250 ns
tow Data In to WRITE Set Up Time 150 ns
twp Data In Hold Time After WRITE 30 ns
twp WRITE to Port Output 400 ns
tpR Port Input Set Up Time 50 ns
tRp Port Input Hold Time 50 ns
tRYH READY HOLD TIME 0 160 ns
TARY ADDRESS (CE) to READY 160 ns
tRv Recovery Time between Controls 300 ns
tRDE Data Out Delay from READ Control 10 ns
tp ALE to Data Out Valid 350 ns Preliminary
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WAVEFORMS
t,— <—Tz
Y - \
le— Ty e

teve

Figure 3. Clock Specification for 8755A

Ago ADDRESS

ADDRESS

ADg7 X E— —— . DATA
j_ -
5 k— /_\—
7
[ taL fo—— A ——n]
. o
(PROGI/CE, S\_
4 B
] \ \
— re——tRDE —1 RDF |=—
A
TOR AD "‘S
¥
e — tap tow wo
o N N

Please note that CE1 must remain low for the entire cycle.

RV

Figure 4. PROM Read, 1/0 Read and Write Timing
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A. INPUT MODE

R ot trp

b

DATA*
BUS

B. OUTPUT MODE

oW \ 4
[ GLITCH FREE

|
e —1°— L~ OuTPUT

PORT
QUTPUT

DATA*
BUS

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 170 Port Timing

le—— tar __.1
(CE=1) *(CE=0) .
ALE / 5
I
) \ —
READv—____al /l \"\ ______
[* taRYy Ol — ‘4— TRyH

Figure 6. Wait State Timing (READY = 0)
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8755A

D.C. SPECIFICATION PROGRAMMING
(TA=0°C to 70°C: Vcc = 5V £ 5%; Vss = 0V)

Symbol Parameter Min. Typ. Max. Unit
Voo Programming Voltage (during Write
to EPROM) 24 25 26 Vv
lop Prog Supply Current 15 30 mA
A.C. SPECIFICATION FOR PROGRAMMING
(TA=0°C to 70°C; Vcc =5V + 5%; Vss = 0V)
Symbol Parameter Min. Typ. Max. Unit
tps Data Setup Time 10 ns
tpD Data Hold Time 0 ns
- ts Prog Pulse Setup Time 2 us
th Prog Pulse Hold Time 2 us
tR Prog Pulse Rise Time 0.01 2 us
tpr Prog Pulse Fall Time 0.01 2 us
trRG Prog Pulse Width 45 50 msec




8755A

WAVEFORMS

FUNCTION L
| PROGRAM CYCLE T VERIFY CYCLE* ~¢—— PROGRAM CYCLE
ALE
———
DATA TO BE x

Noer M . . gl "

———
tpp — | |-

———

2 : : X X X
———

— 5
PROGITE \

_——
1§~ H—> -
s

+25

Voo
"5 — —

—| tpp | *PF I4—
—»| 'PRG

_——

AD

*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR B755A)

Figure 7. 8755A Program Mode Timing Diagram
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8205 \
HIGH SPEED 1 OUT OF 8 BINARY DECODER
m /0 Port or Memory Selector m Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

= Minimum Line Reflection — Low
Voltage Diode Input Clamp

m Simple Expansion — Enable Inputs

m High Speed Schottky Bipolar

Technology — 18 ns Max Delay = Outputs Sink 10 mA Min
m Directly Compatible with TTL Logic = 16-Pin Dual In-Line Ceramic or Plastic
Circuits Package

The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low", thus a single
row of a memory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large
systems, 8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory
expansions.

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds
results in higher performance than equivalent devices made with a gold diffussion process.

PIN CONFIGURATION LOGIC SYMBOL
o
A 16 Vee | Ao Oy
A,] 2 15 Oq Ay 0, jo—
A []s 1wl o, | A2 o jo—
g ] 13[Jo, opp—
8205
8205
E; l: 5 12 :]03 04 Jo——
g, [_]s [ Jo, —dE, 05 fo—
o,[}7 o] Jos —e; 0s fo—
GRD 8 9 IOG = o b
ADDRESS | ENABLE OuTPUTS
PIN NAMES Ag Ay A3|E, Ey; E3J0 v 2 3 a4 5 & 7
L L Lt t H|(L H H H H H H M
e e L L H L L L L H[H L H H H H H M
Ag- Az ADDRESS INPUTS L H LIJL L HIH H L H H H H H
= -1 H H
Ey 65 ENABLEINPUTS | A P -
Sqa DECODED QUTPUTS H L HIL L H|{H H H H H L H H
L H HIL L H|H H H H H H L H
H H H L L H H H H H H L H L
x x x L L L H H H H H H H H
X % Ao U CTH A H W CH Wl
x X x L H L H H H H H H H H
x x x H H L " " " L] H H H H
x x x H L L H H L L H H H H
x x x L H H H H H H H “ H H
X X X [H H H|H H H H H H H H

February, 1978
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8205

FUNCTIONAL DESCRIPTION
Decoder

The 8205 contains a one out of eight binary decoder. It ac-
cepts a three bit binary code and by gating this input, creates
an exclusive output that represents the value of the input
code.

For example, if a binary code of 101 was present on the A0,
A1 and A2 address input lines, and the device was enabled,
an active low signal would appear on the 05 output line.
Note that all of the other output pins are sitting at a logic
high, thus the decoded output is said to be exclusive, The
decoders outputs will follow the truth table shown below in
the same manner for all other input variations.

Enable Gate

When using a decoder it is often necessary to gate the out-
puts with timing or enabling signals so that the exclusive
output of the decoded value is synchronous with the overall
system.

The 8205 has a built-in function for such gating. The three
enable inputs (E1, E2, E3) are ANDed together and create
a single enable signal for the decoder. The combination of
both active “high” and active “low" device enable inputs
provides the designer with a powerfully flexible gating func-
tion to help reduce package count in his system.

5-54

A o=——s-iy,
Ay ——————] o—— 0,
Ay p———— 0,
p——— 0,
DECODER
D=0
o—— 0,
o——— 0,
5
ENABLE GATE
K
&
Figure 1. Enable Gate
ADDRESS | ENABLE OUTPUTS
Ap Ay Ay|E, E; E3JO0 1 2 3 a4 5 6 7
L L L L H L H H H H H H H
H L L|L L H|H L H H H H H H
L H L L L H H H L H H H H H
H H L|L L H|H H H L H H H H
L L H|L L H|H H H H L H H H
H L H L L H H H H H H L H H
L H HIL L H|H H H H H H L H
H H H|L L H|H H H H H H H L
X X X L L L H H H H H H H H
X X X|H L L|H H H H H H H H
X X X L H L H H H H H H H H
X X X |H H L|H H H H H H H H
X X X |H L H|H H H H H H H H
X X X L H H |H H H H H H H H
X X X|H H H|H H H H H H H H




8205

APPLICATIONS OF THE 8205

The 8205 can be used in a wide variety of applications in
microcomputer systems. |/O ports can be decoded from the
address bus, chip select signals can be generated to select
memory devices and the type of machine state such as in
8008 systems can be derived from a simple decoding of the
state lines (SO, S1, S2) of the 8008 CPU.

1/0 Port Decoder

Shown in the figure below is a typical application of the
8205. Address input lines are decoded by a group of 8205s
(3). Each input has a binary weight. For example, AQ is as-
signed a value of 1 and is the LSB; A4 is assigned a value of
16 and is the MSB. By connecting them to the decoders as
shown, an active low signal that is exclusive in nature and
represents the value of the input address lines, is available at
the outputs of the 8205s.

This circuit can be used to generate enable signals for 1/0
ports or any other decoder related application.

Note that no external gating is required to decode up to 24
exclusive devices and that a simple addition of an inverter
or two will allow expansion to even larger decoder net-
works,

Chip Select Decoder
Using a very similar circuit to the 1/O port decoder, an ar-

A e o o——0]
Ay Ay o,p—1
A2 Ay o p—12
o,o——3
8205
o,p—1
A o o o—s3
Ay qE; op—¢
EN £ o,lo—7
— % oQp—1=4
Ay o po—¢
Ay o p—r0
i o o——i s
o, jo——12 | NUMBERS
& o o—13
EN e [ o, po—mn
[ o, pp—15
L1a, o, %
A, o, p—17
A, o, jo—18
0, o—13
8205 —
o, jo——20
—OF, o,p—2
N—]—0fF; o o—=n
E, o,o—2|

ray of 8205s can be used to create a simple interface to a
24K memary system.

The memory devices used can be either ROM or RAM and
are 1K in storage capacity. 8308s and 8102s are the devices
typically used for this application. This type of memory de-
vice has ten (10) address inputs and an active “low” chip
select (CS). The lower order address bits AO-A9 which come
from the microprocessor are “‘bussed” to all memory ele-
ments and the chip select to enable a specific device or group
of devices comes from the array of 8205s. The output of
the 8205 is active low so it is directly compatible with the
memory components.

Basic operation is that the CPU issues an address to identify
a specific memory location in which it wishes to “write” or
“read” data. The most significant address bits A10-A14 are
decoded by the array of 8205s and an exclusive, active low,
chip select is generated that enables a specific memory de-
vice. The least significant address bits AO-A9 identify a
specific location within the selected device. Thus, all ad-
dresses throughout the entire memory array are exclusive
in nature and are non-redundant.

This technique can be expanded almost indefinitely to sup-
port even larger systems with the addition of a few inverters
and an extra decoder (8205).

L >‘°
Ao A o p—=05,
Ay A o,p—=¢s,
An A cT,:)—cs,
op——cs,
205 _ -
o,fp——c¢s,
Au e, o,p—-—cs,
A o€, o p—=c5;
Vee & ]
1% Gp—rcs
™ Gp—
o i ) ap—=G,
Sp——csy,
b sh—og  ieers
€, o h—&;
GND —dE, O — G,
2 &p—=&,
1% Gp—&5
A op—5;
A Gp—&,
o Lp—&,
S p—
— gp—,
A& Gep—
£ 9 Sa

Figure 2. 1/O Port Decoder



8205

Logic Element Example

Probably the most overlooked application of the 8205 is
that of a general purpose logic element. Using the “on-chip”
enabling gate, the 8205 can be configured to gate its de-
coded outputs with system timing signals and generate
strobes that can be directly connected to latches, flip-flops
and one-shots that are used throughout the system.

An excellent example of such an application is the “state
decoder” in an 8008 CPU based system. The 8008 CPU is-
sues three bits of information (S0, S1, S2) that indicate the
nature of the data on the Data Bus during each machine
state. Decoding of these signals is vital to generate strobes
that can load the address latches, control bus discipline and
general machine functions.

In the figure below a circuit is shown using the 8205 as the
“state decoder” for an 8008 CPU that not only decodes the
S0, S1, S2 outputs but gates these signals with the clock
(phase 2) and the SYNC output of the 8008 CPU. The T1

and T2 decoded strobes can connect directly to devices like
8212s for latching the address information. The other de-
coded strobes can be used to generate signals to control the
system data bus, memory timing functions and interrupt
structure. RESET is connected to the enable gate so that
strobes are not generated during system reset, eliminating
accidental loading.

The power of such a circuit becomes evident when a single
decoded strobe is logically broken down. Consider T1 out-
put, the boolean equation for it would be:

T1 = (S0-51-52)-(SYNC-Phase 2-Reset)
A six input NAND gate plus a few inverters would be need-
ed to implement this function. The seven remaining outputs
would need a similar circuit to duplicate their function,
obviously a substantial savings in components can be
achieved when using such a technique,

| |
e nn | ’ I\_l\_‘fL.ll_lJ\J\_.l‘
13 1 =L13 = SYNC ] ] T
S Ay 2p—T sh ! | | i— : ! I
2 B T — t t i | 1 |
s, 12 A ipl—7 | H I | ; I
] 8, ™ L " HA
n 3 | 1T - { | l T | ] 1
s, A, 11— S n 1 ]
8008 | | 1 I 1 : | I
ot Fpl—Ta I T . A5 (0 01
« 8 A . ! | ' i | ' |
sync P E spl 75 — | I I I [ i I
I & s 4 T ; i 1 f ¥
] 2 dE; ap— WA z W f i i ' '
18 15 = | ' . ‘ | !
6 =12 T 4 - -
€ 3 sToe 5 W g : i ! i
. ouTPUTS |3 \y : - : ‘
3 T 3 I J L
8201 s ™ b ) : 1 t
cLOCK 3 : !
GENERATOR = W H 1
5 L
W
SYSTEM RESET
State Control Coding
Sy | Sy | 5, | STATE
010 [T
of1]1 |
ofo|1|T2
ofo|o|war
1/0|0|13
110 stor
11178
1ol

Figure 4. 8205 State Decoder Circuit
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8205

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias:  Ceramic —65°C to +125°C

Plastic —65°C to +75°C

Storage Temperature —65°C to +160°C
All Qutput or Supply Voltages —0.5 to +7 Volts
All Input Voltages —1.0 to +5.5 Volts
Output Currents 125 mA

D.C. CHARACTERISTICS
Ta = 0°Cto +75°C, Vg = 5V +5%

*COMMENT

Stresses above those listed under “Absolute Maximum Rat-
ing”" may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or at
any other condition above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

8205
SYMBOL PARAMETER LIMIT uNIT TEST CONDITIONS
MIN. [ MAX.
I INPUT LOAD CURRENT —025 | mA | V.. -5.25V,V_ =045V
W INPUT LEAKAGE CURRENT 10 A Vee =5.25V, Vg =5.25V
Ve INPUT FORWARD CLAMP VOLTAGE -1.0 v Ve =475V, 1. =—5.0mA
VoL OUTPUT “LOW" VOLTAGE 045 | Vv Ve =4.75V. 15, = 10.0mA
Vou OUTPUT HIGH VOLTAGE 24 v Ve =475V, 15, = —1.5mA
Vi INPUT “LOW" VOLTAGE 085 | V Ve = 5.0V
Vi INPUT “HIGH"” VOLTAGE 2.0 v Vee = 5.0V
Lo OUTPUT HIGH SHORT —40  [-120 mA Vee = 5.0V, Vg r = OV
CIRCUIT CURRENT
Vox OUTPUT “LOW" VOLTAGE 08 v Vee = 5.0V, Igy = 40mA
@ HIGH CURRENT
lec POWER SUPPLY CURRENT 70 mA Ve =5.25V
TYPICAL CHARACTERISTICS

OUTPUT CURRENT {mA)

&0

40

OUTPUT CURRENT VS.
OUTPUT “LOW"” VOLTAGE

OUTPUT CURRENT VS.
OUTPUT “HIGH"” VOLTAGE

DATA TRANSFER FUNCTION

o 5 g - T P '
Ta = 75°C
A T — Vee 5.0V 1 — b Vee = 5.0V
Ta~25°C Th=26"
i -10 —% | ] s JaTe 40 - -+
Ve =5.0v Tacoc| = Ta=07T To=75C s
W AW L £
] : X
= E=E A7 = 20 - ¢ a0 [
- -
= = ] T \
"4 E > Ta=25"C A\
2 <3 = 20 i
5 g Ta = 75%C ] \
Ta - 75T 2 3 \
—40 10
|_Ta=0C I \
L T
#-n =25"C
/ A S o A
2 4 & 8 10 0 10 20 30 a0 50 0 2 4 6 .8 10 1.2 1.4 16 18 20
OUTPUT “LOW" VOLTAGE (VI OUTPUT “HIGH" VOLTAGE (V) INPUT VOLTAGE (V)




8205

SWITCHING CHARACTERISTICS

Conditions of Test: Test Load
Input pulse amplitudes: 2.5V
Input rise and fall times: 5 nsec
between 1V and 2V
Measurements are made at 1.5V
CL I

Vee

2K

All Transistors 2N2369 or Equivalent. C_ =30 pF

Test Waveforms

ADDRESS OR ENABLE
INPUT PULSE

QUTPUT

-

N

A.C. CHARACTRISTICS

Ta = 0°Cto +75°C, Vgc = 5V +5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS
| PO 18 ns
% ADDRESS OR ENABLE TO 18 ns A=l
. OUTPUT DELAY 18 %3
B 18 ns
(oL INPUT CAPACITANCE P8205 |  Altyp.) pF f=1MHz, Vge = OV
C8205 S(typ.) pF Vglas = 2.0V, Tp =25°C

1. This parameter 15 periodically sampled and 1s not 100% tested,

TYPICAL CHARACTERISTICS

ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE

20

Ve * 5.0V ]
T, *25°C -
_-
o i eV, SIS SORE ‘.-“"_1:_
°_ 1 - -
L
2z o=
<> // -
<
E: |n-:~ _—
og _———
|
gz
g:
30
< 5 !
|
ool IR

100 150
LOAD CAPACITANCE (pF)

200

ADDRESS OR ENABLE TO OUTPUT
DELAY VS. AMBIENT TEMPERATURE

20 ‘
Vee * 5.0V
€, * 30pF
9_ 15 !
uE Yoot |
s ) D . e ® S ok g S o e o
<> t
2< =
o
ga 10
- 1
82 .
S
&3
30
a 5
0
o 25 50 7%

AMBIENT TEMPERATURE (°C)



intel
8212
8-BIT INPUT/OUTPUT PORT

m Fully Parallel 8-Bit Data Registerand Buffer m 3.65V Output High Voltage for

m Service Request Flip-Flop for Direct Interface to 8008, 8080A, or
Interrupt Generation 8085A CPU

® Low Input Load Current — .25mA Max. ® Asynchronous Register Clear

® Three State Outputs B Replaces Buffers, Latches and

Multiplexers in Microcomputer Systems

B Outputs Sink 15mA ‘
m Reduces System Package Count

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
principal peripheral and input/output functions of a microcomputer system can be implemented with this device.

PIN CONFIGURATION LOGIC DIAGRAM
SERVICE REQUEST FF
P N
os, [ 24 [Jvee
mo[] 2 23 [ ]iNT DEVICE SELECTION
o, [ 3 22 | ]oig e e
INT
po,[] 4 21 | Joo, B o =
oI 5 20 [ o1 (ACTIVE LOW)
2 ? M EN
00 6 19 [ Joo
mz 7 22 s Qo ’ > e l
3 6
ooz 8 17 | 100, > ste & I T oureur
o, [ e 16 (Joi, : | |z iRuFEER
| |
oo, [} 10 15 | ] oo,
| |
n 14 []cin B>on =0 o+ o, [>
sT8 CLR e THea ]
ano[] 12 13 [(Jos, — I |
B>on o 3 o >
| Hew |
L] =il
>0, 1 Do ] DOy
c |
l H'%—-A | I
E>o1, I 5l mmi Dog iE>
PIN NAMES Defea) 1]
| ~—— |
[(ovow Jomam | B> o1 oS o
| 00,00 [DATAGUT __ ~ " | (e ]
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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 latched data 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 outputinto a
high impedance state. (3-state)

The high-impedance state allows the designer to connect -

the 8212 directly onto the microprocessor bi-directional
data bus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and STB.
These inputs are used to control device selection, data
latching, output buffer state and service request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When DS1 is
low and DS2 is high (DS1 « DS2) 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
enabled and the source of clock (C) to the data latch is
from the device selection logic (DS1 + DS2).

When MD is low (input mode) the output buffer state is
determined by the device selection logic (DS1+ DS2) 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.

interrupts in 'micr-ocompuker syst'ems. It is asynchron-
ously 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
inverting input of 'a “NOR" gate. The other input to the
“NOR" gate is non-inverting and is connected to the
device selection logic (DS1 + DS2). The output of the
"NOR" gate (INT) is active low (interrupting state) for
connection to active low input priority generating circuits.

SERVICE REQUEST FF

“
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Applications of the 8212 — For
Microcomputer Systems

| Basic Schematic Symbol
I Gated Buffer

Il Bi-Directional Bus Driver
v Interrupting Input Port

1. Basic Schematic Symbols

Two examples of ways to draw the 8212 on system
schematics — (1) the top being the detailed view showing
pin numbers, and (2) the bottom being the symbolic view

v Interrupt Instruction Port
VI Output Port

VIl  BOBOA Status Latch

VIIl BOB5A Address Latch

showing the system input or output as a system bus (bus
containing 8 parallel lines). The output to the data bus is
symbolic in referencing 8 parallel lines.

BASIC SCHEMATIC SYMBOLS

INPUT DEVICE OUTPUT DEVICE
==y} n————
3 STB 4 3 sT8 4
=10 pof— e ol ool
7 8 7 []
=7 -8 | 8
9 10 9 10
:_5 s212 5 (DETAILED) 161 g2 .%.
] ih o] i
—_ — _— .
22 |CLR INT [ 21 22 |INT CLR |21
1)/ mo |23 23 Mo__ |aa
—90bs, | bs, DS, DS,
1 [2 |3 |ERERA
GND Y
INPUT — ~") . ouTPUT
STROBE ] FLAG
SYSTEM (SYMBOLIC) SYSTEM
—CLR INT p— — INT CLR jo—
1 <=l 4 T
GND DATA BUS DATA BUS Vee

Il. Gated Buffer (3-State)

The simplest use of the 8212 is that of a gated buffer. By
tying the mode signal low and the strobe input high, the
data latch is acting as a straight through gate. The output
buffers are then enabled from the device selection logic
DS1 and DS2.

When the device selection logic is false, the outputs are 3-
state.

When the device selection logicis true, the input data from
the system is directly transferred to the output. The input
data load is 250 micro amps. The output data can sink 15
milli amps. The minimum high output is 3.65 volts.

GATED BUFFER

VCC ) A
sT8
INPUT QuUTPUT
DATA 8212 DATA
(250 pA) (15mA)
(3.65V MIN}
CLR

CONTROL GND

GATING [ ————— |
(DST.DS2)
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I1l. Bi-Directional Bus Driver

A pair of 8212's wired (back-to-back) can be used as a
symmetrical drive, bi-directional bus driver. The devices
are controlled by the data bus input control which is
connected to DS1 on the first 8212 and to DS2 on the
second. One device is active, and acting as a straight
through buffer the other is in 3-state mode. This is a very
useful circuit in small system design.

BI-DIRECTIONAL BUS DRIVER

Vee
sT8
DATA DATA
BUS 8212 BUS
— CLR
DATA BUS
CONTROL — ¥ Ul
(0=L—R) GND
{t=R—L) v
STB
8212 K
‘—d CLr
GND

IV. Interrupting Input Port

This use of an 8212 is that of a system input port that
accepts a strobe from the system 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
onto the data bus.

INTERRUPTING INPUT PORT

DATA
INPUT 8US
STROBE — ] ~—
STB
S w2 [
SYSTEM —_—
REgL, ——CLR INT
PORT SIS —~_/
SELECTION GND TO PRIORITY CKT
(DS1.DS2) (ACTIVE LOW)
OR
TO CPU
INTERRUPT INPUT

V. Interrupt Instruction Port

The 8212 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 signal.
This signal is normally tied to ground. (DS1 could be used
to multiplex a variety of interrupt instruction ports onto a
common bus).

INTERRUPT INSTRUCTION PORT

Vee DATA
BUS
~/-\
STB
RESTART
INSTRUCTION 8212
(RST 0 — RST 7)
or
(DST) PORT SELECTION (;r'«o T
INTERRUPT ACKNOWLEDGE —a——— |
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VI. Output Port (With Hand-Shaking)

The 8212 can be used to transmit data from the databus to
a system output. The output strobe could be a hand-
shaking signal such as “reception of data" from the device
that the system is outputting to. Itin turn, caninterrupt the
system signifying the reception of data. The selection of
the port comes from the device selection logic.(DS1-DS2)

OUTPUT PORT (WITH HAND-SHAKING)

DATA
BUS
M T OUTPUT STROBE
sT8
:J_‘> 8212 :> SYSTEM OUTPUT
INT CLR Jo——— SYSTEM RESET
—~~ [ PORT SELECTION
SYSTEM Vee (LATCH CONTROL)
INTERRUPT (DS1.DS2)

Vil. 8080A Status Latch

Here the 8212 is used as the status latch for an 8080A
microcomputer system. The input to the 8212 latch is
directly from the 8080A data bus. Timing shows that when
the SYNC signal is true, which is connected to the DS2
input and the phase 1 signal is true, which isa TTL level
coming from the clock generator; then, the status data will
be latched into the 8212.

Note: The mode signal is tied high so that the output on the
latch is active and enabled all the time.

It is shown that the two areas of concern are the bi-
directional data bus of the microprocessor and the control
bus.

10 =
O 5 Do
0, 1= D,
Dz = [)2
D, D,
D 3 D DATA BUS
3 4
8080A o |X D,
5
s Dg
D, Dy
sync 2
pain 2
o1 92 STATUS
2 15 LATCH
12v 310, D, B— INTA
A\ = o
o B Sl 7 18 stack
9 10 /\ N\
16 15— TLFA oy
S out
18 8212 17 BASIC /_T\ 77—\
— M1
20 19 - controL 92
—_— 22 2 INP BUS .
CLOCK GEN. [(o1TTL) —_— < MEMR sywel / |
& DRIVER —qCtR
14|Ds, Mo DS, 2 .
I3 |2 ?1 DATA ( —_—
T DBIN
STATUS j
Vee




Qdla Dus at contams e 10w oraer o-pis or agaress™=* =
information during the first part of a machine cycle. The
same bus contains data at a later time in the cycle. An
address latch enable (ALE) signal is provided by the
8085A to be used by the 8212 to latch the address so that it

may be available through the whole machine cycle. Note:

In this configuration, the MODE inputis tied high, keeping

the 8212’s output buffers turned on at all times.

12 T
ADg 3 Do
AD; [ Dy
AD3 15 D2
AD3 7 D3 | pata Bus
AD4 = Dy
8085A  ADg = Ds
ADg 19 Dg
ADy D7
aLe 2
Vec
1
3 STB 4,4
={oh DO; [z Ao
= Ay
7 LAZ
1: :_‘;»Aa LOW ORDER
8212 o~ A ADDRESS BUS
18 17
20 19°
22 21 A7
CLR
DS mMD Ds,

T
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ABSOLUTE MAXIMUM RATINGS*

....... 0°C to +70°C
-65°C to +160°C
-0.5 to +7 Volts
-1.0 to 5.5 Volts
100mA

Temperature Under Bias Plastic
Storage Temperature
All Output or Supply Voltages
All Input Voltages
Output Currents

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings” may cause
permanent damage to the device. Thisis a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device reliabllity.

D.C. CHARACTERISTICS Ta=0°C to +75°C, Vcc = +5V 5%

Symbol Parameter Hinits Unit Test Conditions
Min. Typ. Max.
IF Input Load Current, ACK, DSz, CR,
DI41-Dls Inputs -25 mA |Vg= 45V
IF Input Load Current MD Input -75 mA |VF= .45V
IF Input Load Current DS1 Input -1.0 mA |VF= .45V
IR Input Leakage Current, ACK, DS, CR,
DI1-Dlsg Inputs 10 #A |VR =Vcc
IR Input Leakage Current MO Input 30 #A |VR =Vcc
IR Input Leakage Current DSt Input 40 uA |VR =Vcc
Ve Input Forward Voltage Clamp -1 v lc =-5mA
ViL Input “Low" Voltage .85 v
ViH Input “High" Voltage 2.0 "
VoL Output “Low" Voltage .45 Vv loL = 15mA
VoH Output "High" Voltage 3.65 40 v loH =-1mA
Isc Short Circuit Output Current -15 -75 mA |Vo =0V, Vcc =5V
[lo] Output Leakage Current High
Impedance State 20 uA |Vo = .45V/5.25V
lcc Power Supply Current 90 130 mA
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TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE
0 , 300 T
Vee = +6.0V Vee =450V

Ta=0C”

N\
;4
"
&
o

: A
e

| y BEes
{ I | e / Tpo=0°C
I
|
|
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A
&
QUTPUT CURRENT (mA)

300, 2F a ] + 2 3 0 2 I 6 8
INPUT VOLTAGE (V) OUTPUT “LOW" VOLTAGE (V}
OUTPUT CURRENT VS, DATA TO OUTPUT DELAY
OUTPUT “HIGH" VOLTAGE VS, LOAD CAPACITANCE
v 1 50 — T
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_ sl i
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A.C. CHARACTERISTICS Ta=0°Cto +70°C, Vcc = +5V + 5%

Symbol Parameter Limis Unit Test Conditions
Min. Typ. Max.

tpw Pulse Width 30 ns

tPD Data to Output Delay 30 ns | Note 1
twe Write Enable to Output Delay 40 ns | Note 1
tser Data Set Up Time 15 ns

tH Data Hold Time 20 ns

tR Reset to Output Delay 40 ns | Note 1
ts Set to Output Delay 30 ns | Note 1
te Output Enable/Disable Time 45 ns | Note 1
tc Clear to Output Delay 55 ns | Note 1

CAPACITANCE* F = 1MHz, Veias = 2.5V, Vcc = +5V, TA =25°C

Limit:
Symbol Test o S
Typ. Max.
CiN DS1 MD Input Capacitance 9pF 12pF
CiN DSz, CK, ACK, DI1-Dlg
Input Capacitance 5pF 9pF
Cout |[DO1-DOg Output Capacitance 8pF 12pF

*This parameter is sampled and not 100% tested.

SWITCHING CHARACTERISTICS
Conditions of Test

Input Pulse Amplitude = 2.5V Test Load
Input Rise and Fall Times 5ns

Between 1V and 2V Measurements made at 1.5V TN NpF
with 15mA and 30pF Test Load Vee
Note 1:
Rq

Test CL* R R2

tPD, tWE, IR, ts, tc 30pF | 3000 | 6000 [Tfu =

te, ENABLE! 30pF | 10KN 1KN

te, ENABLE | 30pF | 300n | soon ot I "2

te, DISABLE! SpF 3000 | 6000 — =

te, DISABLEI S5pF 10KN 1KN

*INCLUDING JIG & PROBE CAPACITANCE

*Includes probe and jig capacitance.
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%o%"t;'
PROGRAMMABLE DMA CONTROLLER 449”
%",
= MCS-85™ Compatible 8257-5 = Terminal Count and Modulo 128
Outputs

= 4-Channel DMA Controller a Single TTL Clock

m Priority DMA Request Logic = Single + 5V Supply

= Channel Inhibit Logic = Auto Load Mode

The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at
high speed between peripherals and memories.

PIN CONFIGURATION BLOCK DIAGRAM
168 u .
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wowl] 2 39 [Ag
memAa[] 3 38 [JA, ™ .
memwl] ¢ 7 A, 4:»4‘)a l— DRO O
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wadls, . wpre wan N B K =
READY[]& 35 Ay BUFFER —{ CNTR |— DACKO
HLDA[] 7 34 A,
ADSTB[] 8 13[4, t T
8257
AENC] 9 204, 2 cH1  f=—oRQ1
HRQ[] 10 31 [AVee 1OR =——=) s < LN 16
— oW ) BIT
csn 30 [1p, ==Y ADDR
ck] 12 23 1o, L p—] CNTR L~ DACK 1
—7 R o —] g L '
DACK 2] 1 27 0o, LOGIC
DACK3[] 15 25 1o, A cHz |f=—DROZ
oraal] 16 25 [1DACK 0 A < 2
praz2[] 17 24 [JDACK 1 :‘ ADDR
ora 10} & 2a[dog ? it ek
orao[] 19 22 p; 34? J
GND [} 20 21[0p, Py—
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Ay T—— A 16
Ay < ‘> Elg
PIN NAMES A v | aooR e
CONTROL CNTR |—» DACK 3
| D;-Dg | DATA BUS AEN ADDRESS ENABLE READY ———= 'ﬂ’éﬂ
Az-Ag | ADDRESS BUS ADSTB ADDRESS STROBE MODE <:::> {
iOR | 1/0 READ TC TERMINAL COUNT wa——1
IOW [ 1/0 WRITE MARK MODULO 128 MARK oA =1 L] prioaiTy
MEMF | MEMORY READ | | DRO;DROy | DMA REQUEST MEUR <—9 ResoLvEn
WMEMW | MEMORY WRITE INPUY N y
CLK CLOCK INPUT DACKy-DACK, | DMA ACKNOWLEDGE AEN ~——— l
out ADSTB
RESET | RESET INPUT = P SELECT INTERNAL
Bus
READY | READY o <5 VOLTS m\;i ‘ L
HRQ | HOLD REQUEST GND GROUND
TO BOBOA|
HLDA | HOLD ACKNOWLEDGE
(FROM 808B0A|

® Intel Corporation, 1978
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FUNCTIONAL DESCRIPTION

General

The 8257 is a programmable, Direct Memory Access
(DMA) device which, when coupled with a single Intel®
8212 1/O port device, provides a complete four-channel
DMA controller for use in Intel® microcomputer systems.
After being initialized by software, the 8257 can transfera
block of data, containing up to 16,384 bytes, between
memory and a peripheral device directly, without further
intervention required of the CPU. Upon receiving a DMA
transfer request from an enabled peripheral, the 8257:

1. Acquires control of the system bus.

2. Acknowledges that requesting peripheral which is
connected to the highest priority channel.

3. Outputs the least significant eight bits of the memory
address onto system address lines Ag-A7, outputs
the most significant eight bits of the memory address
to the 8212 I/O port via the data bus (the 8212
places these address bits on lines Ag-A4s), and

4, Generates the appropriate memory and |/O read/
write control signals that cause the peripheral to
receive or deposit a data byte directly from or to the
addressed location in memory.

The 8257 will retain control of the system bus and repeat
the transfer sequence, as long as a peripheral maintains its
DMA request. Thus, the 8257 can transfer a block of data
to/from a high speed peripheral (e.g., a sector of dataon a
floppy disk) in a single “burst”. When the specified
number of data bytes have been transferred, the 8257
activates its Terminal Count (TC) output, informing the
CPU that the operation is complete.

The 8257 offers three different modes of operation:
(1) DMA read, which causes data to be transferred from
memory to a peripheral; (2) DMA write, which causes
data to be transferred from a peripheral to memory;
and (3) DMA verify, which does not actually involve the
transfer of data. When an 8257 channel is in the DMA verify
mode, it will respond the same as described for transfer
operations, except that no memory or |I/O read/write
control signals will be generated, thus preventing the
transfer of data. The 8257, however, will gain control of the
system bus and will acknowledge the peripheral's DMA
request for each DMA cycle. The peripheral can use these
acknowledge signals to enable an internal access of each
byte of a data block in order to execute some verification
procedure, such as the accumulation of a CRC (Cyclic
Redundancy Code) checkword. For example, a block of
DMA verify cycles might follow a block of DMA read cycles
(memory to peripheral) to allow the peripheral to verify its
newly acquired data.
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Block Diagram Description

1. DMA Channels

The 8257 provides four separate DMA channels (labeled
CH-0 to CH-3). Each channel includes two sixteen-bit
registers: (1) a DMA address register, and (2) a termi-
nal count register. Both registers must be initialized
before a channel is enabled. The DMA address register is
loaded with the address of the first memory location to be
accessed. The value loaded into the low-order 14-bits of
the terminal count register specifies the number of DMA
cycles minus one before the Terminal Count (TC) output
is activated. For instance, a terminal count of 0 would
cause the TC output to be active in the first DMA cycle for
that channel. In general, if N = the number of desired DMA
cycles, load the value N-1 into the low-order 14-bits of the
terminal count register. The most significant two bits of the
terminal count register specify the type of DMA operation
for that channel.

Figure 1. 8257 Block Diagram Showing DMA
Channels
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These two bits are not modified during a DMA cycle, but
can be changed between DMA blocks.

Each channel accepts a DMA Request (DRQn) input and
provides a DMA Acknowledge (DACKn) output.

(DRQ 0-DRQ 3)

DMA Request: These are individual asynchronous chan-
nel request inputs used by the peripherals to obtain a DMA
cycle. If not in the rotating priority mode then DRQ 0 has
the highest priority and DRQ 3 has the lowest. A request
can be generated by raising the request line and holding it
high until DMA acknowledge. For multiple DMA cycles
(Burst Mode) the request line is held high until the DMA
acknowledge of the last cycle arrives.

(DACK 0 - DACK 3)

DMA Acknowledge: An active low level on the acknowl-
edge output informs the peripheral connected to that
channel that it has been selected for a DMA cycle. The

output acts as a “chip select” for the peripheral
device requesting service. This line goes active (low)
and inactive (high) once for each byte transferred even if
a burst of data is being transferred.

2. Data Bus Buffer

This three-state, bi-directional, eight bit buffer interfaces
the 8257 to the system data bus.

(Do-D7)

Data Bus Lines: These are bi-directional three-state lines.
When the 8257 is being programmed by the CPU, eight-
bits of data for a DMA address register, a terminal count
register or the Mode Set register are received on the data
bus. When the CPU reads a DMA address register, a
terminal count register or the Status register, the data is
sent to the CPU over the data bus. During DMA cycles
(when the 8257 is the bus master), the 8257 will output the
most significant eight-bits of the memory address (from
one of the DMA address registers) to the 8212 |atch via the
data bus. These address bits will be transferred at the
beginning of the DMA cycle; the bus will then be released
to handle the memory data transfer during the balance of
the DMA cycle.

BIT 15 BIT 14 TYPE OF DMA OPERATION
0 0 Verify DMA Cycle
0 1 Write DMA Cycle
1 0 Read DMA Cycle
1 1 (Illegal)

Figure 2. 8257 Block Diagram Showing Data Bus
Buffer

571



8257/8257-5

3. Read/Write Logic

When the CPU is programming or reading one of the
8257'sregisters (i.e., when the 8257 is a “'slave” device on
the system bus), the Read/Write Logic accepts the 1/0
Read (I/OR) or 1/0 Write (TOW) signal, decodes the least
significant four address bits, (Ag-A3), and either writes
the contents of the data bus into the addressed register
(if TOW is true) or places the contents of the addressed
register onto the data bus (if /OR Is true).

During DMA cycles (i.e., when the 8257 is the bus
“master”), the Read/Write Logic generates the I/0 read
and memory write (DMA write cycle) or 1/0 Write and
memory read (DMA read cycle) signals which control the
data link with the peripheral that has been granted the
DMA cycle.

Note that during DMA transfers Non-DMA 1/O devices
should be de-selected (disabled) using “AEN" signal to
inhibit I/0 device decoding of the memory address as an
erroneous device address.

(I/OR)

/0 Read: An active-low, bi-directional three-state line. In
the "slave"” mode, it is an input which allows the 8-bit
status register or the upper/lower byte of a 16-bit DMA
address register or terminal count register to be read. In
the “master" mode, I/OR is a control output which is used
to access data from a peripheral during the DMA write
cycle.

(/OW)

1/O Write: An active-low, bi-directional three-state line. In
the “slave" mode, it is an input which allows the contents
of the data bus to be loaded into the 8-bit mode set register
or the upper/lower byte of a 16-bit DMA address register
or terminal count register. In the “master” mode, [/OWis a
control output which allows data to be output to a
peripheral during a DMA read cycle.

(CLK)

Clock Input: Generally from an Intel® 8224 Clock Gen-
erator device. (¢2 TTL) or Intel® 8085A CLK output.

(RESET)

Reset: An asynchronous input (generally from an 8224
or 8085 device) which disables all DMA channels by
clearing the mode register and 3-states all control lines.
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(Ag-Ag)

Address Lines: These least significant four address lines
are bi-directional. In the “slave” mode they are inputs
which select one of the registers to be read or
programmed. In the “master” mode, they are outputs
which constitute the least significant four bits of the 16-bit
memory address generated by the 8257.

(CS)

Chip Select: An active-low input which enables the |/O
Read or |/O Write input when the 8257 is being read or
programmed in the “slave” mode. In the “master” mode,

CS is automatically disabled to prevent the chip from
selecting itself while performing the DMA function.

Figure 5. 8257 Block Diagram Showing
Read/Write Logic Function



8257/8257-5

4. Control Logic

This block controls the sequence of operations during all
DMA cycles by generating the appropriate control signals
and the 16-bit address that specifies the memory location
to be accessed.

(Ag-A7)

Address Lines: These four address lines are three-state
outputs which constitute bits 4 through 7 of the 16-bit
memory address generated by the 8257 during all DMA
cycles.

(READY)

Ready: This asynchronous input is used to elongate the
memory read and write cycles in the 8257 with wait states
if the selected memory requires longer cycles.

(HRQ)

Hold Request: This output requests control of the system
bus. In systems with only one 8257, HRQ will normally be
applied to the HOLD input on the CPU.

(HLDA)

Hold Acknowledge: This input from the CPU indicates
that the 8257 has acquired control of the system bus.

(MENIR)

Memory Read: This active-low three-state output is used
to read data from the addressed memory location during
DMA Read cycles.

(MEMW)

Memory Write: This active-low three-state output is'used
to write data into the addressed memory location during
DMA Write cycles.

(ADSTB)

Address Strobe: This output strobes the most signlﬂcant
byte of the memory address into the 8212 device from the
data bus.

(AEN)

Address Enable: This output is used to disable (float) the
System Data Bus and the System Control Bus. It may also
be used to disable (float) the System Address Bus by use
of an enable on the Address Bus drivers in systems to
inhibit non-DMA devices from responding during DMA
cycles. It may be further used to isolate the 8257 data bus
from the System Data Bus to facilitate the transfer ofthe 8
most significant DMA address bits over the 8257 data 1/0
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
in an 1/O device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an I/0 device when the DMA address is on the
address bus. The 1/0O device selection should be
determined by the DMA acknowledge outputs for the 4
channels.

(TC)

Terminal Count: This output notifies the currently
selected peripheral that the present DMA cycle should be
the last cycle for this data block. If the TC STOP bitin the
Mode Set register is set, the selected channel will be
automatically disabled at the end of that DMA cycle. TCis
activated when the 14-bit value in the selected channel's
terminal count register equals zero. Recall that the low-
order 14-bits of the terminal count register should be
loaded with the values (n-1), where n =the desired number
of the DMA cycles.

(MARK)

Modulo 128 Mark: This output notifies the selected
peripheral that the current DMA cycle is the 128th cycle
since the previous MARK output. MARK always occurs at
128 (and all multiples of 128) cycles from the end of the
data block. Only if the total number of DMA cycles (n) is
evenly divisable by 128 (and the terminal count register
was loaded with n-1), will MARK occur at 128 (and each
succeeding multiple of 128) cycles from the beginning of
the data block.

‘Figure 4. 8257 Block Diagram Showing Control Logic
and Mode Set Register
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5. Mode Set Register

When set, the various bits in the Mode Set register enable
each of the four DMA channels, and allow four different
options for the 8257:

| LEnnhla: DMA Channel 0
Enables DMA Channel 1
Enables DMA Channel 2

Enables DMA Channel 3

Enables AUTC)LDAD'—'T I
Enables TC STOP

Enables EXTENDED WRITE
Enables ROTATING PRIORITY:

The Mode Set register is normally programmed by the
CPU after the DMA address register(s) and " terminal
count register(s) are initialized. The Mode Set Register is
cleared by the RESET input, thus disabling all options,
inhibiting all channels, and preventing bus conflicts on
power-up. A channel should not be left enabled unless its
DMA address and terminal count registers contain valid
values; otherwise, an inadvertent DMA request (DRQn)
from a peripheral could initiate a DMA cycle that would
destroy memory data.

The various options which can be enabled by bits in the
Mode Set register are explained below:

Rotating Priority Bit 4

In the Rotating Priority Mode, the priority of the channels
has a circular sequence. After each DMA cycle, the
priority of each channel changes. The channel which had
just been serviced will have the lowest priority.

If the ROTATING PRIORITY bit is not set (set to a zero),
each DMA channel has a fixed priority. In the fixed priority
mode, Channel 0 has the highest priority and Channel 3
has the lowest priority. If the ROTATING PRIORITY bit is
set to a one, the priority of each channel changes after
each DMA cycle (not each DMA request). Each channel
moves up to the next highest priority assignment, while
the channel which has just been serviced moves to the
lowest priority assignment:

CHANNEL—|CH-0|CH-1|CH-2|CH-3

JUST SERVICED
Priority —» Highest CH-1|CH-2|CH-3 [CH-0
Assignments CH-2|CH-3|CH-0 [CH-1
CH-3|CH-0|CH-1 [CH-2
Lowest CH-0|CH-1|CH-2|CH-3
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Note that rotating priority will prevent any one channel
from monopolizing the DMA mode; consecutive DMA
cycles will service different channels if more than one
channel is enabled and requesting service. There is no
overhead penalty associated with this mode of opera-
tion. All DMA operations began with Channel 0 initially
assigned to the highest priority for the first DMA cycle.

Extended Write Bit 5

If the EXTENDED WRITE bitis set, the duration of both the
MEMW and I7OW signals is extended by activating them
earlier in the DMA cycle. Data transfers within micro-
computer systems proceed asynchronously to allow
use of various types of memory and 1/O devices with
different access times. If a device cannot be accessed
within a specific amount of time it returns a “not ready"
indication to the 8257 that causes the 8257 to insert one or
more wait states in its internal sequencing. Some devices
are fast enough to be accessed without the use of wait
states, but if they generate their READY response with the
leading edge of the [/OW or MEMW signal (which
generally occurs late in the transfer sequence), they
would normally cause the 8257 to enter a wait state
because it does not receive READY in time. For systems
with these types of devices, the Extended Write option
provides alternative timing for the 1/0O and memory write
signals which allows the devices to return an early READY
and prevents the unnecessary occurrence of wait states in
the 8257, thus increasing system throughput.

TC Stop Bit 6

If the TC STOP bit is set, a channel is disabled (i.e., its
enable bit is reset) after the Terminal Count (TC) output
goes true, thus automatically preventing further DMA
operation on that channel. The enable bit for that channel
must be re-programmed to continue or begin another
DMA operation. If the TC STOP bit is not set, the
occurrence of the TC output has no effect on the channel
enable bits. In this case, it is generally the responsibility of
the peripheral to cease DMA requests in order to terminate
a DMA operation.

Auto Load Bit 7

The Auto Load mode permits Channel 2 to be used for
repeat block or block chaining operations, without
immediate software intervention between blocks. Chan-
nel 2 registers are initialized as usual for the first data
block; Channel 3 registers, however, are used to store the
block re-initialization parameters (DMA starting address,
terminal count and DMA transfer mode). After the first’
block of DMA cycles is executed by Channel 2 (i.e., after
the TC output goes true), the parameters stored in the
Channel 3 registers are transferred to Channel 2during an
“update” cycle. Note that the TC STOP feature, described
above, has no effect on Channel 2 when the Auto Load bit
is set.
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If the Auto Load bit is set, the initial parameters for
Channel 2 are automatically duplicated in the Channel 3
registers when Channel 2 is programmed. This permits
repeat block operations to be set up with the programming
of a single channel. Repeat block operations can be used
in applications such as CRT refreshing. Channels 2and 3
can still be loaded with separate values if Channel 2 is
loaded before loading Channel 3. Note that in the Auto
Load mode, Channel 3 is still available to the user if the
Channel 3 enable bit is set, but use of this channel will
change the values to be auto loaded into Channel 2 at
update time. All that is necessary to use the Auto Load
feature for chaining operations is to reload Channel 3
registers at the conclusion of each update cycle with the
new parameters for the next data block transfer.

Each time that the 8257 enters an update cycle, the update
flag in the status register is set and parametersin Channel
3 are transferred to Channel 2, non-destructively for
Channel 3. The actual re-initialization of Channel 2occurs
at the beginning of the next channel 2 DMA cycle after the
TC cycle. This will be the first DMA cycle of the new data
block for Channel 2. The update flag is cleared at the
conclusion of this DMA cycle. For chaining operations,
the update flag in the status register can be monitored by
the CPU to determine when the re-initialization process
has been completed so that the next block parameters can
be safely loaded into Channel 3.

6. Status Register

The eight-bit status register indicates which channels
have reached a terminal count condition and includes the
update flag described previously.

7 6 5 4 3 2 1 0
Lefefel T 1111

UPDATE FLAG

TC STATUS FOR CHANNEL 0
TC STATUS FOR CHANNEL 1
b TC STATUS FOR CHANNEL 2
TC STATUS FOR CHANNEL 3

The TC status bits are set when the Terminal Count (TC)
output is activated for that channel. These bits remain set
until the status register is read or the 8257 is reset. The
UPDATE FLAG, however, is not affected by a status
register read operation. The UPDATE FLAG can be
cleared by resetting the 8257, by changing to the non-auto
load mode (i.e., by resetting the AUTO LOAD bit in the
Mode Set register) or it can be left to clear itself at the
completion of the update cycle. The purpose of the
UPDATE FLAG is to prevent the CPU from inadvertently
skipping a data block by overwriting a starting address or
terminal count in the Channel 3 registers before those
parameters are properly auto-loaded into Channel 2.

The user is cautioned against reading the TC status
register and using this information to reenable chan-
nels that have not completed operation. Unless the
DMA channels are inhibited a channel could reach ter-
minal count (TC) between the status read and the mode
write. DMA can be inhibited by a hardware gate on the
HRQ line or by disabling channels with a mode word
before reading the TC status.

PARAMETERS | \PARAMETERS
..IFOR BLOCK 1 " FOR BLOCK 2 [‘

1/0 WRITE

CHANNEL 2 UPDATE
OCCURS HERE

o |PARAMETERS
FOR BLOCK 3
CHANNEL 2 UPDATE
OCCURS HERE

_.lm:_____.

111

DRO 2 |'Il|||

DATA BLOCK 1~

-

TC

DATABLOCK 2 ——*| DATABLOCK 3 —

UPDATE FLAG

Figure 5. Autoload Timing
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OPERATIONAL SUMMARY

Programming and Reading the 8257 Registers

There are four pairs of “channel registers”: each pair
consisting of a 16-bit DMA address register and a 16-bit
terminal count register (one pair for each channel). The
8257 also includes two “general registers”: one 8-bit
Mode Set register and one 8-bit Status register. The
registers are loaded or read when the CPU executes a
write or read instruction that addresses the 8257 device
and the appropriate register within the 8257. The 8228
.generates the appropriate read or write control signal
(generally I/OR or I/OW while the CPU places a 16-bit
address on the system address bus, and either outputs the
data to be written onto the system data bus or accepts the
data being read from the data bus. All or some of the most
significant 12 address bits As-A;s (depending on the
systems memory, I/0 configuration) are usually decoded
to produce the chip select (CS) input to the 8257. An I/0
Write input (or Memory Write in memory mapped 1/0
configurations, described below) specifies that the
addressed register is to be programmed, while an I/O
Read input (or Memory Read) specifies that the addressed
register is to be read. Address bit 3 specifies whether a
“channel register" (A; = 0) or the Mode Set (program
only)/Status (read only) register (A;=1) isto be accessed.

The least significant three address bits, Ag-A;, indicate the
specific register to be accessed. When accessing the
Mode Set or Status register, Ag-A; are all zero. When
accessing a channel register bit Ag differentiates between
the DMA address register (Ao = 0) and the terminal count
register (Ap = 1), while bits A; and A2 specify one of the

8257 Register Selection

CONTROL INPUT cs 1/OW | 1/OR A3

Program Half of a 0 0 1 0
Channel Register

Read Half of a 0 1 0 0
Channel Register

Program Mode Set 0 0 1 1
Register

Read Status Register 0 1 0 1

four channels. Because the “channel registers” are 16-
bits, two program instruction cycles are required to load
or read an entire register. The 8257 contains a first/last
(F/L) flip flop which toggles at the completion of each
channel program or read operation. The F/L flip flop
determines whether the upper or lower byte of the register
is to be accessed. The F/L flip flop is reset by the RESET
input and whenever the Mode Set register is loaded. To
maintain proper synchronization when accessing the
“channel registers" all channel command instruction
operations should occur in pairs, with the lower byte of a
register always being accessed first. Do not allow CS to
clock while either I7OR or i7OW is active, as this will cause
an erroneous F/L flip flop state. In systems utilizing an
interrupt structure, interrupts should be disabled prior to
any paired programming operations to prevent an
interrupt from splitting them. The result of such a split
would leave the F/L F/F in the wrong state. This problem is
particularly obvious when other DMA channels are
programmed by an interrupt structure.

ADDRESS INPUTS *BI-DIRECTIONAL DATA BUS

REGISTER BYTE A | az ]| & as: | & o | s | Ds| Dz | 05 | 03| Di| Do
CH-0 DMA Address LSB 0 0 0 0 0 A; As As Ay A A A A

MSB 0 0 0 0 1 Ais | Ais | Az | Az | Ay | A | As Ag
CH-0 Terminal Count LsB 0 0 0 1 0 C, | Cs | Cs | Cs C: |C | C | Co

MSB 0 0 0 1 1 Rd | Wr [Ci3 [Ci2 [Cyy |Cio | Cy | Cx
CH-1 DMA Address LSB 0 0 1 0 0

MSB 0 0 1 0 1 Same as Channel C
CH-1 Terminal Count LSB 0 0 1 1 0

MSB 0 0 1 1 1
CH-2 DMA Address LSB 0 1 0 0 0

MSB 0 1 0 0 1 Same as Channel 0
CH-2 Terminal Count Lss 0 1 0 1 0

MSB 0 1 1] 1 1
CH-3 DMA Address LS8 0 1 1 0 0

MsSB 0 1 1 0 1 Same as Channel 0
CH-3 Terminal Count LSB 0 1 1 1 0

MSB 0 1 1 1 1
MODE SET (Program only) - 1 0 0 0 o AL |TCS| EW | RP |EN3 |EN2 |EN1 |ENO
STATUS (Read only) _— 1 0 0 0 0 0 0 0 UP | TC3 |TC2 | TC1 |TCO

*Aog-A1s: DMA Starting Address, Co-Cj3: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection,
AL: Auto Load, TCS: TCSTOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK,UP: UPDATE

FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS.
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REIEY

SAMPLE DRGn LINES DRGn
> SET HRQ IF DRON = 1 e

lunnﬂ A

HLDA

E HLI
RESOLVE DRQOn PRIORITIES

lHLDA l—

s1
PRESENT AND LATCH
UPPER ADDRESS
PRESENT LOWER ADDRESS

s2
ACTIVATE READ COMMAND
ADVANCED WRITE COMMAND

54
RESET ENABLE FOR CHANNEL N IF
TC STOP AND TC ARE ACTIVE.
DEACTIVATE COMMANDS.
DEACTIVATE DACKn, MARK AND TC.
SAMPLE DRGn AND HLDA.
RESOLVE DROn PRIORITIES.
RESET HRQ IF HLDA -~ 0 OR DRQ = 0,

DRQn - HLDA

1 HLDA + DRGn

1 DRQn refers to any DRQ line on an enabled DMA channel.

AND DACKn
s3 ov.|  sw
ACTIVATE WAITE commano | READY!| B0 o | aeasy
ACTIVATE MARK AND TC ROy
IF APPROPRIATE LINE
lFIEADY + VERIFY R
READY

Figure 6. DMA Operation State Diagram

DMA OPERATION
Single Byte Transfers

A single byte transfer is initiated by the I/O device rais-
ing the DRQ line of one channel of the 8257. If the chan-
nel is enabled, the 8257 will output a HRQ to the CPU.
The 8257 now waits until a HLDA is received insuring
that the system bus is free for its use. Once HLDA is
received the DACK line for the requesting channel is ac-
tivated (LOW). The DACK line acts as a chip select for
the requesting 1/O device. The 8257 then generates the

read and write commands and byte transfer occurs be-
tween the selected 1/0 device and memory. After the
transfer is complete, the DACK line is set HIGH and the
HRQ line is set LOW to indicate to the CPU that the bus
is now free for use. DRQ must remain HIGH until DACK
is issued to be recognized and must go LOW before S4
of the transfer sequence to prevent another transfer
from occuring. (See timing diagram.)

Consecutive Transfers

If more than one channel requests service simultaneous-
ly, the transfer will occur in the same way a burst does.
No overhead is incurred by switching from one channel
to another. In each S4 the DRQ lines are sampled and
the highest priority request is recognized during the
next transfer. A burst mode transfer in a lower priority
channel will be overridden by a higher priority request.
Once the high priority transfer has completed control
will return to the lower priority channel if its DRQ is still
active. No extra cycles are needed to execute this se-
quence and the HRQ line remains active until all DRQ
lines go LOW.

Control Override

The continuous DMA transfer mode described above
can be interrupted by an external device by lowering the
HLDA line. After each DMA transfer the 8257 samples
the HLDA line to insure that it is still active. If it is not
active, the 8257 completes the current transfer, releases
the HRQ line (LOW) and returns to the idle state. If DRQ
lines are still active the 8257 will raise the HRQ line in
the third cycle and proceed normally. (See timing
diagram.)

Not Ready

The 8257 has a Ready input similar to the 8080A and the
8085A. The Ready line is sampled in State 3. If Ready is
LOW the 8257 enters a wait state. Ready is sampled dur-
ing every wait state. When Ready returns HIGH the 8257
proceeds to State 4 to complete the transfer. Ready is
used to interface memory or I/0 devices that cannot
meet the bus set up times required by the 8257.

Speed

The 8257 uses four clock cycles to transfer a byte of
data. No cycles are lost in the master to master transfer
maximizing bus efficiency. A 2MHz clock input will
allow the 8257 to transfer at a rate of 500K bytes/second.

Memory Mapped I/O Configurations

The 8257 can be connected to the system bus asa memory
device instead of as an 1/0 device for memory mapped 1/0
configurations by connecting the system memory control
lines to the 8257's 1/0O control lines and the system 1/0
control lines to the 8257's memory control lines.

This configuration permits use of the 8080’s considerably
larger repertoire of memory instructions when reading or
loading the 8257's registers. Note that with this
connection, the programming of the Read (bit 15) and
Write (bit 14) bits in the terminal count register will have a
different meaning:
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SYSTEM APPLICATION EXAMPLES

Figure 8. TC Register for Memory Mapped 1/O Only
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Figure 10. High-Speed Communication Controller
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;

Ambient Temperature Under Bias. . . . ... .. 0°C to 70°C tion of the device at these or any other conditfonsab

Storage Temperature . . .. .......... —65°C to +150°C those indicated in the operational sections of this specifi-

Voltage on Any Pin cation is not implied. Exposure to absolute maximum 2 £ P
With Respect to Ground. . . ......... —0.5V to +7V rating conditions for extended periods may affect device Ya

e X B 2T L o 1o B AT S A e St P 1 Watt reliability.

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vg = +5V + 5%, GND = 0V

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Volts
ViH Input High Voltage 2.0 Veet+.5 Volts
VoL Output Low Voltage 0.45 Volts | lgL =1.6 mA
Vou Output High Voltage 2.4 Vee Volts | lon=-150uA for AB,
DB and AEN
lo=-80uA for others
VHH HRQ Output High Voltage 3.3 Vee Volts | loy = -80uA
lce Vcc Current Drain 120 mA
TR Input Leakage +10 HA Vin = Vee to OV
loFL Output Leakage During Float +10 HA Vourt = Vee to OV
CAPACITANCE
Ta =25°C; Vge = GND =0V
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | TEST CONDITIONS
Cin Input Capacitance 10 pF fc=1MHz
Ci/o 1/0 Capacitance 20 pF Unmeasured pins
returned to GND
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE
Ta = 0°Cto 70°C, V¢ = 5.0V £5%; GND = 0V (Note 1).

8080 Bus Parameters

Read Cycle:

8257 8257-5
Symbol Parameter Min. Max. | Min. Max. | Unit
TAR Adr or CS{ Setup to RD{ 0 ns
TRA Adr or CSt Hold from RD* 0 ns
Tro Data Access from RD4 0 300 0 200 ns (Note 2)
Toe DB-Float Delay from RD 1 20 150 100 ns
TrRR RD Width 250 250 ns
Write Cycle:
8257 8257-5
Symbol Parameter Min Max, | Min, Max. | Unit Test Conditions
Taw Adr Setup to WR 20 20 ns
Twa Adr Hold from WRt 0 0 ns
Tow Data Setup to WR* 200 200 ns
Twp Data Hold from WR* 0 0 ns
Tww WR Width 200 200 ns
Other Timing:
8257 8257-5
Symbol Parameter Min. Max. Min. Max. Unit Test Conditions
TRsTW | Reset Pulse Width 300 300 ns
TRsTD Power Supplyt (Vcc) Setup to Resetd 500 500 us
Ty Signal Rise Time 20 20 ns
Ty Signal Fall Time 20 20 ns
TrsTs Reset to First [/JOWR 2 2 toy
Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input ‘1" at 2.0V, “0" at 0.8V

2. 8257: C|_= 100pF, 8257-5: C|_= 150pF.

8257 PERIPHERAL MODE TIMING DIAGRAMS
Write Timing:

fe——Taw—=
CHIPSELECT \
!
ADDRESS BUS
le———Ta———+  —=Tyale—
)
DATA BUS x K
P — —
ToWR N /
Reset Timing:
TI!SIVI

RESET 7

I.-—r,,m,—.

“ I

Read Timing:

T z

Output “1" at 2.0V, “0" at 0.8V

"—TAN— | Tra
ADDRESS BUS j B K
le———Tap- —— = — —Tpa
70 AD N Taw
Tap —> [+ = le—TpF

DATA BUS

Input Waveform for A.C. Tests:

24

20

20
~— -
TEST POINTS
o8~ . MX

045
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A.C. CHARACTERISTICS: DMA (MASTER) MODE T, =0°C to 70°C, Vcc = +5V ..5% d ?{ )

Timing Requirements

8257 8257-5

SYMBOL PARAMETER MIN. MAX. MIN. MAX.

Tey Cycle Time (Period) 0.320 4 0.320 4

To Clock Active (High) 120 .8Tey 80 8Toy ns
Tas DRQ1T Setup to 64 (S, S4) 120 120 ns
TaH DRQY Hold from HLDA®[4] 0 0 ns
Tus HLDAT® or {Setup to 81(SI, S4) 100 100 ns
TRs READY Setup Time to 81 (S3, Sw) 30 30 ns
TRH READY Hold Time from 81 (S3, Sw) 20 20 ns

Note: 4. Tracking Parameter.

Tracking Parameters

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela-
tionship between all these parameters is constant. The variation is less than or equal to 50 ns.

Suppose the following timing equation is being evaluated,
Taminy + Tamax) =150 ns -

and only minimum specifications exist for Ty and Tg. If Tapin) is used, and if T and Tg are tracking parameters,
Tgmax) can be taken as Tginy + 50 ns.

Taming + (Tepminy™ + 50 ns) < 150 ns
*if Ta and Tg are tracking parameters
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A.C. CHARACTERISTICS: DMA (MASTER) MODE Ta =0°Ct0 70°C, Ve = #5

Timing Responses

%

%, .

Y, 74

Vs,
Ty

8257
SYMBOL PARAMETER MIN. MAX. MIN.
Toa HRQ? or {Delay from 61(SI,54) 160
(measured at 2.0v)! 1) '
Toai1 HRQ*? or {Delay from 81(SI,S4) 250 250 ns
(measured at 3.3V)[3]
TAEL AEN? Delay from 84(S1)11] 300 300 ns
TAET AEN{ Delay from 81(s1)['] 200 200 ns
TAEA Adr (AB)(Active) Delay from AENT(S1)[4] 20 20 ns
Teaas | Adr(AB)(Active) Delay from 81(S1)!121 250 250 ns
TAFAB Adr(AB)(Float) Delay from 61(S1)12] 150 150 ns
Tasm Adr(AB)(Stable) Delay from 1(S1)I2] 250 250 ns
Taii Adr (AB)(Stable) Hold from §1(s1)12) Ta5w=60 Tagii-50 ns
TaHR Adr(AB)(Valid) Hold from Rdt(S1,S1)14] 60 60 ns
Tauw Adr(AB)(Valid) Hold from Wrt(S1,S1){4] 300 300 ns
TrADB Adr(DB)(Active) Delay from 81(S1)(2] 300 300 ns
Tarpe | Adr(DB)(Float) Delay from 81(S2)! 2l TsTr+20 250 TsTr+20 170 ns
Tass Adr(DB) Setup to AdrStbl(S1-52)[4] 100 100 ns
TAHS Adr (DB)(Valid) Hold from AdrStbi(S2)[4] 50 50 ns
TsTL AdrStbt Delay from 81(S1)[1] 200 200 ns
TsTT AdrStb{ Delay from 81(S2)(7] 140 140 ns
Tew AdrStb Width (S1-52)(4 Tey-100 Tey-100 ns
Tasc Rd} or Wr(Ext) Delay from AdrStbi(S2)[4] 70 70 ns
Tosc Rd4 or Wr(Ext)4 Delay from Adr(DB) 20 20 ns
(Float)(S2)!4]
Tak DACK? or {Delay from 64(S2,S1) and 250 250 ns
TC/Mark? Delay from 81(S3) and
TC/Mark{ Delay from 61 (S4)1.5]
TocL Rd! or Wr(Ext)4 Delay from 81(S2) and 200 200 ns
Wri Delay from 01(S3)/2:6
Toct Rd* Delay from 6 4(S1,S1) and 200 200 ns
Wrt Delay from 61(s4)(27]
Teac Rd or Wr (Active) from 01($1)2] 300 300 ns
Tarc Rd or Wr (Float) from 81(S1)(2] 150 150 ns
TRwm Rd Width (S2-S1 or SI)[4] 2Tey + Tg-50 2Tey + Tg-50 ns
Twwm Wr Width (S3-54)4] Tey-50 Tey-50 ns
Twwme | Wr(Ext) Width (52-S4)14] 2Tey-50 2Toy-50 s
Notes: 1. Load=1TTL. 2. Load=1TTL+50pF. 3. Load=1TTL+ (R =3.3K), Vg =3.3V. 4. Tracking Parameter.

5. AToAk <50ns. 6. ATpcL <50ns. 7. ATpcT <50ns.
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ADR STB
¥
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1 l"'TAK Tak—= e Taac
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Trac—=| o —a |-——rm' Thvwn
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NOTE: The clock waveform is
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The B257 raquires only
one clock input.

Figure 12. Consecutive Cycles and Burst Mode Sequence
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Figure 14. Not Ready Sequence
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8259A %
PROGRAMMABLE INTERRUPT CONTROLLER.

Ta, %,

= MCS-86™ Compatible = Programmable Interrupt Modes

= MCS-80/85™ Compatible m Individual Request Mask Capability
m Eight-Level Priority Controller = Single + 5V Supply (No Clocks)

= Expandable to 64 Levels m 28-Pin Dual-In-Line Package

The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has
several modes, permitting optimization for a variety of system requirements.

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

PIN CONFIGURATION BLOCK DIAGRAM
INTA INT
— J
cs 28 [1Vee
wr]2 27, ~
ro[]3 26 [JINTA
0,0+ 25 [11R7
5 2 IR6 DATA CONTROL LOGIC
oL a s ool i KD
o; s 23[1IRs BUFFER
o, 47 22[11Ra
B8259A
o,[]s 21[]IR3
02[: 9 20 []IR2 (l
o, 10 19 IR ﬁl l If]
o, O n 18 [ IR0 - i
caso[] 12 w7 [INT AD —=0f 4_‘—"“
g— WR READ/
cas1[]13 16 [1SF/ER VAT WA e N- '"“““”"‘_::i
LOGIC SERVICE PRIORITY REQUEST [
GND [: pe 15 :CASZ Ay ———of REG CNEELVERC REG f=——IR4
(ISR) URRI | ae
2 ? l-—1R6
cs j=—IR7
PIN NAMES
D,-D, DATA BUS (BI-DIRECTIONAL)
AD READ INPUT CASO =——= Q INTERRUPT MASK REG
— CASCADE (IMR)
WR ___WRHITEINPUY CAS1 =—=1 BUFFER/ |=—
A, COMMAND SELECT ADDRESS COMPARATOR|
= CAS2 -—
cs CHIP SELECT
CAS2-CASO _ CASCADE LINES ? \
SP/EN SLAVE PROGRAM INPUT/ENABLE SPrEN Ve
INT INTERRUPT OUTPUT L
INTA INTERRUPT ACKNOWLEDGE INPUT
1RO-IR7 INTERRUPT REQUEST INPUTS
© Intel Corporation, 1978 June 1978



8259A

INTERRUPTS IN MICROCOMPUTER
SYSTEMS

Microcomputer system design requires that /O devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This Is where the processor must
test each device in sequence and in effect “‘ask” each
one if it needs servicing. It is easy to see that a large por-
tion of the main program Is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental effect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost effectiveness
of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program
and only stop to service peripheral devices when it is
told to do so by the device itself. In effect, the method
would provide an external asynchronous input that
would inform the processor that it should complete
whatever instruction that is currently being executed
and fetch a new routine that will service the requesting
device. Once this servicing is complete, however, the
processor would resume exactly where it left off.

This method is called Interrupt. It is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest Importance (priority), ascertains
whether the incoming request has a higher priority value
than the level currently being serviced, and issues an
interrupt to the CPU based on this determination.

Each peripheral device or structure usually has a special
program or “routine” that is associated with its specific
functional or operational requirements; this is referred
to as a "'service routine". The PIC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can "point" the Program Counter to the
service routine associated with the requesting device.
This “pointer” is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

8259A BASIC FUNCTIONAL DESCRIPTION
GENERAL

The 8259A is a device specifically designed for use in
real time, interrupt driven microcomputer systems. It
manages eight levels or requests and has built-in fea-
tures for expandability to other 8259A’s (up to 64 levels).
It is programmed by the system's software as an I/0
peripheral. A selection of priority modes Is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

match his system requirementsz: ]"ﬁe pﬂqﬂﬁumodes can
be changed or reconfigured dynamically al an time dur-
ing the main program. This means lhatt e, comglete in-
terrupt structure can be defined as required basen'gr_:,

the total system environment. ’

CPU-DRIVEN
- MULTIPLEXOR
_____ -__“9
7o T
]9
AAM <:> <:> 110 (1) ——]
ROM :) <:> 10 (2)
r___'l
<:>l 10 (N) :—
|
—
A4
Polled Method
crPu INT
AN
RAM <:> <: PIC
ROM :> <:> 110 (1)
<;:> 110 (2)
R T
i i
<::> 1w
1 1
RSO |

Interrupt Method
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&
PT R T REGISTER (IRR) AND
' EG ISTER (ISR)

and fhe |n$ervice Register (ISR). The IRR is used

vice; ‘and the ISR is used to store all the interrupt levels

Q'g"é sibte all the interrupt levels which are requesting ser-

" which are being serviced.
& ..'v*‘

'S

PRIORITY RESOLVER

This logic block determines the priorities of the bits set
in the IRR. The highest priority is selected and strobed
into the corresponding bit of the ISR during INTA pulse.

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt lines
to be masked. The IMR operates on the IRR. Masking of
a higher priority input will not affect the interrupt
request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The
Von level on this line is designed to be fully compatible
with the 8080A, B085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (uPM) of the 8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Contro! words
and status information are transferred through the Data
Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization Com-
mand Word (ICW) registers and Operation Command
Word (OCW) registers which store the various control
formats for device operation. This function block also
allows the status of the 8259A to be transferred onto the
Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading or
writing of the chip will occur unless the device is
selected.

WR (WRITE)

A LOW on this input enables the CPU to write control
words (ICWs and OCWs) to the 8259A.

RD (READ)
A LOW on this input enables the 8259A to send the
status of the Interrupt Request Register (IRR), In Service

Register (ISR), the Interrupt Mask Register (IMR), or the
Interrupt level onto the Data Bus.

8259A Block Diagram

8259A Block Diagram

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the ad-
dress lines.
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THE CASCADE BUFFER/ICOMPARATOR

This function block stores and compares the IDs of all
8259A's used in the system. The associated three /O
pins (CAS0-2) are outputs when the 8259A is used as a
master and are inputs when the 8259A is used as a
slave. As a master, the 8259A sends the ID of the inter-
rupting slave device onto the CAS0-2 lines. The slave
thus selected will send its preprogrammed subroutine
address onto the Data Bus during the next one or two
consecutive INTA pulses. (See section “Cascading the
8259A".)

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter allows direct or indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1.0ne or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the corresponding IRR
bit(s).

2. The 8259A evaluates these requests, and sends an
INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds with an
INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The 8259A will also release a CALL in-
struction code (11001101) onto the 8-bit Data Bus
through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU group.

6. These two INTA pulses allow the 8259A to release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and and the higher 8-bit address is re-
leased at the second INTA pulse.

7. This completes the 3-byte CALL instruction released
by the 8259A. In the AEOI mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EOl command is
issued at the end of the interrupt sequence.

The events occurring in an MCS-86 system are the same -

until step 4.

4. Upon receiving an INTA from the CPU group, the high-
est priority ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not drive the Data Bus
during this cycle.

5. The MCS-86 CPU will initiate a second INTA pulse.
During this pulse, the 8259A releases an 8-bit pointer
onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI mode
the ISR bit Is reset at the end of the second INTA
pulse. Otherwise, the ISR bit remains set until an
appropriate EOl command is issued at the end of the
interrupt subroutine.

If no interrupt request is pre&m} §

either
sequence (i.e., the request was too shp the

8259A will issue an interrupt level 7. Boib, LV
bytes and the CAS lines will look like an Infdmj;fm y
by e, Q
,

was requested.

8259A Block Diagram

ADDRESS BUS (16) )

CONTROL BUS

i

DATA BUS (8)

- CASO

LINES -——=4CAS1

«—a{CAS2
SPIEN

=3 0,0, RD WR INT INTA

IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
76 8 ‘& % 3 3

SLAVE
PROG.

1
INTERRUPT
REQUESTS

8259A Interface to Standard System Bus
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INTERRUPT SEQUENCE OUTPUTS
MCS-80/85 SYSTEM

This sequence is timed by three INTA pulses. During the
first INTA pulse the CALL opcode is enabled onto the
data bus.

Contant of First Interrupt
Vector Byte

D7 Dé DS Da D3 D2 D1 Do

! |

CALL CODE 1 1 0 0 1 1 0

During the second INTA pulse the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits As-A; are programmed, while Agp-
A4 are automatically inserted by the 8259A. When Inter-
val =8 only Ag and A; are programmed, while Ag-As are
automatically inserted.

Content of Second Interrupt

Vector Byte
IR Interval =4
D7 D6 DS D4 D3 D2 D1 DO
7 A7 AB A5 1 1 1 0 0
6 A7 A6 A5 1 1 0 0 0
5 A7 AB A5 1 0 1 0 0
4 A7 A8 A5 1 0 0 0 0
3 A7 A8 A5 0 1 1 0 0
2 A7 A6 A5 0 1 0 0 0
1 A7 A6 A5 0 0 1 0 0
0 A7 A6 A5 0 0 0 0 0
IR Interval =8
D7 D6 D5 D4 D3 D2 D1 Do

7 A7 A6 1 1 1 0 0 0
6 A7 AB 1 1 0 0 0 0
5 A7 AB 1 0 1 0 0 0
4 A7 A6 1 0 0 0 0 0
3 A7 A6 0 1 1 0 0 0
2 A7 AB 0 1 0 0 0 0
1 A7 AB 0 0 1 0 0 0
0 A7 AB 0 0 0 0 0 0

During the third INTA pulse the,mgher egdrsss of the ap-
propriate service routine, which’ was pregtammed as

byte 2 of the initialization sequence (AB-A157 ds enabled
onto the bus.

Content of Third Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 DI DO
[as | ata [ a3 [ a2z [ at1 [ a0 [ a9 [ s |

MCS-86 SYSTEM

MCS-86 mode is similar to MCS-80 mode except that
only two Interrupt Acknowledge cycles are issued by
the processor and no CALL opcode is sent to the proc-
essor. The first interrupt acknowledge cycle is similar to
that of MCS-80/85 systems in that the 8259A uses it to
internally freeze the state of the interrupts for priority
resolution and as a master it issues the interrupt code
on the cascade lines at the end of the INTA pulse. On
this first cycle it does not issue any data to the proc-
essor and leaves its data bus buffers disabled. On the
second interrupt acknowledge cycle in MCS-86 mode
the master (or slave if so programmed) will send a byte
of data to the processor with the acknowledged inter-
rupt code composed as follows (note the state of the
ADI mode control is ignored and As-A44 are unused in
MCS-86 mode):

Content of Interrupt Vector Byte
for MCS-86 System Mode

D7 Dé DS D4 D3 D2 D1 Do
IR7 A5 | A14 | A13 | A12 | AT 1 1 1
IR6 A15 | A14 | A13 | A12 | AT 1 1 0
IRS A15 | A14 | A13 | A12 | AT 1 0 1
IR4 A15 | A14 | A13 | A12 | Al 1 0 0
IR3 A15 | A14 | A13 | A12 | AT1 (U 1 1
IR2 A15 | A14 | A13 | A12 | AT 0 1 0
IR1 A15 | A14 | A13 | A12 | AT 0 0 1
IR0 A15 | A14 | A13 | A12 | AN 0 0 0
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ated by the CPU:

1. Initialization Command Words (ICWs): Before normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to

4 bytes timed by WR pulses. This sequence is
described in Figure 1.

2. Operation Command Words (OCWs): These are the
command words which command the 8259A to oper-
ate in various interrupt modes. These modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polled mode

The OCWSs can be written into the 8259A anytime after
initialization.

cCNEnAML

Whenever a command is issued with A0= 0 and D 40
this is interpreted as Initialization Command” ‘Word ﬂ
(ICW1). ICW1 starts the initialization sequence during J?
which the following automatically occur. ﬁ

. The Interrupt Mask Register is cleared.
. IR 7 input is assigned priority 7.
. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is setto
IRR.

e. If1C4=0, then all functions selected in ICW4 are set to
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80/85
system, non SFNM).

a o o

*Note: Master/Slave In ICWA4 is only used in the buffered mode.

Ay D4 D; RD WR cs INPUT OPERATION (READ)
0 0 1 0 IRR, ISR or Interrupting Level—»DATA BUS (Note 1)
1 0 1 0 IMR —»DATA BUS
OUTPUT OPERATION (WRITE)
0 0 0 1 0 0 DATA BUS -»0OCW2
0 0 1 1 0 0 DATA BUS = 0OCW3
0 1 X 1 0 0 DATA BUS—>ICW1
1 X X 1 0 0 DATA BUS -»0OCW1, ICW2, ICW3, ICW4 (Note 2)
DISABLE FUNCTION
X X X 1 1 0 DATA BUS — 3-STATE (NO OPERATION)
X X X X X 1 DATA BUS — 3-STATE (NO OPERATION)

Notes: 1. Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation.
2. On-chip sequencer logic queues these commands into proper sequence.

8259A Basic Operation
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-Aqs: Page starting address of service routines. In an
MCS 80/85 system, the 8 request levels will generate
CALLs to 8 locations equally spaced in memory. These
can be programmed to be spaced at intervals of 4 or 8
memory locations, thus the 8 routines will occupy a
page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-A+s). When the
routine interval is 4, Ag-A,4 are automatically inserted by
the 8259A, while As-Ays are programmed externally.
When the routine interval is 8, Ag-As are automatically
inserted by the 8259A, while Ag-A,s are programmed
externally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval Is best for a com-
pact jump table.

In an MCS-86 system Aqs-Aqq are inserted in the five
most significant bits of the vectoring byte and the
8259A sets the three least significant bits according to
the interrupt level. Ajg-As are ignored and ADI (Address
interval) has no effect.

LTIM: If LTIM=1, then the 8259A will operate in the
level Interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

ADI: CALL address interval. ADI=1 then interval =4;
ADI=0 then interval = 8.

SNGL: Single. Means that this is the only 8259A in the
system. If SNGL=1 no ICW3 will be issued.

IC4:  If this bit is set — ICW4 has to be read. If ICW4
is not needed, set IC4=0.

INITIALIZATION COMMAND WORD 3@’

This word is read only when there ’ls,mo one
8259A in the system and cascading is” uﬁ’ed

case SNGL=0. It will load the 8-bit slave nagf te.
functions of this register are: ",

a. In the master mode (either when SP=1, or in buﬂere
mode when M/S=1 in ICW4) a "1" is set for each
slave in the system. The master then will release byfe
1 of the call sequence (for MCS-80/85 system) and will
enable the corresponding slave to release bytes 2 and
3 (for MCS-86 only byte 2) through the cascade lines.

b. In the slave mode (either when SP=0, or if BUF =1
and M/S=0 in ICW4) bits 2-0 identify the slave. The
slave compares its cascade input with these bits and,
if they are equal, bytes 2 and 3 of the call sequence (or
Just byte 2 for MCS-86) are released by it on the Data
Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)

SFNM: If SFNM=1 the special fully nested mode is
programmed.

BUF: If BUF =1 the buffered mode is programmed. In
buffered mode SP/EN becomes an enable output
and the master/slave determination is by M/S.

MIS:  If buffered mode is selected: M/S=1 means the
8259A is programmed to be a master, M/S=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

AEOI: If AEOI= 1 the automatic end of interrupt mode
is programmed.

uPM: Microprocessor mode: uPM=0 sets the 8259A
for MCS-80/85 system operation, uPM=1 sets
the 8259A for MCS-86 system operation.

a0 o7 06 D5 D4 03 02 D1 00
I a7 A6 A5 LM ADI sNaL ica | iews
[ Ats At4 A13 A2 At1 A10 A9 a8 |icwa
I
YES SINGLE
(SNGL=1)
NO (SNGL=0)
| s7 s6 ss s4 sa s2 51 so |icws
NO /lcvu
(Ica=0)
YES (ICA=1)
[ 1 o 0 [) SFNM BUF ms AEO| weM | icwa
READY TO ACCEPT REQUESTS
IN THE FULLY NESTED MODE

Figure 1. Initialization Sequence
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o
Ao B D0g O D D, D, D O

lolA,[A‘ A |c4'
=148 1- ICW4 NEEDED
l D= NO ICW4 NEEDED

1= SINGLE
0= NOT SINGLE

JECEE

——

CALL ADDRESS INTERVAL
1« INTERVAL OF 4
0= INTERVALOF B

1= LEVEL TRIGGERED INPUT
0= EDGE TRIGGERED INPUT

A7 - A5 OF LOWER
ROUTINE ADDRESS
(MCS-80/85 MODE ONLY)

1cwz
A D, Db O O D, D, D D

[ Tn[onlo[ oI T]

AEAEE 11 e

ICW3 (MASTER DEVICE)

Ao +BytBg NGRS Dy O B Oy
Llelafs]s]s]=]x]s]
| | | | | l | 1= IR INPUT HAS A SLAVE
0= IR INPUT DOES NOT HAVE
ASLAVE
ICW3 [SLAVE DEVICE)
Ay D, D O D, D D, D D,
||lo|u o!olom, m‘lu).l
SLAVE iDlY|
of1|2]|3|a|s]|6]7
ofrfofr|ofr1]ofr
olof1[1]afof1]1
olofofolr]rfr1 ]
1cwa
Agp Dy Dg Ds Ds D3 D2 D3
I 1 0 0 0 |r|w BUF | M/S |AEOI uml
1= MCS-86 MODE
0= MCS-80/85 MODE
1= AUTO EO)
0= NORMAL EO|

-:- — NON BUFFERED MODE
1| "0 |- BUFFERED MODE/SLAVE
[ 1 [ 1 |- BUFFERED MODE/MASTER

1= FULLY NESTED MODE
0=NOT FULLY NESTED MODE

NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT.
NOTE 2: X INDICATED “"DON'T CARE".

Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are pro-
grammed into the 8259A, the chip is ready to accept
interrupt requests at its input lines. However, during the
B8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

ocwi
Ao D7 D6 D5 D4 D3 D1 DO
[II [M7 me M5 ma w3 w2 w1 wmo]
ocw2
EI [R seol el 0 0 2 u w]
ocw3
[o] [0 ssumsum o 1 P sms ms|

OCW1 sets and clears the mask blts 1@ ﬂg
Mask Register (IMR). M;-Mj represent thé_gigh
bits. M= 1 indicates the channel is masked”tyjmp
M =0 indicates the channel is enabled. %,

OPERATION CONTROL WORD 2 (OCW2)

R, SEOI, EOI — These three bits control the Rotate and
End of Interrupt modes and combinations of the two. A
chart of these combinations can be found on the Opera-
tion Command Word Format.

Ly, Ly, Lgp — These bits determine the interrupt level
acted upon when the SEOI bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit is
set to 1 it enables the SMM bit to set or reset the Special
Mask Mode. When ESMM =0 the SMM bit becomes a
‘‘don't care".

SMM — Special Mask Mode. If ESMM =1 and SMM =1
the 8259A will enter Special Mask Mode. If ESMM =1
and SMM =0 the 8259A will revert to normal mask mode.
When ESMM =0, SMM has no effect.
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] INTERAUPT MASK
MASK SET

A 0 O o

ocwz
O O3 Py D Py

Ll [T

MASK RESET

BCD LEVEL TO BE RESET
OR PUT INTO LOWEST PRIORITY

ofjr|2|3|af[5]|06]?
ojrjofrjofrfo}
ojojrvfrfojofr|
ojojojojr |y ]

Nop-specific EOF

Specific EOL, LO L2 code of IS FF to be reset
Rotate at EOl Automaticaily \Mode A)

Rotate 3t EO| (mode 8], LO L2 code of line
Set Rotate A FF

Clear Rotate A FF

Rotate priority (mode B) independently of €01
No Operation

01
0l
101
1111
1{0/0
ojalo
1117]0
ei1|0
Ay D, Dy 0

ocw3
o © o D B

[T Jofol s [ [ Toeloe]

l

DON'T
CARE

READ IN SERVICE REGISTER

[ 1 0 '
0 0 1 1
READ READ
IR REG ISREG
NOACTION ON NEXT |ON NEXT
RO PULSE PULSE
POLLING

A HIGH ENABLES THE NEXT AD PULSE
TO READ THE BCO CODE OF THE HIGH-
EST LEVEL REQUESTING INTERRUPT.

SPECIAL MASK MODE

Operation Command Word Format

o 1 o 1
0 o 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASX
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INTERRUPT MASKS

Each Interrupt Request input can be masked individu-
ally by the Interrupt Mask Register (IMR) programmed
through OCW1. Each bit in the IMR masks one interrupt
channel if it is set (1). Bit 0 masks IR0, Bit 1 masks IR1
and so forth. Masking an IR channel does not affect the
other channels operation.

SPECIAL MASK MODE

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priority
requests fora portion of its execution but enable some
of them for another portion.

The difficulty here is that if an Interrupt Request is
acknowledged and an End of Interrupt command did not
reset its IS bit (i.e., while executing a service routine),
the 8259A would have inhibited all lower priority
requests with no easy way for the routine to enable
them

That is where the Special Mask Mode comes in. In the
special Mask Mode, when a mask bit is set in OCW1, it
inhibits further interrupts at that level and enables inter-
rupts from all other levels (lower as well as higher) that
are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

The special Mask \Mode is set by OCW3 where:
SSMM=1, SMM=1, and cleared where SSMM=1,
SMM=0.

BUFFERED MODE

When the 8259A is used in a large system where bus
driving buffers are required on the data bus and the cas-
cading mode is used, there exists the problem of enabl-
ing buffers.

The buffered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. In this
mode, whenever the 8259A’s data bus outputs are ena-
bled, the SP/EN output becomes active.

This modification forces the use of software program-
ming to determine whether the 8259A is a master or a
slave. Bit 3 in ICW4 programs the buffered mode, and bit
2 in ICW4 determines whether it is a master or a slave.

NESTED MODE

This mode is entered after inltlahzatio,p ﬁnlesa another
mode is programmed. The interfupf- xed&epts are
ordered in priority form 0 through 7 (0 highesl) Whén an
interrupt is acknowledged the highest priority, requesl is
determined and its vector placed on the bus. Addltlopa
ly, a bit of the Interrupt Service register (1S0-7) is, set %
This bit remains set until the microprocessor issuesan"
End of Interrupt (EOl) command immediately before
returning from the service routine, or if AEOI (Automatic
End of Interrupt) bit is set, until the trailing edge of the
last INTA. While the IS bit is set, all further interrupts of
the same or lower priority are inhibited, while higher
levels will generate an interrupt (which will be
acknowledged only if the microporcessor internal Inter-
rupt enable flip-flop has been re-enabled through
software).

After the initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a big system
where cascading is used, and the priority has to be con-
served within each slave. In this case the fully nested
mode will be programmed to the master (using ICW4).
This mode is similar to the normal nested mode with the
following exceptions:

a. When an interrupt request from a certain slave is in
service this slave is not locked out from the master's
priority logic and further interrupt requests from
higher priority IR's within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (In the normal nested mode a slave is masked
out when its request is in service and no higher
requests from the same slave can be serviced.)

b. When exiting the Interrupt Service routine the soft-
ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EOl) command to the
slave and then reading Its In-Service register and
checking for zero. If it is empty, a non-specific EOI
can be sent to the master too. If not, no EOIl should be
sent.
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R

POLL

In this mode the microprocessor internal Interrupt
Enable flip-flop is reset, disabling its interrupt input.
Service to devices is achieved by programmer initiative
using a Poll command.

The Poll command is Issued by setting P="1"in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e.,
RD=0, CS= 0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:

D8 D4 D3 Do
wo |

D7

[

WO0-W2: Binary code of the highest priority level
requesting service.

I: Equal to a “1" if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the INTA sequence is not
needed (saves ROM space). Another application is to
use the poll mode to expand the number of priority
levels to more than 64.

w2

D1
w1

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW1 is set) or by a command
word that must be issued to the 8259A before returning
from a service routine (EOl command). An EOl command
must be issued twice, once for the master and once for
the corresponding slave if slaves are in use.

There are two forms of EOl command: Specific and Non-
Specific. When the 8259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOl. When a Non-Specific EOI
command is issued the 8259A will automatically reset
the highest IS bit of those that are set, since in the
nested mode the highest IS level was necessarily the
last level acknowledged and serviced.

However, when a mode is used which may disturb the
fully nested structure, the 8259A may no longer be able
to determine the last level acknowledged. In this case a
Specific End of Interrupt (SEOI) must be issued which
Includes as part of the command the IS level to be reset.
EOI is issued whenever EOl=1,in OCW2, where LO-L2 is
the binary level of the IS bit to be reset, Note thatalthough
the Rotate command can be issued together with an EOI
where EOIl = 1, it is not necessarily tied to it..

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOI if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI=1In ICW4, then the 8259A will operate in AEOI
mode continuously until reprogrammed by ICWA4. In this
mode the 8259A will automatically perform a non-
specific EOI operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,

second in MCS-86). Note that from &sys@i\,standpomt

this mode should be used only when,a fest Eghlevel
interrupt structure is not required wﬂfnn,a«s;nblmﬂaﬁgA

To achieve automatic rotation (Rotate Mb 5
AEOI, there is a special rotate flip-flop. It is set‘byocwy ]
with R=1, SEOI=0, EOI=0, and cleared withiR%
SEOI=0, EOI=0. Yt

ROTATING PRIORITY MODE A (AUTOMATIC
ROTATION) FOR EQUAL PRIORITY DEVICES

In some applications there are a number of interrupting
devices of equal priority. In this mode a device, after
being serviced, receives the lowest priority, so a device
requesting an interrupt will have to wait, in the worst
case untll each of 7 other devices are serviced at most
once. For example, if the priority and "'in service'' status
18 12 X .

Before Rotate (IR4 the highest priority requiring service)

IS7 IS8 IS5 IS4 1S3 IS2 IS1 1SO
o rliolalelols o]

Highest Priority

"IS'"* Status

Lowest Priority

¥
[7els[4Ta]2]1T0]

Priority Status

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 158 IS5 IS4 1S3 1S2 IS1 IS0
[o]+JoJoJoJoJoJo]
nghull’dor!ly

|2|1T°|7+/|5I‘I3|

“IS" Status

Lowut Priority

Priority Status

The Rotate command mode A is issued in OCW2 where:
R=1, EOl =1, SEOI = 0. Internal status is updated by an
End of Interrupt (EOl or AEQI) command. IfR=1,EOI=0,
SEOI = 0, a “Rotate-A" flip-flop is set. This is useful in
AEOI, and described under Automatic End of Interrupt.

ROTATING PRIORITY MODE B (ROTATION BY
SOFTWARE)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IRS is programmed as the bottom priority device,
then IR6 will have the highest one.

The Rotate command is issued in OCW2 where: R=1,
SEOI=1; LO-L2 is the binary priority level code of the
bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, it is independ-
ent of the End of Interrupt (EOI) command (also exe-
cuted by OCW2). Priority changes can be executed dur-
ing an EOl command or independently.
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3"'2.:‘&2 TO OTHER PRIORTY CELLS
e [ bk
1=LEVEL
ClA o ISR 81T
[‘"incs SET
SENSE T PRIORITY !
LATCH Vel SETISR | pesoLver
IN-SERVICE
o LATCH
] CONTROL
: LOGIC
; L
AEQUE
&y LATCH
NON-
0 o a q \' MASKED
LATCH REa
¢ a —o Q
NTA ’-l
~ CLR ,_|fl
L4 INTERNAL
FATEZE DATA BUS
1N -i =13 g
w o~
g g g
i - 2 uwe
= 3 =g
z =

NOTES

1. MASTER CLEAR ACTIVE ONLY DURING ICW1
2. FREEZE/ IS ACTIVE DURING iNTA/ AND POLL SEQUENCES ONLY

3. TRUTH TABLE FOR D-LATCH

c | b | a OPERATION
1 I o . | Di FOLLOW
0 X Qn-1 HOLD

Priority Cell — Simplified Logic Diagram

LEVEL TRIGGERED MODE
This mode is programmed using bit 3 in ICW1.

If LTIM="'1", an interrupt request will be recognized by a
‘high’ level on IR Input, and there is no need for an edge
detection. The interrupt request must be removed
beford the EQl command is issued or the CPU interrupt
is enabled to prevent a second interrupt from occurring.

The above figure shows a concep:ual circuit to give the
reader an understanding of the level sensitive and edge
sensitive input circuitry of the 8B259A. Be sure to note
that the request latch is a transparent D type latch.

READING THE 8259A STATUS

The input status of several internal registers can be read
to update the user information on the system. The
following registers can be read by issuing a suitable
OCWS3 and reading with RD.

Interrupt Mask Register: 8-bit register whose content
specifies the interrupt request lines being masked.
acknowledged. The highest request level is reset from
the IRR when an interrupt is acknowledged. (Not
affected by IMR.)

In-Service Regisier (ISR): 8-bit register which contains
the priority levels that are being serviced. The ISR is
updated when an End of Interrupt command is issued.

Interrupt Mask Register: 8-bit register which contains
the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a WR

. pulse is issued with OCW3 (ERIS=1, RIS=0.)

The ISR can be read in a similar mode when ERIS =1,
RIS=1 In the OCW3.

There is no need to write an OCW3 before every status
read operation, as long as the status read corresponds
with the previous one; i.e., the B259A “remembers"”
whether the IRR or ISR has been previously selected by
the OCWS3. This is not true when poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCWS3 is needed. The output
data bus will contain the IMR whenever RD is active and
AO=1.

Polling overrides status read when P=1, ERIS=1 in
OCWa3.
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8259A

Og—a-n..o..o_‘o_.o.‘c..o..o_.o_.o..o_.o_-o.ao..oggg.._..4_._..‘.‘4 cooco0oc

—-
o

Lo

oyle | INUAaNZanon  Format= 4, aoliglngle, eage nggereay s o
Format =4, not single, level triggered ' :

No ICW4 Required  Format =8, single, edge triggered ™, >
Format=8, single, level triggered =
Format = 8, not single, edge triggered
Format =8, not single, level triggered

Format = 4, single, edge triggered
Format = 4, single, level triggered
Byte 1 Initialization  pormar— 4, not single, edge triggered

Format = 4, not single, level triggered
Format =8, single, edge triggered

Format = 8, single, level triggered
Format =8, not single, edge triggered
Format =8, not single, level triggered

ICW4 Required

Byte 2 initialization

Byte 3 initializatlon — master

Byte 3 initialization — slave

No action, redundant

Non-buffered mode, no AEOI, MCS-86
Non-buffered mode, AEO!, MCS-80/8%
Non-buffered mode, AEOI, MCS-86

No action, redundant

Non-buffered mode, no AEOI, MCS-86
Non-buffered mode, AEOI, MCS-80/85
Non-buffered mode, AEOI, MCS-86
Bulfered mode, slave, no AEOI, MCS-80/85
Butfered mode, slave, no AEOI, MCS-86
Buffered mode, slave, AEOI, MCS-80/85
Buffered mode, slave, AEOI, MCS-86
Buffered mode, masler, no AEOI, MCS-80/85
Buffered mode, master, no AEOI, MCS-86
Buffersd mode, master, AEOI, MCS-80/85
Buffered mode, master, AEOI, MCS-86
Fully nested mode, MCS-80, non-buffered, no AEOI
ICW4 NB through ICW4 ND are identical to

ICW4 B through ICW4 D with the addition of
Fully Nested Mode

Fully Nested Mode, MCS-80/85. non-butfered, no AEOI

f

ICWA4 NF through ICW4 NP are identical to
ICW4 F through ICW4 P with the addition of
Fully Nested Mode

Load mask register, read mask register
Non-specific EOI

Specific EQI. LO-L2 code of IS FF to be reset
Rotate at EOI Automatically (Mode A)

Rotate at EOl (mode B). LO-L2 code of line
Set Rotate A FF

Clear Rotate A FF

Rotate priority (mode B) independently of EOI
Poll mode ;
Read IS register
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SUMMARY OF 8259A INSTRUCTION SET (Cont.)

Inst. ¥ Mnemonic A0 D7 D6 D5 D4 D3 D2 D1 DO Operation Description
62 OCW3 RR 0 [ ] 0 0 1 0 1 0 Read request register
63 OCW3 SM 0 0 1 1 0 1 0o 0 0 Set special mask mode
64 OCW3 RSM 0 0 1 0 0 1 0 0 0 Reset special mask mode

Note: 1, In the master mode SP pin=1, in slave mode SP=0

Cascading

The 8259A can be easily interconnected in a system of
one master with up to eight slaves to handle up to 64
priority levels.

A typical MCS-80/85 system is shown in Figure 2. The
master controls, through the 3 line cascade bus, which
one of the slaves will release the corresponding
address.

As shown in Figure 2, the slave interrupt outputs are
connected to the master interrupt request inputs. When
a slave request line is activated and afterwards acknow|-
edged, the master will enable the corresponding slave
to release the device routine address during bytes 2and 3
of INTA. (Byte 2 only for MCS-86). The IRO input should

not be connected to a slave 8259A unless IR1-IR7 also
have slaves attached.

The cascade bus lines are normally low and will contain
the slave address code from the trailing edge of the first
INTA pulse to the trailing edge of the third pulse. It is
obvious that each 8259A in the system must follow a
separate initialization sequence and can be pro-
grammed to work in a different mode. An EOl command
must be issued twice: once for the master and once for
the corresponding slave. An address decoder is required
to activate the Chip Select (CS) input of each 8259A.

The cascade lines of the Master 8B259A are activated for
any interrupt input, even if no slave is connected to that
input.

= e
L i [l l L
N

H

Q V \) f
Ay INT cs A INT Ay INT
Caso CASO CASO
82594 8259A 82594
SLAVE A cAsY SLAVES cas1 CAS1 MASTER
CAS 2 |=—1- cas2 cas2
SPIEN SPIEN SPIENMI_M6_MS M4 M3 M2 M1 MO

Ll

i

T
INTERRUPT REQUESTS

[Pp——
——

5 4 |3

Figure 2. Cascading the 8259A
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PIN FUNCTIONS cs I 1  Chip Select: m')‘ % are en

abled by Chip Séle

Name /O Pin# Function fariipt. Aoknowla

Vee 28 +5V supply. pendent of Chip Seléat.* ,

GND 14  Ground. %

B 4O 114 :,":::g;:mf":,:;tfh:”nf;;:":, ol | 27 Usually the least significantbito
8259A (programming is done by the microprocessor address °
software); b) the microprocessor put. When AO=1 the Interrupt
can read the status of the 8259A; Mask Register can be loaded or
¢) the 8259A will send vectoring read. When AO=0 the 8259A
data to the microprocessor when mode can b:e Progc;’az!_:?d or IIts
an interrupt is acknowledged. ttgws gan reac. 8 active

IRg.7 | 18-25 Interrupt Requests: These are '
asynchronous inputs. A positive-
going edge will generate an in- INT (0] 17 Goes directly to the micro-
terrupt request. Thus a request processor interrrupt input. This
can be generated by raising the output will have high Vgouy to
line and holding it high until match the 8080 3.3V V. INT is
acknowledged, or by a negative active HIGH.
pulse. In level triggered mode, no
:ggseiii:g?:lred. thesa.lings afe Cco0-C2 10 12 Three cascade lines, outputs in

. 13 master mode and inputs in slave

RD | 3 Read (generally from 8228 in 15 mode. The master .issues the
MCS-80 system or from 8086 in binary code of the acknowledged

W I 5 rvcitset: systen"nl). ¢ 8228 | interrupt level on these lines.

rite (generally from n .
MCS-80 sytem or from 8086 in 5?&",,:'2‘;?"_‘:‘”“”'95 il Ggde
MCS-86 system).
INTA | 26  Interrupt Acknowledge (generally S

from 8228 in MCS-80 system,
8086 in MCS-86 system). The 8288
generates three distinct INTA
pulses when a CALL is inserted,
the 8086 produces two distinct
INTA pulses during an Interrupt
cycle.

SPIEN 1I0 16  SP/EN is a dual function pin. In
the buffered mode SP/EN is used
to enable bus transceivers (EN). In
the non-buffered mode SP/EN
determines If this 8259A is a mas-
ter or a slave. If SP=1 the 8259A

is master; SP = 0 indicates a slave.

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . .... —40°Cto85°C
Storage Temperature ............ -65°C to +150°C
Voltage On Any Pin

With Respect to Ground ........... -05Vto +7V

*COMMENT

Stresses above those listed under "Absolute Maximum Ratings" may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above

those Ind| d in the operational sections of this specification is not
Power Dissipation ...........coiiiiiiin 1 Watt implied.
D.C. CHARACTERISTICS
Ta=0°Cto 70°C Vgc=5V+5% (8259A-8) Voo=5V+10% (8259A)
Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -5 .8 Vv
Vi Input High Voltage 2.0 Voo + .5V A
VoL Output Low Voltage 45 \' lo.=2.2 mA
Vou Output High Voltage 24 \" loy= —400 pA
Vown | e o |32 v | o i
Iy Input Load Current 10 HA Vin= Vg to OV
lLoL Output Leakage Current -10 pA Vour=0.45V
ILoH Output Leakage Current 10 uA Vour=Vee
lcc Vce Supply Current 85 mA
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8259A A.C. CHARACTERISTICS
Ta=0°Ct0o70°C Vcc=5V+5% (8259A8) Vcc=5V+10% (8259A)

TIMING REQUIREMENTS 8259A-8 8259A A %,
Symbol Parameter Min. | Max. | Min. | Max. | Units Test Conditions %
TAHRL | AO/CS Setup to RD/INTA4 50 0 ns
TRHAX | AO/CS Hold after RD/INTAt 5 0 ns
TRLRH RD Pulse Width 420 235 ns
TAHWL | AO/CS Setup toWR+ 50 0 ns
TWHAX | A0/CS Hold after WRt 20 0 ns
TWLWH | WR Pulse Width 400 290 ns
TDVWH | Data Setup to WRt 300 240 ns
TWHDX | Data Hold after WRt 40 0 ns
TJLJH Interrupt Request Width (Low) 100 100 ns See Note 1
TCVIAL icﬁa%f?;lasveeugn:;) Second or Third 55 55 ié
TRHRL | End of RD to Next Command 160 160 ns
TWHRL | End of WR to Next Command 190 190 ns

Note: 1. This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES 8259A-8 8259A
Symbol Parameter Min. | Max. | Min. | Max. | Units Test Conditions
TRLDV Data Valid from RD/INTA+ 300 200 ns C of Data Bus
TRHDZ | Data Float after RD/INTAt 10 200 100 ns Max. test C =100 pF
TJHIH | Interrupt Output Delay 400 350 | ns Min. test C=15 pF
TIALCy | Cascade Valid from First INTAY 666 565 ns Cinr=100 pF

(Master Only) P CENABLE = 15pF
TRLEL Enable Active from RD4 or INTA{ 160 125 ns
TRHEH Enable Inactive from RDt or INTA? 325 150 ns
TAHDV Data Valid from Stable Address 350 200 ns
TCVDV Cascade Valid to Valid Data 300 300 ns
CAPACITANCE
Ta=25°C; Vgc=GND =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc=1 MHz
Cyo I/O Capacitance 20 pF Unmeasured pins returned to Vsg

Input and Output Waveforms for A.C. Tests

24
2.0 2.0
> TEST POINTS <
0.8 0.8
0.45
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m Fully Parallel 8-Bit Data Register and = 3-State Outputs
Buffer

m Transparent during Active Strobe
= Supports 8080, 8085, 8048, and 8086

m 20-Pin Package with 0.3” Center

Systems
= High Ouiput Drive Capability for = No Output Low Noise when Entering
Driving System Data Bus or Leaving High Impedance State

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers,
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph-
eral and input/output functions of a microcomputer system can be implemented with these devices.

PIN CONFIGURATIONS LOGIC DIAGRAMS
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8282/8283 o
":O’f; ? —_—
PIN DEFINITIONS DOg-DO;  DATA OUTPUT PINStQlitpiitWpen TS is
Pin Description (8282)  true, the data in the dai,a/ja esgis pre-
DO,-DO; sented as inverted (8283)%f po ed
STB STROBE (Input). STB Is an input control (8283) (8282) data onto the data 00‘6\1!{'9.‘,5“ f
pulse used to strobe data at the data input %", %
pins (Ag-A7) into the data latches. This %,
signal is active HIGH to admit input data. ‘ o % &
The data is latched at the HIGH to LOW  OPERATIONAL DESCRIPTION 5
fremaltion of TR, The 8282 and 8283 octal latch 8-bit latch ith
. e an octal latches are 8-bit latches wi
OE OUTPUT ENABLE (Input). OE is an input 3-state output buffers. Data having satisfied the setup
control signal which when active LOW time requirements is latched into the data latches by
enables the contents of the data latches gy ohing the STB line HIGH to LOW. Holding the STB
onto the data output pin (B-B;). OE being line in its active HIGH state makes the latches appear
inactive HIGH forces the output buffers to transparent. Data is presented to the data output pins by
their high impedance state. : activating the OF input line. When OE is inactive HIGH
Dlg-Dl7 DATA INPUT PINS (Input). Data presented the output buffers are in their high impedance state.

at these pins satisfying setup time re-
quirements when STB is strobed and
latched into the data input latches.

D.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vgc=5V+5%, Ta=0°C to 70°C

Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output
bus.

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 \4 lc= —-5mA
lec Power Supply Current 160 mA
Ie Forward Input Current -0.2 mA Vg = 0.45V
ln Reverse Input Current 50 pA Vg = 5.25V
VoL Output Low Voltage 0.50 " loL = 32 mA
VoH Output High Voltage 24 v loy = =5 mMA
loer Output Off Current 50 WA Vorr = 0.45 10 5.25V
ViL Input Low Voltage 0.8 v ‘Vec=5.0V  See Note 1
ViH Input High Voltage 20 Vv Vec=5.0V  seeNote 1
F=1MHz
Cin Input Capacitance 12 pF Veias=2.5V, Vec=5V
Ta=25°C
Notes: 1. Outpul Loading Ig =32 mA, lgyy= —5 mA, C| =300 pF 1
A.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vcc=5V+5%, To=0°C to 70°C
Loading: Outputs — Ig. = 32 mA, lopy = —5mA, C_ = 300 pF
Symbol Parameter Min Max Units
TIVOV Input to Output Delay
Inverting 25 ns
Non-Inverting 35 ns
TSHOV STB to Output Delay
Inverting 45 ns g
Non-Inverting 55 ns =
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns
TIVSL Inpqt to STB Setup Time 0 ns
TSLIX Input to STB Hold Time 25 ns

Notes: 1. See waveforms and test load circult on following page.




8282/8283 A
Z,
/}%_ ’,/l‘(,
8282/8283 TIMING s, 2% (
(PP A
oy,
(rﬂ a’
—
&, .9
e >< ((é/n,;/.’/: ¢
% . q
e & 0('4' V"’:) 9
TIVSL TSLIX 2, "
/
st8 _/
OE
LTivoV-~ TELOV
ouTPUTS . ( o YOREOSV.
SEE NOTE 1
TsHOV

NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION.

2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED

OUTPUT TEST LOAD CIRCUITS

1.5V
33Q
out
Im pF

3.STATE TO VoL

1809
out

T

3-STATE TO VoH

214V

5279
our
I 300 pF

SWITCHING
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8286/8287

= Data Bus Buffer Driver for MCS-BBT":Ii = 3-State Outputs
MCS-80™, MCS-85™, and MCS-48T
= High Output Drive Capability for m 20-Pin Package with 0.3” Center
Driving System Data Bus
m No Output Low Noise when Entering
m Fully Parallel 8-Bit Transceivers or Leaving High Impedance State

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

PIN CONFIGURATIONS LOGIC DIAGRAMS

8287
e ]
|
(o) I
- |
(%) |
}- i g :7___———3%5.‘ N
QOmsl Ons 1)
L — (L s ST
[} (o} H{E)
il el S e
@_’J -t @—J B 53)
- - L e AR
b vee Oy ) B 1
Mgz % @_i_____iﬁ&A o [ - TV )
A2[}s v Bl H—es) [Ast H—1%)
P = [ MRANY- " o - j____.__.siw'*
Ag 5 3 ] N\ 2N
gl = ub By SeaggelSh Wi v oy T
Phe= % Ol ) B )
seC]e 5 M — — . CELLA M — — — — _ CELLA
ano []10 T Q
PIN NAMES @ [ @ [

O]

Ag-A7 | LOCAL BUS DATA
Bg-B7 | SYSTEM BUS DATA
[OE___| OUTPUT ENABLE
T TRANSMIT
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8286/8287

PIN DEFINITIONS Bo-B; SYSTEM BUS DAT’k,,Pt thutput)
Pin Description _(8286) These pins serve to eftbpr ta to
Bg-B7 or accept data from the '-s
T TRANSMIT (Input). T is an input control (8287) pending upon the state oft

signal used to control the direction of the
transceivers. When HIGH, it configures the
transceiver's Bp-B7 as outputs with Ag-A7
as inputs. T LOW configures Ag-Az as the

outputs with Bg-B7 serving as the inputs. OPERATIONAL DESCRIPTION

GE OUTPUT ENABLE (Input). OE is an input 1,6 828 and 8287 transceivers are 8-bit transceivers
control signal used to enable the appropri- with high impedance outputs. With T active HIGH and
ate output driver (as selected by T)onto It BE active LOW, data at the Ag-A7 pins is driven onto the
respective bus. This signal is active LOW. Bo-By pins. With T inactive LOW and OE active LOW,

Ag-Az LOCAL BUS DATA PINS (Input/Output). data at the By-B; pins is driven onto the Ap-A; pins. No
These pins serve to either present data to output low glitching will occur whenever the trans-
or accept data from the processor’s local ceivers are entering or leaving the high impedance
bus depending upon the state of the T pin. state.

D.C. CHARACTERISTICS FOR 8286/8287
Conditions: Veg = 5V £5%, T4 = 0°Cto 70°C

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 v lc=-5mA
lec Power Supply Current—8287 95 mA
—8286 135 mA
Ie Forward Input Current -0.2 mA Ve=0.45V
In Reverse Input Current 50 A Vp=5.25V
Vou Qutput Low Voltage —B Outputs 0.5 Y% lop=32mA
—A Outputs 0.5 v lo.=10 mA
Vou Output High Voltage —B Outputs 24 \" lon=-5 mA
—A Outputs 24 Vv loy=-1 mA
lorr Output Off Current IF Vore = 0.45V
lorr Output Off Current IR Vorr=5.25V
ViL Input Low Voltage  —A Side 0.8 v Vec=5.0V, See Note 1
—B Side 0.9 v Vee=5.0V, See Note 1
ViH Input High Voltage 2.0 Vv Vcc=5.0V, See Note 1
F=1MHz
Cin Input Capacitance 12 pF Vgias=2.5V, Vo =5V
Ta=25°C

Note: 1. B Outputs — Ig =32 mA, Igy=-5mA, C_ =300 pF A Qutputs — Ig| =16 mA, Igy=-1 mA, C =100 pF

A.C. CHARACTERISTICS FOR 8286/8287

Conditions: Vgg = 5V 5%, Ta = 0°C to 70°C

Loading: B Outputs — Ig_ = 32 mA, Igy = —5 mA, C_ = 300 pF
A Outputs — I = 16 mA, Igy = —1 mA, C = 100 pF

Symbol Parameter Min Max Units Test Conditions

TIVOV Input to Output Delay
Inverting 25 ns (See Note 1)
Non-inverting 35 ns

TEHTV Transmit/Receive Hold Time TEHOZ ns

TTVEL Transmit/Receive Setup 30 ns

TEHOZ Output Disable Time 25 ns

TELOV Output Enable Time 10 50 ns

Note: 1. See waveforms and test load circuit on following page.
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8286/8287

8286/8287 TIMING

weurs X

A

N / N
= TivOV —| TEHOZ TELOV—~ o=
VoH - 0.5V
ouTPUTS X D e
le——— TEHTV le—TTVEL
T
NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
TEST LOAD CIRCUITS
2.1aV
5272
our

ISTATE :]::

B OUTPUT

3.STATE TO Vou

B OUTPUT

%

TO VoL

A OUTPUT

.HHLH

3-ST. AT

A OUTPUT

100 pF

0 Vou

—
s

SWITCHING

B OUTPUT

1142

e

SWITCHING

A OUTPUT

5111
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CHAPTER 5

MCS-85

System Support
Components

Peripherals

Static RAMs

ROMs/EPROMs
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8041/8741
UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

= Fully Compatibnle with MCS-80™, m Pin Compatible ROM and EPROM
MCS-85™ and MCS-48™ Microproces- Versions
sor Families

m 1K x 8 ROM/EPROM, 64 x 8 RAM, 18

wSingleibevekinternipl Programmable 1/O Pins

= 8-Bit CPU plus ROM, RAM, /O, Timer
and Clock in a Single Package m Asynchronous Data Register for

= Single 5V Supply Interface to Master Processor

m Alternative to Custom LSI = Expandable 1/O

The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8-bit
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/0 ports,
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UPI device to function as
a peripheral controller in MCS-80™, MCS-85™, MCS-48™, and other 8-bit systems.

The UPI-41™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the
program memory is available as ROM in the 8041 version or as UV-erasable EPROM in the 8741 version. The 8741 and the
8041 are fully pin compatible for easy transition from prototype to production level designs.

The device has two 8-bit, TTL compatible 1/0 ports and two test inputs. Individual port lines can function as either inputs or
outputs under software control. 1/0 can be expanded with the 8243 device which is directly compatible and has 16 1/0 lines.
An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or counting external
inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041), single-step mode for
debug(in the 8741),single level interrupt, and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LS| interface
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to
microprocessor systems.

PIN CONFIGURATION BLOCK DIAGRAM
INTERNAL
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Provides All Signals Necessary to
Control 2104A, 2116, or 2117 Dynamic
Memories

Directly Addresses and Drives Up to 64K
Bytes Without External Drivers
Provides Address Multiplexing

and Strobes

Provides a Refresh Timer and a

8202
DYNAMIC RAM CONTROLLER

Access Request Arbitration
Provides Transparent Refresh Capability

Fully Compatible with Intel® 8080A and
8085A Microprocessors

Decodes 8085A Status for Advanced
Read Capability

Provides System Acknowledge and

@
%

Provides High Speed Refresh/Memory

Refresh Counter Transfer Acknowledge Signals

m Refresh Cycles May be Internally or m Internal or External Clock Capability
Externally Requested

The 8202 is a Dynamic RAM System Controller designed to provide all signals necessary to use 2104A, 2116, or 2117
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as
refresh/access arbitration. Refresh cycles can be started internally or externally.

PIN CONFIGURATION 8202 BLOCK DIAGRAM

Algs
ALg/OP,
i ~ «p AHos > MULTIPLEXER > 0UTos
Oz 3]
Os ] REFRESH N
s 370 COUNTER V]
Os 3% 1
s 35 ] o $
(m k) 3] : (,;‘;.w l
Os 33 j ,&a}‘a % =
s EpS g [ E
[ BT =% 2)u| B1/OPy . CAS
qx[j: :;’a""w‘ : 3 ﬁﬂ TIMING —RASO
<35k WR —=|
. % G £F P1n| 5CS ARBITER COS‘?SOL — RAS,;
8 e 2730 REFRQ/ALE —>| —=RAS;
N\ —
Y s 26 [ T —>RAS;3
2 L i o RATK
R
[m ¥ 241 REFRESH v
] s 23[] TIMER —SACK
[ BRI 22
O 20 2]
Xo/OP,
X foLK OSCILLATOR

TNK —————————————]
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8251A
PROGRAMMABLE COMMUNICATION INTERFACE

m Synchronous and Asynchronous m Error Detection — Parity, Ovemm and
Operation Framing

= Synchronous 5-8 Bit Characters;
Internal or External Character Synchro-

m Fully Compatible with 8080/8085 CPU
nization; Automatic Sync Insertion

m Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1
12, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling; 19.2K Baud.

m Baud Rate — DC to 64K Baud

m Full Duplex, Double Buffered, Trans-
mitter and Receiver = Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtually any serial data transmission technique presently in use (including IBM *'bi-sync"). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data
transmission errors and control signals such as SYNDET, TXEMPTY. The chip is constructed using N-channel silicon
gate technology.

m 28-Pin DIP Package

m All Inputs and Outputs are TTL
Compatible

m Single + 5V Supply

PIN CONFIGURATION BLOCK DIAGRAM

S

o, 2810,
0,02 21 0,
R[] 3 26 [ Vee -
GND [Tl 4 25 [ AaC o DATA | A |_n TRANSMIT -
== < BUS A suFFeR  |—=T*
o0, gs 24 L] OTR 0,06~ surren [N—] 1P -S)
o, s 23 [ RTs
o, 7 8261A 22 [] OsR
o, 8 71 [0 REseT
meQo 20 [ cux RESET.— > - TARDY
WR 1o 193 T CLK— <l neapmrime |
A eB_— .| coNTROL TRANSMIT | 1e
sOn 18 (7] TREMPTY CONTROL
o AD__ oo LOGIC : I
co ]2 1 [Jcrs WA o) 1 =
Ab )3 16 [7] SYNDET/BD T
AxRDY [] 14 15 [ TanoY o5
DSA o df
PIN NAMES i |
— PTR—a: b Al Receive
Dy Oy Dara Bus (B bits) DSR Data Set Ready it < BUFFER |=—FR"D
co Control or Data 15 (o be Written or Read TR Dota Torminl Ready Crs—od CONTROL | 4 | NI 5w
RD Rasd Data Gommand SYNDET/BD | Sync Detect/ RTS oo \—
WR Write Data or Control Command Broak Detect ] 1
Ccs Chip Enable e J |
cLk Clock Pulse (TTL) ATR L s !
Es“ Reset cTs Cleat 10 Send Data | | R.ROY
TxC Transmitter Clock TsE Transmitter Empty | -
RECEIVE ©
;Lg ;"""""'c'l' D:'“ Veo +5 Valt Supply INTERNAL *1 canraor I° ReC
x eceiver oc!
GND Ground DATA AUS §
ReD Recewer Dt oy = SYNDET
RxRDY | Recewer Ready (has character for BOB0) Lo
TxRDY | Transmittes Ready (ready for char trom BOBO)
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= 3 Independent 16-Bit Counters

= DC to 2 MHz

m Programmable Counter Modes

8253/8253-5
PROGRAMMABLE INTERVAL TIMER

s MCS—85™ Compatible 8253-5 = Count Binary or BCD

= Single + 5V Supply

= 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable.

PIN CONFIGURATION

o, ]

p, ]

o, ]
0,
0,[]
o,
0,0}
0,
cLk o]
our o[}
GaTeo(]

GND

Q

24 Ve
23 [JWR

22 [JAD
21168
(A,
8253 19[]aA,
1ok 2
17[dour2
16 [JGATE 2
ek
[1GATE 1
out1

L R A A
53

N = ©
- =
PO

PIN NAMES

Dy 04

DATA BUS (BBIT)

CLKN

COUNTER CLOCK INPUTS

GATEN

COUNTER GATE INPUTS

OUT N
—

COUNTER OUTPUTS

RD

READ COUNTER

WRITE COMMAND OR DATA

cs

CHIP SELECT

Aghy

COUNTER SELECT

Veg

+5 VOLTS

GND

GROUND

BLOCK DIAGRAM

DATA
0,0, 8 BUS
BUFFER

(s

i

COUNTER
=0

j+=——— CLK O

| GATE O

l———O0uT o0

k

COUNTER
=1

je—— CLK1

|=— GATE 1

e OUT:1

j*— CLK 2

[*— GATE2

—ouTt2

READ/ :
WRITE
Aﬂ LOGIC
A‘
c_s -J .—_j
il g Lo
=2
REGISTER N
INTERNAL BUS /—\,

5-116



intel
8255A/8255A-5

PROGRAMMABLE PERIPHERAL INTERFACE

m MCS-85™ Compatible 8255A-5 = Direct Bit Set/Reset Capability Easing

a 24 Programmable 1/O Pins Control Application Interface

m Completely TTL Compatible m 40-Pin Dual In-Line Package
m Fully Compatible with Intel® Micro-

processor Families = Reduces System Package Count
= Improved Timing Characteristics m Improved DC Driving Capability

The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION 8255A BLOCK DIAGRAM
Pa3[] S 40[7] Pas
Paz]2 [ )ras
ear[]a [ ras > | = l
rao([]a [ Jrar = - o
Ao[]s %[ wn s ls o A by A-u- s
s 35 RESET S Nioops C: (4—1'> ’T:I' C—:> rarPay
GND ] 7 1[0, contni
ar[Tle 1[0,
aAo[]e 2o, L
rer o P nflo, ‘
rcs [Cn A | o, n, T
res 12 70, um— [T — A
sy C " b ] D‘ BLOIRECTIONAL DATA BUS : 5
peo[)re 27 ] o, g C—: oLl _—>
rct s 260 Vee i witin (‘:
=18k0] 2] vay varams| |4 o ~
rc3 7 24(7] ras t K > boirdl}3 < )':'-T"n
peo[]e 23| pas .
ra1 e 22[] paa Y
rez]20 21[7] pa3 A
"B of
W ——a o cRour
noL e ——— N ”
PIN. NAMES 4| e co — & e,
y—f !
0,-Dy DATA BUS (BI.DIRECTIONAL|) L R e — - 1
RESET RESET INPUT '
(5] CHIP SELECT
AD READ INPUT
WR WRITE INPUT — 1] 3 ¥
AD, AV PORT ADDRESS

PAZ-PAQ POAT A (BIT)
" pa7-PBO PORT B (BIT)
PC7.PCO PORT C (BIT)
Vee +5 VOLTS
GND JVoLTS
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8271

™ IBNIIb?MO Soft Sectored Format Com- = Internal CRC Generation and Checking
patible
m Programmable Step Rate, Settle-Time,
w Programmable Record Lengths Head Load Time, Head Unload lhdex
m Multi-Sector Capability Count

Drives u Single +5V Supply
m Automatic Read/Write Head Position-
ing and Verification = 40-Pin Package

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LS| component designed to interface one tp 4 floppy
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software
overhead normally associated with floppy disk controllers.

PIN CONFIGURATION BLOCK DIAGRAM
—
FAULT RESET/OPO []1 40 [ Veo
SELECTO [ 2 39 [7] LOW CURRENT
amHzeLk []3 38 [ LOAD HEAD REGISTERS ~
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085 [} 17 2a[]) cs -
08§ 1 = P~— READYO
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cix cLocx NPUT 7T BATAWIREGT | DATA WINDOW & ;J> OUTPUT b—— LOAD HEAD
LT 10 HELECT 1,0 L
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CPUWRITE INFUT WR ENADLE WAITE ENABLE
wt INTERAUPT SEEXATER st
e om0 poparr il et CPU INTERFACE LJ DISK INTERFACE
= e sevect . Low cunment | Law curTNT
® Intel Corporation, 1978 April, 1978
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8273 7
PROGRAMMABLE HDLC/SDLC PROTOCOL “;
CONTROLLER

= HDLC/SDLC Compatible m Programmable NRZI Encode/Decode

= Frame Level Commands = N-Bit Reception Capability

m Full Duplex, Half Duplex, or Loop = Digital Phase Locked Loop Clock
SDLC Operation Recovery

= Up to 64K Baud Transfers = Minimum CPU Overhead

= Two User Programmable Modem = Fully Compatible with 8080/8085 CPUs

Control Ports

= Automatic FCS (CRC) Generation and
Checking m 40-Pin Package

= Single + 5V Supply

The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C-
CITT's HDLC and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high performance
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low
level real-time tasks normally associated with controllers.

PIN CONFIGURATION BLOCK DIAGRAM

REGISTERS
TxINT RESULT COMMAND F"
RaINT RESULT | PARAMETER

FLAG DET
T INT
CLK
RESET
TxDACK

TEST MODE STATUS

RESULT

FxDACK [} 7
RxDRQ
AD
== DATA
”m 08, BUS
A INT BUFFER - TaD
Tx LOGIC v
080 TxD by e TaC
081
o8z [
083 []
P
o84 ] 2 r::: —_— oriL
ot o
N RaDRO =—) o)
086 [] . CONTROL |— RTS
AxDACK LoGIc -
087 (} | > B
Gno [ s
TaINT ] -
“.IIN—T - C_D
i 9 reaos <:] PRy.e
WA —=9 -
Ay ——

LoGIC

WRITE
DMA/
CONTROL !

PIN NAM

N NAMES i s Rip
© Ra LOGIC |pe—— AxC

DBO-DB7_| DATA BUS (8 BITS) [ CHIP SELECT i

FLAG DET | FLAG DETECT SZECR | 32 TIMES CLOCK =

TxINT TRANSMITTER INTERRUPT Rx D RECEIVER DATA CLK FiAG DET

CLK CLOCK INPUT AxC RECEIVER CLOCK FLag g}

RESEYT | RESET T=C TRANSMITTER CLOCK INTERNAL DATA BUS ——=|

T=DACK DAER | TRANSMITTER DMA ACKNOWLEDGE P TRANSMITTER DATA

x ANSMITTER DMA REQUEST cr CLEAR TO SEND AF MOD

AD READ INPUT &b CARRIER DETECT NS L BMINTEREACS

WA WRITE INPUT FA7=FA4| GP INPUT PORTS

Ax DACK | RECEIVER DMA ACKNOWLEDGE FB.-FB, | GP OUTPUT PORTS

RxDRO | RECEIVER DMA REQUEST ) REQUEST TO SEND |

AxINT | RECEIVER INTERRUPT Vee +5 VOLT SUPPLY

AD-A1 | COMMAND REGISTER SELECT ADDRESS | | GND GROUND

DPLL DIGITAL PHASE LOCKED LOOP

® Intel Corporation, 1978 February, 1978
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8275
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e

PROGRAMMABLE CRT CONTROLLER o, Bp
= Programmable Screen and Character = Fully MCS-80™ and MCS-85™ ‘
Format Compatible
m 6 Independent Visual Field Attributes = Dual Row Buffers
— :érz;;l;:l&:zrgﬁ;&; Attributys m Programmable DMA Burst Mode
m Cursor Control (4 Types) = Single + 5V Supply
m Light Pen Detection and Registers m 40-Pin Package

The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead.

PIN CONFIGURATION BLOCK DIAGRAM
ey 7 wPvee
Lcz 2 2 [ LAg
Lc1s 38 [1 LA I |
CHARACTER
Lco O]« 37 [JLTEN e COUNTER geLk
DRaQ[}s 36 [JRVV
DACK (] s 35 [ VSP _Jlas0x8 __ |
HRTC [} 7 34 [] GPA1
VRTC [ 8 33[] GPAp
g 2 HLGT DATA tT.
Dig_ BUS INPUY CCo—s
WRw go0: 31QIRQ 7.6 BUFFER (= CO';‘_"E?'-- .
LPEN O] 11 30 [] CCLK
DBg [} 12 29 [] CCg
pB1[ 13 28 [] CCs
DB2 [] 14 27 ccy
DB3 [ 15 26 ] CC3 oha
DBg [ 16 25 ] cC2 ST
DBs [ 17 2a[]ccq \fa
DBg [ 18 23] cco
DBy [ 19 221 ¢C8 _
GND [ 20 21140 P waner
WA —eo DMA
e CONTROL =
o LoGIC RASTER TIMING  |—= VRTC
’ - AND R
PIN NAMES VIDEO CONTROL :: I,'/;EN
o8 —j ) GPAg_,
| DBo_1 | BI-OIRECTIONALOATABUS || LCo-3 | LINE OUTPUTS T
__DRa DMA REQUEST OUTPUT LAg_1 | LINE ATTRIBUTE OUTPUTS
e e of i o
1RO INTERRUPT REQUEST OUTPUT || VRTC | VERTICAL RETRACE OUTPUT \
AD | AREADSTHOBE INFUT HLGT | HIGHLIGHT OUTPUT
WA | WRITE STROBE INFUT RVV | REVERSE VIDEO OUTPUT |
| REGISTER ADORESS INFUT LTEN | LIGHT ENABLE OUTPUT E
s |"c'nwssi1cr INFUT vsP VIDEO SUPPRESS OUTPUT 3|
EE CHARACTER CLOCK INPUT GPAQ—1 | GENERAL PURPOSE ATTRIBUTE OUTPUTS

| CCp-g | CHARACTER COOE QUTPUTS | LPEN | LIGHT PEN INPUT
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8278 4&
PROGRAMMABLE KEYBOARD INTERFACE * 4’4‘9
@, S , P

m Simultaneous Keyboard and Display = N-Key Rollover with Programmable
Operations Error Mode on Multiple New Closures

m Interface Signals for Contract and = 16- or 18-Character 7-Segment Display
Capacitive Coupled Keyboards Interface

n.128-Key, Scanning,Logte = Right or Left Entry Display RAM
m 10.7 msec Matrix Scan Time for 128
Keys and 6 MHz Clock m Depress/Release Mode Programmable

m 8-Character Keyboard FIFO m Interrupt Output on Key Entry

The Intel® 8278 is a general purpose programmable keyboard and display interface device designed for use with 8-bit
microprocessors such the MDS-80™ and MCS-85™. The keyboard portion can provide a scanned interface to
128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and
programmable error generation on multiple new key closures. Keyboard entries are stored in an
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set
an interrupt request output to the master CPU.

The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en-
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto-
increment of the display RAM address.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
et ~ sobwve D;-Dg DATA BUS N
RD, WR READ, WRITE STROBES 8LEVEL
x1[] 2 3o fJcLR cs CHIP SELECT KEY FIFO
A CONTROL/DATA SELECT SCAN
x2[3 3 [l8y AEseT RESET INPUT ouYpIS
RESET [« 378, Xy, Xz FREQ. REFERENCE INPUT —
SYNC HIGH FREQUENCY OUTPUT DATA Mg
NC[]s 36 |78, CLOCK DATA BUS ¢> SCAN <I> 1
grls 35 8o AL KEYBOARD RETURN LINE 8Us BUFFER |—' COUNTER :
REGISTER
CLR CLEAR ERROR TIMIN Mo
GhD ] 7 34 [keL KCL KEY CLOCK N I
s ahwn Mg—Mg MATRIX SCAN LINES
B H e s,-ag DISPLAY OUTPUTS INTERRUPT bt
anl]e 32 [Img ERROR ERROR SIGNAL REQUEST - ey [Le
= IRQ INTERRUPT REQUEST
WAL e 3T PM Vs HYSTERESIS == i DETECT [ HYSTERESIS
sync (] 30 [Om, 8P TONE ENABLE DEBOUNCE |—= KEY CLOCK
o112 200m AD—| I/0 Loaic SYNC
o O] M, R —e] CONTROL C::) [ (400 KH2)
0,13 28 [m, s Loaic
Cs—= TIMING
D[] e 27 [Im, Ag—] IN
py[]s 26 e
10 H Voo FEsET— TONE & ERROR JONCENASLE
A= RT3 25 [Ne Loatc j=— CLEAR INPUT
os [ 17 24 [JERROR
pg[] 18 23 [JIRa 2y —1
D;[] 19 22[1HYS TmMiNG | out 16-D1GIT T0
— <§> DISPLAY @ DISPLAY
ono [ 20 21 ee Xz BUFFER DIGITS
LJ
INTERANAL
5 — BUS
PWA —
GND —=
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Operations

8279/8279-5
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

= MCS-85™ Compatible 8279-5
m Simultaneous Keyboard Display

m Scanned Keyboard Mode

m Scanned Sensor Mode

m Strobed Input Entry Mode
m 8-Character Keyboard FIFO

m 2-Key Lockout or N-Key Rollover with
Contact Debounce

m Dual 8- or 16-Numerical Display
= Single 16-Character Display

= Right or Left Entry 16-Byte Display
RAM

= Mode Programmable from CPU
= Programmable Scan Timing

m Interrupt Output on Key Entry

The Intel® 8279 is a general purpose programmable keyboard and display I/0 interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output

line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popular display
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM
can be done with auto-increment of the display RAM address.

PIN CONFIGURATION

AL O e [Vee
ALz 2 [1RLy
ck[] 3 1ALy
IRa] 4 [JenTLsTe
RLs[] 5 I SHIFT
ALs6 sty
ALg [ 7 NE
AL s [ 5L,
RESET[] @ sty
RD[] 10 L, 21 [ JouT By
WA [ our 8y
0B, [} 12 [ ouT 8,
os,[]13 [ JouT B3
o8,[] 14 [JouT Ag
b8, 15 [JouT A,
os,[] 18 [JouT A;
os; [} 17 [JouT A3
o8, 18 (180
pe, [ 19 [1cs
ves [] 20 [ A0

PIN NAMES

[0UTBay | O | DISPLAY (1 OUTPUTS
B _l_ u_l BLANK DISPLAY OUTPUT

WRITEINPUT

| BUFFER ADDRESS

RETURN LINES

DATA BUS (61 DINECTIONAL)

=

o |msnnun'£mu_zsvo_yiiu—_11
Stoa O | SCAN LINES

[SHIFT |1 | ST NRUT |
{CNTLSTR | 1| CONTROLSTROBE INPUT |
[OUTAg; | O | DISPLAY [A) OUTFUTE

LOGIC SYMBOL

T%

DATA
BUS

SHIFT |e————— |- KEY DATA

——  CNTL/STB |+—_
WR

cs
Sloa 4 SCAN
OUT Aoy 4 >
RESET
DISPLAY
L CLK  OUT B3 4 DATA

cPu i
INTERFACE

][] 8]
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8291 |
GPIB TALKER/LISTENER

Designed to Interface Microprocessors
(e.g., 8080, 8085, 8086, 8048) to an
IEEE Standard 488 Digital Interface
Bus

Programmable Data Transfer Rate

Complete Source and Acceptor
Handshake

Complete Talker and Listener
Functions with Extended Addressing

Service Request, Parallel Poll, Device
Clear, Device Trigger, Remote/Local
Functions

Selectable Interrupts

On-Chip Primary and Secondary
Address Recognition

Automatic Handling of Addressing and
Handshake Protocol

Provision for Software Implementation
of Additional Features

1-5 MHz Clock Range

16 Registers (8 Read, 8 Write), 2 for
‘Data Transfer, the Rest for Interface
Function Control, Status, etc.

Directly Interfaces to External Non-
Inverting Transceivers for Connection
to the GPIB

Provides Three Addressing Modes,
Allowing the Chip to be Addressed
Either as a Major or a Minor Talker/
Listener with Primary or Secondary
Addressing

DMA Handshake Provision Allows for
Bus Transfers without CPU Intervention

Trigger Output Pin

On-Chip EOS (End of Sequence)
Message Recognition Facilitates
Handling of Multi-Byte Transfers

The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8080,
8085, 8086, 8048) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's
Talker/Listener interface functions.

PIN CONFIGURATION BLOCK DIAGRAM

TROC / w0 [1Vee e
TR2[]2 ] =[50 r\ I""‘ )
crock ]2 asJNDAC I < GPIB DATA >
RESET[]4 37 CINRFD I |
TRIGO]S 3s[1DAV INTERFACE
oma REQ[]e 3s[Joioa - [ & READ _ FUNCTIONS |
DMA ACK C]7 3310107 3 AEGISTERS I SH @ | TO NON:INVERTING
&sr]s 33[JoI06 < C 5 AH | BUS TRANSCEIVERS
[ B x2[1oi0s 3 e ] . |
or:m R 8291 nf[oios E3 - SR
INTOI 1 30f]oio3 a g AL
o113 28f7o101 & — 3 oF J
o20)14 Z7pIsRa & REGISTERS 8 |
pal]s 26 1ATN = | ) o ﬂ |
palle 25 C1REN |
o517 2a[7IFC |
pel]18 23[1Rs2 | ﬁ?ﬁii |
o719 2[1Rs1 L | |
vss[d20 21 [IRS0
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GPIB CONTROLLER s, P
- (W;?:,/{.w%
5.
r g Vo
,’)9
FEATURES:
B Complete IEEE Standard 488 Controller B Complete Implementation of Transfer
Function. Control Protocol.
B Interface Clear (IFC) Sending Capability B Synchronous Control Seizure Prevents
Allows for Seizure of Control and/or the Destruction of any Data
Initialization of the Bus. Transmission in Progress.

B RespEIs's 10 =9 Co RAGLESE (SHO): B Connects with the 8291 to Form a

B Sends (REN), Allowing Instruments to Complete IEEE Standard 488 Interface
Switch to Remote Control. Talker/Listener/Controller.

The 8292 GPIB CONTROLLER is a microprocgssor-controlled chip designed to connect with the 8291
GPIB TALKER/LISTENER to implement the full |IEEE Standard 488 controller function, including
transfer control protocol.

PIN CONFIGURATION 8291, 8292 SYSTEM DIAGRAM

MICROPROCESSOR SYSTEM BUS (

R R

r-
1 8257 280 8291 i

DMA GPI8 GPIB
conTROLLER | TALKER/ CONTROLLER

1 (OPTIONAL) | LISTENER

TR2

©®NO U A WN -
S BERBEIBBSE

ooy ugoguuagoog

TR INTERFACE
STEERING
LogGic

&

BUS
TRANSCEIVERS

<

/ GENERAL PURPOSE INTERFACE BUS ?
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N7
DATA ENCRYPTION UNIT %
= Certified by National Bureau of m 7-Bit User Output Port //:“oﬁ"
Standards e

= Single 5V = 10% Power Supply

= 80-Byte/Sec Data Conversion Rate
= Peripheral to MCS-85T™, MCS-80T™

m 64-Bit Data Encryption Using 56-Bit and MCS-48™ Processors
Key
= DMA Interface = Implements Federal Information

Processing Data Encryption Standard

m 3 Interrupt Outputs to Aid in Loading
and Unloading Data m Encrypt and Decrypt Modes Available

DESCRIPTION

The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard.
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma-
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time.

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system
conversion rates which are virtually any multiple of 120 bytes/second. The 8294 also has a 7-bit TTL compatible output
port for user-specified functions.

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer
applications as well as other electronic banking and data handling applications where data must be encrypted.

PIN
CONFIGURATION PIN NAMES BLOCK DIAGRAM

1 40 FUNCTION DATA |, N \ XEY
2 _ DATA BUS - b =) [ BUFFER
READ, WRITE STROBES ISTERS STORAGE
4 7 CHIP SELECT M_J @ .......
5 % CONTROL/DATA SELECT
6 s RESET INPUT Ao ol :'mmm
y ot FREQUENCY REFERENCE INPUT WR e
s o HIGH FREQUENCY OUTPUT cs of cownrroL
% DMA REQUEST, DMA ACKNOWLEDGE o AND
INTERRUPT REQUEST OUTPUTS INTERRUPT (— )
n OUTPUT PORT LINES SRQ LoGic
: +5V POWER, GND 0AV ~————
CCMP ———— 7o
i OUTPUT PoPe
Lk [ PORT
2 RESET
2% SYNC -—-I
ORO
2 -
z Xy DACK
2 Xz TIMING
2
,o,;g e INTERNAL
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8295
DOT MATRIX PRINTER CONTROLLER

m Interfaces Dot Matrix Printers to = Programmable Print Intensity %
MCS-48™, MCs-80™, mCs-85™
Systems = Single or Double Width Printing

m 40 Character Buffer On Chip

m Serial or Parallel Communication with = Programmable Multiple Line Feeds

Host
= DMA Transfer Capability m 3 Tabulations
= Programmable Character Density (10 or
12 Chararcters/Inch) m 2 General Purpose Outputs

The Intel® 8295 Dot Matrix Printer Controller provides an Interface for microprocessors to the LRC 7040 Series dot
matrix impact printers. It may also be used as an interface to other similar printers.

The chip may be used in a serial or parallel communication mode with the host processor. Furthermore, it provides
internal buffering of up to 40 characters and contains a 7 x 7 matrix character generator accommodating 64 ASCI|
characters.

INTERNAL
PIN NAME FUNCTION 'ﬁ’
-07 DATA BUS ’
A8, %n READ, WRITE STROBES 0ATA N CHARACTER
&5 CHIP SELECT BUs SUFFERS QUFFER
RESET RESET INPUT
X1, X2 FREQUENCY REFERENCE INPUTS
SYNC HIGH FREQUENCY OUTPUT I I |
MOT, FFM MAIN. PAPER FEED MOTOR DRIVES
DRQ, BACK DMA REQUEST. ACKNOWLEDGE B—o
SIN, €T3 SERIAL INPUT, CLEAR-TO-SEND W k30
IRQISER INTERRUPT REQUEST, SERIAL GROUND T—————
s}-ﬁ SOLENOID DRIVE OUTFUTS © of ——— 518
PFEED PAPER FEED INPUT SN PRINTER
HOME, TOF HOME, TOP-OF-FORM INPUTS % <____.> <:'> INTERFACE ot
sTo SOLENOIO STROBE OUTPUT OATHSIN —————er| b ——
aPy, ar2 GENERAL PURPOSE OUTPUTS [0 — e HOME
Vce, Voo, GND 5V POWER, GND
G Y00, . TEEET ————=0f |-——— FFEED
IRQrSER ' r l
sING —————]
CHARACTER
X ————| TIMING GENEWATOR
X} ——————]
outpuT i
BUFFERS ar2
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2114
1024 X 4 BIT STATIC RAM

2114-2 2114-3 2114 2114L2 2114L3 2114L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 370 370
m High Density 18 Pin Package ® Directly TTL Compatible: All Inputs
m Identical Cycle and Access Times and Outputs
® Single +5V Supply ® Common Data Input and Output Using
. i Three-State Outputs
® No Clock or Timing Strobe Required 3 .
® Pin-Out Compatible with 3605 and 3625
® Completely Static Memory Bipolar PROMs

The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate
MOS technology: It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows
easy selection of an individual package when outputs are or-tied.

The 2114 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection against
contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAG.RAM
® N—— )
A 18 ] Vee —A, s ® =7 ® Vec
A |
a2 e —& ‘® - . o
! Ag y— ROW MEMORY ARRAY
I 0 LN I ® seLecr | * B4 ROWS
A Ag s 64 COLUMNS
A]s 5[ 0A 110, f— .2 - ¢
—A, |

Als 2114 14 Jio, I A.@@ N

A e 1| Jio, —a, 10y f— ® 1 I

Y 12| Juo, —]a, 110, 'ﬂ—— COLUMN 1/0 CIRCUITS

cs[ ] —] 10, F— ! ® COLUMN SELECT

stp - ope - L b1 e L

ano[ |9 10| _IWE — A 110, @ 3_co~mon.
WE__CS
(®)
1/0,
7 wig LAY, 5
1
=@ IS
PIN NAMES

Ag—Aq ADDRESS INPUTS Vec POWER (+5V) we O = PIN NUMBERS
WE WRITE ENABLE GND GROUND
[ CHIP SELECT
1/0,~1/0, DATA INPUT/OUTPUT
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2114 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias -10°C to 80°C
Storage Temperature -65°C to +150°C
Voltage on Any Pin

With Respect to Ground .. ......... -0.5V to +7V
Power Dissipation .. .....oviivieininneanan 1.0W
DIC..OULPULCUITENT . o sieisio ss oo oe) s os syaisiaisis 5mA

D.C. AND OPERATING CHARACTERISTICS
Ta =0°Cto 70°C, Vg = 5V * 5%, unless otherwise noted.

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation s not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2114-2, 2114-3, 2114 | 2114L2, 2114L3, 2114L
SYMBOL PARAMETER Min. Typ.[1l Max. Min. Typ[l] Max. [UNIT CONDITIONS
I Input Load Current 10 10 HA Vin = 0 to 5.25V
(All Input Pins)
Lol 1/O Leakage Current 10 10 uA | CTS= 24V,
Vo =0.4V to Vee
lect Power Supply Current 80 95 65 mA Vin =5.25V, lj;0 = 0 mA,
Ta=25"C
lee2 Power Supply Current 100 70 mA VinN=5.25V, ljjo=0mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8 \'
ViH Input High Voltage 20 6.0 20 6.0 \%
loL Output Low Current 21 6.0 2.1 6.0 mA VoL = 0.4V
loH Output High Current -1.0 -1.4 -1.0 -14 mA Vou = 2.4V
los!2! Output Short Circuit 40 40 mA
Current
NOTE: 1. Typical values are for Tp = 256°Cand Vo = 5.0V.
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f= 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cyo Input/Output Capacitance 5 pF Vyjo =0V
Cin Input Capacitance 5 pF Vin =0V
NOTE: This parameter is periodically ssmpled and not 100% tested.
A.C. CONDITIONS OF TEST
INPULPUISSILOVEIS .o oiv sreimionin s oo siairmers Woivomal ey ais 0.8 Volt to 2.4 Volt
Inpot:Riseana - Fall-TImes: i o n v siaaain i e m s e st n i ovee v a evaiata ety 10 nsec
Input and Output Timing Levels. . . . .. oottt et te e nanenean 1.5 Volts
OUIPBEESAT)) ;o caireimissal mpaiainiiieiomre Msiarain s wloemse s s exe 1 TTL Gate and C_ = 100 pF




2114 FAMILY

A.C. CHARACTERISTICS TA =0°Cto 70°C, Vo = 5V + 5%, unless otherwise noted.

READ cYCLE [1

2114-2, 2114L2 | 2114-3, 2114L3 | 2114, 2114L
SYMBOL PARAMETER Min. Max. | Min. Max. [ Min. Max. | UNIT
tre Read Cycle Time 200 300 450 ns
tA Access Time 200 300 450 ns
tco Chip Selection to Output Valid 70 100 120 ns
tex Chip Selection to Output Active 20 20 20 ns
toTp Output 3-state from Deselection 60 80 100 ns
toHA Output Hold from Address Change 50 50 50 ns
WRITE CYCLE (2
2114-2, 2114L2|2114-3, 2114L3 | 2114, 2114L
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT
twe Write Cycle Time 200 300 450 ns
w Write Time 120 150 200 ns
tWR Write Release Time 0 0 0 ns
toTw Output 3-state from Write 60 80 100 ns
tow Data to Write Time Overlap 120 150 200 ns
t1DH Data Hold From Write Time 0 0 0 ns
NOTES:
1. A Read occurs during the overlap of a low CSanda high WE.
2. A Write occurs during the overlap of a low CS and a low WE.
WAVEFORMS
READ CYCLE®@ WRITE CYCLE
g ADDRESS :)L X
ADDRESS :}( X
@
= \M\N\NK 777777777777,
& \\\\\A\LNNWWANARRRRRY LIV '
tco—| |=—torp—|
l‘:’cx—'ll tona—te—r| LG NN\ A x
Dour ,\( ),
NOTES: Dour
@) WE is high for a Read Cycle, ow tom
@ If the TS low transition accurs simultaneously with the WE low
transition, the output buffers remain in a high impedance state. Div eeeeeeee(

(® WE must be high during all address transitions.
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2114 FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS

NORMALIZED t

NORMALIZED ta

Tan {mA)

NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE

12
11
1.0
\.\
0.9
08
07
06
05
4,50 4.75 5.00 525 5,50
Vee (V)

NORMALIZED ACCESS TIME VS,
OUTPUT LOAD CAPACITANCE

I

11 /

1.0

(X}

08

07

0.6

05
100

200 300

Cy lpF)

OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE

LI\

N

o 1 2 3 4

Vou (VI

NORMALIZED tp

NORMALIZED Igc

loL (mA)

NORMALIZED ACCESS TIME VS,
AMBIENT TEMPERATURE

09

0.7

0.6

05

Ta (°C)

NORMALIZED POWER SUPPLY CURRENT
VS, AMBIENT TEMPERATURE

12

11

1.0

09
08 e~
07
06
o5¢ 20 0 60 B0
Ta (C)
OUTPUT SINK CURRENT
VS. OUTPUT VOLTAGE
40
30

/‘

o

10 /

o 1 2
VoL V)
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M2114
1024 x 4 BIT STATIC RAM

2114-3 2114 2114L3 2114L
Max. Access Time (ns) 300 450 300 450
Max. Power Dissipation (mw) 575 575 410 410
® High Density 18 Pin Package E Directly TTL Compatible: All Inputs
® Identical Cycle and Access Times and Outputs
m Single +5V Supply m Common Data Input and Output Using
m No Clock or Timing Strobe Required Thres:Staty: Ouiputy

m Completely Static Memory 5 '_‘g‘;’:acfytoTﬂgse:gwre Range

The Intel® M2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are
provided.

The M2114 is designed for memory applications where high performance, low cost, large bit storage, and simple
interfacing are important design objectives. The M2114 is placed in an 18-pin package for the highest possible density.
It is directly TTL compatible in all respects: inputs, outpufs, and a single +5V supply. A separate Chip Select (CS) lead
allows easy selection of an individual package when outputs are OR-tied.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
4) 18)
AGC 1 18 Vee —q 8 A: (E\ §_ | “Q Vee
a2 1714, — A 1o, }— F) . °
A L A p 3 ROW MEMORY ARRAY
A2 10 Y - 0 ey 64 ROWS
—a, hg —= B — 54 COLUMNS
S A o N R = R |
Aa[]5 M2114 1a[ o, 4 - -
—a, " | -

AC]s 13 :"‘H —a, ”OJL" ® I T

LY 12[ Jio, —a, oy ‘j— —] coLumn 110 ciRcuITs ]|

a[]e n[ o, —a, 104 [— o, & ’_B— INPUT COLUMN SELECT

DATA
ano[ 9 10| _JWE — Ay 1o, @ j_comnm
WE__cs
? ? 110, (@) 3—
®‘o©“vlaz@“a I’&
&
PIN NAMES

Ag—Aq ADDRESS INPUTS Vec POWER (+5V) ,: = PIN NUMBERS
WE WRITE ENABLE GND GROUND
cs CHIP SELECT
1/0,-1/0, DATA INPUT/OUTPUT
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M2114 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . .......... -65°C to +150°C
Storage Temperature . ............. -65°C to +150°C
Voltage on Any Pin

With Respect to Ground .. ......... -0.5V to +7V
PoWer DISHIDELION .o cveie sroie e oo sroemeinie e s s 1.0W
DiC:iOUPUTCUITENT. 1 seiors o s s bio s 16 qoiegs fo le o ols 5mA

D.C. AND OPERATING CHARACTERISTICS
Ta =-55°C to +125°C, Vg = 5V * 10%, unless otherwise noted.

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

M2114, M2114-3 M2114L3, M2114L3
SYMBOL PARAMETER Min. Typ.[1l Max. Min. Typlll Max. |UNIT CONDITIONS
I Input Load Current 10 10 HA Vin =01to 5.5V
(All Input Pins)
ol 1/0 Leakage Current 10 10 uA | CS=24V,
Vo = 0.4V to Ve
leet Power Supply Current 80 95 65 mA Vin = 5.5V, ljjo=0mA,
Ta=25"C
lcc2 Power Supply Current 105 75 mA Vin =55V ljo=0mA,
Ta =-55°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8 \'
ViH Input High Voltage 20 6.0 2.0 6.0 \
loL Output Low Current 21 6.0 21 6.0 mA VoL = 0.4V
loH Output High Current -1.0 -14 -1.0 -14 mA Vou = 24V
los!2l Output Short Circuit 40 40 mA
Current
NOTE: 1. Typical values are for Tp = 25°Cand Vg = 5.0V.
2. Duration not to exceed 30 seconds,
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cio Input/Output Capacitance 5 pF Vijo =0V
Cin Input Capacitance 5 pF Vin =0V
NOTE: This parameter is periodically ssmpled and not 100% tested.
A.C. CONDITIONS OF TEST
INPUL-PUISE LBVBNS: oo vaiare s o Sraieiase ove 5arle s aramebn o el e 0.8 Volt to 2.0 Volt
tnput:Rise andiERUTIMEE o o sisls5is i« iiivis)siers: oo onoe oo oy miera e shoer o 10 nsec
Input and Output Timing Levels. . . .. .v v vttt i et et s eennseneenens 1.5 Volts
QUEPUEILOAD: maninriaismeatmimsias sarsmminismsivaersenres 1 TTL Gate and C|_ = 100 pF
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M2114 FAMILY

A.C. CHARACTERISTICS T, =-55°C to +125°C, Ve = 5V +10%, unless otherwise noted.

READ cYCLE [V

&
M2114, M2114L M2114-3, M2114L3 " @?
SYMBOL PARAMETER Min. Max. Min. Max. “UNIT
the Read Cycle Time 450 300 ns 7,
tA Access Time 450 300 ns
tco Chip Selection to Output Valid 120 100 ns
tex Chip Selection to Output Active 20 20 ns
toto Output 3-state from Deselection 100 80 ns
toHA Output Hold from Address Change 50 50 ns
WRITE cYCLE [2
M2114, M2114L M2114-3, M2114L3
SYMBOL PARAMETER Min. Max. Min. Max. UNIT
twe Write Cycle Time 450 300 ns
tw Write Time 200 150 ns
twr Write Release Time 0 0 ns
torw Output 3-state from Write 100 80 ns
tow Data to Write Time Overlap 200 150 ns
ton Data Hold From Write Time 0 0 ns
NOTES:
1. A Read occurs during the overlap of a low _C_S_and a high _V_V—_E
2. A Write occurs during the overlap of a low CS and a low WE.
WAVEFORMS
READ CYCLE® WRITE CYCLE
ADDRESS 3( B soomss K A
® Wh
= AWk . 4
CANANAARANARRANRRNAN (T X
'.—Inw 'oml:t W @] 3 '4 T ——
- — AR 7
NOTES: Dour
@) WE is high for a Read Cycle. tow ton
@ 1f the TS low transition occurs simultaneously with the WE low
transition, the output buffers remain in a high impedance state. Dy )eeeeeeee(

() WE must be high during all Address transitions.
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intel
2142
1024 X 4 BIT STATIC RAM

2142-2 2142-3 2142 214212 2142L3 2142L

Max. Access Time (ns) 200 300 450 200 300 450

Max. Power Dissipation (mw) 525 525 525 370 370 370
B High Density 20 Pin Package ® No Clock or Timing Strobe Required
® Access Time Selections From 200-450ns E Completely Static Memory
®m Identical Cycle and Access Times u Directly TTL Compatible: All Inputs
m Low Operating Power Dissipation and Outputs

.1mW/Bit Typical ® Common Data Input and Output Using
® Single +5V Supply Three-State Outputs

The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are
provided.

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply.
The 2142 is placed in a 20-pin package. Two Chip Selects (C-S1 and CSp) are provided for easy and flexible selection of
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers.

The 2142 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection
against contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A3 ®—ﬁ
e ) e — | ...
A ———ﬁ MEMORY ARAAY (T]

a ] 1w A — Az @ szﬁm7 uuéz;ﬁfa‘asns T p -3

Az« 7 :M — a3 von b— M—l@ x

es; [ s w [ Joo — A Ar _‘b

2142 1

a0 []e 15 [y — 2 a8 ®——ﬁ

a7 1 [ Jwoz - s o @ D : :

m s 13 [ Jwos — a2 = ® “ahe COLUMN 1/0 CIRCUITS

& " :T_‘ B i o= 1oz _?_ wruT N COLUMN SELECT
ano o n[]we =12 ciron i @ E CONTROL

e 2 j— o] O] € © t
A M A2 A
PIN NAMES

Ag-Ag___ ADDRESS INPUTS oD OUTPUT DISABLE AE
| WE WRITE ENABLE vee POWER (5V] & ®

51,052 CHIP SELECT GND GROUND s, O =FiN NUMBERS

1/01-1/04 DATA INPUT/OUTPUT )]
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2142 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ........... -10°C to 80°C
Storage Temperature . ........c00.. -65°C to +150°C
Voltage on Any Pin

With Respect to Ground .. ......... -0.5V to +7V
Powen Dissipation) & sisrs « « oo dofissare ol eniaisie 1.0W
D.C.OuUtput Current .. ... v e i innnsnnnss 10mA

D.C. AND OPERATING CHARACTERISTICS

Ta =0°Cto 70°C, Vcc = 5V * 5%, unless otherwise noted.

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2142-2, 2142-3, 2142 | 2142L2, 2142L3, 2142L
SYMBOL PARAMETER Min. Typ.[1l Max. Min. Typ.[11 Max. |UNIT CONDITIONS
I Input Load Current 10 10 uA Vin =0 to 5.25V
(All Input Pins)
IlLol 1/0 Leakage Current 10 10 pA | CS=24v,
Vijo = 0.4V to Ve
leet Power Supply Current 80 a5 65 mA ViN=5.25V, lj)p=0mA,
. TA = 25°C
lee2 Power Supply Current 100 70 mA Vin=5.25V, lj)jo=0mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8 A
ViH Input High Voltage 2.0 6.0 20 6.0 \'
loL Output Low Current 21 6.0 2.1 6.0 mA VoL = 0.4V
loH Output High Current -1.0 -14 -10 -14 mA VoH = 2.4V
losi2l Output Short Circuit 40 40 mA | Vio =GND to Vec
Current
NOTE: 1. Typical valuesare for Tp = 26°Cand Vo = 5.0V.
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cio Input/Output Capacitance 5 pF Vyo =0V
Cin Input Capacitance 5 pF Vin =0V
NOTE: This par is periodically led and not 100% tested.

A.C. CONDITIONS OF TEST

Input Pulse Levels
InputRiseand Fall Times .. .......ovivnnnnnns s

Input and Output Timing Levels. . . . ................

Output Load

................ 1.5 Volts
.. 1TTL Gate and C_= 100 pF
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2142 FAMILY

A.C. CHARACTERISTICS T4 =0°Cto 70°C, V¢ = 5V * 5%, unless otherwise noted.

READ cYCLE [V

2142-2,2142L.2 | 2142-3, 2142L3 | 2142, 2142L
SYMBOL PARAMETER Min. Max. Min. Max. | Min. Max. | UNIT
tRc Read Cycle Time 200 300 450 ns
ta Access Time 200 300 450 ns
top Output Enable to Output Valid 70 100 120 ns
topx Output Enable to Output Active 20 20 20 ns
tco Chip Selection to Output Valid 70 100 120 ns
tex Chip Selection to Output Active 20 20 20 ns
toTD Output 3-state from Disable 60 80 100 ns
toHA Output Hold from Address Change 50 50 50 ns
WRITE CYCLE (2
2142-2, 214212 | 2142-3, 2142L.3| 2142, 2142L
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT
twe Write Cycle Time 200 300 450 ns
tw Write Time 120 150 200 ns
twR Write Release Time 0 0 0 ns
toTo Output 3-state from Disable 60 80 100 ns
tpw Data to Write Time Overlap 120 150 200 ns
toH Data Hold From Write Time 0 0 0 ns
NOTES:
1. A Read occurs during the overlap of a low gand a high E
2. A Write occurs during the overlap of a low CS and a low WE,
WAVEFORMS
READ CYCLE® WRITE CYCLE
7y the twe
ADDRESS > X ADDRESS ;L X
o ANV 71777777 o///f R ANRRANY
:.—_‘D:Ju)(o—:_- 3 101D -+
CANRNNNRRRRRNNR § [N/ 77777 EANNURRRNARR 7777777
sy 4 : 5 5 5 5\
/////////////)‘—‘co_‘ = “:///,///, /){ \:::::::1
. | m w
" 7 @ YIITITTY & A——
NOTES: Pauv
(@) WE is high for a Read Cycle. DN~ toN
(@) WE must be high during all address transitions. Om b%m
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2142 FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS
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intal

2332
32K (4K x 8) ROM

® Single +5V *+ 10% Power Supply ® Edge Enabled With Static Array

® Pin Compatible to Intel® 2716 and ® Inputs and Outputs TTL Compatible
2732 EPROMs ® Three-State Output for Direct Bus

m 300ns Max. Access Time Interface

m Low Power Dissipation: ® Output Enable for MCS-85™ and
40mA Max. Average Current MCS-86™ Compatibility

15mA Max. Standby Current

The Intel® 2332 is a single +5V supply, 32,768-bit N-channel MOS read only memory organized as 4096 words by 8-bits. It
has static memory cells and clocked peripheral circuitry, giving a fast device access time with low active power dissipation.
The 2332 features an automatic standby power mode. When deselected by CE, the active power dissipation is reduced
from 40mA to 15mA, a 60% reduction.

The 2332isideal for microprocessor systems, especially those with common inputand output bus structures. The separate
output control, OE, eliminates bus contention. The 300ns access time, three-state outputs, address latches, and TTL
input/output levels further simplify system design.

A cost effective system development program may be implemented by using the pin compatible Intel® 2732, 32K UV
EPROM for prototyping and the 2332 ROM for volume production. The 2732 is fully compatible to the 2332 in all respects.

PIN CONFIGURATION BLOCK DIAGRAM
A7 ~  2a[vce vee DATAo‘t,)_lg;Pms
As(] 2 23] As GNDoO——— .
Se——mpa L
As] e 21 [JAn OF OE AND
A3l s 20 [1OE CE CE LOGIC OUTPUT BUFFERS
A2l 6 19 [1A10 — Y -
a7 18 gc—e Ao-Ay | =] pecoben [ E.]  Y-GATING
R —31
Aol 8 17 007 Ao'zpﬁs‘g L =
oo(] s 16 [1)0s = X L2 32,788-8BIT
010 10 15[J0s =—%| DECODER : CELL MATRIX
oz 1 14[104 )
GNo[] 12 1303
PIN NAMES

Ag-A10 | ADDRESSES
[+ CHIP ENABLE

K23 OUTPUT ENABLE
0p-07 | OUTPUTS
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2332

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°C to 80°C

Storage Temperature .............. -65°C to +150°C

Voltage On Any Pin with Respect

to Ground

-0.5V to +7V

"COMMENT: Stresses above those listed under "Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification Is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta =0°C to +70°C, Vcc = 5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ.() Max. Unit Test Conditions
I Input Load Current 10 uA Vin =0 to 5.5V
(All Input Pins)
ILOH Output Leakage Current 10 BA Chip Deselected,
Vour = 5.5V
ILoL Output Leakage Current =20 BA Chip Deselected,
Vour = 0.4V
Icct Vce Standby Current 15 mA | CE=2v
lccz Vce Average Current 40 mA | tcyc = 400ns
ViL Input "Low" Voltage -0.5 0.8 Vv
ViH Input “High" Voltage 2.0 Vec+1.0V \"
VoL Output “Low" Voltage 0.4 A loL = 3.2mA
VoH Output “High” Voltage 24 Vv loH = -400pA
NOTE: 1. Typical for Ta = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS
Ta =0°C to +70°C, Vcec = 5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. Typ.(V Max. Unit Test Conditions
teye CE Cycle Time 400 ns | tcyc = tcetMax) +
tcc(Min)
tas Address to CE Setup Time 0 ns
tAH Address Hold Time 50 ns
from CE
tce CE to Output Delay 300 ns
toe OE to Output Delay 120 ns
tacc Address to Output Delay 300 ns tas=0ns, toe=120ns
tcc CE Off Time 100 ns
tor OE to Data Float 0 70 ns
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2332

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Qutputload ..,......... 1 TTL Gate and C_= 100 pF
InputPulse Levels . .. ......coiviivnnnn 0.8 to 2.4V
Input Pulse Rise and Fall Times (10% to 90%) . .. .. 20 ns
Timing Measurement Reference Level
IVDUE S 5ivs 5sm o2 dolatals » v s o aafa ool 1V and 2.2V
(01T (1 1) I st SRS O o S SR 0.8V and 2.0V

A.C. WAVEFORMS ")

CAPACITANCE!" 1,=25°, f=1MHz

LIMITS
SYMBOL TEST
TYP. | MAX.
Cin All Pins Except Pin Under 5pF | 10 pF

Test Tied to AC Ground

Cout All Pins Except Pin Under | 10 pF | 15 pF
Test Tied to AC Ground

NOTE: 1. This parameter is periodically sampled and is not 100%
tested.

ADDRESSES -X
ADDRESSES X VALID
—

ADDRESSES
MAY CHANGE
{4

0
as . tad 3 tec
] T ol 1100
\
i% e
e
n (300 MAX.}
OE \ /
-— toe (11 R — 2
taceldl 1120 Max | torl2l
~ (300 MAX.| » (70 MAX)
wle -
I
ouTPUT HigHZ < < < < { VALID QUTPUT E g 2
4

NOTES:

1. ALL TIMES SHOWN IN PARENTHESES AHE MINIMUM TIMES AND ARE nsec UNLESS
OTHERWISE SPECIFIED, __  __

2. tpr IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

3.OF MAY BE DELAYED UP TO 180ns AFTER THE FALLING EDGE OF CE WITHOUT
IMPACT ON tacc.

DEVICE DESCRIPTION

Unlike other Intel® MOS ROMs, the 2332 is a clocked or
Edge Enabled device. Clocked devices have a substantial
speed power advantage over completely static devices of
similar density. Both the active as well as the standby
power is reduced in a clocked device as a result of the
dynamic periphery. The dynamic periphery is also
inherently faster than the circuitry used in a comparable
static device.

The basic difference between completely static and
clocked devices is the fact that access time (tacc) does not
equal cycle time, (tcyc). The reason for this is that the
clock, in this case CE, has a minimum “off"” or HIGH time,
which is the period during which the non-static periphery
(address input buffers, latches etc.) is being precharged.
This "off" period (tcc in the timing diagram) may be
extended indefinitely but violation of the minimum time
will result in inadequate precharge causing the addresses
to be improperly latched, usually resulting in invalid data
out. It is also permissible to maintain CE "on", i.e., low,
indefinitely.

An access cycle proceeds as follows. Addresses must be

presented prior to Chip Enable (CE) going low. The falling
edge of Chip Enable activates the address input buffers
and latches the addresses in preparation for the address
decoders and sense amplifiers to perform their function.
This activity is responsible for both the transient current
and the increase in current from standby to active, shown
coincident with the falling edge of CE in Figure 1. The
addresses must be held stable for a minimum of tan after
the falling edge of CE. After tay they have been latched
and the input buffers have been disabled, so the addresses
can change without affecting the data that will be sensed.

The internal cycle then proceeds, resulting in the data
being latched in the output buffer. The falling edge of OE
(Output Enable) enables the data to be presented, by way
of the output buffer, to the output pin after tog, the output
buffer delay time. The output will remain stable as long as
OE remains low; the state of the output is maintained by
active internal transistors so that eventual "droop" will not
be experienced. The output is caused to go to a high
impedance state by raising either CE or OE to a HIGH
level; in either case the start of the output float delay, tor,
applies to the first signal (OE or CE) that is raised to a high

5141



Vi
t=200ns/DIV

lec IL leez
mA) 54 A

lcer

-
S
>
—
'.._—-—l=—

FIGURE 1. TYPICAL Icc CURRENT VS. TIME.

level. When CE is raised, the active cycle is terminated and
the array is precharged, causing the transient current seen
coincident with the rising edge of CE in Figure 1. One note
of caution: “glitches” on the CE input either when itis high
or low can cause:

1. The address input circuitry to be improperly pre-
charged if the glitch occurs during tcc (Chip Enable off
time) or

2. The contents of the address input latch or data output
latch to be modified or lost if the glitch occurs during
the “on" (low) time of CE.

And of course, glitches on CE will also cause the transient
currents referred to above, resulting in power supply noise
that must be accommodated by adequate decoupling (see
Power and Decoupling Consideration.)

POWER SUPPLY DECOUPLING/
DISTRIBUTION

The Icc waveform for the 2332 is shown in Figure 1, and
specified in the DC Operating Characteristic Table. The
supply current, Icc, has three segments that are of
concern to the system designer: standby level, active level,
and the transient current peaks that are produced on the
rising and falling edges of Chip Enable. The D.C.
segments of the current (Icct1 and Icc2) are specified asa
maximum average value and should be used to determine
power supply ampacity. Note that cycle time should also
be taken into consideration in this determination.

An o——0-4,0 : :
A O——=s . u. . =
Ay @ e —— V—_'- N

e / [ — —— Swm
A7 Ot V— =
o — e~

N ———— ==}
28\ =0 .——-ﬂ‘-/—- e
Ap@=—=9 ——— e em
Ay O——s J_‘-\
AO——a %
Ae——t -

GND
= JA&"'
o C ) COMPONENT SIDE
coooo0o0 o000 0
L4 0O 010203 TE 04 05 05 0 CE;

FIGURE 2. SUGGESTED 32K/64K PRINTED CIRCUIT
BOARD LAYOUT.

The transient currents must be suppressed by properly
selected decoupling capacitors. High quality, high
frequency ceramic-capacitors of small physical size with
low inherent inductance must be used. In addition, bulk
decoupling must be provided, usually near where the
power supply is connected to the array. The purpose of
the bulk decoupling is to overcome the voltage droop
caused by the inductive effects of the PC board traces.
Electrolytic or tantalum capacitors are suitable for bulk
decoupling.

The following capacitanca' values and locations are
recommended for the 2332:

1. A 0.1uF ceramic capacitor between Vcc and GND at
every other device.

2. A 4.7uF electrolytic capacitor between Vcc and GND
for each eight devices.

Intel recommends a power supply distribution system
such that the power supply and ground traces on the PC
board are gridded both vertically and horizontally at each
memory device; this technique minimizes the power
distribution system impedance and enhances the effect of
the decoupling capacitors.
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2364
64K (8K x 8) ROM

®m Single +5V *+ 10% Power Supply E Edge Enabled With Static Array

m Pin Compatible to Intel® 2716/2732 ® Inputs and Outputs TTL Compatible
EPROMs and 2332 ROM B Three-State Output for Direct Bus

® 300ns Max. Access Time Interface

® Low Power Dissipation: ® Output Enable for MCS-85™ and
40mA Max. Average Current MCS-86™ Compatibility

15mA Max. Standby Current

The Intel® 2364 is a single +5V supply, 65,536-bit N-channel MOS read only memory organized as 8192 words by 8-bits. It
has static memory cells and clocked peripheral circuitry, giving a fast device access time with low active power dissipation.
The 2364 features an automatic standby power mode. When deselected by CE, the active power dissipation is reduced
from 40mA to 15mA, a 60% reduction.

The 2364 is ideal for microprocessor systems, especially those with common inputand output bus structures. The separat'e"
output control, OE, eliminates bus contention. The 300ns access time, three-state outputs, address latches, and TTL
input/output levels further simplify system design.

A cost-effective system development program may be implemented by using the Intel® 2716/2732 UV EPROMs for
prototyping and the 2364 ROM for production. The lower 24 pins of the 2364 are the same as the EPROM to facilitate board
designs in making the transition from EPROM to ROM.

PIN CONFIGURATION BLOCK DIAGRAM
\J DATA OUTPUTS
Ne. [ 28[]Vece vecco—— 00-07
A2[]2 27[1¢csy GNDo——— g ey
wls  mpee s, RIRRERN
As[] 4 25 ] As CS2 —f Cs, OE, AND ||
AsC)'s 24 {7 A L CErsaic [ oyrpur surrens
As[] s 23[] An 1 — ; -~
asf]7 " 22[]0E Ag-A11 [:: DECODER | *.[  Y-OATING
ADDRESS ==
A2[]s 21 [JA10 INPUTS | —f .
Al e 20 [1CE = X 4 65,536-BIT
a0 10 whor —3| DECODER : CELL MATRIX
oo 11 18108 o
01(] 12 17[J0s
02013 16 ] 04
GND[] 14 1503
PIN NAMES
Ag-A12 | ADDRESSES
K OUTPUT ENABLE
CE CHIP ENABLE
cs CHIP SELECT
N.C. NO CONNECTION
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2364

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°C to 80°C

Storage Temperature .............. -65°C to +150°C

Voltage On Any Pin with Respect

to Ground

-0.5V to +7V

"COMMENT: Stresses above those listed under “"Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. AND OPERATING CHARACTERISTICS
Ta=0°C to +70°C, Vcc = 5V +10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ.(M Max. Unit Test Conditions
Il Input Load Current 10 uA Vin=0to 5.5V
(All Input Pins)
ILon Output Leakage Current i0 A Chip Deselected,
Vour = 5.5V
lLoL Output Leakage Current -20 HA Chip Deselected,
Vour = 0.4V
lcct Vce Standby Current 15 mA | CE=2v
Icca Vce Average Current 40 mA | tcyc = 400ns
ViL Input “Low"” Voltage 05 08 Vv
ViH Input “High" Voltage 20 Vcec+1.0vV \
VoL Output “Low" Voltage 0.4 Vv loL =3.2mA
VoH Output "High" Voltage 24 v loH = -400uA
NOTE: 1. Typical for Ta = 25°C and nominal supply voitage.
A.C. CHARACTERISTICS
Ta =0°C to +70°C, Vcc = 5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. Typ.(V Max. Unit Test Conditions
tcyc CE Cycle Time 400 ns tcyc = tce(Max) +
tcc(Min)
tas Address, CS1 and CSz to 0 ns
CE Setup Time
taH Address, CS1 and CS2 Hold 50 ns
Time from CE
tce CE to Output Delay 300 ns
toE OE to Output Delay 120 ns
tacc Address to Output Delay 300 ns tas=0ns, toe=120ns
tcc CE Off Time 100 ns
toF OE to Data Float 0 70 ns
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2364

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Outputload ........... 1 TTL Gate and C_='100 pF

InputPulse Levels . . ... .ov e veenr s 0.8to 24V
Input Pulse Rise and Fall Times (10% to 90%) .. ... 20 ns
Timing Measurement Reference Level
[ [1]5. 11| SRR eoat I R LSSl 1V and 2.2V
QUIDUL . - orardn e e e e e 0. 4,89 31178 2 0.8V and 2.0V

A.C. WAVEFORMSs )

CAPACITANCE!" T,=25°C, f=1MHz

LIMITS
SYMBOL TEST
TYP. | MAX.
Cin All Pins Except Pin Under 5pF | 10 pF
Test Tied to AC Ground
CouT All Pins Except Pin Under 10 pF | 16 pF
Test Tied to AC Ground

NOTE: 1. This parameter is periodically sampled and is not 100%
tested.

ADDRESSES, ADDRESSES VALID ADDRESSES, CS,, and CS;
CSy, and CS; AND C§¢ = CS2 = Vi MAY CHANGE
4 4t
:cvc
tas tan 400 =
(0 150) 5 11001
& \
i =
e e - >
(300 MAX.)
\ 7
=ls
1oel3l A
tace!3l (120 MAX.) toel?l
{300 MAX.) s 170 MAX)
4} -
HIGH Z HIGH Z
QUTPUT g < < < ( g VALID OUTPUT ;
4 5

NOTES:

1. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE nsec UNLESS
OTHERWISE SPECIFIED, __

2. tor IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

3. tacc MAY BE DELAYED UP TO 180ns AFTER THE FALLING EDGE OF CE WITHOUT
IMPACT ON tacc.

DEVICE DESCRIPTION

Unlike other Intel® MOS ROMs, the 2364 is a clocked or
Edge Enabled device. Clocked devices have a substantial
speed power advantage over completely static devices of
similar density. Both the active as well as the standby
power is reduced in a clocked device as a result of the
dynamic periphery. The dynamic periphery is also
inherently faster than the circuitry used in a comparable
static device.

The basic difference between completely static and
clocked devices is the fact that access time (tacc) does not
equal cycle time, (tcyc). The reason for this is that the
clock, in this case CE, has a minimum “off" or HIGH time,
which is the period during which the non-static periphery
(address input buffers, latches etc.) is being precharged.
This “off" period (tcc in the timing diagram) may be
extended indefinitely but violation of the minimum time
will result in inadequate precharge causing the addresses
to be improperly latched, usually resulting In invalid data
out, It is also permissible to maintain CE “on", i.e., LOW,
indefinitely.

An access cycle proceeds as follows. Addresses and Chip
Selects must be presented prior to Chip Enable (CE) going

low. The falling edge of Chip Enable activates the address
Input buffers and latches the addresses and chip selectsin
preparation for the decoders and sense amplifiers to
perform their function. This activity is responsible for both
the transient current and the increase in current from
standby to active, shown coincident with the falling edge
of CEin Figure 1. The addresses and chip selects must be
held stable for a minimum of tan after the falling edge of
CE. After tan they have been latched and the input buffers
have been disabled, so the addresses and chip selects can
change without affecting the data that will be sensed.

The internal cycle then proceeds, resulting in the data
being latched in the output buffer. The falling edge of OE
(Output Enable) enables the data to be presented, by way
of the output buffer, to the output pin after tog, the output
buffer delay time. The output will remain stable as long as
OE remains low; the state of the output is maintained by
active internal transistors so that eventual “droop” will not
be experienced. The output is caused to go to a high
impedance state by raising either CE or OE to a HIGH
level; in either case the start of the output float delay, tpr,
applies to the first signal (OE or CE) that is raised to a high
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t = 200ns/DIV

lec Icez
mA} 54 -

lcet

FIGURE 1. TYPICAL Icc CURRENT VS. TIME.

level. When CE is raised, the active cycle is terminated and
the array is precharged, causing the transient current seen
coincident with the rising edge of CE in Figure 1. One note
of caution: “glitches"” on the CE input either when itis high
or low can cause:

1. The address input circuitry to be improperly pre-
charged if the glitch occurs during tcc (Chip Enable off
time) or

2. The contents of the address input latch or data output
latch to be modified or lost if the glitch occurs during
the “on" (low) time of CE.

And of course, glitches on CE will also cause the transient
currents referred to above, resulting in power supply noise
that must be accommodated by adequate decoupling (see
Power and Decoupling Consideration.)

POWER SUPPLY DECOUPLING/
DISTRIBUTION

The Icc waveform for the 2364 is shown in Figure 1, and
specified in the DC Operating Characteristic Table. The
supply current, lcc, has three segments that are of
concern to the system designer: standby level, active level,
and the transient current peaks that are produced on the
rising and falling edges of Chip Enable. The D.C.
segments of the current (Icc1 and Icce) are specified as a
maximum average value and should be used to determine
power supply ampacity. Note that cycle time should also
be taken into consideration in this determination.

=
GND :
pos 9. C20
e c b3 COMPONENT SIDE
(XXX XS eeo0o00
2,57\3’ 1 Og 070203 CE; 04 O5 0g 07 CE2

FIGURE 2. SUGGESTED 32K/64K PRINTED CIRCUIT
BOARD LAYOUT.

The transient currents must be suppressed by properly
selected decoupling capacitors. High quality, high
frequency ceramic capacitors of small physical size with
low inherent inductance must be used. In addition, bulk
decoupling must be provided, usually near where the
power supply is connected to the array. The purpose of
the bulk decoupling is to overcome the voltage droop
caused by the inductive effects of the PC board traces.
Electrolytic or tantalum capacitors are suitable for bulk
decoupling.

The following capacitance values and locations are
recommended for the 2364:

1. A 0.1uF ceramic capacitor between Vcc and GND at
every other device.

2. A 4.7uF electrolytic capacitor between Vcc and GND
for each eight devices.

Intel recommends a power supply distribution system
such that the power supply and ground traces on the PC
board are gridded both vertically and horizontally at each
memory device; this technique minimizes the power
distribution system impedance and enhances the effect of
the decoupling capacitors.

Al ~  uPve
As[] 2 23| As
A a 22 As
Al e 21[Jver
Al s 20 [ OE
4:C]s 2758 w[dcno
Ml 1[0 CE
Al e o
M. K] 16 | 106
0[] 10 15 [10s
o:n 1410
GaD [ 12 13|03

?

ne [ [ Vee

Azl 2 27 [dcs

Al Veo a3 26 [Jcs
Al 2 Ag As[] ¢ 25 [ As
As[]3 [ As as[]s 24 [ As
As[]a ] Ay A& 23 [JAn
aslls [I0Eve  As[]? 22 [0
Az s M Ao Az 2364 21 [JAw
A [1CE Aals 20 [JCE
Al e o A} 10 1910,
o []e (106 o 18 [10s
0y [0 0[]z 17 [J0s
0z (104 0013 16 [10s
GND 103 [<-]m BT 15 (103

FIGURE 3. THE COMPATIBLE EPROM/ROM FAMILY.
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in
2616*

16K (2K x 8) FACTORY PROGRAMMABLE PROM

m Single +5V Power Supply = Pin Compatible to Intel® 2716 EPROM

and 2316E ROM

m Low Power Dissipation

m Fast Access Time — 450 ns Max.

525 mW Max. Active Power

132 mW Max. Standby Power m Completely Static

m Inputs and Outputs TTL Compatible

The Intel® 2616 is a 16,384-bit, one-time factory-programmable MOS PROM organized as 2048 words by 8 bits. The
2616 operates from a single + 5V power supply, has a static standby mode, and is TTL input/output compatible. It is
specified over the 0°C to 70°C operating temperature with 5% power supply variation.

A cost-effective system development program may be implemented quickly into production by using the Intel® 2716

EPROM for pattern experimentation, the 2616 for fast first incremental 2316E ROM delivery, and the 2316E for volume
production. The 2616 is fully compatible to the 2716 in all respects. The fast factory 2616 code pattern turnaround time

gives rapid transition from EPROM to ROM for production.

The 2616 has a static standby mode which reduces the power dissipation without increasing access time. The maxi-

mum active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW — a 75%

saving.

PIN CONFIGURATION*

MODE SELECTION

-
OUTPUTS

PINS TE OE Vep | Vee
18l 120} 21 | (24 | 18:11,1397)
MODE
Aend ViL ViL +5 45 DouT
Standby Vi Don't Care +5 | +5 High 2
BLOCK DIAGRAM
OATA DUTPUTS
VEL Ot Op—-07
GND O——» o

PIN NAMES
ADDRESSES
{__|_ CHIP ENABLE/PROGRAM
OUTPUT ENABLE Ag-A10
ADDRESS
.__°Wm — J INPUTS

OUTPUT ENABLE

CHIP ENABLE

QUTPUT BUFFERS

Il

Y
DECODER

Y-GATING

Il

X
DECODER

l.....” ll

16,384-817
CELL MATRIX

*Pin 18 and pin 20 have been named to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs,
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2616

A.C. Characteristics
Ta=0°Cto 70°C, V!l =+5V #5%, Vppl2) = Ve £0.6V

Symbol Parameter Min. _:: :'[: Max. Unit Test Conditions
tace Address to Output Delay 250 450 ns CE=0E=V,_

tcE CE to Output Delay 280 450 ns OE=V,_

toe Output Enable to Output Delay 120 ns CE=V,_

tpF Output Enable High to Output Float 100 ns CE=V,_

toM Address to Output Hold 0 ns |CE=0E=V_

Capacitance(®] T, = 25°C, =1 MHz

A.C. Test Conditions:

Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C_ = 100 pF
" Input Rise and Fall Times: <20 ns
4 =
Cin inpyt Cepacitance FoalBE | STV Input Pulse Levels: 0.8V to 2.2V
Cout Output Capacitance 8 12 pF | Vour=0V Timing Measurement Reference Level:
Inputs 1V and 2V
Qutputs 0.8V and 2V
A.C. Waveforms 5]
4 ADDRESSES
ADDRESSES VALD
\ L
CE
- "
I (450'“»(.)
OE
pr—
'I(t:)
—]
(120 MAX.) 171
tDF
(6] (100 MAX.)
tacc
(450 MAX.)
HIGH Z / / // HIGH Z
OUTPUT < : : : : VALID OUTPUT
NOTES: 1. Vg must be applied simultaneously or before Vpp and removed simultaneously of sfter Vpp.

2. Vpp may be connacted directly to Vee. The supply current would then be the sum of Ige and Ippy.
3. Typical values are for T4 = 25°C and nominal supoly voltages,

. This parameter is only sampled and is not 100% tested.

OF may be delayed up 10 330ns atter the falling edge of TE without impact on tace-

4
5. All times shown in praentheses are minimum times and are nsec unless otherwise tpecified.
6
7

1DF 15 specified from OF or CE. whichever occurs first
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2616

Absolute Maximum Ratings*

Temperature Under Bias. . . ... ....... -10°C to +80°C
Storage Temperature . . . ........... -65°C to +125°C
All Input or Output Voltages with

RespecttoGround . .............. +6V 10 -0.3V

*COMMENT: Stresses above those listed under *‘Absolute Maxi-
mum Ratings"”” may cause permanent damage to the device. Thisisa
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute

ym rating diti for extended periods may affect device
reliability.
READ OPERATION
D.C. and Operating Characteristics
Ta=0°Cto70°C, Vee!'2) = +5V £5%, Vppl2l = Ve 0.6V
Limits . 3
Symbol Parameter - @l Unit Conditions
Min. Typ. Max.
Iy Input Load Current 10 HA Vin = 5.25V
ILo Output Leakage Current 10 HA VouTt =5.25V
1pp1[2) Vpp Current 5 mA | Vpp=5.85V
lcc12! | Vee Current (Standby) 10 25 mA | CE=Vy, 0E=V,_
lec2!?! | Vee Current (Active) 57 100 mA | DE=CE=v,
ViL Input Low Voltage -0.1 0.8 \'
ViH Input High Voltage 2.0 Veetl v
Voo Output Low Voltage 0.45 \" loL=2.1mA
Vou Output High Voltage 24 \'% lon = -400 pA
NOTES: 1. Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly to Voe. The supply current would then be the sum of Igc and Ipp1.
3. Typical values are for Tp = 25°C and nominal supply voltages.
Typical Characteristics
Ilcc CURRENT ACCESS TIME ACCESS TIME
vs. Vs, Vs,
TEMPERATURE CAPACITANCE TEMPERATURE
70 700 ] ‘ 700
80 —
—~— 500 600
50 .\:&—1 500 500
cc2 ACTI\:s :iunnsm Veo=6v
T Veersv ER Z 400
8 | = 300 — T gm L
— ___—-.——-—-——'""' =
® Tcct STANDBY CURRENT = e
CE=Viy
10 Vveemsv 100 100
, | | ] ; ;
o 10 20 30 40 0 8 80 o 100 200 300 400 500 600 700 800 o 10 2 30 5% 6 70 80
TEMPERATURE (*C1 Cy (aF) TEMPERATURE (°C)
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2616

DEVICE OPERATION

The modes of operation of the 2616 are listed in Table I.
It should be noted that all inputs are at TTL levels. Only a
single +5V power supply is required since Vpp may be con-
nected to Vce.

TABLE I. MODE SELECTION

PINS cE 3 vep | vee | outrurs
e 120) 20 | (24 | (911.1397)
MODE
Read ViL ViL s *s Dour
Standby Vin Don't Care +5 +5 High Z
READ MODE

The 2616 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output

pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available at
the outputs 120 ns (tog) after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for at least tacc — toE-

STANDBY MODE

The 2616 has a standby mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW. The
2616 is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the outputs
are in a high impedence state, independent of the OE input.

OUTPUT DESELECTION

The outputs of two or more 2616s may be OR-tied toge-
ther on the same data bus. Only one 2616 should have its
output selected (OE low) to prevent data bus contention
between 2616s in this configuration. The outputs of the
other 2616s should be deselected by raising the OF input
to a TTL high level.
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intel
2716*
16K (2K x 8) UV ERASABLE PROM

m Fast Access Time = Pin Compatible to Intel® 5V ROMs
— 350 ns Max. 2716-1 (2316E, 2332, and 2364) and 2732
— 390 ns Max. 2716-2 EPROM

B s S = Simple Programming Requirements

Single Location Programming
m Single +5V Power Supply Programs with One 50 ms Pulse

= Inputs and Outputs TTL Compatible

= Low Power Dissipation during Read and Program

— 525 mW Max. Active Power
— 132 mW Max. Standby Power m Completely Static

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716,
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can
convert rapidly to Intel’s pin-for-pin compatible 16K ROM (the 2316E) or the new 32K and 64K ROMs (the 2332 and 2364
respectively).

The 27186, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance
+5V microprocessors such as Intel’s 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which
reduces the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the
maximum standby power dissipation is only 132 mW, a 75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
No need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program
on-board, in the system, in the field. Program any location at any time — either individually, sequentially or at random, with
the 2716 single address location programming. Total programming time for all 16,384 bits is only 100 seconds.

PIN CONFIGURATION* MODE SELECTION
2716 2732" :
PINS CEPGM (3 vep | Vec | ouTPuTs
ve 120) @1 | (24 | 901,139
MODE
Aead ViL Vi s 5 Dout
Sundby ViH Don‘t Care +5 +5 High 2
Program Pulsed V1| to Vin Vin 25 | s DN
| Program Varity viL viL s 5 Dout
Program Inhibit viL ViH 425 +5 High 2
BLOCK DIAGRAM
TRefer to 2732 i DATA QUTPUTS
= 09-07
data sheet for GNDo—— W
specifications VPP O———en l [ I 1 I I I I
(13 OUTPUT ENABLE
CEPoMm (CHIP ENABLE AND
PIN NAMES PROG LOGIC OUTPUT BUFFERS
Ag-As | ADDRESSES =3 ot H YGATING
CHIP ENABLE/PROGRAM =
= —— Ap-A10 b
oF OUTPUT ENABLE ADORESS
0,0, | OuTPuTS INPUTS | —] . . 16,384 BIT
e DECODER - CELL MATRIX
— .
-
|~

*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The
die, fabrication process, and specifications remain the same and are totally uneffected by this change.
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2716

A.C. Characteristics

2716 Limits 2716-1 Limits 2716-2 Limits Unit Test
Symbol Parameter Taz
Min ‘I’vp[‘] Max [Min Typ (4l Max | Min Typ(41 Max Conditions
tACC | Address to Output Delay 450 350 390 [ ns |CE=DE=vV)_
CE CE to Output Delay 450 350 380 | ns [DE=V_
t0E Qutput Enable to Output Delay 120 120 120 ns |CE= ViL
tDF Output Enable High to Output Float. | 0 100 | O 00| 0 100 | ns |CE=V_
toH Address to Output Hold 0 0 0 ns | CE=0E=V)_
Capacitance™ T, =25°C, =1 MHz A.C. Test Conditions:
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C_= 100 pF
z Input Rise and Fall Times: <20 ns
C Inpu n 4 6 F |Viy=0V
N B Capacitanca P IN Input Pulse Levels: 0.8V to 2.2V
Cout Output Capacitance 8 12 pF | Vour=0V Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V
A. C. Waveforms (1)
{ L I
ADDRESSES
ADDRESSES NACID :
\ L R
CE
. o
ce
OE
- .
e _|
t0E
. (6] (7
tacc
HIGH Z / ; ; ; ; HIGH 2
OUTPUT VALID OUTPUT
ANN\\ VA

NOTE: 1. Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly to Vg except during programming. The supply current would then be the sum of Icc and lppy.
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vg in read to 25V for pro-
gramming. ’
4. Typical values are for Ta = 25°C and nominal supply voltages.

pled and is not 100% tested.

5. This par

6.

is only

7. tpF is specified from OE or CE, whichever occurs first.
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2716

TYPICAL 16K EPROM SYSTEM

Ag-15 II
Sy 8212
ADDRESS
e LATCH
RD =
8085

10/M

* This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused
signal. RD now controls data on and off the bus by way of OE.

* A selected 2716 is available for systems which require CE access of less than 450 ns for decode network operation.

* The use of a PROM as a decoder allows for:
a) ALE is required for Edge Enabled devices (32K and 64K), and is optional for 2716.
b) Compatibility with upward (and downward) memory expansion.

c) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts.

8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY

PRINTED CIRCUIT BOARD LAYOUT

<
A1z © ABC ‘aw a» ‘== -A
Al 0—0-9 0 | ;
Mo O——2 . Sm é/—'- =_°
As © = N, —as Sam ¢
Ag = N~ Nam |
A7 Ot ~ - |
OE o— N =
Ag O—o = N ==
Ag Ow—o ‘u_‘ ) ! §
Ay G0 _’-f—o\- § )
Az O—o | | | —— | |
Ay O—— | B 1" wm =
A O ! _’-/-‘—.——;x‘] '

ne— ] [ =

GND Cuum»

5

15 G
o C

- | [ -*C”
|

O+

| {
00000
Op 010203ﬁ1
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shor(er than approximately 4000 Angstroms (A). It should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4000A range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2716 in approximately 3
years, while it would take approximatley 1 week to cause
erasure when exposed to direct sunlight. If the 2716 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2716 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
page 4-83) for the 2716 is exposure to shortwave ultraviolet
light which has a wavelength of 2537 Angstroms (A). The
integrated dose (i.e., UV intensity X exposure time) for
erasure should be a minimum of 15 W-sec/cm2. The erasure
time with this dosage is approximately 15 to 20 minutes
using an ultraviolet lamp with a 12000 uW/cm?2 power
rating. The 2716 should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2716 are listed in Table
|. It should be noted that all inputs for the five modesare at
TTL levels. The power supplies tequired are a +5V V¢ and
a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two modes.

TABLE I. MODE SELECTION

PINS CEmam (3 Vpp | Vgc | ouTPuTs
(s 120 21 | (24 | (91,1397
MODE
Arag viL ViL \ 5 5 Dout
Srandbyy Yin Dan'tCare | +5 .5 High 2
Program Pulved v"_ to vm Vis I 25 +5 On
Progiam Verity Vie ViL | += +5 Doyt
Program Inhibit viL Vi | 2 5 High 2
READ MODE

The 2716 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output
pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tgcg). Data is available at
the outputs 120 ns (tgg) after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for at least tacc — toE.

STANDBY MODE

The 2716 has a standby mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW. The
2716 is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the e outputs
are in a high impedence state, independent of the OE input.

GG 27 %ecause 2716's are usually used in larger memory arrays,

Intel has provided a 2 line control function that accomo-

dates this use of multiple memory connections. The two

line control function allows for

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will
not occur.

To most efficiently use these two control lines, it is rec-
ommended that CE (pin 18) be decoded and used as the
primary device selecting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.

PROGRAMMING

Initially, and after each erasure, all bits of the 2716 are in
the ""1”" state. Data is introduced by selectively program-
ming “‘0's’”” into the desired bit locations. Although only
“0's" will be programmed, both ““1's" and “0's" can be
presented in the data word. The only way to change a 0"
to a 1" is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OE is at V|y. The data to be pro-
grammed is applied 8 bits in parallel to the data output
pins. The levels required for the address and data inputs are
TIL:

When the address and data are stable, a 50 msec, active
high, TTL program pulse is applied to the CE/PGM input.
A program pulse must be applied at each address location
to be programmed. You can program any location at any
time — either individually, sequentially, or at random.
The program pulse has a maximum width of 55 msec. The
2716 must not be programmed with a DC signal applied to
the CE/PGM input.

Programming of multiple 2716s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the paral-
leled 2716s may be connected together when they are pro-
grammed with the same data. A high level TTL pulse
applied to the CE/PGM input programs the paralleled
2716s.

PROGRAM INHIBIT

Programming of multiple 2716s in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel 2716s may be
common. A TTL level program pulse applied to a 2716's
CE/PGM input with Vpp at 25V will program that 2716.
A low level CE/PGM input inhibits the other 2716 from
being programmed.

PROGRAM VERIFY
A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify

may be performed wth Vpp at 25V. Except during pro-
gramming and program verify, Vpp must be at 5V.
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2716

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on Page 4-83.

Absolute Maximum Ratings*

Temperature Under Bias. . ........... -10°C t0 +80°C *COMMENT: Stresses above those listed under “Absolute Maxi-
Storage Temperature . . . . ...... (....-65°Ct0+125°C mum Ratings’* may cause permanent damage to the device. Thisis a
All topu or Output Viokages witl 7 St SoraRite e s Tk b (e G
RespecttoGround . .............. +6V 10 -0.3V sions of this specification i not.inptied. Exp to absol
Vpp Supply Voltage with Respect Y im rating diti for extended periods may affect device
to Ground During Program . . . ... .. +26.5V to -0.3V reliability.
DC and AC Operating Conditions During Read
2716 27161 2716-2
Temperature Range 0°C —70°C 0°C —70°C 0°C —70°C
Ve Power Supply (12 5V + 5% 5V + 10% 5V + 5%
Vep Power Supply 2] Ve 2 0.6vE Vee + 0.6V Vee £0.6VE
READ OPERATION
D.C. and Operating Characteristics
Limits 4 vy
Symbol Parameter Min. Typ. Tal v Unit Conditions
Iy Input Load Current 10 HA Vin = 5.25V
o Output Leakage Current 10 HA Vout =5.25V
Ipp112) | Vpp Current 5 mA vp,; =5.85V
lcc1?! | Ve Current (Standby) 10 25 mA | CE=V,y, OE=V,_
lcc2@! | Ve Current (Active) 57 100 mA | OE=TE=V,_
Vi Input Low Voltage -0.1 08 \'
Viy Input High Voltage 20 Vet A
VoL Output Low Voltage 0.45 A loL =2.1mA
Von Output High Voltage 24 \% lon = —400 uA

NOTES: 1. Vg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly to Ve except during programming. The supply current would then be the sum of Icc and Ippy.
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vg in read to 25V for program-

ming.

4. Typical values are for T = 25°C and nominal supply voltages.

5. This parameter is only sampled and is not 100% tested.
Typical Characteristics

Icc CURRENT ACCESS TIME ACCESS TIME
vs. vs. vs.
TEMPERATURE CAPACITANCE TEMPERATURE
7 700 700
0 ]
—= 600 500
’\\\
b cczmiﬁm = o
CE-vyL Vee =5V
Tw VeeTsV. Z w0 Z w00
Y ° | — o
8 3 300 2 300
—1 b —
i S
et
5 icC1 STANDBY CURRENT ™ 200
CE=viy
o Vee=sv e 100
|
o | I ] 1 ° 0
0O W 20 33 4 % 6 W 8 0 100 200 300 400 500 500 700 800 © 10 20 30 4 5 8 70 8
TEMPERATURE | Ci L (oF) TEMPERATURE (C)
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32K (4K x 8) UV ERASABLE PROM e

e

e

m Single +5V *+ 5% Power Supply m Pin Compatible to Intel® 2716 EPROM

and 2332/2364 ROMs

® Output Enable for MCS-85™ and

MCS-86™ Compatibility E Completely Static

® Simple Programming Requirements

m Fast Access Time: 450ns Max. — Single Location Programming
m Low Power Dissipation: — Programs with One 50ms Pulse

160mA Max. Active Current m Three-State Output for Direct Bus

25mA Max. Standby Current Interface

The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory IEPROM /. The 2732
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. For production, the
pin compatible 2332 and 2364 ROMs are available. The total programming time for all bits is three and a half minutes. All
these features make designing with the 2732 in microcomputer systems faster, easier, and more economical.

An important 2732 feature is the separate output control, Output Enable (OE ), from the Chip Enable control (CE:. The OE
control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-30 describes the
microprocessor system implementation of the OE and CE controls on Intel's 2716 and 2732 EPROMSs. AP-30 is available
from Intel's Liter&ture Department.

The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum active
current is 1€0mA, while the maximum standby current is only 25mA, an 85% savings. The standby mode is achieved by
applying a TTL-high signal to the CE input.

PIN CONFIGURATION MODE SELECTION
adn L. Hvee PINS CE | OE/Vpp Vee OUTPUTS
(18) (20) (24) (9-11.1317)
As] 2 2[4 MODE
A 3 22[]Aq Read ViL Vie +5 Dout
As] 21 JAn Standby Vi |Don’t Care +5 High Z
A3 s 20 [ OEVpp Program ViL Viup +5 Din
:’E 8 9 gﬁo Program Verify | Vi ViL +5 Dourt
1 7 18 [JCE
P am Inhibi Vi + High
ad s who, rogram Inhibit| Vi IHP 5 igh 2
O[] 9 16 {105
0,[] 10 15 [10s
%O n 14 (10 BLOCK DIAGRAM
Gno[] 12 13106,
DATA OUTPUTS
vcco— 00-07
GND O——— '
i g LTI
OF —=| AND
PIN NAMES CE —=| CELoGIC OUTPUT BUFFERS
== Y 1
Ag-Ayy | ADDRESSES Ag-A1; | —| DECODER | s | Y-GATING
CE CHIP ENABLE ADDRESS —=
OF OUTPUT ENABLE o _5: X 'E 32,768-BIT
0,-0; OUTPUTS —=| DECODER : CELL MATRIX
|
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2758*
8K (1K x 8) UV ERASABLE LOW POWER PROM

m Single +5V Power Supply m Fast Access Time: 450 ns Max. in
Active and Standby Power Modes
s Simple Programming Requirements

Single Location Programming m Inputs and Outputs TTL Compatible
Programs with One 50 ms Pulse during Read and Program
m Low Power Dissipation m Completely Static
525 mW Max. Active Power
132 mW Max. Standby Power m Three-State Outputs for OR-Ties

The Intel® 2758 is a 8192-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2758
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 8192 bits
is 50 seconds.

The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maximum
active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW, a 75% savings. Power-
down is achieved by applying a TTL-high signal to the CE input.

A 2758 system may be designed for total upwards compatibility with Intel’s 16K 2716 EPROM (see Applications Note 30).
The 2758 maintains the simplest and fastest method yet devised for programming EPROMs — single pulse TTL-level pro-
gramming. There is no need for high voltage pulsing because all programming contrals are handled by TTL signals. Now it is
possible to program on-board, in the system, in the field. Program any location at any time — either individually, sequentially,
or at random, with the single address location programming.

PIN CONFIGURATION* MODE SELECTION
PINS
CE/PGM Ap | OF | Vep |Vee | OUTPUTS
(18) (19) | (20) [(21) [ (24) [(8-11,1317)
MODE
Read Viu ViL | Vie | #56 | +6 Dour
Don't .
+| +
Standby Vin ViL Gt 5 5 High Z
Program Pulsed Vy to Vi | Vi | Vi [ 425 | 45 Ow
Program Verify ViL Vie | ViL | +25 | +5 Dout
Program Inhibit Vi ViL | Vin | #26 | 45 High Z
BLOCK DIAGRAM
vee DATA DUTIFUTS
PIN NAMES o o
GNOO— =
Vpp O
foio | oo L
[PGM_| CHIP ENABLE/PROGRAM 3 OUTPUT ENABLE
OE OUTPUT ENABLE CE/PaM CHIP ENAGLE AND
0,0; T - PROG LOGIC OUTPUT BUFFERS
A SELECT REFERENCE — ]
R INPUT LEVEL = =& 3 YGATING
Ag-Ag -
ADDRESS ol
INPUTS | ——of .
_.. x . a192.8)7
——e DECODER . CELL MATHIX
—— .
.
AR~y

*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The
die, fabrication process, and specifications remain the same and are totally uneffected by this change.

5-167



L e gl Y SPELILALIUIS @I C UESUL IUEU 111 L1E Udld Lataiog UM /UM Frogramming Instructions on page 4-83.

Absolute Maximum Ratings™®

Temperature Under Bias. . .. ......... -10°C to +80°C
Storage Temperature . . . . .......... -65°C to +125°C
All Input or Output Voltages with

RespecttoGround . .............. +6V to -0.3V

Vpp Supply Voltage with Respect

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings’* may cause permanent damage to the device. Thisis a
stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device

to Ground During Programming. . . . . +26.5V to -0.3V reliability.
READ OPERATION
D.C. and Operating Characteristics
Ta=0°Cto 70°C, Vce!1-2l =45V +6%, Vppl2l = Ve +0.6VI3]
Symbol Parameter S/ Unit Conditions
Min. Typ. 141 Max.
I Input Load Current 10 HA Vin = 5.25V
ILo Output Leakage Current 10 uA VouT = 5.25V
Ippq 121 Vpp Current 5 mA | Vpp = 5.85V
Ice1 12! | Vg Current (Standby) 10 25 mA |CE=Vy, OE=V,_
lcc2[2! | Ve Current (Active) 57 100 mA |OE=CE=V,_
AR 5] Select Reference Input Level -0.1 0.8 \ Iy =10 A
ViL Input Low Voltage -0.1 0.8 A"
ViH Input High Voltage 2.0 Vee +1 Y
VoL Output Low Voltage 0.45 A loL =2.1mA
VoH Output High Voltage 24 \'% loy = -400 pA
NOTES: V¢ must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

. Typical values are for T4 = 25°C and nominal supply

OB ON -

voltage level of V| instead of V|| .

Typical Characteristics

. Vpp may be connected directly to Vg except during programming. The supply current would then be the sum of Ige and Ipp1.
. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from V¢ in read to 25V for programming.

voltages.

. AR is a reference voltage level which requires an input current of only 10 pA, The 2758 S1865 is also available which has a reference

Icc CURRENT ACCESS TIME ACCESS TIME
vs. vs. vs.
TEMPERATURE CAPACITANCE TEMPERATURE
720 700 00
60 —d 600 600
—
—~—_
o iccz CTIVE CORAENT] 600 500
=ViL Vec -5V
R XGe=OV T 400 = a00
- [%) / "5d
] 30 ng 00 =] §m
= = I
/./ -,
.-——'—"'-'——-—-—
» icct VLGH'R'LEY_‘ 200 200
(‘.'E-_Vm
10 - Vec =8V 100 100
) 0 0
0 10 20 30 4 S5 6 70 80 0 100 200 300 400 500 600 700 80O 0O 10 20 30 40 5 6 70 80

TEMPERATURE (°C)

Cy lpF) TEMPERATURE ("C)
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A.C. Characteristics
Ta=0°Cto 70°C, Vee!!! =+5V 5%, Vppl?l = Ve 0.6V

2758

Limits
Symbol Parameter Min. Tye. @ | Max. Unit Test Conditions
tace Address to Output Delay 250 450 ns CE=0E-= ViL
tce CE to Output Delay 280 450 ns OE = ViL
toE Output Enable to Output Delay 120 ns CE=V,_
toF Output Enable High to Output Float 0 100 ns CE=V,_
toH Address to Output Hold 0 ns CE=0E=vV,_
Capacitance[sl Ta=25°C, f=1MHz A.C. Test Conditions:
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C = 100 pF
F @ Input Rise and Fall Times: <20 ns
Cin Py Eapacitancy I o Y A Input Pulse Levels: 0.8V to 2.2V
Cout Output Capacitance 8 12 pF | VouT=0V Timing Measurement Reference Level:
NOTE: Please refer to page 2 for notes. Inputs 1V and 2V
Qutputs 0.8V and 2V
A.C. Waveforms!®!
{ . .
ADDRESSES
ADDRESSES VALID
\ o2
CE
. " .
(450'ﬁfo.l *
OE
. " .
'[gl
—
(120 MAX.) (8]
toF
(7 (100 MAX.)
|Je——— tacc
(450 MAX.)
HIGH Z / ; ; ; ; HIGH Z
OUTPUT \ : : : : VALID OUTPUT
NOTES Ve must be applied simultaneousty or before Vpp and removed simultancously or after Vpp.

I R I S TR

5-159

. Vpp may be connected directly 1o Voo except during programming. The supply current would then be the sum of Igc and (ppy.

The 1olerance of 0.6V sllows the use of a driver circuit for switching the Vpp supply pin from Vee in read to 25V for programming.
Typical values are for TA = 25°C and nominal supply voltages,
This garamuter i3 only sampled and is not 100% tested.

All times shown in parenthasas are minimum times and are niec unkess otherwise 1pecified.
GE may be dolayed up to 330ns after the falling edge of TE without impact on tACe.

. 1pF I3 specified from OE or CE, whichever occurs first,



2758

ERASURE CHARACTERISTICS

The erasure characteristics of the 2758 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (&). It should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4000A range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2758 in approximately 3
years, while it would take approximately 1 week to cause
erasure when exposed to direct sunlight. If the 2758 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2758 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
page 4-83) for the 2758 is exposure to shortwave ultraviolet
light which has a wavelength of 2537 Angstroms (A). The
integrated does (i.e., UV intensity X exposure time) for
erasure should be a minimum of 15 W-sec/cm2. The erasure
time with this dosage is approximately 15 to 20 minutes
using an ultraviolet lamp with 12,000 uW/cm? power
rating. The 2758 should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2758 are listed in Table
1. It should be noted that all inputs for the five modes are
at TTL levels. The power supplied required are a +5V Ve
and a Vpp. The Vpp power supply must be at 25V during
the two programming modes, and must be at 5V in the
other three modes, In all operational modes, Ag must be
at V|_ (except for the 2758 S1865 which has A at Vy).

TABLE |. MODE SELECTION

PINS
CE/PGM Ap | OE |Vpp |Vec | OUTPUTS
(18} (19} [ (20) | (21) | (24) |(9-17,137)

MODE

Read Vi Vie [ViL | +8 | +5 Dout
Standby Vi vie [POY 45 | 48 | Highz

Care
Program Pulsed ViL to Vi | Vi | Viu | #25 | +5 Din
Program Verify Vi Vie | Vi, | 426 | 45 Dout
Program Inhibit ViL Vi | Vi | #25 | 45 High Z
READ MODE

The 2758 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output
pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tgg). Data is available at
the outputs 120 ns (tgg) after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for at least tacc — toe:

STANDBY MODE

The 2758 has a standby mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW. The
2758 is placed in the standby mode by applyinga TTL high
signal to CE input. When in standby mode, the outputs
are in a high impedence state, independent of the OE input.

OUTPUT DESELECTION

The outputs of two or more 2758s may be OR-tied toge-
ther on the same data bus. Only one 2758 should have its
output selected (OE low) to prevent data bus contention
between 2758s in this configuration. The outputs of the
other 2758s should be deselected by raising the OE input
to a TTL high level.

PROGRAMMING

Initially, and after each erasure, all bits of the 2758 are in
the *"1" state. Data is introduced by selectively program-
ming ‘'0's’" into the desired bit locations. Although only
0's"" will be programmed, both “1's" and "0's" can be
presented in the data word. The only way to change a "'0""
to a 1" is by ultraviolet light erasure.

The 2758 is in the programming mode when the Vpp
power supply is at 25V and OE is at V4. The data to be
programmed is applied 8 bits in parallel to the data output
pins. The levels required for the address and data inputs are
TTL. :

When the address and data are stable, a 50 msec,
active high, TTL program pulse is applied to the CE/PGM
input. A program pulse must be applied at each address
location to be programmed. You can program any location
at any time — either individually, sequentially, or at ran-
dom. The program pulse has a maximum width of 55 msec.

The 27_58 must be programmed with a DC signal applied
to the CE/PGM input.

Programming of multiple 2758s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the paral-
lelled 2758s may be connected together when they are
programmed with the same data. A high level TTL pulse
applied to the CE/PGM input programs the paralleled
2758s.

PROGRAM INHIBIT

Programming of multiple 2758s in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs(including OE) of the parallel 27585 may be
common. A TTL level program pulse applied to a 2758
CE/PGM input with Vpp at 25V will program that 2758.
A low level CE/PGM input inhibits the other 2758 from
being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify
may be performed with Vpp at 25V. Except during pro-
gramming and program verify, Vpp must be at 5V.

5-160



intel

3604A, 3624A FAMILY
4K (512 x 8) HIGH-SPEED PROM

3604A-2 | 3604A

3624A-2 | 3624a | SOO4AL
Max. T(ns) 60 70 90
Max. Icc(mA) 170 170 | 130/25*

*Standby Current When The Chip is Deselected.

= Fast Access Time

--60ns Max (3604A-2, 3624A-2)
= Low Standby Power Dissipation

(3604AL) --32uW/Bit Max

= Open Collector (3604A)
or Three State (3624A)
Outputs

= Four Chip Select Inputs
For Easy Memory
Expansion

= Polycrystalline Silicon Fuse

For Higher Reliability

= Hermetic 24 Pin DIP

The Intel® 3604A/3624A are 4096-bit bipolar PROMs organized as 512 words by 8 bits. The fast second generation
3604A/3624A replaces its Intel predecessor, the 3604/3624. Higher speed PROMS, the 3604A-2/3624A-2, are now avail-
able at 60 ns. All 3604A/3624A specifications, except programming, are the same as or better than the 3604/3624. Once
programmed, the 3604A/3624A are interchangeable with the 3604/3624

The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed
in selected bit locations. Both open collector and three-state outputs are avallable. Low standby power dissipation can
be achieved with the 3604AL. The standby power dissipation is approximately 20% of the active power dissipation.

The 3604A/3624A are available in a hermetic 24-pin dual in-line package. These PROMs are manufactured with the
time-proven polycrystalline silicon fuse technology.

PIN NAMES

Ag-Ag ADDRESS INPUTS
St CHIP poTs "
Coytae 1P SELECT INPUTS
0,-0g DATA OUTPUTS

(1] To select the PROM CS; = CSp =0
and CS3=CS4 = 1.

Mode/Pin Connection Pin 22 Pin 24

READ: 3604A, 3604A-2

3624A, 3624A.2 No Connect or 5V 5V

3604AL +5V Must be Left Open
PROGRAM: 3604A, 3604A-2 ST S

1624A. 3624A.2 Pulsed 12.5V Pulsed 125V

3604AL Pulsed 125V Pulsed 125V
STANDBY: 3604AL Power dissipation is automatically

reduced whenever the 3604AL
Is deselected,

PIN CONFIGURATION

-

o wPve
«d: B e
=kl 2 [Jwas
] ~bs.
«~s »[a,
wdls whes,
im i wJese
wm s 0. e
wm o,C]s WP,
al]e w[o.
o wow
e [ nfJo,

BLOCK DIAGRAM

CATAOUT 1

caTAOUT &

LOGIC SYMBOL

—da,
e B o fb—
—=, o, }—
— e o f—
—a o }—
S ol—
— s oG h—
== 9 o }—
i o b—
—
—~
—s,
—~
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3604A, 3624A FAMILY

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-89.

Absolute Maximum Ratings*

Temperature Under Bias -65°C 10 +125°C

Storage Temperature . ... .. ....... -65°C 10 +160°C
Output or Supply Voltages . . ....... -0.5V to 7 Volts
All Input Voltages . . ................ -1.6to 5.5V
OUIPUL CUTTENTS « o v o v v ase ors sisois s ws ss o toi 100mA

"COMMENT

Stresses above those listed under “Absolute Maximum
Rating"” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or at any other condition above thgse indicated in
the operational sections of this specification is not implied.

D. C. Characteristics: Al Limits Apply for Vee= +5.0V +5%, To= 0°C to +75°C

Limits
Symbol Parameter Min. Typ.m Max. Unit Test Conditions
lEa Address Input Load Current -005 |-025| mA | Vgc=5.25V,Va =045V
Irs Chip Select Input Load Current -005 |-0.25 ! mA | Vgc=5.25V, Vg=0.45V
IrA Address Input Leakage Current 40 HA Vee =5.25V, Va4 = 5.25V
IRrs Chip Select Input Leakage 40 HA Vee =5.25V, Vg = 5.25V
Current
Vca Address Input Clamp Voltage -0.9 -1.5 \" Vec =475V, 14 =-10 mA
Vs Chip Select Input Clamp . -08 -1.5 Vv Vee=4.75V, Ig=-10 mA
Voltage
Vor Output Low Voltage 0.3 0.45 v Vee =475V, g = 16 mA
lcex Output Leakage Current 100 HA Vee = 5.25V, Vg = 5.25V
leer Power Supply Current (3604A, 130 170 mA | Veet=5.25V, Vaog»Vag = 0V,
3604A-2, 3624A, and 3624A-2) CSy=CS2=0V, CS3 = CS4=5.25V
lecz Power Supply Current (3604AL) Veez =_5.25V. Vee1 = Open
Active 100 130 mA | CS; =CSy=0.45V, CS3 =CSs =24V
Standby - 16 25 mA | CS;=CS,=2.5V
ViL Input “Low"” Voltage 0.85 \4 Vee = 5.0V
ViH Input “High” Voltage 20 | V | Vec=5.0v
3624A FAMILY ONLY
Symbol Parameter Min. | Typ.[1] Max. Unit Test Conditions
llol Output Leakage for High 100 nA Vo=5.25V or 0.45V,
Impedance Stage Vec=5.25V,CS,=CS,=2.4V
Igc (2] Output Short Circuit Current -20 | -25 -70 mA Vo = OV, Ve = 4.75V
VoH Output High Voltage 24 \ loy=-2.4mA, Vgc =4.75V

NOTES: 1. Typical values are at 25°C and at nominal voltage.
2. Unmeasured outputs are open during this test.
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3604A, 3624A FAMILY

A. C. Characteristics v¢c=+5v 5%, Ta =0°Cto +75°C

MAXIMUM LIMITS (ns
SYMBOL PARAMETER (ne) UNIT TEST CONDITIONS
3604A-2 3604A
3624A-2 3624A 00AAL
ta++, ta CSy=CS=V)_
\ t Address to Output Delay 60 70 90 ns and CS3 =CS4 =V
A to Select the PROM
ts4+ Chip Select to Output Delay 30 30 30 ns
ts— Chip Select to Output Delay 30 30 120 ns
Capacitance "' 1, - 25°c. f= 1 MHz
LIMITS
SYMBOL PARAMETER F—— UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF Vee =5V Vin=25V
Cins Chip-Select Input Capacitance 6 10 pF Vee =5V H Vin = 2.5V
Cout Output Capacitance 7 15 pF Vee =5V Vout =25V

NOTE 1: This parameter is only periodically sampled and is not 100% tested,

Switching Characteristics

Conditions of Test: 15 mA TEST LOAD Vee
Input pulse amplitudes - 2.5V ‘]7
Input pulse rise and fall times of 3 30092

5 nanoseconds between 1 volt and 2 volts O_I__A,
Speed measurements are made at 1.5 volt levels 30pF $ 60052
Output loading is 15 mA and 30 pF | bt
Frequency of test - 2.5 MHz =
Waveforms

ADDRESS TO OUTPUT DELAY

ADDRESS

INPUT f B

OUTPUT

Tass —

OUTPUT

tA'— e

—/15V

1.5v

\

{"s
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3605A, 3625A
4K (1K x 4) PROM

3605A-1, 3625A-1 50 ns Max.
3605A, 3625A 60 ns Max.

m = 10% Power Supply Tolerance = Open Collector (3605A) and Three-State

m Fast Access Time: 40 ns Typically (3625A) Outputs

m Lower Power Dissipation: 0.14 mW/Bit 4 pojycrystalline Silicon Fuse for Higher

Typically Reliability
= Simple Memory Expansion Two Chip
Select Inputs m Hermetic 18-Pin DIP

The Intel® 3605A and 3625A families are high density, 4096-bit bipolar PROMs organized as 1024 words by 4 bits. The
1024 by 4 organization gives ideal word or bit modularity for memory array expansion. The 3605A has open collector
outputs and the 3625A has three-state outputs. The 3605A and 3625A are fully specified over the 0°C to 75°C
temperature range with = 10% power supply variation. Maximum access times of 50 ns (3605A-2/3625A-2) and 60 ns
(3605A/3625A) are available at a typical power dissipation of 0.14 mW/bit.

The 3605A/3625A are packaged in an 18-pin dual in-line hermetic package with 300 milli-inch centers. Thus, twice the
bit density can be achieved with the 3605A/3625A in the same memory board areas as 512 by 8-bit PROMs in 24-pin
packages.

The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the 3605A and 3625A
families. All outputs are initially a logical high and logic low levels can be electrically programmed in selected bit loca-
tions.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
s B Vee = g —
A2 Ay —]a,
A 0s Ay e L [—: Ay —1
s P A, = :z o, Ay —1
a,0s o, & o | a
A Os o, —A O § — 64 X 64 ARRAY
A, 7 0, I :s As— g
sife o, =] A a— =
GNo e &= 1A Ag—i
= -
PIN NAMES ~—8| | 58
N
A-A,  ADDRESS INPUTS =
=3 CHIP SELECT INPUT f—1" 2
0,-0, OUTPUTS -
i ouTPUT
= BUFFER
24 5 4
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Absolute Maximum Ratings*

Temperature Under Bias .. ......... -65°C to +125°C *COMMENT

o o
Storage Temperature . ............ -65°C 10 +160°C Stresses above those listed under “Absolute Maximum
Output or Supply Voltages ......... -0.5V to 7 Volts Rating” may cause permanent damage to the device. This
All Input Voltages . . ................ -1V to 5.5V is a stress rating only and functional operation of the device
Output Currents . .. ... ..o vuennnnnnnns 100mA

at these or at any other condition above those indicated in
the operational sections of this specification is not implied.

D. C. Characteristics: Al Limits Apply for Vg = +5.0V £10%, Ta = 0°C to +75°C

Limits
Symbol Parameter Min. | Typ.[1] | Max. | Unit Test Conditions
lea Address Input Load Current -0.05 |[-0.25 [ mA Vee=5.5V, Va=0.45V
lgs Chip Select Input Load Current -0.05 | -025 | mA Vee=5.5V, Vs=0.45V
IrA Address Input Leakage Current 40 HA Vee=5.5V, Va = 5.5V
Irs Chip Select Input Leakage 40 HA Vee=5.5V, Vg = 5.5V
Current
Vea Address Input Clamp Voltage -0.9 -1.6 \' Vee=4.5V, |a=—10mA
Ves Chip Select Input Clamp -0.9 -1.5 \ Vee=4.5V, |s=-10mA
Voltage
VoL Output Low Voltage 0.3 0.45 \ Vee=4.5V, lgL=15mA
lcex 3605A Output Leakage Current 40 HA Vee=5.5V, Vge=5.5V
lec Power Supply Current 110 140 mA Vee=5.5V, Vao—V ag=0V,
C51=CSp=Vi
ViL Input “Low" Voltage 0.85 \'
\Y™ Input “High" Voltage 2.0 v
3625, 3625-2 ONLY
Symbol Parameter Min. | Typ.(1] Max. Unit Test Conditions
lol Output Leakage for High 40 HA Vo=6.5V or 0.45V,
Impedance Stage Vce=5.5V, C51=CSp=2.4V
|sc[1| Output Short Circuit Current -20 | -35 -80 mA Vo =0V
Vou Output High Voltage 24 A loH = =2.4mA, Vge = 4.5V

NOTES: 1. Unmeasured outputs are open during this test.



3065A, 3625A FAMILIES

A. C. Characteristics vcc=+5V £10%, Ta = 0°C to +75°C

Max. Limits
3605A-1 3605A . .
Symbol Parameter 3625A-1 3625A Unit Conditions
Kaadoes Address to Output Delay 50 60 ns C5;=CS,=V_
tA+.tAa—+
to select the
ts++ Chip Select to Output Delay 30 30 ns PROM.
ts_— Chip Select to Qutput Delay 30 30 ns
Capacitance '’ 1, = 25°c, f= 1 MHz
LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. MAX.
Cina Address Input Capacitance 8 pF Vee =5V Vin=25V
Cins Chip-Select Input Capacitance 4 8 pF Vee =5V Vin = 2.5V
Cour OLmutap;ci(anc: N 5 10 pF Vee =5V Vour =2.5V
NOTE 1: This parameter is only periodically samplad and is not 100% tested.
Switching Characteristics
Conditions of Test: 15mA TEST LOAD Vee
Input pulse amplitudes - 2.5V cf

Input pulse rise and fall times of

5 nanoseconds between 1 volt and 2 volts
Speed measurements are made at 1.5 volt levels

Output loading is 15 mA and 30 pF

Frequency of

test - 2.5 MHz

w
m
1h-S-AAA—-A
|-
w
g 8
=
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Waveforms

ADDRESS TO OUTPUT DELAY
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MODEL 220
INTELLEC® SERIES II
MICROCOMPUTER DEVELOPMENT SYSTEM

Complete Microcomputer Development System in
one package for MCS-80, MCS-85 and MCS-48
microprocessor families

Integral CRT with detachable upper/lower case
“typewriter” style full ASCII keyboard

Integral 250K-byte floppy disk with total storage
capacity expandable to over 2M bytes

Single LSI electronics board with CPU, 32K bytes
RAM memory and 4K bytes ROM memory

Built-in interfaces for High-Speed Paper Tape
Reader/Punch, Printer and Universal PROM Pro-
grammer

Eight-level nested, maskable priority interrupt sys-
tem

Powerful ISIS-Il Diskette Operating System with
Relocating Macro Assembler, Linker and Locater

Self-Test Diagnostic capability

Standard MULTIBUS with multiprocessor and
DMA capability

Compatible with standard Intellec/iSBC Expan-
sion Modules

Software compatible with previous Intellec Sys-
tems

The Intellec Series || Model 220 is a complete microcomputer development system integrated into one compact
package. It includes a CPU with 32K bytes of RAM memory, 4K bytes of ROM memory, a 2000-character CRT, detach-
able full ASCII keyboard with cursor controls and upper/lower case capability, and a 250K-byte floppy diskette drive.

Powerful ISIS-II Diskette Operating System software allows the Model 220 to be used quickly and efficiently for as-
sembly and debugging of programs for Intel's MCS-80, MCS-85 or MCS-48 microprocessor families without the need
for handling paper tape. ISIS-1l performs all file handling operations for the user, leaving him free to concentrate on the
details of his own application. When used in conjunction with an optional in-circuit emulator (ICE™) module, the
Model 220 provides all the hardware and software development tools necessary for the rapid development of a micro-

computer based product.

6-1



MODEL 220

MODEL 220 HARDWARE DESCRIPTION

The Intellec Series Il Model 220 is a packaged, highly
integrated microcomputer development system con-
sisting of a CRT chassis with 6-slot cardcage, power
supply, fans, cables, single floppy diskette drive and
two printed circuit cards. A separate, full ASCII
keyboard is connected with a cable. The master CPU
card contains its own microprocessor, memory, l/O, in-
terrupt and bus interface circuitry, fashioned from In-
tel's high-technology LSI components. Known as the in-
tegrated processor board (IPB), it occupies the first slot
in the cardcage. A second, slave CPU card, is responsi-
ble for all remaining I/O control, including the CRT and
keyboard interface and floppy disk control. This card,
mounted on the rear panel, also contains its own micro-
processor, RAM and ROM memory and /O interface,
thus in effect creating a dual processor environment.
Known as the /0O controller (I0C), the slave CPU card
communicates with the IPB over an 8-bit bidirectional
data bus, thus leaving the remaining 5 slots in the card-
cage available for system expansion.

The heart of the IPB is an Intel NMOS 8-bit microproces-
sor, the B080A-2, running at 2.6 MHz. 32K bytes of RAM
memory are provided on the board using Intel 16K
RAMs. 4K of ROM is provided, preprogrammed with
system bootstrap, “self-test" diagnostics and the Intel-
lec Series |l System Monitor. The 8-level vectored prior-
ity interrupt system allows interrupts to be individually
masked. Using Intel’s versatile 8259 interrupt controller,
the interrupt system may be user-programmed to re-
spond to individual needs.

The 1/O subsystem in the Model 220 consists of two
parts: the I0OC card and two serial channels on the IPB
itself. Each serial channel is RS232 compatible and is
capable of running asynchronously from 110 to 9600
baud or synchronously from 150 to 56K baud. Both may
be connected to a user-defined data set or data terminal.
One channel contains current loop adapters. Both chan-
nels are implemented using Intel's 8251 USART. They
can be programmatically selected to perform a variety of
110 functions. Baud rate selection is accomplished pro-
grammatically through an Intel 8253 Interval Timer. The
8253 also serves as a real-time clock for the entire
system. 1/O activity through both serial channels is
signaled to the system through a second 8259 interrupt
controller, operating in a polled mode, nested to the
primary 8259.

The remainder of system /O activity takes place in the
I0C. The IOC provides interfaces for the CRT, keyboard,
integral floppy disk and standard Intellec peripherals, in-
cluding printer, high-speed paper tape reader/punch and
Universal PROM Programmer.The IOC contains its own
independent microprocessor, also an 8080A-2. This CPU
controls all I/O operations, as well as supervising com-
munications with the IPB. 8K bytes of ROM contain all
11O control firmware. 8K bytes of RAM are used for CRT
screen refresh storage and the floppy disk buffer. These
do not occupy any space in Intellec Series Il main
memory since the I0OC is a totally independent micro-
computer subsystem.

62

The CRT is a 12-inch raster scan-type monitor with a
50/60 Hz vertical scan rate and 15.5 kHz horizontal scan
rate. Controls are provided for brightness and contrast
adjustments. The interface to the CRT is provided
through an Intel 8275 single-chip, programmable CRT
controller. The master processor on the IPB transfers a
character for display to the 10C, where it is stored in
RAM. The CRT controller reads a line at a time into its
line buffer through an Intel 8257 DMA Controller and
then feeds one character at a time to the character gen-
erator to produce the video signal. Timing for the CRT
control is provided by an Intel 8253 Interval Timer. The
screen display is formatted as 25 rows of 80 characters.
The full set of ASCII characters are displayed, including
lower-case alphas.

The keyboard interfaces directly to the 10C processor
via an 8-bit data bus. The keyboard contains an Intel
UPI-41 Universal Peripheral Interface which scans the
keyboard, encodes the characters and buffers the char-
acters to provide N-key rollover. The keyboard itself is a
high quality typewriter-style keyboard containing the
full ASCIl character set. An upper/lower case switch
allows the system to be used for document preparation.
Cursor control keys are also provided.

The floppy disk drive is controlled by an Intel 8271
single-chip, programmable floppy disk controller. It
transfers data via an Intel 8257 DMA Controller between
an lOC RAM buffer and the diskette. The 8271 handles
reading and writing of data, formatting diskettes and
reading status, all upon appropriate commands from the
10C microprocessor.

A UPI-41 Universal Peripheral Interface on the |IOC board
performs similar functions to the UPI-41 on the PIO
board in the Model 210. It provides interface for other
standard Intellec peripherals, including:

* Printer

* High-Speed Paper Tape Reader

* High-Speed Paper Tape Punch

* Universal PROM Programmer

Communication between the IPB and I0OC is maintained
over a separate, 8-bit bidirectional data bus. Connectors
for the devices named above, as well as the two serial
channels, are mounted directly on the 10C itself.

User control is maintained through a front panel con-
sisting of a power switch and indicator, reset/boot
switch, run/halt light, and 8 interrupt switches and indi-
cators. The front-panel circuit board is attached directly
to the IPB, allowing the 8 interrupt switches to connect
to the primary 8259, as well as the Intellec Series Il Bus.

All Intellec Series || models implement the industry-
standard MULTIBUS. It enables several bus masters,
such as CPU and DMA devices, to share the bus and
memory by operating at different priority levels. Resolu-
tion of bus exchanges is synchronized by a bus clock
signal which is derived independently from processor
clocks. Read/write transfers may take place at rates up
to 5 MHz. The bus structure is suitable for use with any
Intel microcomputer family.

The Model 220 may be expanded to 64K of RAM and up
to 2% million bytes of on-line diskette storage.
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SPECIFICATIONS
PHYSICAL
Dimensions: 19.13"” (48.59 cm) deep x 17.37" (44.12

cm) wide x 15.81" (40.16 cm) high

Weight: 86 Ib (39 kq)
Keyboard: 9" (22 cm) deep x 17.37" (44.12 cm)
wide x 3.0" (7.62 cm) high
Weight: 6 Ib (3 kg)
ELECTRICAL
DC Power Supply:
Volts Amps Typical
Supplied Supplied System Requirements
+ 545% 30 75
+12 +5% 25 0.2
-12 +5% 0.3 0.05
—10 5% 1.5 0.15
+15 +5% 1.5 1.3*
+24 +5% 1.7 1.2°

*Not available on bus.

AC Requirements: 50-60 Hz, 115/230 VAC

ENVIRONMENTAL
Operating Temperature: 0° to 35°C (95°F)

HOST PROCESSOR (IPB)

8080A-2 based, operating at 2.600 MHz.

RAM: 32K, expandable to 64K with SBC-032 RAM
boards (System Monitor occupies 62K through
64K).

ROM: 4K (2K in monitor, 2K in boot/diagnostic).
Bus: MULTIBUS, maximum transfer rate of 5 MHz.
Clocks: Host Processor, crystal controlled at 2.6 MHz.
Bus Clock, crystal controlled at 9.8304 MHz.
IO Interfaces:
2 Serial I/O Channels, RS232C, at 110-9600 baud
(asynchronous) or 150-56K baud (synchronous). Baud
rates and serial format fully programmable usingintel
8251 USARTSs. Serial Channel 1 additionally provided
with 20 mA current loop.
Parallel /O interfaces provided for paper tape punch,
paper tape reader, printer, and Universal PROM Pro-
grammer.
Interrupts:
8-level, maskable, nested priority interrupt network
initiated from front panel or user-selected devces.
Direct Memory Access (DMA):
Standard capability on MULTIBUS; implemented for
user-selected DMA devices through optional DMA
module — maximum transfer rate of 2 MHz.
Memory Access Time:
RAM: 585 ns
PROM: 450 ns
Diskette System Capacity: 250K bytes (Formatted)
Diskette Performance:
Diskette System Transfer Rate: 160K bits/sec.
Diskette System Access Time:
Track-to-Track: 10 ms
Average Random Positioning: 260 ms
Rotational Speed: 360 rpm
Average Rotational Latency: 83 ms
Recording Mode: FM
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EQUIPMENT SUPPLIED

Model 220 Chassis Installation and Service Guide (9800559)
Integrated Processor Board (IPB) ISIS-II System User's Guide (9800306)
/0O Controller Board (I0C) Hardware Reference Manual (9800556)
CRT and Keyboard Hardware Interface Manual (9800555)
250K-byte Floppy Disk Drive 8080/8085 Assembly Language Programming
ROM Resident System Monitor Manual (9800301)
ISIS-Il System Diskette with MCS-80/MCS-85 ISIS-11 8080/8085 Assembler Operator’'s Manual
Macro Assembler (9800692)
A Guide to Microcomputer Development Systems Monitor Source Listing (9800605)
(9800558) Schematic Drawings (9800554)
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MODEL 230
INTELLEC® SERIES I
MICROCOMPUTER DEVELOPMENT SYSTEM

Complete Microcomputer Development Center for
Intel MCS-80, MCS-85 and MCS-48 microproces-
sor families

Integral CRT with detachable upper/lower case
“typewriter-style " full ASCII keyboard

64K bytes RAM memory

1 million bytes (expandable to 2.5M bytes) of disk-
ette storage

LSI electronics board with CPU, RAM, ROM, 1/O
and interrupt circuitry

Built-in interfaces for High-Speed Paper Tape
Reader/Punch, Printer and Universal PROM Pro-
grammer

Powerful ISIS-Il Diskette Operating System Soft-
ware with Relocating Macro Assembler, Linker
and Locater

“Self-Test” Diagnostic capability

Standard MULTIBUS with multiprocessor and
DMA capability

Eight-level nested, maskable priority interrupt sys-
tem

Compatible with standard Intellec/iSBC Expan-
sion Modules

Software compatible with previous Intellec Sys-
tems

Supports PL/M and FORTRAN high level
languages

The Intellec Series || Model 230 Microcomputer Development System is a complete center for the development of
microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT,
detachable full ASCII keyboard and dual double-density diskette drives providing over 1 million bytes of en-line data

storage.

Powerful ISIS-II Diskette Operating System software allows the Model 230 to be used quickly and efficiently for
assembly and/or compilation and debugging of programs for Intel's MCS-80, MCS-85 or MCS-48 microprocessor
families without the need for handling paper tape. ISIS-Il performs all file handling operations for the user, leaving him
free to concentrate on the details of his own application. When used in conjunction with an optional in-circuit
emulator (ICETM) module, the Model 230 provides all the hardware and software development tools necessary for the

rapid development of a microcomputer-based produrt.
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MODEL 230 HARDWARE DESCRIPTION

The Intellec Series |l Model 230 is a packaged, highly in-
tegrated microcomputer development system consist-
ing of a CRT chassis with 6-slot cardcage, power supply,
fans, cables, and five printed circuit cards. A separate,
full ASCII keyboard is connected with a cable. A second
chassis contains two floppy disk drives capable of
double-density operation along with a separate power
supply, fans and cables for connection to the main
chassis.

The master CPU card contains its own microprocessor,
memory, /O, interrupt and bus interface circuitry fash-
ioned from Intel's high technology LSI components.
Known as the integrated processor board (IPB), it occu-
pies the first slot in the cardcage. A second slave CPU
card is responsible for all remaining I/O control includ-
ing the CRT and keyboard interface. This card, mounted
on the rear panel, also contains its own microprocessor,
RAM and ROM memory, and I/O interface logic, thus, in
effect, creating a dual processor environment. Known
as the /0 controller (10C), the slave CPU card com-
municates with the IPB over an 8-bit bidirectional data
bus. In addition, 32K bytes of RAM (bringing the total to
64K bytes) is located on a separate card in the main
cardcage. Fabricated from Intel's 16K RAMs, the board
also contains all necessary address decoding and
refresh logic. Two additional boards in the cardcage are
used to control the two double-density floppy disk
drives. Two remaining slots in the cardcage are
available for system expansion. Additional expansion of
4 slots can be achieved through the addition of an In-
tellec Series Il Expansion Chassis.

The heart of the IPB is an Intel NMOS 8-bit microproces-
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM
memory are provided on the board using Intel 16K
RAMs. 4K of ROM is provided, preprogrammed with
system bootstrap, “self-test” diagnostics and the
Intellec Series Il System Monitor. The 8-level vectored
priority interrupt system allows interrupts to be in-
dividually masked. Using Intel's versatile 8259 Interrupt
Controller, the interrupt system may be user pro-
grammed to respond to individual needs.

The 1/0 subsystem in the Model 230 consists of two
parts: the 10C card and two serial channels on the IPB
itself. Each serial channel is RS232 compatible and is
capable of running asynchronously from 110 to 9600
baud or synchronously from 150 to 56K baud. Both may
be connected to a user-defined data set or terminal. One
channel contains current loop adapters. Both channels
are implemented using Intel's 8251 USART. They can be
programmatically selected to perform a variety of I/O
functions. Baud rate selection is accomplished pro-
grammatically through an Intel 8253 Interval Timer. The
8253 also serves as a real-time clock for the entire sys-
tem. /0O activity through both serial channels is signaled
to the system through a second 8259 interrupt con-
troller, operating in a polled mode nested to the primary
8259.

The remainder of system I/O activity takes place in the
I0C. The IOC provides interface for the CRT, keyboard,
and standard Intellec peripherals including printer, high-

speed paper tape reader/punch and Universal PROM
Programmer. The |OC contains its own independent
microprocessor, also an 8080A-2. The CPU controls all
11O operations as well as supervising communications
with the IPB. 8K bytes of ROM contain all /O control
firmware. 8K bytes of RAM are used for CRT screen
refresh storage. These do not occupy space in Intellec
Series Il main memory since the I0C is a totally inde-
pendent microcomputer subsystem.

The CRT is a 12-inch raster scan type monitor with a
50/60 Hz vertical scan rate and 15.5 kHz horizontal scan
rate. Controls are provided for brightness and contrast
adjustments. The interface to the CRT is provided
through an Intel 8275 Single Chip Programmable CRT
Controller. The master processor on the IPB transfers a
character for display to the I0C, where it is stored in
RAM. The CRT controller reads a line at a time into its
line buffer through an Intel 8257 DMA Controller and
then feeds one character at a time to the character
generator to produce the video signal. Timing for the
CRT control is provided by an Intel 8253 Interval Timer.
The screen display is formatted as 25 rows of 80 charac-
ters. The full set of ASCII characters are displayed, in-
cluding lower case alphas.

The keyboard interfaces directly to the 10C processor
via an 8-bit data bus. The keyboard contains an Intel
UPI-41 Universal Peripheral Interface which scans the
keyboard, encodes the characters and buffers the
characters to provide N-key rollover. The keyboard itself
is a high quality typewriter style keyboard containing
the full ASCII character set. An upper/lower case switch
allows the system to be used for document preparation.
Cursor control keys are also provided.

A UPI-41 Universal Peripheral Interface on the I0C board
performs similar functions to the UPI-41 on the PIO
board in the Model 210. It provides interface for other
standard Intellec peripherals including:

* Printer

* High-Speed Paper Tape Reader
* High-Speed Paper Tape Punch
* Universal PROM Programmer

Communication between the IPB and |IOC is maintained
over a separate 8-bit bidirectional data bus. Connectors
for the 4 devices named above, as well as the two serial
channels, are mounted directly on the IOC itself.

User control is maintained through a front panel,
consisting of a power switch and indicator, reset/boot
switch, run/halt light and 8 interrupt switches and
indicators. The front panel circuit board is attached
directly to the IPB, allowing the 8 interrupt switches to
connect to the primary 8259, as well as the Intellec
Series |l Bus.

The Intellec Series Il double-density diskette system
provides direct access bulk storage, intelligent con-
troller, and two diskette drives. Each drive provides 1/2
million bytes of storage with a data transfer rate of
500,000 bits/second. The controller is implemented with
Intel’s powerful Series 3000 Bipolar Microcomputer Set.
The controller provides an interface to the Intellec
Series |l system bus, as well as supporting up to four
diskette drives. The diskette system records all data in
soft sector format.
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The diskette controller consists of two boards, the
Channel Board and the Interface Board. These two PC
boards reside in the Intellec Series |l system chassis
and constitute the diskette controller.

The Channel Board receives, decodes and responds to
channel commands from the 8080A-2 CPU in the Model
230. The Interface Board provides the diskette con-
troller with a means of communication with the diskette
drives and with the Intellec system bus. The Interface
Board validates data during reads using a cyclic redun-
dancy check (CRC) polynomial and generates CRC data
during write operations. When the diskette controller
requires access to Intellec system memory, the Inter-
face Board requests and maintains DMA master control
of the system bus, and generates the appropriate
memory command. The Interface Board also acknowl-
edges I/0O commands as required by the Intellec bus.

The diskette system is capable of performing seven
different operations: recalibrate, seek, format track,
write data, write deleted data, read data, and verify CRC.

In addition to supporting a second set of double-density
drives, the diskette controller may co-reside with the
Intel single density controller to allow up to 2.5 million
bytes of on-line storage.

All Intellec Series Il models implement the industry
standard MULTIBUS. It enables several bus masters
such as CPU and DMA devices to share the bus and
memory by operating at different priority levels. Resolu-
tion of bus exchanges is synchronized by a bus clock
signal which is derived independently from processor
clocks. Read/write transfers may take place at rates up
to 5 MHz. The bus structure is suitable for use with any
Intel microcomputer family.

SPECIFICATIONS

PHYSICAL
Dimensions: 19.13" (48.59 cm) deep x 17.37" (44.12
cm) wide x 15.81" (40.16 cm) high
Weight: 73 Ib (33 Kg)
Keyboard: 9" (22.86 cm) deep x 17.37" (44.12 cm)
wide x 3.0" (7.62 cm) high
Weight: 6 Ib (3 Kg)
Dual Drive 19.0” (48.26 cm) deep x 16.88" (42.88
Chassis: cm) wide x 12.08" (30.68 cm) high
Weight: 64 Ib (29 Kg)
ELECTRICAL
DC Power Supply:
Volts Amps Typical
Supplied Supplied System Requirements
+5 +5% 30 14.25
+12 +5% 25 0.2
-12 +5% 0.3 0.05
-10 +5% 15 15
2 +15 +5% 15 1.3
® +24 5% 1.7

*Not available on bus.

AC Requirements: 50/60 Hz, 115/230 VAC

ENVIRONMENTAL
Operating Temperature: 0° to 35°C (95°F)

HOST PROCESSOR (IPB)
RAM: 64K (System Monitor occupies 62K through 64K).
ROM: 4K (2K in monitor, 2K in boot/diagnostic).

6-7

Diskette System Capacity (Basic Two Drives):
Unformatted
Per Disk: 6.2 megabits
Per Track: 82.0 kilobits
Formatted
Per Disk: 4.1 megabits
Per Track: 53.2 kilobits
Diskette Performance:
Diskette System Transfer Rate: 500 kilobits/sec
Diskette System Access Time
Track-to-Track: 10 ms
Head Settling Time: 10 ms
Average Random Positioning Time: 260 ms
Rotational Speed: 360 rpm
Average Rotational Latency: 83 ms
Recording Mode: M?FM

EQUIPMENT SUPPLIED

Model 230 Chassis

Integrated Processor Board (IPB)

110 Controller Board (I0C)

32K RAM Board

CRT and Keyboard

Double-Density Floppy Disk Controller (2 boards)

Dual-Drive Floppy Disk Chassis and Cables

2 Floppy Disk Drives (512K byte capacity each)

ROM-Resident System Monitor

ISIS-Il System Diskette with MCS-80/MCS-85 Macro
Assembler

A Guide to Microcomputer Development Systems
(9800558)

Installation and Service Guide (9800550)

ISIS-Il System User's Guide (9800306)

Hardware Reference Manual (9800556)

Hardware Interface Manual (9800555)

8080/8085 Assembly Language Programming
Manual (9800301)

ISIS-11 8080/8085 Assembler Operator's
Manual (3800292)

Monitor Source Listing (9800605)

Schematic Drawings (9800554)
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intal

ISIS-II

DISKETTE OPERATING SYSTEM
MICROCOMPUTER DEVELOPMENT SYSTEM

Supports up to four double density drives and two
single density drives, providing up to 2.5 Mega-
bytes of storage in one system with up to 200 files
per diskette

Supports resident, high level programming lan-
guages, PL/M and FORTRAN

Relocating MCS-80/MCS-85 macro assembler con-
tains extended macro and conditional assembly
capability

Linker automatically combines separately as-
sembled or compiled programs into a single
relocatable module

Library Manager™ creates and updates program
libraries

Command file facility allows console commands
to be submitted from a diskette file

Diskette system text editor provides string
search, substitution, insertions, and deletion
commands

Diskette operating system functions are callable
from user programs

Access to all Intellec monitor facilities provided

Dynamic allocation and de-allocation of diskette
sectors for variable length files

Supports all standard Intellec peripherals

The ISIS-1I Diskette Operating System is a sophisticated, general purpose, high-speed data handler and file manipula-
tion system. It provides the ability to edit, assemble, compile, link, relocate, execute and debug programs, and per-

forms all file management tasks for the user.

The ISIS-1l operating system resides on the system diskette and supports a broad range of user-oriented design aid
software. Total file management and input editing features greatly reduce software development time. The ISIS-II
Relocating Macro Assembler, Linker, Object Locator and Library Manager can be loaded from the diskette in seconds.
All passes of the assembler can be executed without the need for user intervention. Object code and listings may be
directed to any output device, or stored as diskette files.

Powerful system console commands are provided in an easy-to-use context. Monitor mode can be entered by a special

prefix to any system command or program call.

6-9



ISIS-Il DISKETTE OPERATING SYSTEM

ISIS-Il FILES

A file is a user-defined collection of information of
variable length. ISIS-Il also treats each of the standard
Intellec® system peripherals as files through pre-
assignment of unique file names to each device. In this
manner data can be copied from one device to another
(i.e., tape reader to tape punch) using the same
command required to copy one diskette data file to
another. ISIS-Il provides automatic implementation of
random access disk files. Each file is identified by a
user-chosen name unique on its diskette. Up to 200 files
may be stored on each diskette.

ISIS-1l SYSTEM COMMANDS

ISIS-II system commands are designed to provide the
user with a powerful, easy-to-use program and file
manipulation capability. Several commands have the
capability of operating on several files at once via the
wildcard file-naming convention. As an example, the
command “DELETE «.0BJ" deletes all files in the
diskette directory with the suffix “.0BJ".

IDISK Initializes a diskette for use by the
system. Requires only one disk drive.

ATTRIB Assigns specified attributes to a file,
such as write-protect.

COPY Creates copies of existing diskette files
or transfers files from one device to
another.

DELETE Removes a file from the diskette, thereby
freeing space for allocation of other files.

DIR Lists name, size and attributes of files
from a specified diskette directory.

RENAME Allows diskette files to be renamed.

FORMAT Initializes a diskette for use by the
system. (Use with two or more drives.)

DEBUG Loads a specified program from a
diskette into memory and then transfers
control to the Intellec monitor for execu-
tion and or debugging.

SUBMIT  Provides the capability to execute a
series of ISIS-Il commands which have
been previously written to a diskette file.

ISIS-Il SYSTEM CALL CAPABILITY

The DELETE, RENAME and ATTRIB system commands,
along with a set of file I/O routines, are callable from
user-written programs. This allows the user to open,
close, read and write diskette files, access standard
peripheral devices, write error messages and load other
programs via simple program call statements.

6-10

ISIS-Il TEXT EDITOR

The ISIS-Il Text Editor is a comprehensive tool for the
entry and correction of assembly language, PUM and
FORTRAN programs for Intel® microcomputers. Its
command set allows manipulation of either entire lines
of text or individual characters within a line.

Programs may be entered from the console keyboard or
may be loaded directly. Text is stored internally in the
editor's workspace, and may be edited with the follow-
ing commands:

* string insertion or deletion
* string search
* string substitution

To facilitate the use of these editing commands, utility
commands are used to change positions in the
workspace. These include:

* move pointer by line or by character
* move pointer to start of workspace
* move pointer to end of workspace

The contents of the workspace are stored on diskette
and can be immediately accessed by ISIS-Il commands
or other programs, such as the ISIS-Il MCS-80/MCS-85
Macro Assembler.

ISIS-Il MCS-80/MCS-85 RELOCATING
MACRO ASSEMBLER

The ISIS-1l MCS-80/MCS-85 Macro Assembler translates
assembly language mnemonics into relocatable and/or
absolute object code modules. In addition to elimi-
nating the errors of hand translation, the ability to refer
to program addresses with symbolic names makes it
easy to modify programs by adding or deleting instruc-
tions. Extended macro capability eliminates the need to
rewrite similar sections of code repeatedly and simpli-
fies program documentation. Conditional assembly per-
mits the assembler to include or delete sections of code
which may vary from system to system, such as the
code required to handle optional external devices.

In addition, the user is allowed complete freedom in
assigning the location of code, data and stack seg-
ments.

The ISIS-Il Assembler accepts diskette file input and
produces a relocatable object file with corresponding
symbol table and assembly listing file, including any
error messages. A cross reference listing is also option-
ally produced. The list file may then be examined from
the system console or copied to a specified list device.

The relocatable object file generated by the assembler
may be combined with other object programs residing
on the diskette to form a single relocatable object mod-
ule or it can be converted to an absolute form for subse-
quent loading and execution.



ISIS-Il DISKETTE OPERATING SYSTEM

ISIS-II LINKER

The ISIS-II LINKER provides the capability to combine
the outputs of several independently compiled or
assembled object modules (files) into a single relocat-
able object module. The LINKER automatically resolves
all external program and data references during the link-
ing process.

Object modules produced from previous link operations
may be easily linked to a new module. ISIS-Il also pro-
vides facilities to ease the generation of overlays.
An optional link map showing the contents and lengths
of each segment in the output module can be requested.
All unsatisfied external references are also listed.

If requested by the user, the ISIS-I| LINKER can search a
specified set of program libraries for routines to be in-
cluded in the output module.

ISIS-Il OBJECT LOCATOR

The ISIS-Il LOCATE program takes output from either
the resident FORTRAN or PLUM compilers, the macro

assembler or the LINKER and transforms that output
from a relocatable format to an absolute format which
may then be loaded via the standard ISIS-Il loader, or
loaded into the appropriate In-Circuit Emulator (ICE)
module.

During the LOCATE process, code, data and stack seg-
ments can be separately relocated, allowing code to be
put in areas to be subsequently specified as ROM, while
data and the stack can be directed to RAM addresses.

A LOCATE map showing absolute addresses for each
code and data segment and a symbol table dump listing
symbols, attributes and absolute address can also be re-
quested.

ISIS-Il LIBRARY MANAGER

The ISIS-Il LIBRARY MANAGER program provides for
the creation and maintenance of a program library con-
taining Intel-provided and user-written programs and
subroutines. These library routines can be linked to a
program using the ISIS-II LINKER. Several libraries,
each containing its own set of routines, can be created.

ISIS
r’ LOADER
18IS RELOCATABLE '
|| o L (rommman) "SRR |  (omoomun
EDITOR MODULE UBRARIES |
\ !
| DEBUG
l—. VIA
i MONITOR
v
SIS0 PLIM-IO HELOCATABLE '
TERT —*>| sounce 0BJECT [ —wd LNKER )— LOCATE |
EDITOR MODULE |
4
OPTIONAL
' ICE80"™
= ICEas™
INCIRCUIT
| EMULATOR
151511 /
181841 ASSEMBLY RELOCATING RELOCATABLE [
TEXT —| LANGUAGE |—#| MACRO — ) OBJECT
EDITOR SOURCE ASSEMBLER, MODULE |
L PROM
*| rroGRAMMER

PROGRAM DEVELOPMENT FLOW USING ISIS:II DISK OPERATING SYSTEM
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intel
PL/M-80

HIGH LEVEL PROGRAMMING LANGUAGE
INTELLEC® RESIDENT COMPILER

Cuts software development and maintenance Produces relocatable and linkable object code
costs

Speeds project completion * Resident operation on Intellec® Microcomputer
Development System and Intellec® Series |l

Improves product reliability Microcomputer Development Systems

Eases enhancements as system capabilities ex- Sophisticated code optimization reduces applica-

pand tion memory requirements

PL/M-80 is an advanced, high-level programming language for Intel® 8080 and 8085 Microprocessors, iISBC-80 OEM
Computer Systems and Intellec® Microcomputer Development Systems. PL/M has been substantially enhanced since
its introduction in 1973 and has become one of the most effective and powerful microprocessor systems implementa-
tion tools available. It is easy to learn, facilitates rapid program development and debugging, and significantly reduces
maintenance costs.

PL/M is a powerful, high-level algorithmic language in which program statements can naturally express the algorithm
to be programmed. This frees programmers to concentrate on their system development without having to deal with
assembly language details (such as register allocation, meanings of assembler mnemonics, etc.).

The PLUM compiler efficiently converts free-form PL/M programs into equivalent 8080/8085 instructions. Substantially
fewer PLUM statements are necessary for a given application than if it were programmed at the assembly language or
machine code level.

Since PL/M programs are problem oriented and more compact, programming in PL/M results in a high degree of pro-
ductivity during development efforts. This translates into significant reductions in software development and mainte-
nance costs for the user.

GOUBLE Densiry
W v s
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PL/M-80

FEATURES

Major features of the Intel PL/IM-80 Compiler and pro-
gramming language include:

Resident operation on the Intellec® Microcomputer
Development System eliminates the need for a large
in-house computer or costly tlmesharing system,

Generation of relocatable and linkable. object code
permits PL/M programs to be developed and debug-
ged in small modules. These modules can be easily
linked with other modules and/or library routines to
form a complete application.

Extensive code optimization results in generation of
short, efficient CPU instruction sequences. Major op-
timizations include compile time’ arithmetic, con-
stant subscript resolution, and common subexpres-
sion elimination.

The PUM Compiler fully supports symbolic debug-
ging with the ICE-80™ and ICE-85™ In-Circuit Emula-
tors.

Compile time options include general listing format
commands, symbol table listing, cross reference
listing, and “innerlist" of generated assembly lan-
guage instructions.

Block structure aids in utilization of structured pro-
gramming techniques.

High level PUM statements prdvlde access to hard-
ware resources (interrupt sysfems, absolute ad-
dresses, CPU input/output pons)

Complex data structures may be defined at a high
level.

Re-entrant procequres may be speclfled as a user op-
tion.

BENEFITS

PLUM is designed to be an efficient, cost-effective solu-
tion to the special requirements of microcomputer soft-
ware development as illustrated by the following
benefits af PL/IM use:

Low Learning effort — PL/M is very easy to learn even
for the novice programmer.

Earlier Project Completion — Critical projects are
completed much earlier than otherwise possible
because PL/M substantially increases programmer
productivity.

Lower Development Cost — Increases in program-
mer productivity transiate into lower software
development costs because less programming
resources are required for a given function.

Increased Reliabllity — PL/M is designed to assist in
the development of reliable software (PL/M programs
are simple statements of the program algorithm).
This substantially reduces the risk of costly correc-
tion of errors in systems that have aleady reached full
production status because a simply stated program
is more likely to correctly perform its intended func-
tion.

Easler Enhancements and Maintenance — Programs
written in PUM are easier to read and easier to
understand. This means it is easier to enhance and
maintain PUM programs as system capabilities ex-
pand and future products are developed.

Simpler Project Development — The Intellec®
Microcomputer Development System, with resident
PL/M-80, is all that is needed for development and
debugging of software for 8080 and 8085 microcom-
puters. This reduces development time and cost
because expensive (and remote) timesharing or large
computers are not required.

T R e

181511
LOADER

s & . FORTRAN.0 FORTRAN:-80 A O ATADLE PROGRAM
EOITOR | SOURCE conmu e LIBRARIES |
DESUG
| — VIA
\ ‘ MONITOR
1SIS1) PLIMEO " | ReLocaTasLE »
E;ﬁ‘ga =™ ' sousce . [ > :gﬁﬂ - LINKER —»| LOCATE  |—»
\ { < OPTIONAL
| ICE-80™
J ] ICE-85'%
/ IN-CIRCUIT
e J EMULATOR
151511 \
151811 ASSEMBLY MELOCATING RELOCATABLE
TEXT —=1 LANGUAGE MACRO + | OBJECT
EDITOR SOURCE ASSEMBLER, MODULE

PROGAAMMER

The PLUM Compiler is an efficient multiphase compiler that accepts source programs, translates them into object
code, and produces requested listings. After compilation, the object program may be linked to other modules, located
toa specmc area of memory, then executed. The diagram shown above illustrates a program development cycle where
the program consists of three modules, one Pl._JM one Fortran, and the other assembly language.

i ety
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PL/M-80

PL/M-80 COMPILER FACTORIAL GENERATOR — PROCEDURE
$OBJECT(:F1:FACT.OB2)
$DEBUG
$XREF
STITLE(‘FACTORIAL GENERATOR — PROCEDURE’)
$SPAGEWIDTH(80)
1 FACT:
DO;
2 1 DECLARE NUMCH BYTE PUBLIC;
3 1 FACTORIAL: PROCEDURE (NUM PTR) PUBLIC;
4 2 DECLARE NUM BYTE, PTR ADDRESS;
5 2 DECLARE DIGITS BASED PTR (161) BYTE;
6 2 DECLARE (I,C,M) BYTE;
7 2 NUMCH=1; DIGITS(1)=1;
9 2 DOM=1TONUM,;
10 3 =0;
11 3 DO [ =1 TO NUMCH;
12 4 DIGITS(I) = DIGITS(I) *M + C;
13 4 C = DIGITS(1)/10;
14 4 DIGITS(I) = DIGITS(I) — 10 * C;
15 4 END;
16 3 IF C<>0THEN
17 3 DO;
18 4 NUMCH = NUMCH+1; DIGITS (NUMCH)=C;
20 4 C = DIGITS(NUMCH)/10;
21 4 DIGITS(NUMCH) = DIGITS(NUMCH) — 10 * C;
22 4 END
END;
24 2 END FACTORIAL;
25 1 END;
SPECIFICATIONS Required software
ISIS-II Diskette Operating System
Operating Environment:
Required hardware
Intellec® Microcomputer Development System Documentation Package:

65K bytes of memory

Dual diskette drives

System console — teletype
Optional hardware

CRT as system console

Line printer

PL/M Programming Manual
1SIS-1I PL/M-80 Compiler Operator's Manual

Shipping Media:
Diskette
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|nte| MICROCOMPUTER DEVELOPMENT SYSTEMS

ICE-85™
MCS-85™ IN-CIRCUIT EMULATOR

Connects the Intellec® System Resources to the Displays trace data from the user’s 8085 in assem-
user-configured system via a 40-pin adaptor plug bler mnemonics and allows personality groupings

; ; of data sampled by the external 18-channel trace
Executes user system software in real-time module

Allows user-configured system to share Intellec®

memory and 1/O facilities Extends ICE capabilities to the rest of the proto-
i type system peripheral circuitry by allowing the

Provides 1023 states of 8085 trace data plus 18 yser to execute his own peripheral chip analysis

additional logic signals via an External Trace Mod- routines

ule

Offers full symbolic debugging capability for both Provides ability to examine and alter MCS-85™
assembly language and Intel’s high-level compiler registers, memory, flag values, interrupt bits and
language, PL/M-80 1/0 ports

The ICE-85 module resides in the Intellec® Microcomputer Development System and interfaces to the user system’s 8085. In
addition, an external trace module provides access to user system peripheral circuitry via a user-configured DIP clip for periph-
eral ICs or may be attached to as many as 18 separate prototype signal nodes via individual probe clips. Using the |ICE-85
module, the designer can execute pratotype software in real-time or single-step mode and can substitute Intellec® system
memory and 1/O for user system equivalent. ICE capability can be extended to the rest of the user system peripheral circuitry
by allowing the user to create and execute a library of user-defined peripheral chip analyzer routines. All user access to the
prototype system software may be done symbolically by assigning names to program locations and data, 1/0O ports and groups
of external trace signals. For the first time, in-circuit emulation extends beyond the user’s prototype CPU to the entire user’s
system, allowing In-System Emulation.

R TV
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MCS-85™ IN-CIRCUIT EMULATOR

SYMBOLIC DEBUGGING CAPABILITY

ICE-85 allows the user to make symbolic references to 1/0
ports, memory addresses and data in his program. Symbols
and PL/M statement number may be substituted for numer-
ic values in any of the ICE-85 commands. The user is re-
lieved from looking up addresses of variables or program
subroutines.

The user symbol table generated along with the object file
during a PL/M-80 compilation or by the ISIS-1| 8080/8085
Macro Assembler is loaded into the Intellec® System mem-
ory along with the user program which is to be emulated.
The user may add to this symbol tabie any additional
symbolic values for memory addresses, constants, or vari-
ables that are found useful during system debugging. By
referring to symbol memory addresses, the user can exam-
ine, change or break at the intended location.

ICE-85 provides symbolic definition of all 8085 registers,
interrupt bits and flags. The following symbolic references
are also provided for user convenience: TIMER, the low-
order 16 bits of a register containing the number of 2 MHz
clock pulses elapsed during emulation; HTIMER, the high-
order 16 bits of the timer counter; PPC, the address of the
last instruction emulated; BUFFERSIZE, the number of
frames of valid trace data (between 0 and 1022).

PERSONALITY GROUPED DISPLAYS

Trace data in the 1023 by 42-channel real-time trace mem-
ory buffer is displayed in easy to read format. The user has
the option to specify trace data displays in actual 8085
assembler instruction mnemonics. The data collected from
the External Trace Module can be grouped and symbolic-
ally named according to user specifications and displayed in
the appropriate number base designation. Simple ICE-85
commands allow the user to select any portion of the 42K-
bit trace buffer for immediate display.

MEMORY AND 1/0 MAPPING

Memory and 1/0 for the user system can be resident in the
user system or “borrowed” from the Intellec® System
through ICE-85's mapping capability.

ICE-85 separates user memory into 32 2K blocks. Each
block of memory can be defined independently. The user
may assign Intellec® System equivalents to take the place
of devices not yet designed for the user system during pro-
totyping. In addition, Intellec® System memory or 1/O can
be accessed in place of suspect user system devices during
prototyping or production checkout.

The user can also designate a block of memory or 1/O as
nonexistent. |ICE-85 issues error messages when memory
or 1/O designated as nonexistent is accessed by the user
program.
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INTEGRATED HARDWARE/SOFTWARE
DEVELOPMENT

The user prototype need consist of no more than an 8085
CPU socket and a user bus to begin integration of software
and hardware development efforts. Through ICE-85 map-
ping capabilities, Intellec® System equivalents can be
accessed for missing prototype hardware. Hardware desidns
can be tested using the system software which will drive the
final product.

The system integration phase, which can be so costly when
attempting to mesh completed hardware and software
products, becomes a convenient two-way debug tool when
begun early in the design cycle.

TYPICAL ICE INTERROGATION AND
UTILITY COMMANDS

DISPLAY/ Display/Changes the values of symbols and

CHANGE the contents of 8085 registers, pseudo-
registers, status flags, interrupt bits, 1/0 ports
and memory.

EVALU- Displays the value of an expression in the

ATE binary, octal, decimal or hexadecimal.

SEARCH  Searches user memory between locations in a
user program for specified contents.

CALL Emulates a procedure starting at a specified
memory address in user memory.

ICALL Executes a user-supplied procedure starting at
a specified memory address in the Intellec®
System memory.

EXECUTE Saves emulated program registers and emu-

lates a user-supplied subroutine to access
peripheral chips in the user’s system.
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MCS-85™ IN-CIRCUIT EMULATOR

REAL TIME TRACE

ICE-85 captures valuable trace information from the emu-
lating CPU and the External Trace Module while the user is
executing programs in real time. The 8085 status, the user
memory or port addressed, the data read or written, the
serial data lines and data from 18 external signals, is stored
for the last 1023 machine states executed (511 machine
cycles). This provides ample data for determining how the
user system was reacting prior to emulation break. It is
available whether the break was user-initiated or the result
of an error condition.

For detailed information on the actions of CPU registers,
flags, or other system operations, the user may operate in
single or multi-step sequences tailored to system debug
needs.

N
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-

EMULATION CONTROLS AND COMMANDS

GROUP Defines into a symbolically named group, a
channel or combination of channels from the
8085 Microcprocessor and/or the External

Trace Module.

Initiates real-time emulation and controls
emulation break conditions.

GO

STEP Initiates emulation in single instruction steps.
User may specify the type and amount of
information displayed . following each step,
and define conditions under which stepping

should continue,

PRINT Prints the user-specified portion of the trace

memory to the selected list device.

EXTERNAL TRACE MODULE

TTL level signals from 18 points in the user system may be
synchronously sampled by the External Trace Module and
collected in ICE-85's trace buffer. The signals can be col-
lected from a single peripheral chip via the supplied 40-pin
DIP clip or may be placed by the user on up to 18 separate
signal nodes using the supplied 18 individual probe clips.
These signals are included in the 42-channel breakpoint
comparisons and clock qualifiers. Also, data from these
18 channels may be displayed in each to read, user-defined
groupings,

SYNCHRONOUS OPERATION WITH OTHER DESIGN
AIDS

ICE-85 can be synchronized with other Intellec® design
aids by means of two external synchronization lines. These
lines are used to enable and disable ICE-85 trace data
collection and to cause break conditions based on an
external signal which may not be included in the ICE-85
breakpoint registers. In addition, |ICE-8B5 can generate sig-
nals on these lines which may be used to control other
design aids.

BREAK REGISTERS/TRACE MEMORY

ICE-85 has two breakpoint registers which are used to
break emulation, and two trace qualifier registers which are
used to control the collection of trace data during emula-
tion. Each register is 42 entries wide, one entry for each
channel and each entry can take any one of the three values
0, 1 or “don’t care”.

The trace buffer, also 42 entries wide, collects data sampled
from 24 8085 processor channels and 18 external channels
sampled by the External Trace Module. The signals col-
lected from the 8085 include address lines, data lines, status
lines and serial input and output lines. The 18 channels
extending from the External Trace Module synchronously
sample and collect into the trace buffer any user-specified
TTL compatible signal from the rest of the prototype
system. “Break” and ‘“trace qualification’’-may therefore
occur as a result of a match of any combination of up to 42
channels of CPU and external circuitry signals.
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MCS-85™ IN-CIRCUIT EMULATOR

SPECIFICATIONS

ICE-85 OPERATING ENVIRONMENT
Diskette-Based ICE-85 Software

PHYSICAL CHARACTERISTICS
Printed Circuit Boards:

Reguivd tiariwars: Width: 12,00 in. (30.48 cm)
Intellec® Microcomputer Development System Height: 6.75in. (17.15cm)
System Console Depth: . 0.50in. (1.27 cm)
Intellec®.Diskette Operating System Packaged Weight: 6.001b (2.73 kg)

|CE-85 Module
Required Software:
System Monitor

ELECTRICAL CHARACTERISTICS

1SI1S-11 DC Power:
Vee = +5V 6%
EQUIPMENT SUPPLIED lec = 12A maximum; 10A typical
Vpp = +12V #5%
18-Channel External Trace Module Ipp = 80 mA maximum; 60 mA typical
Printed Circuit Boards (2) Vgg = —-10V 5%
Interface Cable and Emulation Buffer Module Igg = 30 mA maximum; 10 pA typical

Operator’s Manual
ICE-85 Software, Diskette-Based Version
ENVIRONMENTAL CHARACTERISTICS

Operating Temperature: 0° t0 40°C
Operating Humidity: Up to 95% relative humidity with-
out condensation.

EMULATION CLOCK

User’s system clock or ICE-85 adaptor socket
(6.144 MHz Crystal)

ICE-85 CONTROL BOARD

| '
3 512BYTES MOS BUS MoS
I ROM RAM TmERS CONTROL CONTROL I
| U g U il i
I =y ' |
ama | 1 oouraotien
i ELOGK PRocEsSOR. [N ﬁ L i
I - ]
I A EMULATION A e I
' — CONTROL MAP — .
- —— e — — —— —— — b = —— — ] e — - — —— —— e o —— o — - -— - ——
l_ J > SYNCO
l [ DATA uséR
SELECTION DATA
| TRACE MEMORY A ﬂ BR INT I I |
| uu:ﬁglsﬁ M r &2 il LI n | A
| REGISTERS — | I & )
Fa~ [ & CHIPBATA |\ { yo usen's

! I l A [l ¢ CONTROL 1 BOCKET,
| TRACE DATA Wi | Y J ADDRESS

5 i
| TIME CLOCK b ({7 ex LI U conThoL — I
l[— FORCE TRACE fueal Lo svne
\CEa@s TRACEBOARD =il 6085 CHIP CONVROLLER ~ ~— =~ -

__________ 7
Ui
SIGNAL BUFFERS G
18 EXTERNAL TRACE BUFFER
ICE-85 BLOCK DIAGRAM

ORDERING INFORMATION
Part Number
MDS-85-ICE

Description

8085 CPU In-Circuit Emulator and
18-Channel External Trace Module
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SDK-85
MCS-85" SYSTEM DESIGN KIT

Complete Single Board Microcomputer Interactive LED Display and Keyboard
System Including CPU, Memory and 1/0 Large Wire-Wrap area for Custom
Easy to Assemble Kit-Form Interfaces

High-Performance 3MHz 8085 CPU Extensive System Monitor Software in
(1.3 ps Instruction Cycle) ROM

Popular 8080A Instruction Set Comprehensive Design Library Included
Interfaces Directly With TTY Low Cost

The MCS-85 System Design Kit (SDK-85) is a complete, single board, microcomputer system in kit form. It contains all
necessary components, including LED Display, Keyboard, resistors, caps, crystal and miscellaneous hardware to
complete construction. Included is a preprogrammed ROM that contains the system monitor for general software utilities
and system diagnostics.

The SDK-85 includes 6 digit LED display and 24 key-keyboard for adirectinsertion, examination and execution of auser’s
program. In addition, it can be directly interfaced with a teletype terminal.

The SDK-85 is an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to
the user’s application.
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The SDK-85is a complete 8085 microcomputer system on
a single board, in kit form. It contains all necessary
components to build a useful, functional system. Such
items as resistors, caps, and sockets are included.
Assembly time varies from 3 to 5 hours, depending on the
skill of the user.

A compact but powerful system monitor is supplied with
the SDK-85 to provide general software utilities and
system diagnostics. It comes in a pre-programmed ROM.

The SDK-85 communicates with the outside world
through either the on-board LED Display/Keyboard
combination or, the user's TTY terminal (Jumper
Selectable). Both memory and /O can be easily expanded
by simply soldering in additional devices in locations
provided for this purpose. A large area of the board (45sq.
in.) is laid out as general purpose wire-wrap for the user’'s
custom interfaces.

Only a few simple tools are required for assembly;
soldering iron, cutters, screwdriver, etc. The SDK-85
User's Manual contains step-by-step instructions that
make assembly easy, and eliminate mistakes. Once
construction is complete, the user connects his kit to a
power supply and the SDK-85 is ready to go. The monitor
starts immediately upon power-on or reset.

e Reset — Starts the monitor

GO — allows you to execute a user program

Single Step — allows you to execute a user program one
instruction at a time — useful for debugging

e Substitute Memory — allows you to examine and
modify memory locations

Examine Register — allows you to examine and modify
the B085's register contents

Vector Interrupt — a user interrupt button

Teletype Monitor Commands

* Display Memory — displays multiple memory locations

e Substitute Memory — allows you to examine and
modify memory locations one at a time

* |Insert Instructions — allows you to store multiple bytes
in memory

e Move Memory — allows you to move blocks of data
in memory

* Examine Register — allows you to examine and modify
the 8085's register contents

* GO — allows you to execute user programs

In addition to detailed information on using the monitors,
the SDK-85 User's Manual provides circuit diagrams, a
monitor listing, and a description of how the system
works.

| ADDRESS |  ROMIO (835) | | |
cru DECODER EPROM/IO (8755) RAM/IO/COUNTER KEYBOARD/DISPLAY FOR BUS EXPANSION
I | | | ADDRESS pATA |
FIELD FIELD
L | EEEE_JEE)
' | | | |
| | | SDI5 KEVBOARD LAYOUT
| ] veelc|o| el |
| I I I co|f|¥lals
| | | | EXAM| & |5 16 |7 |
. REG _|SPH|SPLIPCHIPCL I
seriac | | | | EXEclo[1]2]3 L )
25 : | [k
| i | 10 LINES | 10 LINES | o S 2 81
| / = '
l":"‘l | 1 | NZen | S | 2 )sus
| ‘ 3 wss V4D Pt |
INTERRUPT [ : I l S
Al 8085 [ s20s | 8355 B 155 8279 | :u L
| o -
=TS Pavawaull ZeTs 4
| | |
|
DATA/ | | | IszE==7=n
BUS T + 4 A B2
| f | | hf TGO
| [ ] | | | 16 ) ADDRESS
| | | | BUS
\Z L l s
sus L | d I " ] ez
i | = e
| | | |
l | \L | | |
e I
1 V 1 N
[ ! T t reane CONTROL
BUS I t i | | yx.‘__ : et BUS
I I I 1 1
| A
A PLACE HAS BEEN PROVIDED ON THE PC BOARD FOR THE DEVICE BUT THE
L — _ J OFTIONAL hevice 1S NOT INCLUDED

SDK-85 FUNCTIONAL BLOCK DIAGRAM
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SDK-85

The SDK-85 is designed around Intel's 8085 Micropro-
cessor. The Intel® 8085 is a new generation, complete 8-
bit parallel central processing unit (CPU). Its instruction
set is 100% software upward compatible with the 8080A
microprocessor, and it is designed to improve the present
8080's performance by higher system speed. Its high level
of system integration allows a minimum system of three
IC's: 8085 (CPU), 8156 (RAM) and 8355/8755 (ROM/
PROM).

The 8085 incorporates all of the features that the 8224
(clock generator) and 8228 (system controller) provided
for the 8080 thareby offering a high level of system
integration. -

The 8085 usés a multiplexed Data Bus. The address is split
between the 8-bit address bus and the 8-bit data bus. The
on-chip address latches of 8155/8156/8355/8755 memory
produots allows a direct interface with 8085.

RST S5
INTRINTA

RET 7.6

INSIDE THE 8085:

TRAK

INTERRUPT CONTROL

BT INTERNAL DATA 8lUs

S0 500

quH/o cnmaqL,_ g

ACCUMULATON
(A REG | i8]

TEMP. REG
e

FLAG (%)
FLIP FLOPS

TNSTAUCT]
FEGHSTER (8]
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unty
laLu|
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CYCLE

sTacx fowTen "8}
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POWER
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LK

GIN CONYAROL STATUS
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e SEVEN 8:BIT REGISTERS. SIX OF THEM CAN BE LINKED
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T HLDA Ias'mour S AR )
HOLD RESET N

AD;ADg f
ADDRESS/DATA BUS

L] 18—BI'T STACK PQ?R_ITER (STACK IS MAINTAINED
OFFBOARD IN SVSTEM RAM MEMORY).
e 16BIT PROGRAM' COUNTER

8085 INSTRUCTION SET Summary of Processor Instructions

Instruction Codej1) Clock(2]

Instruction Code(1] Clock{2]

Mnemonic Description 0; D D5 D4 D3 Dz Oy Op Cycles | M I Deseription f 07 Os Ds 04 D3 Dz Dy Og Cycles
MOVE. LOAD. AND STORE STACK OPS " .’ f
MOVs1 12 Move registertoregister 0 1 D D D § S § 4 PUSH B Push register PairB& 1 1 0 0 0 1 D 1 12
MOV M.¢ Move register tomemory 0 1 1 1 0 § § § 7 ; "C on stack
MOV r.M Move memory toregister 0 1 D D D 1 1 0 7 PUSH D Push register Pa" D& 1 1010101 12
MVI ¢ Move immediate register 0 0 D D D 1 1 @ 7 E on'sfack
MVI M Move immediatememory 0 0 1 1 0 1 1 0 10 PUSH H r";: srfagézler PairHs 1 1 10010 1 12
LXI B Lngd immediate register 0 0 0 0 0 0 0 1 10 PUSH PSW ﬁush A and Flags ATty ¢ B
Pair B & C on stack ‘
LXI D Load immediate reqister 0 0 0 1 0 0 0 1 10 POP B Pap register Pair B & 1100000 1 10
PairD & E C off stack
LXI H Load immediale register 0 0 1 0 0 0 0 1 10 POP D Pop register Pair D & 1101000 1 10
PairH & L E off stack
STAX B Stare A indirect coooo0010 7 POP H Pop register PairH& 1 1 1 0 0 0 0 1 10
STAX D Stare A indirect 000 1OO1O0 7 L ofl stack
LDAX B Load A indirect VTS s A RPN | POP PSW Pop A and flags 11110001 10
LDAX D Load A indirect Db 0oO0O 1tV 1010 7 oft stack
STA Store A direct 0 0 43400 1 0 18 XTHL Exchange top of 1110001 1 16
LDA Load A direct 0011 10 10 13 [ StackiHE L
SHLD Store H & L direct 001000 10 16 SPHL H & L 1o stack pointer T 1.1 ¥aew: 1 6
LHLD Load H & L direct 00101010 18 LXI SP Logdﬂlmmemme stack 001 1000D0 11 10
XCHG Exchange D&ELH&L 1 1 1 0 1 0 1 1 4 polnter
Registers INX SP Increment stack pomnter 0 0 1 1 0 0 1 1 6
DCX SP Decrement stack 0w0: Yeuti 0 Nt 6

pointer



SDK-85

8085 INSTRUCTION SET Summary of Processor Instructions (Cont.)

Instruction Codeil| Clock(2| Instruction Code(1) Clock(2|
M Description D; Dg 05 Ds D3 Dp Dy Dp Cycles | Mnemonic Description D; Og Ds Dy D3 Dz Dy Dgp Cycles
JUMP
JMP Jump unconditional S D014 07 1010 S0 DAD B AddB&CloH&L 000011 O0O0T1T 10
Jc Jump on carry T 101 1010 710 DAD D AddD&EtoOH&L 00011001 10
JNC Jump on no carry 1t 10100 1 0 710 DAD H AddH& LtoH&L g 0 -1 10 0 Y, .10
JzZ Jump on zero 1100101 0 71 DAD SP Add stack pointer to 001t 1100 1 10
INZ Jump on no zero 110000 1 0 7/10 H&L
JP Jump on positive 1t 11100 1 0 7/10 SUBTRACT
M Jump on minus T 1A 19 19 10 SUB r Sublrac! register 1001 0SS S 4
JPE Jump on panty even o 15000007 0 710 from A
JPO Jump on parity odd 111000 10 7/10 SBB r Subtract register from 1001 18SS8SS§ 4
PCHL H & L to program 11101001 6 Aaith, borraw,
counter SUB M Subtracl memory 1 00710110 7
from A
CALL ) SBB M Subtract memory from 1001V 1110 7
CALL Call unconditional L i 9 e e s B TG | A with borrow
cc Call on carry 11011100 918 | sy Sublract immediate t10101 10 7
CNC Call on no carry 110101 0 0 9/18 from A
cz Call on zero 1 100 1 100 918 SBI Subtract immediate 11011110 7
CNZ Call on no zero 11000 1 00 9/18 from A wilh borrow
ce Call on positive 1 11101 00 918 LOGICAL
CM Call on minus L R e el LA I S VA | ANA 1 And register with A 101008 S8
CPE Call on panity even 1t 110 1 1 0 0 9/18 XRA ¢ Exclusive Or register 1010 §$ § S 4
cPO Call on parity odd 11100 1 00 918 with A
RETURN ORA 1 01 register with A 101 1 0SS S8SS 4
RET Return 11001001 10 CMP 1 Compare registerwithA 1 0 1 1 1 § § S 4
RC Return on cairy 1101100 0 §12 ANA M And m?muly with A 10100110 7
RNC Return on no carry 1 120 10000 6/12 ARAM E:::tiu;we Or-memary LR R N v
Az Retumionzare 1000 0000 612 | graig Or memory with A tot1 10110 7
ANZ Relurn on;no:2ero V0.0 0000 62 ey Compare memory wihA 1 0 1 1 1 1 1 0 7
AP feturn,on positive T ghaed Yo 05040, 40: 6112 1 cagy And immediate withA 1 1 1 0 0 1 1 0 7
RM Retun on minus Vbt ) ity Qg 00 6112 XRI Exclusive Or immediate TR0 9 1 10 7
RPE Return on parity even 1110100 0 6/12 with A
RPO Return on parity odd 11 10 000 0 6/12 ORI QOr immediate with A 11110110 7
RESTART (o] Compare immediate Vi 11 10
RST Restart 1T 1 AAAT 11 R with A
INCREMENT AND DECREMENT ROTATE
INR 1 Increment register 00DDDI11TOO 4 RLC Rotate A lelt 00 O0O0OO0T1 11 4
DCR 1 Decrement register 00DDDT 1 01 4 RRC Rotate A right 070 020, b 1 A4
INA M Increment memory 00110100 10 RAL Rotate A lefl thiough 0001t 01 11 4
DCR M Decrement memory 00110101 10 sarey
INX B Increment B & C 000000 11 6 RAR s:t’ale A right through 0o oo 11111 4
ny
regislers
INX D Increment D & E 00010011 6 SPECIALS
registers CMA Complement A 00101111 4
INX H Increment H & L 00100011 6 STC Set carry R el I s T L
registers CMC Caomplement carry 0011 1111 4
DCX B Decrement B & C 0: 00 01 %0 1 1 6 DAA Decimal adjust A 001001 11 4
pCcx D Decrement D & E 00011011 6 INPUT/0UTPUT
DCX H Decrement H & L 00t1to1o0 111 6 IN Input Yo e 1Ty 10
ADD out Output L, BT 01 1 10
ADD r Add register to A 10000D0SSS 4 CONTROL
ADC 1 Add register 10 A 1 0,0:0:% S8 S: 4 El Enable Interrupts 10 otk A 100 1 1 4
with carry Dl Disable Interrupt N R IS O HRT T TS (P
ADD M Add memory to A ¥ 0.0:0:40+307 0 7 NOP No-operatian 000O0O0OTODOO 4
ADC M :?31 r:aerl:!ury to A RO I AR 1 LA DR (R K1 7 HLT Halt 0 A etanaieed 10 5
A0l Afdd immediate oA 1 1 0 0 0 1 1 0 7 | NEWBIBSINSTRUCTIONS
ACI Add immediate to A 1100 1 110 7 RIM Read Interrupt Mask 001 0O0O0OTO0TO 4
with carry SIM Set Interrupt Mask 0’0" 100 00 4

NOTES: 1. DDD or SSS. B=000. C=001, D 010. E 011. H 100, L- 101, Memory=110, A=111
2. Two possible cycle times. (6/12) indicate instruction cycles ‘dependent on condition flags.

"All mnemonics copyright

“®Intel Corporation 1977
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SDK-85

SDK-85 SPECIFICATIONS

Central Processor

CPU: 8085
Instruction Cycle: 1.3 microsecond
Tey: 330 ns

Memory

ROM: 2K bytes (expandable to 4K bytes) 8355/8755
RAM: 256 bytes (expandable to 512 bytes) 8155
Addressing:
ROM 0000-07FF (expandable to OF FF with an additional
8355/8755)
RAM 2000-20FF (2800-28FF available with an additional
8155)
Note: The wire-wrap area of the SDK-85 PC board may be

used for additional custom memory expansion up to the
64K byte addressing limit of the 8085.

Input/Output

Parallel: 38 lines (expandable to 76 lines).

Serial: Through SID/SOD ports of 8085. Software
generated baud rate.

Baud Rate: 110

Interfaces

Bus: All signals TTL compatible.
Parallel 1/0: All signals TTL compatible.
Serial 1/0: 20 mA current loop TTY

Note: By populating the buffer area of the board, the user
has access to all bus signals which enabie him to design
custom system expansions into the kit's wire-wrap area.

Interrupts

Three Levels: (RST 7.5) — Keyboard Interrupt.
(RST 6.5) — TTL Input
(INTR) — TTL Input

DMA
Hold Request: Jumper selectable. TTL compatible input.

Software

System Monitor: Pre-programmed 8755 or 8355 ROM
Addresses; 0000-07FF.
Monitor I/0: Keyboard/Display or TTY (serial 1/0)

Literature
Design Library (Provided with kit):

SDK-85 User's Manual

MCS-85 User's Manual

8080/8085 Assembly Language Programming Manual
Intellec* MDS Brochure

ICE-85 Data Sheet

PL/M-80 Data Sheet

8085/8080 Assembly Language Reference Card

Physical Characteristics

Width: 12.0 in.
Height: 10 in.

Depth: 0.50 in.
Weight: approx. 12 oz.

Electrical Characteristics (DC Power Required
— Power Supply Not Included in Kit)

Vg 5V 5%
VrTY -10V + 10%

1.3 Amps

0.3 Amps (VTTY required only if
teletype is connected)

Environmental
Operating Temperature: 0-55°C
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intel
FORTRAN-80

8080/8085 ANS FORTRAN 77
INTELLEC® RESIDENT COMPILER

Meets and exceeds ANS FORTRAN 77 Subset Produces relocatable and linkable object code

Language Specification compatible with resident PL/M-80 and 8080/8085
Macro Assembler

Supports Intel Floating Point Standard

Resident operation on Intellec® Microcomputer Full FORTRAN 77 language I/O support whenused
Development System and Intellec® Series |l with ISIS-II run-time library
Microcomputer Development System

Supports full symbolic debugging with ICE-80 and Sophisticated code optimization insures efficient
ICE-85 program implementation

FORTRAN-80 is a computer industry-standard, high-level programming language and compiler that translates FOR-
TRAN statements into relocatable object modules. When the object modules are linked together and located into ab-
solute program modules, they are suitable for execution on Intel® 8080/8085 Microprocessors, iSBC-80 OEM Computer
Systems, and Intellec® Microcomputer Development Systems. FORTRAN-80 meets and exceeds the ANS FORTRAN
77 Language Subset Specification'. The compiler operates on the Intellec Microcomputer Development System under
the ISIS-I| Disk Operating Systems and produces efficient relocatable object modules that are compatible for linkage
with PLUM-80 and 8080/8085 Macro Assembler modules.

The ANS FORTRAN 77 language specification offers many powerful extensions to the FORTRAN language that are
especially well suited to Intel® 8080/8085 Microprocessor software development. Because FORTRAN-80 conforms to
the ANS FORTRAN 77 standard, the user is assured of compatibility with existing FORTRAN software that meets the
standard as well as a guarantee of upward compatibility to other computer systems supporting an ANS FORTRAN 77
Compiler.

TANSI X3J3/90

DOURLE DEsesiTy
FLEXIBIE Disx
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FORTRAN-80

FORTRAN-80 LANGUAGE FEATURES

Major ANS FORTRAN 77 features supported by the
Intel® FORTRAN-80 Programming Language include:

* Structured Programming is supported with the
IF...THEN...ELSE IF...ELSE...END IF con-
structs.

» CHARACTER data type permits alphanumeric data
to be handled as strings rather than characters
stored in array elements.

* Full /O capabilities include:

— Sequential and Direct Access files

Error handling facilities

Formatted, Free-formatted, and Unformatted
data representation

Internal (in-memory) file units provide ca-
pability to format and reformat data in in-
ternal memory buffers

List Directed Formatting

* Supports arrays of up to seven dimensions.
* Supports logical operators

.EQV. — Logical equivalence
.NEQV. — Logical nonequivalence

Major extensions to FORTRAN 77 in Intel FORTRAN-80
include:

* Direct 8080/8085 port I/O supported by intrinsic
subroutines.

¢ Binary and Hexadecimal integer constants.

* User-defined INTEGER storage lengths of 1,2 or 4
bytes.

¢ User-defined LOGICAL storage lengths of 1,2 or 4
bytes.

* REAL STORAGE lengths of 4 bytes.

* Bitwise Boolean operations using logical op-
erators on Integer values.

* Hollerith data constants.

* Implicit extension of the length of an integer or
logical expression to the length of the left-hand
side in an assignment statment.

* A format descriptor to suppress carriage return on
a terminal output device at the end of the record.

FORTRAN-80 COMPILER FEATURES

* Supports multiple compilation units in single
source file.

* Optional Assembly Language code listing.

e Comprehensive cross-reference, symbol attribute
and error listing.

* Compiler controls and directives are compatible
with other Intel language translators.

* Optional Reentrancy.

e User-defined default storage lengths.

* Optional FORTRAN 66 Do Loop semantics.
* Source files may be prepared in free format.
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* The INCLUDE control permits specified source
files to be combined into a compilation unit at
compile time.

FORTRAN-80 BENEFITS

FORTRAN-80 provides a means of developing applica-
tion software for Intel® MCS-80/85 products in a
familiar, widely accepted, and computer industry-
standardized programming language. FORTRAN-80 will
greatly enhance the user's ability to provide cost-
effective solutions to software development for Intel
microprocessors as illustrated by the following:

e Completely Complementary to Existing Intel Soft-
ware Design Tools — Object modules are linkable
with new or existing Assembly Language and
PL/M Modules.

* Incremental Runtime Library Support — Runtime
overhead is limited only to facilities required by
the program.

* Low Learning Effort — FORTRAN-80, like PL/M, is
easy to learn and use. Existing FORTRAN soft-
ware can be ported to FORTRAN-80, and programs
developed in FORTRAN-80 can be run on any other
computer with ANS FORTRAN 77.

* Earlier Project Completion — Critical projects are
completed earlier than otherwise possible be-
cause FORTRAN-80 will substantially increase
programmer productivity, and is complementary to
PL/M Modules by providing comprehensive arith-
metic, /0 formatting, and data management sup-
port in the language.

* [ower Development Cost — Increases in program-
mer productivity translates into lower software
development costs because less programming
resources are required for a given function.

* Increased Reliability — The nature of high-level
languages, including FORTRAN-80, is that they
lend themselves to simple statements of the pro-
gram algorithm. This substantially reduces the
risk of costly errors in systems that have already
reached production status.

e Easier Enhancements and Maintenance — Like
PL/M, program modules written in FORTRAN-80
are easier to read and understand than assembly
language. This means it is easier to enhance and
maintain FORTRAN-80 programs as system capa-
bilities expand and future products are developed.

Comprehensive, Yet Simple Project Development
— The Intellec Microcomputer Development Sys-
tem, with the 8080/8085 Macro Assembler, PL/M-80
and FORTRAN-80 is the most comprehensive soft-
ware design facility available for the Intel
MCS-80/85 Microprocessor family. This reduces
development time and cost because expensive
(and remote) timesharing or large computers are
not required.
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SAMPLE FORTRAN-80 SOURCE PROGRAM
LISTING

C
C
C

o= U
—_

THIS PROGRA

PROGRAM

M IS AN EXAMPLE OF ISIS-II FORTRAN-80 THAT
CONVERTS TEMPERATURE EETWEEN CELCIUS AND FARENHEIT

CONVRT

CHARACTER*1 CHOICE,SCALE

PRINT 1
FORMAT (

PRINT 2
FORMAT (

FORMAT (

IF (SCALE.EQ.'C') THEN

PRIN

' TEMPERATURE CONVERSION PROGRAM',//,
¥' TYPE C FOR FARENHEIT T0 CELCIUS OR',/,
¥! [ FOR CELCIUS TO FARENHEIT',//)

/,'" CONVERSION?
READ (5,3) SCALE

A1)

T 4

FORMAT (/,!
hEAD (5,%) DEGF

DEGC=5./9.%DEGF-32.

ENTER DEGREES FARENHEIT?

"y $)

WRITE (6,5) DEGF,DEGC

FORMAT (/,F7.2,!'

PRIN
FORM

T 6
AT (/,"

GOTO 10

AGAIN (Y OR N)? ',$)
READ (5,3) CHOICE
IF (CHOICE.EQ.'Y') THEN

ELSE IF (CHOICE.EQ.'N') THEN
CALL EXIT

ELSE

END

GOGTO 11
1F

ELSE IF (SCALE.EQ.'F') THEN

PRIN
FORM

DEGF=9./5.%¥DEGC+32.

T 7
AT (/5"

ENTER DEGREES CELCIUS? ',$)
READ (5,%) DEGC

WRITE(6,8) DEGC,DEGF

FORMAT (/,KT7.2,"

GOTC
ELSE

11

WRITE (6,9) SCALE

FORMAT (/,1H

GOoTO
END IF
END

10

sA1,"

DEGREES CELCIUS =

NOT A VALID CHOICE -
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VBT

'y $)

DEGREES FARENHEIT = ',F7.2,' DEGREES CELCIUS',/)

2,'" DEGREES FARENHEIT',/)

RETRY!',/)
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The FORTRAN-80 Compiler is an efficient, multiphase compiler that accepts source programs, translates them into
relocatable object code, and produces requested listings. After compilation, the object program may be linked to other
modules, located to a specific area of memory, then executed. The diagram shown below illustrates a program
development cycle where the program consists of modules created by FORTRAN-80, PL/M-80 and the 8080/8085 Macro
Assembler.

s

™ Loaper
1SIS1 HELOCATABLE
o Ol S T N vl N
EOITOR N MODULE UBRARES
\
L .
| - e ‘ via
i |moniTor
v
151511 OLIMNG RELOCATABLE |
TEXT - | omect LINKER AT
EDITOR Sounce MODULE o] el ”

FTIONAL
ICE-B0'™
ICE8s™

| IN-CIRCUIT
EMULATOR
1515 ASSEMBLY RELOCATABLE |/
TEXT l—=| LANGUAGE OBJECT
EDITOR SOURCE MODULE
PROM
*| PROGRAMMER
SPECIFICATIONS DOCUMENTATION PACKAGE

FORTRAN-80 Programming Manual (9800481)
OFERATING SNVIRONMENT SIS-1l FORTRAN-80 Compiler Operator's Manual
Required Hardware: (9800480) )

Intellec® Microcomputer Development System i :
— MDS-800, MDS-888 FORTRAN-80 Programming Reference Card (9800547)

— Series Il Model 220, Model 230 SHIPPING MEDIA
64K bytes of RAM memory Flexible Diskettes
Dual diskette drives

— Single or Double Density
System console

— CRT or hardcopy interactive device

Optional Hardware:
Line Printer
ICE-80™, ICE-85™

Required Software:

ISIS-1l Diskette Operating System
— Single or Double Density

— Single and Double Density
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APPENDIX 1
APPLICATIONS OF MCS-85™

SECTION 1
INTRODUCTION TO MCS-85 APPLICATIONS

When the first microprocessor was introduced
about five years ago, it was largely ignored by
the electronics industry. However, since that in-
asupicious beginning, this new device has
become the hottest topic in current technology.
As more and more product designers become
familiar with the capabilities of microcom-
puters, the number of new applications in-
creases geometrically. In most of these applica-
tions, the new technology has been used to
replace designs which were formerly im-
plemented with TTL logic and under-utilized
minicomputers. However, an increasing number
of products are surfacing which would have
been Iimpractical prior to the microcomputer
era.

Microcomputers are being applied to a wide
range of data communications tasks. The field
of telephone equipment is being invaded by
systems which control and monitor calls. Point
of sale terminals are increasing daily with the
addition of interface to coin changers, elec-
tronic scales and remote computers. Small
stand-alone computers are relying heavily upon
microcomputers in teleprocessing, time-
sharing, data base management and similar in-
teractive applications. An increasing number of
microcomputer based data terminals are pro-
viding local interactive intelligence with pro-
grammable character sets, vector generation
and the pre-processing of data.

Al

Instrumentation is widely utilizing the micro-
processor for a variety of control and arithmetic
processing functions. Microcomputers are con-
trolling laboratory equipment such as oscillo-
scopes, DVM'’s, network analyzers and frequen-
cy synthesizers. Medical electronics are
crediting microcomputers with tasks such as
patient monitoring, blood analysis and X-ray
scanning. Travel is becoming microcomputer-
ized by automotive control, air and ocean
navigation equipment and rapid transit
systems.

MCS-85™ SYSTEM

Many possible microcomputer applications
have been overlooked because of the design
tasks required to build the microcomputer.
These tasks include the system clock, read/
write memory, |/O ports, serial communications
interface and bus control logic. The MCS-85
system will enable the design engineer to con-
centrate on the application of the microcom-
puter, rather than on the implementation
details.

The MCS-85 is yet another family of com-
ponents which has the potential to provide a
solution to the three problems which will
always plague designers: cost, size and power.
The reduced component count of an MCS-85
microcomputer, coupled with the increased in-
tegration of functions reduces both cost and
size while increasing power.
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Digital Multimeter
Graphic Terminal

Programmable Video Game
Process Control System

Network A_néi;zer
Frequency Synthesizer

Spectrum Analyier
Front End Processor

Line Printer Automotive Control Credit Verifier

APPLICATION PERIPHERAL DEVICES ENCOUNTERED | MCS-85™ COMPONENTS

Intelligent Terminals Cathode Ray Tube Display 8275 8085A
Printing Units 8155 8355
Synchronous and Asynchronous data lines 8251
Cassette Tape Unit
Keyboards 8279

Gaming Machines Keyboards, pushbuttons and switches 8279 8085A
Various display devices 8355
Coin acceptors 8155
Coin dispensers

Cash Registers Keyboard or Input Switch Array 8279 8085A
Change Dispenser 8155 8355
Digital Display
Ticket Printer
Magnetic Card reader
Communication interface 8273

Accounting and Billing Machines Keyboard 8279 8085A
Printer Unit 8155 8355
Cassette or other magnetic tape unit 8257
“Floppy" disks 8271

Telephone Switching Control Telephone Line Scanner 8253 8085A
Analog Switching Network 8355
Dial Registers 8155
Class of Service Parcel

Numerically Controlled Machines Magnetic or Paper Tape Reader 8155 8085A
Stepper Motors 8355
Optical Shaft Encoders

Process Control Analog-to-Digital Converters 8155 8085A
Digital-to-Analog Converters 8355
Control Switches 8279
Displays

Baud Rate Generator

Shown in Figure 2 is a minimum system con-
figuration with the 8156 timer output connected
to an 8085 interrupt input.

This configuration allows convenient use of the
timer as a baud rate generator. A 6.144 MHz
crystal is used as the frequency control ele-
ment of the 8085A, providing integral divisors
for the standard baud rates (300, 600, 1200,
2400, 4800, 9600 baud). The timer is programmed
with the appropriate divisor (Figure 1) for the
selected baud rate resulting in one pulse on the
timer output for each bit cell time. The clock
output (CLK) of the 8085A is used to clock the
timer (TIMERIN). The frequency of this clock is
one-half the crystal frequency or in this exam-
ple 3.072 MHz. 'TIM'E&UUT now provides a
crystal controlled pulse train at the baud rate
selected.

Serial Communications

By feeding the TIMEROUT signal of the 8156
back to the edge triggered RST7.5 input of the
8085A, the processor can be interrupt driven at
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the required baud rate. As shown in Figure 1,
the minimum system supports serial com-
munications with only the addition of the send
and receive interface circuits.

The SID (SERIAL INPUT DATA) line and the SOD
(SERIAL OUTPUT DATA) line are connected
directly to a TTY or RS232 interface circuit.
Assuming inverted data at the SID input, a
direct connection is made to the RST6.5 input
for detection of the start bit.

Additional insight into using the 8085's serial I1/0
lines in communications application can be found
in Section 2 of this Appendix.

BAUD RATE | COUNT (DECIMAL)
300 10,240
600 5,120
1200 2,560
2400 1,280
4800 640
9600 320

FIGURE 1
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Small System

The schematic in Figure 3 is of a complete
microcomputer with only 6 ICs. The system con-
tains its own serial I/O communication lines,
multi-level interrupt, two programmable timers,
and power-on reset. System capacity is 512
bytes of RAM, 4K bytes of PROM, and 76 lines

of programmable /0.

Block Move, Block Search

In a large system application high speed block
moves may be necessary. The addition of an
8257 Direct Memory Access (DMA) controller
and an 8255 Programmable Peripheral Interface
(PPIl) device with some miscellaneous logic
removes the task from the 8085 and results in a
very high speed capability. The addition of an
eight bit comparator also permits block sear-
ches. (See Figure 4.)
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— ASTYS
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INTR

WA

ADOR

our

ADDRIDATA ALE RD WR lo/M
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HOLD HLDA

NEADY
iow

DACK

cLx
W

DRO
1
Dacx

MESET

MEMR

oR

AEN

Ag Ayl
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D52 |-
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l
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| e

FIGURE 4 BLOCK MOVE, BLOCK SEARCH addition of an 8257 Direct Memory Access (DMA) con-
troller and an 8255 Programmable Peripheral Interface (PPI) device permits block searches, high

speed block moves. (2.5us/word).
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Basic operation, for a block move, is that the
CPU loads the 8257 with the starting address of
the source block and the length* of the block in-
to Channel 0. Channel 1 is programmed with the
starting location of the destination block and
the length. A bit in Port C of the 8255 is set by
the CPU which initiates a DMA request on
Channels 0 and 1. Because the 8257 is initial-
ized to the rotating priority mode, the first DMA
cycle is from Channel 0 which latches the data
from the first location of the source block into
the 8212. The second cycle will be from Channel
1 which will store the latched data into the first
location of the destination block. The next cycle
will return to Channel 0 and the sequence will
start over again until the length (terminal count)
is reached. Programming the 8257 stop bit in-
sures that each channel will be disabled when
its respective terminal count is reached.

This configuration also supports a block fill.
DMA Channel 0 points to a location containing
the fill value and has a length of one. Channel 1
points to the starting location of the destination
block and contains the length. When the se-
quence is initiated the value will be loaded into
the latch by Channel 0. Channel 0 reaches TC
and is disabled. Priority rotates to Channel 1
which will repeatedly write into the destination
block the value stored in the latch until TC is
reached.

Block search operations use the 8-bit compara-
tor and Ports A & B of the 8255 and Channel 2 of
the 8257. The CPU loads Port B with the search
value and the DMA channel with the search
area (starting address and length). A Port C bit
initiates the DMA READ request. Channel 2
DMA Acknowledge sets Port A of the 8255 up as
the receiver for the DMA READ cycle by
multiplexing Ag, A4, and CS. Each cycle of the
DMA then loads Port A with the value of the

*(The value loaded into the low-order 14-bits of the terminal count
register specifies the number of DMA cycles minus one before the
Terminal Count (TC) outpul is activated. For instance, a terminal
count of 0 would cause the TC output to be active in the first DMA
cycle for that channel. In general, if Length = the number of
desired DMA cycles, load the value Length-1 into the low-order
14:-bits of the terminal count register.)

pointed-to location in the block. When Port A
equals Port B, the output of the comparator will
gate off the DMA request. The requesting pro-
gram can now read the Channel 2 address
which is pointing to the search value plus one.
However, if the status register of the 8257 in-
dicates that TC of Channel 2 has been reached,
then no match was found.

RST 7

On the 8080A/8228 system if one tied INTA out
of the 8228 to + 12 volts through a 1KQ resistor,
the 8228 would generate a RST 7 instruction to
the 8080A upon interrupt. This was a very inex-
pensive mechanism.

The 8085A§has expanded this facility with the
RST 5.5, 6.5, 7.5 inputs but is not compatible
with the RST 7 generated by the 8228. (Figure 5)
To maintain this compatibility it can be achieved
by adding an 8212 which will force a RST 7 in-
struction into the bus upon interrupt acknowl-
edge (INTA). (Figure 6)

__RESTART | VECTOR LOCATION
RST 7 38,6
RST 5.5 2C;5
RST 6.5 34,6
RST 7.5 3Cy,
TRAP 24,4

FIGURE 5
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INTR|+=—"RST 7"

FIGURE 6



SECTION 2
DETAILED APPLICATION EXAMPLES

Memory Addressing

One of the necessary functions of the microprocessor bus is
to interface with the memory where the program is stored.
ROM and EPROM memories are typically used to store pro-
grams while static and dynamic RAMS are generally used for
data memory. The following discussions cover the interfacing
to be used for these types of memory.

ROM - EPROM ADDRESSING

Later is this Appendix a section is devoted to an
approach for developing a chart showing memory device
compatibility for the 8085A. However, there is one area not
included that will be discussed here, that is, unbuffered inter-
facing to standard ROM or EPROM memories. To use an
unbuffered interface to ROM or EPROM it is necessary to
understand a particular characteristic of the 8085A.

The 8085A has a period of time, T4 through T6 of the op code
fetch cycle and certain instructions, where addresses A8
through A15 are undefined. Be careful about this. Not having
addresses stable and using an address select method that
would randomly turn on memory devices will cause bus
contention and reliability problems in the unbuffered system.
In the memory compatibility section of this Application Note,
a minimum (unbuffered MCS-85 family and medium system
(at least one level of buffering) configurations are considered.
These configurations do not have bus contention problems.
In the minimum system only MCS-85 components will be
discussed where addresses are latched on the falling edge of
ALE, thus ignoring any extraneous address transitions. The
medium system is assumed to have data buffers that are
enabled only at the proper time, thus again preventing any

bus contention problems. What about the user who wants to
use standard ROM or EPROM without buffering?

As an example let’s look at Intel's ROM/EPROM family (Fig.
3) and develop a system block diagram. This system should
allow upward compatibility for these particular devices and
avoid any bus contentions due to undefined addresses. In
Figure 4 a traditional decoding scheme is shown that uses
the time difference between tacc (address access) and tco
(chip select access) to allow for decoding of the EPROM/ROM
to be selected. Connecting only these signals, however, in an
unbuffered system will result in data contention because of
the spurious addresses during opcode fetch. The proper in-
terconnect for this type of interface is shown in Figure 5
where an output enable (OE) signal will prevent any bus
contention. This output enable is controlled by the read con-
trol signal, RD, of the 8085A. This signal only occurs after
addresses have stabilized.*

Note also that a PROM is recommended for the decoding
function vs. an 8205 (1 of 8 decoder). Why? This PROM
allows the user to easily upgrade his system to the 32 and
64K versions with minimum rewiring. As seen in Figure 3,
only 4 pins are being altered (18-21) in the Intel ROM/EPROM
family to allow for this upward compatibility. All a user would
need to do is initially design his layout for 28 pin devices,
thereby allowing total flexibility from 8K through 64K with the
ease of only changing a decoding PROM and a few wires.t

*Both RD and WR signals should be pulled up to +5V through a resistor to
avoid random selection during 3-state.

tAnother method is shown later in Figure 15 that facilltates the use of a
decoder, such as the Intel 8205,
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Figure 3. Intel EFROM/ROM Compatible Family.
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Figure 6. Edge Enabled Product Waveforms.

Another interesting aspect with this configuration is when
working with the 2332, (4K x 8 ROM) or 2364 (8K x 8 ROM)
the 8212 Demultiplexer no longer becomes necessary. In
other words, you don't have to demultiplex the 8085A bus!
To understand this it will be helpful to look at Figure 6. The
new ROMSs; 2332 and 2364, use an Edge Enabled concept
allowing the addresses to be latched on the CE input. This
approach allows access time to start as soon as addresses
are valid. To latch another set of addresses CE must go high
for at least 100 ns (tcc) and then go low again. This 100 ns
can be accounted for by connecting ALE from the 8085A to
the Cs1 input pin of the 3604A PROM device in the block
diagrams shown. This assures that all devices are
deselected for at least 100 ns while addresses are changing
in the 8085A system.

STATIC MEMORIES

The same consideration must be applied to standard static
memories as with the ROMs/EPROMSs in an unbuffered sys-
tem. Memory device selection must be qualified by a memory
read or write to prevent spurious selection. Some Intel static
RAM devices have an Output Enable for this purpose, such
as the 2142 (1k x 4). This part was designed to be specifically
used with a microprocessor bus. For other standard static
RAMSs, the chip selects must be qualified by RD, WR or ALE
to prevent random selection.

DYNAMIC RAM INTERFACE

An earlier Intel Application Report (APR-1) extensively cov-
ered dynamic RAM interface with different types of memory
and refresh in the MCS-80 system. This dynamic RAM section
was taken from the most memory intensive example in APR-1,
the 2116, modified to be compatible with the 8085A bus.
These minor modifications are such that an 8080 system can
be converted without much trouble. Before discussion of this
section, however, a strong word of advice is in order. At
about the same time this Application Note is published, Intel
will be sampling an 8202 dynamic RAM refresh controller
which does all dynamic RAM interfacing (except the data
bus) and refreshing in one packaged component. It is highly
recommended that the reader investigate this before using
the attached schematic. Reading this section will still be use-
ful in terms of understanding the B085A bus.
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This section uses the APR-1 2116 (multiplexed address 16K}
example modified for the 2117-4 dynamic RAM. These
devices have some differences from the 2116. One is that the
output is not latched and is 3-stated during a write operation.
This allows a user to tie both the data in and data out pins
together at the device and at the data buffers, saving board
traces. The 2117 also have hidden refresh capabilities where
it CAS is held low, RAS can be toggled to refresh the device.

The schematic shown in Figure 7 is aimed at a high perfor-
mance, relatively inexpensive solution (disregarding the 8202).
Refresh circuitry is not shown, but can be implemented in a
variety of ways. This will be discussed later in an upcoming
section. In this refresh section, code for a simple, very low
cost refresh controller that requires no special hardware,
other than an 8155 timer, is presented.

For system timing, a 4x clock is used to obtain the resolution
necessary to provide the clocks for the multiplexed address
2117's. Other solutions are possible with delay lines, one
shots, etc., but are relatively expensive and don't provide for
a nice baud rate source for any peripherals that may be in the
system as does this 4x clock. Another approach can use the
clock edges from the 8085A CLKOUT to interface to dynamic
RAM. To facilitate this type of approach, Clock related timing
parameters are listed later in this note.

To aid in understanding the operation of this circuit, the ex-
planation is broken into a discussion of the main signal paths.
2117-4 Spec compatibility with the 8085A will be discussed in
detail in the dynamic RAM section of the Memory Compatibil-
ity section.

Addresses

The lower 14 addresses (A0-A13) are used to select one of
the 16,384 8-bit bytes in each 16K byte data bank. The lower
8 of these 14 addresses (A0-A7) flow through an 8212 and
are latched by ALE, effectively demultiplexing the address/
data bus. These lower 8 addresses with the next 6 (A8-A13)
enter the 3242 multiplexer/refresh controller. The Row Enable
of the 3242 controls which half of the addresses are presented
to the dynamic RAM memory. Looking at the row enable on
the 3242, it is seen that the row and column addresses are
swapped with respect to convention. The higher order ad-
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dresses are used as row addresses and the lower order
addresses are used as column addresses. This does not
create problems because this is invisible to the CPU. Re-
freshing is done properly as the 3242 controls the addressing
for this. The upper two address lines (A,-A;s) are decoded to
qualify one of the four RAS (Row Address Strobe) lines to
select one of the four 16K byte data banks of memory.

Cycle Requests

Cycle requests are generated from several sources; ALE
automatically initiates a request when S1 indicates that there
is a read taking place (flip-flop C), WR during write cycles (D)
and refresh delayed (Q output of refresh flipflop (B)) when
there is a refresh. ALE is used to start a read (qualified by S1)
to provide ample time for access from the memories. This
cycle request signal (A) immediately creates a RAS and
starts a timing chain (745174 shift register (E)) to generate
the remaining signals. Synchronization between this cycle
request pulse and the 4x clock is accomplished by the first D
flip-flop in the 'S174 shift register (timing chain).

RAS/CAS

When RAS is enabled by a cycle request, it is qualified with
either a refresh request (all RAS's turn on) or the decoded
upper two bits of the address bus. A careful reader may
question whether address is valid prior to RAS being enabled.
This question can be answered by noting that the 8212 passes
the address through before the falling edge of ALE latches it.
TALT (115 ns for 320 ns 8085A processor cycle), which is the
time from address to the falling edge of ALE, gives ample
time for addresses to be valid at the 3242 outputs before
RAS is valid. RAS is extended past the clearing of the cycle
request flip-flop by ORing this enabling signal with a tap from
the D flip-flop shift register.

CAS (Column Address Strobe) is produced between 123 and
164 ns after RAS, depending upon when the first D flip-flop in
the shift register synchronizes with the cycle request signal
(C). Since this is greater than the specified maximum delay
from RAS to CAS, this memory system is CAS access limited
and RAS access no longer has any meaning. The CAS tap
can't move up one D flip-flop to provide more time for memory
access as this would not provide sufficient data set up time
with respect to CAS during a write.

Data

The data path to the 2117s is through two sets of buffers to
account for memory being off board. To determine bus timing
it is helpful to know that Write data is not guaranteed to be
valid from the 8085A until 40 ns after the leading edge of the
write control signal. On account of this and the delay times for
the buffers it is necessary to delay the cycle request on a
write until the WR signal goes low. The solution shown still
does not require wait states. An inhibit memory signal is also
involved. This is useful when using memory address space
overlap such as the case with bootstrap ROM (which would
be necessary in this system if a full 64K of dynamic RAM is
used).

Refresh

Dynamic RAMs are generally refreshed in two different
modes; burst (i.e., all at once every 2 ms) and distributed
(one row every (2 ms/number of rows) period of time). The
schematic shown provides for a distributed refresh where
refresh requests are applied to the Hold request input of the
8085A (not shown). This signal needs to occur at least once
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every 15 psec ((2ms/128 rows to be refreshed) - HOLD to
HLDA delay) and can be generated through a baud rate
timing chain, Intel 3222, one shots or other similar devices.
Another approach to refresh could qualify the refresh cycles
with program fetch cycles (use status lines). If program mem-
ory is in static RAM or ROM and the dynamic RAM bus can
be isolated, refresh cycles can be performed with no over-
head. Instead of using the HOLD feature of the 8085A, refresh
can be hidden in the program fetch and decode. Further
considerations for refresh include proper handling of resets
and excessive hold times from other peripherals to be certain
the memory is being refreshed adequately.

Some applications don’t require high CPU efficiency and re-
quire a very inexpensive method to refresh their dynamic
RAM. Since writing, reading or performing special refresh
cycles all refresh a particular row, why not do “dummy" reads
to refresh? To use this technique memory must be mapped
on a one to one correspondence with the address space.
This will allow the programmer to read one byte in each
physical row in the 2117s, thereby refreshing that row. A
simple software routine can be devised to refresh 16K bytes
of RAM. If more dynamic RAM than this is desired it can be
accomplished by specially enabling all the desired RAS sig-
nals via an 8085A output port. First let's analyze how many
CPU cycles are available in the 2ms period:

2ms/(320 ns/cycle) = 6,250 cycles
for 80B5A@ 3.125 MHz

2ms/(200 ns/cycle) = 10,000 cycles
for 8085A-2@ 5.0 MHz

If there is a convenient component that can count 8085A
cycles (8085A CLKOUT) and interrupt the B085A, you're
home free. An example of such a device is the 8155 in the
MCS-85 family. On the 8155 one can use the TO (fimer out)
pin to interrupt the CPU everytime a refresh needs to be
performed and an interrupt service routine could dummy read
128 consecutive locations and return to CPU operation. (128
reads are necessary to completely refresh the full 16K bytes
of 2117 memory.) The highest priority interrupt should be
used for this to insure that refresh occurs. Figure 8 is an
example program to perform this burst dummy read refresh.
This routine basically uses 64 pops of the stack, each reading
two consecutive locations in the memory. Note that this rou-
tine destroys the contents of registers B, C and D in the
8085A. The user may want to save these registers in the
routine before performing the software refresh. If memory
space is more valuable than CPU efficiency, the POPs can
be performed in a loop instead of a string, saving additional
memory.

This routine requires 690 cycles which is about 11% of the
available 8085A CPU cycles, or 7% of the available 8085A-
2 cycles. If this is acceptable and there is a counter available,
you can't find a cheaper way to do refresh. Note that as
processor speeds become faster, this overhead becomes
proportionately less and more attractive as an alternative.
Again, as with any refresh routine, reset and excessive holds
must be dealt with to guarantee proper refresh.

TNote that Ta|_now only applies to the high order address byte. TALL, for the
lower address byte equals 90 ns. This was done to allow for additional TRAE
time for data float.
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INTERRUPT CPU AT TO (TIMER OUT)

ouT TIMER LSBYTE
MVI A, COH START COUNTER, PLACE CO IN 8155 STATUS REG.
OUT TIMER COMMAND
Program
AT RST 7.5 RETURN ADDRESS CALL RFRS (REFRESH SERVICE)
TOTAL #CYCLES
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10 RFRS: LXIHL, 0 SAVE STACK POINTER IN HL
10 DAD SP
30 10 LXI SP, 0080 32K - 48K REFRESH
10 POP BC
10 POP BC REFRESH, DUMMY READ
64 TIMES
640
6 SPHL RESTORE STACK POINTER
4 El ENABLE INTERRUPTS
20 10 RET RETURN
690 TOTAL CYCLES (round up to 700)

Figure 8. Software Refresh.

6,250 avallable cycles - 700 to do refresh. Counter should count 5550
=15A4H for 80B5A; for 8085A-2 must count 10,000-700 = 9300 = 2454H.
To set counter to automatic reload, most significant bits In timer of 8155
must be set to 1. Therafore, for BOB5A use D5A4H and for BOB5A-2 use
E454H.

DMA (Direct Memory Access)

DMA is becoming more common in the microcomputer sys-
tem for many applications. Some examples include the 8271
floppy disk controller and refreshing a CRT via an 8275 CRT
Controller. It is always helpful to reduce the overhead of the
DMA (as DMA can tie up the system bus) whenever possible.
In many applications, where program memory is resident in
ROM or PROM, DMA cycles can be performed in coincidence
with op code fetch. This will make them invisible to the CPU
as described for Refresh in the Refresh section of the 2117
dynamic RAM example.

In the dynamic RAM system, Relresh requests can be made
on the DMA controller via the DRQ lines, with the 8257 in a
rotating priority mode to insure refreshing is done. Another
technique would be to devise an arbiter for DMA and refresh
requests at the processor hold input. With this technique the

designer must not allow DMA to monopolize the bus when
refresh is needed.

The standard technique for interfacing the 8085A processor
to the 8257 DMA controller is shown in the MCS-85 User's
Manual and is reproduced in Figure 9. This configuration is
set up to interface with standard memories or peripherals,
i.e., ones that don't share their data bus with addresses, not
the MCS-85 family components (8155, 8355, 8755A etc.).
DMA is unlikely with these MCS-85 components as they are
intended for minimum system applications. If the system has
both MCS-85 and standard addressed components, and
DMA is used for the standard addressed components, ALE
must be or'ed with ADSTB from the 8257. This is necessary
to deselect the MCS-85 components from the bus. Due to the
latching feature of the MCS-85 components, bus contention
may result if this is not done and DMA tries to use the bus.
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SYSTEM TIMINGS
8085A CLK-IN vs. CLK-OUT vs. Control Timings

This section shows liming characteristics that relate the input
clock to the control signals and the output clock. These timings
can be treated as constants, that is, within the normal opera-
tive range of the processor, they are cycle or 8085A, A-2
speed independent.

Be careful about manipulating the timings given in this section
with the specifications in the data sheet. The specifications
on the 80B5A, A-2 are not mutually exclusive; that is, you
can't add minimums to minimums and obtain a valid mini-
mum for some other timing parameter. Where the timing
parameter is specified directly, this takes precedence over
any other method you come up with to find that specification
(through adding and subtracting others). This was not done
to confuse the user, but to provide him with the most optimal
timings for his system!

To understand the timing parameters in this section it would
be helpful to understand how the internal signals are gen-
erated in the 8085A. Referring to Figure 10, it is seen that the

rising edge of the X1 input causes flip-flop A to toggle. From
this flip-flop two internal signals are generated that drive all
functions in the 8085A, A-2 and produce the output contral
signals and clock. Referring to Figure 11, it is seen that clock
output is derived from the internal ¢1 signal in the schematic
of Figure 10. This output signal is a MOS output unlike the
bipolar outputs of the 8224 in the 80BOA system. This re-
stricts the user to the loading limitations of a MOS driver (For
further details see bus loading section). The rest of the output
control signals with their respective internal controlling edges
are also shown in Figure 11.

Since the path between the X1 input and the clock output can
have a considerable amount of variance, the relationships of
these two clocks vary significantly. Figures 12 and 13 are a
set of timing diagrams illustrating the relationship of the clock
input to the clock output to the various control signals. For
designs that require these relationships to synchronize differ-
ent systems, components, etc; the designer must allow for
these variances in the relationships.

Parameter Description Min Max Units
toaL Time from C.F. to next Address valid (Ap - A7) 130 ns
tdaLu Time from C.F. to next Address valid (Ag - Ai5 only) 70 ns
tpaT Time from C.F. to present Address remaining valid (Ag - A{s only) -20 ns
técL Time from C.F. to control low (L.E.) —10 60 ns
técT Time from C.R. to control low (T.E.) -10 60 ns
téoL Time from C.F. to Data Out becoming valid 65 ns
tooT Time from C.F. to Data Out remaining valid -20 ns
teps Data-in set up time to C.R. 100 ns
teoH Data-in hold time to C.R. 0 ns
toLL Time from C.F. to ALE high (L.E.) -60 0 ns
toLT Time from C.R. to ALE high (T.E.) 0 70 ns
tXKF Time from X1 input to C.F. 30 150 ns
tXKR Time from X1 input to C.R. 30 120 ns

C.F. = Clock Falling, C.R. = Clock Rising, L.E. = Leading Edge, T.E. = Trailing Edge
NOTE: These numbers are guaranteed by design and are not tested by Intel.

8085A, 8085A-2 Clock Parameters
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3.125 vs. 5 MHz Considerations

The B0B5A (with maximum internal clock frequency of 3.125
MHz) and 8085A-2 (5 MHz) have some differences in their
bus operation. There are two sets of peripherals that can be
used with both the 8085A and A-2. There are the dedicated
peripherals in the MCS-85 family that directly interface with
the 80B5A, A-2 bus and the standard MCS-80 peripherals
that Intel also provides. The standard peripherals that are
denoted 825X-5 (also the 8251A and 827X peripherals) are
peripherals that can be used with an 8085A or 8085A-2. In
the 8085A-2 system a wait state is required for proper I/O
operation, but even with this wait state system speed is still
30% higher than the 8085A without wait states. An example
walit state generator for this purpose is shown at the end of
the peripheral compatibility section in this Application Note
(Fig. 16).

The main timing differences to consider when using an 8085A
vs. an A-2 are listed in Table 1.

Cycle dependent timings are listed in Table 2. These are very
useful when the user is not operating at the full bus speed.
Remember that each 8085A, A-2 device divides its clock
input frequency by 2. Therefore, a 10 MHz crystal will produce
a 200ns output cycle (denoted as T in the cycle dependent
timings). A timing diagram showing the relationships of the
timing parameters given in Table 2 can be found on the data
sheets.
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—Clock (crystal) requirements The 8085A, A-2 requires the
following crystal specifications to run at top bus speed:

8085A 6.25 MHz frequency, parallel resonant, funda-
mental, 10 mwatt drive level, RS < 75 ohms, CL
= 20-35 pf, and CS < 7 pf.

8085A-2 10 MHz frequency, all other specifications the

same as B085A.

—Memory and Peripheral Compatibility - Discussed in detail
in upcoming sections.

—~Cycle dependent timings (Table 2)

Table 1. 8085A vs. B085A-2.




3.125 MHz (8085A) 5 MHz (8085A-2)
(ns) (ns)
Parameter Min | Max Cycle Dependencies Min | Max Cycle Dependencies

teyc 320 | 2000 200 | 2000
t 80 1/2T—80 40 1/2T-70
12 120 1/2T—40 70 1/2T-50
tr 30 30
tf 30 30
tAL 115 1/2T-45 50 1/2T—-50
tLA 100 1/2T—-60 50 1/2T—-50
tLL 140 1/2T-20 80 1/2T-20
{LCK 100 1/2T—-60 50 "1/2T-50
tiLC 130 1/2T-30 60 1/2T-40
tAFR 0 0
tAD 575 (5/2+N)T—-225 350 (5/2+N)T—150
tRD 300 (3/2+N)T—180 150 (3/2+N)T—-150
tRDH 0 : 0
tRAE 150 1/2T—-10 90 1/2T—10
tCA 120 1/2T—-40 60 1/ 2T_—40
1DW 420 (3/24+N)T-60 230 (3/2+N)T-70
tWD 100 1/2T-60 60 1/2T-40
tcC 400 (3/2+N)T—-80 230 (3/2+N)T—70
tCL 50 1/2T-110 25 1/2T-75
tARY 220 3/2T—260 100 3/2T-200
tRYS 110 100
tRYH 0 0
tHACK 110 1/2T-50 40
tHABE 210 1/2T+50 150 1/2T+50
tRV 400 3/2T-80 220 3/2T-80
tAC 270 T-50 115 T-85
tHDS 170 120
tHDH 0 0
tINS 360 1/2T+200 150 1/2T+50
tINH 0 0
tLDR 460 2T-180 270 4/2T—-130

Where T = loyc and N = the number of wait states that are incorporated.
All mathematical operations in Table 2 are performed from left to right, except where qualified with parenthesis.

Table 2. 8085A and 8085A-2 Cycle Dependencies.
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Memory Device Compatibility

Determining What Memory to Select For Your Application
When developing a system which will use sufficient memory
to require buffering (see the capacitive loading section to
determine when it is needed), it is important to understand
how to select the slowest, lowest cost memory and still be
compatible with the bus timings with minimum wait states. A
generalized procedure has been developed in the following
section for determining the memory access needed for dif-
ferent applications and the number of wait states required
(if any). In general the amount of-time available for access-
ing the memory can be obtained from the following formula:
Available memory access = B085A access time (from con-
trol signal of interest) - Buffering/Decoding delay (to and
from memory)

The three main “control” signals of interest which determine
memory access are that of typ (read to valid data in), tAD
(valid address to valid data in)and t| pR (address latch enable
to valid data in). When dealing with different types of
memories, one or more of these signals becomes important.

Even though memory access compatibility is probably one of
the most important parameters to consider, as this is directly
reflected in the price of the memory, it is not the only param-
eter that is important. Some of the other major timing con-
siderations are as follows:

WRITE ENABLE - Is the write enable signal sufficiently long
to guarantee a write?

Is data set up properly with respect to this write to be compat-
ible with the memory’s requirements?

Is data held long enough?

DATA FLOAT - Does your system have sufficient margin to
prevent bus contention?

(i.e., Does the memory let go of the data bus in time for the
processor to use it? Remember that the 8085A shares its
Data Bus with the lower 8 addresses.)

ALE

RD
WR
10/M
8355
OR
8755A
T
ADy-AD7
e ——)
8085A
2|
1 |
8155
B156
3.125MHz | 5MHz
D 300ns 150ns
tap 575 350

Figure 14. Minimum System.

We will first go through the minimum system which can be
represented by the dedicated set of components Intel has
developed for the 8085A (Fig. 14). The two timing specs were
taken from the data catalog for tgp and tAp ({LDR is irrele-
vant here). Looking at the 8155/6 and 8355/8755A, a com-
parison can be made for the access times:

8085A (3.125 MHz) 8155/6 B8355/8755A
tRD 300 (max) 170 (max) 170 (max)
tAD 575 (max) 400 (max) 400/450 (max)

This shows that there is plenty of bus margin for the 3.125
MHz minimum application of the 8085A. Access time for the
processor can be interpreted as the time from when the con-
trol signal is presented on the bus to the time when the pro-
cessor will expect the data to be valid so it can sample it.
Conversely, memory access times show the amount of time
that will elapse between when it is told to present its informa-
tion to when it actually does it. As long as the memory access
spec is less than the processor access spec (minus appro-
priate buffering delays) the memory is access time compatible.
In more complicated systems where one level of data,
address and control buffering is required (such as the case
when there are many signal paths and device loading on
one card), the delays of the latches and bidirectional
drivers must be taken into consideration.

First consider a ROM, EPROM or static RAM configurationt
as shown in Figure 15. Using the generalized available mem-
ory access formula, tAD, tRD and 1 DR for the memory can
be determined using the data sheet timing delays for the
buffers.

1This configuration is compatible with the edge enabled ROMs discussed
earller.

3425MHz | SMHz
Yo 250 100
T 500 25
T, 00 200
(BUFFERS) Lo
DN\
V
WR_ N
V
oM N
V
ALE N
sTB Ey E; Ey
bl O A
Aghog M %% b D
o, oo, A G
8282 8205
BOBSA
8212 CE WE OE
o, ST =
Dy-D, ?
0 3 MEM
D, DO ) 7
S1 00, Oy
DEMULTIPLEXED
ADDRESSES
8286
b Ao 8
B; nd =X
T cs DEMULTIPLEXED
I T DATA

Figure 15. Medium Buffered System.
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tAD MEMORY = tAp8085A — (8282 + 8205 delay) — (8286
delay) + transitional gain due to buffering*

=taDB85 — (T|vov + t=) — (Tivov) + tCAPB®
= (5/2+N)T — 225 — 55 — 35 + 15

= (5/2+N)T — 300 (for B085A)

(5/2+N)T — 225 (for B0O85A-2)

where N = number of wait states and T = cycle time,
For minimum 8085A timing  500ns = tap memory
8085A-2 timing  275ns = taAp memory

The 8085A timing parameter ta| was not taken into consider-
ation as the 8282 transfers information directly through with-
out concern of the address latch enable. tgp can be obtained
in a similar manner.

The read signal RD goes through a buffer before it reaches
the memory. This must be taken into consideration when
calculating effective tRp for the memory.

tRD MEMORY = tRp 8085A — (buffer delay) — (8286
delay) + transitional gain due to buffering

= tRD 85 — (delay) — (Tivov) + 'CAPB
= (3/2+N)T — 180 — 30 — 35 + 15
= (3/2+N)T — 230 (for 8085A)
(3/2 + N)T -- 200 ns (for 8085A-2)

“lcaApg is additional time thrown back in for improvement in signal transi-
tions. This is because buffering the signals reduces the capacitive loading
considerably. The data sheet gives timings for maximum capacitive loading.
Characterization has shown change in delay versus capacitive loading as
12 ns/pf min (under 20 pF loading) and .24 ns/pF max (under 150 pF
loading). To take into consideration the effects of this loading two param-
eters are defined:

IcAPA - delay for a signal to leave the old logic level
IcAPB - delay for a signal to complete the transition from the old to new

logic level
where IcApA = 1/2 1capB
MIN MAX
1CAPA 7ns 15ns
ICAPB 15ns 30 ns

In the memory compatibility calculations tCAPB min is added on as spec sheet
values assume 150 pF loading and this syslem is nol worst case, i.e., it has
buffering that red this loading to apprc 20 pf. Since the CAP =
130 pF and change in delay versus capacnanos is 1/2 ns/pF min, tcaApgMIN =
(.1 ns/pF) 130 pF = approx. 15 ns.

For minimum 8085A timing  250ns = tRp memory
B8085A-2 timing  100ns = tgp memory

With the new Intel Edge Enabled ROMs (2332, 2364)
8085A ALE can be conveniently used for generating CE.

Therefore for t| pR:
tLDR MEMORY = t| pR 8085 — (buffer delay) — (8205)

— (8286) + tcAPB

= ILpR—(delay)- ("‘)—(Twov)“CAPB
= 2T —180 —30 —20 —35 +15

= 2T —250 for 8085A

= 2T —200 for 8085A-2

For minimum 8085 timing = 390ns
8085A-2 timing = 200ns

To obtain memory access parameters for a multicard system
(which would have buffering at both ends of the system bus),
it is a simple matter of subtracting off the additional buffering
delays.
With these timings a memory compatibility table can be de-
veloped from the data sheets (Table 3). With most of these
memories it is relatively straightforward to determine the con-
trolling signal used to select and enable the device. To illus-
trate this, listed below are the controlling signals of interest
for the different memories as they are used in a typical con-
figuration:

Relevant
Control Signal
RAM
2114
Address access - tAp MEM
Chip select access -1L.DR MEM**
2142
Address access -tAD MEM
Chip select access -1LDR MEM**
Output enable - tRD MEM
ROM
2332, 2364 Address access -tAp MEM
Chip enables -tLDR MEM
Output enable - {rRp MEM

“*Chip selects for these static RAMs need not be qualified with ALE. I12114
or 2142 chip selects are generated directly from the address lines, the
relevant timing is tap MEM,

3.125 MHz 5MHz
MINIMUM SYSTEM:
STATIC RAM 8155/8156, (256x8)  8155-2/8156-2
8185 (1Kx8) 8185-2
ROM/EPROM 8355 (2Kx8) 8355-2
8755A (2Kx8) 8755A-2
BUFFERED SYSTEM:
2114 (1Kx4) 2114-2
STATIC RAM 2142 (1Kx4) 2142-2
ROM/EPROM 2332 (4Kx8) .
2364 (8Kx8)
2732 (4Kx8)
2716-2 (2Kx8) 2716-2°*

*Contact Intel for high performance EPROM/ROM Family.

“*With 1 wait state.

Table 3. 8085A, A-2 Memory Compatibility.




In general, tAp MEM and t pr MEM are the parameters
needed for chip enabling, selection and address access
times, and probably are the most important considerations
when determining which memory device to use. When there
is an output enable, tRD MEM is also used. All relevantaccess
times must be met by the resulting system configuration to be
compatible.

This note will not attempt to generalize a procedure that deals
with the interface to dynamic RAM, but the 2117 example
shown earlier is described below. In the dynamic RAM sys-
tem, many variables come into play upon which the memory
access is dependent. Among these are refresh controllers,
decoding, whether or not the system is designed for minimum
hardware or maximum performance, and consideration for
nonmultiplexed vs. multiplexed address dynamic RAMs.

For the Intel® 2107C, which has nonmultiplexed addresses,
tAD is the important parameter as it generates the chip selects
and chip enables. However, with a multiplexed address part,
things are different and both a RAS and CAS access time
must be considered. Note that since RAS is applied before
CAS, RAS access time is effective only while the CAS signal
stays within the specified RAS to CAS delay time. If it is not
possible to do this, CAS access becomes the limiting factor
for memory selection. Don't be mislead by the RAS to CAS
maximum delay (tRCD: RAS to CAS delay time) spec'd on
dynamic RAM data sheets! This maximum only applies to
guarantee RAS access.

For a specific example the following shows how the speed
versions were selected for previous 2117 dynamic RAM inter-
face.

RAS path (from ALE)  approximate delay

5 gates 7 ns ea
1 Flip Flop 15 ns
(return path) 2 8216s 25ns ea

CAS path (from ALE)  approximate delay
3 gates 7 ns ea
1 Flip Flop 15ns
4 D Flip Flops 41 nsea

tACCESS AVAILABLE FOR RAS =

tLDR — 5(7) — 15 — 2(25) = 360 ns
tACCESS AVAILABLE FOR CAS =

tLDR — 3(7) — 15 — 4(41) — 2(25) = 210 ns

Since RAS available time — CAS available time is greater
than the spec value for RAS to CAS delay on all 2117 specs,
CAS access becomes the limiting factor. A CAS access of
165ns of the 2117-4 is well within the time available.

To verify the other 2117 specs such that there is certainty that
this system will play, a comparison can be made of the timing
specs in the 2117 data sheet to the timings that result in the
circuit configuration in Figure 8. When looking at the following
timing comparisons, remember that the read cycle is initiated
by the falling edge of ALE (Address Latch Enable) and the
write from the falling edge of WR (Write). For descriptions of
the parameters in Table 4, please refer to a 2117-4 data
sheet. Delay assumptions used are shown in Table 5.

TAKEN FROM 2117-4 DATA SHEET

DYNAMIC RAM CONFIGURATION

READ CYCLE
MIN MAX
tRAC 250 ns
tCAC 165 ns
tREF 2ms
tRP 150 ns
tCPN 25ns
tCRP -20 ns
tRCD 35 ns 65 ns
tRSH 165 ns
tCSH 250 ns
tASR Ons
tRAH 35 ns
tASC -10 ns
tCAH 75 ns
tAR 160 ns
toff 70 ns
tRC 410 ns
tRAS 250 ns
tCAS 165 ns
*There are two par that the pr

MIN MAX
Doesn't apply
210 ns
Not Shown
279 ns
472 ns
193 ns
Outside spec, CAS access limited
177 ns
300 ns
55 ns
82 ns
-4 ns
205 ns
410 ns
See Below*
720 ns
307 ns
198 ns

“sees”. One is memory ac-

cess, which has already been covered. The other is when the memory will let
go of the bus. To show compatibility here, the following analysis is done:

2117 1oFF
80B5A tRAE

Therefore compatible as WR is used to deselect the B216's.

70 ns max
150 ns min

Table 4. Figure 7 Bus Compatibility Analysis.
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TAKEN FROM 2117-4 DATA SHEET

DYNAMIC RAM CONFIGURATION

WRITE CYCLE
MIN MAX

tRC 410 ns
tRAS 250 ns
tCAS 165 ns
tWCS —20 ns
tWCH 75 ns
tWCR 160 ns
tWP 75 ns
tRWL 100 ns
tCWL 100 ns
tDS 0Ons
tDH 75 ns
tDHR 160 ns

MIN

720 ns
307 ns
198 ns
34 ns
164 ns
287 ns
205 ns
205 ns
205 ns
23 ns **
Data held until next cycle
Data held until next cycle

MAX

**Data is not valid from the 8085A
until 40 ns after WR falls.

Table 4. (Cont'd)

The numbers in Table 4 were obtained by using the following
delay assumptions (Table 5) and very conservative tech-
niques of obtaining minimum 8085A timings. Where no direct
specification applied, minimum specs were added assuming
0 ns for any rise or fall times. This is more conservative than
necessary. Another approach can be made from the clock
related timings discussed in an earlier section.

DELAY

MIN  MAX
Gates Ons 7ns
Flip Flops Ons 15ns
8216s Ons 30ns
Dfipfop ~ 41ns 41ns (Min Ons for
(Timing Chain) i
T Ons 25ns SYnchronization D FF)
8212 Ons 30ns

Table 5. Delay Assumptions.

An exhaustive approach as Table 4 will more than pay itself
back in terms of debugging the circuit. However, while this
analysis may be helpful in understanding an existing circuit, it
won't help as much in creating a new one. A general proce-
dure for designing with memories is itemized below:

1. Determine how much processor time is available for mem-
ory access. Access from addresses is the most important
parameter.

2. Determine how much buffering will be used (both to and
from the memory) and how much delay there will be due
to decode or qualifications in the circuit (in the memory
design in Fig. 8, WR qualifies a write). Subtract these
resulting delays from step 1 to get an effective access for
the memory. If multiplexed address RAM is used go to 3, if
not go to 4.

3. Determine how the RAS and CAS timings will be gener-
ated, be it one shots, delay lines, shift registers, etc. Adjust
memory access available for the method chosen.

4. Select a memory that meets this criterion.

5. Design the system to meet all the specified parameters of
the memory and verify.
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Steps 1, 2 and 4 have been done for you in the Memory
Compatibility Table for ROM, EPROM and Static RAM mem-
ories in a medium and minimum system. Remember - for
dynamic RAM, Intel will soon be providing an 8202, a refresh,
dynamic RAM controller that generates all RAS, CAS control
signals for a 64 kByte memory (made of 2117s).

Peripheral Compatibility - 3.125 and 5 MHz

Intel supports its processors with many LS| peripheral com-
ponents that do a wide range of functions to simplify circuit
design. The 8085A compatible peripherals have been denoted
the "—5" notation to show compatibility. The “—5" notation
also signifies that these devices are compatible with the
8085A-2 with one wait state interjected. This wait state is
produced by taking the ready line low at the proper time as
shown in Figure 16.

A list of these peripherals is shown in Table 6 with corres-
ponding relevant specifications to illustrate 8085A-2 compat-
ibility. The analysis for determining the resulting timings is
similar to the analysis in the previous memory compatibility
section.

60ny

Ag-A1s
—
50,81 ~10ns
lom — Rom NAIL EADY
et el
L . 1}
100 ns AVAILABLE TIME TO
SET-UP READY
BV
Q
R
D o] D o] S
ALE —D p
74574
74574 oy -
a
tya ~ 1508 toa ~ 1508
CLK ouT

Figure 16. 8085A-2 Wait State Generator.




8085A-2 Margin
Part No. AC. Parameter Min. Max. AC. Parameter vs. —2 Spec.
(ns) (ns) (ns)
trD 200 trp *150
Iga & twa 0 tca 60
8251A tow 150 tow 80
wp 0 two 60
tar & tww 250 tce *180
taR & taw 0 tac
tRD 200 tRD *150
taa 5 tca 55
wa 30 tca 60
8253-5 tow 250 tow *180
twp 30 twp 30
tRR & tww 300 tcc *130
tay 1000 tav .
tap & taw 50 tac 65
trRp 200 tap *150
tRA 0 tca 60
twa 20 fca 40
B255A-5 tow 100 fow 130
twp 30 twp 30
taR & tww 300 icc *130
try 850 tav P
AR & taw 0 tac 115
tRD 200 tRD *150
'Ra & twa 0 lca 60
'ow 200 tow 30
8257-5 twp 0 two 60
AR 250 tec *180
tww 200 tcc 30
tAR 0 tac 115
taw 20 tac 95
tap 200 tap *350
'RD 150 tap *200
fca 0 tca 60
8271 & fow 150 ow 80
8273 two 0 twp 80
/R & tww 250 e *180
tac 0 tac 115
RD 200 'RD *150
tRa & twa 0 tca 60
8275 tow 150 tow 80
'wp 0 twp 60
Rr & tww 250 tcc *180
tap & taw 0 tac 115
tAD 250 tap 300
'AD 150 taD 200
1pa & twa 0 tca 60
8279-5 tow 150 fow 80
'wo 0 twp 60
"R & tww 250 tcc *180
'Rcy 1000 tRv X
tap & taw 0 tac 115

Table 6. Peripherals vs. 8085A-2.

*With 1 “Wait State”

**Must allow for in Software
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Taking note of asterisked margins shown on the comparison
sheet: tAD, t{RD. {RR and tpw, it is seen that they are all
taken care of by introducing a wait state. The double aster-
‘isked margins deal with the tRy spec on the 8255A-5,
8253-5 and 8279-5 peripherals. tRy is the time from the rising
edge of WR or RD to the next falling edge. To allow sufficient
time for this spec it is necessary to delay the commands sent
to these three peripherals. Enough dead time must occur to
make up for the entire negative portion of the margin (for
example: 790ns in the 8253-5 medium system). Since in the
8085A-2 every machine cycle is at least 200ns long, 4 ma-
chine cycles are sufficient time to allow peripheral control
signal recovery (tRy).

One may notice that all of the 8085A instructions take at least
4 T-states (providing a minimum of 800ns) giving ample time
to meet this requirement, just by programming one instruc-
tion in between every command sent to the peripheral. |/O
mapped |/O, which results in using the Input, Output instruc-
tions has this delay time built in when moving the data to be
transferred into the accumulator. With memory mapped |/O,
any instruction that accesses memory for data will provide
the time necessary to not violate tRy as a second fetch
is performed.

Bus - loading considerations - decoupling

For the cost conscious designer it is always helpful to know
when buffering is needed and when it is not. How much can |
load the 8085A output pins down? To answer this it is helpful
to first list the DC requirements of the common types of logic
loading and compare this to the capabilities of the 8085A.

Maximum Maximum
High-Level Low-Level
Input Current Input Current
TTL (single load) 40uA 1.6mA
Schottky or HTTL 40pA 2.0mA
MOS 10pA 10uA
LSTTL (single load) 20uA 400pA

The 8085A is capable of an IOL of 2mA (low) and IOH of
— 400uA. With this spec it is easy to come up with the pos-
sible combinations of D.C. loading that the designer can use
without buffering:

8085A,
LOADS A-2 limiting factor

(level)
1TTL + 1 LSTTL LOW
1 TTL + 36 MOS” HIGH
1 SCHOTTKY or 1 HTTL LOW
40 MOS (various combinations possible) " HIGH
5LSTTL LOW

* Exceeds capacitive loading limit, to be discussed

If a user exceeds these DC loading limitations he must buffer
that particular signal. Another factor that the designer must
consider is the capacitive load that is seen by the B085A
outputs, which may very well be excessive even if DC loading
is not. One may note that even though the BOB5A can handle
a DC load of 40 MOS devices or 36 MOS + 1 TTL, their
collective input capacitances exceed the 150 pF max spec.
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The timing specs of the 8085A are guaranteed as long as the
150 pF maximum loading is not exceeded, which includes the
wires, components and parasitics. If the user exceeds this
value and wants to guarantee his system timing he must
either derate the system timings or use buffering.

What if you choose to ignore this limit and say you can live
with the performance degradation? First the timing perfor-
mance is not all that would degrade, a user must be willing to
give up some reliability of his components (All MOS devices
have this restraint). This is caused by the excessive switching
currents that are needed for this extra loading capacitance. If
reliability is not an important consideration, the user can load
up to 300 pF on the 8085A bus, but the following correction
factors must be used to adjust the timings:

for 150 pF < 300 pF add .13 ns/pF
conversely if less than 150 pF:
for 25 < CL < 150 pF you can subtract .1/ns/pF.

What happens after 300 pF? If the user exceeds this, the
noise levels become excessive and problems will result. How
much is to much noise? 350 mvolts zero to peak. Prudent
designers will always buffer when noise approaches this level,
especially in the case of going from one board to another.

The above takes into consideration the actual specification
considerations of when to buffer, but there are also transmis-
sion line and noise effects that must be considered. When
working with dynamic RAMs small (20-30 ohm) resistors are
commonly put in series in the address lines to help match
impedance levels and reduce reflections. Note that this re-
sistor should be chosen such that it does not severely degrade
the voltage levels of the signal. Long parallel board traces
with signals that could adversely affect each other should
also be avoided to prevent cross talk problems.

By-passing is very important to prevent intermittent problems
which often plague the board designer. Large bulk capacitors
should be used at strategic locations on the board to prevent
power supply droop. This becomes a major factor when there
are many devices that can turn on at once and produce a
considerable drain from the power supply (such as burst re-
fresh in dynamic RAM).

To help smooth out the current spikes that naturally occur
when devices turn on and off, it is recommended to liberally
use small capacitors such as the monolithic and other ceramic
capacitors which have low inherent inductance. Attached in
the 2117 data sheet is a suggested layout of capacitors to
effectively bypass the supply lines to ensure proper system
operation. Cutting corners here will often times turn around
and bite you.

Proper layout is an important consideration. Power supply
lines should be well gridded to supply sufficient current to all
areas of the board. A strong ground layout is advised to offset
noise problems. Remember if the ground plane moves up in
voltage because of excessive charge dumping in a particular
area, the supply will drift up correspondingly. Sensing low
levels often becomes an intermittent problem when proper
ground is not provided.



Following is an application example that illustrates the use of
the interrupt and SOD pins on the 8085A, software for a block
search routine, and the procedure for using and reading the
8155 counter. It is a simple application showing the use of the
small but powerful 3-chip MCS-85 system as a temperature
sensor (SDK-85 board used). This example can be modified
to be an accurate industrial temperature controller, for several
locations if desired.

The basic operation behind this application is a monostable
multivibrator having its timing pulse duration controlled by a
thermistor. The counter in the 8155 converts this timing pulse
to a decimal count that is software mapped into a temperature
and displayed in degrees C in the address field of the display
in the SDK-85 Kit. For the purpose of keeping the software
relatively simple, many approximations were incorporated into
the code.

Detailed Hardware

The basic SDK kit was used for the initial hardware. This Kit
provides for everything necessary to develop and debug a
program through the use of the SDK-85 monitor, keyboard
and display board. The kit provides for 256 byles of RAM
resident in the 8155 and 2K bytes of ROM or EPROM where
the SDK-85 monitor is placed. (See the Intel SDK-85 User's
Manual for copy of monitor software code.)

Figure 17 is a schematic of the SDK-85 Kit with only one 8155
and 8355. There is no buffering in this system as all compo-

e wer wee e UGG GG I UEIUW LIS EXITTIUI
component loading. A monostable multivibrator (74121) is also
shown with a thermistor connected to RE/CE.

The SOD output pin from the 8085A is used for the purpose of
starting the monostable multivibrator in generating its tem-
perature controlled timing pulse. This pulse is created by the
RC time constant provided for by the thermistor acting as a
variable resistor and a .1uF capacitor to put the timing pulse
in the desired timing range.

The inverted output of the monostable multivibrator (one
shot) has been directly connected to the RST 6.5 pin on the
B085A. Since this pin is high level sensitive, it is necessary to
disable interrupts in the program until after the pulse from the
one shot goes low.

The hardware addressing in the configuration shown allows
for several code spaces that could be used. The RST and
TRAP interrupt lines on the 8085A also have hardware start
addresses but many of these are altered by the SDK monitor.
Table 7 should be useful in understanding the addresses
used in the software that follows. Each memory/ 1/O compo-
nent in the basic SDK-85 system is enabled by a signal com-
ing from the 8205 address decoder. Since no expansion chips
are used, output enables 00 (8355 monitor ROM), 03 (8279
Keyboard) and 04 (8155 RAM) were the only ones needed.
Additional memory and/or I/O could have been incorporated
using other output enables from the 8205.

Memory/1/O Device  Function
8155 RAM space
8355 ROM space
8279 Keyboard/display
controller
stack pointer

Output from 8205 code space

04 2000 - 20FF

(20 - 20FF are reserved
for monitor RAM locations)
0000 - 07FF

00
03 1800 - 1FFF

Since the monitor uses locations 10C8 through 20FF,
the stack pointer must be initialized to 20C8 or less.

B085A jump address Usage monitor mapped address

trap 24H T0 of 8155 0157
RST 5.5 2CH 8279 interrupt 028E
RST 6.5 34H oneshot interrupt 20CE
RST 7.5 3CH vector interrupt
1/0 ports address  Function

00 Monitor ROM Port A (8355)

01 Monitor ROM Port B (8355)

02 Monitor ROM Port A (8355) Data direction register

03 Monitor ROM Port B (8355) Data direction register

20 Basic command/status register

21 Basic RAM Port A

22 Basic RAM Port B

23 Basic RAM Port C

24 Basic RAM LOW order byte of timer count

25 Basic RAM HIGH order byte of timer count

Table 7. Addressing
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CODE LINES

SUBROUTINE ADJUST

RESET MODE BITS 179-199

RESET CARRY AND
ROTATE RIGHT
INITIALIZE
STACK POINTER THROUGH CARRY

DISABLE INTERRUPTS

18-23 START COUNTER @3FFE NO

CODE LINES

PULSE ONE SHOT
28-32 ENABLE INTERRUPTS YES:
ADD IN % FULL COUNT
(% FULL COUNT-1] IF ODD
INTERRUPT ‘
36-37 FROM TEMP
SUBROUTINE SEARCH
SENSOR? c 118-144
COMPARE MEMORY [
— TO COUNT 158
|
STOP COUNTER
4zl READ VALUE IN !
COUNT |
J VER LESS THAN I
MEMORY? |
CALL COUNTER i
ADJUST ROUTINE l
|
{ INCR MEMORY POINTER __,'
LOOP 8 TIMES
CALL SEARCH
ROUTINE l
DECREMENT 8 BYTE
COUNTER
ENTIRE
YES & BLOCK SEARCHED?
a5 SEARCH SOFTWARE MAP Sals

SUCCESSFUL? TEMP, IN DEG. C

EXPAND TEMP, DISPLAY
FOR DELAY PERIOD

SUBROUTINE TOO LOW | SUBROUTINE TOO HIGH

101-105 | CUTPUT 170 Jyg.112

OUTPUT 1's TO
PORT PORT B

l

RETURN TO
MONITOR

Figure 18. Temperature Sensor Flow Dlagram.
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Software

The software (at end of section) for this application illustrates
several features of the 8085A, such as the programming of
the SOD line, interrupts and 8155 counter. Additionally, an
example of a block search routine is illustrated.

Figure 18 is a flow diagram of the program. It has been cross
referenced with program lines to the actual software for the
reader's convenience. Following through the flow diagram it
is seen that the interrupts are disabled in the beginning as the
one shot is outputting a high level on its Q output and interrupt
pin 6.5 is high level sensitive. However, this high level will not
be recognized until the level goes low and then high again. If
the user would prefer a positive pulse interrupt the 8085A a
dual one shot can be used with one triggering the other, or
just a simple inverter. Starting and loading the counter is as
described in the 8155 data sheet with the Port addresses
being given in the previous Table (7). Code lines 18-23 repre-
sent placing the counter in the counter mode (single terminal
count pulse at the end of count) and starting the count, having
the count clocked by the BOB5A clock out pin. Reading the
counter is not as straight forward and will be approached
shortly. Code lines 28-32 are representative of programming
the SOD line to output a pulse. This pin is intended for serial
1/0 interfaces such as a teletype, but as seen in this applica-
tion, it can also be used as a single 1/O port.

After the pulse is presented to the one shot, the interrupts
enabled, the processor idles (lines 36, 37; Halt could have
just as easily been used) until interrupted. Through the design
of this application it was known that the down counter would
never reach terminal count, as it is only being used as a pulse
to digital count converter.

To read in the count value it is best that the counter is first
stopped. The least and most significant bytes of the count
length register in the 8155 are read using the same port
addresses as was used during loading the counter, as seen
in code lines 42-47. If one looks at this value and knows how
many pulses occurred, he would come to the conclusion that
there is a gross discrepancy! The reason for this is that the
counter in the 8155/6 was designed to make its square wave
function generation easy and when used in the counter mode,
it counts by two's. For this application (where length of time is
mapped into a temperature) and other similar event timing
applications it is imperative to have an intelligible count re-
turned from the 8155.

The counter in the 8155 is essentially a count down by 2
counter. After it counts down by 2 the initial value loaded by
the user, it reloads the initial count (initial count —1 if odd) and
counts down by 2 again until terminal count is reached. When
reading the counter, the least significant bit of the counter
does not represent the least significant bit of the count, but
which half of the countdown operation you are in. If this bit
equals 1, the 8155/6 counter is counting down by 2 in the first
half, and if it is zero you are in the second half of the opera-
tion. Because of this method of down counting there are two
restrictions placed on its use:
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1. The user can not use the initial value of 1 to detect only
one pulse.

2. The user can not discern (through reading the counter)
whether exactly one or two pulses on the timer input pin
has occurred if he loaded in an initial odd count (does not
apply to even). After three pulses the user can determine
exactly how many pulses occurred. Note that this restric-
tion only applies to reading the counter, the TO pin pulses
correctly after the correct number of pulses regardless of
what is read from the counter.

The first pulse to the 8155/6 counter (high level sensitive)
loads the count length register, which says that the counter is
not readable until a pulse occurs. If the user tries to read
before a pulse is provided he will read a previous or old
value. Now what is done with the value read?

Good question. An adjustment routine to convert this value
read to an actual count can be summarized as follows:

. Read in 16 bit count length register.

. Reset the upper two bits (mode bits).

. Reset carry and rotate right all 16 bits through carry.

. If carry is set add 1/2 of full original count (1/2 (full count
—1) if full count is odd).

HLON=

In the software for this application is a general purpose rou-
tine to do this; lines 179-199. To call this routine it is assumed
that the lower order byte of the counter is in register C, higher
order byte in register B and full original count is-in HL. Con-
tents of H, L, B and C are destroyed returning actual count
in BC register pair. To obtain the number of pulses that
occurred, subtract this number from full original count and
add 1.

Converting this remaining count to an actual temperature can
be done by various methods but it was chosen to do a soft-
ware map through the use of a block search routine. Table 8
presents approximations of what the remaining count should
be for each temperature. To keep the software simple it was
only necessary to compare the most significant byte to a list
to find the appropriate temperature. This search routine is set
up to find a “less than" match, incrementing the HL register
as a pointer when a compare is made. The code for this
search routine is in lines 118-144 and is optimized to be a fast
8 byte block search. This search routine can be made to
search for a match by replacing all return on carry with return
on zero. The performance of this subroutine is as follows:

Byte time = (11 + (166/8) N) CC/N = (11/N + 20.8) CC
where: CC = microseconds per clock cycle
N = total number of bytes searched
Byte time = time per byte searched
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For an example with N = 256, CC = .32 usec at 3.125 MHz;
Byte time = 6.7 usec. A match search routine with minimum
memory usage is given below:

Search CmpM compare byte
RZ return if match
INX H else increment pointer
DCR C has the entire
JNZ search block been searched?
STC If so set no match flag
RET and return.

In this application, a user may want to have several tempera-
ture ranges which can be swapped in and out with a block
move subroutine. Similar code can be developed for this as

shown below for a 4 byte move group:

BLKMV  LXI H, 000H
DAD SP
SHLD SAVESP
MOV H, B
MOVL, C
SPHL
XCHG

Loop POP B
POP D
MOV M, C
INX H
MOV M, B
INX H
MOV M, E
INX H
MOV M, D
INX H
DCR A
JNZ Loop
LHLD SAVESP
SPHL
RET

clear HL

move SP to HL
save sP

move Block move
Source address
To SP

Move Block move
address to HL

fetch four bytes from
source store 1st byte
at destination

2nd

3rd

4th

check for end of
Block move
return old

SP
return
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Once the count less than match is found in the application the
HL register has 10 added to it which points it at the corre-
sponding temperature (lines 79-82). This temperature is then
displayed in the address field of the SDK 85 display using
user available monitor routines. If the temperature is out of
range the code detects it (lines 63-74) and outputs 1's on Port
A or Port B if the temperature was too low or too high respec-
tively (lines 101-105 “too low" and lines 108-112 “too high”).



APPLICATION EXAMPLE 2
CRT INTERFACE

Most microprocessor systems require some sort of
serial communications. This may be selected for
reasons of economy (to reduce the number of
interconnections required in a distributed system),
or it may be necessary in order to communicate
with such common peripherals as CRT’s or tele-
typewriters.

These peripherals all use a standard convention for
transmitting serial ASCII code. Each data byte is
transmitted as a series of 10 or 11 bits. The uni-
form time per bit corresponds to the data trans-
mission rate. For example, if the transmission rate
is to be 2400 baud (2400 bits per second), each bit
time must be 1/2400 bps=416.7 upsec/bit. The
standard 10-bit sequence consists of a logically
zero “‘Start™ bit, 8 data bits (least significant bit
first), and one or more stop bits (logic 1). An
11-bit sequence with two stop bits is used for 110
baud TTY's. The logic one level continues until the
start bit of the next byte to ensure that each 10-bit
sequence is initiated with a one-to-zero transition.
The 8 bits transferred might be raw binary data or
alphanumeric characters using the standard ASCII
code. In this case, the most significant bit — the
last data bit transmitted — will depend on the
parity convention being used. This sequence is
illustrated for the ASCII “space” character in
Figure 4.

The algorithm for receiving serial code involves
sampling the incoming data at the middle of each
bit time. The eight sampled values are shifted into
a serial byte corresponding to the data originally
transmitted. The one-to-zero transition at the
beginning of each byte makes it possible to syn-
chronize the sampling points relative to the start
of each data sequence.

Hardware Interface

In general, any serial communications system will
require both hardware and software interfaces.
Since the SOD line can drive only one TTL load,
additional current and voltage buffering is required
to be compatible with the RS-232C interface
standard used by most peripherals. A schematic for
achieving this buffering is shown in Figure 5. The
MC1488 and MC1489 circuits interface positive
logic TTL signals with the RS-232 high voltage
inverted logic levels.

Software Package

The software needed to drive the CRT interface is
divided into three parts. All three use software
timing and delay loops, with fixed and variable
parameters. In conjunction, they are able to
identify incoming signals at any rate from below
110 to over 9600 baud and respond at the same
rate.

Pp Oy Dy D3 Dy Ds Dz Dy

START
BT

sToP
BITS

Figure 4. ASCII Space Character
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Figure 5. RS-232C Interface Schematic

Upon power-up or reset, or when the console
device baud rate is changed, the baud rate identifi-
cation subroutine (BRID) is called. This routine
waits until an ASCII space character (20H) is
received from the console. (Any other character
will result in a case of mistaken identification.)
When a space character is received, two time
parameters are computed which correspond to the
bit time and one-half the bit time of the baud rate
being used. These are stored as variables BITTIME
and HALFBIT. To output a character to the con-
sole, the character code is placed in register C, and
the subroutine COUT is called. This routine uses
BITTIME as a parameter for the software delay

loop which determines the baud rate. To accept t.

character from the keyboard, CIN is called. CIN
returns after the next key is typed, with the corre-
sponding character code in register C. CIN uses
both parameters BITTIME and HALFBIT.

Since COUT and CIN use time parameters com-
puted by BRID, they will function at a rate the
same as that of the initial space character input.
Because of the nature of the software, the rate
does not depend on the CPU clock frequency. This
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results in additional flexibility in the following
respects:

1. The software does not need to be modified
if the 8085 crystal frequency is changed or
Wait states are added.

2. Since the time base is no longer critical, the
quartz crystal could be replaced by a less
expensive RC network, provided the fre-
quency does not drift by more than a few
percent during a session. Additional drift can
be accommodated by periodically recalling
the BRID routine.

3. Communication is possible at non-standard
baud rates which relaxes the constraints on
system peripherals.

It should be noted, though, that slowing down the
CPU clock will decrease its throughput proportion-
ately. In addition, it will degrade the maximum
resolution of the delay loops, with the result that
the highest baud rates may no longer be achievable.

A more detailed analysis of the CRT interface
routines will be presented in the order of increasing
complexity: COUT, CIN, and BRID. Since SID and



SOD are ideal for many applications which involve
critical I/O timing, the timing techniques used here
may be of interest to software designers. Accord-
ingly, the mathematical derivation of the timing
parameters is included in this analysis, as well as a
justification for the BRID algorithm. The algebra
involved might be a bit too tedious for designers
unconcerned with generating software delays. If so,
they (and other bored readers) have the freedom of
choice to skip over the sections they find objec-
tionable.

OUTPUT ROUTINE

It would seem natural to write data in the standard
format in three stages: output a zero start bit, then
the 8 data bits (using a loop sequence), then the
stop bits. Each stage would incorporate its own
appropriate delay and output sections, leading to
unnecessary duplication. Instead, the code below
cxecutes the same main loop 11 times. Its bit
manipulation routine inherently results in the cor-
rect data sequence being formed. It accomplishes
this by using the carry and C register as a 9-hit
pseudo-circular shift register. Initially CY=0. The
algorithm outputs CY, waits onec bit time, sets
CY=1, and then rotates the pseudo-register right
one bit. This repeats for 11 cycles. On the tenth
and all subsequent loops, the output bit will be a
logical one, since that bit had been set nine loops
earlier while in the CY (see Figure 6).

When COUT is called the registers to be used must
be preserved and interrupts disabled so the timing
loop will not be disrupted. Clear the CY in prepara-
tion for outputting the start bit, and set the loop
counter for 11 bits (if 110 baud will never be used,
the counter could be set to 10):

COUT: PUSH B

PUSH H

DI

YRR f
MYI B 11

Output of the contents of the CY:

Col: M1 £, g8H 2
FPR 4>
S 4>

The numbers in brackets indicate how many ma-
cine cycles are required for each instruction. They
will be referred to in the timing analysis section.

REGISTER C: Io;[oglos]m[lh[nzlmlbo

OUTPUT
cy:
stc +— sTaRTBIT
cy:
& 1 |07 o8| 05| 04| p3] D2[ 01
QUTPUT
stc m Do

|

L—|m 1 | 1 |p7| s |5 | 0a| D3] 02
OUTPUT
L =

J

- -

————————— .
ouTPUT
(o]

Ds

|RAR

NN KN ENENENEY St

S W =

I?M AR EEBEEE

a

Figure 6. Data Serialization Algorithm

Get stuck in a loop for the appropriate time (don’t
worry for now how “BITTIME” is determined):

LHLD  BITTIME s>

ca2 [ L (m
N2 coz 0
DCR H )
INZ coz2 D)

Rotate the contents of register C right into the CY,
while moving a one into the left end. Continue
until all bits have been transmitted:

STC 4>
Mo AC 4>
PRE w0
HOY C.A “@
BCR e €
mz o 18>

Restore processor status and return:



PopP H
PoP g
El

RET

INPUT ROUTINE

The console input routine uses the opposite pro-
cedure; instead of moving a bit from register C to
the CY, then to A7, then to SOD, CIN loads a bit
from SID into A7, then moves it to CY, then into
register C.

First, set up the CPU as before:

CIN: pucH  H
Dl
MYT B.g

When a start bit transition arrives, the first sam-
pling should not be taken until the middle of the
first data bit, one and one-half bit times after the
transition. Await the start bit transition, then set
up the delay parameter for one-half bit time:

CH: RIM “a>
0FR A A
B cH 0
LHLE  HALFEIT Ag>

Loop for one-half bit time before starting to
sample data:

CI2: DCR L (1)
N (¥ 4 ({1}
DCR H 0
N2 cI2 i

Wait until the middle of the next bit before sam-
pling SID, then move the data bit into CY:

CI2:  LHID  BITTIME ae>
Cl4:  DCR L )
JNZ cl4 ()
pCR H i)
Nz cl4 L))
RIM 4>
PAL {4

Decrement the bit counter. If this is the ninth
cycle, the 8 data bits are in register C, so quit (the
first stop bit will already have been received, and
be in CY):

DCP E
J2

4%
CIs &
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Otherwise, continue. Rotate the data bit right into
register C, and repeat the cycle:

Moy AL 4P
RAR “>
HOY C.H >
NOP 4>
Jnp CIz 18>

(A NOP is needed to make the COUT and CIN
loops exactly equal in number of machine cycles,
so that each can use the same delay parameter.)
Restore status and return,

CI5:  Pap H
El
RET

TIMING ANALYSIS

COUT and CIN now need to be provided with
parameters for BITTIME and HALFBIT. It can be
seen from the above code that each routine uses
61 +D machine cycles per input or output bit,
where D is the number of cycles spent in either
four line delay segment. If (H) and (L) are the
contents of the H and L registers going into this
section of code, then:

D =2+ -1)X 14+ @ -1) X
[(255 X 14) +25] (1)
If (| = @ -1, =@L)-1,and
(HLY =256 (H) +(LY (2)
then y ;
D = 22+ 14 LY +3595 (&) (3)
This can be approximated by:
D = 22+ 14 (HLY @)

This approximation is exact for o = 0; otherwise,
it is accurate to within 0.3%. Thus each loop of
COUT or CIN uses a total of:

C = 61+D = 83+ 14 (HL) machine cycles (5)

Each machine cycle uses two crystal cycles in the
80835, so the resulting data rate is:

B = cycle frequency

_ (crystal frequency) +2
83 + 14 (HLY

(6)



desired. This guarantees that at rates up to 9600
baud, where each bit time is at least 104 ysec wide,
some value of BITTIME can be found which will

For a typical calculation, see Example 4.

EXAMPLE be accurate to within 2.2%.
To produce 2400 baud with the standard 6.144 MHz
crystal: BAUD RATE IDENTIFICATION ROUTINE
2460 _ (6.144 X 106) +2 The function of BRID is to compute the appropri-
83 + 14 (HL)Y ate parameters BITTIME and HALFBIT. It accom-
g plishes this by observing the data pattern received
14 @D = (6.!44 X 106 + 2)_ 83 when the space bar is pressed on the console
2400 device. Since a space character has the ASCII code

20H = 00100000B, the pattern represented back in
Figure 4 is transmitted. Notice that the initial zero
level is 6 bits wide. Suppose it could be determined
that this corresponds to M machine cycles. Then

. 6.144 X 106+ 2
(HL) -[( =400 )-83]

+14 = 855 = 86

HL' = 8610 = 0056H one bit would correspond to (M+6) machine
cycles. The reason for dividing down a space
(HL) = 0I57H = BITTIME several bits long is so that any distortion caused by

the signal rise and fall times, or any lack of pre-
cision in detecting the two transitions, will be
reduced by a factor of six. Since the bit period of

To determine the true data rate this parameter will
produce, substitute into equation (6):

6.144 X 106 =2 ; ‘
Date Rate = =g=—ge— COUT and CIN is 83 + 14 (HL) , BRID must gener-
ate a value (HL) such that:
= 2387 baud, which is 0.54% slow.
For 9600 baud, the same calculations will yield ary M+6= 83+ 14 (HL) (@]
=17, which is actually 0.3% slow; a sizzling 19200
baud or 38400 baud could cach be generated to with- _ (M+=6)-83

’
in 5% if (HL) =6 or 0! Table 1 presents the param- (HL 14 (8)
eters for several standard baud rates.

(HLY

M
= fi 9
Notice that the resolution of the delay algorithm — 84 (approximately) ®)

the difference between bit times resulting from
parameters which differ by one — is 14 machine
cycles. As a result, the true bit delay produced can
always manage to be within +2.3 usec of the delay

This valuc can be determined by setting register
pair HL to —6, then incrementing it once every 84
machine cycles during the period that the incom-

Table 1

DELAY PARAMETERS FOR STANDARD BAND RATES USING 6.144 MHz CRYSTAL

TARGET g ! (HL) or ACTUAL a
sao ||, | e | aaear | swomare |
RATE (See Text) PRODUCED ERROR

110 1989 07C5 08C6 04E3 109.99 -0.006
150 1457 0581 0682 03D9 149.99 -0.005
300 726 02D6 03D7 026C 299.80 -0.068
600 360 0168 0269 01A5 599.65 -0.059
1200 177 00B1 01B2 0158 1199.5 -0.039
2400 86 0056 0157 012C 2386.9 -0.547
4800 40 0028 0129 01156 4777.6 -0.469
9600 17 0011 0112 0109 9570.1 -0.312
19200 6 0006 0107 0104 18395.2 -4.37
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ing signal is zero. BITTIME is then obtained by
individually incrementing registers H and L. To
obtain HALFBIT, divide the value of (HL) deter-
mined above by two before incrementing each

register.

In order to implement this algorithm, set HL to -6,
verify that the incoming signal is a logic one, then
wait for the start bit transition.

BRID:  MVI
SIM
L¥I
BRI1: RIM
ORA
JP
BFI2: FRIM
0RA
M

f, BC2H

H.-£H

A
BRI1

A
EeI2

Increment register pair HL, then delay so that each
cycle will require 84 machine cycles:

BRIZ:  INX
Myl
BRI4: DER
INZ

H e
E a4H e
E (83)
BRI4 (€2

Check if SID is still low. If so, repeat:

RIM
0RA
JP

4>
A 4>
PRIz 248>
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Otherwise continue. Store HL temporarily for the
HALFBIT calculation. Obtain and store BITTIME:

THR
SHLD

Restore HL, calculate HALFBIT, and return:

Pop
ORA
Mov
RRR
uoy
MY
FRF
L
N
IR
THLD
PET

x
o

HRLFEIT

The assembled listings for these subroutines, along
with a simple test program, is presented in the

Appendix.
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There are many situations where data has to be
transmitted through a non-ideal medium. To give
three typical examples, a system with electrically
isolated elements might require that signals be AC
coupled, communications through an audio net-
work (such as telephone or radio) are greatly band-
width limited, and some applications (such as a
distributed network in an industrial environment)
must tolerate random electrical noise. Attempting
to record data on a cheap cassette recorder (the
one used for this note cost $§17.00) will reveal all
of these shortcomings, plus one: The tape speed
fluctuates significantly and varies as the batteries
run down, hence the data rate is inconsistent.

The recording scheme used here makes very few
demands on the transmission medium. It makes no
attempt to transmit DC voltage levels. Instead, data
is transmitted by a series of variable length tone
bursts. The dominant frequency of the tone used
can be selected to be within the passband of the
particular medium. Data is transmitted with each
bit composed of a tone burst followed by a pause.
The first third of a bit period is always a tone
burst, the middle third is either a tone burst con-
tinuous with the first or a pause corresponding to,
respectively, a one or zero, and the final third is
always a pause, as shown in Figure 7. Thus, data is
distinguished by the burst/pause ratio.

Hardware Design

These tone bursts are obtained from the 8085 SOD
line, using analog signal conditioning to eliminate
the DC component of the waveform. (This low
frequency component is due to the single-ended
nature of the SOD line: it’s deviations from ground
are all positive, which unbalances the capacitive
input stage of the recorder.) A suggested interface
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circuit is shown in Figure 8, using one LM324
quad op amp and a few standard value discrete
components which should be available in even a
digital design laboratory. On playback, analog cir-
cuitry is again used to detect the presence of a tone
burst. In Figure 8, A2 buffers the incoming signal,
and A3 inverts it. The peaks of these two signals
are transmitted through DI or D2 and are filtered
by an RC network. Comparator A4 then squares
up the output and produces the logic signal read
by the SID pin. Since the op amps are powered by
the single 5-volt supply, a 2.0-volt reference level
is obtained from a resistive voltage divider. The
waveforms present at several points in the circuit
are shown in Figure 9.

Software

The algorithm for reading a data bit off the tape is
simple and straightforward: If the tone burst is
longer than the pause, the bit is a one. Otherwise,
it is a zero. Since only the time ratio is considered,
any variation in tape speed will not affect the data
determination.

VOLUME CONTROL

A question that arises with any audio cassette inter-
fuce is how to set the volume control, (Recording
level is usually determined internally.) When the play-
back level is correct, the logic signal output from A4
will have either a one-third or two-thirds duty cycle.
This can be readily observed with an oscilloscope. In
the field, an old-fashioned mechanical-type voltmeter
could be connected to the A4 output, and the volume
adjusted until the meter needle hovered somewliere
between 1/3 and 2/3 the high level output voltage.
With random duts, the reading would be about 2
volts. There will be a fairly wide range of acceptable
volume settings. (Since the quivering meter needle is
being used here for inertial signal averaging, a digital
voltmeter would not be very helpful in this applics-
tion.)
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After the CRT software analysis, the tape routines
are almost trivial. TAPEO is a subroutine for out-
putting the contents of register C to a cassette
recorder. TAPEIN reads 8 bits into register C.

OUTPUT ROUTINE

TAPEO calls a subroutine named BURST three
times for each bit. If Ag (the SOD enable bit) is set
when BURST is called, a square-wave tone burst
will be transmitted. If Ay is not set, BURST
simply delays for exactly the same amount of time
before returning. The three calls are used to,
respectively, output the initial burst, output the
data burst/space, and create the space at the end of
each bit. Nine bits will be output: the eight data
bits (LSB first) followed by a zero bit. The start of
the initial burst of the trailing zero is needed to
mark the end of the final space of the preceding
data bit.

Start each bit by outputting a tone burst:

TAPEQ: MYI B9
T01: MY R, BCEH
CALL  BURST

A1-40

Rotate register C through CY:

Moy A
RAR
MY LR

Move CY to the SOD enable bit position, Ag.
Simultaneously set A7 to one, and clear all other
bits. Qutput a tone burst or space, depending on
the previous contents of CY:

. VI A 814
RAR
kAR
CRLL  BURST

Clear the accumulator, and output a space:

YRR R
CALL  BURST

Keep cycling until the full 9-bit sequence is fin-
ished:

DCR e
mz ToL
RET

The BURST subroutine execcutes the SIM in-
struction CYCNO times, at intervals of 29 + 14
(HALFCYC) machine cycles. In between each SIM,
bit A7 is complemented. CYCNO should be an
cven number. If Ag is set upon calling BURST a
square-wave will be created. Otherwise, the same
code sequence is followed but SOD does not
change — thus a space results.

BURST: HVI 0, CYCND 754
BUL:  SINM 4>
MYl E HALFCYC (7
BUz:  DCR E iL )
INZ B2 /e
“R1 2iH <
DER ] 42
INZ BuL TR
RET e
INPUT ROUTINE

TAPEIN uses a subroutine called BITIN to move
the data at the SID pin into the CY. The maximum
rate at which SID is read is limited by a delay loop
in BITIN.

Initialize the bit counter and the register D, which
will keep track of the tone burst time. If a tone



burst is being received when TAPEIN is called,
wait until the burst is over:

TAPEIN: MVI B, 8

MY1 0. @2
TIL:  CALL  BITIN
IC TI1
CALL  BITIN
JC Ti1

(Throughout this subroutine, a level transition is
recognized only after it has been read once initially
and then verified on the next reading. This pro-
vides some degree of software noise immunity.)
Now await the start of the next burst:

TI2: CALL  BITIN

INC Ti2
CALL  BITIN
JNC TIz

The next burst has now arrived. Keep reading the
SID pin, decrementing register D (thus making it
more negative), each cycle until the pause is
detected:

Tz DR o

CHLL  BITIN
I TI2
CALL  BITIN
I TIZ

Now continue reading the SID pin, incrementing
the D register (back towards zero), each cycle until
the next burst is received:

TI4: IR Y

CRLL  BITIN
TNC Tid
CALL  BITIN
INC TI4

Now, if the burst lasted longer than the space, D
was not incremented all the way back to zero; it is
still negative. If the space was longer, D was incre-
mented up through zero; it is now positive. In
other words, the sign bit of D will now correspond
to the data bit that would lead to each of these
results. Move the sign bit into the CY, then rotate
it into register C:

M AD
FAL

" R
FAR
Mo oA

B
MY T {9

Continue until the last bit has been received:

bCR B
INZ TI2
FET

(Notice that the first half of this subroutine is
incorporated in the second half. In fact, the as-
sembled listing included in the Appendix makes
use of this fact to eliminate 24 bytes of duplicated
code.)

BITIN waits a short time in order to regulate the
sampling rate, then reads SID and moves the data
bit into the CY:

BITIN: /1 E. CXRATE
BI1-  [ip E

Nz Bil

FIM

FAL

RET

The tone burst frequency and duration, and
the TAPEIN sampling rate are determined by
HALFCYC, CYCNO, and CKRATE. Tables 2 and
3 give typical values.

Table 2

EXAMPLE COMBINATIONS OF HALFCYC AND CYCNO.
ALL VALUES IN DECIMAL

APPROXIMATE | CORRESPONDING RESULTING DATA RATE
TONE HALFCYC 8 | 20 [100 cycNo
FREQUENCY VALUE 4| 10 [ 50 | CYC/BURST
500 Hz 217 42 17 33 bps
1 kHz 108 83 | 33| 66 bps
2 kHz 53 166 | 66 | 13 bps
5 kHz 20 414 | 166 | 33 bps
10 kHz 9 826 | 330 | 66 bps
Table 3

MAXIMUM SAMPLING RATES
FOR VARIOUS VALUES OF

CKRATE
CKRATE SAMPLING RATE

VALUE (INCLUDING
CALL & RET)

1 17.6 usec

20 104  usec

80 378  pusec

250 1.14 msec




and the recorder turned on manually. Successive
bytes will be recorded until the end of that page,
i.e., until L is incremented to zero. The playback
routine requires presetting HL to the target address
and turning on the recorder before PLAYBK is
called. These routines incorporate a long tone burst
before each data block to allow a recorder with
Automatic Gain Control to stabilize before the
data starts.

ADDITIONAL COMMENTS

The two design examples given so far were built up
using an SDK-85 System Design Kit. Both hard-
ware interfaces were wire-wrapped on the ample
breadboarding area provided on the board. The
connections between SID and SOD and the on-
board TTY interface were broken, so as not to
affect the 8085 [/O electrical characteristics.

The CRT interface was tested with a Beehive Mini-
Bee II Terminal in the full duplex mode at each of
its 14 possible transmission rates, from 110 to
9600 baud. It was also checked out at 19200 baud
using a Beehive B-100 terminal. In addition, the
software was exercised using an SBC 80/20 system
as a variable baud rate character generator and
receiver.

An additional advantage to having software select-
able communications rates is that it would be pos-
sible to communicate with several system periper-
als, each at its own preferred rate, without having
to duplicate hardware. For example, the addition
of a single 7408 AND gate and an output port
(such as on the 8155) would make it possible to
use the same two RS-232 circuits to interface with
up to seven I/O devices (see Figure 10). Three of the
MC1488 drivers have Enable inputs which can be
controlled by the output port. One AND gate can
be used to buffer the SOD line and drive the
MC1488 Data inputs. The rest of the 7408 can be
configured as a four input AND gate. This would
act as an inverted logic OR gate to reduce the four
MC1489 receiver outputs to a single line, which
could be read by the SID. This assumes that only
one input device (CRT, PTR) at a time will be used
(which is usually the case in a non-time shared,
interactive application), and that the unused
devices are transmitting a logic one level (which
should also be the case).
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Figure 10. Interfacing 8085 to Multiple Peripherals

The software needed to support additional periph-
erals would be simple and straightforward. A
routine intended to dump a section of memory to
a paper tape punch, for example, would first have
to store BITTIME and HALFBIT somewhere (per-
haps on stack), load the variables with new param-
eters corresponding to the paper tape punch rate,
and then write a bit pattern to the output port
which would disable the console driver and enable
the punch (and perhaps a typewriter). After the
dump was over, the original time parameters and
driver status would be restored.

As explained before, the BRID routine computed
rate parameters based on the fact that an ASCII
“space” character resulted in a zero level 6 bits
long. Conceivably, some obscure peripherals might
produce a transient between successive zero bits.
(This might be the case, for example, if the signal
was produced by mechanical rather than electronic
means.) If so, the BRID algorithm used here prob-
ably would not work reliably. Once the two time
parameters were identified, though, COUT and
CIN could still be used. An alternate algorithm for
baud rate identification would require a table in
ROM (note the fifth and final R/S-1/O-M/D permu-
tation). This table would contain a list of delay
parameters corresponding to the standard transmis-



sion rates, as computed for the selected crystal
frequency. Initialization would require the oper-
ator to hit a specific key several times (usually the
“U” key, which generates a pattern of alternating
ones and zeros). The identification routine would
attempt to “read” this pattern at each baud rate,
in turn, until finding the rate at which the read
was successful.

The cassette recorder used to develop the tape
interface was a Lloyd’s push-button model which
cost $17 in 1972. Empirical testing has indicated
that for this application, the quality of the cassette
recorder is less critical than the quality of the tape
itself. In other words, some 33¢ cassettes were not
very reliable, even when used with more expensive
recorders.

When using a cassette at the beginning of a side,
allow the tape to run for about 10 seconds until
the leader has passed before starting to write data.
Otherwise, data will be lost to the leader.

Depending on the recorder quality, the tone burst
frequency and duration can be optimized for
higher data rates by modifying HALFCYC and
CYCNO. If so, CKRATE should also be reduced,
so that between about 10 and 80 data samplings
are made during a single (one-third width) tone
burst. At greatly increased frequencies, some of the

components in the analog interface might also be
modified.

The two simple routines for recording and playing
back blocks of data were intended to illustrate one
way of using TAPEIN and TAPEO, and therefore
do not contain any provisions for error detection
or correction. Depending on the nature of a partic-
ular application, these routines could be aug-
mented with parity bit or checksum comparison,
or an error correcting code technique.

Funny things happen when recording and playing
back a page of RAM which includes the subroutine
stack. Eventually, PLAYBK will start writing over
the data at the top of the stack, destroying the
subroutine traceback sequence. The next RET
instruction will then cause a jump to a place where
you’d rather not be.

The printout reproduced in the Appendix includes
the assembled listings for the CRT and magnetic
tape interfaces discussed in this application note.
The object code produced was programmed into
an 8755 EPROM, which was installed in the expan-
sion PROM socket of the SDK-85 board. Some
very minor differences exist between this listing
and the code segments presented earlier, which
were written for maximum clarity.
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Appendix 1.1 — Temperature Sensor Code

RSME8 -F1 TEST. SRC MODES

1S1S-11 8838/8885 MACRD RSSEMBLER, V2 @

Lc oeJ

5F4

2808 310828
2883 F2

2004 IEBF
2006 0325
2068 IEFF
2888 0324
296C 3ECH
20€€ D328

2818 3EC3
2812 38
2813 3E48
2815 38
2816 FB

2817 o6
2818 C21728

2818 E48
281D D328
281F DB24
2621 4F
2822 DE2S
2824 47
2825 26%F
2827 2EFF

MOOULE

SEQ SOURCE STRTEMENT
1;

2i

3OS EW B26CH
4 QUTPUT ERU B287H
5 DELRY EW BSF1H
7 RG 20004

8

9

18

1

12 LXI SP, 28084
bk DI

JEXPRND HEX TO DISPLRY, SDK MONITOR ROUTINE
JOUTPUT TO DISPLRY, SDK MONITOR ROUTINE
sDELRY DISPLAY, SDK MONITOR ROUTINE

+ INITIRLIZE STRCXPOINTER
;DISABLE INTERRUPTS

15 ; INITIALIZE COUNTER IN 8155 FOR COUNTDOMN MIOE LORD COUNTER

16 ; WITH HIGHEST VALUE (3FFF).

LUt R, 88FH
T 2
L R BFFH
T 24H
Ml R, 8C8H
ot 28

QUTPUT PIN OF THE 8885

Lt A, BC8H
SIN

Lt R, 484
Sin

El

NO:  NOP

FEYENEERNREERNRRRERRBGES

+ ADDRESS FOR TOP HALF OF COUNTER
e * LOWER HALF OF COUNTER

 COUNT DOWN MODE STRRT

PULSE THE ONE SHOT RITH A POSITIVE GOING PULSE ON THE SOD

;OUTPUT A HIGH ON SOD LINE

SOUTPUT A LOW ON SOD LINE
;ENRBLE INTERRUPTS(RFTER PULSE)

i IDLE UNTIL ONESHOT INTERRUPTS THE RST 6.5 PIN ON THE 8885.

7 IDLE UNTIL INTERRUPT

RFTER INTERRUPT, STOP COUNTER AND RERD IN FINAL COUNT FROM

48 ; B155, STORE IN REGISTER PAIR BC.

42 (NTU. W1 R 484
43 out 284
4 IN 24H
45 MoV CA
46 N ZH

47 ny B.A
48 L H 3FH
49 wi L. OFFH
58 ;

STOP COUNTER
7STORE LOWER ORDER BYTE IN C

7 STORE HIGHER ORDER BYTE IN B
+LOAD HL WITH FULL STRRT COUNT

51 ROJUST THE COUNT VALUE IN REGISTER BC TO REPRESENT ACTURL

52 ; COUNT

(SEE TEXT FOR EXPLANATION).
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ISIS-11 8888/8885 MACRO ASSEMBLER, V2. 8 WOOULE  PRGE 2

LoC 08J SEQ SOURCE STRTEMENT
3
2829 CD6B28 ) CALL  RDJUST s CONVERTS 8455 COUNT TO RCTURL COUNT
5
56 i SETUP INITIALIZATION FOR SEARCH ROUTIME. ROUTINE LOOKS FOR TEMPERATURE
57 1 RANGE OF COUNT (SEE TEXT). SEARCH ONLY FOR UPPER HALF TO SIMPLIFY COOE
58
202C 2E89 59 Lt L. 884 i SET HL TO BEGINNING OF SERRCH
202E 2628 68 LU H, 284 iSTRING IN MEMORY.
2839 B9 64 ORA B i CLERR CARRY FOR ROUTINE
231 78 62 v A8 iPLACE B INTO ACCUMALATOR
2832 ee0L 63 LU C 14 i SET TIMES THROUGH SERRCH
2034 (09228 64 CALL  SERRCH iLOOKS FOR TEMP RANGE COUNT IS IN
65
66 i CHECK IF SEARCH NAS SUCCESSFUL. IF MOT THEN OUTSIDE ACCEPTRBLE
67 ; RANGE
68 ;
2037 3E88 69 mi R 88H ;DID L FIND LESS THAN RT
2833 0 78 XRA L AT BEGINNING OF STRING?
2837 CARF28 " JZ TLOW + TEMP BELON ALLOWED LIMITS, SET PORT A
263D 3£88 72 L1 A, BBH iDID C GET DECREMENTED?
203F B9 3 oe C i IF S0, SERRCH DID NOT FIND
2848 CRBS28 7 JZ THIGH i TENP RBOYE LINITS, SET PORT B
S
76 ; SOFTWARE MAP THE MATCH TO R TEMPERATURE IN DEGREES C BY RODING
77 ; 18 TO SEARCH ARDDRESS. PLACE TEMPERATURE IN REGISTER E
8
2842 3E6A 9 L A BRH JSHIFT HL BY 18 (SOFTRARE MAP)
2845 85 ] ADD L
2846 6F 8l novy LA
2847 SE 82 Hoy EM JRERD TN TEMPERATURE
83
84 ; SET UP INITIALIZATION FOR DISPLAYING TEMPERATURE USING SDK
B5 ; MONITOR ROUTINES. FIRST EXPAND DE REGISTER AMD THEN DISPLRY
85 ; FOR DELRY PERIOD.
87 ;
2648 0608 88 LU B, 88 CLERR DOT AT ADDRESS FIELD
264A CDECE2 89 CALL  HXDSP FCALL EXPAND
284D 3E09 9 vl F 88H
284F COB782 9 CALL  OUTPUT SOUTPUT TO SDK DISPLAY
2852 11FF0R 92 LXI D, 8FFH JSET DELAY PERICO
2855 COF165 93 CALL  DELAY iDISPLRY FOR DELRY PERIOD
2058 CF w“ RST 1 SOFTRARE RESTRKT
95
96 :  SUBROUTINES
97 ;

£
8
-
:

99 ;
1680 ;
ZBRF 3E63 101 TLOK.  MVI A 834
2681 0328 182 out 28
2883 3EFF 183 Lt P BFFH +SET PORT A RS 175
2065 D321 184 ot patl]
2887 CF 1685 RST i
186 :

197
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151511 8883/8885 MACRD RSSEMBLER, V2.8 MOOWLE PRGE 3

Le ) SEQ SOURCE STATEMENT
20888 3E83 168 THIGH: MYI A B34
288A D328 169 ot 284
288 3EFF 118 L R OFFH +SET PORT B RS 1’5
288 D322 1 T 2
2808 CF 112 RST 1

135

114 ;
2892 115 ORG 2092H

116 ;

17
2892 BE 118 SEARCH: CP . N
2893 D8 119 RC A
2894 23 128 I H JELSE INCREMENT POINTER
2895 BE 12 oe L} i COMPARE 2N0 BYTE
289 08 122 RC
29 3 iR U H
2898 BE 124 o L} ; COMPRRE 3RD BYTE
2899 08 125 RC
2890 23 126 N H
2698 6E 127 e " i COMPARE 4TH BYTE
283C 08 128 RC
29 23 129 I H
289 BE 138 o L} i COMPARE STH BYTE
289 08 131 RC
20R0 23 132 i3 H .
2061 BE 133 e ]  CONPARE 6TH BYTE
2002 08 134 RC
2663 23 135 INY H
2074 BE 136 oe N i COMPARE 7TH BYTE
2065 D8 137 RC
206 23 138 I H
2067 BE 139 P ] iCOMNPRRE 8TH BYTE
2488 08 148 RC
208 23 141 INY H
2068 B0 142 DCR [ 7HAS ENTIRE BLOCK BEEN
20R8 29226 143 N2 SERRCH SERRCHED? IF S0 SET NO
206€ 9 144 RET 7LESS THAN AND RETURN

1455
146 ; RESTART 6. 5 JUNP RDDRESS
147 5
28CE 148 ORG 28CEH
149 ;
158 5
28CE (31820 151 ¥ CHTU
152 ;
153
154 5
155 ;
156 &
157
158 i SEARCH CURPARE DATR STRING (SEE TEXD)
159 ;
168 ;
2859 161 ORG 26884
162 :
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1SIS-11 8888/8885 MACRD RSSEMBLER, V2.8

Loc 0eJ SE0

163 ;
2689 35 164 0}

165 ;

SOURCE STHTEMENT

MODULE  PAGE 4

354, 36, 37H, 38H, 39, 3H, 384, 3CH

466 ; SOFTHARE MAP TO TEMPERATURE

i

2088 168 ORG 28864
169 5
178 5

2688 24 171 3

172
173

2068 174 ORG 28684
175
176 5
177
178 ;

2068 78 179 ADJUST: MOV B
2061 E63F 188 ANI 3FH
2063 IF 181 RAR
2064 47 182 nov B A
2065 79 183 MoV A C
2066 1F 184 RAR
2067 4F 185 MY CA
2068 D8 185 RNC
2069 3F 187 o
206R 7C 188 Hov A H
2068 1F 189 RAR
206C 67 198 HOY HA
2060 191 Moy AL
286E IF 192 RAR
206F 6F 193 HoY LA
2878 89 194 DAD B
2071 44 195 Moy BH
2872 40 19 L oL
2673 €9 197 RET
198 ;
199 ;
208 EN
PUBLIC SYMBOLS
EXTERNAL SYMBOLS
USER SYMBOLS

IS15-11 8088/8985 MACKD FOSEMBLER. V2 8
RDJUST A 2068
THIGH A 2068 TLON R 206F

RSSEMBLY COMPLETE, NO ERRORS

CNTU 2618 DELAY A 85F1

21H, 23H, 25H, 28H, 31H, 3, 3H

SUBROUTINE ADJUST FOR COUNT IN 8155

i LORD ACCUMULATOR WITH UPPER HALF
#RESET UPPER TWO BITS, CLEAR CARRY
i ROTATE RIGHT THROUGH CARRY

i STORE SHIFTED VALLE BACK IN B
+LOAD ACCUMULATOR NITH LOWER HALF
JROTATE HITH CARRY RIGHT

+STORE SHIFTED YALUE IN C

15T HALF OR SECOND? IF SECOND RETURN
i CLERR CARRY

+OBTRIN OKE HALF OF FULL COUNT.

i IF KL 15 00D THIS CONTRINS

ONE HALF(FULL COUNT-1), WHICH
+15 CORRECT.

/DOUBLE PRECISION ADD
JRESTORE BC REGISTERS WITH COUNT

MODULE  PRGE S

HXDSP A @26C NPO R 2847  OUTPUT R 8287

SEARCH A 2092
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APPENDIX 1.2

ICIS-1T 8@20/2893 ASCEMPLER, 1 A Folile PAGE 1

Lec oer SER SOURCE STRTEMENT

8 £ MODES TITLEC’208% SERIAL 1/0 NOTE APPENDIR )
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ISIS-11 2@3@/0A25 ASSEMELER, Y1 4 MODULE PRGE 2
2805 SEPIAL 1/0 NOTE APPENDIN

Loc 08J SER SOURCE STATEMENT
1
7] THE FOLLDMING PROGRAMS AND SUBROUTINES ARE DESCRIBED IN DETRIL
23 IN INTEL CORPERATION’S AFPLICATION NOTE AP-23, "USING THE 2885
4 ; SERIAL 170 LINES". THE FIRST SECTION IS R GENERAL PURPOSE CRT
85 INTERFRCE YITH RUTOMATIC BAUC RATE IGENTIFICATION: THE SECOND
£ SECTION IS A MAGNETIC TAPE INTERFACE FOR STORING DATA ON CASSETTE
F TAPES.  THE CODE PRESENTED HERE IS ORIGIMED AT LOCATION E@dH,
85 AN MIGHT BE PRRT OF AN EYPANSIOM PROM IN AN INTEL SDK-85
27 SYSTEM DESIGN KIT.
1@ .
1
12
2808 1% BITTIME EOU 28C2H  ; ADDRESS OF STORARGE FOR COMPUTED BIT DELAY
24CA 14 HALFEIT EQY 20CAH  :ADDPESS OF STORAGE FOR HALF BIT DELAY
098 15 BITSD  EQW i ;DATA BITS PUT OUT CINCLUGING THO STOGP BITS)
@089 16 BITST  EQU 9 ;DATA BITS TO BE RECIEVED ¢INCLUDING ONE STOP BIT)
8389 18 ORG 89  ;STARTING ADDRESS OF SDK-85 EXPANSION FROH

:CRTTST CRT INTERFACE TEST. WHEM CALLED, AWAITS THE SPACE BAR BEING PRESSED ON
i THE SYSTEM CONSOLE, SAND THEN RESPONDS WITH R DATR RATE YERIFICATION
MESSAGE.  THERE AFTER, CHARRCTERS TYPED ON THE KEYBOARD ARE ECHOED

ON THE DISPLAY TIBE. KHEN R BRERK KEY IS TYPED, THE ROUTIHE IS

H RE-STRRTED, ALLCWING A DIFFERENT BAUD RATE TO BE SELECTED ON THE CRT.
CRTTST- LXI £P, 2803H

HRENENRENEREEE

2280 310820
9302 2ECA CRTL: MYIL A, BC6H SO0 MUST BE HIGH BETHEEN CHARRCTERS
8285 28 EIH
6206 C1A92 CRLL  BRID  ; IDENTIFY DATA RATE USED BY TERMINAL
6283 CD47a8 CALL  SIGNOM :OUTPUT STGNON MESSAGE AT RATE DETECTED
82aC CD2RO2 ECHD: CAlL  CIN ; RERD NERT KEYSTROKE INTO REGISTER C
8gaF 79 k! MR AC
as1@ p7 22 OpR R ; CHECK TF CHARACTER WAS A <BREAO (ASCII 88H)
8811 CRazaR KES 2 CRTL  ;IF S0, RE-IDENTIFY DATH RATE
k2] + THIS ALLOMS ANOTHER RATE TO BE SELECTED ON CRT
Ag1d COESA3 3 CALL  COUT  ;OTHERMISE COPY PEGISTER C TO THE SCREEN
8817 C39C8e 36 JHP ECHO  ;CONTINUE INDEFINITELY (UNTIL BRERK)
k44
28 ;ERID  BAUD RATE IDENTIFICATION SUBRQUTINE
29 EXPECTS A {CR> ¢ASCII 28H> TO BE RECIEVED FROM THE CONSOLE.
48 ; THE LENGTH OF THE IHWITIAL 2ERO LEYEL (SIX BITS WIDE) IS MERSURED
41 IN ORDER TO DETERMINE THE DATA RATE FOR FUTURE COMMUNICATIONS.
881R 20 42 BRID-  RIM sVERIFY THAT THE "OME* LEVEL HAS BEEN ESTHBLISHED
B81E B? 4z (0RA R i\ RS THE CRT IS PCHERING UP
821C F21R02 44 Jp BRID
Ag1F 28 45 BRIL: RIM SMONITOR SID LINE STATUS
8928 B7 46 ORA R
6821 FRiFR2 47 M BRI1  ;LOOP UNTIL START BIT IS RECIEVED
2824 21FAFF 42 L¥I H.-€  ;BIAS COUNTER USED IN DETERMINING ZERD DURATION
8827 1E84 49 BRIZ:  MYI E. #4H
6823 10 3 EBRI4:  DLR E 492 MRCHINE CYCLE DELAY LOOP
#82R 022932 51 N2 ER14
8320 22 32 INZ H ; INCREMENT COUNTER EVERY 24 CYCLES RHILE SID IS LOW
A82E 20 s RIM
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822F B7
8230 F227e2

8333 ES
8234 24
8235 2C
B335 220828
2829 E
#92A B7
2938 7C
#83C 1F
8930 &7
833E 7
98zF 1F
8348 SF
8841 24
#342 2C
8243 22CA28
8245 C2

#247 215508
B24A 4E
B24B AF
#2d4C B1
agdp 2
824E CDsoER
9851 23
3252 C34A82

8255 ap

825 R

8257 42415544
2258 26524154
BISF 45234242
B953 45434@

&4

oy~ T m ¥
g R A

-~
W RO b=

-
RN

» STGNON

76 SIGNDM:

77 81

25 STRNG:

o8 ;couT

97 CoL:

ORA A
Jp ERIZ

;<HL> NOM CORRESPONDS TO INCOMING DATA RATE
PUSH H ; SAYE COUNT FOR HRLFBIT TIME COMPUTRTION
INR H :BITTIME IS DETERMINED BY INCREMENTING
INR L i\ H AND L INDIVIDUALLY
SHD  BITTINE
POP H +RESTORE COUNT FOR HALFBIT DETERMINATION
OPA A ; CLERR CARRY
Moy fH s ROTATE RIGHT EXTENDED HL>
PR % TO DIVIDE COUNT BY 2
Moy H AR
MO R.L
PAR
MY LA
INR H ;PUT H AND L IN PROPER FORMAT FCR DELAY
INR L ;% SEGMENTS (INCREMEMT EACH)

SHLE  HALFRIT ;SAYE AS HALF-BIT TIME DELAY PARAMETER

HRITES A SIGN-ON MESSAGE TO THE CRT AT MWHAT SHOULD BE THE CORRECT RATE.
IF THE MESSAGE IS UNINTELLIGIBLE . . WELL. SO IT GOES.

L¥1 H; STRNG ; LOAD START OF SIGN-CN MESSRGE

HOY c.n ;GET NEXT CHARACTER

“RA A ; CLEAR ACCUMULATOR

CRA C ;CHECK IF CHARACTER IS EMD OF STRING
74 s PETURH IF SIGN-ON COMPLETE

CALL  COUT  :ELSE OUTPUT CHARACTER TO CRT

INX H : INDEX POINTER

JHp Sl + ECHO MEXT CHARACTER
pe @DH, BAH : <CRXLF>

oe ‘BAUD RATE CHECK”

oe 8DH, BAH ; CCROLF>
0B B2 5 END-0F-STRING ESCRPE CODE
CONSOLE QUTPUT SUBROUTINE

HRITES THE CONTENTS OF THE C REGISTER TO THE CRT DISPLAY SCREEN
DI

PUSH E

PUSH H

MYl B, BITS0 ; SET NUMBER OF BITS TO BE TRANSMITTED
7FA A s CLEAR CRRRY

HYI A, S8H 7 SET WHAT WILL BECOME SOD ENABLE BIT
PAR +HOVE CARPY INTO SO0 DATA BIT OF ACC
SIM s DUTPUT DATA BIT TO SOD

LHD  BITTIME

DR L SHAIT UNTIL APPROPRIATE TIME HAS PASSED
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A877 C27608
B87R 25
@378 27608
BevE 27
887F 79
4288 1F
8381 4F
8882 @5
8883 C26FAR
8286 E1
8887 C1
@ese Fe
8289 C?°

888A F2
835E ES
B28C Beal
852 28
BEBF 67
9838 FRREES
8893 2ACA2A
829¢ 20
8897 C296a8
A29R 235
BR9R 29488
289E 2AC2Z8
AsAL 20
B3A2 C2R168
8SRS 25
8gAe C2R108
A9A9 28
98AR 17
B2AE 85
B2AC CRBEAS
A8AF 79
B3ed 1F
B2B1 d4F
A3pz 49
Q9pz 296080
8886 E1
8267 FE
#3ea €9

aale
BELE

1132

114

115

116 ;CIN
“Uv
118 CIN:
149

126

124 CI1:
122

122

124

125 CI2:
126

127

122

129 CI3:
174 CI4:
171

122

132

134

135

136

137

128

122

140

141

142

143 C15:
144

145

146

RET

SET WHAT WILL EVENTURLLY BECOME A STOP BIT
AL i ROTATE CHARACTER RIGHT ONE BIT,
i\ MOYING NEXT DATR BIT INTO CAREY

e sCHECK IF CHRRACTER (AND STOP BIT(S)) DONE
coL + IF HOT, OUTPUT CLRRENT CARRY
s RESTORE STATUS AND RETURN

CONSOL INPUT SUBROUTINE MAITS FOR A KEYSTROKE RND
PETURNS HITH 2 BITS IN REG C.

DI
PUSH
M1
RIM
ORA
Jn
LHLD
DER
INZ
BCR
INZ
LHLD
DR
M2
DCR
N2
®IM
RAL
DCR
J2
Moy
RAR
M
HOP
Jup
PP
El
RET

H

B, RITSI ;DRTA BITS TO BE READ (LAST RETURNED IN CY)
+WATT FOR SYNC BIT TRANSITION

A

151

HALFBIT

L SUAIT UNTIL MIDDLE OF START BIT

crz

H

£r2

BITTIME ;HRIT OUT BIT TIME

L

{4

H

CI4
sCHECK SID LTNE LEVEL
;DATH BIT IN CY

B DETERMINE IF THIS IS FIRST STOP BIT

CIs S IF S0, JUMP DUT OF LOOP

fi C S ELSE ROTATE INTO PRRTIAL CHARACTER IN C
$AEC ROLDS UPDATED CHARACTER

EQUALTZES COUT £HO CIN LOOP TIMES

i CHARACTER COMPLETE

B R R e LR A R SRR S LT R E R R e R R PR o P F kK

145

149 ;
158 ;
1% ;

152 ;

152 CYCHD

THE FOLLOWING CODE IS “SED BY THE CRSSETTE INTERFACE.

SUBROYUTINES TRPED AND TRPEIM PRE USED RESPECTIVELY

TO QUTPUT 4P RECEIVE AN EIGHT BIT BYTE OF DATR.  REGISTER C

HOLDS THE DATA IN EITHER CPSE.  REGISTERS A, B, 4C ARE ALL DESTROYED.

£y

154 HALFCYT EQY

16 THICE THE MUMBER OF CYCLES PER TONE BURST
& i DETERMINES TONE FRECUENCY
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ISIS-1T 9029 /6R35 RESEMBLER, Y1 9 MODULE PRGE S
2085 SERTAL 10 MOTE APPENDIX

LOC OB Sed SOHRCE STATEMENT
Bae 155 CHRATE EQY &2 ;SETS SHPLE RATE
AarR 15¢ LERDER EQU 258 NUMBER OF SUCCESIYE TONE BURSTS COMPRISING LERDER
s 157 LDRCHY EQU 50 ;USED IN PLRYEK TO VERIFY FRESENCE OF LEADER
158
139 ; BLKPCD QUTPUTS A VERY LONG TONE BURST (<{LERDER> TIMES
18 THE MORMAL BURST DURATION) TO ALLOW RECORDER ELECTRONICS
et AND RGC TO STABILIZE, THEN DUTPUTS THE REMAINDER OF THE
162 256 BYTE PAGE POINTED TO BY <H:. STARTING AT BYTE L.
A%e3 BEFA 1€3 BLKPCD: MVI C. LERDER: SET UP LERGER BURST LENGTH
82BE 3ECE 154 MYI £, 8080 SET RCCUMULATCR TO RESULT IN TONE BURST
88ED CDFAGR 163 BRL CRLL  BURST S QUTPUT TONE
8zta ap 1e6 DCR C
3204 C2PDES 1&7 N2 ER1 i SUSTAIN LEADER TONE
BET4 AF 1eg YRA R ;CLEFR RCCUMULATOR & OUTPUT SPACE. S0 THAT
88CS CoFoas 169 CRLL  BURST :\ START OF FIRST DATR EYTE CAN BE DETECTED
#aCa 4E 178 BRZ- MY C.H +BET DATA BYTE TC BE RECORDED
88Ca Co0ies 171 CALL  TAPEQ ;QUTPUT REGISTER C TO RECORDER
20T 2. 172 THR L ; PRINT TO MEXT BYTE
eecp carees 172 N2 gpe2
egba 2 17 RET ; AFTER BLOCK IS COMPLETE
175
176
177 : TAPED QUTPYTS THE BYTE IN REGISTER C TO THE RECORDER
178 ; PEGISTERS A, B.C.D. 3E ARE ALL USED.
@801 F=2 173 TRPEO: DI
8eb2 03 129 PUSH D :DAE USED RS COUNTERS BY SUBROUTINE BURST
#2032 6r03 181 Myl B3 ;WILL RESULT IN 8 DATR BITS AND ONE STOP BIT
8203 AF 122 T YRR # s CLERR ACCUMULATOR
8eDE 2ECe 122 MYI A, B00H :SET ACCUMULATOR TO CRUSE A TONE BURST
8302 CoFege 184 CALL  BURST
@a0e 79 185 MY AL ; MOYE NEWT DRTR BIT INTO THE CRRRY
220c 1F 185 RAR
BELD 4F 187 Moy Cf ;CRRRY WILL BECOHME SOD EWAELE IN BURST ROUTINE
A8DE @1 129 MYI A.81H G SET BIT TO BE REPEATEDLY COMPLEMENTED IN BURST
A2Ea 1F 199 RPR i
BSE1 1F 129 PAR
B8E2 CDFEAS 19 CALL  BURST ;OUTPUT EITHER A TONE OR A PRUSE
88ES AF 132 XRR A i CLEAR ACCUMULATOR
B3E6 CDFoe2 133 CALL  BURST i DUTPUT PAUSE
BgE9 85 194 DCR e
82EA 20508 195 INZ ToL s REPEAT UNTIL BYTE FINISHED
@8ED D1 1%€ POP 0 i RESTORE STATUZ AND RETURN
A8EE FB 197 EI
B2EF (9 198 PET
199
85F@ 1619 268 BURST:  MYI 0, CYOND 5 SET NUMBER OF CYCLES
BEF2 34 284 BUL: SIM ; COMPLEMENT SOD LINE IF S0D ENABLE BIT SET
B2F2 1F1E 242 MYI E. HALFCYC
B2F5 1D 283 BU2: DR E s REGULATE TONE FREQUERCY
BoF6 C2F562 204 Nz BU2
BEF2S EECE 225 ¥RI oeH 5 COMPLEMENT SO0 DATA BIT IN ACCUMULATOR
93FR 15 208 DCR Y
BEFC C2F2a8 267 N2 Bl s CONTINUE UNTIL BURST (OR EQUIVILENT PRUSE) FINISHED
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ISIS-11 8@8@/9885 ASSEMBLER, V1.8 MODULE PAGE &
8885 SERIAL I/0 MOTE APPENDIX

Loc oeJ

B8FF C9

8908 BEFA
8982 C03p82
8985 D2eael

8989 26269
836C CD1599
898F 71
8918 2C
8211 28082
8914 C2

8915 0699
8917 1608
8919 15
891A CD2082
891D DA19A3
8920 CD3D82
8923 DAL%89
A926 14
8927 CD2089
892A 022589
892D CD3DA2
8930 D22649
8932 7R
8924 17
8935 79
8926 1F
8937 4F
8928 @5
8939 C247@9
892C C9

8920 1E1€
893F 1D
8940 C22F@9
8942 29
6944 17
8945 C2

PUBLIC SYMBOLS

SEQ SOURCE STATEMENT

288 RET

289

210 ; PLRYBK HAITS FOR THE LONG LEADER BURST TO ARRIVE, THEN CONTINUES
211 ; RERADING BYTES FROM THE RECORDER AND STORING THEM

212 ; IN MEMORY STARTING AT LOCATION <HLD.

213 : CONTINUES UNTIL THE END OF THE CURRENT PRGE ({L>=8FFH) IS RERCHED.
214 PLRYBK: MYI C, LDRCHK 5 CLDRCHK> SUCCESSIVE HIGHS MUST BE RERD
215 PE1:  CRLL  BITIN % TO YERIFY THAT THE LERDER IS PRESENT
e JNC PLAYBK i N\ PBND ELECTRONICS HRS STRBILIZED

217 DCR C

218 Nz PEL

243 PB2:  CRLL  TAPEIN GET DATA BYTE FROM PECORCER

228 Moy MC +STORE IN MEMORY

221 INR L ; INCPEMENT PRINTER

222 N2 PE2 s REPERT FOR REST OF CURRENT PRGE

2 RET

224

225 ; TASEIN CRSSETTE TAPE INPUT SUBROUTINE.  RERDS ONE BYTE OF DATA

226 ; FROM THE PECORDER INTERFACE AND RETURNS WITH THE BYTE IN REGISTER C.
227 TRPEIN: WY1 B9  ;READ EIGNT OATA BITS

223 TI:  MYT (834 ;CLERR UP/DUMN COUNTER

229 TI2: LR r ;DECREMENT COUNTER EACH TIME ONE LEVEL IS RERD
238 CALL  BITIN

21 IC TI2 PEPERT IF STILL AT ONE LEYEL

232 CALL  BITIN

232 IC TI2 '

224 TI3: INR D ; INCREMENT COLUNTER EACH TIME ZERD IS READ

225 CALL  BITIN

236 NG TIZ ; REPEAT ERCH TIME ZERD IS RERD

227 CALL  BITIN

228 AL TI3

239 Moy D

241 RAL ;MOVE COUNTER MOST SIGNIFICANT BIT INTO CARRY
241 Moy Ac ;

242 RAR +MOVE DRATR BIT RECIEVED (CY) INTO BYTE REGISTER
242 HOY C.H

244 DCR e

245 N2 1 s REPEAT UNTIL FULL BYTE ASSEMBLED

246 RET

247

248 BITIN: MVI E. CKRATE
249 BIL:  DCR E

256 JNZ BI1 sLIMIT INPUT SAMPLING RATE
251 RIM 3 SAMPLE SID LINE

252 RAL ; MOYE DATA INTO CY BIT
252 RET

254

255 END
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ISIS-11 2238/3635 ASSEMELER, V1.0

8885 SERIAL I/Q HOTE APPENDIX

EXTERNAL SYMBOLS

USER SYMBOLS
Bl A a%F
BR2 A BeC2
BURST P 9SF@
CKRATE A 8815
ECHD A 82eC
PLAYBK A 0323
T2 88919

BITIN A 823D
BRI1 8 88lf
CI1 A 883
€01 A egeF
HALFBI A 26CA
51 R 24
TIZ AR

ASSEMELY COMPLETE. NO ERRORIS)

MODILE

BITSI R 9989
ERIZ A @827
CI2 R 889%
£0z R @87
HALFCY R e8iE
SIGHON R 8247
04 RBRIS

BITSO A 0288
BRI4 A 8g29
CI3 A 98%
CouT A 829
LCRCHK A 88FA
STRNG  # BESS

PAGE

BITTIN A 28C8
ERID A 831R
Cl4 A 88AL
CRTL A 8883
LERDER A 09FA
TRPEIN R #4915

BLKRCD fi 8889
BUL R B8F2
CIS A esss
CRTTST A 9298
PBL A 8962
THPED # 8301

CIN

PE2
T4

A 888D
A B8FS
f 888A
fi 8818
A 838C
A 8917
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ISIS-11 ASSEMBLER SYMBOL CROSS REFERENCE V1.8

24 §
BITIN
BITSI
BITSO
BITTIM
BLYRCD
BRL
BR2
BRIL
BRI2
BPI4
BRID
BUL
B2
BURST
cii
c12
c13
CI4

TRPEIN
TAPEQ
T
TI2
T2
ToL

24%%
215
164
154
12
163k
165#
1704
454
494
So#
28
2814
2034
163
121¢
1254
1294
1204
137
e
1554
7H
1814
&)
264
254
1534
eh
144
1544
1574
156%
2454

219% .

214%
I

© 29

76
249
171
228k
229%
224
124

250
239
129
9%
€0

1€7
173
47
35
51
424
207
204
169
122
126
142
121
1434
1184#

2274
179%
245
23
236
195

222 235 237 ek

80 129

44

124 191 193 206k

133

184
9z

124

223
238

CROSS REFERENCE COMPLETE
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.ORDERING INFORMATION

M C 5 1 0 1 L — 4
[ J L _J
Four or five characters Up to three character
per device type modifier for power,

speed, processing, etc.
Package Type
B — Hermetic Package, Type B
C — Hermetic Package, Type C
D — Hermetic Package, Type D
M — Metal Can Package
P — Plastic Package
X — Unpackaged Device

M — Indicates Military Operating
Temperature Range

Examples:

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 B8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial
temperature range.

MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level
C processing.*

MCB8080A/B 8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883
Level B processing.*

Kits, boards and systems may be ordered using the part number designations in this catalog.
The latest Intel OEM price book should be consulted for availability of various options. These may be

obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates MIL-STD-883 Leve!
C processing. “S” number suffixes must be specified when entering any order for militarv temperature devices. All orders
requesting source inspection will be rejected by Intel.
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PACKAG'NG |NFOHMAT|°N All dimensions in inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

16-LEAD PLASTIC DUAL IN-LINE

835 (21.200)
PACKAGE TYPE P 825 (20.955) =
- °
e
245 (6.223)
—— 325
- MAX. —e
20015, 140 (3. (8.255
a o oo O e '
& ']’ I/\ ‘ : fupiL S — _}‘ 010 TYP - 1o
l 126 (3.176) [o':’?.n:l)u (0.254) l‘ --,I 15"
MIN. . '
110 4& 060 TYP o032 "p‘l %f—:':%::ﬁ-: o (8.8%0) ——I
J (2.286) (1.524) 0.813) REF.
905 (22.987)
18-LEAD PLASTIC DUAL IN-LINE 895 (22.733)
PACKAGE TYPE P o N
O
255 (8.467)
Cre sz
-— ! 25
o MAX.
200(5.080) 140 (2.556) (uss;_‘1
MAX. - 130 (3.302) ]
SEATING i _;_ |
'_‘—{ 10 TYP \J 0
125 (3.176) }—— h " h ,II-IL_ -l A .
MIN. ] ;
o 1020 (0.508; o0 |
(2.794) ¥ Y
wihe ™ semr g ™ TRER _—
20-LEAD PLASTIC DUAL IN-LINE i e
PACKAGE TYPEP o PIN 1
o
255 (6467,
[: E(IE:
m— 25
200(5.080) 140 (3.556) (8.255)
MAX. (8 Ay 30 (3.302) y
- — xR
SEATING -—— oo + Y
- _“, 2 oz, 00 - %
MIN,
g |l 020 (0.508) L_ 350 _‘I
110 (2794) 060 TYP
090 (2.286) 11.524) ‘mf;,’ A1 040 “u‘:?’
1.105 (28.067)
22-LEAD PLASTIC DUAL IN-LINE 1,095 (27.813)
PACKAGE TYPE P S— ""o‘ '
355 (9.017)
(.t
s ! 24
MAX. —of
200 (5,080) 185 (3.937) (10.796)
MAX. KT m -
SEATING ‘ == = H
3110 — 0D10TYP v o
’LA;: (3.175) — l [.ms MIN, (0.254) " - 5
MIN. r-‘l L_ ’IL 10.381) -
110 (2.794) 060TYP  ozaTve T ot6 :___J::::' L—n'l.um—-|
1030 (2.286) 11,524) (0.813) e




PACKAG'NG lNFORMAT|°N All dimensions in inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

24 LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

1.245 (31.623) {
1.235 (31.369) "
PIN 1
e = 1
[2e usse
535 13.589)
===t 625
e— MAX. —of
2200 (5.080) 160 (4.084) (15.875)
MAX, 6 fsav0 1
SEATING :—-' :{ DloTwm ﬁl o
PLANE Tosmm. 0250 ~f= o e
126 (3.175) .IL_ . (0.281) i i
MIN. > Cl 1020 (0.508) L_ 850 _J
110 (2.794) 060 TYP 032 TYP 016 (0,406) (18.510)
1090 (2.286) {1.524) (0.813) REF.
= 1455 (35.957)
28-LEAD PLASTIC DUAL IN-LINE 1.445 (36703
PACKAGE TYPE P » PIN 1
o
545 (13.843)
535 (13.665)
A 625
o MAX, —=
200 (5.080) 160 (4.084} 1 15.875)
MAX. 3% {38701 ]
SEATING e __:_ + o
PLANE T L.onsmm, ",",',";.V.' ~ ) e
A28 2175) & ,]L_ (0.381) 1 Y
’ 110 (_r:—.;w -060 TYP 032 TYP %f—::g'f‘:—: L—ug‘:o)—J
1090 (2.286) (1.524) (0.813) S REF.
40-LEAD PLASTIC DUAL IN-LINE - e
PACKAGE TYPE P PIN 1
A
(13.843)
E 535 (13.589)
|
RS, 1 625
fo MAX. —of
200(5.080) A75 (4.445) (15.875)
MAX 8 aen ]
SEATING b E ﬁﬁ@?-—‘ —: 010 TYPR - 1.2
PLANE PRV L L Yo mm (0.254) i i 15"
125 (3.175) _.] (0.381) 1 |
MIN, o
e Emy. ety st JL%;-:-%; Lo
1090 (2.288) (1.524) (0.813) Eodi REF.




PACKAGING INFORMATION Ail dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

790 (20.066)
16-LEAD HERMETIC DUAL IN-LINE .
PACKAGE TYPE D

310 (7.574)
1 265 (6.731)

!

28
o MAX, —o
g i o
SEATING T ] T
PLANE 015 MIN. 010 TVP“‘_ ‘: ‘%.
m”(':.“tm 3 L L (0.381) (0.254) "X
0 terom | - (0.508) e
o8 (2208 s 578 (0408 az51—!
920 (23.000)
18 LEAD HERMETIC DUAL IN-LINE - oaen
PACKAGE TYPE D = Lk i
210 05741
j 265 (I.ﬁ"
328
200(5.080) 165 (4.191) [=— MAX.
MAX. 340 3:556) | (8.255)
SEATING T TT.T.? S — .
A\ PLANE 010 TYP b &
\ 125 (3.175) oz tozse 1 | ot
MiN. el |.._ 020 0508 L
= 1016 (0.408) |+—(s.528)—=|
110 (2784) 060 TYP 032 TYP REF.
090 (2 7%6) 1.524) (0.813)
990 (25.146)
950 (24.130)
20-LEAD HERMETIC DUAL IN-LINE e
PACKAGE TYPED il f
310 (7.874)
1 265 (6.711)
2 |
200 (5.080) aax
185 (4.191) f*— MAX, —=
b - 40 (3.558) .255)
searma § i‘Z:—P_ij ——
PLANE 1 o
125 (3.175) o '?«1:::'"*," e
MK, il L. o0 050m oA
210 (2794) 060 TYP 032 TYP 18 ) I-—(’é:?’_.l
090 (2286)  (1.524) 10.813) i
1.095 (27.813)
22-LEAD HERMETIC DUAL IN-LINE Yo e
PACKAGE TYPE D - LR
400 (10.16)
1 376 [9.398)
A256
e MAX.
s T-g:,_gga e
SEATING e .
o
g e V1] Dot 3801 1s
IN. 110 2.704) | 020 (0.508) i ATS
e (1.524) : L0 oo l«-u:::'s)—-l
8131




PACKAG'NG 'NFORMAT'ON All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

24 LEAD HERMETIC DUAL IN-LINE % g%::
PACKAGE TYPE D
_ PIN 1
800 1115240)
]_rns (13.081)
i 625
je— MAX, —
2058 % —m— 115.875)
SEATING .
PLANE 010 TYP, Nz
125 (3.178) _{;%Eg"",'"' 0254) 1 “'L/‘s
b [ 020 (0.508} l-—ufﬁs)——l
2110 (2.794) 016 (0.406) REF.
90 )
1485 (37.719)
28 LEAD HERMETIC DUAL IN-LINE e o
PACKAGE TYPE D = Lo f
600 (15.240)
515 lna.mn
) 825
o MAX, g
"ﬂf:’" % “(u—"zg (15.875)
SEATING B2 ini 1 .
PLANE 010 TYP. i ME’
125 (3.175)_ (0.254) £ ‘-!
- b7 1461 —|
. REF.
0%
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 2.0%0.{51.562
PACKAGE TYPE D B PIN 1
600 (16.240)
516 (13.081)
o MAX
g B i
SEATING i-:_ ” : o
PLANE owtve. I w15
125 (3.175)_ S L o 0254 = 'er/
- i L— © 520 020 (0.508) le—17.105)
110 (2.794) 032 TYP 016 {0.406) REF.

|

g
g.

0.813)




PACKAGING INFORMATION Ail dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

16-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

P

200 (5.080) 095 (2.413)
MAX. 070 (1.778)
-— 130
3.302)
o _ b @11
PLANE { A 5 010 TYP. 10
ARG 0:5';:; t0.259) I~ \:.
i Tz 022 (0:588) L_ = |
110 (2.794) I, R er
090 (2.286) (413)
920 (20820)
‘880 (19.812)
18-LEAD HERMETIC DUAL IN-LINE Fm:‘ PIN 1 MARK
PACKAGE TYPE C =—= —
300 (7.620)
280 ln,nzn
| :
200 (5,080) 085 (2413)
MAX. 070 (1778) )
T—= 130
13.302)
SEATING —- MAX EE‘/ o
TANE Posmn owTve ¢ AT
| (0.635) (0.254) 1
125 (3.175) -080 TYP. 2
MIN. 11.270) 022 (0.558) L2
015 (0.381) (8.255
10 (2.794) 032 TYP. REF.
0 2o 0.813)
990 (25.148)
970 (24.638
20-LEAD HERMETIC DUAL IN-LINE i
PACKAGE TYPEC ==
e
200 (5,080) 120 (3.048)
Mi‘x‘ ———E i{ﬁ 2559} 135 MAX
SEATING -— R4 i; i @
PEANE T ozsmin o1 | \‘i/W
125 (3.175) ~‘:°27‘;" = m::s, i . i
" 032 TYP. 015 [03s1) |+—azmer—]
e any 0813} REF.
1.095 (27.813)
22-LEAD HERMETIC DUAL IN-LINE fradie 2l
PACKAGE TYPE C R
200 (5.080) 2100 (2.540)
MAX.
SEATING _{
PLANE
A5 ;1175)
MIN,
110 (2.794)
1050 (2.286)
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PACKAG'NG lNFORMAT'ON All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C
24 LEAD HERMETIC DUAL IN-LINE 1.215 1:0.::;;
PACKAGE TYPEC HUR e pina| PN MARK
= —-q _f
600 (15.240)
570 (14.478)
e _L
005 2413 gan
— .070 (1.778)
- —
et %: § -
ke Tomun 3
a2 (a'.‘wm 050 TYP ‘.“ S ! . ;
MIN. A
' P20 T :%3’—5 I%%%’%: L—us.am——l
.110(2.794) REF.
.080 (2.286)
1415 (35.941) )
28-LEAD HERMETIC DUAL IN-LINE 1.385 {35.179) PIN 1 MARK
PACKAGE TYPE C ———
600 (15.240)
> s
i S i
! : MAX o -‘}:%:%: 'm?)
SEATING S L o
PLANE T, LR e
128 376 ove L 0.508) ! i !
> s et :‘3‘12%:—32::: L—ukns:-—l
i 5
. 200 51308
40-LEAD HERMETIC DUAL IN-LINE e AL
PACKAGE TYPE C —f
600 (15.240)
570 il‘.‘Tll
095 (2.413)
— 070 (1.778)
- = = O,
ATING =
PLANE 010 TYP \‘i/m
(0.254) ! ‘
125 (3.178) 050 TYP
MIN., 022 (0.558) 625
fo e 015 {0.381) L‘“i"-"'—‘l
2110 (2.784) REF.
0% (2.286)
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PACKAG'NG INFORMAT|ON All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE B

22-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE B

s 4z
MAX, —f
B j-:—’—'i-g_%%: 2 (10.798)
L-—-—-1— I.wo 14.826) e
seatng ¢ WLLLALL) 60 Ta.0641 Il -
vRANK ” H I_ 01BMIN. 010 TYP -&’ﬁ'
128 sy J (0.381) (0.254)
© 110 (2.794) - le- 020 (0.508) 475 J
090 (2298) 060 TYP  0327yp, 016 (0.406) (12085
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