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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/0 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
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INTRODUCTION TO MCS-85™

purpose organization and instruction set
matched the requirements of these products.
Recognizing that hardware was but a small part
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
tools that Intel has available today.

THE 8080A MICROPROCESSOR

With the advent of high-production N-channel
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
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-
sive, effective solution to today’s system pro-
blems.
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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.
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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 gomg to a com-
promise solution.
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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.
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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.
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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 /O 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
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SYSTEM PERFORMANCE

The true benchmark of any microcomputer-
based system is the amount of tasks that can
be performed by the system in a given period of
time. Increasing speed of CPU instruction ex-
ecution has been the common approach to in-
creasing system throughput but this puts a
greater strain on the memory access require-
ment and bus operation than is usually prac-
tical for most applications. A much more
desirable method would be to distribute the
task-load to peripheral devices. -
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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 s0s5A
can relieve the central processor of many of the cPu
bookkeeping /O 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
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.

o} MEMORY

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.

1-8










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 small
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.

22 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 (ADg.7;) which is time-
multiplexed so as to also transmit the eight
lower-order address bits. An additional eight
lines (Ag.1s) 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

functions to perform READ and WRITE opera-
tions and also to select' memory or I/O ports.
The 8085A can address up to 256 different 1/0
locations. These addresses have the same
numerical values (00 through FFH) as the first
256 memory addresses; they are distinguished
by means of the I0/M output from the CPU. You
may also choose to address 1/O ports as
memory locations (i.e., memory-map the 1/O,
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.
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s y
£ 4
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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 I/O
instructions. It is an 8-bit register only.
(However, see Flags, in this list.)

¢ 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.

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

2.2.2 Flags

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

D7 De Ds D4 D3 D, D, Do

S 4 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 }1 00100010

Carry bit sets carry flagto 1

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.

223 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

2-2

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

AMP. @1

¢2

Ol

1

o<

*EXTERNAL CAPACITORS REQUIRED ONLY FOR CRYSTAL FREQUENCIES <4MHz.

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, ¢ 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 ¢1. CLK is half the frequency of
the crystal input signal and may be used for
clocking other devices in the system.
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FIGURE 2-3 8085A HARDWARE AND SOFT-
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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).

e 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 BO85A 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:

e The 8085A responds to the interrupt,
and sends an internal reset signal to the
RST 7.5 flip-flop. (See Figure 2-6A.)
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(OPCODE = 30)

CONTENTS OF ACCUMULATOR BEFORE EXECUTING SIM:
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7 0

%7.5 165 155 1E Mrs Mé.5 Ms.S

L | L J

PENDING INTERRUPTS INTERRUPT MASKS

INTERRUPT ENABLE FLAG

FIGURE 2-5 RIM — READ INTERRUPT MASK

RST 7.5
| SET  8085A |
RST 7.5 RESET

F.F. (INTERNAL)

Q

INTERRUPT
REQUEST
(INTERNAL)

FIGURE 2-6ARST 7.5 FLIP FLOP

—
8085A

TRAP

RESET IN SCHMITT
TRIGGER

RESET

TRAP
INTERRUPT
REQUEST
(INTERNAL)

— CLK
CLK +5Vv D

Q

[}
FIF

CLEAR

TRAP F.F.
INTERNAL
AP

ACKNOWLEDGE
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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

auuLeds tequlienients. (dee rigure 2-8.)

To enhance the system integration of MCS-85,
several special components with combined
memory and /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. .
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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 oniy 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 (M,), 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 (T4) of M, 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 8B085A 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 M,
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 M2

TSTATE

CLK

TYPE OF

MACHINE CYCLE MEMORY READ

THE ADDRESS (CONTENTS OF THE
PROGRAM COUNTER) POINTS TO THE
FIRST BYTE (OPCODE) OF THE
INSTRUCTION

ADDRESS 8US

DATA BUS
INSTRUCTION OPCODE (STA)

MEMORY READ

[THE ADDRESS (PC + 1) POINTS|
[TO THE SECOND BYTE OF
THE INSTRUCTION

LOW ORDER BYTE OF THE
DIRECT ADDRESS

M3 Mg

L} T2 T3

MEMORY READ MEMORY WRITE

THE ADDRESS IS THE DIRECT,
ADDRESS ACCESSED IN M,
AND M3

THE ADDRESS (PC + 2) POINTS|
TO THE THIRD BYTE OF THE
INSTRUCTION

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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STATUS CONTRO! Treser
MACHINE CYCLE 10/ | s1 50 [AD | WA | INTA |
OPCODE FETCH (OF} ] 1 1|0 1 1 RESET
MEMORY READ {MR) 0 1 00 1 1
MEMORY WRITE (MW) ool 11| o] 1 RESET
1/0 READ (10R) 1 1 ofo 1 1
1/0 WRITE (1ow) 1 0 1 1 o 1
INTR ACKNOWLEDGE ({INA} 1 1 1 1 1 4]
BUS IDLE (Bl}: DAD [s] 1 ] 1 1 1
INAIRST/TRAR) 1 1 1 1 1 1
HALT Ts 0|l O|TS| TS 1
0= Logic "0 1=Logic “1"” TS=High Impedance X =Unspecified %
FIGURE 2-10 8085A MACHINE CYCLE CHART VALIDINT
RESET
SET HLDA FF HALT FF
HLDA FF
machine cycle. While no one instruction cycle ves SZ
will consist of more than five machine cycles, INTAFF
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 (10/M, Sy, 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 B0B5A. The

LAST
MACHINE CYCLE
OF INSTRUCTION

state transition diagram in Figure 2-11 il- O
lustrates how the 8085A proceeds in the course . SET

of a machine cycle. The state of various status Pty

and control signals, as well as the system INTE £F

buses, is shown in Figure 2-12 for each of the |

ten possible T states that the processor can be ]

|n . . ’ NOTE: SYMBOL DEFINITION

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

Figure 2-11 also shows when the READY, HOLD, <>> = ADECISION (X} THAT DETERMINES WHICH OF SEVERAL
and interrupt signals are sampled, and how ALTERNATIVE PATHS TO FOLLOW.
they modify the basic instruction sequence (T;- [_T_| - PERFORM THE ACTION X.
. . —_— = FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS.
Ts and TWAIT)' As we shall see, the tlmlngs for x = FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS
each of the seven types of machine cycles are " IF CONDITION X IS TRUE.
almost identical. cc = gegn&sn OF CLOCK CYCLES IN THE CURRENT MACH INE
BIMC = “BUS IDLE MACHINE CYCLE"” = MACHINE CYCLE WHICH
DOESN'T USE THE SYSTEM BUS.
OPCODE FETCH (OF): T AT IS BOTH ENABLED AND UNMASKED (MASK.
ING ONLY APPLIES FOR RST 5.5,6.5, AND 7.5
The OPCODE FETCH (OF) machine cycle is INPUTS).
unique in that it haS more than thl’ee C|OCk HLDA FF = INTERNAL HOLD ACKNOWLEDGE FLIP_FLOP. NOTE
cycles. This is because the CPU must interpret CLOCK CYCLE AFTER THE HLDA FLiP FLOP S SET.
the opcode accessed in T4, T,, and T, before it
can decide what to do next. FIGURE 2-11 8085A CPU STATE TRANSITION
28




FUNCTIONAL DESCRIPTION

Status & Buses Control
Machine _ I
State |S1,50|10/M |Ag-A45|ADo-AD7|RD,WR|INTA|ALE
T, X | X X X 1 1 1t
Ty X X X X X X 0
Twarr X | X X X X x| 0
T3 X X X X X X 0
Ta 1 0* X TS 1 1 0
Ts 1 0* X TS 1 1 0
Te 1 o* X TS 1 1 0
TRESET X TS TS TS TS 1 0
TuaLt 0 TS TS TS TS 1 0
THoLd 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 (I0/M, S1, S0) that define what
type of machine cycle is about to take place.
The I0/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,S0 =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 /O 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-A4s5 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 ADg-AD; lines are time
mulitplexed between the address and data
buses. During T4 of every machine cycle, AD¢-
AD; output the lower 8-bits of address after
which ADg-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 ADy-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-A;;
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-ADy 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 wili
enter Ts and then Tg before going to T,.




SIGNAL T T, T

T4 s T )

CLK

N/ /

10/M, X 10/M=0,51=1,50=1

s1,50
AgAyg X ch X UNSPECIFIED X
out N
ADg-AD, X PCcL DgD.tDCX) ). ____________ —————— 4

ALE

|

N

FIGURE 2-13 OPCODE FETCH MACHINE CYCLE (OF DCX INSTRUCTION)

During Ts and T, of DCX, the CPU will decre-
ment the designated register. Since the Ag-Aqs
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
Ts. Because the value of Ag-Ay5 can vary during
T4 T, it is most important that all memory and
/0 devices on_the system bus qualify 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 Ty. Therefore, the selection of all
memory and I/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
T3 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 1/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 Twar state and the second with one
TwarT state. The timing during T,4-T3 is absolute-
ly identical to the OPCODE FETCH machine cy-
cle, with the exception that the status sent out
during T, is IO/M = 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
= 1for an OF cycle, identifying that cycle as an
OPCODE FETCH operation. Otherwise, the two
cycles are identical during T4-Ta.

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 T, of the next machine
cycle.
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My (OF)
SIGNAL T T, TWAIT T Ty Ts Te
_
cLK \ / [ / / / ¥ /
10/M, =
X 10/M=0,51=1,50=1
1,50 ;
Aghis X PCH X UNSPECIFIED
our ] N
ADy-AD, X PcL ( 04D, (DCX) )—.— —— e am e e k- —
ALE / \ ( 7
i
s NE /°
= .
a
READY \ ‘Q/N
-—
-

FIGURE 2-14 OPCODE FETCH MACHINE CYCLE WITH ONE WAIT STATE

MR OR 10R MR OR I0R
. SIGNAL
T T2 T3 T T2 TwaIT T3
CLK \ ’
10/M " =
! X 10/Mi = 0 (MR) OR 1 (10R), S1=1,S0 =0 X 10/M = 0 (MR) OR 1 (1OR),$1=1,50=0 &
s1,50
Aghis X X : x
out IN our . IN
ADy-AD, K Aohy ( Do-D7 -( Aoy Do-D7 -<
ALE ’ \
RD \J /U ) \X\ /.,
© S
o
READY \(/\ \ ‘(/’—\‘
r—> v —— Ao-—-—-———-»

FIGURE 2-15 MEMORY READ (OR /O READ) MACHINE CYCLES
(WITH AND WITHOUT WAIT STATES)
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of WR. The AD¢-AD; lines are guaranteed to be
stable both before and after the rising edge of

WR.

1/10 WRITE (10W):

As Figure 2-16 shows, the timing for an 1/O
WRITE (IOW) machine cycle is the same as an
MW machine cycle except that I0O/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 /O 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.
234

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 M; « T,. 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 INTA pulses will be provided by the
8085A to clock in the remaining bytes.
RESTART and CALL instructions are the most

SIGNAL

M3 (MR}

M; (INA)

M2 (INA)

» T2 T

T2 T3

Ts Ts Te T T

CLK

INTR

10/M, $1, S0

Aghis

ADy-AD,

ALE

WAVAWAWAWAWEWE

wa

{0,1,00

(1.1

(AR R}

PCH

ouTt

.( PCL

.<Do-o7 (cALL).

out IN

.< Dy-D (B2) >.‘

————

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 (M»)
to access the second byte of the instruction
from the 8259. The timing of this cycle is iden-
tical to M,, 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 M; 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

T2 T

T2

T3 T L} T3 T T2

CLK

\VAVAVAVAVAVAVAVAVAVAVE

INTR

INTA

10/M. 51, S0 x (.10 ©.0.1) 00,1 [LRRY
AgAis X PCH (SP-1)H (SP-2)H PCH(B3)
out IN out out ourt our out
T T T
ADy-AD, .( PCL Dy-D; (83) >-((SM)LX DD (PCH) (SP-2IL Dy-D7 (PCL) B2

ALE

P
B

/

./

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

Most machine cycles of the B8085A 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 M, of
the DAD instruction. The 8085A requires six in-
ternal T states to execute a DAD instruciton,
but it is not desirable to have M, be ten (four
normal plus six extra) states long. Therefore,
the CPU generates two exira machine cycles
that do not access either the memaory or the 1/0.
These cycles are referred to as BUS IDLE (BI)
machine cycles. In the case of DAD, they are
identical to MR cycles except that RD rernains
high and ALE is not generated. Note that
READY is ignored during M, and My 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 locatlon 3CH. To do this, it executes an OF
machine cycle without issuing RD, generating
the RESTART opcode instead. After M,, the
CPU continues execution normally in all
respects except that lhe stale of the READY
line is ignored during the Bl cycle.

My (OF|
SIGNALE

Wy (Bl Mg il

F)

H Ty E

CLK

RET 15

AYAVAYE
-

WAVAVAVAVAWA

10/

. =

Aphg PC IH

A<

I5R-11H

ouT

AD-AD

__E>___.

our

SR 1L
LY

B

A0

HEADY

U=t

FIGURE 2-19 RST 7.5 BUS IDLE MACHINE CYCLE
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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 TyaLt 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 Tya T 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 My « T, of the next in-
struction. When the HOLD input is activated,
the CPU will exit ThaLt for the duration of Tyop
and then return to Tya.T-

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 Ty, 1 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 7 state at the end of the next CLK
period, and to enter M, « T;.

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 Ts T THALT

T2 T3 Ta Ts Ts T T2

RST 7.5

WAVAWAWA\WAVAVAWAWAVAWA WA WA

10/M

— e c——

§1,80

Ag-A1s (PC-1H

-—— g ——

gy IR

ADgAD; HALT

PCH (SP-1)H

ouTt IN

e — — _——.((SP—!)L PCH

—— — — e w——

READY

S

"
|

FIGURE 2-20 HALT STATE AND BUS IDLE MACHINE CYCLE

RST 7.5 TERMINATES Tya r STATE

2-16




FUNCTIONAL DESCRIPTION

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 interrupts during CLK = “1” of every
TuaLT State. If the internal latched HOLD signal
is high during CLK = “1” of any Ty 7 State, the
CPU will exit Tya.r 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 ThoLp State as well as during TyaLr
states. If the internal latched HOLD signal is
low during CLK = 1, the CPU will exit Tyop 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 Tyact Or Thovp, it inter-
nally latches the HOLD line only during CLK =
1 of the last state before T3 (T, or Twair) and dur-
ing CLK = 1 of the last state before Ts (T4 of a
six T-state M,). If the internal latched HOLD
signal is high during the next CLK = 1, the CPU
will enter ThoLp after the following clock. When
the CPU is not in TyaLT Of THoLD, it will internally
latch the state of the unmasked interupts only
during CLK of the next to the last state before
each My « T;.

SIGNALS T Thowo (M0* ' Thowo (MY* Thoto (Te)™: Tuolo Tuoro Ty
cLK / / / \ /
ALE / \
HOLD \ \ “
‘.
HLDA / \
| inTerRUPTS SamPLED
| HERE REGARDLESS
|~ OF HOLD
[
INTERRUPT / | \
Ty —
|
—tg—y

*SIGNIFIES THAT T,-Te MAY TAKE PLACE INSIDE THE 8085A EVEN WHILE THE PROCESSOR IS IN A HOLD STATE.

FIGURE 2-21 HOLD VS INTERRUPT — NON HALT
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cLK I \ , ] I I f
ALE I_\_—
HOLD j \ ] INTERRUPT CYCLE
E/xn's HALT
HLDA I \/' HOLD REMOVED

LOW PRIORITY
INTERRUPT(S)

INTERRUPT ACCEPTED HERE CAUSES SAMPLING TO BE INHIBITED —
INHIBITING HIGHER INTERRUPTS (EVEN TRAP)

V/

HIGH PRIORITY
INTERRUPT(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 V¢
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 Tyar 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 M4 « T, for the next T state. Note
that the various signals and buses are floated in
Treser as well as Tyar and Tyop. 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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FIGURE 2-24 RESET IN TIMING

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 Tz « 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, s 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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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.

INT

INTA +—————

HOLD
HLDA

READY
RESET
2 (TTL)

s Acis

8080A
8224
8228

o,

MEMR, MEMW

7% o, oW

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
110 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.

READY
RESET OUT
CLK

ALE
" (OPTIONAL}
~ Aoy
//

8085A
A AgArs

~
|

N

AD,-AD,

<
)

RD, WR
10/M, ALE

NS

MCS-80™ System Bus

SIGNAL(S)

READY, RESET,
HOLD, HLDA

@2 (TTL), INT

FUNCTION

The 16 lines of the address
bus identify a memory or 1/O
location for a data transfer
operation.

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/0 READ, I/O 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.

FIGURE 2-28 COMPARISON OF SYSTEM BUSES
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MCS-85™ System Bus

SIGNAL(S)
Ag-Ais

ADg-AD;

£
3
E

I0/M

ALE

READY, RESET
OUT, HOLD,
HLDA, CLK, INTR

FUNCTION

These are the high order
eight bits of the address,
and are used to identify a
memory or I/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-A; signals.

These signals are used for
the synchronization of slow
speed memories, system
reset, DMA, system timing
and CPU interrupt.
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MCS-80™ System Bus

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

The MCS-80 first presents the address (3)and
shortly thereafter the control signal®. The
data bus, which was in the high impedance
state, is driven by the selected device ® . The
selected device eventually presents the valid
data to the processor (3). The processor raises
the control signal (8, which causes the select-
ed device to put the data bus in the high impe-
dance state. 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:

MEMW or iOW

®
X X
® ® ®
DBy DB, — — — L X )C
Ovezm N \® ®/

The MCS-80 first presents the address (1), then
enables the data bus driver(2), 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 (7).

MCS-85™ System Bus

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

Ag-Ayg. 10/M x X:
(OPTIONALLY
AgA; LATCHED >< )(:
SIGNALS)

At the beginning of the READ cycle, the 8085A
sends out all 16 bits of address (3. 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 (8 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-Ayg. I0/M >< x
(OP’TIONALLY3 X
- LATCHED
Aot SIGNALS)

ADo -AD; = —

The timing of the WRITE CYCLE is identical to
the MCS-85 READ CYCLE with the exception of
the ADy-AD; lines. At the beginning of the
cycle (1), 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 3
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 B8085A 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 WR,
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.

7. 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
—400ua of source current and 2.0 ma of
sink current. The 8085A also has input
voltage levels of V,. =0.8V and V,y =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 IOW are
desired, they can be generated from RD, WR,
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and I0O/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 Ag-A7 and Dg-
Dy 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

3.1 INTERFACING TO THE 8085A

The 8085A interfaces to both memory and 1/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 aROM, 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 1/0 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/0 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 I/O-mapped, I/O. If IOM is
not so used, the CPU does not distinguish between
/0 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 /0 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 I/O port (using INPUT and
OUTPUT instructions), you can now program
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arithmetic and logic operations on port data as well
as move data between any internal register and the
I/O port. Consider the new meaning of the following
instructions:

Examples:

MOVrM (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 IO

While memory instructions may increase the flex-
ibility of the I/0 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 1/0. (See Figure 3-2 and
accompanying discussion.) If A5 =0 then memory
is being addressed; if A;s=1, /0O 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
/0 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.




SYSTEM OPERATION

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 A;5-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 A4 to the CE line of the 8355 and tie CE
to Vg, 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, Tg of an
opcode fetch cycle and during address bus
transitional periods in T4 (this is illustrated in
Chapter 2). Therefore, all memory and |/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.
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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 1/0 Mapped 1/0:

This section describes some of the techniques
involved in connecting the MCS-85 combination
memory and /O chips to the 8085A as I/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 V¢ and CE is
connected to Aq4. 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 1/0 ports on
the chip will be selected only when A;; =0. This
is because the 1/0 ports and the memory have
common chip enables, therefore forcing the
selection conditions of one onto the other. Fur-
thermore, since the I0/M line of the chip is con-
nected to the 1O/M line of the 8085A, the port
has 1/0 mapped 1/0. The 1/O ports can be ac-
cessed only by use of the INPUT and OUTPUT
instructions; since these are the only instruc-
tions that cause 10/M to go high.

The boxes to the right of the chip in Figure 3.1A
indicate the memory addresses and 1/0 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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replication of bits Ag-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 I1/0O 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 /0.

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

For want of a better name, the Intel® 825x, 827x,
and 829x series peripherals 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
provide a constant address, a chip select, and
RD or WR. Since the upper address lines (Ag Aqs)
of the 8085A are nonmultiplexed, they can be
tied directly to the peripherals, as shown in
Figure 3.3A. To provide I/O mapped 1/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 I0/M =1, using an 8205. This
technique also allows more I/0 devices to be
used than linear selection would. Note that this
technique relies on the fact that the 1/0 Port
number is copied onto Ag-Ais as well as Ag-A7
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/O devices.
Figure 3.4 shows an 8205 used to_qualify the
chip select of the I/0 device with IO/M =0. Since
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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-A;5 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 Aj-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. Iy

3.7 DYNAMIC RAM INTERFACE:

2
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
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FIGURE 3-6 MINIMUM 8085 SYSTEM
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SYSTEM OPERATION

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 1/0O Lines

1 Capacitor 5 Interrupts

1 Diode 2 Programmable Timer/
Counters

2 Serial 1/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
muitiplexed-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 I/O Lines

5 Interrupts
1 Timer/Counter
2 Serial I/O Lines

The 8185 also has power-down capability. By
connecting CE1 to IO/M from the 8085A the 8185
will be powered down during I/0 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

PC 16-bit program counter
regisier (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 O from left
to right).

LABEL 16-bil address of subrouline.
The cendition flags:

z Zero

S Sign

P Parity

CcY Carry

AC Auxiliary Carry

{) The contents of the memory

location or registers enclosed
in the parentheses.

“Is transferred to"

A Logical AND

as Exclusive QR

A Inclusive OR

+ Addition

- Twos complement subtraction
" Multiplication

- “Is exchanged with"

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

through 111 for restart number
0 through 7 respectively.

The instruction sel encyclopedia is a detailed
description of the 8085A inslruclion 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 lields, 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 tollowed by a narrative description of
the operation of the instruction.

"All mnemonics copyrighted ©Intel Carporation 1976.

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

6. The last four lines contain information about
lhe 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 iwo possible execution times,
as in a conditional jump, both times are
listed, separaled by a slash. Next, data ad-
dressing modes are listed if applicable. The
last line lists any of the {ive flags Lhal are af-
fected by the execution of the instruction.

4.3 INSTRUCTION AND DATA FORMATS

Memory used in the MCS-85 syslem 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 16hit binary addresses. The 8085A can
address up to 84K (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 memaory
(ROM), which is also random-access.

Data in the B085A is stored in the form of 8-bit
binary integers:
DATA WORD

P T T 1 T
D]r Ds Ds 04 D3 Dz D1 DD

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 80854,
BIT Ois referred to as the Least Significant Bit{LSB),
and BIT 7 (of an 8-bil number)is referred to as the
Most Signilicant Bit {MSB).

An 8085A program instruction may be one, two or
lhree bytes in length. Multiple-byte instructions must
be slored 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

| I I L I B
D; Dq OpCode

Two-Byte Instructions

Byte Tt 1 |

gne Dy Dy | Op Code
Byte | 1T 7 1T T |D Data or
Two |7 0| Address
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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

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

1 | | | |
0 1 D D D 1 1 0

locations and registers. Includes moves, Cycles: 2

loads, stores, and exchanges. (See States: 7

below.) Addressing: reg. indirect
2. Asithmetic Group — Adds, subtracts, in- Flags: none

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.)

MOV M, r (Move to memory)
(H) (L) — (1
The content of register r is moved to the
memory location whose address is in
registers H and L.

I I I | | I
0 1 1 1 0 S S S

5. Stack, 1/0, and Machine Control Group Cycles: 2
— Includes instructions for maintaining States: 7
the stack, reading from input ports, Addressing: reg. indirect
writing to output ports, setting and Flags: none

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.

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

T T 1 1
o o|lDp o bpl1 1 o

data
4.6.1 Data Transfer Group Cycles: 2
This group of instructions transfers data to and States: 7
from registers and memory. Condition flags are Addressing: immediate
not affected by any instruction in this group. Flags: none

MVI M, data (Move to memory immediate)
MOV r1, r2 (Move Register) ((H) (L) — (byte 2)
(r1) — (r2) The content of byte 2 of the instruction is
The content of register r2 is moved to moved to the memory location whose ad-
register r1. dress is in registers H and L.

I | ] | I
0 1 D D D S S S

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

Cycles: 1 data
States: 4
Addressing: register Cvcles:
es: 3
Flags:  none S¥ates: 10
Addressing: immed./reg. indirect
Flags: none

*All mnemonics copyrighted © Intel Corporation 1976. 4-4
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LXI rp, data 16 (Load register pair immediate)
(rh) — (byte 3),
(rl) — (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

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-

rp. ceeding address is moved to register H.
I T [ I I [ I I I T I I
0 0 R P 0 0 0 1 0 0 1- 0 1 0 1 0
low-order data low-order addr
high-order data high-order addr
Cycles: 3 Cycles: 5
States: 10 States: 16
Addressing: immediate Addressing: direct
Flags: none Flags: none
LDA addr (Load Accumulator direct) SHLD addr (Store H and L 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 1 1 1 0 1 0

low-order addr

high-order addr

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

STA addr (Store Accumulator direct)
((byte 3)(byte 2)) — (A)
The content of the accumulator is moved to
the memory location whose address is
specified in byte 2 and byte 3 of the instruc-
tion.

I I I I I I I
0 0 1 1 0 0 1 0

low-order addr

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

low-order addr

high-order addr

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

LDAX rp
(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.

(Load accumulator indirect)

high-order addr

f I T | 1

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

*All mnemonics copyrighted © Intel Corporation 1976.
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0 0] R P 1 0 1 0
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
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— wrcmury Toudiivil 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)~ (E)

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

and E.
1 T I I | |
1 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) + (n
The content of register r is added to the
content of the accumulator. The result is
placed in the accumulator.

[ T | I 1 |
1 0 o0 0 0 S S S

Cycles: 1
States: 4
Addressing: register
Flags: ZS,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: Z2S,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: Z2S,P,CYAC

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: Z2S,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.

INRM (Increment memory)
(HL - (HL) + 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: 2

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

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z2S,P,AC

SBI 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.

DCRr (Decrement Register)
N-—(-1
The content of register r is decremented by
one. Note: All condition flags except CY
are affected.

| I I 1 I [ 1
1 1 0 1 1 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC
INRT (Increment Register)

Cycles: 1
States: 4
Addressing: register
Flags: ZS,P,AC

DCR M

(Decrement memory)
(H) (L) — ((H) (L) — 1

nN-—(Mm+1
The content of register r is incremented by
one. Note: All condition flags except CY
are affected.

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: ZS,P,AC

*All mnemonics copyrighted ©Intei Corporation 1976.

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: ZS,P,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 H and 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. .

ANI data

Cycles: 2
States: 7
Addressing: reg. indirect

Flags: Z,S,P,CY,AC

(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: ZS,P,CY,AC

XRAr (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: ZS,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.

XRI data

Cycles: 2
States: 7
Addressing: reg. indirect

Flags: Z2,5,P,CY,AC

(Exclusive OR immediate)

(A) — (A) v (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.

| I [ T 1 I I
1 1 1 (0] 1 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate

Flags: 2,S,P,CY,AC

ORAT (OR Register)

(A) = (A V()

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.

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z2,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..

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: 2,5,P,CY,AC

CPIl 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

CMPr

(Compare Register)

(A) -

The content of register ris 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)
< ().

Cycles: 1
States: 4
Addressing: register
Flags: Z,5,P,CY,AC

*All mnemonics copyrighted ©® Intel Corporation 1976.

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

(An+1) — (Ap) 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 atfected.

Cycles:
States: 4
Flags: cY
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RRC (Rotate right)
(An) = (An +1); (A7) — (Ao)
2(CY) — (Ao) -
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: C

RAL (Rotate left through carry)
(An+1)—(An); (CY)—(A7)
(Ag)—(CY)
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 + 1i(CY) — (Ao)
(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: cY

*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 atfected.

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: ) 4

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

Cycles: 1
States: 4
Flags: (0} 4







W=t g VT Y
(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.

I At AT A .n-—-A('-,CC)—._ “DH”

(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.

T [ | | |
I | T T 1 1 C C C 0 0 0
1 1 C C C 1 0 0
low-order addr Cycles: 1/3
States: 6/12
high-order addr Addressing: reg. indirect
Flags: none
RST n (Restart)
Cycles: 2/5 ((SP) — 1) — (PCH)
States: 9/18 E(SSI;P)) —(é)P;_ (PCL)
N immediate/ - -2
Addressing: o0 lindirect (PC) — 8 * (NNN)

Flags: none 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

RET (Return) 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.

(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 T T I T T
address is one more than the content of 1 1 N N N 1 1 1
register SP is moved to the high-order eight
bits of register PC. The content of register
SP is incremented by 2.
Cycles: 3
States: 12
I T | I I I I Addressing: reg. indirect
1 1 0o o 1 0 o0 1 Flags: none
1514131211109 8 7 6 5 4 3 2 1 0
Cycles: 3"
States: 10 0/|0]0|0|0|O(0O|OJO|O|N|N|N|O|O]O
Addressing: reg. indirect
Flags: none Program Counter After Restart

*All mnemonics copyrighted ©intel Corporation 1976.
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PCHL {(Jump H and L indirect —
move H and L to PC}
(PCH) — (H)
(PCL) — (L)

The contenl 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: regisler
Flags: nocne

4.6.5 Stack, 10, and Machine Control Group

This group of instructions pertorms I/0, manipu-
lates the Slack, 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)

{(SF) — 2) — ()

{(SP) — (5P} — 2

The content of the high-crder register of
register pair rp is moved tc the memory
location whose address is one less than
the content of register SP. The content of
the low-arder register of register pair rp is
moved to the memory location whose ad-
dress is two less than the content of
register SP. The conlent of register SP is
decremented by 2. Note: Reglster palr rp =
SP may not be specHied.

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

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

PUSH PSW (Push processaor stalus word)
((SP} ~ 1) — (A)
{(S8P) -~ 2)p — (CY), ((SP} — 2), — X
((SP) — 2); — (P), {(SP) — 2); — X
{(SP) — 2)4 — (AC), ((SP) — 2)5 — X
{{SP) - 2} — (Z), ((SP} — 2)7 — (S5)
(3P) — (8F) — 2 X: Undefined.

“All mnamanics copyrighted & Intel Carporatian 1976.
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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 memaory 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 Ds Ds Dy Da Dy Dy Dy
S z X |AC | X P X | CY
X: undefined
POP rp {POF}

(rl) — ((SF))
{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 palr 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 specifiad.

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

Cycles: 3
Slates: 10
Addressing: reg.indirect
Flags: none



THE INSTRUCTION SET

POP PSW

(Pop processor status word)

(CY) — ((SP)o

(P)— ((SP))

(AC)— ((SP)4

(Z) — ((SP)s

(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
(L) ~ (SP)

(Exchange stack top with H
and L)

(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:

States:

Addressing:

Flags:

IN port (Input)
(A)—(data)

register
none

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.

T 1 | | 1 I [
1 0 1 0 0 1 1
[ | T 1 I I
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. Placing an El instruction on the
bus in response to INTA during an INA cycle is
prohibited.

b ]] (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.
I I I | T 1 [
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.)

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

e 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, 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 0 0 0

Accumulator
Content r
After RIM: | SIO |17.5|16.5 | I5.5| IE IM7.5‘ M5.5|M5.5

L J L ]

|

I-Interrupt Masks
Interrupt Enable Flag
Interrupts Pending
Serial Input Data

Cycles: 1
States: 4
Flags: none
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the contents of the 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.

¢ Load 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 3is 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
Before
SIM:

SOD|SOE| X |R7.5|MSE|M7.5{M6.5|M5.5

IRST ’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 Bytes T Machine Cycles | Page Instruction Code Bytes T Machine Cycles | Page
States States

ACl  DATA CE data 2 7 FR 4.7 LX!  RP,DATA16 | OORP 0001 dataig 3 10 | FRR 4-5
ADC REG ) 1000 1SSS 1 4 F 4-6 MOV  REG,REG 01DD DSSS 1 4 F 4-4
ADC M 8E 1 7 FR 4-7 MOV  M,REG 0111 0SSS 1 7 FwW 4-4
ADD REG 1000 0SSS 1 4 F 4-6 MOV REGM 010D D110 1 7 FR 4-4
ADD M 86 1 7 FR 4-6 MVl REG,DATA | 00DD D110 data 2 7 FR 4-4
ADlI  DATA C6 data 2 7 FR 4-6 MVl M,DATA 36 data 2 10 | FRW 4-4
ANA REG 1010 0SSS 1 4 F 4.9 NOP 00 1 4 F 417
ANA M AB 1 7 FR 4-10 0RA REG = | 1011 08SS 1 4 F 410
ANl DATA E6 data 2 7 FR 410 ORA M B6 1 7 FR 4-n
CALL LABEL CD addr 3 18 [SRRWW 413 ORI DATA F6 data 2 M FR 4-n
cc LABEL DC addr 3 9/18 | SRSSRRWW [4-14 OUT  PORT D3 data 2 10 | FRO 416
cMm LABEL FC addr 3 9/18 | SRSSRRWW | 4-14 PCHL E9 1 6 S 4-15
CMA ' 2F 1 4 |F 4121 [ poP RP 11RP 0001 1 10 | FRR BERH]
cmc 3F 1 4 |F 4121 | pusH RP 11RP 0101 1 12 [ sww 4-15
CMP  REG 1011 1SS 1 4 F 41 RAL i\ 1 4 F 412
cvMP M BE 1 7 FR , 41 RAR 1F ! 4 F 412
CNC  LABEL 04 addr 3 9/18 | SRSSRRWW | 4-14 RC , D8 1 6/12 | SISRR 414
CNZ  LABEL " | C4addr 3 9/18 | SRISRRWW | 4-14 RET H c9 1 10 | FRR 414
cP LABEL F4 addr 3 9/18 | SR/ISRRWW | 4-14 RIM ' 20 1 4 F 4-17
CPE  LABEL EC addr 3 9/18 | SRSSRRWW | 4-14 RLC 07 1 4 F 411
cPl DATA FE data 2 7 FR 4 RM. F8 1 6/12 | SISRR 4-14
CPO  LABEL E4 addr 3 9/18 | SRISRRWW | 4-14 RNC Do 1 6/12 | S/ISRR 4-14
cz LABEL CC addr 3 9/18 | SR/ISRRWW | 4-14 RNZ co 1 6/12 | S/SSRR 4-14
DAA 27 1 4 F 4-9 RP FO 1 6/12 | S/ISRR 4-14
DAD RP 00RP 1001 1 10 |FBB 4.9 RPE E8 1 6/12 | S/SRR 414
DCR  REG 00SS 101 1 4 F 4-8 RPO EOD 1 6/12 | SISRR 414
DCR M 35 1 10 |FRW 4.8 RRC OF 1 4 |F 412
pcx  RP 00RP 1011 1 6 |S 49 RST N 1XX X111 1 12 [ SRR 414
DI F3 1 4 F 417 RZ c8 1 6/12 | S/SSRR 414
El F8 1 4 |F 417 [ sB8  REG 1001 1SSS 1 4 [ F 4.7
HLT 76 1 5 FB 4-17 SBB M 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 $100 1 4 |F 4-8 SHLD ADDR 22 addr 3 16 | FRRWW 4.5
INR M 34 1 10 FRW 4-8 SIM 30 1 4 F 418
INX RP 00RP 0011 1 6 S 4-9 SPHL F9 1 6 S 4-16
JC LABEL DA addr 3 710 | FR/FRR 4-13 STA ADDR 32 addr 3 13 FRRW 4-5
M LABEL FA addr 3 710 | FR/FRR 413 STAX RP 000X 0010 1 7 FW 4-6
JMP  LABEL C3 addr 3 10 |FRR 413 STC 37 1 4 | F 412
IJNC  LABEL D2 addr 3 710 | FRIFRR 413 SUB  REG 1001 0SSS 1 4 F 4-7
JNZ  LABEL C2 addr 3 710 | FR/IFRR 4-13 SUB M 96 1 7 FR 4-7
P LABEL F2 addr 3 710 | FR/FRR 413 SUl  DATA 06 data 2 7 FR 47
JPE LABEL EA addr 3 710 | FR/IFRR 413 XCHG EB 1 4 F 4-6
JPO LABEL E2 addr 3 710 | FR/FRR 4-13 XRA REG 1010 1SSS 1 4 F 4-10
Jz LABEL CA addr 3 710 [FR/IFRR 413 XRA M AE 1 7 FR 4-10
LDA ADDR 3A addr 3 13 FRRR 4-5 XRI DATA EE data 2 7 FR 4-10
LDAX RP 000X 1010 1 7 FR 4-5 XTHL E3 1 16 FRRWW 4-16
LHLD ADDR 2A addr 3 16 {FRRRR 4.5

Machine cycle types:

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

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

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

| 1/0 read X i . BC=00,HL=10

w Memory write RP Register Pair DE=01,8P- 11

0 1/0 write

] Bus idle

*All mnemonics copyrighted © Intel Corporation 1976. 4-19







8085A

8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 4-3
Instruction Code(1) Clock(2) Instruction Code(1) Clock(2)
Mnemonic Description D; Dg Ds Dg D3 D2 Dy Dp Cycles Mnemonic Description D7 Dg Dg Dg D3 02 Dy Dg Cycles
MOVE, LOAD, AND STORE )
MOVr1r2 Move registertoregister 0 1 D D D S S S 4 CNC Call on no carry 1o 10 1 00 98
MOV M.r Move registertomemory 0 1 1 1 0 S § S 7 cz Call on zero vt 100 1 1 00 98
MOV .M Move memory toregister 0 1 DO D D 1 t+ 0 7 Nz Calt on no zero 1100 0 1 00 918
MVir Move immediateregister 0 0 D D D 1 1 0 7 cP Call on positive Tyt o101 00 98
MVIM Move immediatememory 0 0 1 1 0 1 1 0 10 ™ Calt on minus tror o111 00 98
LXI B Load immediateregister 0 0 0 0 0 0 0 1 10 CPE Call on parity even T 1 1 0 1 1 0 0 918
PairB& 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 1 1 0 0 1 0 0 1 10
LXIH Load immediateregister 0 0 1 0 0 0 0 1 10 RC Return on carry 1 1 0 1 1 0 0 0 612
PairH& L RNC Return an no carry 1101 0 0 00 612
LXI SP Ln'ad immediate stack o0 0 1 1 0 0 01 10 RZ Return on zero 1 1 00 1 0 00 8612
pointer
STAX B Store A indirect 0 0 0 0 0 0 10 7 RNZ Return on no fe-ru 1 1.0 0 0 0 0 0 612
STAX D Store A indirect 0 0 0 1 0 0 10 7 RP Return on pn'smvz 1 1. 1 1 0 0 0 0 612
LDAX B Load A indirect 0000 1 0 10 7 RM Return on minus trorroro oo e
LDAX D Load A indirect 6 0 0 1 1 0 10 7 RPE Return on parity even 1t 1 1 0 1 0 0 0 612
STA  Stofe A direct 0'0 1 1 0 0 10 1 RPO Return on parity odd 1t 1 1t 0 0 0 0 0 612
LoA Load A direct o0 1 1 1 0 1O 13 RESTART
SHLD Store H & L direct 000 1 00 0 10 16 RST Restart V1 AAA T Tl
LHLD Load H & L direct 0o 0 1t 0o 1 0 10O 16 INPUT/OUTPUT
XCHG Exchange D&E.H&L 1 1 1 0 1 0 1 1 4 . Input Proor ot
Registers out Output 1 1.0 1 0 0 11 10
STACK OPS ‘ INCREMENT AND DECREMENT
PUSH B PushregisterPairB& 1 1 0 0 0 1 0 1 12 INR? Increment register 00D 0D 00 4
C on stack DCRr Decrement register 0 0 DD D 1 01 4
PUSH D Push register Pair 0 & 11 0 1 0 1t 01 12 INRM Increment memory 00 1 1 0 1 0O 10
E on stack DCRM Decrement memory 00 1 1 0 t 01 10
PUSH H Push register Pair H & t 1 1 0 0 1 01 12 INX B Increment B & C 0 0 0 0 0 0 1 1 6
L on stack registers
PUSH PSW Push A and Flags 11 1 1 0 1 01 12 INX D Increment D & E 0 0 0 1t 0 0 1 1 6
on stack registers
POPB Pap register Pair B & t 1 0 0 0 0 0 1 10 INX H Increment H & L 0 0 1 0 0 0 1 1 6
C off stack registers
POPD Pop register Pair D & 1 10 1 0 0 01 10 INX SP Increment stack pointer 0 0 1 1 0 0 1 1 6
E off stack ocx s Decrement B & C 0000 10 11 6
POPH Pop register Pair H & 1 1 1 0 0 0 0 1 10 DCX D Decrement D & E 000 0 1 1 0 11 6
L off stack
POP PSW Pop A and Flags 1 11 100 01 10 DCXH Decrement H & L oo oot 8
off stack DCX SP Decrement stack 00 1 1 1 0 11 6
XTHL Exchange top of 1 11 00 0 11 16 pointer
stack. H& L ADD
SPHL H&Ltostackpointert 1 1 1 1 1 0 0 1 6 ADDr Add register to A 1 00 0 0 S s s 4
JUMP ADCr Add register to A 1 0 0 0 v 8§ s S 4
JMP Jump unconditional 1 1 0 0 0 0 1 1 10 with carry
i Jump on carry 1 001 1 0 10 10 ADDM Add memory to A 1.0 0 0 0 1 10 7
INC Jump on no carry 11 0 1 0 0 10 M0 ApcH -~ i oA too oo 7
z dump on zera oo 0o e ADI AddimmedistetoA 1 1 0 0 0 1 1 0 7
Nz dump on na zero o o0 o ACI Addimmediaste oA 1 1 0 0 1 1 1 0 7
JP Jump on positive 1 1 1 1 0 0 1 0 710 with carry
M Jump on minus P10 070 DAD B AddB&CtoH&L 0 0 0 0 1 0 0 1 10
JPE Jump on parity even 1 1+ 1 0 1 0 1 0 V0 DAD D AddD&EtoH& L 0 0 0 1 1 0 0 1 10
JPO Jump on parity odd 1 1 1. 0 0 0 1 0 710 DAD H AddH& LtoH& L 0 0 1 0 1 0 0 1 10
PCHL H&L 10 program 11t 0 1 0 01 6 DAD SP Add stack pointer to 000 1 1t 1 0 01 10
counter H&L .
CALL SUBTRACT
CALL Call unconditional 1 1 0 0 1 1 01 18 SUB Subtract register 1 0 0 1 0 S S S 4
cc Call on carry 1 1 0 1 v 1 0 0 918 from A

*All mnemonics copyrighted © Intel Corporation 1976.
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Instruction Code(1) Clock(2) Instruction Code(1) Clock(2)

Mnemonic Description D7 Dg Ds Dg D3 Dz Dy Dg Cycles Mnemonic Description D7 Dg Ds Dg D3 D2 Dy Dp Cycles
SBB r Subtract register from 1 0 0 1 1 § S S 4 ORI OR immediate with A 11 1 1 0 1 10 7

A with borrow cPl Compare immediate T 1 1 1 1t 1 10 7
SUs M Subtract memory 1 0 0 1 0 1 10 7 with A

from A ROTATE
SBBM Sub¥ract memoryfrom 1 0 0 1 1 1 1 0 7 RLC Rotate A left 0 0 0 0 0 1 1 1 4

A with borrow RRC Rotate A right 00 0 0 1 1 11
sul 'sr‘;':l';“ immediate oo o g RAL Rotate Aleftthrough 0 0 0 1 0 1 1 1 4

. . carry
sl ’sr';::';”;v':h”::r’:; oo RAR Rotate Arightthrough 0 0 0 1 1 1 1 1 4
LOGICAL e
Gic o SPECIALS

ANA ¢ And register with A 1.0 1 0 0 S S 4 CMA Complement A 000 1 0 1 1 11 4
XRA r Ex_z‘cr:u:ve OR register t 01 0 1 § S S 4 STC Set carry 000 1 1 0 1 11 4

wi

. X CMC Complement carry 00 1 1 1 1 1 4
ORA OR register with A 1 0 1 1 0 S S S 4 . .
CMP c SerwithA 1 0 1 1 1S § S 4 DAA Decimal adjust A 0 0 1 0 0 1 11 4
' ompare register wi
pare reoite CONTROL
ANAM And memory with A 1 0 1 0 0 1 10 7
) El Enable Interrupts 1t 1 1 1 0 1 4

XRAM Exclusive OR memory 10 1 0 v 1 10 7 )

with A DI Disable Interrupt 11 1 1t 0 0 11 4
ORAM OR memory with A 101 1 001 10 7 NoP No-operation ¢ 0000000
CMPM Compare memorywithA 1 0 1 1 1 1 1 0 7 HLY Halt o 1101 1o 5
ANI AndimmediatewithA 1 1 1 0 0 1 1.0 7 NEW 8085A INSTRUCTIONS
XA Exclusive ORimmediate 1 1 1 0 1 1 1 0 7 RiM Read InterruptMask 0 0 1 0 0 0 0 0 4

with A SIM Set Interrupt Mask 0 0 1 1 0 0 0 0 4

NOTES: 1. DDS 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
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8085A/8085A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

B Single +5V Power Supply |
H 100% Software Compatible with 8080A

B 1.3 us Instruction Cycle (8085A);

0.8 us (8085A-2) [ |
B On-Chip Clock Generator (with External -
Crystal, LC or RC Network)
B On-Chip System Controller; Advanced
Cycle Status Information Available for [ ]

Large System Control

Four Vectored Interrupt Inputs (One is
non-Maskable) Plus an 8080A-
compatible interrupt

Serial In/Serial Out Port

Decimal, Binary and Double Precision
Arithmetic

Direct Addressing Capability to 64k
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
Its high level of system integration allows a minimum system of th
(ROM/PROM/I0)] while maintaining total system expandability.

present 8080A’s performance by higher system speed.
ree IC's (8085A (CPU), 8156 (RAM/IO) and 8355/8755A
The 8085A-2 is a faster version of the 8085A.

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 prod

ucts allow a direct interface with the 8085A.

INTA RST6.5 TRAP

L L7
]

INTERRUPT CONTROL

f

8-BIT INTERNAL DATA BUS

sob

SERIAL 1/0O CONTROL

X

i

<7

ACCUMULATOR TEMP. REG.
(8) (8)

INSTRUCTION
REGISTER (8!

2.

FLAG (5!
FLIP-FLOPS

INSTRUCTION
DECODER

ENCODING

POWER
SUPPLY

—= 5V
—= GND

B o1 c 81
REG. REG.
D (@ E ]
REG. REG.
H 18) L 8 REGISTER
REG. REG. ARRAY

(16)
STACK POINTER

6))
PROGRAM COUNTER

INCREMENTER/DECREMENTER
ADDRESS LATCH 161

TIMING AND CONTROL

Xy —of

X2

CLK

RESET
GEN

CONTROL STATUS DMA

4

lﬁl I DATA/ADDRESS BUFFER‘B)I

I ADDRESS BUFFER

|

CLKouT

NI

RD WR ALE $g8; 10/M

|

HLDA

!

READY

1

HOLD

' RESET OUT
RESETIN

!

Ars-Ag

AD7-ADg
ADDRESS BUS ADDRESS/DATA BUS

Figure 1. 8085A CPU Functional Block Diagram
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O 40 vce
X2 2 393 HoLD
RESET OUT O3 381 HLDA
sob []4 37 cLk(oum)
SID s 36 1 RESETIN
TRAP 6 35 READY
RST7.5 7 3ag 1o/m
RST6.5 []8 330 5
RST55 o 320 RD
INTR .} 10 31 WR
INTA ] 11 80854 30 aLe
ADg 12 290 so
AD7 13 28 A5
AD2 []14 270 A1s
AD3 [} 15 26 A13
ADg4 Q16 250 A2
ADs 417 24P An
ADg Q18 23 A1
AD7 19 223 Ag
vss 20 21 Ag

Figure. 2. 8085A Pinout Diagram

8085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol
Ag-A1s
(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/O 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 fali-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:

10/M S1 So Status

Memory write
Memory read
1/0 write

1/0 read .
Opcode fetch
Interrupt Acknowledge
Halt

Hold

Reset

= 3-state (high impedance)
X = unspecified

Pl O =200

MNO adad a0 -0
XXO 4+ 20=0-=

»

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
. (Input)

HOLD

(Input)

HLDA

(Output)

INTR
(Input)

5-2

Function

S1 can be used as an advanced R/W
status. 10/M,So 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 1/0 location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

IfREADY is high duringaread 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.
Whenthe 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
haif 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.
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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 after an INTR isaccepted. 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; gg ﬁ’Ei{::;LNtIER:g:Ii‘ I he:e It:l?; (Output) used as a system reset. The signal is

: P €s 'ming as synchronized to the processor clock

RST 7.5 except they cause an internal RE- ;

. h and lasts an integral number of clock

(Inputs) START to be automatically inserted. periods
The priority of these interrupts is
ordered as shown in Table 1. These X1, Xz X1 and Xz are connectgd to a.crystal,
: A - (Input) LC, or RC networktodrivetheinternal
interrupts have a higher priority than

e P clock generator. X1 can also be an
INTR. In addition, they may be indi- : .
. X external clock input from a logic gate.
vidually masked out using the SIM . .
: . The input frequency is divided by 2 to
instruction. X .
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 dataon this

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

(Input) resets the Interrupt Enableand HLDA whenever a RIM instruction is exe-
flip-flops. The dataand address buses cuted.

;nd’;he 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
chron9u§ nature of RESET, the pro- SIM instruction.
cessor’s internal registers and flags
may be altered by RESET with unpre- Vce +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 it is
designed to fit into a minimum system of three IC's: The
cpu (8085A), aRAM/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 registersetis as follows:

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 5 flags (8-bitspace)

The 8085A 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 1/0 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
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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 pin even 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 aroutine 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 8085A. 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 EI
instruction is executed.

INSIDE THE
EXTERNAL 8085A
TRAP
INTERRUPT
REQUEST | TRAP
RESET IN SCHMITT
TRIGGER
RESET
INTERRUPT
+sv—{p CLK REQUEST
Q
D
FIF
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 1/0 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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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 B8085A
ALE —*|CLK CLK OUTPUT —=1CLK TO
8085A
“D” D" READY
FIF F/F INPUT
+5V —=1D 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 itis 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 |nterrupt Levels

e Serial In/Serial Out Ports

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

In addition to standard 1/0, the memory mapped I/0
offers an efficient 1/0 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.

[ 0 | vl T |
X‘ X’ RESET IN
—e TRAP
—{rsT25
] RsTes 8085A
—|{RsT55
—e{INTR N
TR RESET
=I™A  aoorr  __ Tour So
ADDR _DATA ALE AD WR I0/M RDY CLK
£ Vss  Vee
(8) (8)
. = K
Al
WR
"B gqan BB
"0 g156 B
ALE  pony
NJoaras ¢ ‘E’
ADDR
N
10/M  TIMER |—o
reser  OUT
ow
RD
S €
Y ce A
E"—' Ag1o
8355/
8755A
DATA/
ADDR
10/M  pont
RESET 8
o Vee
$—JCLK ioR
Vss Vee Voo PROG
A Vee
M- Vee
A4 WV Vee

*NOTE: OPTIONAL CONNECTION

Figure 6. 8085A Minimum System (Standard
Technique)
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8085A° MINIMUM SYSTEM CONFIGURATION

AB-15

T~ ~ o

U

QD(H - /\

ALE

8085A AD

WR

WA— Ve

10/M

CLK

RESET OUT |

READY

Vee

- |TMER || __ AD _
RESET| | IN WR|RD| ALE | CE vw 10/M

A8- AD| _l10/ p—
v‘“’ 27|CE| | ALE no‘fo’qcmnsr;aov

TIMER
out

8156
[RAM +1/0 + COUNTER/TIMER]

8355 [ROM +1/0]
OR

8755A [PROM + 1/0]

*NOTE: OPTIONAL CONNECTION ‘ t t

G

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

I

RESET IN__|
HOLD

—trae —
—frsty HLDA—-
—=1RST6 SOD —=
—frsTs 8085A sioje—
J Y
TR RESET
na i ADDR/ ~ out  Sof—=
ADDR __ DATA ALE RD WA IO/M__RDY CLK
() 8)
10/ (cs)
WR
e "
DATA
STANDARD

’ Y

MEMORY

(16)

RESET
10/M (CS) 1/0 PORTS,

CONTROLS

ST e

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 1/0 write cycle (as would occur during processing of
the OUT instruction). Note that during the I/0 write and
read cycle that the 1/0 port address is copied on both the
upper and lower haif 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 (10/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 T
state, at the outset of each machine cycle. Control lines
RD and WR become active later, at the time when the
transfer of data is to take place, so are used as command
lines.

A machine cycle normally consists of three T states, with
the exception of OPCODE FETCH, which normally has
either four or six T states (unless WAIT or HOLD states
are forced by the receipt of READY or HOLD inputs). Any
T state must be one of ten possible states, shown in

Table 3.

TABLE 2. 8085A MACHINE CYCLE CHART

STATUS CONTRO

MACHINE CYCLE 10/M [ s1]so |[RD [ WR[INTA
OPCODE FETCH  (OF) o 1{1fol] 1 1
MEMORY READ (MR} o | 1|ofof 1
MEMORY WRITE  (MW) ool 1|1 o] 1
1/0 READ (I0R) 1 11 olof 1 1
1/0 WRITE (row) 1 of 1|1 0 1
ACKNOWLEDGE :
OF INTR (INA) 1 1] 1] 1 o
BUS IDLE (81): DAD ol 1]o]n 1 1

ACK. OF

RST,TRAP 1 1 1 1 1 1

HALT Ts| o] o]Ts| TS| 1

TABLE 3. 8085A MACHINE STATE CHART

Status & Buses Control
Machine _ I
State (S1,50(10/M|Ag-Aq5|ADg-AD;|RDWR|INTA|ALE
T x | x X X 1 1
T, x | x X X X X | 0
TwaIT x | x X X X X | 0
T3 X | X X X X X | 0
Ta 1 o X TS 1 1] 0
Ts 1 | o X TS 1 110
Te 1 {or X TS 1 110
Treser | X | TS | TS TS TS| 1] o0
THALT 0| TS| TS TS TS 1] 0
ThoLo X | TS, TS TS TS| 1] 0
0 = Logi TS = High Impedance
1 = Logic 1" X = Unspecified

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

t 10/M = 1 during T4 -Tg of INA machine cycle.

M, M,
CLK T T, T T, T, T, T,
Ag-Arg X PC,, (HIGH ORDER ADDRESS) X (PC+ 1), 10 PORT
‘L‘f’u“:',g??s“ DATA FROM DATA FROM MEMORY DATA TO MEMORY
) MEMORY (1/O PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
RD \ ’ \ ’
WR \ ,
10/ \ / \
STATUS $,So (FETCH) X 10 {READ) 01 WRITE X n

Figure 9. 8085A Basic System Timing
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RNKRKA/RNRRA.D 8085A-2'2)
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 Ag-7 Valid to Leading Edge of Control 240 115 ns
tAD Ao-15 Valid to Valid Data In 575 350 ns
tAFR /LdreSS 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
tcu 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
tiINH 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 7. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT

8085A 8085A-2 (Preliminary)
taL - (1/2) T-45 MIN tAL - (1/2) T- 50 MIN
A - (1/2) T - 60 MIN A - (1/2) T-50 MIN
tL - (1/2) T-20 MIN L - (1/2) T-20 MIN
™ - (1/2)T-60 MIN 1) ok - (1/2)T-50 MIN
t ¢ - (1/2) T-30 MIN t ¢ - (1/2) T - 40 MIN
tAD - (6/2+N) T - 225 MAX tAD - (6/2+N) T -150 MAX
trp - (3/2+N) T-180 MAX trD - (3/2+ N) T -150 MAX
tRAE - (1/2T-10 MIN tRAE - (1/2T-10 MIN
tca - (1/2T-40 MIN tca - (1/2T-40 MIN
tow — (32+N)T-60 MIN tow — (32+N)T-70 MIN
two - (1/2T-60 MIN two - (1/2T-40 MIN
tee - (3/2+N) T-80 MIN tee - (3/2+N) T-70 MIN
toL - (1/27-110 MIN toL - (1/2T-75 MIN
tARY - (3/2)T-260 MAX taRy - (3/2) T-200 MAX
thacK (1/2) T - 50 MIN tyack  —  (1/2)T-60 MIN
tHABF (1/2) T +50 MAX tHABE - (1/2) T +50 MAX
tHABE - (1/2) T +50 MAX tHABE -  (1/2)T+50 MAX
thc - (2/2T-50 MIN thc - (227-85 MIN
t, - (1/2) T- 80 MIN t = (1/2) T- 60 MIN
t, - (1/2) T - 40 MIN t, - (1/2) T- 30 MIN
Thy — (3/2T-80 MIN tay - (3/2T-80 MIN
t DR - (4/2) T- 180 MAX t bR = (4/2) T-130 MAX
NOTE: N isequal to the total WAIT states. NOTE: N is equal to the total WAIT states.
T=tcve T=tcvyc
X1 INPUT -\L—/——SK / \ / \ / \ /

CLK
OUTPUT

-

tXKF

t2

teve

f"

Figure 10. Clock Timing Waveform
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Read Operation

T T2 T3 oo
CLK
|« tick—» - fcA—»
Ag-Ayg X ADDRESS (
- «— tRAE—»|
tAp———> ‘RDH —=
»
AD,-AD, X ADDRESS >——W/ /////X DATA IN
I-—‘— Yy —| fe—"ta—
t — Ty ] e —
ALEj S AR e  tioR— - — ct y
d
— TAL—> ‘RD
. . p tce
RO/INTA ' \
—— g ——
le— - — A ——
Write Operation I
L T, T3 T
CLK
!4— tuex
—t
Ag-Ayg X ADDRESS ‘(
toq—
|.__ tLow __.>‘ I<~ CA
{
ADy~AD, X ADDRESS DATA OUT K
|<-— L —| f— tLAA’l tow «— typ —»
1 /
ALE f \ woL
le— taL —»|
1
WR ce .
e tie— e to) =]
tac

Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation.

| T | Tz | Twart | T3 | T
cLx m
[— tLck —»| — tca —»
—i{
Ag-Ays x ADDRESS ;
— ¥
—— tRAE —|
tap RDH —
~ Yy 4t
ADy-AD; X ADDRESS >—< /////X DATA IN
b
LR
fatd— ty | —m| f— t f —=
| tARR — ju— . h - oL —| pp————
ALE LDR
Vi " .
-~ TAL ] tAD
U e
RD/INTA N\
IR P — Py
et py i ¥
tac
tany tays | tavn
y { p—
READY \ £

Figure 11. 8085A Bus Timing, With and Without Wait
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TABLE 8. INSTRUCTION SET SUMMARY

Instruction Code[1] Clock(2) Instruction Code{1] Clock(2]
L] Description 0; D 05 0g 03 D2 Dy Dp Cycles ] Description 07 Dg Ds Dg O3 0 D) Dg Cycles
MOVE. LOAD. AND STORE CPE Call on parity even 1 110 1 1 00 9/18
MOVt r2 Move register toregister 0 1 D D D S S S 4 CcPO Cait on parity odd 1t 1 1.0 0 1 0 0 9/18
MOV M.r Move registertomemory 0 1 1 1 0 S S S 7 RETURN
MOV r.M Move memory toregister 0 1 D D D 1 1 0 7 RET Return 1 100 1 001 10
MVl Move immediate register 0 0 D D D 1 1 0 7 RC Return on carry 1 101 100 0 6/12
MVIM Move immediatememory 0 0 1 1 0 1 1 0 10 RNC Return on no carry 1101 00 0 0 6/12
LXI B Load immediateregister 0 0 0 0 0 0 0 1 10 RZ Return on zero 1 1.0 0 10 0 0 612
Parg&cC RNZ Return on no zero 1 100000 0 612
LXI D Load immediateregister 0 0 0 1 0 0 0 1 10 RP Return on positive 1 11100 0 0 6/12
Par D& E RM Return on minus 1 111100 0 6/12
LXI H Load immediate register 0 0 1 0 0 0 0 1 10 RPE . Return on panty even 1 110100 0 6/12
Pair H& L RPO Retunonpantyodd 1 1 1 0 0 0 0 0 612
LXI SP :g‘andlen:nmedlate stack 00110001 10 RESTART
STAX B Store A ingirect 000000 10 7 RsT Restart VU AAA TR
STAX D Store A indurect 00010010 7 INPUT/OUTPUT
LDAX B Load A indurect 00001010 7 IN Input T1or o0
LDAX D Load A indirect 00011010 7 our Output L L
STA Store A direct 00110010 13 INCREMENT AND DECREMENT
LDA Load A direct 00 1 1 101 0 13 INRr Increment register 000DDDTI11TOO 4
SHLD Store H & L direct 00 10001 0 16 DCRr Decrement register 000DDTUTO 1 4
LHLD Load H & L direct 00 1 0 1 0 1 0 16 INR M Increment memory 00110100 1
XCHG Exchange D8 E.H& L 111010 11 4 OCR M Decrement memory 001 1 0101 10
Registers INX B Increment B & C 000O0O0O0O 11 6
STACK OPS registers
PUSH B Push register Pair B & 11000 101 12 INX D Increment D 8 E 000 10O 11 6
C on stack registers
PUSH D Push register Pair D & 110 1 0 1 0 1 12 INX H Increment H & L 00 1 00O 111 6
E on stack registers
PUSH H Push register Pair H & 11 1.0 0 1 01 12 INX SP Increment stack pointer 0 0 1 1 0 0 1 1 6
L on stack 0Cx B Decrement B & C 000010 1 1 6
PUSH PSW Push A and Flags T1 1 101 01 1 DCX D Decrement D & E 0000 1 10 1 1 6
on stack 0CX H Decrement H & L 0010101 1 6
POP B Pop regster Pair B & 110000 01 10 DCX SP Decrement stack 00 1 1 10 11 6
C off stack ponter
POP D Pop register Pair D & 1t 101000 11 1 ADD
E off stack
POP H Popregister PAitH& 1 1 1 0 0 0 0 1 10 ADD r Add register to A 10000SS S
L off stack ADC ¢ Add register 1o A 1000 1SS S 4
POPPSW  Pop A and Flags 11110001 10 with carry
off stack ADD M Add memory to A 1 0000 T1 10 7
XTHL Exchange top of 1t 11000 1 1 16 ADC M Add memory 1o A 1000111 0 7
stack. H& L with carry
SPHL H&Llostackpointer 1 1 1 1 100 1 6 ADI Add immediate lo A rVroo00 107
JUMP ACI Add immed ate to A T 100 11 10 7
with carry
JMP Jump unconditional 110000 1 1 10 DAD B AddB& CloHB&L 00 0O T1O00 1 10
¥ Jump on carry 1101 10 10 70 DAD D AddD&ElOHAL 0001100 1 10
JINC Jump on no carry 10100 10 70 DAD H AddH& L1oH& L 00101001 10
9z Jump on zero 1100 10 10 710 DAD SP Add stack pointer to 00111001 1
JINZ Jump on no zero 110000 1 0 7/10
JP Jump on positive 111100 1 0 7710 SUBTRACT
M Jump on minus 1 1 1 1 1.0 1 0 7110 SUBr Subtract register 100 10SSS 4
JPE Jump on parity even 111 01010 70 from A
JPO Jump on panty odd 1 11000 1 0 7/10 SBB 1 Subtract register trom 1001 1SS S 4
PCHL H & L to program 11101001 6 A with borrow
counter SUB M Subtract memory 100110110 7
from A
CALL SBB M Subtract memory from 1001 1 1 10 7
CALL Calt unconditional 11001101 1B A with borrow
cc Call on carry 1011100 918 sul Subtract immediate 11010110 7
CNC Call on no carry 110 1 0 1 0 0 918 trom A
Ccz Call on zero 1 100 1 10 0 918 SBI Subtract immediate 1101 11 10 7
CNZ Call on no zero 11000 100 918 from A with borrow
cp Call on positive 1T 1110 1 0 0 918 LOGICAL
Cc™ Call on minus 1 1 1 1 1 10 0, 918 ANA 1 And register with A 1 0100SSS 4
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TABLE 8. INSTRUCTION SET SUMMARY (Continued)

Clock(2

Instruction Codef1) Clock(2] Instruction Codej1]
M ic Description D; Dg D5 Dg D3 Dp Oy DOg Cycles | M Description Dy Dg D5 Dy O3 D Dy Op Cycles
XRA 1 Exclusive Or register 1010 1S S S 4 RAL Rotate A feft through 000 1T 0 1 11 4
with A carry
ORA r Or register with A 101 10SSsS s 4 RAR Rotate A right through 000 1 1 1 11 4
CMPr Compare registerwithA 1 0 1 1 1 § § S 4 carry
ANA M And memory with A 101001 10 7 SPECIALS
XRA M Exclusive Or memory 10 1 0 1 1 10 7 CMA Complement A 00 1 o0 1 1 11 4
with A STC Sel carry 001 101 1 1 4
ORA M Or memory with A 10 1 1 01 10 7 cMC Complement carry 00 1 1 1 1 1 1 4
CMP M Compare memorywithA 1 0 1 1 1 1 1 0 7 DAA Decimal adjust A 00100 1 1 1 4
| i t th A 111 110 7 -
AN And |m.med|a.e wi . 00 CONTROL
XRI ‘Exclusive Or immediate 11101 1 10 7
with A El Enable interrupts 111110 11 4
ORI 0r immediate with A T1T 1100110 7 oI Disable Interrupt rTr1r o0 a4
cPl Compare immediate 111110 7 NoP No-operation 00000000 4
with A HLT Halt 01 1 101 10 5
ROTATE NEW 8085A INSTRUCTIONS .
RLC Rotate A left 000O0OTO0 1 11 4 RIM Read Interrupt Mask 001 00O0TO0TU0O 4
RRC Rotate A right 0000 1 1 11 4 SIM Set Interrupt Mask 00 11 00O00O0 4

NOTES: 1. DOD 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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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 1/0 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 I/0O chips to be used in the MCS-85™ microcomputersystem. The RAM portionisdesigned
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 1/0 portion consists of three general purpose |/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
pc, O \ Y wh Ve
pc, [ 2 39 ] rc, —
TIMERIN[] 3 38 [] pc, 10/# PORT A
ReseT [ 4 37 [0 Pc, A PAg~
0~7
TIMER OUT [] 6 © 35[0 PBg STATIC
om 7 34 [] P RAM ] PORT B
CEORCE*[]8 33[] r8, * 8 P
RB o 32 rs, . -7
WR []10 8155/ 31 P8 At
8156 2 B L]
ALE (11 gys55/ 30|13 P8, RD———™] )
AD, [J12 81562 297 pB, A—_— PORT C
Ap, 13 28[1 PA, ¢ <Zi>?c°*5
AD, (14 270 pAg RESET ———— =
AD, O 15 26 [ Pag —
AD, [] 16 251 PA, I_
AD‘ RV 24 PA‘ TIMER CLK Vee (+5V)
S 3 ——
TIMER OUT Vgs (OV)
ADg (® RE 23] PA, ss
AD, (] 19 221 Pa,
Ves (1 20 21[] pPA
ss e
o *: 8155/8155-2 = CE, 8156/8156-2 = CE
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8155/8156 PIN FUNCTIONS

Symbol

RESET
(input)

ADo-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 pulse shouldtypically
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 1/0 section
depending on the 10/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
CE andis 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 |O/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 1/0 ports and
command/status register depending
on |IO/M.

Symbol

ALE
(input)

I0/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

Function

Address Latch Enable: This control
signal latches both the address on the
ADo-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 I/0
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
signais for PA and PB. Programming
is done through the command reg-
ister. When PCo-5 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)
PCs4 — 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

* Two 8-bit I/0 ports (PA & PB)and one 6-bit I/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-s) or
the memory (RAM) portion. (See Figure 1.)
The 8-bit address on the Address/Data lines, Chip Enable

input CE or CE, and 10/M are all latched on-chip at the
falling edge of ALE. (See Figure 2.)

8-BIT INTERNAL DATA BUS

11

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

COMMAND | PC J PB I PA ] TIMER | TIMER
T mMs8 LsB
STATUS A A |
TIMER
s 5 g  MODE
L] SRR I R I A J
A4 A4
Figure 1. 8155/8156 Internal Registers
CE (8155) . \
e OR -
CE (8156) /
10/M \
AD, ADDRESS X DATA VALID }—C
ALE / N\ /
RD OR WR /

-

Figure 2. 8155/8156 On-Board Memory Read/Write Cycle
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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 1/O ports and
the timer becomes available on the ADo-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
1/0 pins assigned in relation to this register are PAg-7.
The address of this register is XXXXX001.

PB Register — This register functions the same as PA
Register. The I/0 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
AD2 and AD3 bits of the C/S register.

When PCop-s 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 contro! signals for PAand PB are initialized as follows:

1/0 ADDRESS? |
-1 == SELECTION
A7| A6 |AS| A4 |A3 | A2[A1 A0
x|x |x|x|x|o|o|o [interval Commana/Status Register
X|X | X]|x|Xx]|0f0]|1 |General Purpose IO Port A
XX |[X|x|x|[o]1] o|General Purpose I/0 Port B
X[ Xx | x| x|x]|0o}f1]1|PortC — General Purpose I/0 or Control
XA X [ X|x[Xx|1]0]0 |Low-Order 8 bits of Timer Count
X[ X | X[Xx|xX |1 ]o0] 1 |Hignh6 bits ot Timer Count and 2 bits
| of Timer Mode
X: Don't Care.

$:1/0 Address must be qualified by CE = 1 (81561 ou&=n 181551 and 10/M=1inorder
10 select the approptriate 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:

CONTROL INPUT IVTODE | OUTPUT MODE
BF Low Low
INTR Low High
sT8 __input Control Input Control

8155/8156
ONE BIT OF PORT A OR PORT B
VAN OUTPUT :
LATCH
b a N \
CLK CLR 1
OUTPUT
ENABLE [
] |
2
@ |
£ |
g it
8 WRITE T |
PORT
: X 1 | MopEw ' &y
£ [P o] ‘
=4 ] [ X 4_‘ |
2
£ <—G | @ | T |
4*‘| . _°—_|_ 1 CH I
[+ D I
READ PORT
CLK )
AV 4
NOTES sT8

(1) OUTPUT MODE MULTIPLEXER

(2) SIMPLE INPUT
{3} STROBED INPUT}CONTROL

READ PORT = {ID/M=1j  {RD=0) » {(CE ACTIVE}® (PORT ADDRESS SELECTED)
WRITE PORT = {10/M=1]  {WR=0) ® {CE ACTIVE) « (FORT ADDRESS SELECTED}

(4} =1FOR OUTPUT MODE
=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 (Past 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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T0 8085 RST INPUT

PORT A{ OUTPUT > PORTA

A INTR (SIGNALS DATA RECEIVED)

A BF (SIGNALS DATA READY)

A STB (ACKNOWL. DATA RECEIVED)

B STB (LOADS PORT B LATCH)

B BF (SIGNALS BUFFER IS PULL)

B INTR (SIGNALS BUFFER l

8155/8156

TO/FROM
PERIPHERAL
INTERFACE

PORTC

READY FOR READING)

PORT B

TO 8085 INPUT PORT (OPTIONAL)

TO 8085 RST INPUT

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 1/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 My lT13|T1z| T11|T10| TQI TSJ
L L J
T T
TIMER MODE MSB OF CNT LENGTH

7 6 5 4 3 2 1 0
Lol refesfmfmfnln]w]
L ; |

LSB 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:

TAODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
M, M, ) \ '
2" sioe et
SQUARE WAVE
2. CONTINUOUS
0 1 % SQUARE WAVE | S | I | | .
3. SINGLE ﬁr— ——————————
1 0  PULSEON

TERMINAL COUNT

. CONTINUQUS
PULSES

FS

Figure 9. Timer Modes

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

TM>2 TM4

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 TCisreached (NOP if 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.

L

—_— 4 ‘4———

5 |

NOTE: 5 AND 4 REFER 7O 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 notinitialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannotbegin
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:

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

. Reset the upper two mode bits

s W N

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

5. 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. Regardiess of this, the 8155/56 always
counts out the right number of pulses in generating the
TIMER OUT waveforms.



EXAMPLE PROGRAM

8155/8156/8155-2/8156-2

Following is an actual sequence of program steps that adjusts the 8155/56 count register
conlents lo oblain lhe counl, extracted from Intel® Applicalion Nole AP38. “Application
Techniques for the Intel BOBSA 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 limer-counter, storing the lower-order byte of the current counl register inregisler Cand
the higher-order couni byte in register B. Then, call the following BOA0A/B0B5A subroutine:
ADJUST, 78 MOV AB Load accumulater with upper hall
- of count.
EBAF AN 3F ‘Reset upper 2 bils and clear carry.
1F RAR Rolale right through carry.
a7 MOV B.A ;Store shifted value back in B.
79 MOV A.C ‘Load accumulator with lower half.
1F RAR :Rotate right through carry.
4F MOV CA ;Stare lower byte in C.
D@ AMC At in 2nd halt of count, return,
Atin 1sl half, go an.
3F CHMC Clear carry.
7c MOV A H Divide full count by 2, {it HL
i 0dd, disregard remainder.}
1F RAR
a7 MOV H,A
7D MOV AL
1F RAR
6F MOV LA
09 DAD B :Double-precision add HL and BG.
44 MOV B H ;Store results back in BC.
1D MOV C.L
[9]:] RET ;Return.
Alter execuling the subroutine, BC will contain the remajning count in the current counl 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 1/0 Pins

1 Interval Timer
4 Interrupt Levels

AB-15 kY B o >
e >
ALE /\ A
8085A RD

WR : : : }‘Vcc
to/mM
cLK
RESET OUT 1
READY | |

1 ] fVVV—* Vee

i Ve

1 |

| TIMER i '

_ _ AB- AD| |10/ —
RESET| | IN WR|RD| ALE csy 10/M vmovo7 CE| s |ALE Rolowlcx.xnsr‘.ﬂov
a 1
T
L~ LaTchHes
TIMER
TIMER
out 8355 |ROM + 1/0 |
CONTROL OR
256 x 8 8755 (PROM + 1/0|
RAM
8156 1

*NOTE: OPTIONAL CONNECTIONS

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




TemperaturelUnderBias . ............... 0°Cto +70°C
Storage Temperalure  ............... -65°Cto +150°C
Vaollage on Any Fin

Wilh Respectlo Ground ............... -0.5Y to +7V

Power Dissipalion . .......coiiii i 1.5W

Maximum Ratngs™ may cause parmanent damage to the
device. This is a siress rating only and funcrional opera-
tion of the device at these or any other conditians above
those /indicared in the operational sections of this specifi-
cation /5 not imglied Exposure to absolute maximum
rating conditions for exended periods may affect device
refiabiity.

D.C. CHARACTERISTICS (1, =0°Cto 70°C; Vpg = 5V + 5%)

S5¥YMBOL | PARAMETER MIN, MaX. UNITS TEST CONDITIONS
Wi Input Low Vallage -1.5 0.8 v
Vin Input High Valtage 240 Yoo +0.5 v
VoL Qutput Low Voltage 0.45 \' oL =2mA
Vou Qutput High Valage 2.4 v oy = -400uA
i Input Leakage £10 pA Vin = Veg ta BV
Lo Qutput Leakage Current h ©A 0.45V = Vgut = Vo
lec Voo Supply Current 180 ma
IIL{CE}) | Chip Enable Leakage
B155 +100 uh Vin = Ve 10 OV
8156 =100 i
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A.C. CHARACTERISTICS (1, = 0°Cto0 70°C: Vi = 5V * 5%)

8155/8156 breiminary
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
t c 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 hs
tcL READ/WRITE Control to Latch Enable 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 100 ns
twDp Data In Hold Time After WRITE 0 0 ns
tRv Recovery Time Between Controls 300 200 ns
twe WRITE to Port Output 400 300 ns
tpR Port Input Setup Time 70 50 ns
tRp Port Input Hold Time 50 10 ns
tSBF Strobe to Buffer Full 400 300 ns
tss Strobe Width 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
tsi 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
tsBe Strobe to Buffer Empty 400 300 ns
twBF 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
tRDE Data Bus Enable from READ Control 10 10 ns
t TIMER-IN Low Time 80 40 ns
t2 TIMER-IN High Time 120 70 ns
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WAVEFORMS

a. Rea:tl Cycle

J

E (8155)

OR

CE (8156)

:

10/M - \4
X Z
tap
- N\
ADy, ADDRESS ?______z DATA VALID
X 7 7
e taL —| [*+—— tia —>|
| m—

AL

N

(

D
Ol

b. Write Cycle

CE (8155) \ / \
- 2z
OR
CE (8156) / Ji\ /
10/# - \ / \
Z
X F X
ADg_, ADDRESS >< X DATA VALID X
X 7 N
le—— th —=] }._ tig —= tow toL |

ALl

[

N

tic two

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

: /

1,

RBE

%

tseF
1
STROBE S< :
ss s
INTR }
trot
RO
[*— Ttrss tous
—
iNPUT DATA
FROM PORT

b. Strobed Qutput Mode

. /

STROBE

o N

twer

[~ tsee

st

Twp

OUTPUT DATA
TO PORT

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

re
RD
ter
\
INPUT X 8
|
!
DATA BUS*
b. Basic Output Mode

wR

QUTPUT X

*DATA BUS TIMING IS SHOWN IN FIGURE 7.

Figure 14. Basic I/0 Timing Waveform

LOAD COUNTER FROM CLR —-‘ RELOAD COUNTER FROM CLR —]
| 2 | 1 5 1 4 | 3 | F] ! 1 5 1
& 2 .
TIMER IN L_\_/_
— 5 t
tcye

[ — AJ Il

TIMER OUT \

(PULSE) \ INOTEN)

| W \l’
e —]

T T W35 4 M) L4
TIMER OUT \ 7/
(SQUARE WAVE] \ (NOTE 1) 7 \

o e 4
-——‘!TLL—— try

NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC
RELOAD MODE (Ml MODE BIT =1}

Figure 15. Timer Output Waveform Countdown from 5 to 1
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8185*/8185-2** g,
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

m Directly Compatible with 8085A

Microprocessor ® Single +5V Supply

m Low Operating Power Dissipation m 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
AD (1 ﬂa\tj Voo
ap, ]z 17 |J RD
A, [} 3 617 WR
AD3 [ 4 5[] SLE R e —
8185 — E,——————
ADL [ s 19 |Jcs gE;—— R/W
ADs (6 13|37 ¢, ' RD————={ LOGic
-
sy e K —
AD; (8 1|3 2
Vss [ 9 10}7] Ag 1
1K x8
DATA
ADg-AD, BUS AAM
BUFFER MEMGRY
- ARRAY
.
X-¥ DECODE
PIN NAMES
ADg-AD; | ADDRESS/DATA LINES
Ag. Ag | ADDRESS LINES —|/ ADDRESS
cs CHIP SELECT  _ LATCH
| CE, CHIP ENABLE (10/M) Ag. Ag
CE, CHIP ENABLE | ALE ——————
‘A_L‘E ADDRESS LATCH ENABLE
RD | READ ENABLE
WR WRITE ENABLE
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At the beginning of an 8185 memory access cycle, the 8-
bit address on ADg-7, Ag and Ag, and the status of CE1 and
CEz areall latched internally in the 8185 by the falling edge
of ALE. If the latched status of both CEy and CEz are
active, the 8185 powers itself up, but noaction occurs until
the CS line goeslowandthe appropriate RD or WR control
signal input is activated.

The C8 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 TEq and CE> are
activated selectively to power down the 8185 whenitis not
in use. A possible connection would be to wire the BOB5A’s
I0/M line to the 8185's CE1 input, thereby keeping the
8185 powered down during 1/0 and interrupt cycles.

TABLE 1.
TRUTH TABLE FOR
POWER DOWN AND FUNCTION ENABLE

CE, | ce, | €s [(cs")@ 8185 Status
1 X X 0 Power Down and
Function Disable(1]
X 0 X 0 Power Down and
Function Disablej1]
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 impiies Data Bus in high impedance state
and not writing.

2: Cs* = (TE1=0)-(CE2=1). (C8 =0
CS* = 1 signifies all chip enables and chip select active

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

] 7“‘560_77 li)rurlné 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-Impedance {Reading, but not

Driving Data Bus

Note:
X: Don't Care.

—

—

——
—_—
-

RST7.5
RST6,5
RST55
INTR
WNTA

ADDR/ o«
ADDR DATA ALE RD WR I0/f

8085A

UL
HLDA
soD
SID
$
RESET s
ouT 0
RDY CLK

@)}

=

Vee

1

} 3 R

ALE
DATA/

ADDR

RESET

PORT
A

RD 815:;”“3
K&

IN|
10/M  Timer

FORT
c

our

ol

i

Vss Vee Voo PROG

WR
RD
CE,
18185
ALE
H— €S, CE,
H— . Ag, Ag
ADqz
Vss Ve
ANA—— Vg
A4 A vee

Figure 1. 8185 in an MCS-85 System.
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4 Chips:

2K Bytes ROM
1.25K Bytes RAM
38 I/0 Lines

1 Counter/Timer
2 Serial I/0 Lines
5 Interrupt Inputs



8185/8185-2

ABSOLUTE MAXIMUM RATINGS*

............... 0°C to +70°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
Voltage on Any Pin
with Respect to Ground
Power Dissipation

-0.5V to +7V
1.5W

*COMMELH,

» .4’

se
permanent damage to the device This is a stress rating only aﬁd lumh@al
operation of the device at these or any other condmony’ By e
indicated in the operational sections of this specification Is np[m;plr
Exposure to absolute maximum rating conditions for extended;pen
may aftect device reliability. (’

ﬁ?

v,@.s 'v:

D.C. CHARACTERISTICS (TA=0°C to 70°C; Vcc = 5V * 5%)

Symbol Parameter | Mln ] Max. Units Test Conditions
vii | Input Low Voltage 05 | 0.8 v
VIH Input High Voltage 20 7‘77V£q+0.5 \ - o
VoL Output Low Vaﬁge - ) 0.45 v | loL=2mA
VOH Output High Voltage i 2.4 loH = 400pA
i | Input Leakage | uhA | ViN=Vce to OV
o 6u7p?l.€akage Currem - + nA 0.45V < VouT < Vce
lcc Vcc Supply Current |
Powered Up i 100 mA
| Powered Down s | 25 mA B
A.C. CHARACTERISTICS (Ta=0°C t0 70°C; Vcc = 5V + 5%)
- 8185 8185-2
Preliminary Preliminary
Symbol | Parameter |l 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
trRD Valid Data Out Delay from READ Control 170 140 ns
o ALE to Data Out Valid 300 | 200 ns
tLL Latch EnableWigth 1 100 | | 70 ns
tROF Data Bus Float After READ 0 100 0 80 ns
oL READ/WRITE Control to Latch Enable 20 10 ns
tec READ/WRITE Control Width 250 200 s
tow Data in to WRITE Set Up Time 150 150 ns
 two Data in Hold Time After WRITE \ 20 20 ns
tsc 7Chip Select Set Uprto Control Line i 10 10 ns
tcs Chip Select Hold Time After Control 10 10 ons
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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ADo-7
(Input)

As-10
(Input)

CEs
CE2
(Input)

10/M
(Input)

RD

(Input)

oW
(Input)

8355/8355-2

cier  auuiess  awcned.  Ine signals
(AD, 10/M, Ag-10, CE, CE) are latched
in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the ROM or |/O address
are applied to the bus lines when ALE
is high.

During an I/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 ROM
address. They do not affect I/0 oper-
ations.

Chip Enable Inputs: CE1 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
1/0 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 1/0 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 ADo
to be written with the data on ADo-7.
The state of IO/M is ignored.

READY
(Output)

PAo-7
(Input/
Output)

PBo-7
(Input/
Output)

RESET
(Input)

TOR
(Input)

Vce
Vss

o
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 s
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 6).

These are general purpose I/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 IOW is low and a 0 was
previously latched from ADo.

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

This general purpose 1/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. IOR low performs the
same function as the combination 10/M
high and RD low. When IOR is not used
in a system, IOR should be {éd to Vcc
(“17).

+5 volt supply.

Ground Reference.
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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 activeand 10/M is low when RD goes low, the contents
of the ROM location addressed by the latched address
are put out through ADo-7 output buffers.

1/0 Section

The 1/0 section of the chip is addressed by the latched
value of ADo-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/O 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 1/0 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 1/0 port selected by the
latched value of ADo-1. During this operation all 170 bits
of the selected port are affected, regardless of their 170
mode and the state of I0/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 [O/M high, or IOR
goes low. Both input and output mode bits of a selected
port will appear on lines ADo-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
ONE BIT OF PORT A AND DDR A:

I\ OUTPUT |
[ LATCH
0 D aQ > :
CLK |
ouTPUT
ENABLE |
] WRITE PA !
@ |
<
s DDR |
o|De LATCH |
° D a
2 ) PAg
2 CLR cLk PIN
3 |
[
5 RESET |
WRITE DDR A :
|
= @ —

READ PA
WRITE PA = (iDW=0) ® (CHIP ENABLES ACTIVE) @ (PORT A ADDRESS SELECTED}
WRITE DDR A = (I0W=0) » (CHIP ENABLES ACTIVE) » (DDR A ADDRESS SELECTED)
READ PA = ([(IDIM 1) o (RD=0)] + (IOR—O)} @ (CHIP ENABLES ACTIVE) o (PORT A ADDRESS SELECTED)

NOTE: WRITE PA IS NOT QUALIFIED BY 10/M.

System Interface with 8085A

A system using the 8355 can use either one of the two
1/0 Interface techniques:

e Standard I/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 I/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.

8085

-
il

WR
CLK ($2)
READY
10/M
vic
ABg; Agyg RD CLK  1O/M
i0R ALE [0W READY CE
8355

Figure 2. 8355 in 8085A System (Memory-Mapped 1/0)
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8355/8355-2

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................

*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-

0°Cto +70°C tion of the device at these or any other conditions above

Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this specifi-

Voltage on Any Pin :
With RespecttoGround ............... -0.5V to +7V rating conditions for extended periods may affect device

Power Dissipation

D.C. CHARACTERISTICS

cation Is not implied. Exposure to absolute maximum

1.5W 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 \Y) Vee = 5.0V

ViH Input High Voltage 2.0 Vec+0.5 \% Vce = 5.0V

VoL Output Low Voltage 0.45 \ loL =2mA

VoH Output High Volitage 2.4 \) loy = -400pA

he Input Leakage 10 HA Vin = Ve to OV

ILo Output Leakage Current *10 uA 0.45V <VouTt SV
lec Vcc Supply Current 180 mA

A.C. CHARACTERISTICS (1, =0°Cto 70°C; Vioe = 5V + 5%)

8355 (Prenminary)
Symbol Parameter Min. Max. Min. Max. Units
tcyc Clock Cycle Time 320 320 ns
T1 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
tLc Latch to READ/WRITE Control 100 40 ns
trD Valid Data Out Delay from READ Control 170 140 ns
tap Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tROF Data Bus Float after READ 0 100 0 85 ns
tcL 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: CLoaDp = 150pF
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8355/8355-2

le— T, —|

2.0v

X 0.8V

teve

Figure 3. Clock Specitication for 8355

|
A
'8-10
‘o X ADDRESS
tao -1
3 4 y
ADg-7 ADDRESS ;———-g DATA
K N f b |
(€E4=0 - CEp=1) !\ X
e ta
ALE ) [
== taL le— tape —>| le tror =
trRD
L3 \ ;
iOR \
tee tav
1, t, -
ow wo —
tec "_
ow ‘i z
3 t,
cL ——=

Figure 4. ROM Read and 1/0 Read and Write
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8355/8355-2

a. Input Mode

b. Output Mode

iow
GLITCH FREE
twe .~ outeut
____________ =
PORT
OuTPUT

DATA®
BUS

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 1/0 Port Timing

“ /A

le— tag —|

(CE»=1-CE4=0) p

Figure 6. Wait State Timing (Ready - 0)
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intel
8755A

16,384-BIT EPROM WITH /O
. ® Directly Compatible with 8085A CPU

= 2048 Words x 8 Bits A : = 2 General Purpose 8-Bit 1/0 Ports

m Single + 5V Power Supply (V¢c) m Each I/O Port Line Individually

Programmable as Input or Output
m U.V. Erasable and Electrically "

Reprogrammable a Multiplexed Address and Data Bus

= Internal Address Latch = 40-Pin DIP

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/0 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/0 portion consists of 2 general purpose I/O ports. Each 1/O port has 8 port lines, and each I/O port line is individu-
ally programmable as input or output.

PIN CONFIGURATION" BLOCK DIAGRAM

PROG AND CE; [] 1 40 P Vee
CE [ 2 39 [1P8, CLK
ck3 38 []P8g 1
RESET ] 4 37 P8y READY
Voo O3 5 36 [1PB,
READY []6 35 [1P8, ADp~7
om 7 3 [P8, PORT A
Ro [ 9 32[1PB,
oW (] 10 e755a " 31[0PA, Gz 2Kx8
ALe[]n 30 [1PAg lom——| EPROM
AD 12 20 [1PAs ALE—————— PB
AD; []13 28 [1PA, AD——————— o~
AD, (] 14 27 [JrPA; TOW —————————a
AD3 [ 15 26 [1PA; RESET e ]
AD, [ 16 25 [1PA, OR —————]
A0 ] 17 24 [1PAy .
A% [ 18 23 HAw mmc/c?,——f t—vc,: (+5v)
AD; (] 19 22[0Ag
ved = 2Pa Voo Vgs (0V)
sS
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ALE
(input)

ADo-7
(input/output)

Ag-10
(input)

PROG/CE1
CE2
(input)

10/M
(input)

RD

(input)

IOW
(input)

CLK
(input)

oEC A

When Address Latch Enable goes

high, ADo-7, 10/M, Ag-10, CE2, and

CE1 enter the address latches. The
signals (AD, IO/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 I/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
1/0 operations.

Chip Enable Inputs: CExis active low
and CE2 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 inputis 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 I/0 port. If itis low the output data
comes from the PROM.

If the latched Chip Enables are active
when RD goes low, the ADo-7 output
buffers are enabled and output either
the selected PROM location or I/0O
port. When both RD and iOR are high,
the ADo-7 outputbuffers 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
ADo-7. The state of 10/M is ignored.

The CLK is used to force the READY
into its high impedance state after it
has been forced low by CE1low, CE2
high, and ALE high.

READY
(output)

PAo-7
(input/output)

PBo-7
(input/output)

RESET
(input)

iOR
(input)

Vce
Vss
VpD

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 1/0 pins.
Their input/output direction is deter-
mined by the contents of Data Direc-
tion Register (DDR). Port Aisselected
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
ADo 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 ADg and
a 0 from AD;1.

In normal operation, an input highon
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
1/0 port onto the AD bus. IOR low
performs the same function as the
combination_of 10/M high and RD
low. When IOR s notusedinasystem,
10R 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.)
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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 10/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.

1/0 Section

The I/0O section of the chip is addressed by the latched
value of ADg-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 1/0 port bit
isin the input mode. A"1" in a particular bit position signi-
fies that the corresponding 1/0 port bit is in the output
mode. In this manner the I/O 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 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 AD is written into 1/0 port selected by the
latched value of ADp-1. During this operation all 1/0 bits
of the selected port are affected. regardless of their 1/0
mode and the state of IO/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 1O/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 1/0 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.
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8755A
ONE BIT OF PORT A AND DDR A:

N\ OUTPUT |
D LATCH
o o ° N :
CLK
ouTPUT |
ENABLE |
2 WRITE PA !
@ !
a4
= DDR |
a|Do LATCH |
° [ Q
3 | PAg
z CLR cLk PIN
« |
£ |
5 RESET
WRITE DOR A :
I

READ PA

WRITE PA = ([DW=0)  (CHIP ENABLES ACTIVE) o (PORT A ADDRESS SELECTED)
WRITE DOR A = (10W=0) @ (CHIP ENABLES ACTIVE)  (DDR A ADDRESS SELECTED)
READ PA = {{(10/M=1) @ (RD=0)] + (I0R=0)} o (CHIP ENABLES ACTIVE) » (PORT A ADDRESS SELECTED)

NOTE: WRITE PA IS NOT QUALIFIED BY i0/M.

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 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 Catalog.




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 8755A 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 8755A 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.
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SYSTEM APPLICATIONS

System Interface with 8085A

A system using the 8755A can use either one of the two 1/0
Interface techniques:

e Standard I/0
e Memory Mapped I/0O

If a standard 1/0 technique is used, the system can use the
feature of both CE2 and CE1. 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 1/0 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.

1

8085A

-
>

RD CLK  10/M
ALE 1OW READY CE

RAg-1

8755A

Figure 1. 8755A in 8085A System (Memory-Mapped 1/0)




8755A

*19P03ap 3] INOYIM WBISAS € Ul S,\YGG/8-G 03 dNn SiwIad °S,YGG/8 18430 ay3 105 T30 pue ‘waisAs 8yl ul YGG£8 Isity eyl 104 L3 esn a0

w/o!

(s3LA8 X2)
VSSL8

330 AQv3Y MOI 3TV

A0 gy Oy gy

uol

(S31A8 %2)
vsaL8

233 AQu3y MOl 3V

wol

13 qy  Ovby

Hot

gy

(S31A8 X2)
Vvsse8

233 Agvid Mol 31V ot
WO N1) gy 0y gy

(S31A8 %2)
vssL8

333 AOvIE Mgl 3V ]

W/0l

3 gy Oty oy

33 AGvay Mol Y

Wl

(S31A8 2}
vsSL8

¥ 04

1
E.a« TaE«

Ho!

iz

1
9,

A

VAN

ZAN ﬂ/

s

ERY

W/oI

AQv3d

29 ¥19

um

ay

LI T1]

LITTTI]

v

vy

€L

».,_SV

st-gy

V5808

Figure 2. 8755A in 8085A System (Standard 1/0)
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Temperature Under Bias

-10°C to +70°C

'COMN;ENT
Stresses above those listed under “Absolute Maximum Ratings” may cause

Storage Temperature ............... -65°Cto +150°C permanent damage to the device. This is a stress rating only and functional
Voltage on Any Pin operation of the device at these or any other conditions above those
N . indicated in the operational sections of this specification is not implied.
With ReSpeCt toGround ............... -0.5 to +7V Exposure to absolute maximum rating conditions for extended periods
Power Dissipation .......... ... ... i 1.5W may affect device reliability.

*Except for programming voltage.

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 \
ViH Input High Voltage 2.0 Vcc10.5 \)
VoL Output Low Voltage 0.45 \ loL =2mA
VoH Output High Voltage 24 \ loy = -400uA
e Input Leakage 10 MA Vin = Vg to OV
Lo Output Leakage Current 110 HA 0.45V <Vout <Vce
lec Vce Supply Current 180 mA
A.C. CHARACTERISTICS (T =0°Cto 70°C; Ve = 5V + 5%)
SYMBOL | PARAMETER MIN. | MAX. UNITS TEST CONDITIONS
tcye Clock Cycle Time 320 ns
Tq CLK Pulse Width 80 ns CLoap = 150 pF
T CLK Pulse Width 120 ns (See Figure 3)
te,t, CLK Rise and Falt Time 30 ns
taL Address to Latch Set Up Time 50 ns
tLA Address Hold Time after Latch 80 ns
tic 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
tLL 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
twD 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
o ALE to Data Out Valid 350 ns Preliminary
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WAVEFORMS

fe— Ty —=

teve

Figure 3. Clock Specification for 8755A

.:E :*
Agao X ADDRESS X ADDRESS
tap |
,1
4 X - i :
ADg7 ADDRESS E— - DATA ——— ADDRESS
N A l' N
L
ALE
N 7
le— taL le—— tL A ——s
_ Lo
(PROG)/CEq
-
v A
CE, / \
—>1 [*—tRDE —{ tRDF [+——
o r
iOR R /
N
fe————tc [+— tRD tow two
J— p!
iow Z N\
O —
fe—— tcL ——»|
Please note that CE1 must remain low for the entire cycle. tav

Figure 4. PROM Read, I/0 Read and Write Timing
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8755A

A. INPUT MODE

G OR
IOR

PORT
INPUT

DATA*®
BUS

B. OUTPUT MODE

PORT
OUTPUT

DATA*
- BUS

TTTTTTTX
X

GLITCH FREE

/ OUTPUT

X

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 1/0 Port Timing
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Figure 6. Walit State Timing (READY = 0)
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WAVEFORMS

FUNCTION
<¢————————— PROGRAM CYCLE IL VERIFY CYCLE® <—— PROGRAM CYCLE

ALE

DATA YO BE
AlDg.7 " PROGRAMMED ADDRESS X
tpp —>| |[——
—_——
ce; Y
—_—

PROG/CE,

——

tps ——| tH -—
ts f——

+25
Voo

.5 -——

— ®R > tpF |w—
—| tprg |e——

RD

*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = 45V FOR 8755A)

Figure 7. 8755A Program Mode Timing Diagram










intel

m /O Port or Memory Selector

a Simple Expansion — Enable Inputs

m High Speed Schottky Bipolar

Technology — 18 ns Max Delay

m Directly Compatible with TTL Logic

Circuits

8205
HIGH SPEED 1 OUT OF 8 BINARY DECODER

m Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

m Minimum Line Reflection — Low

Voltage Diode Input Clamp
= Outputs Sink 10 mA Min

e 16-Pin Dual In-Line Ceramic or Plastic

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

A1 ~ 16 Vee
a2 151 Joq
A []s 14l Jo,
g, e 13 o,
e s 8205 2o,
g, |6 1 _Jo,
o, [} 10 Josg
cro[{s sl Jos
PIN NAMES

Ap-A; ADDRESS INPUTS

ENABLE INPUTS

Op O; DECODED OUTPUTS

LOGIC SYMBOL

Ao 0o Jo——

— A o jo—

— A2 0z Jo—

O3 fo—

8205

Q4 O——

—E Og Jo——

—E; Qg o——

Ey 07 0—

ADDRESS | EnasLE ouTPUTS

Ap Ay A|Ey E; E3J0 1 2 3 a4 5 6 7
L L L L L H L H H H H H H H
H 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
Lt H|L L HIH H H H L H K H
H L HlL t H(H H H H H L H H
L H H L C 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 XU H LIH H H H H H H R
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 W H H

February, 1878



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 AD,
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 (E7, 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.
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P Y——— > - 5,
Aj— o———= 0,
A o—— 05,
F—"OZ
DECODER
——= 0,
[O—— 3
S
p—— &
ENABLE GATE
Ey -
E;
Figure 1. Enable Gate
_ADDRESS | ENABLE OUTPUTS -
Ag A Ay|E; E; E5l0 1 2 13 s 6 7
L L LJL L H|L H H H H H H H
H L ]t L H|H L H H H H H H
L H LJfL L H|H H L H H H H H
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X X X |H L L|IH H H H H H H H
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X X X|H H L|H H H H H H H H
X X X JH L HIH H H H H H H H
X X X |L H H|H H H H H H H H
X X XIH H H|H H H H H H H H




APPLICATIONS OF THE 8205

The 8205 can be used in a wide variety of applications in
microcomputer systems. 1/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.

110 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, A0 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 i/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 I/O port decoder, an ar-

A Ay oy fo——19
Ay Ay ojo—1
A, A, o,j0—1
o jo—3
8205 B
o, fo—
Ay £, o fo——5
Aq —E; o fo——¢
EN A o fo—7
14 olo—¢
A, o, p—3
Ay o lo—1o
0 o——1i
8205 | PORT
Jo—— i3 [ NumBERS
o E; o fo—13
EN E; 0 F—w
€, 0,Jo—15
e ) o lo—1s
A, o,jo—1i7
a, 0,j0——18
o,Jo——1
8205
0 Jo——120
—E, oz fo—
N—f—————F, ogfo— 22
£y o,jo——z|

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 (C5). 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 AD-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).

AgAq { > L%MORIES
Ay A % 5,
An Ay 0, p——s,
Az Az o, p—=¢s,

0, p——35;
8205 _ -
o, p——¢s,
A -q& o p——¢c5;
dez  ap—a&
Vec € &p—¢s,
1% S F—CTs
A op—=5,
A, a,p——-0C3;,
5, p—55;,;
8205 | CHIP
Sip——as;; [ seeects
qE; G lo——¢cs5,
oo & oo— &%
3 oo
—ta, G lo—
Ay oOp——56y
A, o, p—T;
o, p— &5
8205 _
o Gy
———qF, 3 o—— 5,
E, O o—©C5,
E3 o, %)

Figure 2. 1/0 Port Decoder Figure 3. 32K Memory Interface
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8205

SWITCHING CHARACTERISTICS

Vee
Conditions of Test: Test Load

) 3909 e
Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec ' .
between 1V and 2V ! '\_Q

Measurements are made at 1.5V

Test Waveforms

ADDRESS OR ENABLE
INPUT PULSE

OUTPUT

- - -

A L L L]

A.C. CHARACTRISTICS

Ta = 0°Cto +75°C, Ve = 5V +£5% unless otherwise specified.

SYMBOL "~ PARAMETER | max.LmiT | uNIT TEST CONDITIONS
ty i \7 - 18 ’ ns
t_, | ADDRESS OR ENABLE TO RE ns
. OUTPUT DELAY 8 -
t_ | 18 ns i -
Cn'" | INPUT CAPACITANCE P8205 |  altyp) pF t=1 MHz, Ve = OV
C8205 5({typ.) pF vgiag = 2.0V, Ta =25°C

1.?h7is oaramelér ;Eexd?c’ally ;a}npled and s not 100% tested.

TYPICAL CHARACTERISTICS

ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
20 T 20 !
Ve = 50V ) Ve = 5.0V
T, =25°C e C, = 30pF
o 15 i,,gL . \.f',‘;" © o 15 |
53 \ b " oz !
Ef I~ - ./ we
3 // - a5
wg - Z3
cd 10 T @ 10
25 IS 55 2
| gz
g9 83
2 s 27 s
]
v | 0
0 50 100 150 200 0 2 50 75
LOAD CAPACITANCE {pF) AMBIENT TEMPERATURE {°C)
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. 8212
8-BIT INPUT/OUTPUT PORT

m Fully Parallel 8-Bit Data Register and 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. m Asynchronous Register Clear
m Three State Outputs ®m Replaces Buffers, Latches and

Multiplexers in Microcomputer Systems

m Outputs Sink 15mA .
B 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
_ N\
os, [ 28 Qv
wo[] 2 23 [ ]INT DEVICE SELECTION —{osa
= | sr
o, [ 3 22 [Joig > o AN c .
oo, 4 21 [ Joo, o 0tz | > NT 23>
o1, 5 - 20 oI, (ACTIVE LOW)
4 F—EN
DO 6 19 [ Joo
? 8212 ’ (2> wo o wR
o,[]7 18 Joig
sT8 - — 17—
oo,[] 8 17 [ J oo, g r T T oureur
o, 9 16 [ ]oig | | | RuFFen
oo, [ 10 15 (] oo, JI_ ! |
ste[] 14 [ Jcr B>on, +Ho o+ oy >
Cq
eno [ 12 13 [Jos, DAaTA L‘”C”\J { |
E>o1; L L5} | poz [6>
I Hew | |
| R
o0 —Ho o ;003
| Hi?—_‘ ! |
!
>0 o o+ 00
PIN NAMES : Mo | |
— 1!
| Dh-D | DATAIN o [&>014 —Ho o | Doy 15>
D0y-D05 | DATA OUT c l
| 90 ATAOUTY ] | H=] |1
D%-0S; _DEVICE SELECT 4 | [
[ MO MODE U
| st | sTRose [B>o016 | ba 00g >
INT | INTERRUPT (ACTIVE LOW) Cr | |
CLR | CLEAR (ACTIVE LOW) | | |
B> ot N IE&IDO,
c
| 21 |
>0 ll D Q :—B—‘k pog 21>
c
| 7 || |
2> cir ! |
IACTIVE LOW)

L 1
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8212

Applications of the 8212 — For
Microcomputer Systems

| Basic Schematic Symbol
1} Gated Buffer

Il Bi-Directional Bus Driver
IV 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

Vv Interrupt Instruction Port
VI Output Port

VIl  8080A Status Latch

VIII 8085A 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
—_— LA S e—
3 ST8 4 3 sT8 4
—5‘ DI DO 1‘ 51 D1 DO &
7] | 8 7 | 8
9 | 10_ 2 | 10
61 g2z PS (DETAILED) 61 gz IS
18] |17 8 | |17
20 19 20 19
22)CLR INT| 21 22 |INT CLR[21
141/ mp \|23 23 mD 14
oS, | os,P 9os, b5,
T ]2 [ IERERE
v,
INPUT GND o ~— cc OUTPUT
STROBE N | [ N FLAG
SYSTEM MBOLIC SYSTEM
— CLR INT p— INT CLR jo—
- U
GND DATA BUS DATA BUS Vee
Il. Gated Buffer (3-State) GATED BUFFER
The simplest use of the 8212 is that of a gated buffer. By Vee 1
tying the mode signal low and the strobe input high, the STB
data latch is acting as a straight through gate. The output
buffers are then enabled from the device selection logic
DS1 and Ds2. INPUT OuTPUT
. . . DATA 8212 DATA
When the device selection logic is false, the outputs are 3- (250 pA) (15mA)
state. (3.65V MIN)
When the device selection logicis true, the input data from CtR
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.

CONTROL GND

GATING RN — N |
(DS7.DS2)










Qata pus Inat conrains e 10w orager &-DItS O aagcress
information during the first part of a machine cycle. The
same bus contains data at a later time in the cycle. An
address iatch 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 input s tied high, keeping
the 8212's output buffers turned on at all times.

-~

12
ADg 3 Do
ADj 14 D4
AD2 15 D2
AD3 16 D3
ADg 17 Dg
8085A  ADj 18 Ds
ADg 19 Dg
ADy D7
ALE 30
Vee
1]

3 DI STB D014—>A0
5 6 _A
1 7 8 1
< A2
9 10, Az
16 15 Aq
18 8212 17 Ag
- 20 19 Ag
22 21 Ay

Jem

14| DS, MD DS,

Vee

13 2_T_1

I— DATA BUS

LOW ORDER
ADDRESS BUS
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TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE

OUTPUT CURRENT (mA) INPUT CURRENT (uA)

DATA TO OUTPUT DELAY ins)

T
Vee = +5.0V
s ////
-100 Py
o e
. H L-'a
-150
-200 .
|
-250 t
|
300, 2 - A ) 3] *2 3
INPUT VOLTAGE (V)
OUTPUT CURRENT VS.
OUTPUT “HIGH” VOLTAGE
0 T
Vee = *5.0V |
|
5 - - _
-10 1— .
T,=75¢C % ‘
: /%Eu -2s¢C
20 ‘ o Ta0C -
- )
% |
-25 +
7 ;
-30 /A !
3 -1.0 2.0 30 a.0 5.0
QUTPUT “HIGH” VOLTAGE (V)
DATA TO OUTPUT DELAY
VS. TEMPERATURE
22 T
Vee = +5.0V
20
V
’
18 Pas
x .///
16 27
’// t--
18
2
10
-25 ] 25 50 75 100

TEMPERATURE (°C)
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OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE

100 T
Ve = +5.0V
80
<
£
5 60
g Y
5 Ta= 75“cy
T, = 25°C
5 a0 - /
2
3 Ta-0C
n=
) //
0
0 2 ) 6 8
OUTPUT "LOW" VOLTAGE (V)
DATA TO OUTPUT DELAY
VS. LOAD CAPACITANCE
50
Vee = +5.0V
T,=25C
w0l— -
z |
= !
> I
< .
38 30
2
5
S
<
2
=]
10—
|
| -
° 1
0 50 100 150 200 250 300

LOAD CAPACITANCE (pF)

WRITE ENABLE TO OUTPUT DELAY
VS. TEMPERATURE

40 T
Vee = +5.0V
E 35
: !
<
3
b
o 3
put
2 wy
S -
2 -
o 25 - L
° R _r
sT8 -~ =1

w |
3 os, </_:‘,,f

20— = -
H 08, |1 |
=
g 15

10,

-25 ] 25 50 75 100

TEMPERATURE ("C)
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A.C. CHARACTERISTICS 714 =0°C to +70°C, Vcc = +5V + 5%

Limits
Symbol Parameter Unit Test Conditions
Min. Typ. Max.
trw Pulse Width 30 ns
tro Data to Output Delay 30 ~ ns | Note 1 -
twe Write Enable to Output Delay 40 ns Note 1
tseT 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, Vaias = 2.5V, Vcc = +5V, Ta = 25°C
- Limits
Symbol Test —
Ty& Max.
CiN DS1 MD Input Capacitance 9pF 12pF
CiN DS2, CK, ACK, Di1-Dlg
B Vlniggt Capacitanci S5pF 9pF
Coutr |DO1-DOsg Output Capacitance 8pF 12pF
*This parameter is sampied and not 100% tested.
SWITCHING CHARACTERISTICS
Conditions of Test
Input Pulse Amplitude = 2.5V Test Load
Input Rise and Fall Times 5ns
5
Between 1V and 2V Measurements made at 1.5V T8mA & 30pF
with 15mA and 30pF Test Load Vee
Note 1:
_ Rq
| Test c* Ry Rz
| tPD. tWE, tR ts, tc 30pF 3000 6000 EE:.I‘T
te, ENABLE! 30pF | 10Kn | 1KN B .
1£, ENABLE | a0pF | 300n | eoon L I 2
te, DISABLE; 5pF 3000 | 6000 —
te, DISABLE! 5pF 10KN 1KQ
*INCLUDING JIG & PROBE CAPACITANCE

“Includes probe and jig capacitance.
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. .
DATA 15V X jtﬁv

STB or DSy « DS 1.5V f X, 15V
I
oUTPUT Xlisv
—_

e

g
Pl
>
1]
<
[
i)
<

DO 1.5V

/ST T T T T T T T TN
DATA 1.5V 1.5V
e | R

STB or DSq » DS;

S ———— e ——— —.
ouTPUT Xmsv
—

NOTE: ALTERNATIVE TEST LOAD 1w "l

Vee
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8257/8257-5 i R
PROGRAMMABLE DMA CONTROLLER 4,§

m MCS-85™ Compatible 8257-5 a Terminal Count and Modulo 128
Outputs
4-Ch | DMA Controll
" A-@hanne ontrotier a Single TTL Clock
m Priority DMA Request Logic a Single + 5V Supply
m Channel Inhibit Logic a 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

oacfh >~ My
1vow[] 2 39 [JAs
MEmA[] 3 38 [JAs a .
wemwC] o 37 |JA, - CH-?G F—nnoo
MARK[] s 3 [J7C 0.0 D;UTSA <:> BIT
™0
ADDR
READY[] & 35 [JA, BUFFER ] cvTR DACK O
HLDA[] 7 38 [JA,
ADSTB[] 8 33|74, )
8257 T
AEN
Q- 3z 134 cH1  |e—DRa1
HRO[] 10 3 [JVee 1OR =—Cf . 1%
= oW ~——d < > Bit
Cs[j 1 30D, ADDR
cukCh2 29 |, p—=| CNTR |— GACK 1
cLk ———]
RESET[] 13 28]]p, RESET ——a| READ/ ]
— WRITE
DAcKk 2] 14 27 ]y LOGIC <:>
DACK3[] 15 26 o, Ao tH2 [|+—DRQ2
pra3[] s 25 [JDACK & A - 16
ity Ay — ] BIT
pro2[] 7 24 [JoacK A ADDR
g —] ! N
oRa 1] 18 2o, cNTR | DREKZ
proo[} s 22 ]o, c—s_—? I
oo [ 20 21Jo, Ay ——]
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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 /O
Read (I7OR) or 1/0 Write (ITOW) signal, decodes the least
significant four address bits, (Ag-Az), and either writes
the contents of the data bus into the addressed register
(if ITOW is true) or places the contents of the addressed
register onto the data bus (if I/OR is true).

During DMA cycles (i.e., when the 8257 is the bus
“master”), the Read/Write Logic generates the 1/0 read
and memory write (DMA write cycle) or I/O 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 [/O devices
should be de-selected (disabled) using “AEN” signal to
inhibit 1/0 device decoding of the memory address as an
erroneous device address.

(7GR)

1/0 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.

(iTOW)

1/0 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. {n the “master” mode, {/OW is 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® B0O85A 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 B257.

(Cs)

Chip Select: An active-low input which enables the 1/0
Read or I/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.

READ/
WRITE
LOGIC

Figure 5. 8257 Block Diagram Showing
Read/Write Logic Function
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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.

(As-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.

(MEMR)
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 significant
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 of the 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 1/0 device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an I/0O device when the DMA address is on the
address bus. The [/O device selection should be
determined by the DMA acknowledge outputs for the 4
channels.
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(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 cycte is the 128th cycie
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 multipie of 128) cycles from the beginning of
the data block.

CONTROL
LOGIC
AND
MODE
SET
REG.

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 atlow four different
options for the 8257:

Enables AUTOLQAD—j
Enables TC STOP

Enables EXTENDED WRITE
Enables ROTATING PRIORITY

Eﬁnnhln DMA Channel 0
Enabies DMA Channel 1

Enables DMA Channel 2
Enables DMA Channel 3

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 couid 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.

-

N

If the ROTATING PRIORITY bit is not set (set to a zero),
each DMA channel has a fixed priority. Inthe 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-oGCHd
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

I1fthe EXTENDED WRITE bitis set, the duration of both the
MEMW and I/OW 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 insertone 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 [JOW 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 I/0 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 2 during 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 2 and 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 parameters in 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.

DoDEEEER

UPDATE FLAG

TC STATUS FOR CHANNEL 0
TC STATUS FOR CHANNEL 1
—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
FOR BLOCK 1 ” FOR BLOCK 2 "

1/O WRITE IlIIIllI |l||||||

CHANNEL 2 UPDATE

OCCURS NERE\

—|

PARAMETERS
FOR BLOCK 3 ETC—————~
CHANNEL 2 UPDATE

OCCURS HERE \\\‘

DRQ 2 I|||||||

“——— DATA BLOCK 1—»‘

TC

DATA BLOCK 2 ———* ‘ DATA BLOCK 3 —

UPDATE FLAG

M

1

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 A4-A;s (depending on the
systems memory, I/0 configuration) are usually decoded
to produce the chip select (CS) input to the 8257. An 1/0
Write input (or Memory Write in memory mapped 1/0
configurations, described below) specifies that the
addressed register is to be programmed, while an 1/0
Read input (or Memory Read) specifies that the addressed
register is to be read. Address bit 3 specifies whether a
“channel register” (A3 = 0) or the Mode Set (program
only)/Status (read only) register (A3=1) is to be accessed.

The least significant three address bits, Ao-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 A; specify one of the

8257 Register Selection

CONTROL INPUT Cs I/OW I/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 Al Al a] a F/L D) | Do | Ds [ Da| Dy | D2 | D | Do
CH-0 DMA Address LsB 0 0 0 0 0 A, As | As Ay A; A: A, Ao

MSB 0 0 0 0 1 Ais | Ais | Ais | A2 | Ay | Ap | Ag Ag
CH-0 Terminal Count LSB 0 0 0 1 0 Cy Ce Cs | Cs Cs C: C Co

MSB 0 0 0 1 1 Rd Wr [Ci3 | Ci2]Cii |Cio Co Cs
CH-1 DMA Address LSB 0 0 1 0 0

MSB 0 0 1 0 1 Same as Channe! 0
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 9 0 0 1 Same as Channel 0
CH-2 Terminal Count LsB 0 1 0 1 0

MSB 0 1 0 1 1
CH-3 DMA Address LSB 0 1 1 0 0 s ch 10

MSB 0 1 1 0 1 ame as Channel
CH-3 Terminal Count ) LSB 0 1 1 1 0

MSB 0 1 1 1 1
MODE SET (Program only) — 1 0 0 0 0 AL |TCS| EW | RP |EN3 |EN2 |EN1 [ENO
STATUS (Read only) — 1 0 0 0 0 0 0 0 UP | TC3 (TC2|TC1 |TCO

*Ao-A1s: DMA Starting Address, Co-C3: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection,
AL: Auto Load, TCS: TC STOP,EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK,UP: UPDATE

FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS.
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RESET

st .
SAMPLE DRQn LINES DRQn
SET HRQ IF DRQN = 1 <

lDROn l7

SO JE—
SAMPLE HLDA HLDA
RESOLVE DRQn PRIORITIES

lHLDA l—

s1
PRESENT AND LATCH
UPPER ADDRESS
PRESENT LOWER ADDRESS

'

ACTIVATE READ COMMAND
ADVANCED WRITE COMMAND
AND DACKn

S3 READY - sw
ACTIVATE WRITE COMMAND veriey | sameLe | RERDY
ACTIVATE MARK AND TC READY
IF APPROPRIATE LINE

lREADV + VERIFY

sa READY
RESET ENABLE FOR CHANNEL N IF
TC STOP AND TC ARE ACTIVE.
DEACTIVATE COMMANDS.
DEACTIVATE DACKn, MARK AND TC.
DRQn - HLDA SAMPLE DRQn AND HLDA.
RESOLVE DRQn PRIORITIES,
\ RESET HRQ IF HLDA = 0 OR DRQ = 0.

lHLDA + DRQn

1 DRQn refers to any DRQ line on an enabled DMA channel.

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 1/O 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/0 Configurations

The 8257 can be connected to the system bus as a 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 1/0 control lines and the system 1/0O
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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BIT 15 BIT 14 e )
MEMAD TORD READ WRITE W s
4257 MEMIWR|———————— I/0WR 0 0 DMA Veriﬁ; ¢
7ORD MEM RD 0 1 DMA Read l’
TTOWR MEMWR 1 0 DMA Write Cycl e’isd »;,/ A%
1 1 lliegal % (gﬂ%
Figure 7. System Interface for Memory Mapped I/10 Figure 8. TC Reglster for Memory Mapped I/0 Only

SYSTEM APPLICATION EXAMPLES

S ADDRESS BUS y

{r 4 | 1]

CONTROL BUS

| 1t b I L 1

DATA BUS
o bRA0 DISK 1
packob—— ol . S;S;ISM
8257 oRat DISK 2 MEMORY
AND DACK 1 e
8212 DRQ 2 I
DACK 2 DISK 3
DRO 2 ———— — — = —
DACK 3 | DISK &
DMA CONTROLLER
Figure 9. Floppy Disk Controller (4 Drives)
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CONTROL BUS
DATA BUS
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MODEM
TELEPHONE
LINES

Figure 10. High-Speed Communication Controlle}



BACTIOAET ARG, (rim 13 o SHEN raling Y ana .fum.n(mcf

Ambient Temperature Under Bias. , .. ., ... 0°C 10 70°C tion of the device ar these or any other condrrfaus Qq

Storage Temperature . . . . . ......... —65°C 10 +150°C those indicated in the operational sections of this spec‘:&

Voltage on Any Pin cation {5 Aot implied, Exposure 1o absolure max.-mm;g &£, }
With Respectto Ground . .. . .. .. ... —058VI10+7V rating conditions for extended periods may affect devicé o

Power Dissipation . . .. ., ... ... ... | Watt refiabitity.

D.C. CHARACTERISTICS
Ta =0°Cto 70°C, Voo = +6V * 5%, GND = 0V

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS

VL Input Low Voltage -0.5 0.8 Vols

Vip Input High Voltage 240 Voe+5 Volts

VoL Output Low Voltage 0.45 Volts | lgL = 1.6 mA

VioH Dutput High Voltage 24 Ve Volts | lgy=-150pA for AB,
DB and AEN
lo=-80uA for athers

VHH HAQ Output High Voltage b | Vee Volts | lgy = -B0RA

lee Vo Current Drain 120 ma

T8 Input Leakage {0 7.3 Vi = Ve ta OV

lorL QOutput Leakage During Float +10 HA Vour = Ve to OV

CAPACITANCE
Tp = 25°C; Voo = GND = 0V

SYMBOL PARAMETER B MIN. TYP. MAX. UNIT | TEST CONDITIONS

CIN Input Capacitance 10 pF fe=1MH2z

Cio 1/ Capacitance 20 pfF Unmeasured pins
relurnad Lo GND
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Figure 12. Consecutive Cycles and Burst Mode Sequence
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DRQ 03 R

—ef e Tys —| T
HLDA )J

Taer ™™
AEN f
Figure 13. Control Override Sequence
SO | s | S2 | 3 I sw I sw I S4 ] St | S| | SI

i Tas
oRA03 __‘\_ ______ -

DACK 03 h\ /_ _____

MEM RD/ITORD == o aem m o/ \ VAR
MEMWR/TOWR o= o o m =m v / ) WS

\
—
Tas ~ _‘1 < Tas
READY f X ="

TC/MARK / \

Figure 14. Not Ready Sequence
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INTERRUPTS IN MICROCOMPUTER
SYSTEMS

Microcomputer system design requires that I/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 IfQ
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

- —
»1

match his system requlrements T‘he p?iarlly modes can
be changed or reconfigured dynamu:any at any time dur-
ing the main program. This means that; the complele in-
terrupt structure can be defined as requ1red ‘bassd
the total system environment.

CPU-DRIVEN
MULTIPLEXOR
CPU
_________ _\\/l
AN
\_|[Q
ROM :> <:> Y0 (2)
|
' |
<:>| o N p—
I 1
L___4
N
Polled Method
CPU INT
AN
RAM K K PIC
ROM :> <:> 140 (1}
K N wow
g= == 1
i |
ﬁ:{) o e
1 i
N/ tomm-md

Interrupt Method
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P

R

INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The:lﬁt’errupts-a\t the IR input lines are handled by two
reglsters--in" cascade, the Interrupt Request Register

* {IRR) and the In-Service Register (ISR). The IRR is used

o store’all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt levels

" which are being serviced.

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
Vor 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 transterred 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 B259A to be transterred onto the
Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the B259A. 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.

CONTROL LOGIC

IN-
SERVICE
REG

(1SR}

PRIQRITY REQUEST

REG
(IRR}

INTERRUPT MASK REG
(IMR)

8259A Block Diagram

DATA
BUS
BUFFER

READ/
WRITE
LOGIC

8259A Block Diagram

Ay

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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8259A

1- ICW4 NEEDED
0= NO iCW4 NEEDED

1=SINGLE
0= NOT SINGLE

CALL ADDRESS INTERVAL
‘1= INTERVAL OF 4
0= INTERVAL OF 8

1= LEVEL TRIGGERED INPUT
0= EDGE TRIGGERED INPUT

A7 — Ag OF LOWER
ROUTINE ADDRESS
(MCS-80/85 MODE ONLY)

Icw2
A Dy D5 Dg 0, Dy D D Dy

A,I

e [ m [ [ 2] o [ ]
LT

ICW3 IMASTER DEVICE)
Ag D Dy Dy - Dy D, O
I | l I ] —[ 1= IR INPUT HAS A SLAVE
0= 1R INPUT DOES NOT HAVE

UPPER ROUTINE
ADDRESS

Da

D,
Sg

ASLAVE
ICW3 ISLAVE DEVICE)
A D DBy DB D, O D D D
l1looulo|omzm||nnl
SLAVE tDI1]
oj1[2]|3|4]|5]6]7
ojl1fjof1]o]1]of1
Qloj1]1]ofo|r]1
ojlojefof1]|1]|1{1
ICwa

Ag Dy Dg D5 Da D3 D2 Dy [of]

FNM | BUF | M/S | AEOI

pFMl

1= MCS-86 MODE
0= MCS-80/86 MODE

1= AUTO EOI
0= NORMAL EO!

[0 ] _X_]— NON BUFFERED MODE
[ 1 | 0 ]-BUFFERED MODE/SLAVE .
[+ [ 1 |— BUFFERED MODE/MASTER

7= FULLY NESTED MODE
0=NOT FULLY NESTED MODE

NOTE 1: SLAVED ID 1S EQUAL TO THE CORRESPONDING MASTER IR INPUT.
NOTE 2: X INDICATED “"DON'T CARE".

Initialization Command Word Format
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M1 MO

M5 | M4] M3 Mz

[

INTERAUPT MASK
1 = MASK SET

[T~
L]

0 = MASK RESET

ocw2

e O 0 D05 O D, B D Dy

DRCEODnE

A, D

BCD LEVEL TO BE RESET
OR PUT INTO LOWEST PRIORITY

0|1]|]2]|3]|4]5(6]|7

1loj1|ojr|o]

[
ofojtryr|ojo ||
0

Non-specific EQI

Specific EOI. LO-L2 code of IS FF to be reset
Rotate at EOI Avtomaticaily iMode A)

Rotate at EOY (mode B). LO-L2 code of line
Sel Rotate A FF

Clear Rotate A FF

Rotate priority (mode B) independently of EQI
No Operation

o|=jo|a|=[=lc]|e
«|alolefa|ol=lo
olo|e|e|-=[=]-

ocwW3
A4 O, O D

I J_I e T T Jon

o,
RIS

]

READ IN SERVICE REGISTER

DON'T
CARE o 1 0 1
0 D] 1 1
READ READ
NO ACTION IR REG IS REG

ON NEXT |ONNEXT
RD PULSE | RD PULSE

POLLING

A HIGH ENABLES THE NEXT RD PULSE
TO READ THE BCD CODE OF THE HIGH-
EST LEVEL REQUESTING INTERRUFT.

SPECIAL MASK MODE

9 1 o 1

o o 1 1

RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Operation Command Word Format




8259A

INTERRUPT MASKS

Each Interrupt Request inpuil can be masked individu-
ally by the Interrupt Mask Register {IMR) programmed
Lhrough OCW1. Each bit in the IMR masks one interrupt
channel it it is set {1). Bit 0 masks IAQ, Bit 1 masks IA1
and so forth. Masking an IR channel does nat affect ithe
other channels cperation.

SPECIAL MASK MODE

Some applicalions may require an inlerrupt service
routine lo dynamically alter the system pricrity struc-
ture during its execulion under software control. For
axample, the rouline may wish to inhibit lower priorily
requests for a portion of its execulion bul enable some
of ther for another portian.

The difticulty here is that if an Inierrupl Request is
acknowiedged and an End of Interrupt command did nol
reset its IS bit {l.e., while execuling a service rautine),
the B259A would have inhibited all lower prigrity
requesis with no easy way lor the rouline 1o enable
them

That is where Lhe Spacial Mask Mode comes in. In the
specia: Mask Mode, when a mask bil is set in OCW1, il
inhibits furlher interrupts at that level and enables inter-
rupts from alf other levels (lower as well as higher] that
are not masked.

Thus, any interrupts may be selectively enabled by
Ioading the mask register.

Mask Made

The special is set by OUW3 where:
55MM =1, SMM =1, and cleared where SSMM=1,
SMM=0.

BUFFERED MODE

When ihe 8259A is used in a large system where bus
driving bulfers are required on the dala bus and lha cas-
cading mode s used, lhere axists lhe problem of enabl-
ing bullers.

The bultered mode will structure the 8259A to send an
enable signal on SP/EN lo anable tha butfers. In this
mode, whenaver the 8259A's data bus cutputs are ena-
bled, the SF/EN output bacomes active.

This medificalion lorces the use of sofiware program-
ming to determine whether the B259A is a master or a
slave. Bit 3 in ICW4 programs the butfered mode, and bit
2 in ICW4 delermines whether it is a master or a slave,

NESTED MODE
This mode is entered after mmahﬁatm Ies@ranother
mode is programmed. The 1nterrugfurequasta ,are
arderad in priority form Q through 7 (0 hlgheaU When an
intarrupl is acknowledged the highest pnorft;g requeatfiSI
determined and its veclor placed on the bus, A't:ldllu:)naﬂL 45
Iy, a bit of the Inlerrupt Service register {ISQ-7) ISr)SEH‘
This bit remains sel until lhe microprocessar issues an* “
End of Interrupt (EQI} command immediately belore
returning from the service routine, or it AEQI (Automatic
End of Interrupt) bit is sel, until the Irailing edge of the
last INTA. While the IS bit is set, all further interrupls of
the same ar lawer priority are inhibiled, while higher
lavals will generate an interrupt (which will be
acknowledged only if (he microporcessor internal Inler-
rupt enable flip-tiop has been re-enabled through
software).

After tha initialization sequenca, IRD has the highes!
priority and IRY the lowest. Priorities can be changed, as
will be explained, in the rotating priorily mode.

THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a blg sysiem
where cascading is used, and the priority has lo be con-
servad within each slave. (n this case the fully nesled
mode will be programmed to tha master {using IC\W4).
This mode 1s similar to the normal nested mode with Lhe
following exceptions:

a. Whan an intarrupt request from a certain slava is in
sarvice Lhis slave is nol locked oul from the master's
pricrity logic and further interrupt requests from
higher priority IR's within lhe 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
requasts from the same slave can be serviced.)

.Whan exiting the Interrupt Service routine the soft-
ware has to chack whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EQOH command to the
slave and 1hen reading ils In-Service register and
checking for zero. IT it is empty, a non-specific EOI
can be seni 1o the master too. If not, no EQI should be
sent,
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8259A

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.,
AD=0, C8=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:
D?

i
WO-W2: Binary code of the highest priority level

requesting service.
I: Equal to a “1" if there is an interrupt.

D8 DS D4 D3 D2

w2

D1
w1

Do
Wo |

This mode is useful if there is a routine command com-
mon 1o 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.

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 (SEQI) must be issued which
includes as part of the command the IS level to be reset.
EOQl is issued whenever EQl=1,in OCW2, where L0O-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 EQI if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI =1 in ICW4, then the 8259A will operate in AEO!
mode continuously until reprogrammed by ICWA4. In this
mode the 8259A will automatically perform a non-
specific EOl operation at the trailing edge of the last
interrupt acknowledge puise (third pulse in MCS-80/85,

T iy
second in MCS-86). Note that tfrom a~sys@ew1 standpoint,
this mode should be used only when,a nested m%nllevel
interrupt structure is not required withina slngls 8259A

h2
To achieve automatic rotation (Rotate Mode"A) wu mn
AEOI, there is a special rotate flip-flop. It is set by OCW
with R=1, SEOI=0, EOI=0, and cleared with+R'=
SEOQI=0, EOI=0. '

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 until each of 7 other devices are serviced at most
once. For example, if the priority and “in service'" status
is: '

Before Rotate (IR4 the highest priority requiring service)

IS7 IS8 ISS IS4 1S3 IS2 IS1 IS0

[o[rfolr[ofofe]o]

"1S" Status

Lawasi Priority Highaeat Priarity

ENDEENENENER Y

Prionity Status

After Rotate (IR4 was serviced, all other pnormes
rotated correspondingly)

|§77 |5707 j§§ LSi 1S3 152 iS1 ISO
[of+]ofofofofo]o]

“I1S" Status

Highesi Prioriiy

o Te [T TeT5]

Lowest Priority

Priority Status

The Rotate command mode A is issued in OCW?2 where:
R =1, EQOl = 1, SEQI = 0. Internal status is updated by an
End of Interrupt (EOI or AEOI)command. IfR=1,EOQOI=

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;

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 OCW?2). Priority changes can be executed dur-
ing an EOl command or independently.
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[ =T = T = T = I

- . e a = oa s

L = T = B = R T - B I = T I - B - B . ROy, Ry ey, PR S )
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ahealbofof

EYLE | IMHuEHZaun rc(mzr=ﬁct!;1ngls, sagerl_ngggreu ii K,
Format =4, nat single |eval !rigqerqg A

Mo ICW4 Required Format=8_aingla, adga Iligﬂ!lﬁlf’:. Zu
Farmat =8 singla, laval tiggataed 7 “ia
Farmat =8, not 1ingle, sdga tnggaered
Farmal =8, not single, level Irlggerad

Farmal =4, single, adga Iniggerad
Formal =4, single, level triggerad
Byle 1imlallzalion g g =4, not single, adga tnggared

Farmal =4, nat aingle, level Irlggered
W4 Regquired Farmal =8, single, edge Iriggerad

Formal =8, single, level Iriggered
Farmal=8 not aingle edge inggered
Farmal = 8, not mingle, leval tnggered

Bya 2 inillaliration

Byta 3 inilializalign — maxater

Byte 3 imlializallon — slave

Ng acilan, radundanl

Non-Buflered moda, no AEQI, MCS-85
Nan-buftarad made, AEOI, MCS-B0:8L
Non-bulfered mode, AEOI, MCS-86

Na astlan, radundanl

Nan-hullarad mods, no AEQI, MCS-BE

Nan bulftered mada, AEQ| MCS-80/85

Nan buflered made, AEOQI, MCS.B6

Autfared maoe, slava, no AEQI, MCS-80185
Buffered made, slave, no AEQI, MCS 86
Buflarad mode, slava, AEQI, MCE BO/AS
Auttered made, slava, AEQ|, MCS-86
Buflared made, master, no AEQI, MCS-B0185
Buftered mode, master, na AEQ|, MCS-BE
Buftared made, master, AEOI, MCS 80/BS
Buftered maode, master, AEQI, MCS5 B6

Fully nested moge, MCS-R0, non butlered, no AEQI
ICW4 NB through ICWd NO are idantical ta
ICW4 B through ICWé D with the addition al
Fully Nestad Mode

Fully Nesled Mode, MCS 80185, nan-bulfared, na AEOQ!

T

ICWA NF through ICW4 NP are dentical 1o
ICWa F through ICW4 P wilh the addition gl
Fully Mastad Moda

Load mask ragistar, read mask ragistar
Man-specific EQI

Specific €01 LO-L2 code of |5 FF 1o ba razal
Aatale al EQ| Automalically (Made A)

Aaolala al EOl {moda B LO-L2 cade of line
Sel Aotate & FF

Ciaar FAotale A FF

RAalale prianly (moda Bj indepandanily al EQI
Pall made '
Read IS ragislar







8250A A
PIN FUNCTIONS & 1 1 Ohip Select AD: ansa@are en

Mame 1O Pln#
Voo 28
GND 14
Dg_? 1fQ 11-4

Funection

+ 3V supply.
Ground.

Bidireclional data bus, used for:
a) programming lthe mode of the
B259A {programming is dane by
saltwarey, b} the microprocessor
can read the slalus ¢l the B259A;
c) the B259A will send vectoring
data 1o \he microprocessor when
an inlerrupt is acknowledged.

Imerrupt Requests: These are
asynchronous inpuls. A positive-
going edge will generate an in-
lerrupt requesi. Thus a request
can ba generailed by raising the
line and holding it high until
acknowledged, or by a negalive
pulse. In level lriggered mode, no
edge |5 required. These lines are
active HIGH. '

Read (generally from 8228 in
MCS-80 system or from 8086 in
MCS.B6 system).

Write (generally trom 8228 in
MCS3-80 sylem or from BOBG in
MCS-86 system).

Interrupt Acknowledge {generally
from 8228 in MCS-80 system,
BOBG in MCS-86 sysiem). The 8268
generates three distinct [NTA
pulses when a CALL is inseried,
the 8086 produces iwo distinct
INTA pulses during an interrupl
cycle

Rg; | 18-25

3

INTA, I 26

abled by Chip Selecx wﬁeraas In-
terrupt Acknowleugo inde-
pendent of Chip Selém_

Usually the least 5|gn|f|cant 6ito
lhe microprocessor address” autl

AD | 27

put. When A0=1 the In\errupt’

Mask Register can be loaded or
read. When A0=0Q the 825%A
mode can be programmaead or its
stalus can be read. &35 Is active
LOW.

INT o} 17 Goes directly to the micro-
processar interrrupl inpul. This
output will have high Vgu 10
match the BOBO 3.3V V. INT is

active HIGH.

Co-C2 110 12  Three cascade lines, outputs in
13 master mode and inputs in slave
15 mode. The master issues the
binary code of 1he acknowledged
interrupt level on these lines.
Each slave compares 1his code
with its own.

SREN 0 18 SP/EN is a dual Tunction pin. In
ihe butfered mode SP/EN is used
to enable bus transceivers (EN). In
the non-buttered mode SP/EN
determines il this B259A is a mas-
ler or a slave. || 5P =1 the 82594
is master; 5P =0 indicates a slave.

), S
e/_ %

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperalure Under Bias . .. .. ~40"C to B5°C
Sicrage Temperature . ........... - 65*C 10 + 150°*C
Vollage On Any Pin

With Respeci to Ground .. ......... -Q.5V to + 7V
Power Digsipation . .............. ... ..., 1 Walt

D.C. CHARACTERISTICS

CCOMMENT

Slresses abave thase listed under "Absolute Maximum Ratings” may
cause permanent damage lo Lthe device This is a streas raling anly and
funchional oparalian af the davica al Ihesa or any other candihons abaye
Ihose indicated in the operalional sechions of Lhis specihicabion is not
imphed,

Ta= 0°C 10 70°C Vo= 5Y + 5% (8259A-8) Voo =5V + 10% (5259A)

Symbol Parameter Min. Max. Units Test Canditions
Vie Inpul Low Voltage -5 B v

Vin Inpul High VYollage 20 Vee+ .5V v

VoL Ouipul Low Yoltage .45 v lop=2.2 mA
Vou Output High Voltage 2.4 v lgp= - 400 uA
o | et O R
Ity Inpul Load Current 10 pA Vin=Veo 1o 0V
lLav QOutpul Leakage Gurrent -10 re Vaur = 0.45¥

I on Outpul Leakage Current 10 [re Vour= VYoc

lee Voo Supply Current 85 ~mA
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8282/8283

PIN DEFINITIONS DO,-DO; en CS is
Pi Description (8282)  true, the data in the dala Iatcue iS pre-
in P DO,- sented as inverted (8283) ’ol’ 'go ted
STB STROBE (Input). STB is an input control (8283) (8282) data onto the data outpuf; pt{rgs

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.
The data is latched at the HIGH to LOW
transition of STB.

OF OUTPUT ENABLE (Input). OE is an input
control signal which when active LOW
enables the contents of the data latches
onto the data output pin (By-B-). OE being
inactive HIGH forces the output buffers to
their high impedance state.

DATA INPUT PINS (Input). Data presented
at these pins satisfying setup time re-
quirements when STB is strobed and

OPERATIONAL DESCRIPTION

The 8282 and 8283 octal latches are 8-bit latches with
3-state output buffers. Data having satisfied the setup
time requirements is latched into the data latches by
strobing the STB line HIGH to LOW. Holding the STB
line in its active HIGH state makes the latches appear
transparent. Data is presented to the data output pins by
activating the OF input line. When OF is inactive HIGH
the output buffers are in their high impedance state.
Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output

latched into the data input latches. bus.
D.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vg =5V+5%, TA=0°C to 70°C
Symbol Parameter — Min Max Units Test Con&{tions
Ve Input Clamp Voltage -1 v lc = —5mA
lee B Power VSuippIy Current 160 - 7rlnA 1
i Ig ] Forward Input Current - —EZ mA Vg = 0.45V - ]
- Ir T Reverse Input Current 50 o HA Vp = 5.25V )
" Vo Output Low Voltage T om0 v TloL = 32mA
T Vom Output High Voltage 24 v low= —5mA
T oer “Output Off Current 1 s0 A Vorr = 0.45105.25V
) ViL Vlnput Low Voltage B 0.87 N 7\7/ 7|VCC=5.0V See Eméj
Vin Input High Voltage 20 v Voo=50V  See Note !
- B ) F=1MHz o
Cin Input Capacitance 12 pF Veias=2.5V, Vco =5V
__ Ta=25°C
Notes: 1. Output Laading Ig =32 MA, Iy = ~ 5 mA, C| = 300 pF o
A.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vcc=5V+5%, To=0°Cto 70°C
Loading: Outputs — ig,. = 32mA, lgy = —5mA, C_ = 300 pF
T Symbol Parameter Min Max - Units
TIV0V77 Input to Output Delayi 7777
Inverting 25 | ns
Non-Inverting 35 ‘ ns
TSHOV STB to Output Delay
Inverting 45 ns R
Non Invertlng 55 ns
TEHOZ Output Dlsable T|me 25 ns
TELOV Output Enable Time 10 50 ns
TIvsL Input to STB Setup Time 0 1T ns
TSLIX Input to STB Hold Time 25 ns

1. See waveforms and test load circuit on following page.
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intel
8286/8287

8-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS» %,

-

F/
/’» )

m Data Bus Buffer Driver for MCS-86™™, m 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 Paraliel 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

Ao 20[Jvee l--—-——-°£°—-——_I
A2 19 Bo | (
A3 i el :Q |
A3[]a 17 [ B2 | | o~
aes s | <=
As[]e 1s[JBa ;_ csu.ql
As[]7 wpes 020 pg |F-——-—-—-== —
o Y = Eg'_:IL CELLAI—
oe[]s 287 —~ | b= — — — . CELL o~
eno[ Q1o n T m : :: @
CELLA
O n s L
T\ 'Jl-——____"EEA_lL‘ _
folfs = aopvec Ouyl R Q)|
A2 19 |1 8o ML o cELA
223 16 E:] L H @:
halje i 2k H ceabd
Aq[]s 1615 Ny | ————— 1 i
ass 8287 158 »—] CELLAL‘ @J
Asl]? 1185 —~ | P——————= U o
Ar[]s 13|66 @, M M m
4w F] 125 ML __ CELLA
GND[J1o n[JT Q

&

PIN NAMES

Ag-A7 | LOCAL BUS DATA
Bo-By | SYSTEM BUS DATA
OE OUTPUT ENABLE
T TRANSMIT
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8§2086/8287

PIN DEFINITIONS Bg-By SYSTEM BUS DAT&; PlNSquutFOulput]
Pin Descripilon _(8286) These pins serve Lo elmar*preser‘g -data to
Bg-B or accept data from the ’zsys!arh-;ﬁus s de-
T TRANSMIT {lnput). T is an input control (8287) pending upon ihe stale of lhax pin. K7
signal used to control the direction of the 7 '%.@
transceivers. When HIGH, it configures the RGN
transceiver's By-B; as outputs with Ag-Az % oj By | &
as inpuis. T LOW configures Ag-A; as the é.ﬁ./‘. \i:,
outputs with Bg-B7 serving as the inputs. OPERATIONAL DESCRIPTION
a3 OUTPUT ENABLE (Input). GE is an input The 8286 and 8287 transceivers are 8-bit {ransceivers
cantrol signal used to enable the appropri- with high impedance outputs. With T active HIGH and
ale output driver (as selected by T) onto its OF active LOW, data al ihe Ag-A7 pins is driven onlo the
respective bus. This signal is active LOW. Bp-B; pins. Wilh T inaclive LOW and OE active LOW,
Ag-As LOCAL BUS DATA PINS (Input/Qutput). data al ithe By-B; pins is driven onto the Ag-A; pins. No
These pins serve to either present data to oulpul low glitching will occur whenever the trans-
or accept data from the prgcessor's local ceivers are entering or leaving the high impedance
bus depending upon Lhe siale of lhe T pin. slate.

D.C. CHARACTERISTICS FOR 8286/8287
Conditions: Vg = 8V £5%, Ty = 0"C 10 70°C

Symbol Parameter Min Max Units Test Conditions
Vg Input Clamp Voltage -1 v le=-5mA
lee Pawer Supply Gurrent—8287 95 ma
—8286 135 mA
g Forward Input Current -0.2 mA Ve=0.45V
In Reverse Input Current 50 pA Vr=5.25V
Voo Qutput Low Voltage —B Ouiputs 0.5 v lgr=32mA
—A Qulputs a5 v lg=10mA
Vou Output High Vollage —B Quipuis 24 v lop=-5mA
T —A Qutputs 24 v log==-1mA
loFr Output Off Current IF Vorr=0.45V
lore Quiput Off Current IR Vorp=5.25V
Vi Inpul Low Vollage  —A Side 048 v Ve =50V, See Nole 1
—B Side 09 v Voo =5.0V, See Note 1
Vin Input High Voltage 2.0 v Ve =50V, See Nota 1
F=1MHz
Cin Input Capacitance 12 pF Vaias = 2.5V, Voo =5V

Nowe: 1. B OQulputs — g =32 mA, Igy=-5mA, C =200 pF A Qutputs — Ig =16 mA, Igy=-1mA, C =190 pF

A.C. CHARACTERISTICS FOR 8286/8287
Conditions: Voo = 5V +5%, T, = 0°C to 70°C

Loading: B Outputs — g = 32 mA, lgy = -5 mA, C_ = 300 pF
A Outputs — g = 16 mA, lgy = —1mA, C = 100 pF
Symbol Parameler Min Max Unlts Test Conditlons
TIVOV Input to Quipul Delay
Inverting 25 ns {See Note 1)
Non-Inverting 35 ns
TEHTYV Transmit{Aeceive Hold Time TEHOZ ns
TTVEL Transmil/Receive Setup a0 ns
TEHOZ Qutput Disable Time 25 ns
TELOV Qutput Enable Time 10 50 ns’

New: 1. Sea wavalorms and tast oad cireuit an following page
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8286/8287

8286/8287 TIMING

v

INPUTS
o / \
'oﬁvov —| TEHOZ TELOV—~!
Voo -~ 0.5V
OUTPUTS e
le——— TEHTV l—TTVEL
T
NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
TEST LOAD CIRCUITS
v 2.1av

330

our

300 pF

n|l—)}—L—~W—|5

3.STATE TO VgL

B OUTPUT

1802

ouT

300 pF

I

3.STATE TO Vau

B OUTPUT

1.5
662
out
Iﬂm pF

3STATE TO Vg

A OUTPUT

8000

-~ 100 pF

3.STATE TO Vg

A OUTPUT

52.72

out

300 pF

N

SWITCHING

B OUTPUT

SWITCHING

A OUTPUT
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8041/8741

UNIVERSAL PERIPHERAL INTERFACE»
8-BIT MICROCOMPUTER

m Fully Compatibnle with MCS-80™, = Pin Compatible ROM and EPROM
MCS-85™ and MCS-48™ Microproces- Versions
sor Families

s 1K x 8 ROM/EPROM, 64 x 8 RAM, 18

= Single Level Interrupt Programmable 1/0 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

= Alternative to Custom LSI s Expandable I/0

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, datamemory, 8-bit CPU, |/O ports,
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UP1 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 I/O 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
WTERNAL
aus
— ooa ~
T 40 D vee neaTeR !
X 2 /0T PROGRAM
‘E :] ! STATUS ":TI'S‘ Pro|
x2[d3 38 [JPn C > BUFFER C—_—>'|7
RESE—TE ¢ 7 Pras 0ATA BUS A
sQOs 36 [1P2s o BUFFER ﬁ') " MEMORY
tss 35 [IP2 AEGISTER § Aec sanc1 | mesoar
EAE 7 34 :]P]) MASTER o STACK RAM ARRAY
RO} 2 IWTERFACE REG. BANK 0
8 33 PP :__;_‘—“q MULTIPLEXER
]
Acl]se 32[Ps = DECODE
WAL goat 313Pe o i I “WTEAFACE
sync[] 11 8741 30[dris - Apiad romt 2
Do} 12 = e e —— D ' —— I G Yey
01 13 28 [1Pn S—q 1 | AN ___] P2
[ —— PORT 47
D[] 1e 27 [P0 AESET ——9 ITenrace
03[} 15 26 [1voo <": wes
04[] 16 25 [IpPROG PROGRAM
ST MEMORY f—T
05[] 17 24 [P A on { conoiTionat o
0618 23[0rP2 ok Locic "l
0;J 19 22[1Pn
vss ] 20 21{]P2n Vpo —————= PROM PAOGRAM SUPPLY
POWER - Vor 5 suPLY COUNTER
Vay ————= GROUND sar

TIMER/
EVENT COUNTER
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a MCS—85™ Compatible 8253-5
= 3 Independent 16-Bit Counters
m DC to 2 MHz

= Programmable Counter Modes

8253/8253-5

PROGRAMMABLE INTERVAL TIMER

= Count Binary or BCD

m Single + 5V Supply

m 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 programm

able.

PIN CONFIGURATION

0,4
o]
051
o0
\D;I:
o,
o,

0 &

ciko] @

our o[}

GaTeo[] 1

]

1 24
2 23
3 22
4 ral
5 20
& 8253 9
T
B
o

D vee
JWR
BLT]
Jes
Ja,
JA,
Lk 2
Jour 2
) GATE 2
ek
T GATE 1

GND[]

- ouT

PIN NAMES

D; D

DATA BUS (8-BIT}

CLK N

COUNTER CLOCK INPUTS

GATEN

COUNTER GATE INPUTS

QUT N

COUNTER QUTPUTS

RD

READ COUNTER

WR

WRITE COMMAND OR DATA

CHIP SELECT

Aghy

COUNTER SELECT

VCC

+5 VOLTS

GND

GROUND

BLOCK DIAGRAM

DATA
Bus
BUFFER

U

RD ——— =

WR ———Q)

READ/
WRITE
LOGIC

CONTROL
WORD
REGISTER

|

|

(~r

(=

COUNTER
=0

j+————— CLKO

l«———— GATED

|l ———ouTO0

]

-

COUNTER
=1

je—— CLK 1

[l«——— GATE1

F——ouT1

P

COUNTER
=2

fe— CLK 2

f—— GATE 2

———=0ouT2

INTERNAL BUS /
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

= MCS-85™ Compatible 8255A-5 = Direct Bit Set/Reset Capability Easing
a 24 Programmable l/O Pins Control Application Interface
= Completely TTL Compatible m 40-Pin Dual In-Line Package

m Fully Compatible with Intel® Micro-
processor Families

= Improved Timing Characteristics = Improved DC Driving Capability

m Reduces System Package Count

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/0 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 |1 p— 40|7) Paa
raz (]2 39[7] ras
ra1 ] 18|7] ras ’ 7
a0 (e 37|7] par contn [
cRoue
m]s 3| @R SUPPLIES D <L vo“: < > o
. = anoue e pay Pay
: o =i ] conteo [ -
avo (7 4[] o,
ar1]s 3] o,
a0 )9 2[]0, L
»c7 [f1o n[Jo, 1
»ee [Jne 8255A b o, amoup
e
pes (|12 zsf] o, < > Toeen < > PCr Py
] o |-y
sca[|re o P Gy I W (e e—
rc1 s 267 Vee 8UITIR o
pca]1e 2s/7] a7 ot ms i
pca 7 24|7] ras 1 <:> it <::> '“’:"Cﬂ
»8a ]1e 23| Pes N by
re1 ]9 22| eea f
ra1[}20 2117 ve3 Il
D ——————=0
R — o] ::;’[’ r.n;mv GROUP
CONTROL 8 1,
PIN NAMES e R e [C K = K nom,
L - ——————— | -
0;-Dg DATA BUS (BI-DIRECTIONAL! AESET —————= L] aun
| RESEY RESET INPUT
CHIPSELECT
L READ INPLT
WR | WRITEINPUT ] &
AD. A1 PORT ADDRESS

PAT-PAO PORT A (BIT)
~ A7 PBO PORT B (RIT]
_PCIPCO PORT € (RIT)

Vee +6 VOLTS

GND g VOLTS
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8273

PROGRAMMABLE HDLC/SDLC PROTOCOL - e

CONTROLLER

Programmable NRZI Encode/Decode

s HDLCISDLC Compatible
m Frame Level Commands

N-Bit Reception Capability

a Full Duplex, Half Duplex, or Loop = Digital Phase Locked Loop Clock
SDLC Operation Recovery

= Up to 64K Baud Transfers a Minimum CPU Overhead
m Two User Programmable Modem Fully Compatible with 8080/8085 CPUs
Control Ports
Single + 5V Supply

= Automatic FCS (CRC) Generation and
Checking a 40-Pin Package

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

U REGISTERS
v
FLAGDET a0 Vee TxINT RESULT COMMAND r‘
T INT [ 2 33 [] ee; - —
Z RxINT RESULT PARAMETER
ck 3 s ] re; . _ i
reseT [ o a7 [ _ TEST MOOE __sTatus
TwDACK [|5 s #E; | AESULT

TxDRO [ |6 35[0 m1s

RXDACK [ 7 34 [] PR,

axDRO ] & 33{] PA,

b o 32[1 ra; |
wr [0 21[] cd DATA
wr [} 8273 ul DB o _

Ax INT [] 11 30 cvs BUFFER - TeD
pBo [ 12 29 [] ™D Ta LOGIC =
o 13 28 [] T«C
pe2 [ 14 27[J AxC
oe3 [ 15 26 [1 RxD

[l TaDAQ ————— —
pea (| 16 2511 Fmcik T—;ACK | 5o

! — u — =
085 [ 17 221 cs AxDRG be TXCLK

!l —_— n -— . -—
D86 [ 18 23] DpLL — CONTAOL [—— RTS

! AXDACK LOGIC o
DBe? E: 19 221 Ay :> 78,
GND (i 20 21 _

| _ P 4 TuINT - &

Ax(NT -—

P e < o
Wh —=ao  WRITE

OMA/
Ay — CANTROL !

LaGIC
Ay —
P 1
IN NAMES nEseT e Ao
Ra LOGIC e AaC
DBO-DB? |DATA BUS IB BITS) 5% CHIP SELECT — T
FTAG DET | FLAG DETECT ACLK |32 TIMES CLOCK cs |
TaINT TRANSMITTER INTERAUPT Rx D RECEIVER DATA CLK FLAG DET
CLK CLOCK INPUT | | RxE RECEIVER CLOCK FLAG DET
RESET RESET | ‘ TxC TRANSMITTER CLOCK INTERNAL DATA BUS —]
Yx DACK TRANSMITTER DMA ACKNOWLEDGE Tx D TRANSMITTER DATA
TxDRQ TRANSMITTER DMA REQUEST | ; cIs CLEAR TO SEND CPU INTERFACE MODEM INTERFACE
AD READ INPUT ‘ cD CARRIER DETECT v
WRITE INPUT ?A;—FA,, GP INPUY PORTS

R DACK [RECEIVER DMA ACKNOWLEDGE | | PBY=PR, | GP OUTPUT PORTS

Rx DRQ RECEIVER DMA REOQUEST ‘ RTS REQUEST TO SEND
Rx INT RECEIVER INTERRUPT | Wee 45 VOLT SUPPLY
‘ GND

AEAA| COMMAND REGISTER SELECT ADDRESS ‘
OPLL

GROUND
DIGITAL PHASE LOCKED LOOP 1

®© Intel Corporation, 1978 February, 1978
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8275 " g
PROGRAMMABLE CRT CONTROLLER o, B

b,
',
s Programmable Screen and Character a Fully MCS-80™ and MCS-85™
Format Compatible
m 6 Independent Visual Field Attributes = Dual Row Buffers

m 11 Visual Character Attributes
(Graphic Capability)

= Cursor Control (4 Types) = Single +5V Supply
m Light Pen Detection and Registers m 40-Pin Package

m Programmable DMA Burst Mode

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
Lca g 40 1 vee
Lc2 O 2 3 PLag
3 s []LA
LCa ["'1 P LAY CHARACTER coLK
Lco ] 4 37 FJLTEN "1 COUNTER
DRQ E’,‘ s 36 [ RVV
DACK [ & 3s [7 vsp _iagoxs
HRTC (] 7 3 \7] GPA1
VRTC [}e 33|] GPAg BUFFER || BUFFER
= A .
A} 32|JHLGT ooz () Tbe = k= weur || oureur o g
WR ] 10 g275 I 'RQ BUFFER CONTROL- COP:-EI;OL-
LPEN ] 13 30 |J cCLK
DBg (] 12 297 ccg
DB (] 13 2§yjces || F-Fos
D82 [ 14 27jJccs
pB3 O 15 26 CC3 DRQ Lo
* =]
DBg [ 16 2s[1cca SATK
DBg [} 17 2a[] cCq .
oo E . 23 j = :
DB7 [} 19 2[CS _ COUNTER
GND (] 20 211 Ag D—=9 nEAD/
WA —eo _DMA K Lap_y
CONTROL HRTC
A LoGic RASTER TIMING  |—+ VRTC
° (= Ao gy
PIN NAMES VIDEO CONTROL — b§§”
) ] .~j ) aPag-
-DBL;T B1-DIRECTIONAL DATA BUS LCp-3 LINE COUNTER QUTPUTS ‘
_Dvﬁi _-DMVA_QEQLIESY OUYPUJ LAD— LINE ATTRIBUTE OUTPUTS
DACK DMA ACKNGOWLEDGE (NPUT HRTC | HORIZONTAL RETRACE OUTPUT - LPEN
(RQ INTERRUPT REQUEST CUTPUT | vRTC VERTICAL RETRACE OUTPUT \ REGISTERS
_HD- READ STROBE INPUT HLGT HIGHLIGHT OUTPUT
WR WRITE STROBE INPUT || Avv REVERSE VIDEQ OUTPUT
AQ _REGISTEN ADDRESS INPUT LTEN LIGHT ENABLE OUTPUT
_('S_ CHIP SELECT INPUT VSP VIDEO SUPPRESS OUTPUT
CCLK | CHARACTER CLOCK INPUT || GPAg_1 | GENERAL PURPOSE ATTRIBUTE OUTPUTS |
7CCU~5 I CHARACTER CODE OUTPUTS LPEN LIGHT PEN INPUT
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8278

:’l};,,
5&‘,”8
PROGRAMMABLE KEYBOARD INTERFACE '-’fff %
s Simultaneous Keyboard and Display s N-Key Rollover with Programmableré"’?;a%;,% J"
Operations Error Mode on Multiple New Closures
s Interface Signals for Contract and a 16- or 18-Character 7-Segment Display
Capacitive Coupled Keyboards Interface

= 128-Key Scanning Logic = Right or Left Entry Display RAM
a 10.7 msec Matrix Scan Time for 128
Keys and 6 MHz Clock m Depress/Release Mode Programmable

m 8-Character Keyboard FIFO a 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-80T™™ and MCS-85T. 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.

- ~
rey M~ aTvee 97-Dg DATA BUS
AD. WA AEAD, WRITE STROBES BLEVEL
xi]z 3s|Jctr cs CHIP SELECT KEY FIFO
Ag CONTROL/DATA SELECT SCAN
x2[]3 £ sLH AESET RESET INPUT OUTPUTS
AESET [ 4 378, Xy, Xz FREQ. AEFERENCE INPUT —
SYNC HIGH FREQUENCY OUTPUT DATA Mg
NC[]s 36 [ 8y CLOCK DATA BUS SCAN @ A
tsls 3 [e AL KEYBOARD RETURN LINE Bus frER COUNTER :
CLR CLEAR ERROR TIMIN My
Gno () 7 3 [IkcL KCL KEY CLOCK \ N t
=5 Mg—M MATRIX SCAN LINES
Ao[s a3 m, 5 Mo
g s 83-8g DISPLAY OUTPUTS INTERRUPT RETURN
ag[]s 32 [ twg ERROR ERROR SIGNAL REQUEST + ey [ one
— |g% INTERRUPT REQUEST <:§
WA [} 0 g2z Mg HYSTERESIS DET&ECT |—= HYSTERESIS
sync O 11 30 [ m; [:1] TONE ENABLE DEBOUNCE |—=KEY CLOCK
r — 75 LogGic
Do [} 12 20w RD—e] 1O SYNC
o 5 - M2 WR—e| CONTROL <::> [ ta00 kiz)
01 [} 13 28 [1m, pais LoGIC
C5—» TIMING
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e [ voo RESETJ TONE & ERROR [ = TONE ENABLE
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8291

GPIB TALKER/LISTENER

of Additional Features

m Designed to Interface Microprocessors m 1-5 MHz Clock Range
(e.g., 8080, 8085, 8086, 8048) to an m 16 Registers (8 Read, 8 Write), 2 for
IEEE Standard 488 Digital Interface ‘Data Transfer, the Rest for Interface
Bus Function Control, Status, etc.

® Programmable Data Transfer Rate m Directly Interfaces to External Non-

m Complete Source and Acceptor Inverting Transceivers for Connection
Handshake to the GPIB

m Complete Talker and Listener m Provides Three Addressing Modes,
Functions with Extended Addressing Allowing the Chip to be Addressed

B Service Request, Parallel Poll, Device Either as a Major or a Minor Talker/
Clear, Device Trigger, Remote/Local Llstener.wnh Primary or Secondary
Functions Addressing

m Selectable Interrupts m DMA Handshake Provision Allows for

\ , Bus Transfers without CPU Intervention

m On-Chip Primary and Secondary ] .
Address Recognition m Trigger Output Pin

m Automatic Handling of Addressing and ~ ® On-Chip EOS (End of Sequence)
Handshake Protocol Message Recognition Facilitates

L .- Handling of Multi-Byte Transfers
m Provision for Software Implementation

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

gt N/ aofvee ~ —\,‘
TR2[]2 safjEC! Iazm _
crock (s a8 [INDAC | <L PG DATA >
RESET[]4 37 [J~RFD l |
TRIG (]S 3eiJpAv INTERFACE
oMa Rea (s 3sifJDI08 - l < FUNCTIONS |
A ACR (]7 upoior 2 it 2 sH K GPIB CONTROL | 10 NON.INVERTING
s 33 olos 2 <: a AH | BUS TRANSCEIVERS
mols 32[Joi0s 3 @ I |
wR{J0 8291 31 [Joioa H a SR
1% 2s Bl 3010103 a E RL
S L E e
b3 280101 g — z or R
e z7psRa S REGISTERS g !
ozl 261 ATN = | :> ® ﬁ I
g )16 25 (IREN
ps Y17 2a[71FC | |
o518 23[1Rs2 | ‘;‘:g‘s;;ii |
pr{19 22[Rs1 L I |
vss[jro 21QRso
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8292
GPIB CONTROLLER

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

@ Responds to Service Requests (SRQ). @ 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 microprocessor-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 7~

q: \_/ wh @ <> @
2 391 DACK.
53 o = bkl B
] 8257 la2RQ__] 8291
d- ah I DMA 1 GPIB f;!ﬁé
TROLLE
de o = 1 COTIONAL | LiSFENER CONTROLLER
Qs ] ] L----- .
- a0
E 8 33 _—_] T/R2
n B} 321
(m [T} 3€ ]
C “0 (‘,“ego - TR INTERFACE
s\ STEERING CONTROL
\ hs 2 3 LOGIC
E 13 2811
s 27
O1s 261
O1se b1 W]
E 1; 24 g TRANSCEIVERS
1 23
e 20
=0 213 <>

/ GENERAL PURPOSE INTERFACE BUS ;
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8294 i lfly
DATA ENCRYPTION UNIT o,

s Certified by National Bureau of m 7-Bit User Output Port RN
Standards *
m Single 5V = 10% Power Supply
m 80-Byte/Sec Data Conversion Rate
m Peripheral to MCS-85TM, MCS-80TM
m 64-Bit Data Encryplion USing 56-Bit and Mcs.48TM Processors
Key

a Implements Federal Information

= DMA Interface Processing Data Encryption Standard
= 3 Interrupt Outputs to Aid in Loading
and Unloading Data a 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

FUNCTION
DATA BUS
READ, WRITE STROBES
CHIP SELECT

YY)

HE
\g

s CONTROL/DATA SELECT
M RESET INPUT :fgn‘g:
- FREQUENCY REFERENCE INPUT
M HIGH FREQUENCY OUTPUT cS——=Of CONTAOL
DMA REQUEST, DMA EDGE A AND p—
9 INTERRUPT REQUEST OLUTPUTS INTERAURT <:> - ALGORITHM |
! OUTPUT PORT LINES | sRa=-———| oGic TABLE
+5V POWER, GND QAV — —

7T
ourpur Pg-Pg
PART
SYNC ’ﬁ
m nkc
Xq DACK

- N

INTERNAL
aus

IT

+ 5 ——=
POWER —————=

GNO ————=













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

Single +5V Supply

High Density 18 Pin Package
Identical Cycle and Access Times

No Clock or Timing Strobe Required
Completely Static Memory

and Outputs

Three-State Outputs

Bipolar PROMs

Directly TTL Compatible: All Inputs
Common Data Input and Output Using

Pin-Out Compatible with 3605 and 3625

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

A 18 bvcc —a,
As[: 2 71 1A, — A 1/0,}—
A3 6] ] Ag — A2
A 15[ 1w
—A
A]s 2114 14[TJio, ¢
—A
A e 13[Jwo, _Aa, 103}—
N 12[ Juo —a
&s]s 1o, — A 10—
Gno[}9 10| Jwe — 4
WE CS
PIN NAMES
Ag—Ay ADDRESS INPUTS Voc POWER (+5V)
WE WRITE ENABLE GND GROUND
[ CHIP SELECT

1/0,-1/0, DATA INPUT/OQUTPUT

BLOCK DIAGRAM

a® D ]
O N—
.
As @ X ROW MEMORY ARRAY
. 64 ROWS
As o >3 SELECT 64 COLUMNS
.
A N——
Ag > ||
1 1
10, ' E 1 [— coLumn 10 cIRcuITS
® —
110, j— INPUT COLUMN SELECT
® DATA
10, ? CONTROL
(@)
CLOLAY G,

O = pIN NUMBERS
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2114 FAMILY

ABSOLUTE MAXIMUM RATINGS*

-10°C to 80°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
Voltage on Any Pin

With Respect to Ground .. .. ....... ~0.5V to +7V
Power Dissipation ... .........c.outvinnn 1.0W
D.C. Output Current . .. ... ... eunnenn.n 5mA

D.C. AND OPERATING CHARACTERISTICS
Ta = 0°Cto 70°C, Ve = BV + 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.

2114-2, 2114-3, 2114 | 2114L2, 2114L3, 2114L
SYMBOL PARAMETER Min. Typ.[1l Max. Min. Typ.1 Max. |UNIT CONDITIONS
Iy Input Load Current 10 10 uA Vin =0 to 5.25V
(All Input Pins) ’
ol 1/0 Leakage Current 10 10 uA CS=2.4v,
Vyo =04V to Vcc
leet Power Supply Current 80 95 65 mA Vin=5.25V, lj;o=0mA,
Tao=25°C
lec2 Power Supply Current 100 70 mA ViN=5.25V, ljjo = 0 mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8 v
ViH Input High Voltage 20 6.0 2.0 6.0 \%
oL Output Low Current 21 6.0 21 6.0 mA | Vo = 0.4V
loH Output High Current -1.0 -14 -1.0 -14 mA VoH = 2.4V
los!2! Output Short Circuit 40 40 mA
Current
NOTE: 1. Typical valuesare for Tp = 25°C and Voo = 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 Vo =0V
CiNn Input Capacitance 5 pF Vin =0V

NOTE: This parameter is periodically sasmpled and not 100% tested.

A.C. CONDITIONS OF TEST

Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Levels
Output Load

0.8 Volt to 2.4 Volt
10 nsec
1.5 Volts

1TTL Gateand C|_ = 100 pF

5
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2114 FAMILY

A.C. CHARACTERISTICS Ta =0°Cto 70°C, V¢ = 5V * 5%, unless otherwise noted.

READ cYCLE M

2114-2, 2114L2 | 2114-3, 2114L3| 2114, 2114L
SYMBOL PARAMETER Min. Max. | Min. Max. Min. Max. | UNIT
tRc 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
toTD 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
tw 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
tDH Data Hold From Write Time 0 0 0 ns
NOTES:
1. A Read occurs during the overlap of a low CS and a high VWE
2. A Write occurs during the overlap of a low CS and a low VWE
WAVEFORMS
READ CYCLE® WRITE CYCLE
ta
ADDRESS :)L
ADDRESS ’( )( @ bt —
= SNk 2/ /1,
EEANNARRRNNNRRNRRANA N I [/ .
«——tco—=| |=—toro—|
‘—'cx*’L tona—t—] wE ®OX \!\ 7
Dour N
[*—toTw:
NOTES: o TETIIIIITY
@ WE is high for a Read Cycle. ls—tow tOH
@ If the CS low transition occurs simultaneously with the WE low
transition, the output buffers remain in a high impedance state. Din A A A AV AYAVAYAY

@ WE must be high during all address transitions.

5-129







intel
M2114
1024 x 4 BIT STATIC RAM

o 21143 2114 2114L3
Max. Access Time (ns) B 300 ~ 450 300
Max. Power Dissipation (mw) 575 7575 410
m High Density 18 Pin Package m Directly TTL Compatible: All Inputs

and Outputs
® Common Data Input and Output Using

m Identical Cycle and Access Times

m Single +5V Supply TH State Output
B No Clock or Timing Strobe Required 'ree- ate Duipuls

8 Military Temperature Range
B Completely Static Memory -55°C fo +125°C

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 inputdata. 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
3
N . a2 Vee
] 8 cc —qA
° WD SHONPW
A [ fe 1 ]a, — A, 1o, |— 7. .
| Ag —= > 3 MEMORY ARRAY
a3 18] )4 o LD sl e 64 ROWS
_ —] s )3 64 COLUMNS
Ay Ja 18] Ay s 10, }— &) D .
a4, ]s M2114 ‘:] 1 A7
14 1/0, -
o : il —a, Ag 5—
A, E 6 13 :]u()2 A 110, }— T T
—3%
A~ 12) o, —a, 110y 1 B—— F— coLumn 1/0 cIRcuITS
&sCfs n[Jvo, —a, Y vo, @ ’j—— ey COLUMN SELECT
DATA
ano[]s 10 JWE —As e ® ConTROL
WE_ CS
79 o, @ |
(OGO CH l—ﬂ:
Pl
&
PIN NAMES
, , @
| Ag-Ag  ADDRESS INPUTS | v . POWER (+6v) | "* 72 = PIN NUMBERS
: WRITE ENABLE GND GROUND
= CHIP SELECT
1/0,-1/0, DATA INPUT/QUTPUT
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M2114 FAMILY

ABSOLUTE MAXIMUM RATINGS* COMMENT: Stresses abave those listed under “Absolute
Termperature Under Bias _E5°C 10 4150°C Maximum Ratings™ may cause permanent damage to the
St P T awre _65°C 10 +150°C device, This is a stress rating only and functional opera-
V:Irt:gz Ozn;p:r ;;:e """"""" rion of the device at these or any ather conditions above
W'gh R Y G d 0.5V 10 +7V those indicated in the operational sections of this specifi-
Powe.rt Dis:is p:tu:i;;o ouna e - 01 ow cation is not implied. Exposure o absoture maximim
D.C. Out uf Coment . 5;“ A rating conditions for extended periods may affect device
e BUIPULRAIEAL e retiabitity
D.C. AND OPERATING CHARACTERISTICS
Ta = -55°C 10 +125°C, Ve = BV + 10%, unless otherwise noted.
M27114, M2114-3 M2114L3, M2114L3
SYMBOL PARAMETER Min, Typ.!!l Max. Min. Tyolll Max. |UNIT CONDITIONS
1) inpul Load Current 10 10 HA Vin =0to 5.5V
{All Input Pins}
Lol 1/0 Leakage Current 10 10 LA G5 =24V,
Vipo = 04V o Ve
lee Pawer Supply Current 80 a5 65 mA Vin = 2.9V, ;o= 0mA,
T, = 25°C
lees Power Supply Current 106 75 ma Vg =558V ljg=0mA,
Ta = -B8°C
Vi Input Low Voltage -05 0.8 -05 0.8
ViH Inpur High VYoliage 20 6.0 20 6.0
laL Qutput Low Current 21 6.0 21 6.0 mA VoL = 0.4V
lon Outpul High Current -1.0 -1.4 -1.0 -1.4 mA Vap = 2.4V
lggl?] Output Shart Cireuit 40 40 mA
Current
NOTE: 1. Typical vaiuesare far T = 25° Cand Voo - 5.0V,
2. Duration nol 1o axcesd 20 sronds,
CAPACITANCE
Ta=25°C,f= 1.0MH:z
SYMBOL TEST MAX UNIT CONDITIONS
Cio Input/Qutput Capacitance 5 oF Vip =0V
Cin Input Capacitance 5 pF Vin =0V
NOTE: This parameler is periadically smpled and nat 100% (esiad.
A.C. CONDITIONS OF TEST
Inpul Pulse Levels . o,y ey o it et e et e e e e 0.8 Volt e 2.0 Vol
fnput Rise and Fall Times . . . .. ... . .. i e e e 10 nsec
Input and Qutput Timing Levels . . ... ottty e e r et st o e 1.5 Volis

Output Load . ... ... e e e 1TTL Gareand C; =100 pF
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2142
1024 X 4 BIT STATIC RAM

2142-2 2142-3 2142 2142L2 2142L3 2142L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 370 370

® High Density 20 Pin Package
m Access Time Selections From 200-450ns
| Identical Cycle and Access Times

® Low Operating Power Dissipation
.1mW/Bit Typical

m Single +5V Supply

. No Clock or Timing Strobe Required
E Completely Static Memory

] Diréctly TTL Compatible: All Inputs
and Outputs

8 Common Data Input and Output Using
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 ((§1 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

®
Oy P, T
s [] 20 [ vee — a0 " ® H
as [ 2 1w Jar — ar 1oy f— | ~—o Vcc
w s w3 a As —I® X aow MEMORY ARRAY ono
8 — A 64 ROWS -—
2 0] SELECT 64 COLUMNS
A3 a 17 Ag —
O ] s el —{7:
es; []s 6| Joo — A “7_ﬁ
242 1
a0 []s 15 [J oy — as M——ﬁ
a7 e [Jwo; — 2 103 [— ® I I
170y ——l F—
A2 [: 8 13 [ Jwos — a7 COLUMN 1/0 CIRCUITS
= 14
& 12 [ Juoe e Ve I — 102 ® ? INPUT COLUMN SELECT
Gno [0 n [ Jwe —] as Tt
WE CS) CS 0D 1/0, ® ’?— controt
_?_?Ij.l.rl 3
1/0q i?— ® @ ® E
Ao A1 A2 A9
PIN NAMES
A
Ap-Ag ADDRESS INPUTS oD OUTPUT DISABLE _ E
WE WRITE ENABLE Ve POWER (+5V) & ®
TSy, CS2 CHIP SELECT GND GROUND csy O = PIN NUMBERS
1/01-1/04 _DATA INPUT/OUTPUT _—®
WE
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2142 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias -10°Cto 80°C
Storage Temperature .............. -65°C to +150°C
Voltage on Any Pin

With Respect to Ground . . ......... -0.5V to +7V
Power Dissipation ..... . ........ ... 0., 1.0wW
D.C.Output Current . ............ccnvununn 10mA

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°C to 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.1]l Max. [UNIT CONDITIONS
IR Input Load Current 10 10 uA Vin =0 to 5.25V
(All Input Pins)
ol 1/0 Leakage Current 10 10 uA | €5=24v,
Vio =0.4V to Ve
lcer Power Supply Current 80 95 65 mA Vin =5.25V, ljj0 = 0 mA,
. Ta=25°C
lec2 Power Supply Current 100 70 mA Vin =5.25V, ljjo =0 mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8 Y
ViH Input High Voltage 2.0 6.0 2.0 6.0
loL Output Low Current 2.1 6.0 2.1 6.0 mA VoL = 0.4V
loH Output High Current -1.0 -1.4 -1.0 -14 mA VoH = 2.4V
losl2 Output Short Circuit 40 40 mA Vijo = GND to V¢e
Current
NOTE: 1. Typical valuesare for Ty = 25°Cand Ve = 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 parameter is periodically ssmpled and not 100% tested.

A.C. CONDITIONS OF TEST

Input Pulse Levels

Input Riseand Fall Times . . ... .........c0vevvuunn

Input and Output Timing Levels . . . .................

Output Load
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2142 FAMILY

A.C. CHARACTERISTICS T, =0°Cto 70°C, Vg = 5V * 5%, unless otherwise noted.

READ cYCLE [

2142-2,2142L2 | 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
tobx 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, 2142L.2| 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
twRr Write Release Time 0 0 0 ns
toTD 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 0o 0 ns

NOTES: _ _

1. A Read occurs during the overlap of a low CS and a high WE.

2. A Write occurs during the overlap of a low CS and a low WE.

WAVEFORMS

READ CYCLE® WRITE CYCLE

tRe twe

ADDRESS D( )(
o0 ANANY (777
e
&AWV (/777
cs s AWANNNNNY

Dour

le— tCX ——

toHA

NOTES:

@ ‘WE is high for a Read Cycle.
@ WE must be high during all address transitions.

ADDRESS :)(

WR

EARNAANY

&\ ‘\Oi’\\\\ 7777777
o 777077 TITTF PARRARNNNY
e © TN, B
bour SITIYY
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2142 FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS

NORMALIZED ta

NORMALIZED tq

lon (mA)

NORMALIZED ACCESS TIME VS.

SUPPLY VOLTAGE

1.2
11
1.0
0 \1'\
08
07
06
05

4.50 475 5.00 5.25 5.50

Vee (V)
NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE
1.2
o —
11
L

1.0
09
0.8
0.7
0.6
05

100 200 300 400 500 600

Cy (pF)
OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE

40
30
20 \

[

[} 1 2 3 4

NORMALIZED tp

NORMALIZED icc

lov (mA)

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

12
1.1
1.0
—
0.9
08
0.7
0.6
05
0 20 40 60 80
Ta °C)

NORMALIZED POWER SUPPLY CURRENT
VS. AMBIENT TEMPERATURE

09

0.8 \
—
0.7
06
0.5
o 20 40 60 80
Ta C)

OUTPUT SINK CURRENT
VS.OUTPUT VOLTAGE

]

I

Vou (V)
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CHAPTER 5
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intel
2332
32K (4K x 8) ROM

| Single +5V + 10% Power Supply # Edge Enabled With Static Array

m Pin Compatible to Intel® 2716 and # Inputs and Outputs TTL Compatible
2732 EPROMs m Three-State Output for Direct Bus

m 300ns Max. Access Time Interface

m Low Power Dissipation: H 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 2332is ideal for microprocessor systems, especially those with common input and output bus gtructures. 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
DATA OUTPUTS

Az e 24 [Qvce vecco——- 0p-07
As([] 2 23[Ag GNDO—— —_—
o F - T
Vs I} 21 AN OE OE AND
a3l s 20 (JOE CE CE LOGIC OUTPUT BUFFERS
A2(] e 18 [JA10 — Y 5
a7 18 [JCE Ag-Ary | =] DECODER | 8.  Y-GATING

ADDRESS —2
Ao 8 por INPUTS | —of .
oo 16 106 = X : 32,768.BIT
o1 10 15305 —s| DECODER : CELL MATRIX
020 11 14004 —]

GND([{ 12 13[]03
PIN NAMES

Ag-A10 | ADDRESSES
TE CHIP ENABLE

| OE OUTPUT ENABLE
0g-O7 | OUTPUTS
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2332

ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute

Maximum Ratings" may cause permanent damage to the

i H -10° o
/s\tmblent;'emperatture Under Bias ““65‘]?: tC ?12802 device. This is a stress rating only and functional
Vv (?rage oen;\perz;_ure . h R o t A o operation of the device at these or any other conditions

oltage On Any Pin with Respec above those indicated in the operational sections of this
toGround ... -0.5V to +7V

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
L1 Input Load Current 10 pA ViN =0 to 5.5V
(All Input Pins)
ILOH Output Leakage Current 10 nA Chip Deselected,
Vout = 5.5V
ILoL Output Leakage Current -20 uA Chip Deselected,
Vour = 0.4V
lcct Vce Standby Current 15 mA | CE=2v
Icc2 Vcc Average Current 40 mA tcyc = 400ns
ViL Input “Low"” Voltage -0.5 0.8 \"
ViH Input “High" Voltage 2.0 Vce+1.0V v
VoL Output “Low” Voltage 0.4 \ loL = 3.2mA
VoH Output “High” Voltage 2.4 \" lon = -400uA
NOTE: 1. Typical for Ta = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS
Ta =0°C to +70°C, Vcc = 5V £10%, unless otherwise specified.
Limits )
Symbol Parameter Min. Typ.(M) Max. Unit Test Conditions
tcye CE Cycle Time 400 ns tcyc = tce(Max) +
tcc(Min)
tas Address to CE Setup Time 0 ns
tAaH 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
toF OE to Data Float 0 70 ns
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2332

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Qutput Load .. ......... 1 TTL Gate and C__ = 100 pF
Input Pulse Levels . . ... ............ ... 0.8to0 24V
Input Pulse Rise and Fall Times {10% t0 90%) . . . .. 20 ns
Timing Measurement Reference Level
INpuUt . . e 1V and 2.2V
Output . . . . e e 0.8V and 2.0V

A.C. WAVEFORMS ]

CAPACITANCE!" T,=25°C, t=1MH:

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 | 156 pF
Test Tied ta AC Ground

NOTE: 1. This parameter is periodically sampled and is not 100%
tested.

ADDRESSES x_ AD\[/)Z\EIS[?ES §<
7

ADDRESSES
MAY CHANGE
{4

cve
{400)
tas - tan - toe
{0} 50} {100)
CE x
45 W —
ce
(300 MAX.)
-
* /
<5
toe 3] o
tace i3l (120 MAX ) 1pel2]
e
{300 MAX.} . (70 MAX |
- ¥ m
HIGH Z
QUTPUT HIGH 2 / / / / 7 VALID QUTPUT E
AN\ Y i

NOTES:

1.ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE nsec UNLESS
OTHERWISE SPECIFIED. __  __

2.1pk IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.

3. OE MAY BE DELAYED UP TO 180ns AFTER THE FALLING EDGE OF CE WITHOUT
IMPACT ON tacc.

DEVICE DESCRIPTION

Unlike other Intel® MOS ROMSs, 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 factthataccess 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 GE “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 CEin Figure 1. The
addresses 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
can change without affecting the data that will be sensed.

The internal cycle then proceeds, resuiting 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
gu_ffer 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 (GE or CE) that is raised toa high
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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 it is 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" tlow) 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, fcc, has three segments that are of
concern tothe 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 Icc2) 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.

- -
An o—0—a, 0 - -
A1) O ) u- D -

Ao y.—-—x\-//—- “Sam
Ag N’ e

Ay Ot —— v.._v-

Ot —-——-—r N -

Ag O—e ~ e -~

o —n: !

4%

GND
[ C?
+5 ° —
° ° COMPONENT SIDE
o0o0o00 00000
gf.,\; 1 Op 010,03 CE4 04 05 O 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 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.

A7E-1—\j-7:chc Avcj_\j-_::chc
Al 2 23[1As Al 2 23[1As
A3 22[] Aq As(] 3 22[]As
Al e 211 Ver A e 21 Ver
amlbds 20 0E A s w3 oE
a2[]s 2758 12[cno a2[]e 2716 19340
mOr 18[1CE a7 18] CE
e 17[Jor A s w07
0[] e 16(106 oo 16106
o110 15[]0s o1 w0 15105
oz n 14 {104 o, n 14 {104
GND[ 12 1pos 6Np [ 12 13103

Ne[]1 ~ 28 Vvee

A2l 2 27 0cs

A7 ~ u EVCC ar[]a 26 [1cs
a2 230 Ag a4 25 [ae
asf]a 22[1Ae as[]s 24 aq
¥ s 21{JAn als 23[]An
als 20 [JOEver a7 22 [OE
nde 202 SR e 284 S
a7 2332 shcE al]e 20 ACE
al]s whor asl] 10 1910
¥ K] 16 [106 o1 18 [19s
o1 10 1s[J0s Ll m NP4 17 1%
o n 14104 02012 16 [J0a
GND[] 12 13[J03 GND[] 14 15 103

FIGURE 3. THE COMPATIBLE EPROM/ROM FAMILY.
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- 2364
64K (8K x 8) ROM

| Single +5V * 10% Power Supply m Edge Enabled With Static Array

m Pin Compatible to Intel® 2716/2732 | Inputs and Outputs TTL Compatible
EPROMs and 2332 ROM m Three-State Output for Direct Bus

® 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® 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 sepa‘ra;é
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 systefn devéldpment 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
U DATA OUTPUTS

NC. 1 28[3vce vcc o— 00-07
A12[] 2 27(]csy GND 0———= —_—

- T

A ] 4 25{) As CS2 —| CS,OF, AND ||

OE —| CE LoGic
as[]s 24 [1Ag GE—1 —=| outPuT BUFFERS
(1

Aa[]s 23] An — Y .

A7  22[10E Ag-Aty [ 2| pecoper |-°.| Y.GATING

A ADDRESS —

2(] 8 210 A10 VAT —

a1 20 [1CE =] X . 65,536-BIT

Ao 10 wpor i =3 DECODER : CE_LL MATRIX

oo 11 18 {106 —

01 12 17{J0s

02[]13 16104
GND[] 14 15{])03

PIN NAMES

Ap-A12 | ADDRESSES a
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
L) Input Load Current 10 nA VIN =0 to 5.5V
(All Input Pins)
ILoH Output Leakage Current 10 uA Chip Deselected,
Vout = 5.5V
ILoL Output Leakage Current -20 nA Chip Deselected,
Vour = 0.4V
Icci Vcc Standby Current 15 mA | CE=2v
Icc2 Vcc Average Current 40 mA tcyc = 400ns
ViL Input “Low"” Voltage -0.5 0.8 \"
VIH Input “High" Voltage 2.0 Vce+1.0V \
VoL Output “Low" Voltage 0.4 v loL =3.2mA
VoH Output “High" Voltage 2.4 Vv loH = -400uA
NOTE: 1. Typical for Ta = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS
Ta=0°C to +70°C, Vcc = 5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. Typ.(1) Max. Unit Test Conditions
tcve CE Cycle Time 400 ns | tcyc = tceMax) +
tcc(Min)
tas Address, CS1 and CS2 to 0 ns
CE Setup Time
tAH Address, CS1and CS2Hold 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

Output Load 1 TTL Gate and C_ =100 pF

Input Pulse Levels . . . .. ............... 0.8t0 24V
Input Pulse Rise and Fall Times (10% to 90%) . . ... 20 ns
Timing Measurement Reference Level
INpuUt . .. 1V and 2.2V
OUtPUL . . . . i e e 0.8V and 2.0V

A.C. WAVEFORMS "]

CAPACITANCE!"Y 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 | 15 pF
‘ | Test Tied to AC Ground
NOTE: 1. This parameter is periodically sampled and is not 100%

tested.

4 5
ADDRESSES, ADDRESSES VALID ADDRESSES, CSq, and CS;,
CS,, and CSy AND CS1 =CS2 =V MAY CHANGE
7 4+
tcve
tas tan {a00} tee
(o) (50} (100)
o x
£ G ~
(13
{300 MAX:)
* \ /|
e
w0el3 '
tacc!3) (120 MAX.) twpEl2]
(300 MAX) L (70 MAX.}
s
HIGH Z HIGH Z
OQUTPUT H / / / / 7 VALID QUTPUT }
AN NN N
NOTES:

1. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE nsec UNLESS
QOTHERWISE SPECIFIED.

2. toe 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 resuiting 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 GEin Figure 1. The addresses and chip selects must be
held stable for a minimum of tau 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 butfer. 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

5-145



ViL
t = 200ns/DIV
60

40
Icc [L leez
(mA) 20

lccr \

0

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 wheniitis 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, resutfting 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, icc, has three segments that are of
concerntothe 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 icc2) 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.

A o - -\T" ~ = —\_ -
e e -
Ag y :

:s —_GT— —S ~-n
e s e

o= \-/_— ‘
AEHW.‘__H‘“ — ] I
A5 O—b | | W L N T— -5

Ay O T " o ~ =T n/____,\-"--
As iy “—-—\_/—-

Az O————s | | | Ens T Nae
Ay Om———s | ;—W—“‘ " SN
o - | ——— = es

GN:; : 5 e $,C28
e M | COMPONENT SIDE | |
06600 eecoo
REV 1 0p 070203 CE, 0405 Og O BE2

3/718

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.

a1 Vee Az 1 = 24 [ Wee
as(] = Ag g 2 23 [0 ma
As[] 3 Ag SN 22 [0 e
Aa] 4 Vep L*w [ e
A s O #0s [ 58
a6 GND &0 2716 wsn
ar] 7 € a7 18 [0 8
a(]s =3 sl 8 o
ol s Og [ ] 1610
o[ g o, o 15 6
o, [} | @ O n 14 []0s
GND ] 03 sno g 1z 13 [10s

{

e ] 28 |1 Vee

2] 2 27 s

A ~ 24P0vec a3 26 []cs
agl] 2 23] Ag 2g] 4 E 3 WS
As[] 3 22 Qﬂq As[:;ﬁ 241‘]1&9
Asl] 4 21jJAn A6 23 Jan
als 20308 ma[]? 72 [T
A2{]s 2732 191 Ao 4[] 2364 21 ] Ao
a]? 2332 gqcE e 20 [A%F
s K wdo A0 1oy
(s K} 1606 o n 18 106
[S¥ BT 157 0s [*H» RH 17 [10s
o n 14004 0] 13 16 POA
ano [ 12 13]0s Gno (] 14 15 [J 02

FIGURE 3. THE COMPATIBLE EPROM/ROM FAMILY.
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2616*

16K (2K x 8) FACTORY PROGRAMMABLE PROM

a Single + 5V Power Supply

m Low Power Dissipation

525 mW Max. Active Power

132 mW Max. Standby Power

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

m Pin Compatible to Intel® 2716 EPROM
and 2316E ROM

m Fast Access Time — 450 ns Max.

= Inputs and Outputs TTL Compatible

m Completely Static

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*

azcfr = aafyvce
Ag Cf2 23 ‘]As
asf= 22|49
Aq T4 21f3vep
a3[fs 20010E
AzCje 18]J410
argy? 18[7CE
agChe 1r|J07
Op Cj 5 161106
o1jwo 15[30s
o1 14704
GND [ 12 13703
PIN NAMES
Ag-Ag ADDRESSES

CE/PGM

CHIP ENABLE/PRCGRAM

OF

CUTPUT ENABLE

| %9

QUTPUTS

MODE SELECTION

PINS

MODE

CE
18)

OE
(20)

Vpp
t21)

Vee
(24)

OUTPUTS
19-11,1317)

Read

Viu

Vi

+5

+5

Pout

Standby

VIH

Don‘t Care

+5

+5

High 2

BLOCK DIAGRAM

DATA QUTPUTS

0-07
———
GND O——»
%E OUTPUT ENABLE
CHIP ENABLE OUTPUT BUFFERS
Y B Y-GATING
DECODER .
Ap—-A10 1
ADDRESS .
INPUTS | —H x . 16,384.BIT
—=| Dbecoben . CELL MATRIX
p—— M
.
]

*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, Vee!'l = +6V 5%, Vppl2) = Ve 0.6V

Limits

Symbol Parameter Min. Typ.m Max. Unit Test Conditions

tacc 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,_

tpr Output Enable High to Output Float 0 100 ns CE=V|_

toH Address to Output Hold ] ns | CE=0E=V,
Capacitance 0 Ta=25°C, f=1MHz A.C. Test Conditions:

Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C| = 100 pF

X Input Rise and Fall Times: <20 ns
4 =
Cin Input Capacitance 6 PF | Vin=0v 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 (5!
[ ADDRESSES )
ADDRESSES VALID
\ ce
CE
| (450VAX.)
OE
(6] —
| -— toE —
(120 MAX.) '[gl
(3 (100 MAX.)
tacc
(450 MAX.)
HIGH 2 //// HIGH 2
OUTPUT \\\\ VALID OUTPUT

NOTES: Ve must be spplied simultaneously or before Vpp and removed simultanaously of after Vpp.

Vpp may be connected directly to Vce. The supply current would then be the sum of Icc end Ippy.
Typical values are for T = 25°C and nominal supply voltages.

This parameter is only sampled and Is not 100% tested.

All times shown in praentheses are minimum times and are nsac uniets otherwisa specitied.

OE may be delayed up to 330ns after the falling edge of TE without impact oan tacC.

tOF is specifiad from OFE 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

Respectto Ground . . ............. +6V to -0.3V

READ OPERATION
D.C. and Operating Characteristics
Ta=0°Cto70°C, Vec!h2 =45V 5%, Vppl2l = Ve 0.6V

*COMMENT: Stresses above those listed under ‘‘Absolute Maxi-
mum 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 sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.

Limits i .
Symbol Parameter - @l Unit Conditions
Min. Typ. Max.
'] Input Load Current 10 HA Vin =5.25V
ILo Output Leakage Current 10 HA VourT = 5.25V
lpp1 (2] Vpp Current 5 mA Vpp = 5.85V
lee1!? | Vec Current (Standby) 10 25 mA | CE=Vy, OE=V,_
lecol? Ve Current (Active) 57 100 mA OE=CE = Vi
ViL Input Low Voltage -0.1 0.8 v
Vin Input High Voltage 2.0 Vet v
VoL Output Low Voltage 0.45 \% loL=2.1mA
Vou Output High Voltage 24 \% loy = -400 uA
NOTES: 1. V¢ must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directlg to V. The supply current would then be the sum of Icc and Ippy.
3. Typical values are for Ta = 25 C and nominal supply voltages.
Typical Characteristics
Icc CURRENT ACCESS TIME ACCESS TIME
vs. vs. VS,
TEMPERATURE CAPACITANCE TEMPERATURE
70 700 700
60 — 600 600
—
~
= cc2 ACTIVE CURRENT 500 500
CE=vIL Vee=5v
g a0 Vce=5v E 400 2 400
£ ° - g
o 2 L+ §
S 30 = 300 — = 300 ——
L _’_,__-—-—“‘"
» 1CC1 STANDBY CURRENT 0 20
=VIH
10 Vce=sv 100 100
o o o
) 10 20 30 40 50 60 70 80 ] 100 200 300 400 500 600 700 800 o 10 20 30 40 50 60 70 80

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 V.

TABLE I. MODE SELECTION

PINS CE OF Vep | vee | outputs
(18} 120) 21 | (24 | (911,137
MODE
Read viL viL +5 +5 OouT
Standby Vin Don't Care +5 +5 High 2
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 OE input
to a TTL high level.
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2716*
16K (2K x 8) UV ERASABLE PROM

a 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

— 450 ns Max. 2716 = Simple Programming Requirements

Single Location Programming

= Single + 5V Power Supply Programs with One 50 ms Pulse
.. = Inputs and Outputs TTL Compatible
s Low Power Dissipation .
— 525 mW Max. Active Power during Read and Program
— 132 mW Max. Standby Power s Completely Static

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmablé 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 2716, 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 5256 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’s single address location programming. Total programming time for all 16,384 bits is only 100 seconds.

PIN CONFIGURATION* MODE SELECTION
2716 2732"
PINS CE/PGM 3 vep | vec | outeuts
A gt vee . i) (201 @ | @4 | o1
a6 (2 Ag MODE
As 3 Ag
AsQa AN Read ViL Viu +5 +5 DouTt
a3Qs OV Standb: v Don't C 5 hz
a2ds a0 tandby M on't Care +5 Hig
a7 CE Program Pulsed V| to Vi Vin +25 +S OIN
Ao(s 07 Program Verity viL viL +25 +5 DouT
%0 Os Pro ibi i
gram Inhibit v v +25 +5 High 2
o E os L H 9!
0203 04
O;
eneg 2 BLOCK DIAGRAM
TRefer to 2732 v DATA OUTPUTS
cC O——e 00-07
data sheet for GNDo———= YR
specifications VepO——— I ] I ] 1 l I I
(3 OUTPUT ENABLE
CE/PaM CHIP ENABLE AND
PIN NAMES PROG LOGIC OUTPUY BUFFERS
—] M |
Ag-Ag ADDRESSES - DECODER . Y.GATING
CE/PGM | CHIP ENABLE/PROGRAM Ag-A10 1
= | —
OF OUTPUT ENABLE ADDRESS 1
INPUTS ®
0,0, | ouTpuTs = x . 16,384 81T
— DECODER . CELL MATRIX
e .
=
.

*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMSs. The
die, fabrication process, and specifications remain the same and are totally uneffected by this change.
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2716

TYPICAL 16K EPROM SYSTEM

Ag.15
ADg. >
07 1 8212
ADDRESS
ALE LATCH
=5 =
8085
512 x 8
0.C.
PROM
3604A
aan G
10/m [$X$) [4%§]
TT Veell

5 |

¢ This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused
signal. RD now controis data on and off the bus by way of OE.

e A selected 2716 is available for systems which require CE access of less than 450 ns for decode network operation.

e 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 PUM modular software concepts.

8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY
PRINTED CIRCUIT BOARD LAYOUT

4 ©
Az O=———m——=—=0'y ; :f- i
A A B g' - - ‘w» -
11 L 4
A0 0 —_— = —a=m -
Ag‘?’ = — Nam i
As — = —~— ] e
A7 Om—s : = B
o_é e ; o N Nam
- — —a Naw :‘
Ag Qo "B W F? - e
mo—e T e ant
Ay O—s ! v 2§
| 4 i
Ly !\
% &
it
44
1 oo | R ‘vL‘
+5 O % = S o = = -0
. . iy IEE
o C o . | iCOMPONENT&@E: : %g
000066 0000
Og 010203 CEq 04 05 Og 07 CE,
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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 a Inputs and Outputs TTL Compatible
Programs with One 50 ms Pulse during Read and Program
m Low Power Dissipation s 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 5256 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 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 single address location programming.

PIN CONFIGURATION* MODE SELECTION
o 1 —
P vee AN PINS B -
ek} CE/PGM Ap | OE | Vpp |Vcc | OUTPUTS
‘g:ﬁp e 119 | (201 | (21) | (24) [(8-11,1397)
0158 MODE AN ]
a1 4R
T ICE Read Vi Vielvicl +5 | +6 | Dour |
107 S _ :
& 008 Standby VK Vi Don't) o6 | 45 | High 2
Hos Care |
: g‘g“ Program Pulsed Vi to V5 | Vi | Vi | +26 | +5 Din
I 5 E—— =
Program Verify Vi Vie | ViL | +25 | +5 Dout
Program Inhibit Vie Vie [ Vin | *25 | +5 High Z
BLOCK DIAGRAM
vee DATA QUTPUTS
o— 09-07
PIN NAMES e o
- vppo——
Ag-Ag ADDRESSES l ] ] I [ ] l |
[CE/PGM | CHiP ENABLE/PROGRAM 3 OUTPUT ENABLE
OF OUTPUT ENABLE CE/PGM CHIP ENABLE AND
— out
[0g-0, | ouTeuts — ] PROG LOGIC UTPUT BUFFERS
A, | SELECT REFERENCE
R INPUT LEVEL ‘ y H Y.GATING
—{ oecopber .
Ag-A _—
ADDRESS —
INPUTS | ——f .
p—— X . 8192 BIT
——}  oecooer . CELL MATRIX
= .
=]
.
AR —nd "

*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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Absolute Maximum Ratings*

............. -10°C to +80°C
-65°C to +125°C

Temperature Under Bias
Storage Temperature
All Input or Output Voltages with
Respect to Ground
Vpp Supply Voltage with Respect
to Ground During Programming

+6V to -0.3V

+26.5V to -0.3V

*COMMENT: Stresses above those listed under ‘‘Absolute Maxi-
mum 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 sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.

READ OPERATION
D.C. and Operating Characteristics

Ta=0°Cto70°C, Vee!'2l = +5v £6%, Vpp!2l = Ve +0.6VI3]

Symbol Parameter Limits Unit Conditions
Min. Typ.[4] | Max

I Input Load Current 10 HA VN =5.25V

ILo Output Leakage Current 10 uA VouT = 5.25V

Ippq [2] Vpp Current 5 mA | Vpp = 5.85V

Icc12) | Ve Current (Standby) 10 25 mA |CE=Vy, OE=V

lcc2!2) | Ve Current (Active) 57 100 mA |OE=CE=vV;_

AR 5] Select Reference Input Level -0.1 0.8 \Y] iy =10 HA

ViL Input Low Voltage -0.1 0.8 \%

VK Input High Voltage 2.0 Vee +1 v

VoL Output Low Voltage 0.45 \") loL =2.1mA

Vou Output High Voltage 24 \% lon = -400 uA
NOTES: Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

voltage level of V|yinstead of V| .

Typical Characteristics

Vpp may be connected directly to Vg except during programming. The supply current would then be the sum of Icc and Ippq.
. 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.
. Typical values are for Tp = 25°C and nominal supply voltages.

. AR is a reference voltage level which requires an input current of only 10 uA. The 2758 S1865 is also available which has a reference

Icc CURRENT ACCESS TIME ACCESS TIME
vs. vs. vs.
TEMPERATURE CAPACITANCE TEMPERATURE
70 700 700
60
—~ ] 500 600
el
\\—_
s0 1CC2 ACTIVE CURRENT 500 500
CE-ViL Vee =5V
= Vee =5V =
g < £ 400 Z 400
= Q L —1 o
1 g = 8
S 0 = 300 o < 300
1
T —T]
L |cc|srA_Lnav CURRENT 200 200
CE=Vin
Vee =5V
10 - cc 100 100
[ 0 0
0 10 2 30 4 S0 6 70 8 0 100 200 300 400 500 600 700 80O 0 10 20 30 4 50 60 70 80
TEMPERATURE (“C) CL (pF) TEMPERATURE (C)
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2758

ERASURE CHARACTERISTICS

The erasure characteristics of the 2768 are such thart erasure
begins to accur 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
highting could erase the 1ypical 2798 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 fram
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 aof 2637 Angstrams (&), The
integrated does [(i.e., UV intensity X exposure time] for
erasure should be a minimum of 16 W-sec/cm?2, The erasure
lime with this dosage is approximately 15 to 20 minutes
using an ultraviclet lamp with 12,000 uW;‘cm2 power
rating. The 2758 should he placed within 1 inch of the
lamp rubes during erasure. Some lamps have a filter on their
tubes which should be removed belore erasure.

DEVICE OPERATION

The five modes of operation of the 2758 are listed in Table
1. It should be naoted that all inputs for 1the five modes are
al TTL levels, The power supplied required are a +5V Vg
and a Vep. The Vpp power supply must be at 26V during
the 1wo programming modes, and must be at 5V in the
other three modes. In all operalional modes, Ap Must be
al V) {except for the 2758 51865 which has Ap at V 4}

TABLE I. MODE SELECTION

FINS
CE/PGM Ap | OF | Wep |Vee | OUTPUTS
£18] 1191 | 420 | 2% | (24l |i9-13, 137
MODE Y
Riad v Vil [ v | +5 | +s DouTt
Standby Yin v (22" 5 | 45 Hgn 2
Care
Pragram Pulsed W\ ¥y | Vi | ¥ | *25 | #5 D,
Program Verty ' v v [25] #5 Dot
Progeam (nhibif Vi YL [ Vi | ¥25 | 45 Hgh 2
READ MODE

The 2758 has two control functions, both of which must be
logically satisfied in order 1o obtain data at the outpuls.
Chip Enable [CE]) is the power contrel and should be used
for device selection, Oulpur Enable {5@} is the output
control and should be used to gate data to the cutput
pins, independent of device selection. Assuming Lhat
addresses are stable, address access time (1a4¢cp) Is equal to
the delay from CE to output {teg) Data is available at
the outputs 120 ns (toe} after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for al least tagc — log-

STANDBY MODE

The 2758 has a standby mode which reduces the active
power dissipation by 758%, 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 27585 may be OR-tied toge-
ther on the same data bus. Only one 2758 should have its
output selected {OE low} 10 prevent data bus contention
between 2758 in this configuration, The outputs al the
other 27585 should be deselected by raising the QE input
to a TTL high level,

"PROGRAMMING

Initially, and after each erasure, all bits of lhe 2758 are in
the “1" s1ate. Dara is introduced by selectively program-
ming "0's” into the desired bit locations, Although only
"0’ will be programmed, both “1's"" and "'0's" can be
presenled in the data word. The only way 1o change a "0
to a “'1" is by ultraviolet light erasure.

The 2768 is in the programming maode when Lhe Vpp
power supply is 2t 25V and OF is al V4. The data to be
programmed s applied 8 bits in parallel to the data output
pins, The levels required for the address and data inputs are
TTL.

When |he 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
|ocation 1o be pregrammed. You can program any location
at any time — either individually, sequentially, or al ran-
dom. The program pulse has a maximum width of 55 msec.
The 2758 must be programmed with 8 DC signal applied
to the CE/PGM input.

Programming of multiple 2758s in parallel with the same
data can be easily accomplished due 1o the simplicity of
the programming reguirements. Like inputs of the paral-
lelled 27585 may be connected together when they are
programmed with the same data. A high level TTL pulse
applied 10 the CE/PGM input programs the paralleled
2768s.

PROGRAM INHIBIT

Programming of multiple 27585 in parallel with different
data is also easily accomplished, Except for CE'J’PGM, all
like inpursfincluding OE) of the parallel 2758 may be
common. A TTL level program pulse applied to a 2758%
CE/PGM input with Vpp at 26V will program that 2758,
A low level CE/PGM input inhibits the other 2758 from
being programmed.

PROGRAM VERIFY

A verify should be pertormed an the programmed bits to
determine that they were correctly programmed. The venify
may be performed with Vpp at 25V, Excepl during pro-
gramming and program verify, Wpp must be at by,
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3604A, 3624A FAMILY
4K (512 x 8) HIGH-SPEED PROM

3604A-2 | 3604A
3624A-2 | 3624A | SS04AL

Max. Tp(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) --32 uW/Bit Max

= Open Collector (3604A)
or Three State (3624A)
Outputs

s 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 PROMSs 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 available. 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.

Mode/Pin Connection Pin 22

Pin 24

READ: 3604A, 3604A-2

3624A. 3624A-2 No Connect or 5V

Y

3604AL +5V Must be Left Open
PROGRAM: 3604A, 3604A-2

36244, 3624A-2 Pulsed 12.5V Pulsed 12.5V

3604AL Pulsed 12,5V Pulsed 12.5V

STANDBY: 3604AL

Power dissipation is automatically
reduced whenever the 3604AL
is deselected.

PIN CONFIGURATION

od: P e
«d: [ J a0 wser
~d> 2Pvesr
ate »Pa.
odds sha.
= whes,
~q whies.

| B

wsa 0. wBo,
0w s[Joc
od]n wBos

aon uPo

BLOCK DIAGRAM

oataOUTY

oaraoure

PIN NAMES

Ap-Ag ADDRESS INPUTS

C5,-C5; (1]
CS3—Cs, |~ CHIP SELECT INPUTS

01-0g DATA OUTPUTS

[1] To select the PROM CS; = CS =0
and CS3 = CS4 = 1.

LOGIC SYMBOL

o,
s, o }—

e, o, }—

—ecs, o, t—

—a o, —

—- af—

—{a o fb—

—]. o }—

.. o b —

—a

—-

—

—~
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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 to +125°C *COMMENT

Storage Temperature .. .. ......... -65°C to +160°C Stresses above those listed under “Absolute Maximum
Output or Supply Voltages .. ....... -0.5V 10 7 Volts Rating’* may cause permanent damage to the device. This
All Input Voltages . . ................ -1.6t0 5.8V is a stress rating only and functional operation of the device
Output Currents ... .................... 100mA 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 Vo= +5.0V £5%, T,= 0°C to +75°C

Limits
Symbol Parameter Min. Typ.“] Max. Unit Test Condition§
lFA Address Input Load Current -0.05 | -0.25 mA | Vec=5.25V,Va =045V
Irs Chip Select Input Load Current -0.05 -0.25 mA | Ve =5.25V, Vg =0.45V
IrRA Address Input-Leakage Current 40 MA Vce = 5.25V, Va = 5.25V
Irs Chip Select Input Leakage 40 MA Vce =5.25V, Vg = 5.25V
Current
Veca Address Input Clamp Voltage -0.9 -1.56 v Ve =4.75V, 14 = -10 mA
Vcs Chip Select Input Clamp | -0.9 -1.5 \ Vee=4.75V, 1s=-10 mA
Voltage
VoL Output Low Voltage 0.3 0.45 v Vec=4.75V, lgL = 15mA
lcex Output Leakage Current 100 uA Vcce = 5.25V, Vg = 5.25V
Icer Power Supply Current (3604A, 130 170 mA | Vger =525V, Va2 Vag =0V,
3604A-2, 3624A, and 3624A-2) CS1=CS2=0V, CS3 = CS4=5.25V
lcc2 Power Supply Current (3604AL) Vee2 =_5.25V, Vcet = Open
Active 100 130 mA | CS;=CS=0.45V,CS3 =CS4 =24V
Standby - 15 25 mA | CS;=CS,=25V
Vi Input “Low" Voltage 0.85 \ Vce = 5.0V
ViH Input “’High” Voltage 2.0 \ Vce = 5.0V
3624A FAMILY ONLY
Symbol Parameter Min. | Typ.(1] Max. Unit Test Conditions
ol Output Leakage for High 100 uA Vp=5.25V oi).45l,
Impedance Stage Vec=5.25V,CS,=CS»=2.4V
Igc (2] Output Short Circuit Current -20 | -25 -70 mA Vo = OV, Vg = 4.75V
VoH Output High Voltage 24 \% lon=-2.4mA, Vcc =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 ¢ = +5v 5%, Ts = 0°C to +75°C

MAXIMUM LIMITS (ns
SYMBOL PARAMETER (ns) UNIT TEST CONDITIONS
3604A-2 3604A
3624A-2 3624A 3604AL
tAss, ta__ CSy=CSy=V,_
t t Address to Output Delay 60 70 90 ns and CS3 =CS, =V
Ats ATt : to Select the PROM
ts++ Chip Select to Output Delay 30 30 30 ns
ts—- Chip Select to Output Delay 30 30 120 ns
Capacitance '’ 1, - 25°c, t = 1 MHz
LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF Vee =5V VN =25V
Cins Chip-Select Input Capacitance 6 10 pF Vee =5V Vin = 2.5V
Cout Output Capacitance 7 15 pF Vee = 5V VouTt = 2.5V
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
Input pulse rise and fall times of 30092
5 nanoseconds between 1 volt and 2 volts
Speed measurements are made at 1.5 volt levels 30pF 60092
Output loading is 15 mA and 30 pF
Frequency of test - 2.5 MHz =
Waveforms
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY

ADDRESS ! \
INPUT 1.5V 1.5V =< e
/ k Cs,.Cs, 15V \\

OouTPUT 1.5V 1.5V CS;, CS, 7/_1_5\,

tass == th— —*=

—
1.5V
OUTPUT 1.5V 1.5V ouTPuT
ts__—=1
(A,_ —— ta_s—=
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intel
3605A, 3625A
4K (1K x 4) PROM

3605A-1, 3625A-1 50 ns Max.
3605A, 3625A 60 ns Max.

s +=10% Power Supply Tolerance a Open Collector (3605A) and Three-State

m Fast Access Time: 40 ns Typically (3625A) Outputs

= Lower Power Dissipation: 0.14 mWIBit g po|ycrystalline Silicon Fuse for Higher

Typically Reliability
a Simple Memory Expansion Two Chip
Select Inputs a 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 poard areas as 512 by 8-bit PROMs in 24-pin
packages. h

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.
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Absolute Maximum Ratings*

Temperature Under Bias . . .. ....... -65°C to +125°C *COMMENT

-]
Storage Temperature .. ........... -65°C to +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 t0 6.5V is a stress rating only and functional operation of the device
OutputCurrents .. ..................... 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 Ve = +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 Vce=5.5V, Vao=0.45V
133 Chip Select Input Load Current -0.05 | -0.25 | mA Vee=5.5V, Vg=0.45V
IRA Address Input Leakage Current 40 HA Vee=55V, Vp = 5.5V
Irs Chip Select Input Leakage 40 HA Vee=5.5V, Vg = 5.5V
Current
Vea Address Input Clamp Voltage -0.9 -1.5 \% Vcc=4.5V, 1o=-10mA
Ves Chip Select Input Clamp -0.9 -1.5 \% Vec=4.5V, I1s=-10mA
Voltage
Voo Output Low Voltage 0.3 0.45 \% Vce=4.5V, lgL=15mA
lcEx 3605A Output Leakage Current 40 MA Vce=5.5V, Vceg=5.5V
Icc Power Supply Current 110 140 mA Vce=5.5V, Vao-+»Vag=0V,
C5,=CSp=Vin
ViL Input “Low’* Voltage 0.85 \%
Vin Input *‘High” Voltage 2.0 \%
3625, 3625-2 ONLY
Symbol Parameter Min. | Typ.(1] Max. Unit Test Conditions
liol Output Leakage for High 40 uA Vp=5.5V or~0—,45\i
Impedance Stage Vcc=5.5V, C51=CS,=2.4V
ISC[” Output Short Circuit Current -20 | -35 -80 mA Vo = 0V
Vow Output High Voltage 24 % loH = -2.4mA, Ve = 4.5V

NOTES: 1. Unmeasured outputs are open during this test.



3065A, 3625A FAMILIES

A. C. Characteristics v c - +5v £10%, T4 = 0°C to +75°C

Max. Limits
3605A-1 3605A ) .
Symbol Parameter 3625A-1 3625A Unit Conditions
tA++ tA-- .
Address to Output Delay 50 60 ns C5,=C5,=V,_
tas . ta-+
to select the
ts++ Chip Select to Output Delay 30 30 ns PROM.
ts_ - Chip Select to Output Delay 30 30 ns
Capacitance '’ 1, = 25°c, f = 1 MH:z
LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
TYP. MAX.
Cina Address |nput Capacitance 3 8 pF Vee =5V Vin= 2.5V
Cins Chip-Select Input Capacitance 4 8 pF Vee = 5V Vin = 2.5V
Cour Output Capacitance 5 10 pF Vee =5V Vour = 2.5V
NOTE 1: This parameter is only periodically sampled and is not 100% tested.
Switching Characteristics
Conditions of Test: 15mA TEST LOAD Vee
Input pulse amplitudes - 2.5V ﬁf
Input pulse rise and fall times of 33000

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

Waveforms
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MODEL 220

g CABLE BUS TO IP8 14
4 (’\i
80802
cpu
8228 8257 8253
SYSTEM 8K RAM K ROM ot INTERVAL
CONTROLLER TIMER A
H H J l W { H 19 <
\ 10c BUS /
4
N P10 BUS /

an
FLOPPY
CONTROLLER

8275
CAT KEYBOARD
CONTROLLER

||

PRINTER l

TAPE
PUNCH

TAPE
READER

110 CONTROLLER (10C)

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 1b (3 kg)
ELECTRICAL
DC Power Supply:
Volts Amps Typical
Supplied Supplied System Requirements
+ 52+5% 30 7.5
+12 5% 25 0.2
-12 +5% 0.3 0.05
-10 +5% 15 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).
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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.
/O Interfaces:
2 Serial 1/0 Channels, RS232C, at 110-9600 baud
(asynchronous) or 150-56K baud (synchronous). Baud
rates and serial format fully programmable using Intel
8251 USARTSs. Serial Channel 1 additionally provided
with 20 mA current loop.
Paraliel I/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




MODEL 220

EQUIPMENT SUPPLIED

Model 220 Chassis

Integrated Processor Board (IPB)

110 Controller Board (I0C)

CRT and Keyboard

250K-byte Floppy Disk Drive

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 (9800559)

ISIS-Il System User's Guide (9800306)

Hardware Reference Manual (9800556)

Hardware Interface Manual (9800555)

8080/8085 Assembly Language Programming
Manual (9800301)

I1SIS-1l 8080/8085 Assembler Operator’'s Manual
(9800692)

Monitor Source Listing (9800605)

Schematic Drawings (9800554)
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MODEL 230

The diskette controller consists of two boards, the
Channel Board and the Interface Board. These two PC
boards reside in the Intellec Series Il 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/0 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 || 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 1b (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
* +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).
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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: M2FM

EQUIPMENT SUPPLIED

Model 230 Chassis

Integrated Processor Board (IPB)

110 Controller Board (I10C)

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-I1 System Diskette with MCS-80/MCS-85 Macro
Assembler

A Guide to Microcomputer Development Systems
(9800558)

Installation and Service Guide (9800550)

ISIS-ll System User's Guide (9800306)

Hardware Reference Manual (9800556)

Hardware Interface Manual (9800555)

8080/8085 Assembly Language Programming
Manual (3800301)

ISIS-11 8080/8085 Assembler Operator’'s
Manual (9800292)

Monitor Source Listing (9800605)

Schematic Drawings (9800554)
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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-Il 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 tor the user.

The ISIS-Il 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 file

S.

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.
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ISIS-Il DISKETTE OPERATING SYSTEM

ISIS-Il 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-Il 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 PL/M 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-ll LINKER. Several libraries,
each containing its own set of routines, can be created.

SIS
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1SI1S-1n
S FORTRAN-80 FORTRAN-80 R e € PROGRAM
= . —
eomoR SOURCE COMPILER ot UIBRARIES |
\
\
i DEBUG
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v
SIS RELOCATABLE ),
. PLIM-80 PLIM
TEXT - »| ossEcT ¢ LNKER | locate | —|
A SOURCE COMPILER SoiEcT
4
OPTIONAL
ICE-80"
— ICE-85™
IN-CIRCUIT
EMULATOR
1S1S-11 /
1SIS1 ASSEMBLY ReLocaTing RELOCATABLE |/
TEXT LANGUAGE MACRO 0BJECT
EDITOR SOURCE ASSEMBLER MODULE

-] PROM
PROGRAMMER

PROGRAM DEVELOPMENT FLOW USING ISIS:-1l DISK OPERATING SYSTEM







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

P.L/M-80 is an advanced, high-leve! programming language for Intel® 8080 and 8085 Microprocessors, iSBC-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 etfective 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 PL/M statements are necessary for a given application than if it were programmed at the assembly language or
machine code level.

Since PUM programs are problem oriented and more compact, programming in PLUM results in a high degree of pro-
ductivity during development efforts. This transiates into significant reductions in software development and mainte-
nance costs for the user.

intal ®
e LOUBIE vensTy
o













|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 /O facilities Extends ICE capabilities to the rest of the proto-
. type system peripheral circuitry by allowing the

Provides 1023 states of 8085 trace data plus 18 user 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 prototype 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, /O 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.
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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.

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.

GO Initiates real-time emulation and controls

emulation break conditions.

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-B5 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-85 can generate sig-
nals on these lines which may be used to control other
design aids.

BREAK REGISTERS/TRACE MEMORY

ICE-B5 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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SDK-85
MCS-85" SYSTEM DESIGN KIT

Complete Single Board Microcomputer
System Including CPU, Memory and I/0
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
Intertaces Directly With TTY

Interactive LED Display and Keyboard
Large Wire-Wrap area for Custom

Comprehensive Design Library Included
Low Cost

The MCS-85 System Design Kit (SDK-85) I1s 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 utitities
and system diagnostics.

The SDK-85 includes 6 digit LED display and 24 key-keyboard for adirect insertion, examination and execution of auser's
program. In addition, it can be directly interfaced with a teletype terminal.

The SDK-851s an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to
the user’'s application.

N

L5

o

2.

veoT

wr ¢ D E F
a ? : ? A
w2 8 I
wr wme O L 2 3
?§ B L

621






SDK-85

The SDK-85 is designed around Intel's 8085 Micropro-
cessor. The Intel® 8085 is a new generation, complete 8-
bit parallel centrai 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 altows a minimum system of three
IC's: 8085 (CPU), 8156 (RAM) and 8355/8755 (ROM/
PROM).

The 8083 incorporates’ all of the features that the 8224
(clock generator) and 8228 (system controller) provided
for the 8080, thereby offering a high level of system
integration.

The 8085 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 8155/8156/8355/8755 memory
produots allows a direct intefface with 8085.

I -

PETEB RET 7B

INSIDE THE 8085:

B 8817 INTEANAL DATA BUS
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e A E [ 1 e
4 L4 : I
accumutaton] [ TEmr. REG. INSTRUCT ION -~
(A REG) (8] {8 L . AEGISTER (8
FLAG (5} ,
FLIP FLOPS ~ '
- INSTRUCTION A7
. DECODER |
ARITHMETIC ‘»‘AND . i i
MACHINE REGISTER 15
CYCLE * ARRAY
, ENCODING "
FOWER [ —w +5V_ oy
BUPFLY | —a GND '
TIMING AND CONTROL
X CLK
X2+ aen CONTROL STATUS DMA __ IRESET. . .
' BRI ‘ 1
CLK OUT B WR ALE S §; 10/M HLDA | RESET OUT " L ANE ﬁ;-g' AD;-ADg :
READY HOLD  RESETIN ‘. ApbDR §§?, tS ADDRESS/DATA BUS
- . 9
v A ‘o Yo op
e SEVEN 8BIT REGISTERS. SIX OF THEM CAN BE LINKED ® 16-BIT STACK POINTER (STACK IS MAINTAINED

IN REGISTER PAIRS FOR CERTAIN OPERATIONS.
e 3BITALU.

OFFBOARD IN'SYSTEM RAM MEMOR Y},
e 16BIT PROGRAM COUNTER.

8085 INSTRUCTION SET summary of Processor Instructions

Instruction Codell| Clockj2| . ) . Instruction Code|1| Clock(2]
Mnemonic Description 0; O 05 Dg O3 Dz 8; Dg Cycles | Mnemonic Description O; Og Ds Dg O3 Dz Dy Og Cycles
MOVE. LOAD. AND STORE | STACK 0OPS- g k
MOVr112 Move register toregister 0 1 D D D S S S 4 PUSH B Push register Par8& 1 1 0 0 0 1 0 1 12
MOV M.r Move register tomemory 0 1 1 1 0 S § § 7 . C on stack )
MOV .M Move memory toregister 0 ! D O D 1 1 0 7 PUSH D Push register Pair D & 1 0 10t 01 12
MvI ¢ Move immediate register 0 0 D0 D D 1 1 0 7 E on stack
MVI M Move immediate memory 0 0 1 1 0 1 1 0 10 |TUSHH i”os: feasster ParHs 11 1001012
Lx8 ;:;’rds"grzed'a'e regiser 00 00 00 0 1 10 e psw Push A and Flags T 1110101 12
on stack ¢
LXI D Load immediate register 0 0 0 t 0 0 0 1t 10 POP B Pop register Pair B & 1100000 1 10
Pair D& E C off stack
LXi H Load immediateregister 0 0 1 0 0 0 0 1 10 POP D Pop register Pair D & 110100 0 f 10
Pair H& L E off stack
STAX B Store A indirect 000000 10 7 fpopy Pop register PairH& 1 1 1 0 0 0 0 1 10
STAX D Store A indirect 00010010 7 L off stack
LDAX B Load A indirect 6 000 T°tYO0O 10 7 POP PSW Pop A and Flags 11 10 0 0 1 10
LDAX D Load A indirect 0001t to to 7 off stack
STA Store A direct 001100t 0 13 XTHL Exchange top of T 11000 1 1 16
LDA Load A direct 001 11010 13 stack H& L
SHLD Store H & L direct 000 1000 10 16 SPHL H & L to stack pointer 11 1 10 01 6
LHLD Load H & L direct 0010101 0 16 LXI SP Logd immediate stack 001100 01 10
XCHG Exchange DEEH&L 1 1 1 0 1 0 1 1 4 pointer
Registers INX SP Increment stack pointer 0 0 1 1t 0 0 1 1 6
0CX SP Decrement stack 001t 1 1011 6
pointer
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8085 INSTRUCTION SET Summary of Processor Instructions (Cont.)

Instruction Codel1| Clock|2| Instruction Code(1} Clock[2]
Mnemonic Descriplion 0; D Os Dy D3 D 0; Dp Cycles | M i Description 0; Dg D5 Dg D3 Oz O; Op Cycles
JUMP
JMP Jump unconditional 1t 10000 1 1 10 DAD B AddB&CloH&L 000O0TOOT1 10
JC Jufp on carry 1t 1 0 1 10 1 0 7/10 DAD D AddD&EtoHA&L 000 1100 1 10
INC Jump on no carry 110100 1 0 7/10 DAD H AddH& LtoH& L 0010100 1 10
JZ Jump on zero 1 100 1 0 1t 0 7/ DAD SP Add stack pointer to 0011t 100 1 10
INZ Jump on no zero 11000 0 1 0 7/10 - H&L
JP Jump on positive 1 11 10 0 10 710 SUBTRACT
JM Jump on minus Tt 11 1 1 0 1 0 7/10 SUB r Subtract register 1001 0SS S 4
JPE Jump on panty even 1110 1 0 10 710 from A
JPO Jump on parity odd 111000 1 0 7/10 SBBr Subgract register from 1001 1SS S 4
PCHL H& L to program 11101001 6 A with borrow
counter SUB M Subtract memory 1 00 1t 0 1t 10 7
from A
CALL SBB M Subtract memory from 1001 1 1 1 0 7
CALL Call unconditional 1100 1 10 1 18 A with borrow
cc Call on carry Tty o1 1100 918 sul Subtract immediate T1 010110 7
CNC Call on no carry 110 1 0 1 0 0 9/18 frem A
Ccz Call on zero 1100 1 1 0 0 9518 SBI Subtract immediate 1101 1 1 10 7
CNZ Call on no zero 11000 1 00 9/18 from A with borrow
cP Call on positive 1 1 1 1 0 10 0 9/18 LOGICAL
(9] Cail on minus T 1t 1 1 1 1 0 0 9/18 ANA r And register with A 101 00S S S
CPE Call on panty even Tt 110 11 0 0 9/18 XRA 1 Exclusive Or register 10101 S S S 4
cPO Call on parity odd 1 1100 1 00 9/18 with A
RETURN ORA r Or register with A 101 10SSS 4
RET Return 1100100 1 10 CMPr * Compare register withA 1 0 1t 1 1 S S S 4
RC Return on carry 11011000 g12 ANA' M And mgmory with A t 01001 10 7
RNC Return on no carry 1101 0 0 0 0 6/12 XRA M Evflcr:u:we Or memory Poro o 7
RZ Return on zero 1100 1 00 0 6/12 ORA M Or memory with A 1 o1 10110 7
RNZ Return on no {ero 11000000 612 CMP M Compare memory withA 1 0 1t 1 1 1 1 0 7
RP Return on positive T 10000 612,y And immediate with A~ 1 1 1 0 0 1 1 0 7
RM Return on minus Tttt 000 62 XR1 Exclusive Or immediate 11 101t 1 10 7
RPE Return on parity even 11t 1 0 1 0 0 0 6/12 with A
RPO Return on parity odd 111000 0 0 6/12 ORI Or immediate with A 1111 110 7
RESTART CPI Compare immediate LA S T TS TS B B R4
RST Reslart T 1 AAAT T 1T 1R with A
INCREMENT AND DECREMENT ROTATE
INR T Increment register 00DDDTI100 4 RLC Rotate A left cooo0o0 111 4
DCR r Decrement register 0 0DDD 10 1 4 RRC Rotate A right ocoo0oo0 1111 4
INR M Increment memory 00110 100 10 RAL Rotate A left through 000101 11 4
DCR M Decrement memory 00110 1 0t 10 carry
INX B Increment B & C 000000 11 6 RAR (F:{:’t?;e A night through 000 1t 1 1 11 4
registers
INX D Increment D & E 000100 1 1 6 SPECIALS
registers CMA Complement A 00 1o 1111 4
INX H Increment H & L 00100011 6 STC Set carry oot 1ot 4
registers CMC Complement carry 00 1 1 1 1 11 4
DCX B Decrement B & C 00001101 1 6 DAA Decimal adjust A 00t1oo 11 1 4
DCX D Decrement D & E 000 1T 10 11 6 INPUT/OUTPUT
DCX H Decrement H & L 0010 1o 11 6 IN Input 1 10 1 10 11 10
ADD out Output 1 1 01 0 0 1 1 10
ADD r Add register to A 1 000O0SSS 4 CONTROL
ADC r Add register to A 1000 1S 5SS 4 El Enable Interrupts Tt 1110 1 4
with carry DI Disable Interrupt 111 100 11 4
ADD M Add memory to A 100001 10 7 NOP No-operation 00000000 4
ADC M Aqd memory to A 1000 1 1 10 7 HLT Halt 01 1 10110 5
with carry
AD! Add immediate to A 110001t 10 7 NEW 8085 INSTRUCTIONS
ACI Add immed:ale to A 11001110 7 RIM Read Interrupt Mask 001 0O0O0O0TO 4
with carry SIM Set Interrupt Mask 001 100O0TUO 4
NOTES: 1. DDD or SSS: B=000. C=001. D 010. E 011. H 100. L- 101, Memory=110. A=111. *All mnemonics copyright
2. Two possible cycle times. (6/12) indicate instruction cycles'dependent on condition flags. ®|ntel Corporation 1977
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SDK-85 SPECIFICATIONS

Central Processor

CPU: 8085
Instruction Cycle: 1 3 microsecond
Tcy: 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 availabie 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/Qutput

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.
Parallei 1/0O: All signals TTL compatible.
Serial 1/0O: 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 1/0: 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 1n.
Height: 10 in

Depth: 050 in

Weight: approx. 12 oz.

Electrical Characteristics (DC Power Required
— Power Supply Not Included in Kit)
1.3 Amps

0.3 Amps (VTTY required only if
teletype is connected)

VCC 5V +5%
VTTY -10V £ 10%

Environmental
Operating Temperature: 0-55°C







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 1/O support when used
Development System and Intellec® Series |l with ISIS-Il 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 transiates 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 I1SI1S-1l Disk Operating Systems and produces efficient relocatable object modules that are compatible for linkage
with PL/M-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

ntgl®.
at BOUBLE DENSITY
~ e
S
o
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FORTRAN-80

SAMPLE FORTRAN-80 SOURCE PROGRAM
LISTING

¢

[l o]

ho— N
—_

ThI3 PROGERA

M IS AN EXAMPLE OF ISIS-II

FORTRAN-80 THAT

CONYERTS TEMPERATURE EBETWEEN CELCIUS AND FARENHEIT

PROGRANM
CHARACTIE
PRINT 1
FORMAT ¢

PRILT 2
FORMAT (

FORmMAT (

CONVRT
CHOICE,SCALE

R

' TEMPERATURE CONVERSION PROGRAMW',//,
¥' TYPE C FOR FARENHEIT 10 CELCIUS OR',/,
¥* F FQR CELCIUS TQ FARENHEIT!',//)

/o

A1}

CONVERSION? ',%)
READ {5,3) SCALE

1F (SCALE.EQ.'C']) THEN

PRIN

T 4

FORMAT (/,°!
RhEAL (5,¥%) DEGF
DEGC=5./9.¥DREGF-32.

WRITE (6,5) DEGF,DEGC

FORMAT (/,F7.2,"

PRIN

T &

FORMAT {/,!
READ {5,3) CHOICE
IF (ChROICE.EQ.'Y'} THEN
GOTO 10
(CHOICE.EQ.'N') THEN
CALL EaIT

ELSE

ELSE

END
ELSE IF
FRIN
FORM

Ir

GGTO 17

IF

ENTER DEGREES FARENHEIT?

AGAIN

{SCALE.EQ.'F')

T7
AT

(7,

ENTER DEGREES CELCIUS?

READ (5 ,%) DEGC
DEGF=9./5.%DEGC+32.
WHITE(6,8) DEGC,DEGF

FORMAT (/,F7.2,"

GOTG
ELSE

11

WRITE (6,9)

FORM

GO10
END IF
END

AT
10

(/,1H

SCALE
AT,

DEGREES FAREWHEIT =

(Y OR N)¥ ',%)

THEN

MGT A VALLID CHOICE

629

Il$)

'WF7.2,' DEGREES CELCIUS',/)

%)

DEGREES CELCIUS = '",F7.2,' DEGREES FARENHEIT',/)

RETRY!',/)



FORTRAN-80

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.

SIS H
[_’ LOADER
1S18-11 RELOCATABLE ‘
o e ToRee T [ comien, osdect e i
\ i
‘\ DEBUG
[ —— ViA
* MONITOR
18181 RELOCATABLE
E‘Y’IETXJH —1 :(';L"F‘"g% coPML;mEH - nt:g:)Eu?.TE —< LINKER >‘> LOCATE
‘4 OPTIONAL
i ICE-80™
— ] ICE-85'
B IN-CIRCUIT
! EMULATOR
ISIS-1) ;
1SI1S-1 ASSEMBLY RELOCATABLE
TEXT ] LANGUAGE [— OBJECT
EDITOR SOURCE MODULE
. PROM
PROGRAMMER
SPECIFICATIONS DOCUMENTATION PACKAGE
FORTRAN-80 Programming Manual (9800481)
OPERATING ENVIRONMENT ISIS-Il FORTRAN-80 Compiler Operator's Manual
Required Hardware: (9800480)
Inteltec® 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 and Double Density

— Single or Double Density
System console
— CRT or hardcopy interactive device
Optional Hardware:
Line Printer
ICE-80™, ICE-85™™
Required Software:

I1SIS-II Diskette Operating System
— Single or Double Density
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MCS-85™ APPLICATIONS

Digital Multimeter
Graphic Terminal

Programmable Video Game
Process Control System

Network Analyzer
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. TIMEROUT 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

A1-2

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 I/O
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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TRAN:
INTER

ISMIT RECEIVE
FACE INTERFACE

HLDA f——
HOLD ft—

INTR jt—— —

RST 5.5 ft————

MANUAL RESET

TRAP fo——

1\/7

.=
82 < 6 ~ < RAESET
] S AL %)
- v u
o o
GRND — 4
8085A I
= x1 = =
5
Vee = & o ° . c
< & 2 I
& ':,‘az'§§ < v 9 - aemew X2
< IREg¥ < IR R R R R
1]
@
e
(@) ) |z !
| ELe) ) SEE NOTE 2
é © | Vee ?
PROG/CE
Vee —>|ce
READY
cLk
Vec ——{ioR
) Aghi0
8355/8755A
RESET
10/M
WR
RD
“
ALE Pag-pA,; K PORT A (8)
-
I'N
ADGAD. .
) o7 PRGPE, ({ PORT B (8) >
L4
GRND v
CcE
Vee Veo
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g SEENOTES
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RESET A N
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A
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.
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‘\/'

NOTE 1: TRAP, INTR, AND HOLD MUST BE GROUNDED IF THEY AREN'T USED.
NOTE 2: USE I0/M FOR STANDARD 1/0 MAPPING, USE A15 FOR MEMORY MAPPED 1/0.
NOTE 3. CONNECTION IS NECESSARY ONLY IF ONE TwaiT STATE IS DESIRED.
NOTE 4: PULL-UP RESISTORS RECOMMENDED TO AVOID SPURIOUS SELECTION WHEN RD AND WR ARE

3STATED.

FIGURE 2 MINIMUM SYSTEM CONFIGURATION
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FIGURE 3 SMALL SYSTEM SCHEMATIC (similar to the schematic of Intel’s SDK-85)
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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 /0 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

|

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
(PPl) 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.)

of programmable 1/0.

8085A

RESET IN
TRAP

RST25
RST6,5
RST5,5
INTR

INTA

ADOR ADDR/DATA ALE RD WR 10/

RESET
our

RDY C!

So
LK

MEMR

HOLD HLDA

READY DRQ

[
DACK

DRO

1
DACK

DRQ

2
DACK |+

8257

(Ag-Arg)

el

8BIT

COMP.

8255 EN

<

HERREER

]

(&)

Iy

»

FIGURE 4 BLOCK MOVE, BLOCK SEARCH addition of an 8257 Direct Memory Access (DMA) con-
troller and an 8255 Programmable Peripheral Interface (PPl) 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 1is 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 O 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, Ay, 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) 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 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 acknowi-
edge (INTA). (Figure 6)

RESTART | VECTOR LOCATION
RST 7 38,6
RST 5.5 2Cq
RST 6.5 346
RST 7.5 3Cig
TRAP 24,6

FIGURE §

ADDRY/|
DATA < &) >

8085A
—]RST5.5

—=1RST6.5
INTA
—=]RST72.5

INTRj]=——“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.

*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 facilitates the use of a
decoder, such as the intel 8205.
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Figure 3. Intel EPROM/ROM Compatible Family.
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Figure 4. Traditional 16K EPROM Sysiem.
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MEMORY ACCESSING BEGINS HERE

teve
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re——1tan

100ns MINIMUM PROVIDED BY ALE
ON CS PIN OF PROM.
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FALLING EDGE LATCHES ADDRESS,
IGNORING ANY CHANGES IN BUS
SUCH AS SWITCHING FROM ADDRESS
TO DATA ON 8085A BUS.

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 demultipiex the 8085A bus!
To understand this it will be helpful to look at Figure 6. The
new ROMs; 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/EPROMs 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
RAMs, 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 8085A bus.
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This section uses the APR-1 2116 (multiplexed address 16K)
example modified for the 21174 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
if 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 (Ay-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 (74S174 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 8085A@ 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 8085A, 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 (timer 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 Ty 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 TRAg
time for data float.
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20 10 RET RETURN
690 TOTAL CYCLES (round up to 700)

Figure 8. Software Refresh.

6,250 available cycles - 700 to do refresh. Counter should count 5550
=15A4H for 8085A; 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. Therefore, for 8085A use DSA4H and for 8085A-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, Refresh requests can be made
on the DMA controlier 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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Figure 9. Detailed System Interface Schematic.
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3.125 vs. 5 MHz Considerations

The 8085A (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 8085A, 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 /O
operation, but even with this wait state system speed is still
30% higher than the 8085A without wait states. An example
wait 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.

—Clock (crystal) requirements The 8085A, A-2 requires the
following crystai 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 8085A.

—Memory and Peripheral Compatibility - Discussed in detail
in upcoming sections.

—Cycle dependent timings (Table 2)

Table 1. 8085A vs. 8085A-2.
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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 = 8085A 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 tRp (read to valid data in), tAp
(valid address to valid data in)and t| DR (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 1
8355
OR
8755A
ADp-AD7 K >
8085A
|
[
8155
8156
3.125MHz | 5MHz
trRD 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 tgrp and tap (L DR 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 8355/8755A
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 t| pR for the memory can
be determined using the data sheet timing delays for the
buffers.

tThis configuration is compatible with the edge enabled ROMs discussed
earlier.

3.125MHz 5MHz

250 100

500 275

390 200

(BUFFERS)

Ag-Ars

8085A

Do-D;

S1

DEMULTIPLEXED
ADDRESSES

DEMULTIPLEXED
DATA

\_‘t

Figure 15. Medium Buffered System.
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taAD MEMORY = tAD8085A — (8282 + 8205 delay) — (8286
delay) + transitional gain due to buffering”

=taD85 — (Tivov + t-) — (Tivov) + tCAPB”
= (5/2+N)T — 225 — 55 — 35 + 15

= (5/2+N)T — 300 (for 8085A)

(5/2+N)T — 225 (for 8085A-2)

where N = number of wait states and T = cycle time,
For minimum 8085A timing  500ns = tApD memory
8085A-2 timing 275ns = toAp memory

The 8085A timing parameter tp| was not taken into consider-
ation as the 8282 transfers information directly through with-
out concern of the address latch enable. tRp 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

= tRp 85 — (delay) — (TiIvOV) + ICAPB
= (3/2+N)T — 180 — 30 — 35 + 15
= (3/2+N)T — 230 (for 8085A)
(3/2 + N)T - 200 ns (for 8085A-2)

“tcAPB 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:

tCAPA - delay for a signal to leave the old logic level

tcapB - delay for a signal to complete the transition from the oid to new
logic level
where tcapA = 1/2 tcapB
MIN MAX
tCAPA 7ns 15 ns
tCAPB 15ns 30 ns

In the memory compatibility calculations tCAPB min is added on as spec sheet
values assume 150 pF loading and this system is not worst case, i.e., it has
buffering that reduces this loading to approximately 20 pf. Since the CAP =
130 pF and change in delay versus capacitance is 1/2 ns/pF min, tcApgMIN =
(.1 ns/pF) 130 pF = approx. 15 ns.

For minimum 8085A timing 250ns = tgp memory
8085A-2 timing  100ns = tRp 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

= tL DR —(delay)—(t--)—(Tyov)+!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 - taAD MEM
Chip select access -t DR MEM**
2142
Address access -tAD MEM
Chip select access -tLDR MEM**
Output enable - tRp MEM
ROM
2332, 2364 Address access -tAD MEM
Chip enables -tLDR MEM
Output enable - tRD MEM

**Chip selects for these static RAMs need not be qualified with ALE. 1f2114
or 2142 chip selects are generated directly from the address lines, the
relevant timing is tap MEM.

3.125 MHz

MINIMUM SYSTEM:

5MHz

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 relevant access
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 25 ns ea

CAS path (from ALE)  approximate delay
3 gates 7 ns ea
1 Flip Flop 15 ns
4 D Flip Flops 41 ns ea

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 25 ns

tCRP —20 ns

tRCD 35 ns 65 ns
tRSH 165 ns

tCSH 250 ns

tASR ons

tRAH 35 ns

tASC -10ns

tCAH 75 ns

tAR 160 ns

toff 70 ns

tRC 410 ns

tRAS 250 ns

tCAS 165 ns

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
—4ns
205 ns
410 ns
See Below*
720 ns
307 ns
198 ns

*There are two parameters that the processor “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 ofFf 70 ns max
8085A t(RAE 150 ns min

Therefore compatible as WR is used to deselect the 8216's.

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
10S Ons
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
23ns ™
Data held until next cycle
Data held until next cycle

MAX

**Data is not valid from the 8085A
until 40 ns atter WA 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
D flip flop 41ns 41ns (Min Ons for
{Timing Chain) Ons
3242 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.

. 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, WH 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.

. 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.

. Select a memory that meets this criterion.

. 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 LSI 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.

Bl
Ag-Ars
s0s1 ] ~10ns
jom —1 Rom WAIT READY
etc. T | N
L . |
100 ns AVAILABLE TIME TO
SET-UP READY
45V .
[e)
R
\ D 3} 3} o]
ALE P 74574
74574 _
a
tpd ~ 15ns tpd ~ 15ns
CLK OuUT

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 taD *150
'RA & twa 0 tca 60
8251A tow 150 tow 80
twp 0 two 60
tRR & tww 250 tcc *180
taR & taw 0 tac
‘RD 200 tRD *150
tRA 5 tca 55
wa 30 1cA 60
8253-5 tow 250 tow *180
twb 30 twb 30
RR & tww 300 tcc *130
Ry 1000 tqv b
AR & taw 50 tac 65
trRD 200 tRD *150
RA 0 tca 60
twa 20 tca 40
8255A-5 tow 100 tow 130
twp 30 twp 30
tRR & tww 300 tcc *130
trv 850 trv A
tAR & taw 0 tac 115
tRD 200 tRD *150
tRA & twa .0 tca 60
tow 200 tow 30
8257-5 two 0 two 60
tRR 250 tcc *180
tww 200 tcc 30
tAR 0 tac 115
taw 20 tac 95
taD 200 taD *350
trRD 150 tRD *200
ca 0 tca 60
8271 & tbw 150 tow 80
8273 twbp (V] twp 80
tRR & tww 250 tce *180
tac 0 tac 115
tRD 200 tRD *150
tRA & twa 0 tca 60
8275 tow 150 tow 80
twp 0 two 60
"R & tww 250 tcc *180
tap & taw 0 tac 115
tap 250 tap 300
'RD 150 tRD 200
tRA & twa 0 tcA 60
8279-5 tow 150 tow 80
'wp 0 twD 60
tRR & tww 250 tcc *180
tRCY 1000 tav .
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, tRD, tRR 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. tRry 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 (tRv).

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. /0
mapped I/O, which resuits 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 1/0,
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-Leve! Low-Level
Input Current Input Current
TTL (single load) 40uA 1.6mA
Schottky or HTTL 40uA 2.0mA
MOS 10uA 10uA
LSTTL (single load) 20uA 400uA

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 8085A
outputs, which may very well be excessive even if DC loading
is not. One may note that even though the 8085A 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 bytes 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-
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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
8085A. 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/ I/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 |/O could have been incorporated
using other output enables from the 8205.

Memory/1/0O 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)
00 0000 - O7FF
03 1800 - 1FFF

Since the monitor uses locations 10C8 through 20FF,
the stack pointer must be initialized to 20C8 or less.

8085A jump address Usage monitor mapped address

trap 24H TO 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

CODE LINES
; RESET CARRY AND
INITIALIZE ROTATE RIGHT
STACK POINTER THROUGH CARRY

DISABLE INTERRUPTS

18-23 § START COUNTER @ 3FFE NO

PULSE ONE SHOT
28-32 ENABLE INTERRUPTS YES
. ' ' ADD (N % FULL COUNT
- |eeruLL counT-1) 1F 0DD!
INTERRUPT I
36-37 FROM TEMP
SENSOR? SUBROUTINE SEARCH 18144
COMPARE MEMORY [+
— 0
TO COUNT .
i
!
STOP COUNTER
42-47 READ VALUE IN :
COUNT |
1 LESS THAN |
MEMORY? |
CALL COUNTER i
ADJUST ROUTINE |
|
{ INCR MEMORY POINTER _,l
LOOP 8 TIMES B
CALL SEARCH
ROUTINE l
DECREMENT 8 BYTE
COUNTER
ENTIRE
YES BLOCK SEARCHED?
50-74 SEARCH YES SOFTWARE MAP 79-82

SUCCESSFUL?

TEMP. IN DEG. C

EXPAND TEMP, DISPLAY
FOR DELAY PERIOD

BELOW
RANGE?

SUBROUTINE TQO LOW | SUBROUTINE TOO HIGH

_ QUTPUT 1's TO OUTPUT 1’s TO
101-105 PORT A 108-112| PORT B

L | e

MONITOR

Figure 18. Temperature Sensor Fiow Diagram.
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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 tow 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 8085A 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:

A1-29

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).

Pl ol

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 Cmp M 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 clear HL
DAD SP move SP to HL
SHLD SAVESP save sP
MOV H, B move Block move
MOV L, C Source address
SPHL To SP
XCHG Move Block move
address to HL
Loop POP B fetch four bytes from
POP D source store 1st byte
MOV M, C at destination
INX H
MOV M, B 2nd
INX H
MOV M, E 3rd
INX H
MOV M, D 4th
INX H
DCR A check for end of
JNZ Loop Block move
LHLD SAVESP return old
SPHL SP
RET 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 69-74) 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”).
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Figure 5. RS-232C Interface Schematié

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 1.

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










For a typical calculation, see Example 4.

EXAMPLE 4

To praduce 2400 baud with the standard 6.144 MHz
crystal:

_ {6144 %105 +2

2400 T
83 + 14 (HL
' g.144 X 106+ 2
14 HLY = ( 5400 )-33
: 6.144 X 10553y
{L) = [( S350 )_33]
+14 = R5.5 = &6
(HLY = 86(g = 0056H
{HL} = Q157H = BITTIME

To determine the iruc dara rate this parameler will
produce, substitute inlo equation (4):

6144 X 1062

Date Rate 5372 14(86)

i

= 2387 baud, which is 0.54% slow.

For 9600 baud, the same calculations will yizld HLY
=17, which s actually 0.3% slow; a sizzling 19200
baud or 33409 baud could each be generated Lo with-
in 5% if {ILY =& or Q! Table | presents the param-
eters for several standard baud rates.

Notice that the resclution of the delay algorithm —
the difference between bit iimes rcsulting from
parameters which differ by one — is 14 machine
cycles. As i resulr, the true bit delay produced can
always manage to be within +2.3 gsec ol the delay

desired. This guarantees that at rates up to 9600
baud, where cach bit time is at least 104 usec wide,
some value of BITTIME can be found which will
be accurate to within 2.2,

BAUD RATE IDENTIFICATION ROUTINE

The function of BRID is to compute the appropri-
ate parameters BITTIME and HALFBIT. It accom-
plishes this by observing the data pattem received
when the space bar is pressed on the console
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
one bit would correspond to (M+6) machine
cycles. The reason [or dividing down a space
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 ftwo transitions, will be
reduced by a factor of six. Since the bit period of
COUT and CIN is 83 + 14 (HLY, BRID must gener-
ate a value (HL) such that:

M=<6= 83+ 4 (HLY (7)

(HLY = W )
, M .

(HL) = 7 — 6 (approximately) (M

This value can be determined by setting register
pair HL to -6, then incrementing it once every 84
machine cycles duning the period that the incom-

Tabl= 1

DELAY PARAMETERS FOR STANDARD BAND RATES USING 6.144 MHz CAYSTAL

TARGET . : {HL} or ACTUAL

BAUD {Sf:el-'i';:t] |sfeHeL':'::l; BITTIME HALFBIT BAUD RATE *

RATE [See Tax1) PRAODUCED EAROR
110 1989 07C5 0BCE 04E3 109,99 -0.006
150 1457 0581 0B8R2 0309 1449.99 -0.005
a0 726 Q206 0307 026C 298 80 -0.068
600 360 01648 0269 01A5 589.65 ~{0.059
1200 177 00R 1 org2 0159 11€9.5 -(.029
2400 86 0056 0157 o126 2386.9 -0.547
4800 40 Qo028 0128 0115 4777 6 -0.469
9500 17 0o11 0112 0109 9570.1 -0.312

19200 8 [afala[3) Q107 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
SIN
L¥I
BRI1: FRIM
OrA
Ip
BFI2:  RIM
L]
n

R, BCRH

H.-£H

H
BRI1

A
BRI

Increment register pair HL, then delay so that each
cycle will require 84 machine cycles:

BRIZ-  INX
Myl
BRI4:  DCR
N

d

E. 9H
E
EFI4

Check if SID is still low. If so, repeat:

RIH
IRR
IF

]

BRIz
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Otherwise continue. Store HL temporarily for the
HALFBIT calculation. Obtain and store BITTIME:

PUZH

INF
NP

SHLE

H
H
L

BITTIME

Restore HL, calculate HALFBIT, and return:

POF
kA
MAY
PRP
Moy
poe
FRF
Hay
e
INF
SHLD
PET

T
B

HRLFETT

The assembled listings for these subroutines, along
with a simple test program, is presented in the

Appendix.
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burst is being received when TAPEIN is called,
wait until the burst is over:

Continue until the last bit has been received:

TRPEIN: MvI B: &
MeI 0. Aak

TIL: cAtL  BITIN
Ic Ti1
CHLL  BITIH
Ic 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  EITIN
N Tiz
CALL  EBITIM
INEC Tz

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:

TIs- xS Y
CALL  EBITIN
Iz Tiz
CALL  BITIH
i Tz

LCR g
N2 TIZ
RET

(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:

EITIN: WYI E.
BI1 (i E
M E
FIH
FRL
PET

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

Now continue reading the SID pin, incrementing
the D register (back towards zero), each cycle until
the next burst is received:

EXAMPLE COMBINATIONS OF HALFCYC AND CYCNO.
ALL VALUES IN DECIMAL

114 IR i
CALL  EITIN
AL TI4
CARLL  EITIN
INC T4

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:

Pigs At
AL

MO R.i
P

MY C-H
M1 G,

APPROXIMATE | CORRESPONDING RESULTING DATA RATE
TONE HALFCYC 8 20 |100 CYCNO
FREQUENCY VALUE 4| 10| 50 | cyc/sumsT
500 Hz 217 42 17 3.3 bps
1 kHz 108 83| 33| 66 bps
2kHz 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  usec

250 1.14 msec
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HL must be set to the start of the desired block,
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 I/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 buftfer 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-I/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

ASMBB :F1:TEST. SRC MODES

1S1S-11 8688/8885 MACRD ASSEMBLER, V2.8

LC 08)

826C
887
65F1

2006 310820
2003 F3

2804 3EBF
2006 D325
2688 3EFF
280A 324
2080 3ECH
208 D320

2018 3EC8
2012 A
2813 3£48
2815 30
2816 FB

2817 66
2818 31728

281B 3E40
281D D329
281F 0B24
2621 4F

2822 DB2S
2024 47

2825 2R3F
2027 2EFF

MODULE PAGE 1

SEQ SOURCE STATEMENT

HDSP  EQU 826CH
4 OUTPUT  EQU 82874
S DELAY EQU B5F1H

SEXPAND HEX TO DISPLAY, SDK MONITOR ROUTINE
FOUTPUT TO DISPLAY, SDK NONITOR ROUTINE
;DELAY DISPLRY, SDK MONITOR ROUTINE

7 ORG 2808

u
12 LXI SP, 28C8H  INITIRLIZE STRCKPOINTER
13 I :DISRBLE INTERRUPTS

15 INITIALIZE COUNTER IN 81SS FOR COUNTDOWN MOOE. LOARD COUNTER
16 ;  WITH HIGHEST YRLUE (3FFF).

17 ;

18 28 R, 8BFH

19 out 25H  ADDRESS FOR TOP HALF OF COUNTER
28 Nyl A OFFH

2 out 24H it ° LOWER HALF OF COUNTER
2 L) A B8COH

3 out 284 5 COUNT DOWN MODE START

24 ;

25 ; PULSE THE ONE SHOT WITH A POSITIVE GOING PULSE ON THE SO0
26 ; OUTPUT PIN OF THE 888S.

2

28 MYl f, 8CBH

29 SIn ;OUTPUT R HIGH ON SOD LINE

38 L128 R, 484

3 SIn ;OUTPUT R LOW ON SOD LINE

32 El JENABLE INTERRUPTS(RFTER PULSE)
335

34 ; IDLE UNTIL ONESHOT INTERRUPTS THE RST 6.5 PIN ON THE 6685
35;

36 NPO: NOP
37 Jup NPO i IDLE UNTIL INTERRUPT
38

39 ; RFTER INTERRUPT, STOP COUNTER AND READ IN FINAL COUNT FROM
48 ; 8155, STORE IN REGISTER PAIR BC.

4 ;

42 (NTU:  K¥I i 404

43 ot 20H i STOP COUNTER

44 IN 24H

45 Hov C.A i STORE LOWER ORDER BYTE IN C
46 IN 2H

47 HOY B.A ; STORE HIGHER ORCER BYTE IN B
48 Wyl H, 3FH :LOAD HL KITH FULL START COUNT
49 L2 L, OFFH

54 ;

S1; ROJUST THE COUNT VALUE IN REGISTER BC TO REPRESENT RCTUAL
§2 ; COUNT. (SEE TEXT FOK EXPLANATION)
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ISIS-11 8888/8685 MACRD ASSEMBLER, V2.6
L o SEQ SOURCE STRTEMENT
S35
2829 (06620 4 CALL  RDJUST
S5

MOOULE

PAGE 2

;CONVERTS 8155 COUNT TO ACTURL COUNT

S6 ; SETUP INITIRLIZATION FOR SEARCH ROUTINE. ROUTINE LOOKS FOR TEMPERATURE

57 5 RANGE OF COUNT (SEE TEXT). SEARCH ONLY FOR UPPER HALF TO SIMPLIFY COOE.

S8 i
282C 2€09 59 il L, 86H
262F 2620 68 L H, 284
2638 B9 61 ORA 8
2831 78 62 Hov A8
2832 6E61 63 vl C1H
2834 (09220 64 CALL  SERRCH
65 ;
66 ;
67 ;  RANGE
68 ;
2837 3E88 69 L A, B8R
2833 D 7 XRA L
283A CARF20 ”n J2 TLOR
283D 3E68 72 Myl R 88H
203F B9 e crP c
2848 CRBB28 " 32 THIGH
s
7
7
2843 3E6A . L1 A R
2645 85 68 ADD L
2846 6F 81 noy LA
2047 SE 82 Moy En
83 ;
84
85 ; MONITOR ROUTINES.
86 ; FOR DELAY PERICD.
87 ;
2848 6664 88 mwi B, 88H
264 CDECB2 89 CALL  HXDSP
204D 3t60 98 nvl R B6H
284F C0B762 91 CALL  ouTPUT
2852 11FF60 92 LXI 0, 8FFH
2855 COF145 93 CALL  DELAY
2658 CF % RST 1
95
96 i SBRUTINES
i
20RF 98 ORG 20AFH
99 ;
169 ;
20AF 3EE3 161 TLOW.  MVI A, 83H
2681 D328 162 ot 264
2683 3EFF 183 L f 6FFH
2685 D321 164 ot 21H
2887 CF 1685 RST 1
166 :

167 ;

3SET HL TO BEGINNING OF SEARCH
5STRING IN MEMORY.

i CLEAR CARRY FOR ROUTINE.
iPLACE B INTO ACCUMULATOR

5 SET TIMES THROUGH SERRCH

;LOOKS FOR TEMP RANGE COUNT IS IN

CHECK IF SERRCH KAS SUCCESSFUL IF NOT THEN OUTSIDE RCCEPTRBLE

;DID L FIND LESS THAN AT

;AT BEGINNING OF STRING?

; TEMP BELOW ALLOKED LIMITS, SET PORT A
iDID C GET DECREMENTED?

5 IF S0, SEARCH DID NOT FIND

i TENP ABOVE LIMITS, SET PORT B

76 ;  SOFTRARE MAP THE MATCH TO R TEMPERATURE IN DEGREES C BY RODING
;10 TO SEARCH RDDRESS. PLRCE TEMPERATURE IN REGISTER E

i SHIFT HL BY 18 (SOFTWARE MAP)

iRERD IN TEMPERATURE

SET UP INITIALIZATION FOR DISPLAYING TEMPERATURE USING SDK
FIRST EXPAND DE REGISTER AND THEN DISPLAY

;CLEAR DOT AT ADDRESS FIELD
i CALL EXPAND

s QUTPUT TO SOK DISPLAY
5SET DELRY PERICD
;DISPLRY FOR DELRY PERIOD
:SOFTWARE RESTRKT

; SET PORT A RS 1°S
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151511 S8 AR2T MACRO ASSEMELER. ¥2 & ML PRGE 2

[Ki i -H] F SME STATEMENT
2668 X3 188 THIGH  MvI A 834
o ] i@ an bl
2660 TFFF 118 il A BFFH JSET PIRT B RS 1°5
M D322 111 T ZM
My OF 112 L) 1
113,
114,
2852 115 (KRG 2094
116 .
uz
2092 EE 118 SERRLH: OF n
2893 Pl 118 RT
40 21 174 1R H JELSE INCREWENT POINTER
2095 BE 14 oe ] + COMPRRE 240 BYTE
299 04 17 [
297 4 1A 1,4 M
2898 B L4 ¥ n (MR TR EYTE
2893 09 L5 RC
2033 21 126 T M
269 B 127 e | TCINFARE dTH BYTE
& 08 178 RC
200 2 1H I H
W B 118 s, 2 L] - OFARE 51H BYTE
roa] 171 K
208 3 iR IH H
R RE 113 = 3 N . LIMPAEE ATH BYTE
22 [ 134 RC
20 1 133 e H
e B 136 oF | i COMPYRE TTH BYTE
T DA 137 R
6 X 13 L K
MR7 BE 13§ =, 3 n . COMPTRE BTH BYTE
=2 2 | 148 RC
P g 144 IR H
M D 142 DR C JHAS ENTIRE BLOCK BEEN
268 (29228 143 nz SERETH . SEARTHED? IF 50 5ET MO
ZOFE (5 id4 RET JLESS THRH R BETURM
143,
146 ; RESTART 6. 5 JUMF FLORESS
147 .
2ACE 148 DRT Z2BCEH
149 ;
159 .
2BCE CI1R2H 151 pL 3 1]
152 ;
153 .
15 .
155 .

154 . SERRLH CLAPARE [ATA STRIMG (SEE TEXTY

26EA 161 DRD 2HE0










ISIC-11 923Q/9A25 ASZEMELER. Y1 & MOILE PRE

o925 SEPISL 10 MOTE QPPENDI

Loc nars

28ce
20CR
8228
A099

@892

]
8302
8805
A3ac
aena
9ea;
82aF
2814
0211

ng1d
3217

831R
8818
324C
e1F
8226
@221
2224
8227
2223
28R
A220
A22E

2102:9
2ECA
k(]
CDiARe
Ch470g
Chenag
’9

e7
CRAZ82

Chesay
Czecae

20

B7
F21Rae
o

B7
FRiFa2
21FRFF
1ER4
1Y
£22992
2

28

SER

[N

RSURER SRS, I NN RN I N

]

SOURCE STHTEMENT

‘O <O

oy
X~

2

21
22
=4
5

K

R
29
M

2@

29

EITTINE
HALFRIT
BITan
RITEI

SCRTTST

ECHIY:

BRID

40 ;

4

2
42
44
45

.
[ B TG =

wn oon

“n

BRID-

ERIL:

ERIZ:
ERI4:

THE FOLLDMING PROGRAMS AND SUBRDUTINES RARE DESCRIBED IN CETRIL

IN INTEL CORPERATION’S APPLICATION NOTE RP-23, "USING THE €853
SERIAL I/0 LIMES™. THE FIRST SECTION IS R GENERAL PURPOSE CRT
INTERFRCE WITH RUTOMATIC EAUC PATE IDENTIFICATION: THE SECOND
CECTION IS A MAGNETIC TAPE INTERFRCE FOR STORING DATR ON CRSSETTE
TRPES.  THE CODE FRESENTED HERE IS ORIGINED AT LOCRTION &@dH.

PND MIGHT BE PRRT OF AN EYPANSITM PRCM IM AN INTEL SDK-85

SYSTEM DESIGN KIT

EOL 20C8H  ; ACORESS OF STORPAGE FOR COMPUTED BIT DELAY

B 206CAH  : ADDRESS OF STORAGE FOR HALF BIT DELAY

EQU i1 iDATA BITS PUT QUT CINCLUDING TWQ STOP BITS)

Bl 9 ;DATA BITS TO BE PECIEVED ¢INCLUDING ONE STOP BIT)

RG &A% STARTING ADDRESS OF SDK-8S EXPANSION PROM

CRT INTERFACE TEST. MHEN CALLED. AWRITS THE SPACE BAR BEING PRESSED ON
THE SYSTEM COMSDLE, SND THEM PESPONDS WITH R DATR PATE YERIFICATION
MESSAGE.  THEPE RFTER. CHARACTERS TYPED ON THE KEYBUARD RRE ECHOED

OH THE DISPLAY TIRE.  WHEN R BRERY KEY IS TYPED, THE ROUTIME IS
RE-STARTED, ALLMMIMG A DIFFERENT PAUD RATE TO BE SELECTED ON THE CRT

- LEI P, 280t

i R.BCOH ;=00 MUST BE HIGH BETNEEM CHARRCTERS
s
CALL  BRID  ; IDENTIFY DARTA RATE USED BY TERMINAL
CALL  SIGNON :OQUTPUT SIGNON MESSAGE AT RATE DETECTED
CRLL CIM 5 PERC: NEXT KEYSTROKE INTO PEGISTER
M/ R.C
PR A SCHECK TF CHRARACTER WAS R <ERERKD (RSCII G2H)
12 CRTL  :IF SO. RE-IDENTIFY GATH PATE
i THIS ALLOHS RNOTHER RATE TO BE SELECTED ON CRT
CRLL  COUT s OTHERWISE CCPY PEGISTER C TO THE SCREEN
JHF ECH)  :COMTINGE IMDEFINITELY (UNTIL BREAK)

BAUD PATE IDENTIFICRTION SLRROUTINE

EXPECTS R {CR> (RSCII 23H» TO EE PECIEVED FROM THE CONSOLE

THE LENGTH OF THE IMITIRL 2ERO LEVEL (SIX BITS NIDE) IS MERSURED
IN OFDER T DETERMINE THE DRTA RATE FOR FUTURE COMMUNICATIONS

RIM +VERIFY THRT THE "OME" LEYEL HARS BEEN ESTRELISHED

] R i% RS THE CRT IS POWERING UP
JP ERID

RIA SMONITOR SID LINE STRTUS
ORR R

TH BRI1  ;LOCP UNTIL START RIT iS RECIEYED
L¥I H =€ :BIRS COUNTER USED IN DETERHMINING ZERD DURATION
W E. B4H

LR E +S2 MPCHINE CYCLE DELAY LOOF

N2 ERI4

IN: H + INCEEMENT COUNTER EYERY 84 CWCLES WHILE SID 1S LOW
PRI
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R2F BF o4 ORR A

9320 Fz27aQ 55 I BRIz
56 $HL> NOW CORRESFONDS TO INCOMING DRTA RATE
57 FUSH  H < SAYE CUUNT FOR HRLFBIT TIME COMFUTATION
52 N H JBITTIME IS DETERMINED BY INCREMENTING
54 v L 5\ H AND L INDIVIDURLLY
£n SHD  RITTIME
€1 FPH iPESTORE COUNT FOR HALFRIT LETERMINATION
€2 kR A + CLERR CRRRY
£z MY R.H ROTATE RIGHT EXTEMDED <HLD
&4 RRE i T DIYICE COUNT BY 2
€5 MY H.A
£E My AL
&7 PAR
£s MY LA
£2 I H SFUT H AND L IN FROPER FORMAT FOR DELAY
2 78 R L i, SEGHENTS ¢INCREMENT EACH)
220R28 7 SHLE  HALFRIT ; SHYE AS HALF-BIT TIME DELAY FARAMETER
02 72 RET

74 . SIGNON WRITES A SIGH-ON MESSRGE TO THE CRT AT WHAT SHOULD BE THE CORRECT RATE
B IF THE MESSAGE IS UNINTELLIGIBLE. . . WELL. SO IT GOES.
3247 215593 i DN LET H, ZTRNG ; LORD STRRT OF SIGN-ON MESSRGE

A24R 4E 7781 MDY C:M GET NEXT CHRRRCTER
4B AF = ¥RA ] s CLEAR RCCUMULRTOR
224C 1 79 PR L JCHECK IF CHARACTER IS END OF STRING
ag4h €2 o FZ i RETURH IF SIGN-ON COMFLETE
A34E Chs28R 2 CALL  CQUT  ELSE QUTPUT CHARACTER TD CRT
s 2 £ INY H + INGEY PRINTER
2352 CI4pR8 €3 RIS o1 +ECHO MEYT CHRPARCTER
&4
Ag3s dp 25 STRNG: DR A0H. @RH ; CCRDLF>
AROE AR
Q57 42415344 £h 0e ‘BRUD PATE CHECK”
5 29524154
45294242
45434E
265 @D & Le ADH. BRAH : CER>CLF>
267 @A
] a2 U3 @K sEMD-CF-STRING ESCRPE CUDE

9% COUT  CONSOLE DUTPUT SUBROUTINE

o MRITES THE CONTENTS OF THE C REGISTER TO THE CRT DISPLAY SCREEN
ALY F3 92 CouT: DI
@25A 5 23 PUSH  E
868 E 2] FUSH H
@260 2506 N HYI B, BITS0 :SET NUMBER OF BITS TO BE TRANSMITTED
BOEE AF 2 “PR R iCLEAR CRRRY
8s5F 2E29 7 oo HYI A.28H 5 SET WHAT WILL BECOME SOD ENABLE BIT
a7 AF 22 FRR ;MOYE CHRPY INTD SO0 DRTR EIT OF ACC
agr2 3a 99 SN i UTPUT GATA BIT T SOD
2ACS29 169 LHLD  BITTIME
£ 20 181 Cod: Do, L sWRIT INTIL AFFROFRIRTE TIME HAS FASSED
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ISIS-11 2020/203% RSSEMELER. Y1 @ MOQULE PRGE %
2AET SEPIAL 10 NOTE RPPENCIM

LoC ops ZEq SOURCE STATEMENT
BLE 155 CHRATE EQW &2 ; SETS SAUFLE RATE
RaFR 15 LEPDER EQY 250 NUMEER OF SUCCESIVE TONE BURSTS COMFRISING LERCER
faFA 157 LDECHE EQU 250 SUSED IN PLAYEK TQ VERIFY FRESENCE OF LERDER
159
153 ; ELKFCD QUTFUTS A YERY LONG TONE BURST (<LEFDER: TIMES
160 THE MOFMAL BURST DURRTIONY T0 ALLOW RECORDER ELECTRONICS
161 AND RGC T STRBILIZE.  THEN DUTRUTS THE REMAINDER OF THE
162 5 256 BYTE PRSE FOINTED TD BY <Hr. STARTING AT EYTE <L
9983 OEFA 167 BLKPCE: MYT C.LERADER: SET UP LERDER BIRST LENGTH
A6 JE0H 154 M WM 5 SET RCCUMULRTOR TG FESULT IN TONE BURST
BRED CDFARS 1ESEPL CALL ; GUTPUT TONE
RECA 2D 156 bR
B4 C28088 167 Nz i SUSTAIN LESDER TONE
o4 FF 163 YA R (CLERR FLCUMULATOR & OUTFUT SPRCE. 50 THAT
RECS COFRE: 1£9 CRLL  BURST ;v STAST OF FIRST DRTA EYTE RN BE DETECTED
BECQ 4E 170 6R2- MY DM :GET ORTH BYTE TO PE RECORDED
REC CObLEe 171 CALL  TAPEC GUTPUT RESISTER C TO RECORLER
Racs 172 me L :POINT T MEXT BYTE
172 e
174 oET :AFTER BLOCK 15 CRMPLETE
175
176
177 - TAPED QUTRUTS THE EYTE IN REGISTER £ TO THE PECORDEF.
179 FEGISTERS A.E.C. [v 8E SPE ALL USED
2301 F2 179 TAFED:  ©1
BED2 05 120 PUSH D :DAE USED RS COUNTERS BY SLEROUTINE BURST
#R03 B503 181 WD B9 NILL PESULT IN & DATA BITS AHD ONE STOF BIT
#3205 AF 182 T YRR A ; CLERR. ACTUMULATOR
#DE 2ECR 182 MY RB00H SET ACCIMULATOR TO CRUSE A TONE BURST
POL2 CLFEAS 184 AL EURST
Bape 79 185 MOY RS MOVE NEST DRTA RIT INTO THE CRRRY
poLT 1F 184 FAR
BELD IF 187 MY R CARRY WILL PECTME SOD EWRELE IN BURST ROUTINE
BEDE 3EaL 158 W A.@MM SET BIT TO B REPEATETAY COMPLEMENTED IN BURST
BRER 1F 182 peR ‘
POEL 1F 120 PAR
RGE2 CLFAAR 191 CALL  BUPST ;OUTPUT EITHER A TONE UR A FRUSE
BRES AF 132 e R : CLERR ACCUMULATOR
PREC CDFAG2 192 CRLL  BURET  :DUTFUT FAUSE
BEES 65 194 DR B
29FR £20502 195 Mz TM :REPEAT UNTIL BYTE FINISHED
BOED D1 196 FP D :RESTORE STATUS FND RETURN
ASEE FE 197 3
AZEF 2 199 RET
199
89FR 1518 2 BURST: MYl [.CYOND ; SET NUMBER OF CYOLES
oeF2 30 200 BUL: SIM : COMPLEMENT SO LINE IF SOD ENRELE EIT SET
B2F2 4FAE 202 M EHALECYC
BSFS 4D W3 RU2: DR E ; REGULRTE TONE FRECUENCY
BOF% C2F56S 204 moew
@2F9 EE28 285 SRI  S8H  ;COMPLEMENT SOD DATA BIT IN ACCUMULATOR
BEFR 15 206 0RO
BOFT C2FZ02 207 INZ  BUL  CONTINUE UNTIL BURST (OR EQUIVILENT PRUSE) FINISHED
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ISIS-1T 888A/2625 ASSEMPLER, ¥1.9 MO PRGE 7
8835 SERIAL 10 MOTE APPENLIY

EXTERNAL SYMBOLS

USER SYMBOLS

BI4 R A%F  PITIN A AL  BITSI RG89  BITSC A @A8R  RITTIM A 26C8  PBLKRCO A @8B3  BRL A @8BD
BR2 R 932 BRI4 A M3MF BRIZ A @27 PRI4 HAEE2S BRID AG3IA  BUL R WV8F2 BU2 A B8FS
BURST R ogF@ CI4  AAWE 12 AAgE CI3 AME Cl4 ABBAL  CIS A @886 CIN A eseAd
CKRATE R d&l5 (01 ReeeF  C02  AB37E  COUT R@39  CRTL A B863  CRTTSTA @898 CYCNG R 08l
ECH) R @20C  HALFEI A 28CR  HALFCY A #@iE  LORCHK R @0FR  LEADER A G9FR PBL A 898z PR2 A 838C
PLRYEK A 6383 51 R AR CIGHON R #247  STRMG R A55  TAPEIN A @913  TAPEC AR @l TI1 A est1?
TI2 88919 TI2Z A#892% T0L A 9XAS

ACSEMELY COMPLETE. NO ERPOR:S)
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ISIS-IT RSSEMELER SYMEQL CROSE REFEREWCE Y1 @ PRGE

o1t
RITIN
BITSI
BITSO
BITTIH
G
BR1
ER2
BRIL
BRIz
BRI
ERID
B
BiJZ
BURST
cI
C12
Ci3
CI4
CIs
CIN
CKRATE
cod
co2
couT
CRTL
CRTTET
CYCHO
ECHY
HRLFEI
HALFCY
LDRCHY,
LEADER
PRL
FE?
PLAYRK
&1
STGHON
STRNG
TAPETH
TAPEG
i
TI2
TIZ
™

24
215
1£8
1%
12y
1€30
1654
17pk
qSh
49%
Sk
28
201
20%H
15
1214
1254
1739
1=am
137
e
133
374
11
i
2e4
254
1324
2
14
1548
1570
b2 |
215k

Kak |

2148
L
29
7E

213

17

2230

2224

2244

182%

25
28
128
]
2]

167
173
LN
93
51
428
27
M
1e9
123
126
142
131
1474
1184
248
114
1g2
ef

7

-3

209
36
7i

282

214

163

218

22

216
=X
TER
834

227

1758

243

2i1

236

195

222 35 137 4N

M 1M

#“

184 481 49%  26ek
12

122

1M
928

124

2723
238

CROSS PEFERENCE COMPLETE

Al1.E6












ORDERING INFORMATION

M C 5 1 0 1 L — 4
I _ 11 ‘ ]
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

Exarnples:

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 A080A 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. ™

MC8080A/B B8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883
Level B praocessing. *

Kits, boards and systems may be ordered using the part number designartions in this cartalag.
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 € indicates MIL-5TD.BE3 L evel
C processing. “§” number suffixas must be specified whan entering any order for military rempersature devices. All orders
reguesting source inspection will be rejected by intel.
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PACKAG'NG INFORMATION All dimensions n inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

24 LEAD PLASTIC DUAL IN-LINE o ey
PACKAGE TYPE P o PN
o

—_— 625
le— MAX. —»
.200 (5 080) 160 (4.064) (15.875)
s MAX. B 7156 (3810) ] |
, _ﬂ_ T
SEATING 010 TYP t q o
PLARE osmin. 0254 >~ . g
125 (3 175) | (0.381)
MIN i 020 (0.508) L_ 850 _J
110 (2.794) 060 TYP 032 TYP TTE [0 a0%) S 185 10 =
&30 (32 286) (1.524) 0813 REF.
. 1 455 136 957)
28-LEAD PLASTIC DUAL IN-LINE 1.445 {36 7007
PACKAGE TYPE P _ PIN
o
: 545 lL_
538 9,
1
I ¥ 625
[ Max. —
200 (5 080) 160 {4 0841 1 (15.875)
MAX. =§d T—F
L
SEATING IL [EE— __;_ 010 TYE ; o
PLANE ‘ Eosum 025 ~f~ o g
125 (3175) | L (@381} ) i
MIN.
10 a7 ! ROTYE gy L0800 L2,
296 (22881 11.524) t0.873 ! y EF
2,055 (52.197)
40-LEAD PLASTIC DUAL IN-LINE u S
PACKAGE TYPE P PIN 1
R = 1
[]oestianaa
535 (13589}
|
— 1 625
- ja— MAX.
.200(5.080) 175 (4.445) {15.875)
MAX. . 165 (4.781)
SEATING i - c " D10 TYP : 1 o
PLANE J l Toismmn 020 w15
125 {2.175) | (0.381) 1 i
M ’l L‘ ’“-» 020 (0.508) L_ 650
110 tusa) 060 TYP 032 TYP 016 (0.406) {16.510)
090 (2.786) (1.524) {0.813) EF.
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PACKAGING

|NF°RMAT|°N All dimensions in inches and {millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPED

790 {20.068)
16-LEAD HERMETIC DUAL IN-LINE 750 (19.050)
PACKAGE TYPE D _ PIN1
310 (7.874)
265 (6.731)
228
200(5.0801 165 (4.191) e MAX. —
MAX. 140 3556) | (8.255)
;__— j— - II—
SEATING - 4 1T -
PLANE f 015 MIN. o10TvP_ \Nl 3
125 (3.175) l._ _.J 0.381) lo254) | i
MIN. 310 (2.784) i 375 i
556 (2298 060 TYP :020 {0.508) fe—gnz51—]
030 (2266} {1.528) 032TVP, 076 (0.408) REF,
0.813)
920 (23.000)
880 (22.352)
18-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D _ PIN 1
310 (7.874)
] 265 (6.731)
325
200(5.080} 165 {4.191) [*— MAX. —>
MAX, a5 (3.556) (8.255}
= :; = = =
SEATING TITITI . IT -
PLANE : 1 o
' LOISMIN,  010TYP [ T
125 (3.175) 1 ©.381) 02 T+ et
MIN, _.“ 020 (0.508) il
016 (0.406) l*—(ﬁﬁ)—’l
10 (2794)  060TYP  .032TYP REF.
00 276 (1.524) 0.813)
e 9s0(2s048)_
1950 (24.130)
20-LEAD HERMETIC DUAL IN-LINE PN
PACKAGE TYPE D -
310 (7.874)
265 (6.731)
- 325
20015080} 1165 (4.191) _ [— MAX. ~
: 140 (35%6) | 18.255)
SEATING ! i:_ a _f_t £ ; '. 3
PLANE OTBMIN.  010TVYP 1 g
125 (3.175) . (0381} ©.254) -1
MIN. o L_ 020 {0508} | a7 :
076 (3. 9.5
110 (27941 050 TYP 032 TYP 016 (0.406) - REZFS.)_.l
0% (ZZ86)  (1.524) (0.813)
1.095 (27.813)
7.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE ¢
PACKAGE TYPE D - £
400 (10.16)
370 (9.398)
425
200 (5.080) 180 (4.572) [ MAX.——
MAX. 150 3.810) | 107991
—— ——r
AT —_—— L -
PLANE O10TYP 1 =
1125 (3.176) .mz;:;u. 0.259) ¥ b5
MIN. 119 z2.794) L_ Deq TYP o [l _-i
550 (2 286) (1524 020 {0.508} 2.
080 {2.286) a2 Ty 016 (0.406) naces







PACKAGING |NFORMAT|0N All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

16-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

.200 (5.080) 095 (2.413)
MAX,
R - 070 (1.778) 130
(3.302)
SEATING - MAX,
PLANE § o20min. 010 TYP.
{0.508) {0.254)
125 (3.175) 050 TYP.
MIN. (1.270) 022 (0.588)
015 0.387)
110 (2.794) e
090 (2.286) i
920 (20.820) .
#80 (T9812) — . .
18 LEAD HERMETIC DUAL IN-LINE pin 1| PN 1 mARR
PACKAGE TYPE C ===
300 {7.620)
280 {7112}
.200 (5.080)
MAX. 070
SEATING - o
PLANE T Lomsmn 010 'rvp.__‘_‘_ N Fars
(0.635) (0.258) "
125 (3.175) {050 TYP. ;
MIN. 11.270) 022 (0.558) 326
015 {0.381} Fe—(8.255)
.10 (2.794) 032 ':"P- REF.
090 (2286) (0.813)
_ 990 {25.146)
970 (24.638) ’
20-LEAD HERMETIC DUAL IN-LINE - PIN 1 MARK
PACKAGE TYPEC = === %
300 (2.620)
280 {(7.112)
——— 2
200 (S 0801 .120 {3.048
MAX. 100 {2540}
== 135 MAX
(3.429)
SEATING -— o
PLANE | { 1026 MIN 010 TYP \I 10°
{0.635) 10.254) L
125 (3.175) 050 TYP '
MIN. (1.220) .l 022 (0.558) 325
015 {0.387) (8.255)
110 (2794) o REF.
090 (Zz88) (0.813)
1.095 (27.813)
1.060 {26.924)
22-LEAD HERMETIC DUAL IN-LINE PIN1 PIN 1 MARK
PACKAGE TYPE C = ===
., 400 (10.160)
B 330 19.652)
.200 (5.080} :100 (2.540}
el MAX. 070 {1.773)
¥ == — 140 MAX.
SEATING I (3.556)
SEATING v\ o
PLANE ! oM 010 TYP. e
3 10.635) {0.254) B
1125 (3.175) 050 TYP. "
MIN. 11.270) _J 022 (0.558) 425
015 (0.381) (10795)
110 (2.794) 032TYP,
090 (2.286) (0.813)




PACKAG'NG |NF°RMAT|°N All gimensions in inches and (millimeters)

EERAMIC DUAL IN-LINE PACKAGE TYPE C

24-LEAD HERMETIC DUAL IN-LINE

1.215 (30.861) '
1.185 (30.099}
PACKAGE TYPE C Pm\ PIN 1 MARK
600 (15.240)
570 (14.478)
b e =y
200 (5,080} 095 (2.413) M Max
- A PeicRClLALH (3.683)
MAX. .070 (1.778)
y —_— 1
SEATING T 010 TVP 1L
PLANE “fozomn oasy “allar 10
125 (3.175) __I 050 TYP B (0.508) ! '
TUMIN. “(.210) J‘ 022 (0.558) 625
" 015 {0.381) 15.875)
110 (2.794) REF.
090 (2.286)
1.415 (35.941) )
28 LEAD HERMETIC DUAL IN-LINE T s
PACKAGE TYPE C
' -200 (5.080) 095 (2.413) 145 MAX
MAX. R o070 (1.778) (3.683)
f p————— A ﬁt
SEATING - ' + o
;F ;? RF ;P 010 TYP N e
PLANE —ﬂ.ozo MIN {0.254) w10
R
125 M(l:ir.‘175) 050 TYP J[ {0.508} . :
. (1.270) 022 (0.558) :
- ~~%i15 (6.381) le—ti5878)
110 (2.794) REF.
090 (2.285)
R
40-LEAD HERMETIC DUAL IN-LINE : o 1| 7PN 1 MARK
PACKAGE TYPE C I
600 (15.240)
570 (14,478}
200 (5.080) 095 (2413)
MAX, B0 (778 i
Y Dt s — 8
SEATING -—-
PLANE T ozomn.
0.508)
125 (3.175) 050 TYP JL 022 (0.558) —
MIN. (1.270} K X K
—~ “015 {0.381 |““5-‘"5"‘l
110 (2.794) f0381) AEF.
090 (2.286)
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PACKAGING |NF°RMAT|°N All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE B

22-LEAD HERMETIC DUAL IN-LINE h%%_% .
PACKAGE TYPE B ’ " PIN 1
( W J 400 (10.160)
' - J 370 { 9.398)
—— { s
MAX. —
200 {5.080) .150_(3,810) *
, MAX, 25 3175) {10.795)
| —+—
=-= 190 (4.926) [ s A
SEATING I 2 I 760 agea) L] -
PLANE Lowsmiv. 010 Tvp N,\’Ts'
a5 s 0.381) (0.254)
MIN. 10 ‘2-79".1 L_ ‘ JL—.QQ {0.508) 475
030 (2.286] 060 TYP  .032TYP 7% 0.406) 12065}
(1.524) 10.813) :
1.285 (32.639)
24 LEAD HERMETIC DUAL IN-LINE 123 Graes) ]
PACKAGE TYPE B PIN 1
- 600 (15.240)
"I 515 (13.081)
y—— e — 625
.220{5.558) 150 (3.810) l"—“";»;%——)
max. 1125 (3.175) y
e Ye—— - .190 {4.826) e r—
seatine ¢ WJUTUJL) o v -155 (3.937) LI} N
PLANE L0165 MIN. 010 TYP, ‘.:\117_,4
1100 (2.540) 3 (0.381) {0.258) '
MIN. ’IL_
% g;:;l) 060 TYP. 220 10,508} (1'7655)
' “(1528) “::.253," 016 (0.406) REF.
1.485 (37.719)
28-LEAD HERMETIC DUAL IN-LINE 1.435 (36.449)
PIN 1
PACKAGE TYPEB =
~ . J 800 (15.240)
] 570 {13.081)
— 625
.220(5,558) 150 (3.810) _ ‘—('I"s“;’;-s)—'
MAX. 126 (3175) -
i L-—-—1 I.wo (4.826) —
¢ SEATING v BILEUIL) |y y.155 393D T -
PLANE ' ‘ Losmin. 10 TvP. g
125 (3.175) r (0.381) (0.254) \
MIN.- 410 (2.794) N ,IL
S 020 (0.508) 675
096 (2.286) 060TYP, 032 Tve 06 {04061 (7.145)
{1.5241 (0.813) EF.
2.080 {52.832)
fa— . 2.080 (52832
40-LEAD HERMETIC DUAL IN-LINE 2030 (52.562) ot
PACKAGE TYPEB ==
_ J 600 (15.240)
] 570 (13.081)
220(5.568) 150 (3.810) e MAX. —-
MAX. G Gim ] 158751
i — ¥ 190 (4.826) — )
‘ seatne v HAUMA) =_l_ 155 (3.937) JHE .
PLANE } L.015 MIN. 010 Tvp_‘#. o 150
.125 {3.175) 0.381) to.254) | :
MIN,
A0 ‘_7-’9"_.] L_ -~ *]L—.ozo 10.508) L_ 875 J
030 (2.286) 060 TYP. 032 TYP o6 (6.408) (17.148)
{1.524) 0.813) REF.
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