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CHAPTER 1
PART 1: INTRODUCTION TO
THE FUNCTIONS OF A COMPUTER

This chapter introduces certain basic computer con-
cepts. It provides background information and definitions
which will be useful in later chapters of this manual. Those
already familiar with computers may skip this material, at
their option.

A TYPICAL COMPUTER SYSTEM
A typical digital computer consists of:

a) A central processor unit (CPU)
b) A memory
c) Input/output (1/O) ports

The memory serves as a place to store Instructions,
the coded pieces of information that direct the activities of
the CPU, and Data, the coded pieces of information that are
processed by the CPU. A group of logically related instruc-
tions stored in memory is referred to as a Program. The CPU
‘“reads’’ each instruction from memory in a logically deter-
mined sequence, and uses it to initiate processing actions.
If the program sequence is coherent and logical, processing
the program will produce intelligible and useful results.

The memory is also used to store the data to be manip-
ulated, as well as the instructions that direct that manipu-
lation. The program must be organized such that the CPU
does not read a non-instruction word when it expects to
see an instruction. The CPU can rapidly access any data
stored in memory; but often the memory is not large enough
to store the entire data bank required for a particular appli-
cation. The problem can be resolved by providing the com-
puter with one or more Input Ports. The CPU can address
these ports and input the data contained there. The addition
of input ports enables the computer to receive information
from external equipment (such as a paper tape reader or
floppy disk) at high rates of speed and in large volumes.

A computer also requires one or more Output Ports
that permit the CPU to communicate the result of its pro-
cessing to the outside world. The output may go to a dis-
play, for use by a human operator, to a peripheral device
that produces ‘‘hard-copy,” such as a line-printer, to a

peripheral storage device, such as a floppy disk unit, or the
output may constitute process control signals that direct the
operations of another system, such as an automated assembly
line. Like input ports, output ports are addressable. The
input and output ports together permit the processor to
communicate with the outside world.

The CPU unifies the system. It controlis the functions
performed by the other components. The CPU must be able
to fetch instructions from memory, decode their binary
contents and execute them. It must aiso be able to reference
memory and 1/O ports as necessary in the execution of in-
structions. In addition, the CPU should be able to recognize
and respond to certain external control signals, such as
INTERRUPT and WAIT requests. The functional units
within a CPU that enable it to perform these functions are
described below.

THE ARCHITECTURE OF A CPU

A typical central processor unit (CPU) consists of the
following interconnected functional units:

o Registers
e Arithmetic/Logic Unit (ALU)
e Control Circuitry

Registers are temporary storage units within the CPU.
Some registers, such as the program counter and instruction
register, have dedicated uses. Other registers, such as the ac-
cumulator, are for more general purpose use.

Accumulator:

The accumulator usually stores one of the operands
to be manipulated by the ALU. A typical instruction might
direct the ALU to add the contents of some other register to
the contents of the accumulator and store the result in the
accumulator itself. In general, the accumulator is both a
source (operand) and a destination (result) register.

Often a CPU will include a number of additional

general purpose registers that can be used to store operands
or intermediate data. The availability of general purpose



registers eliminates the need to ‘“‘shuffle” intermediate re-
sults back and forth between memory and the accumulator,
thus improving processing speed and efficiency.

Program Counter (Jumps, Subroutines
and the Stack):

The instructions that make up a program are stored
in the system’s memory. The central processor references
the contents of memory, in order to determine what action
is appropriate. This means that the processor must know
which location contains the next instruction.

Each of the locations in memory is numbered, to dis-
tinguish it from all other locations in memory. The number
which identifies a memory location is called its Address.

The processor maintains a counter which contains the
address of the next program instruction. This register is
called the Program Counter. The processor updates the pro-
gram counter by adding 1" to the counter each time it
fetchesan instruction, so that the program counter is always
current (pointing to the next instruction).

The programmer therefore stores his instructions in
numerically adjacent addresses, so that the lower addresses
contain the first instructions to be executed and the higher
addresses contain later instructions. The only time the pro-
grammer may violate this sequential rule is when an instruc-
tion in one section of memory is a Jump instruction to
another section of memory.

A jump instruction contains the address of the instruc-
tion which is to follow it. The next instruction may be
stored in any memory location, as long as the programmed
jump specifies the correct address. During the execution of
ajump instruction, the processor replaces the contents of its
program counter with the address embodied in the Jump.
Thus, the logical continuity of the program is maintained.

A special kind of program jump occurs when the stored
program “‘Calls” a subroutine. In this kind of jump, the pro-
cessor is required to ‘‘remember’’ the contents of the pro-
gram counter at the time that the jump occurs, This enables
the processor to resume execution of the main program
when itis finished with the last instruction of the subroutine.

A Subroutine is a program within a program. Usually
it is a general-purpose set of instructions that must be exe-
cuted repeatedly in the course of a main program. Routines
which calculate the square, the sine, or the logarithm of a
program variable are good examples of functions often
written as subroutines. Other examples might be programs
designed for inputting or outputting data to a particular
peripheral device.

The processor has a special way of handling sub-
routines, in order to insure an orderly return to the main
program. When the processor receives a Call instruction, it
increments the Program Counter and stores the counter’s
contents in a reserved memory area known as the Stack.
The Stack thus saves the address of the instruction to be
executed after the subroutine is completed. Then the pro-

cessor loads the address specified in the Call into its Pro-
gram Counter. The next instruction fetched will therefore
be the first step of the subroutine.

The last instruction in any subroutine isa Return. Such
an instruction need specify no address. When the processor
fetches a Return instruction, it simply replaces the current
contents of the Program Counter with the address on the
top of the stack. This causes the processor to resume execu-
tion of the calling program at the point immediately follow-
ing the original Call Instruction.

Subroutines are often Nested; that is, one subroutine
will sometimes call a second subroutine. The second may
call a third, and so on. This is perfectly acceptable, as long
as the processor has enough capacity to store the necessary
return addresses, and the logical provision for doing so. In
other words, the maximum depth of nesting is determined
by the depth of the stack itself. If the stack has space for
storing three return addresses, then three levels of subrou-
tines may be accommodated.

Processors have different ways of maintaining stacks.
Some have facilities for the storage of return addresses built
into the processor itself. Other processors use a reserved
area of external memory as the stack and simply maintain a
Pointer register which contains the address of the most
recent stack entry. The external stack allows virtually un-
limited subroutine nesting. In addition, if the processor pro-
vides instructions that cause the contents of the accumulator
and other general purpose registers to be ‘‘pushed’’ onto the
stack or “‘popped"’ off the stack via the address stored in the
stack pointer, multi-level interrupt processing (described
later in this chapter) is possible. The status of the processor
(i.e., the contents of all the registers) can be saved in the
stack when an interrupt is accepted and then restored after
the interrupt has been serviced. This ability to save the pro-
cessor’s status at any given time is possible even if an inter-
rupt service routine, itself, is interrupted.

Instruction Register and Decoder:

Every computer has a Word Length that is characteris-
tic of that machine. A computer’s word length is usually
determined by the size of its internal storage elements and
interconnecting paths (referred to as Busses); for example,
a computer whose registers and busses can store and trans-
fer 8 bits of information has a characteristic word length of
8-bits and is referred to as an 8-bit parallel processor. An
eight-bit parallel processor generally finds it most efficient
to deal with eight-bit binary fieids, and the memory asso-
ciated with such a processor is therefore organized to store
eight bits in each addressable memory location. Data and
instructions are stored in memory as eight-bit binary num-
bers, or as numbers that are integral multiples of eight bits:
16 bits, 24 bits, and so on. This characteristic eight-bit field
is often referred to as a Byte.

Each operation that the processor can perform is
identified by a unique byte of data known as an Instruction



Code or Operation Code. An eight-bit word used as an in-
struction code can distinguish between 256 alternative
actions, more than adequate for most processors.

The processor fetches an instruction in two distinct
operations. First, the processor transmits the address in its
Program Counter to the memory. Then the memory returns
the addressed byte to the processor. The CPU stores this
instruction byte in a register known as the Instruction
Register, and uses it to direct activities during the remainder
of the instruction execution.

The mechanism by which the processor translates an
instruction code into specific processing actions requires
more elaboration than we can here afford. The concept,
however, should be intuitively clear to any logic designer.
The eight bits stored in the instruction register can be de-
coded and used to selectively activate one of a number of
output lines, in this case up to 256 lines. Each line repre-
sents a set of activities associated with execution of a par-
ticular instruction code. The enabled line can be combined
with selected timing pulses, to develop electrical signals that
can then be used to initiate specific actions. This transla-
tion of code into action is performed by the Instruction
Decoder and by the associated control circuitry.

An eight-bit instruction code is often sufficient to
specify a particular processing action. There are times, how-
ever, when execution of the instruction requires more infor-
mation than eight bits can convey.

One example of this is when the instruction refer-
ences a memory location. The basic instruction code iden-
tifies the operation to be performed, but cannot specify
the object address as well. In a case like this, a two- or three-
byte instruction must be used. Successive instruction bytes
are stored in sequentially adjacent memory locations, and
the processor performs two or three fetches in succession to
obtain the full instruction. The first byte retrieved from
memory is placed in the processor’s instruction register, and
subsequent bytes are placed in temporary storage; the pro-
cessor then proceeds with the execution phase. Such an
instruction is referred to as Variable Length.

Address Register(s):

A CPU may use a register or register-pair to hold the
address of a memory location that is to be accessed for
data. If the address register is Programmable, (i.e., if there
are instructions that allow the programmer to alter the
contents of the register) the program can “‘build” an ad-
dress in the address register prior to executing a Memory
Reference instruction (i.e., an instruction that reads data
from memory, writes data to memory or operates on data
stored in memory).

Arithmetic/Logic Unit (ALU):

All processors contain an arithmetic/logic unit, which
is often referred to simply as the ALU. The ALU, as its
name implies, is that portion of the CPU hardware which
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performs the arithmetic and logical operations on the binary
data.

The ALU must contain an Adder which is capable of
combining the contents of two registers in accordance with
the logic of binary arithmetic. This provision permits the
processor to perform arithmetic manipulations on the data
it obtains from memory and from its other inputs.

Using only the basic adder a capable programmer can
write routines which will subtract, multiply and divide, giv-
ing the machine complete arithmetic capabilities. In practice,
however, most ALUs provide other built-in functions, in-
cluding hardware subtraction, boolean logic operations, and
shift capabilities.

The ALU contains Flag Bits which specify certain
conditions that arise in the course of arithmetic and logical
manipulations. Flags typically include Carry, Zero, Sign, and
Parity. It is possible to program jumps which are condi-
tionally dependent on the status of one or more flags. Thus,
for example, the program may be designed to jump to a
special routine if the carry bit is set following an addition
instruction.

Control Circuitry:

The control circuitry is the primary functional unit
within a CPU. Using clock inputs, the control circuitry
maintains the proper sequence of events required for any
processing task. After an instruction is fetched and decoded,
the control circuitry issues the appropriate signals (to units
both internal and external to the CPU) for initiating the
proper processing action. Often the control circuitry will be
capable of responding to external signals, such as an inter-
rupt or wait request. An Interrupt request will cause the
control circuitry to temporarily interrupt main program
execution, jump to a special routine to service the interrupt-
ing device, then automatically return to the main program.
A Wait request is often issued by a memory or 1/0 element
that operates slower than the CPU. The control circuitry
will idle the CPU until the memory or 1/O port is ready with
the data.

COMPUTER OPERATIONS

There are certain operations that are basic to almost
any computer. A sound understanding of these basic opera-
tions is a necessary prerequisite to examining the specific
operations of a particular computer.

Timing:

The activities of the central processor are cyclical. The
processor fetches an instruction, performs the operations
required, fetches the next instruction, and so on. This
orderly sequence of events requires precise timing, and the
CPU therefore requires a free running oscillator clock which
furnishes the reference for all processor actions. The com-
bined fetch and execution of a single instruction is referred
to as an Instruction Cycle. The portion of a cycle identified



with a clearly defined activity 1s called a State. And the inter-
val between pulses of the timing oscillator is referred to as a
Clock Period. As a general rule, one or more clock periods
are necessary for the completion of a state, and there are
several states in a cycle.

Instruction Fetch:

The first state(s) of any instruction cycle will be
dedicated te fetching the next instruction. The CPU issues a
read signal and the contents of the program counter are sent
to memory, which responds by returning the next instruc-
tion word. The first byte of the instruction is placed in the
instruction register. |f the instruction consists of more than
one byte, additional states are required to fetch each byte
of the instruction. When the entire instruction is present in
the CPU, the program counter is incremented (in prepara-
tion for the next instruction fetch) and the instruction is
decoded. The operation specified in the instruction will be
executed in the remaining states of the instruction cycle.
The instruction may call for a memory read or write, an
input or output and/or an internal CPU operation, such as
a register-to-register transfer or an add-registers operation.

Memory Read:

An instruction fetch is merely a special memory read
operation that brings the instruction to the CPU’s instruc-
tion register. The instruction fetched may then call for data
to be read from memory into the CPU. The CPU again issues
aread signal and sends the proper memory address; memory
responds by returning the requested word. The data re-
ceived is placed in the accumulator or one of the other gen-
eral purpose registers (not the instruction register).

Memory Write:

A memory write operation is similar to a read except
for the direction of data flow. The CPU issues a write
signal, sends the proper memory address, then sends the data
word to be written into the addressed memory location.

Wait (memory synchronization):

As previously stated, the activities of the processor
are timed by a master clock oscillator. The clock period
determines the timing of all processing activity.

The speed of the processing cycle, however, is limited
by the memory’s Access Time. Once the processor has sent a
read address to memory, it cannot proceed until the memory
has had time to respond. Most memories are capable of
responding much faster than the processing cycle requires.
A few, however, cannot supply the addressed byte within
the minimum time established by the processor’s clock.

Therefore a processor should contain a synchroniza-
tion provision, which permits the memory to request a Wait
state. When the memory receives a read or write enable sig-
nal, it places a request signal on the processor's READY line,
causing the CPU to idle temporarily. After the memory has

had time to respond, it frees the processor’s READY line,
and the instruction cycle proceeds.

Input/Output:

Input and Output operations are similar to memory
read and write operations with the exception that a peri-
pheral /O device is addressed instead of a memory location.
The CPU issues the appropriate input or output controf
signal, sends the proper device address and either receives
the data being input or sends the data to be output.

Data can be input/output in either parallel or serial
form. All data within a digital computer is represented in
binary coded form. A binary data word consists of a group
of bits; each bit is either a one or a zero. Parallel 1/0 con-
sists of transferring all bits in the word at the same time,
one bit per line. Serial 1/O consists of transferring one bit
at a time on a single line. Naturally serial 1/O is much
slower, but it requires considerably less hardware than does
parallel 1/0.

Interrupts:

Interrupt provisions are included on many central
processors, as a means of improving the processor’s effi-
ciency. Consider the case of a computer that is processing a
large volume of data, portions of which are to be output
to a printer, The CPU can output a byte of data within a
single machine cycle but it may take the printer the equiva-
lent of many machine cycles to actually print the character
specified by the data byte. The CPU could then remain idle
waiting until the printer can accept the next data byte. If
an interrupt capability is implemented on the computer, the
CPU can output a data byte then return to data processing.
When the printer is ready to accept the next data byte, it
can request an interrupt. When the CPU acknowledges the
interrupt, it suspénds main program execution and auto-
matically branches to a routine that will output the next
data byte. After the byte is output, the CPU continues
with main program execution. Note that this is, in principle,
quite similar to a subroutine call, except that the jump is
initiated externally rather than by the program.

More complex interrupt structures are possible, in
which several interrupting devices share the same processor
but have different priority levels, Interruptive processing is
an important feature that enables maximum untilization of
a processor’s capacity for high system throughput.

Hold:

Another important feature that improves the through-
put of a processor is the Hold. The hold provision enables
Direct Memory Access (DMA) operations.

In ordinary input and output operations, the processor
itself supervises the entire data transfer. Information to be
placed in memory is transferred from the input device to the
processor, and then from the processor to the designated
memory location. In similar fashion, information that goes



from memory to output devices goes by way of the
processor.

Some peripheral devices, however, are capable of
transferring information to and from memory much faster
than the processor itself can accomplish the transfer. If any
appreciable quantity of data must be transferred to or from
such a device, then system throughput will be increased by

having the device accomplish the transfer directly. The pro-
cessor must temporarily suspend its operation during such a
transfer, to prevent conflicts that would arise if processor
and peripheral device attempted to access memory simul-
taneously. It is for this reason that a hold provision is in-
cluded on some processors.
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PART 2: 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 RAls
hardware and software. The MCS-85 provides RAMIIOI < >
the existing 8080 user with an increase in per- R AOMs

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 R ..
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 i T
MCS-85.

This section of the MCS-80/85 User's Manual
will briefly detail the basic differences between
the MCS-85 and MCS-80 families. It will illus-
trate both the hardware and software compati-
bilities 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 helptful in understanding the basic con-
cepts and philosophies behind the MCS-85. 3

1
1977 1972 1973 1974 1975 1976 1977

STANDARD
wo

8080

8080A
8080A AND
PERIPHERALS

8085

NUMBER OF COMPONENTS FOR AVERAGE SYSTEM

8-BIT SMALL SYSTEM COMPONENT COUNT 1971 — 1977

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 I1/O and
general interface. It immediately found applica-
tions in byte-oriented end products such as ter-
minals and computer peripherals where its in-
struction execution (20 micro-seconds), general



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.

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.

INSTRUCTION CYCLE {microseconds)

1974

1975
YEAR

1976

1977

PROTOTYPE

PRODUCTION

1978



INTRODUCTION TO MCS-85™

SOFTWARE COMPATIBILITY

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

8080A
PROGRAMS

8085A
SYSTEM

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

PROGRAMMER TRAINING

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

8080A
PROGRAM
LIBRARIES

8080A
DEVELOPMENT
TOOLS

\/

mcs-85™

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

The 8085A CPU does however add two instruc-
tions to initialize and maintain hardware
features of the 8085A. Two of the unused op-
codes of the 8080A instruction set were
designated for the addition so that 100% com-
patibility could be maintained.

HARDWARE COMPATIBILITY

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

PC BOARD CONSIDERATIONS

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

The MCS-85 was designed to minimize the
amount of components required for most
systems. intel designed several new peripheral
components that combine memory, 1/0 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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2K bytes ROM
Two 8-bit ports (direction programmable)
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40 pin DIP plastic or cerdip package
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e — o
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—
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8755A EPROM and 1/0

Socket compatible with 8355

2K bytes EPROM

Two B-bit ports (direction programmable)

Single +5 Volt supply read operation

U.V. Erasable

40 pin DIP package

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

I/O PORTS

goy

8155/8156
RAM, 1/0, TIMER

£

TIMER IN —]

TIMER QUT =—

N MCS-85 SYSTEM BUS
8356 8755A
ROM, 1/0 EPROM. I/0

U

/O PORTS

SYSTEM EXPANSION

Each of these peripheral components has
features that allow a small to medium system
to be constructed without the addition of buf-
fers and decoders to maintain the lowest possi-
ble component count.
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1/0 PORTS
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Figure 1-1. MCS-85™ Basic System
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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 /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 Controlier

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.

1-1

A15-A8 R
8085A I
CONTROL BUS
825X-5
PERIPHERALS
AD7-ADO B

ADDRESS BUS

TIS:
y——l 8212 l I 8212 I——I

82575| 4
REQUESTS

/

8085A

pd
-
m

DATA BUS

DECODER M_EMR’ __'O—R'
MEMW, TOW

SERIAL I/0

PARALLEL i/0 TIMING

8085A
CPU AND MEMORIES
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INTERFACING TO STANDARD MEMORY

The MCS-85 was designed to support the full ] [
range of system configurations from small 3 8085A {} {/[

chip applications to large memory and /O ap- ALE 812 STANDARD STANDARD
plications. The 8085A CPU issues advanced Ram oM

{o]
READ/WRITE status signals (S0, S1, and 10/M) ‘ ;
so that, in the case of large systems, these ﬁ ﬂ
_{

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.

112



INTRODUCTION TO MCsS-85™

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.

DISTRIBUTED PROCESSING

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
can relieve the central processor of many of the
bookkeeping VO and timing tasks that would
otherwise have to be handied by system soft-
ware.

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.

CONCLUSIONS: THROUGHPUT/COST

When a total system throughput/cost analysis
is taken, the MCS-85 system with its advanced
processor will yield the most cost-effective,
reliable and producible system.
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CHAPTER 2
8085A FUNCTIONAL DESCRIPTION

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.

2.2 WHAT’S IN THE 8085A

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

INTA

RST6.5 TRAP

functions to perform READ and WRITE opera-
tions and also to select memory or /O ports.
The 8085A can address up to 256 different I/O
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 /O ports as
memory locations (i.e., memory-map the I/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.

m{m I nsIs.s ‘ ns?.s l s sop
INTERRUPT CONTROL ] SERIAL /0 CONTROL
8-BIT INTERNAL DATA BUS ‘
e

i T 1
U 4

ACCUMULATOR TEMP. REG.
(A REG.) (8) L

FLAG (5)
FLIP-FLOPS

LOGIC

UNIT
(ALY)
8)

INSTRUCTION
DECODER

CYCLE
ENCODING

®

B [
REG. REG.

E ®)
REG.
®) L ®
REG.

STACK POINTER

[
REG.

H
REG. REGISTER

(16) ARRAY

POWER
SUPPLY

- +5V
—»GND

PROGRAM COUNTER {16
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TIMING AND CONTROL
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Xg =i
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!

RESET OUT

O

Ag.15
ADDRESS BUS
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FIGURE 2-1 8085A CPU FUNCTIONAL BLOCK DIAGRAM
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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 /1O
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:

D; Dg Ds Dy Dy D, Dy Do

S V4 AC P cY

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

HEXIDECIMAL BINARY
AEH 10101110
+74H 01110100
122H 100100010

/

Carry bit sets carry flagto 1

2-2

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

The auxiliary c{arry 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
ATH 10100111
+ 59H + 01011001
100H 100000000,
P
Carry bit /

Eight zero bits set zero flag to 1

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

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

2.2.3 Stack

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

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

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

2.2.5 Instruction Register and Decoder

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

2.2.6 Internal Clock Generator

The 8085A CPU incorporates a complete clock
generator on its chip, so it réquires only the ad-
dition of a quartz crystal to establish timing for
its operation. (It will accept an external clock in-
put at its X4 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

80854

* SCHMITT
AMP.
z ofb—*
—qT a #2
]

||H

CLK

< 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, ¢4 and ¢, (see Figure 2-2). ¢4 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 ¢,. CLK is half the frequency of
the crystal input signal and may be used for
clocking other devices in the system.

MEMORY ADDRESSES

RSTO 00H

RST1 s
TRAP
RST2 on
RST75 RsTe 18H
RST &S
RSTSS
RST4 204
244
RSTS 284
2CH
RST8
30H
34H
RST?
38H
8085A
EXECUTING acH
SOFTWARE
RST INSTRUCTIONS
IN RESPONSE TO INTR

8085A
SYSTEM
MEMORY

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

2.2.7 Interrupts

The five hardware interrupt inputs provided in
the 8085A are of three types. INTR is identical
with the 8080A INT line in function; i.e., it is
maskable (can be enabled or disabled by El or
DI software instructions), and causes the CPU
to fetch in an RST instruction, externally placed
on the data bus, which vectors a branch to any
one of eight fixed memory iocations (Restart ad-
dresses). (See Figure 2-3.) INTR can also be
controlied 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.

¢ 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 8085A 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.)

SIM — SET INTERRUPT MASK
(OPCODE = 30)

CONTENTS OF ACCUMULATOR BEFORE EXECUTING SIM:

7 0

R7.5 MSE M5.5

1 1
RESET INTERRUPT 7.5 INTERRUPT MASKS
FLIP-FLOP

MASK SET ENABLE

FIGURE 2-4 INTERRUPT MASKS SET USING
SIM INSTRUCTION

RIM ~ READ INTERRUPT MASK
(OPCODE = 20}

CONTENTS OF ACCUMULATOR AFTER EXECUTING RIM:

7 0

L | L _J

185 155 1€ Me.5 M5.5

PENDING INTERRUPTS INTERRUPT MASKS

INTERRUPT ENABLE FLAG

FIGURE 2-5 RIM — READ INTERRUPT MASK

2-4

RST 7.5

—

SET 8085A I

RST 7.5
F.F.

j Q
INTERRUPT
REQUEST

(INTERNAL)

RESET
(INTERNAL)
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FIGURE 2-68B TRAP INTERRUPT INPUTS

FIGURE 2-6 RST 7.5 AND TRAP INTERRUPT
INPUTS
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¢ The 8085A, before responding to the RST
7.5 interrupt, receives a ﬁE’S‘gT"lN signal
from an external source; this also ac-
tivates the internal reset.

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

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

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

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

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

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

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

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

228 Serial Input and Output

The SID and SOD pins help to minimize chip
count in small systems by providing for easy in-
terface to a serial port using software for timing
and for coding and decoding of the data. Each
time a RIM instruction is executed, the status of
the SID pin is read into bit 7 of the accumulator.
RIM is thus a duai-purpose instruction. (See
Chapter 4.) In similar fashion, SIM is used to
latch bit 7 of the accumulator out to the SOD
output via an internal flip-flop, providing that bit
6 of the accumulator is set to 1. (See Figure 2-7.)
Section 2.3.8 describes SID and SOD timing.

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

EFFECT OF RIM INSTRUCTION
sip

8085A

ACCUMULATOR

EFFECT OF SIM INSTRUCTION

FIGURE 2.7 EFFECT OF RIM AND SiM
INSTRUCTIONS ON SERIAL DATA LINES
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23 HOW THE MCS-85 SYSTEM WORKS

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 aimost 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

components with improved timing margins and
access requirements. (See Figure 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.

ADDRESS BUS >

8224

—{ ¢, o——» INTA
8228 DATA

RESETIN ——-j L—— RESET BUS
b———-— MEM RD

o—r» FEMWR
/0O RD
TOWR

FIGURE 2-8A MCS-80™ CPU GROUP
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WR

10/M
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INTA +-——u—qg

RESET IN ———————»

RESET OUT +———r

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

DATA IN OR OUT

CIXCEX
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TIME MULTIPLEX DATA BUS

FIGURE 2:8C MULTIPLEXED BUS TIMING

FIGURE 2-8 BASIC CPU FUNCTIONS -
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23.1 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 1/0 ad-
dress. These READ and WRITE operations are
the only communication between the processor
and the other components, and are all that is
necessary to execute any instruction or pro-
gram.

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

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

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

At this point, the 8085A 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 M1 M2

T STATE

CLK

TYPE OF

MACHINE CYCLE MEMORY READ

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

ADDRESS BUS

U
DATA BUS INSTRUCTION OPCODE (STA)

MEMORY READ

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

LOW ORDER BYTE OF THE
DIRECT ADDRESS

My —T
T2 T3

MEMORY READ

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

MEMORY WRITE

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

HIGH ORDER BYTE OF THE
DIRECT ADDRESS

CONTENTS OF THE
ACCUMULATOR

FIGURE 2-8 CPU TIMING FOR STORE ACCUMULATOR DIRECT (STA) INSTRUCTION
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STATUS CONTROL
MACHINE CYCLE Mo sTTs0 |AD [ WR TTa
OPCODE FETCH (OF) o 1] 1jo ] 1] 1
MEMORY READ (MR) o | 1| o0fof 1] 1
MEMORY WRITE (MW) ofol1|1]o] 1
1/0 READ (10R) 1 lilolo| a1
1/0 WRITE (1ow) 1 lof1|1 | o] 1
INTR ACKNOWLEDGE  (INA) LIS A TN A T O T B
BUS IDLE (81): DAD o | 1|ojr 1]
INARST/TRAPY, 1 { 1| 1|1 | 1. 1
HALT ¥s| o|l o|Ts| TS| 1

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

FIGURE 2-10 8085A MACHINE CYCLE CHART

machine cycle. While no one instruction cycle
will consist of more than five machine cycles,
every machine cycle will be one of the seven
types listed in Figure 2-10. These seven types of
machine cycles can be differentiated by the
state of the three status lines (I0/M, S, and S)
and the three control signals (RD, %ﬁ and
INTA).

Most machine cycles consist of three T states,
(cycles of the CLK output) with the exception of
OPCODE FETCH, which normally has either
four or six T states. The actual number of states
required to perform any instruction depends on
the instruction being executed, the particular
machine cycle within the instruction cycle, and
the number of WAIT and HOLD states inserted
into each machine cycle through the use of the
READY and HOLD inputs of the 8085A. The
state transition diagram in Figure 2-11 il-
lustrates how the 8085A proceeds in the course
of a machine cycle. The state of various status
and control signals, as well as the system
buses, is shown in Figure 2-12 for each of the
ten possible T states that the processor can be
in.

Figure 2-11 also shows when the READY, HOLD,
and interrupt signals are sampled, and how
they modify the basic instruction sequence (T+-
Te and Twair)- As we shall see, the timings for
each of the seven types of machine cycles are
almost identical.

OPCODE FETCH (OF):

The OPCODE FETCH (OF) machine cycle is
unique in that it has more than three clock
cycles. This is because the CPU must interpret
the opcode accessed in Ty, T2, and T, before it
can decide what to do next.

Treser

RESET
RESET :
T, HALT
y

HA N
READY

(READY + BIMC)
HOLD

HOLD VALIDINT
ThaLT,
VALIDINT

SET
HLDA FF

READY +BIMC

RESET
HALT FF

|

SET
INTA FF
RESET
INTE FF

SET
HLDA FF

HLDA FF
=SET

LAST
MACHINE CYCLE
OF INSTRUCTION

NO

SET
INTA FF
RESET
INTE FF

1

NOTE: SYMBOL DEFINITION

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

= A DECISION (X) THAT DETERMINES WHICH OF SEVERAL
ALTERNATIVE PATHS TO FOLLOW.

<>
L]

= PERFORM THE ACTION X.
—_— = FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS.
X = FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS
IF CONDITION X 1S TRUE.
cc = NUMBER OF CLOCK CYCLES IN THE CURRENT MACHINE

CYCLE.

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

VALIDINT = “VALID INTERRUPT" — AN INTERRUPT IS PENDING
THAT IS BOTH ENABLED AND UNMASKED (MASK-
ING ONLY APPLIES. FOR RST 5.5, 6.5, AND 7.5
INPUTS).

HLDA FF = INTERNAL HOLD ACKNOWLEDGE FLIP FLOP. NOTE
THAT THE 8085A SYSTEM BUSES ARE 3-STATED ONE
CLOCK CYCLE AFTER THE HLDA FLIP FLOP IS SET.

BIMC

FIGURE 2-11 8085A CPU STATE TRANSITION
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Status & Buses Control
Machine _ _

State [S1,50 [10/M [Aa-Ay5|ADg-AD;|RD,WR [INTA|ALE
Ty X | X X X 1 1 1t
T, X | x X X X X | o
TwaIT X | X X X X X | o
T3 X | X X X X X 0
Ts 1 | 0" X TS 1 110
Ts 1 | o X TS 1 110
Te 1 | o X TS 1 1] 0
Theser | X | TS| TS TS TS| 1, 0
THALT 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.
4-'6

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 10/M signal identifies the machine cycle as
being either a memory reference or input/output
operation. The S1 status signal identifies
whether the cycle is a READ or WRITE opera-
tion. The SO and S1 status signals can be used
together (see Figure 2-10) to identify READ,
WRITE, or OPCODE FETCH machine cycles as
well as the HALT state. Referring to Figure 2-13,
the 8085A will send out IO/M = 0,S1 =1,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.

29

The 8085A also sends out a 16-bit address at the
beginning of every machine cycle to identify the
particular memory location or 1/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-A45 lines, where it will
stay until at least T,. The low order byte (PCL) is
placed on the ADy-ADy lines, whose three-state
drivers are enabled if not found ailready on.
Unlike the upper address lines, however, the in-
formation on the lower address lines will re-
main there for only one clock cycle, after which
the drivers will go to their high impedance state,
indicated by a dashed line in Figure 2-13. This is
necessary because the ADy-AD; lines are time
mulitplexed between the address and data
buses. During T, of every machine cycle, ADy-
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 ADg-ADy in-
to its instruction register and then raise 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 (M4) of the
instruction, the CPU will automatically step to
Ts, as shown in Figure 2-11.

During T4, the CPU will decode the opcode in
the instruction register and decide whether to
enter T5 on the next clock or to start a new
machine cycle and enter T,. In the case of the
DCX instruction shown in Figure 2-13, it will
enter T and then Tg before going to T,.
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M (OF) My

SIGNAL T Ty T3

s s s 3

w TN/ NS

10/M, =
! 10/M=0,51=1,50=1
oron A X_
Aghis X PCH x UNSPECIFIED X
out N
ADg-AD; X PeL DD, (DCX) - = o o o = —— ——— = L<

we |\

o

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

During Ts and Tg, of DCX, the CPU will decre-
ment the designated register. Since the Ag-As
lines are driven by the address latch circuits,
which are part of the incrementer/decrementer
logic, the Ag-A45 lines may change during Ts and
Te. Because the value of Ag-A5 can vary during
T4-Te, it is most important that all memory and
/0 devices on_the system bus qualify their
selection with RD. If they don’t use , they
may be spuriously selected. Moreover, with a
linear selection technique (Chapter 3), two or
more devices could be simultaneously enabled,
which could be potentially damaging. The
generation of spurious addresses can also oc-
cur momentarily at address bus transitional
periods in T4. Therefore, the selection of all
memory and 1/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 GPU will proceed to
Ts 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 Twarr and enter T3, in order to
complete the machine cycle. As shown in

Figure 2-14, the external effect of using the
READY line is to preserve the exact state of the
processor signals at the end of T, for an integral
number of clock periods, before finishing the
machine cycle. This “stretching” of the system
timing has the further effect of increasing the
allowable access time for memory or /O
devices. By inserting Twar 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 Twasr state and the second with one
Twait state. The.timing during T4-T; is absolute-
ly identical to the OPCODE FETCH machine cy-
cle, with the exception that the status sent out
during T, is IO/M = 0,81 = 1, S0 = 0, identify-
ing the cycles as a READ from a memory loca-
tion. This differs from Figure 2-13 only in that SO
= 1 for an OF cycle, identifying that cycle as an
OPCODE FETCH operation. Otherwise, the two
cycles are identical during T¢-Ts.

A second difference occurs at the end of T5. 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 T; to T, of the next machine
cycle. ;
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My (OF)
SIGNAL T T, Twair T A s Te
pe— "
a N_/ / / /" N/ N/
10/M, e
10/M=0,81=1,50=1
61,50 L/M 0,8
Aghip PCH X UNSPECIFIED
our IN
ADG-ADy PCL -< 0yD (DCX) ).____--__ RS R ——
ALE / \ ( )
Ji
w5 \,\ A
s
.
READY \_ —/- '(/,'_\
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FIGURE 2-14 OPCODE FETCH MACHINE CYCLE WITH ONE WAIT STATE

w [N_/ / / N/ / /

oo X tom-ommontuomsi-rso-o | X 0/ =0 MR OR 1 UOR), 511,50 -0 X
Aghts X X
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= 7 1
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FIGURE 2-15 MEMORY READ (OR /O READ) MACHINE CYCLES:
(WITH AND WITHOUT WAIT STATES)
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The memory address used in the OF cycle is
always the contents of the program counter,
which points to the current instruction, while
the address used in the MR cycle can have
several possible origins. Also, the data read in
during an MR cycle is placed in the appropriate
register, not the instruction register.

/O READ (IOR):

Figure 2-15 also shows the timing of two suc-
cessive /0 READ (IOR) machine cycles, the first
without a Tywat state. As is readily apparent, the
timing of an IOR cycle is identical to the timing
of an MR cycle, with the exception of IO/M = 0
for MR and IO/M = 1 for IOR; recall that 10/M
status signal identifies the address of the cur-
rent machine cycle as selecting either a
memory location or an /O port. The address
used in the IOR cycle comes from the second
byte (Port No.) of an INPUT instruction. Note
that the I/O port address is duplicated onto both
ADo-AD; and Ag-Ass. The IOR cycle can occur
only as the third machine cycle of an INPUT in-
struction.

Note that the READY signal can be used to
generate Tyar States for 1/0 devices as well as
memory devices. By gating the READY signal
with the proper status lines, one could generate
Twair states for memory devices only or for /O
devices only. By gating in the address lines, one
can further qualify Twa T state generation by the
particular devices being accessed.

2.3.3 WRITE Cycle Timing
MEMORY WRITE (MW):

Figure 2-16 shows the timing for two successive
MEMORY WRITE (MW) machine cycles, the first
without a Twair State, and the second with one
TwaiT State. The 8085A sends out the status dur-
ing Ty in a similar fashion to the OF, MR and
|1OR cycles, except that IO/M = 0,81 = 0, and
S0 = 1, identifying the current machine cycle as
being a WRITE operation to a memory location.

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

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

MW OR I0W

MW OR I0W

SIGNAL
T T, T,

T~| T2 TwA IT T3

w NS N NS NS NS N NS\

10/M, - ~
510/.% X 10/ = 0 (MW) OR 1 (IOW), $1=0,50=1 10// = 0 (MW) OR 1 {IOW}, $1=0,50 =1
wre [TX
out out out out
AD,-AD; X AghAy Dy-D7 x AgA; X Dy-0;
ALE / \
-
= |/ \ /
READY i‘/\ \_ L———\
- — L

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

(WITH AND WITHOUT WAIT STATES)
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of WR. The AD¢-ADy, lines are guaranteed to be
%%ble both before and after the rising edge of

/0 WRITE (IOW):

As Figure 2-16 shows, the timing for an I/O
WRITE (IOW) machine cycle is the same as an
MW machine cycle except that I0/M = 0 during
the MW cycle and IO/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
I0OW, the port number comes from the second
byte of an OUTPUT instruction as the instruc-
tion is executed.

2.3.4 Interrupt Acknowledge (INA) Timing

Figures 2-17 and 2-18 (a continuation of 2-17)
depict the course of action the CPU takes in
response to a high ievel on the INTR line if the
INTE FF (interrupt enable flip-flop) has been set

by the Ei instruction. The status of the TRAP
and RST pins as well as INTR is sampled during
the second clock cycle before My « Tq. 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

M2 (MR)
SIGNAL

My (INA}

M2 (INA)

T, 7 T T,

T3

Te T L]

CLK

YaAWAWAWE
~.

YaVaWaVaVaVs

INTR

-
10/M, s1, 50 (0,101 (L AR aLn
Aghis {PC-1H PCH pCH
: ;
IN out IN out IN
AD(-AD;, Dy-0, ). .(pcn. .()0-0-, (CAE} R | P — .< Dy-D; (82) >.

ALE

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

After receiving the opcode, the processor then
decodes it and determines, in this case, that the
CALL instruction requires two more bytes. The
CPU therefore performs a second INA cycle (My)
to access the second byte of the instruction
from the 8259. The timing of this cycle is iden-
tical to My, 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 M3 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)

My (MW)

Mg (MW) M, (OF)

SIGNAL

T2 T

T2

T © T T

CLK

VAVAVAVAVAVAVAWVA

v

INTR

A/ 2\
- -

|/

INTA

10/M, §1, SO x (1,1,1) (0,0.1) 0,0,1 10,1,1
AgAis x PCH (SP-11H (SP-2)H X PCH(B3)
ouT IN ouT out ouT ouT ouTt
T T T
ADg-AD; .( PCL 0y-D; (B3) )..((sp_m_ Dy D (PCH) (sP-2)L Dy (PCL) B2
ALE
/ \ / \ /4 \

-

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

Most machine cycles of the 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 extra machine cycles
that do not access either the memory or the 1/0.
These cycles are referred to as BUS IDLE (Bl)
machine cycles. In the case of DAD, they are
identical to MR cycles except that RD remains
high and ALE is not generated. Note that
READY is ignored during M, and M3 of DAD.

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

M, (OF)
SIGNALS

M, (B1) M3 (MW)

73 Ts A T2

T3 Ta T Ts T il

RST 75 @/ ——>

{SP-1}H

10/M J/
s1,80
AgAg (PC-1H PCH
IN out
ADq-AD, -— PCL

.__{.._._s_._....—__._« (sP-1L PCH

ouT IN

~P

READY
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Figure 2-20 illustrates the Bl cycle generated in
response to RST 7.5 when a HALT instruction
has just been executed and the CPU is in the
TuaLr state, with its various signals floating.
There are only two ways the processor can com-
pletely exit the Tya 7 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 M; « T, of the next in-
struction. When the HOLD input is activated,
the CPU will exit Tya,t for the duration of Tyoip
and then return to Tya,T.

In Figure 2-20 the RST 7.5 line is pulsed during
TuaLt- Since RST 7.5 is a rising-edge-triggered
interrupt, it will set an internal latch which is
sampled during CLK = “1” of every Tya_t state
(as well as during CLK “1” two T states
before any M, « T,.) 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 TyaLr state at the end of the next CLK
period, and to enter My « T4.

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

M1 (OF) M2 (HALT)

SIGNALS

M1 (B1) M (MW)

Ta THALT

CLK

RST7S5 p/: ,1»

10/M L~ - __J/
s1,50
Ag-Ats {PC-NH PCH -—— -———-K PCH (SP-1)H

IN ouT ouT ouT N
ADy-ADy HALT --< pCL :.-—_-.-_—J PCL >.__ —— e e o —— F_—(ISP~1)L PCH
ALE
INTA
RrD L_/ -_ —P—.—.r/

READY

-
- .

FIGURE 2-20 HALT STATE AND BUS IDLE MACHINE CYCLE

RST 7.5 TERMINATES Tya.r STATE
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2.3.6 HOLD and HALT States

The 8085A uses the ThoLp 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
Tuawt State. If the internal latched HOLD signal
is high during CLK = “1” of any Tya_r State, the
CPU will exit Tyar and enter Tyop on the
following CLK = “1”. As shown in Figure 2-21
this will occur even if a valid interrupt occurs
simultaneously with the HOLD signal.

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

The 8085A accepts the first unmasked, enabled
interrupt sampled; thereafter, ail 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 TyaLt of Thoup, it inter-
nally latches the HOLD line only during CLK =
1 of the last state before T3 (T2 or Twarr) 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 Tuovp after the following clock. When
the CPU is not in TyaLt of THoLp, it will internally
latch the state of the unmasked interupts only
during CLK of the next to the last state before
eachM; « Ty.

SIGNALS Ts Thowo Mo* Towo (T9™ Twovo (Te)* Tholp Thoto Ty
CLK ’ ’ /
ALE ' \
HOLD \ W\
HLDA / | \
INTERRUPTS SAMPLED
HERE REGARDLESS
i — OF HOLD
INTERRUPT ’ \
I
—lty —
-~ tg—|
START OF INTERRUPT —___
CYCLE DE
*SIGNIFIES THAT T,-Ts MAY TAKE PLACE INSIDE THE 8085A EVEN WHILE THE PROCESSOR IS IN A HOLD STATE. BY NO::;VED

FIGURE 2-21 HOLD VS INTERRUPT — NON HALT
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- Tair Thatr Thar Thoo TwoLo T
CLK i I I —
ALE '__\_—
LOW PRIORITY
INTERRUPT CYCLE
HOLD l \
va
EXITS HALT
IMMEDIATELY AFTER
HOLD REMOVED
HLDA I
— INTERRUPT ACCEPTED HERE CAUSES SAMPLING TO BE INHIBITED —
LOW PRIORITY I—j INHIBITING HIGHER INTERRUPTS (EVEN TRAP)
T(s)
HIGH PRIORITY

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 Vcc
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 TuaLt 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
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CPU will enter M, « T4 for the next T state. Note
that the various signals and buses are floated in
Treser as well as Tya it and Tyorp. For this
reason, it is desirable to provide pull-up
resistors_for the main control signals (par-
ticularly WR).

Specifically, the RESET IN signal causes the
following actions:

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

TRAP FF

SOD FF

MACHINE STATE FF’s

MACHINE CYCLE FF’s

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

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

M, (OF)

Treser Ty T2

+5V mp

oV -

475V ¢

_/E> 10msec ——{

Vpe (INTERNAL)

-2V

2.4y wem

RESET IN

oV -

FIGURE 2-23 POWER-ON TIMING

My (OF)
SIGNAL

TreseT | TReser | Tmeset | Treser T

CLK

RESET-IN

VA

\

RESET OUT

ADDR

10/M

Ag1s (
*

-< ADDR >- PATA Y mfom e o

PCH=0

-—— e o - -

READ MODE
ADg7?

R

PCL=0

¥
M

- e o -

WRITE MODE -(Aoon DATA OUT —————r—— -f PCL-0
ADo7

W . / R [

D 4 —-—----—(

*NOTE THAT FROM T2 TO HERE THE 8085's BUS IS IN THE INPUT MODE AND
IT IS FLOATING. THE DEVICE DRIVING THE BUS WiLL CONTINUE TO DRIVE

THE BUS UNTIL RD GOES HIGH. | ’
I ! L 1

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

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

23.8 SID and SOD Signals:

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

The 8085A can set the SOD flip-flop from bit 7 of
the accumulator using the SIM instruction. (See
Figure 2-26.) The data is transferred from the ac-
cumulator bit 7 to SOD during My « T, « CLK = 0
of the instruction following SIM, assuming that
accumulator bit 6 is a 1. Accumulator bit 6 is a
“serial output enable” bit.
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SIGNAL

My (OF)

Mq (OF)

My (OF)

M| T2 T3

T2 T3

T4 T T2 T3

T4

CLK

SobD

SID

ACCUMULATOR
{BIT 7)

Aghis

ADy-AD,

ALE

>f\f

\_/“\f\?/'

v
Vi Y

-/ s
X
N Do D=1 Do D - -1 D- o -

/\

|

|/

FIGURE 2-25 RELATIONSHIP OF SID AND SOD SIGNALS TO RIM AND SIM INSTRUCTIONS

EFFECT OF RIM INSTRUCTION

SID

ACCUMULATOR

8085A

EFF

ECT OF SIM INSTRUCTION

7

ACCUMULATOR

%

FIGURE 2-26 EFFECT OF RIM AND SIM INSTRUCTIONS

2.4 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 +———r]

READY —————————»|
RESET
92 (TTL)

8080A
8224
8228

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.

HOLD

HLDA +——————

READY
RESET OUT
CLK

ALE
— (OPTIONAL)
™~ Ao-Ay

8085A 8

75 Ag-Arg
£
5 ADy-AD,
— RD, WR
10/, ALE

MCS-80™ System Bus

SIGNAL(S)
AgAss

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

FUNCTION

The 16 lines of the address
bus identify a memory or I/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, /0 READ, 1/0 WRITE,
and INTERRUPT ACKNOWL-
EDGE) identify the type and
timing of a data transfer
operation.

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

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

SIGNAL(S)
Ag-Ais

ADg-AD;

3
o
2
D
z
>!

I0/M

ALE

READY, RESET
OuUT, HOLD,
HLDA, CLK, INTR

FUNCTION

These are the high order
eight bits of the address,
and are used to identify a
memory or l/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
paraliel transfer of data be-
tween two devices.

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

The /O/MEMORY 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;7 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 for READ CYCLE

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

The MCS-80 first presents the address (1) and
shortly thereafter the control signal (@) . The
data bus, which was in the high impedance
state, is driven by the selected device (3. The
selected device eventually presents the valid
data to the processor (@) . The processor raises
the control signal (5, which causes the select-
ed device to put the data bus in the high impe-
dance state. The processor then changes
the address (?) for the start of the next data
transfer.

MCS-80™ System Bus for WRITE CYCLE

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

O)

Ag-Ars X

@ &

DBy DBy e — — _< X

MEMW or IOW

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

MCS-85™ System Bus for READ CYCLE

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

Ag-Arg. 10/F T ‘ —X:
—XC

(OPTIONALLY
Ag-A; LATCHED
SIGNALS)

ADy-AD; = =

At the beginning of the READ cycle, the 8085A
sends out all 16 bits of address(@®). This is
followed by ALE (@ which causes the lower
eight bits of address to be latched in either the
8155/56, 8355, 8755A, or in an external 8212. RD
is then dropped (3) by the 8085A. The data bus is
then tri-stated by the 8085A in preparation for
the selected device driving the bus (@); the
selected device will continue to drive the bus
with valid data (5), until RD is raised (6) by the
8085A. At the end of the READ CYCLE (@), the
address and data lines are changed in prepara-
tion for the next cycle.

MCS-85™ System Bus for WRITE CYCLE

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

Ag-Ag, 10/M >< x
(OPTIONALLY
Ag-A, LATCHED >< X
SIGNALS)

ADy-AD; = =

The timing of the WRITE CYCLE is identical to
the MCS-85 READ CYCLE with the exception of
the ADg-AD; lines. At the beginning of the
cycle (), 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 8085A is
operating 50% faster than the 8080.
With the addition of an 8212 latch to the
8085A, the basic timings of the two
systems are very similar.

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

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

The MCS-80 provides stable data setup to
the leading and trailing edges of 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 regardiess of entering HOLD.
Also not shown on the chart is the fact
that all output signails 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|4 =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 I0/M with a decoder or a few gates. The
MCS-85 bus is also fast. While running at SMHz,
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 Ayg-A7 and Dy-
D; saves 7 pins (the eighth pin is used for ALE)
on the interface to the processor. That means
that 7 more pins per part are available to either
add features to the part or to use a smaller
package in some cases. In the three chip
system shown in Figure 3-6, the use of the
MCS-85 bus saves 3 x 7 = 21 pins, which are
used for extra 1/0 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
8085A SYSTEM OPERATION AND INTERFACING

3.1 INTERFACING TO THE 8085A

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

There is no distinction between data, instruction
opcodes, and /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 /O 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 1/O devices in the
MCS-85 system. If the IO/M output from the CPU is
used to distinguish between /O and memory
READ and WRITE cycles, then that system is said
to employ standard, or l/O-mapped, I/O. If IO/M 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 VO 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 1/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
10 port. Consider the new meaning of the following
instructions:

Examples:

MOVrM {(Input Port to any Register)
MOV M (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 VO
While memory instructions may increase the flex-
ibility of the I/O system, there are some drawbacks.
Since /O devices are now addressed as memory,
there are fewer addresses available for memory. A
common practice is to use address bit 15 (Ass) to
distinguish memory from 1/O. (See Figure 3-2 and
accompanying discussion.) If A;5=0 then memory
is being addressed; if Ais=1, /O is being ad-
dressed. This particular scheme limits the max-
imum amount of memory that can be used to 32k
bytes. A further disadvantage of memory-mapped
/O 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/0 device, whereas the INPUT
and OUTPUT Iinstructions require only two bytes
and 10 clock cycles. This is because the 1/0 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 peripherais to the MCS-85 bus,
you must either latch the lower address bits
with an 8212 or use a portion of the memory ad-
dress space by connecting the chip selects and
address lines of the ports to the unmultiplexed
upper eight lines of the address bus.
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3.3 ADDRESS ASSIGNMENT
3.3.1 Decoding

Besides memory-mapped |/O, another practice
is to only partially decode the address bus
when generating chip selects. Every device has
a given number of unique addresses associated
with it. The 8355, for instance, has 2k bytes of
ROM and therefore has 2k addresses associated
with the ROM. Any one of these 2k addresses
can be uniquely specified by a pattern on the 11
(211 = 2k) address lines. However, since the 8355
must work with other devices in a system, it
isn’t enough to simply specify the 11 bits; fur-
ther bits of information must be used to locate
the 2k bytes within the 65k address space. The
2k bytes are located by the use of chip enable
(CE) inputs to the 8355 chip. If the 8355 were to
occupy the first 2k bytes of the memory address
space, it would, strictly speaking, be necessary
to decode the fact that Ays-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 Ayq to the CE line of the 8355 and tie CE
to V¢c, 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 /O 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 I0/M lines are shown; the other
lines are connected as shown in Flgures 36,37
or 3.8.) Notice that CE is tied to Vgc 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 1/0O ports on
the chip will be selected only when Ay =0. This
is because the 1/O ports and the memory have
common chip enables, therefore forcing the
selection conditions of one onto the other. Fur-
thermore, since the 10/M line of the chip is con-
nected to the 10/M line of the 8085A, the port
has /0 mapped /0. The I/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/O Port
numbers required to access the chip. As a
result of the linear selection technique used,
there are many “don’t care” bits (marked by
“X’’s) in the address. While they don't affect the
addressing of this device, they may affect other



SYSTEM OPERATION

FIGURE 3-1A SINGLE CHIP B355/B755A
An o]
Ve¢ ———n——— CE
10/M 10/M
MEMORY ADDRESS
POXXxJo Ay - [ - - -] - - |
1/0 PORT
FIGURE 3-1B MULTIPLE CHIPS 3156
Az CE
o/m o/M
MEMORY ADDRESS
B;SBMA X x 1 1Jxxxx|A.,--.‘[.<.pﬁl
Az CE 1/0 PORT
10/
8355/8755A MEMORY ADDRESS
cE XX OAX Ay -]- - - -T- -+ A
Vee CE 1/0 PORT
ofi | KXo 1X X A A
MEMORY ADDRESS
KXo 0[XAg -[- - - -] - - A
1/0 PORT
#0 XX 00X X A A
FIGURE 3-1C FULLY DECODED AND EXPANDED
8205 8155
Az A, o7 b CE
A ——————————— A ! 10/M
An Ay '
A E : MEMORY ADDRESS
A:: & i P BT XX XA - [ - A
5: o p— (53 1/0 PORT
= o o] [T AnA
= /
10/M ,/ MEMORY ADDRESS
s |07 000 X X XTA- - -]~ - - A
8205 8355/8755A / 1/0 PORT
’ !PT A A A
A A, O P #0 0 1 0 0]0 A, A, A
) A H Vec CcE
An Ay : oM
v & H MEMORY ADDRESS
ay— e, ! 8356/8755A poTT[v A - - - -] - Ay
Ay——de O pe 1/0 PORT
. Vee~—| cE #1 [0 01 T[T X a4
io/M ’
o // MEMORY ADDRESS
S e o0 Ay [~ - - [ - - &)
/ 1/0 PORT
#0 [0o 0 o]0 X A &

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

% QUAD
270 1 MUX
cEto———— 4 8158

1
ouT CE

CE-MEM —————— 1 |y 10/M
Ay

10/f J

FIGURE 3-1 MCS-85™ PERIPHERALS WITH 1/0 MAPPED 1/O
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devices in the system, which would force them
to be either ones or zeroes. Remember that two
devices may not be selected simultaneously;
thus each device must have an address that not
only selects itself, but also deselects all other
devices. If there are any bits which are truly
“don’t cares,” they are customarily assigned to
be zero. If all the “X” bits in Figure 3.1A were
“don’t cares,” then the chip could be addressed
as memory locations 0-2k, and I/O Ports 0-3.

Figure 3.1B shows a slightly larger system of
two 8355s and one 8156. Notice that 8355 No. 1
uses its two chip enable lines to decode A, =1,
A;=0. It is possible to address each of the
chips without selecting any of the others. Also
notice that there are some illegal addresses
(e.g., A;2=0, A3 = 1) that would cause two of the
devices to turn on simultaneously. The pro-
grammer must not use these addresses.

Figure 3.1C shows a larger MCS-85 system. Two
8205s are used to completely decode the ad-
dresses. There are some interesting points to
observe here. First, while some of the devices
have multiple possible address (i.e., they have
some ‘‘don’t care” bits), there aren’t any ad-
dresses which can cause simultaneous selec-
tion of two or more parts. Second, the 1/0 and

memory portions of the 8x55 components share
chip enables, so they are forced to live with
each other’s constraints. Third, only one 8205 is
required per eight chips for the decoding; that’s
an overhead of only 1/8 of a chip per part.

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

3.4.2 Memory-Mapped l/O:

Figure 3.2A shows an 8355 connected to the
8085A. Since the 10/M pin of the 8355 is con-
nected to A5, whenever A5 =1 the I/O ports will
be accessed. While A5 could be set to 1 either
by a memory or by an l/O instruction, in this
situation the port is usually accessed only by
the memory instructions. You may access ports
either as memory locations (where A s=1
refers to a memory address of 32k or higher) or
as /0 ports (where As=1 refers to an I/O ad-
dress of 128 or higher, since bits Ag-Ays are a

FIGURE 3-2A SINGLE CHIP

8355/8755A
CE
CE

Ass 10/m
MEMORY ADDRESS
{10 383 YN ENREEN CRENER
1/0 ADDRESS
[FXXE X [ [ xaAl
FIGURE 3-2B MULTIPLE CHIPS
8156
A1z CE
At 10/M
1 MEMORY ADDRESS
?55/8755/\ e X1 iXx x x X[A,- |- - &)
Arz CcE 1 1/0 ADDRESS -
10/ N EE R R R Y
8355/8755A MEMORY ADDRESS
CE X0 T[X Ay [ - -3
Vee CE 170 ADDRESS
10/M [XOox X -]~ [ X AR
MEMORY ADDRESS
foxoofoa, - T- - T -~ AaJ
1/0 ADDRESS
pFxooJo- - -T- - - -] XAA|

FIGURE 3-2 MCS-85™ PERIPHERALS WITH MEMORY-MAPPED I/0
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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 1/O nor the
memory is ever selected by any INPUT or QUT-
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 1/O. 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 1O Mapped 1/O:

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 |/O mapped I/0, use
either linear selection (keeping the I/0 and
memory addresses noncoincidental), or condi-
tion the chip selects WR with IO/M = 1. Figure
3.3A shows a technique of gating the chip
selects with 10/M =1, using an 8205. This
technique also allows more 1/O devices to be
used than linear selection would. Note that this
technique relies on the fact that the /0 Port
number is copied onto Ag-A;5 as well as Ag-A;
during an INPUT or OUTPUT instruction.

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

3.5.2 Memory-Mapped /0O:

Exactly the same techniques used to memory
map the MCS-85 apply to the MCS-80 1/0O devices.
Figure 3.4 shows an 8205 used to qualify the
chip select of the I/O device with |0/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-As would deplete all the useful addresses
very quickly.

3.6 INTERFACING TO STANDARD BUS
MEMORIES

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

Figure 3.5 shows the interface of the 8085A to a
farge 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 butfered. 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 outggts 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.

3.7 DYNAMIC RAM INTERFACE:

For interfacing the dynamic RAM, Intel makes a
single-component dynamic RAM refresh con-
troller, the 8202, which interfaces the 8085A to
multiplexed-address-bus dynamic RAMs like
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FIGURE 3-3A DECODED CHIP SELECTS
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the Intel 2104A and 2117. The 8202 provides the
necessary refreshing for such dynamic RAMs,
and also provides the control signals required
for accessing, selecting, and address clocking.
It allows for the use of the 8085A's full capabili-
ty of 64k bytes of address space with no addi-
tional buffering devices. As with other standard
memory interfaces, it is necessary to demulti-
plex the lower 8 bits of address from the multi-
plexed 8085A bus, ADg ;.

3.8 MINIMUM MCS-85™ SYSTEM

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

have constructed a microcomputer system that
has the following functions:

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

1 Power-on Reset

By looking at the printed circuit layout of Figure
3.7, we can see that not only are there just 31Cs,
but that the interconnection of these parts is
extremely easy and provides a very dense
layout. Expecially notice the easy flow of the
system bus on the solder side of the board.

2X 2142

A cs2
—q cs1
2X 2142
csz
—_—
st MEMORY ADDRESS
WR we =7 /10111I1XAQIA L A:]
oo 7 / /
/
A0-Ar ,/ / //
8205 Vi
/ / MEMORY ADDRESS /
Ay ——T A, o / /
| [ 0|, I0|ooloxA, . ] Aul/
Ay ——— A | -
A — A I
| 23166
Ve — Ak, | - — cs1
A ———q E2 | —————dcs2
10/ ] E, Og 5—< cs3
2316€
— cst1
8212 1——q cs2
cs3 MEMORY ADDRESS
Ag-A; =7 //]u L 11 1 Aw - [ Ac—|
ADg-AD, Diyg D05 Ag-Ar / 7 7
/
v, / / /
cc mMD / /
/
Ag-A / MEMORY ADDRESS /
sTe /
/
=Q . .
ALE o5, / IooooloA,,, I] Ao]/

DS,

Ag-Arp

IESINSEY.

RD

A %

FIGURE 3-5 STANDARD MEMORIES WITH LATCHED ADDRESS AND DECODED CHIP SELECTS
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FIGURE 3-6 MINIMUM 8085 SYSTEM
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FIGURE 3-8 EXPANDED SYSTEM

3-10



SYSTEM OPERATION

3.9 EXPANDED MCS-85™ SYSTEM

Figure 3.8 shows the circuit Figure 3.6 ex-
panded to its maximum size without the use of
any extra Io?ic. In an extremely small board

area we can
PARTS

1 8085A

3 8355/8755A
2 8156

1 Crystal

4 Resistors

1 Capacitor
1 Diode

it

FUNCTION

1 GPU (Clock cycle
< 320ns)
ROM/EPROM
6144 Bytes

512 Bytes RAM
76 1/0 Lines

5 Interrupts

2 Programmable
Timer/Counters
2 Serial /O Lines
1 Crystal and
Oscillator

1 Clock

1 Power-on Reset

3.10 MCS-85™ SYSTEM WITH 8185

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

PARTS

1 8085A
18185
18156

1 8355/8755A

FUNCTION

1CPU
ROM/EPROM
2048 Bytes

1280 Bytes RAM
38 1/0 Lines

5 Interrupts

1 Timer/Counter
2 Serial 1/0 Lines

The 8185 also has power-down capability. By

connecting CE1 to 10/M

from the 8085A the

8185 will be powered down during 1/0
operations and Interrupt Acknowledge cycles.
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CHAPTER 4
THE 8080 CENTRAL PROCESSOR UNIT

The 8080 is a complete 8-bit parallel, central processor
unit (CPU) for use in general purpose digital computer sys-
tems. It is fabricated on a single LS| chip (see Figure 1-1).
using Intel’s n-channel silicon gate MOS process. The 8080
transfers data and internal state information via an 8-bit,
bidirectional 3-state Data Bus {Dg-D7). Memory and peri-
pheral device addresses are transmitted over a separate 16-

bit 3-state Address Bus {Ag-A15). Six timing and control
outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE) eman-
ate from the 8080, while four control inputs (READY,
HOLD, INT and RESET), four power inputs (+12v, +5v,
-5v, and GND) and two clock inputs (¢q and ¢2) are ac-
cepted by the 8080.

A4
Ayp O+ 1 40 |—=0 Ay
GND 0—— 2 39 —=0 Ay
D, O=—={3 38 —0 A3
Dy Oe—sf 4 37 p—=0 Ay,
Dg O=—=|5 36 f—=0 A5
D, O+—={6 35 b—=0 Ay
D; O=—n{7 34 —0 Ag
o, 0«8 [NTEL®? n}—oa
D, 0=l 9 32 b—=o0 Ag
D; O=—s{ 10 8080 31 f—=0 A
-5v o— 1 30 —so0 A,
RESET 0—]{ 12 29 b—=0 A;
HOLD 00— 13 28 f——0 +12v
INT 00— 14 27 f—=0 A,
v2 o—=f 15 26 f—=0 A,
INTE O=—— 16 25 —=0 Ay
DBIN Ow—yJ 17 24 —0 WAIT
WR O=—- 18 23 f+—o0 READY
SYNC O=—1 19 22 f+—0 ¢4
+5v O0—— 20 21 —0 HLDA




ARCHITECTURE OF THE 8080 CPU

The 8080 CPU consists of the following functional
units:

e Register array and address logic

e Arithmetic and logic unit (ALU)

e |nstruction register and control section

e Bi-directional, 3-state data bus buffer
Figure 4-2 illustrates the functional blocks within
the 8080 CPU.

Registers:
The register section consists of a static RAM array
organized into six 16-bit registers:

e Program counter (PC)

o Stack pointer (SP)

e Six 8-bit general purpose registers arranged in pairs,
referred to as B,C; D,E; and H,L

* A temporary register pair called W,Z

The program counter maintains the memory address
of the next program instruction and is incremented auto-

matically during every instruction fetch. The stack pointer
maintains the address of the next available stack location in
memory. The stack pointer can be initialized to use any
portion of read-write memory as a stack. The stack pointer
is decremented when data is “‘pushed’’ onto the stack and
incremented when data is “popped’’ off the stack (i.e., the
stack grows ‘“downward’’).

The six general purpose registers can be used either as
single registers (8-bit) or as register pairs (16-bit). The
temporary register pair, W,Z, is not program addressable
and is only used for the internal execution of instructions.

Eight-bit data bytes can be transferred between the
internal bus and the register array via the register-select
muitiplexer. Sixteen-bit transfers can proceed between the
register array and the address latch or the incrementer/
decrementer circuit. The address latch receives data from
any of the four register pairs and drives the 16 address
output buffers (Ap-A15), as well as the incrementer/
decrementer circuit. The incrementer/decrementer circuit
receives data from the address latch and sends it to
the register array. The 16-bit data can be incremented or
decremented or simply transferred between registers.

D;-Dy

DATA BUS

BI-DIRECTIONAL
DATA BUS

BUFFER/LATCH
(8 BIT) 8 BIT)
INTERNAL DATA BUS INTERNAL DATA BUS
T -
4P 4 Py [+ >
< X y
ACCUMULATOR TEMP. REG. INSTRUCTION
I QJ l ®) L REGISTER () ¥ lMU'-T"'-E’(E“I .
’ ) w ® 2z @
FEhS P REG. TEMP REG.
FLIP-FLOPS - o TEMS .
ACCUMULATOR = B 18) c ®
LATCH (8) 2 REG. REG.
INSTRUCTION o D (8) 3 €]
DECODER @
v LoGIC SND = REG. REG. |
uNIT MACHINE ;g ) ® L ® | REGISTER
(aLy) f— CYCLE 2 REG. REG. ARRAY
@ ENCODING 6)
= -— c H STACK POINTER
V
) 16)
PROGRAM COUNTER
DECIMAL INCREMENTER/DECREMENTER
ADJUST | ADDRESS LATCH (16)
7
TIMING
AND
CONTROL ] —
POWER | —= +12V I ADDRESS BUFFER I
SUPPLIES | — 45V DATA BUS INTERRUPT HOLD WAIT
WRITE CONTROL CONTROL CONTROL CONTROL SYNC. CLOCKS
—s -5V
=& T T T T TTIT1T
WR DBIN INTE INT HOLD HOLDWAIT SYNC 41 42 RESET Ags - A
AcK READY ADDRESS BUS
Figure 4-2. 8080 CPU Functional Block Diagram
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Arithmetic and Logic Unit (ALU):
The ALU contains the following registers:

e An 8-bit accumulator
e An 8-bit temporary accumulator (ACT)

e A b-bit flag register: zero, carry, sign, parity and
auxiliary carry

e An 8-bit temporary register (TMP)

Arithmetic, logical and rotate operations are per-
formed in the ALU. The ALU is fed by the temporary
register (TMP) and the temporary accumulator (ACT) and
carry flip-flop. The result of the operation can be trans-
ferred to the internal bus or to the accumulator; the ALU
also feeds the flag register.

The temporary register (TMP) receives information
from the internal bus and can send all or portions of it to
the ALU, the flag register and the internal bus.

The accumulator (ACC) can be loaded from the ALU
and the internal bus and can transfer data to the temporary
accumulator (ACT) and the internal bus. The contents of
the accumulator (ACC) and the auxiliary carry flip-flop can
be tested for decimal correction during the execution of the
DAA instruction (see Section 5).

Instruction Register and Control:

During an instruction fetch, the first byte of an in-
struction (containing the OP code) is transferred from the
internal bus to the 8-bit instruction register.

The contents of the instruction register are, in turn,
available to the instruction decoder. The output of the
decoder, combined with various timing signals, provides
the control signals for the register array, ALU and data
buffer biocks. In addition, the outputs from the instruction
decoder and external control signals feed the timing and
state control section which generates the state and cycle
timing signals.

Data Bus Buffer:

This 8-bit bidirectional 3-state buffer is used to
isolate the CPU’s internal bus from the external data bus
(Dg through D7). In the output mode, the internal bus
content is loaded into an 8-bit latch that, in turn, drives the
data bus output buffers. The output buffers are switched
off during input or non-transfer operations.

During the input mode, data from the external data bus
is transferred to the internal bus. The internal bus is pre-
charged at the beginning of each internal state, except for
the transfer state (TW and T3—described fater in this
chapter).
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THE PROCESSOR CYCLE

An instruction cycle is defined as the time required
to fetch and execute an instruction. During the fetch, a
selected instruction (one, two or three bytes) is extracted
from memory and deposited in the CPU’s instruction regis-
ter. During the execution phase, the instruction is decoded
and translated into specific processing activities.

Every instruction cycle consists of one, two, three,
four or five machine cycles. A machine cycle is required
each time the CPU accesses memory or an /O port. The
fetch portion of an instruction cycle requires one machine
cycle for each byte to be fetched. The duration of the execu-
tion portion of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
not require any machine cycles other than those necessary
to fetch the instruction; other instructions, however, re-
quire additional machine cycles to write or read data to/
from memory or 1/O devices. The DAD instruction is an
exception in that it requires two additional machine cycles
to complete an internal register-pair add (see Section 5).

Each machine cycle consists of three, four or five
states. A state is the smallest unit of processing activity and
is defined as the interval between two successive positive-
going transitions of the ¢1 driven clock pulse. The 8080
isdriven by a two-phase clock oscillator. All processing activ-
ities are referred to the period of this clock. The two non-
overlapping clock pulses, labeled ¢1 and ¢2, are furnished
by external circuitry. it is the ¢1 clock pulse which divides
each machine cycle into states. Timing logic within the
8080 uses the clock inputs to produce a SYNC pulse,
which identifies the beginning of every machine cycle. The
SYNC pulse is triggered by the low-to-high transition of ¢2,
as shown in Figure 4-3.

FIRST STATE OF
*EVERY MACHINE
CYCLE
o _Tm /.
62 / \
SYNC / \

*SYNC DOES NOT OCCUR IN THE SECOND AND THIRD MACHINE
CYCLES OF A DAD INSTRUCTION SINCE THESE MACHINE CYCLES
ARE USED FOR AN iINTERNAL REGISTER-PAIR ADD.

Figure 4-3. ¢, ¢2 and SYNC Timing

There are three exceptions to the defined duration of
a state. They are the WAIT state, the hold (HLDA) state
and the halt (HLTA) state, described later in this chapter.
Because the WAIT, the HLDA, and the HLTA states depend
upon external events, they are by their nature of indeter-
minate length. Even these exceptional states, however, must



be synchronized with the pulses of the driving clock. Thus,
the duration of all states are integral multiples of the clock
period.

To summarize then, each clock period marks a state;
three to five states constitute a machine cycle; and one to
five machine cycles comprise an instruction cycle. A full
instruction cycle requires anywhere from four to eight-
teen states for its completion, depending on the kind of in-
struction involved.

Machine Cycle Identification:

With the exception of the DAD instruction, there is
just one consideration that determines how many machine
cycles are required in any given instruction cycle: the num-
ber of times that the processor must reference a memory
address or an addressable peripheral device, in order to
fetch and execute the instruction. Like many processors,
the 8080 is so constructed that it can transmit only one
address per machine cycle. Thus, if the fetch and execution
of an instruction requires two memory references, then the
instruction cycle associated with that instruction consists of
two machine cycles. |f five such references are called for,
then the instruction cycle contains five machine cycles.

Every instruction cycle has at least one reference to
memory, during which the instruction is fetched. An in-
struction cycle must always have a fetch, even if the execu-
tion of the instruction requires no further references to
memory. The first machine cycle in every instruction cycle
is therefore a FETCH. Beyond that, there are no fast rules.
It depends on the kind of instruction that is fetched.

Consider some examples. The add-register (ADD r)
instruction is an instruction that requires only a single
machine cycle (FETCH) for its completion. In this one-byte
instruction, the contents of one of the CPU’s six general
purpose registers is added to the existing contents of the
accumulator. Since all the information necessary to execute
the command is contained in the eight bits of the instruction
code, only one memory reference is necessary. Three states
are used to extract the instruction from memory, and one
additional state is used to accomplish the desired addition.
The entire instruction cycle thus requires only one machine
cycle that consists of four states, or four periods of the ex-
ternal clock.

Suppose now, however, that we wish to add the con-
tents of a specific memory location to the existing contents
of the accumulator (ADD M). Although this is quite similar
in principle to the example just cited, several additional
steps will be used. An extra machine cycle will be used, in
order to address the desired memory location.

The actual sequence is as follows. First the processor
extracts from memory the one-byte instruction word ad-
dressed by its program counter. This takes three states.
The eight-bit instruction word obtained during the FETCH
machine cycle is deposited in the CPU’s instruction register
and used to direct activities during the remainder of the
instruction cycle. Next, the processor sends out,as an address,
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the contents of its H and L registers. The eight-bit data
word returned during this MEMORY READ machine cycle
is placed in a temporary register inside the 8080 CPU. By
now three more clock periods (states) have elapsed. in the
seventh and final state, the contents of the temporary regis-
ter are added to those of the accumulator. Two machine
cycles, consisting of seven states in all, complete the
“ADD M’ instruction cycle.

At the opposite extreme is the save H and L registers
(SHLD) instruction, which requires five machine cycles.
During an ““SHLD’’ instruction cycle, the contents of the
processor’s H and L registers are deposited in two sequen-
tially adjacent memory locations; the destination is indi-
cated by two address bytes which are stored in the two
memory locations immediately following the operation code
byte. The following sequence of events occurs:

(1) A FETCH machine cycle, consisting of four
states. During the first three states of this
machine cycle, the processor fetches the instruc-
tion indicated by its program counter. The pro-
gram counter is then incremented. The fourth

state is used for internal instruction decoding.

A MEMORY READ machine cycle, consisting
of three states. During this machine cycle, the
byte indicated by the program counter is read
from memory and placed in the processor’s
Z register. The program counter is incremented
again.

Another MEMORY READ machine cycle, con-
sisting of three states, in which the byte indica-
ted by the processor’s program counter is read
from memory and placed in the W register. The
program counter is incremented, in anticipation
of the next instruction fetch.

(2)

(3)

A MEMORY WRITE machine cycle, of three
states, in which the contents of the L register
are transferred to the memory location pointed
to by the present contents of the W and Z regis-
ters. The state following the transfer is used to
increment the W,Z register pair so that it indi-
cates the next memory location to receive data.

A MEMORY WRITE machine cycle, of three
states, in which the contents of the H register
are transferred to the new memory. location
pointed to by the W, Z register pair.

(4)

(5)

In summary, the “SHLD" instruction cycle contains
five machine cycles and takes 16 states to execute.

Most instructions fall somewhere between the ex-
tremes typified by the “ADD r” and the “SHLD’’ instruc-
tions. The input (IN) and the output (OUT) instructions,
for example, require three machine cycles: a FETCH, to
obtain the instruction; a MEMORY READ, to obtain the
address of the object peripheral; and an INPUT or an OUT-
PUT machine cycle, to complete the transfer.



While no one instruction cycle will consist of more
then five machine cycles, the following ten different types
of machine cycles may occur within an instruction cycle:

(1)  FETCH (M1)

(22 MEMORY READ

(3) MEMORY WRITE
(4) STACK READ

(6) STACKWRITE

(6) INPUT

(7) OUTPUT

(8) INTERRUPT

(9) HALT
(10) HALTeINTERRUPT

The machine cycles that actually do occur in a par-
ticular instruction cycle depend upon the kind of instruc-
tion, with the overriding stipulation that the first machine
cycle in any instruction cycle is alwaysa FETCH.

The processor identifies the machine cycle in prog-
ress by transmitting an eight-bit status word during the first
state of every machine cycle, Updated status information is
presented on the 8080's data lines (Dg-D7), during the
SYNC interval. This data should be saved in latches, and
used to develop control signals for external circuitry. Table
4-1 shows how the positive-true status information is dis-
tributed on the processor’s data bus.

Status signals are provided principally for the control
of external circuitry. Simplicity of interface, rather than
machine cycle identification, dictates the logical definition
of individual status bits. You will therefore observe that
certain processor machine cycles are uniquely identified by
a single status bit, but that others are not. The My status
bit (Dg), for example, unambiguously identifies a FETCH
machine cycle. A STACK READ, on the other hand, is
indicated by the coincidence of STACK and MEMR sig-
nals. Machine cycle identification data is also valuable in
the test and de-bugging phases of system development.
Table 4-1 lists the status bit outputs for each type of
machine cycle,

State Transition Sequence:

Every machine cycle within an instruction cycle con-
sists of three to six active states (referred toas T1, T2, T3,
T4, Tg or Tw). The actual number of states depends upon
the instruction being executed, and on the particular ma-
chine cycle within the greater instruction cycle. The state

transition diagram in Figure 4-4 shows how the 8080 pro- -

ceeds from state to state in the course of a machine cycle.
The diagram also shows how the READY, HOLD, and
INTERRUPT lines are sampled during the machine cycle,
and how the conditions on these lines may modify the
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basic transition sequence. in the present discussion, we are
concerned only with the basic sequence and with the
READY function. The HOLD and INTERRUPT functions
will be discussed later.

The 8080 CPU does not directly indicate its internal
state by transmitting a ‘’state control” output during
each state; instead, the 8080 supplies direct control output
(INTE, HLDA, DBIN, WR and WAIT) for use by external
circuitry.

Recall that the 8080 passes through at least three
states in every machine cycle, with each state defined by
successive low-to-high transitions of the ¢1 clock. Figure
4.5 shows the timing relationships in a typical FETCH
machine cycle. Events that occur in each state are referenced
to transitions of the ¢1 and ¢2 clock pulses.

The SYNC signal identifies the first state (T1) in
every machine cycle. As shown in Figure 4-5, the SYNC
signal is related to the leading edge of the ¢2 clock. There is
a delay (tpc) between the low-to-high transition of ¢2 and
the positive-going edge of the SYNC pulse. There also is a
corresponding delay (also tpc) between the next ¢2 pulse
and the falling edge of the SYNC signal. Status information
is displayed on Dq-D7 during the same ¢2 to ¢2 interval.
Switching of the status signals is likewise controlled by ¢2.

The rising edge of ¢2 during T also loads the pro-
cessor’s address lines (AQ-A15). These lines become stable
within a brief delay ‘tDA) of the ¢ clocking pulse, and
they remain stable until the first ¢2 pulse after state T3.
This gives the processor ample time to read the data re-
turned from memory.

Once the processor has sent an address to memory,
there is an opportunity for the memory to request a WAIT.
This it does by pulling the processor's READY line low,
prior to the ‘‘Ready set-up’ interval (tRs) which occurs
during the ¢2 pulse within state T2 or Tyy. As long as the
READY line remains fow, the processor will idle, giving the
memory time to respond to the addressed data request.
Refer to Figure 4-5.

The processor responds to a wait request by entering
an alternative state (Tyy) at the end of T2, rather than pro-
ceeding directly to the T3 state. Entry into the Tyy state is
indicated by a WAIT signal from the processor, acknowledg-
ing the memory’s request. A low-to-high transition on the
WAIT line is triggered by the rising edge of the ¢1 clock and
occurs within a brief delay (tpc) of the actual entry into
the Tyy state.

A wait period may be of indefinite duration. The pro-
cessor remains in the waiting condition until its READY line
again goes high. A READY indication must precede the fall-
ing edge of the ¢2 clock by a specified interval {tgg), in
order to guarantee an exit from the Ty state. The cycle
may then proceed, beginning with the rising edge of the
next ¢1 clock. A WAIT interval will therefore consist of an
integral number of Tyy states and will always be a multiple
of the clock period.



Instructions for the 80BO require from one to five machine
cycles for complete execution. The 8080 sends out 8 bit of
status information on the data bus at the beginning of each
machine cycle (during SYNC time). The following table defines
the status information.

Symbols
INTA®

STACK

HLTA
ouT

My

INP*

MEMR*

Bit
Do

D,

D7

D3

Da

Dg

D¢

Dy

STATUS INFORMATION DEFINITION
Data Bus

Definition
Acknowledge signal for INTERRUPT re-
quest. Signal should be used to gate are-
start instruction onto the data bus when
DBIN is active.
Indicates that the operation in the current
machine cycle will be_a WRITE memory
or OUTPUT function (WO = 0).Otherwise,
a READ memory or INPUT operation will
be executed.
Indicates that the address bus holds the
pushdown stack address from the Stack
Pointer.
Acknowledge signal for HALT instruction.
Indicates that the address bus contains the
address of an output device and the data
bus will contain the output data when
WR is active.
Provides a signal to indicate that the CPU
is in the fetch cycle for the first byte of
an instruction.
Indicates that the address bus contains the
address of an input device and the input
data should be placed on the data bus
when DBIN is active.
Designates that the data bus will be used
for memory read data.

*These three status bits can be used to control
the flow of data onto the 8080 data bus.

STATUS WORD CHART

8080 STATUS LATCH
10 Do
> o,
b,
7
Dy
3 >
3
4
5 %
6 D6
0,
19
17
STATUS
LATCH
D, Do JA— INTA
=
S STACK
; 13- mta
3 212 [y~ z‘f
e 20 % INP
CLOCK GEN Ty 22 - |2 memr
& DRIVER —
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13 |2
T
J
Vee
T T2
Y\ N\ )
SN T\
synel / \__|
DATA —_———
STATUS

TYPE OF MACHINE CYCLE

« /S«
(<)
S/ /8
S/ & /8§
LS / & /SA
S&éw
§/8/&F
NV AL
Qé\\l
/IS
Y /&
T /&
N
(N) STATUS WORD
QIR |®|e®|®|® | ®|@® | @
Do| WNTA | o lolo|lojofolo|1]0 |1
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Dp| sTAck | o ol o] 1|1 ]ojo]ojo} o0
D3| HLTA (o ]Jo|o|o]o|lo]o]o |1 |1
Ds| OUT | O|O/O|{O|Oj0O]1V]|]O]O}{O
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D;| MEMR | 1 |1 | o] 1]oflojo]o]|1 ][ o0

Table 4-1. 8080 Status Bit Definitions
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{3SEE PAGE 4-13.

Figure 4-4. CPU State Transition Diagram




The events that take place during the T3 state are
determined by the kind of machine cycle in progress. In a
FETCH machine cycle, the processor interprets the data on
its data bus as an instruction. Duringa MEMORY READ or
a STACK READ, data on this bus is interpreted as a data
word. The processor outputs data on this bus during a
MEMORY WRITE machine cycle. During 1/O operations,
the processor may either transmit or receive data, de-
pending on whether an QUTPUT or an INPUT operation
is involved.

Figure 4-7 illustrates the timing that is characteristic
of a data input operation. As shown, the low-to-high transi-
tion of ¢2 during T2 clears status information from the pro-
cessor’s data lines, preparing these lines for the receipt of
incoming data. The data presented to the processor must
have stabilized prior to both the “¢9—data set-up’” interval
(tpg1). that precedes the falling edge of the ¢1 pulse defin-
ing state T3, and the ““¢p—data set-up’ interval {tpgo),
that precedes the rising edge of ¢o in state T3. This same

data must remain stable during the “data hold” interval
(tpH) that occurs following the rising edge of the ¢2 puise.
Data placed on these lines by memory or by other external
devices will be sampled during T3.

During the input of data to the processor, the 8080
generates a DBIN signal which should be used externally to
enable the transfer. Machine cycles in which DBIN is avail-
able include: FETCH, MEMORY READ, STACK READ,
and INTERRUPT. DBIN is initiated by the rising edge of ¢2
during state T2 and terminated by the corresponding edge of
¢2 during T3. Any Ty phases intervening between T2 and
T3 will therefore extend DBIN by one or more clock
periods.

Figure 4-7 shows the timing of a machine cycle in
which the processor outputs data. Qutput data may be des-
tined either for memory or for peripherals. The rising edge
of ¢2 within state T2 clears status information from the
CPU's data lines, and loads in the data which is to be output
to external devices. This substitution takes place within the

T T2 Tw T3 T Ts
o V \ n
p
T\ PAL T 7] I A U Y B
A1so / x UNKNOWN
Do / ® X L« WRITE MODE LOATING
—_—t Y A L e = — — = ————
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-
READY
wair / \
DBIN / \
DATA
WR
STATUS
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DATA
Asso SAMPLE READY OPTIONAL FETCH DATA OPTIONAL
MEMORY ADDRESS HOLD AND HALT
HALT INSTRUCTION INSTRUCTION
1/0 OEVICE NUMBER oR OR EXECUTION
0 MEMORY WRITE DATA IF REQUIRED
STATUS INFORMATION ACCESS TIME
INTA out ADJUST
HLTA WO
MEMR My
INP STACK

NOTE: @ Refer to Status Word Chart on Page 4-6.

Figure 4-5. Basic 8080 Instruction Cycle
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“data output delay” interval (tpp) following the ¢, clock’s
leading edge. Data on the bus remains stable throughout
the remainder of the machine cycle, until replaced by up-
dated status information in the subsequent T state. Observe
that a READY signal is necessary for completion of an
QUTPUT machine cycle. Unless such an indication is pres-
ent, the processor enters the Ty state, following the To
state. Data on the output lines remains stable in the
interim, and the processing cycle will not proceed until
the READY line again goes high.

The 8080 CPU generates a WR output for the syn-

chronization of external transfers, during those machine’

cycles in which the processor outputs data. These inciude
MEMORY WRITE, STACK WRITE, and OUTPUT. The
negative-going leading edge of WR is referenced to the rising
edge of the first ¢1 clock pulse fotlowing To, and occurs
within a brief delay {tpc) of that event. WR remains low
until re-triggered by the leading edge of ¢4 during the
state following T3. Note that any Ty states intervening
between Ty and T3 of the output machine cycle will neces-

sarily extend WR, in much the same way that DBIN is af-
fected during data input operations.

All processor machine cycles consist of at least three
states: Tq, T2, and T3 as just described. If the processor has
to wait for a response from the peripheral or memory with
which it is communicating, then the machine cycle may
also contain one or more Tyy states. During the three basic
states, data is transferred to or from the processor.

After the T3 state, however, it becomes difficult to
generalize. T4 and Tg states are available, if the execution
of a particular instruction requires them, But not all machine
cycles make use of these states. It depends upon the kind of
instruction being executed, and on the particular machine
cycle within the instruction cycle. The processor will termi-
nate any machine cycle as soon as its processing activities
are completed, rather than proceeding through the T4 and
Ts states every time. Thus the 8080 may exit a machine
cycle following the T3, the T4, or the Tg state and pro-
ceed directly to the Ty state of the next machine cycle.

STATE ASSOCIATED ACTIVITIES
T A memory address or /O device number is
placed on the Address Bus (A15.0); status
information is placed on Data Bus {D7.0).
T2 The CPU samples the READY and HOLD in-
puts and checks for halt instruction.
TW Processor enters wait state if READY is low
{optional) or if HALT instruction has been executed.
T3 An instruction byte (FETCH machine cycle),
data byte (MEMORY READ, STACK READ,
INPUT) or interrupt instruction (INTERRUPT
machine cycle) is input to the CPU from the
Data Bus; or a data byte (MEMORY WRITE,
STACK WRITE or OUTPUT machine cycle)
is output onto the data bus.
T4 States T4 and Tg are available if the execu-
T5 tion of a particular instruction requires them;
(optional) if not, the CPU may skip one or both of
them, T4 and Tg are only used for internal
processor operations.

Table 4-2. State Definitions
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INTERRUPT SEQUENCES

The 8080 has the built-in capacity to handle external
interrupt requests. A peripherat device can initiate an inter-
rupt simply by driving the processor’s interrupt (INT) line
high.

The interrupt (INT) input is asynchronous, and a
request may therefore originate at any time during any
instruction cycle. Internal logic re-clocks the external re-
quest, so that a proper correspondence with the driving
clock is established. As Figure 4-8 shows, an interrupt
request {INT) arriving during the time that the interrupt
enable line (INTE) is high, acts in coincidence with the 02
clock to set the internal interrupt latch. This event takes
place during the last state of the instruction cycle in which
the request occurs, thus ensuring that any instruction in
progress is completed before the interrupt can be processed.

The INTERRUPT machine cycle which follows the
arrival of an enabled interrupt request resembles an ordinary
FETCH machine cycle in most respects. The M1 status bit
is transmitted as usual during the SYNC interval. It is
accompanied, however, by an INTA status bit (Dg) which
acknowledges the external request. The contents of the
program counter are latched onto the CPU’s address lines
during T4, but the counter itself is not incremented during
the INTERRUPT machine cycle, as it otherwise would be.

In this way, the pre-interrupt status of the program counter
is preserved, so that data in the counter may be restored by
the interrupted program after the interrupt request has been
processed.

The interrupt cycle is otherwise indistinguishable from
an ordinary FETCH machine cycle. The processor itself
takes no further special action. [t is the responsibility of the
peripheral logic to see that an eight-bit interrupt instruction
is “jammed’’ onto the processor’s data bus during state T3.
In a typical system, this means that the data-in bus from
memory must be temporarily disconnected from the pro-
cessor’s main data bus, so that the interrupting device can
command the main bus without interference.

The 8080's instruction set provides a special one-byte
call which facilitates the processing of interrupts (the ordi-
nary program Call takes three bytes). This is the RESTART
instruction (RST). A variable three-bit field embedded in
the eight-bit field of the RST enables the interrupting device
to direct a Call to one of eight fixed memory locations. The
decimal addresses of these dedicated locations are: 0, 8, 16,
24, 32, 40, 48, and 56. Any of these addresses may be used
to store the first instruction(s) of a routine designed to
service the requirements of an interrupting device. Since
the (RST) is a call, completion of the instruction also
stores the old program counter contents on the STACK.

[ M2 M3
T3 T T2 T3 Tq Ts Ty T2 T3 T T2 T3
A |" A e e nen |
o2 T \LLJ \j\ﬂﬂﬂ_ﬂj\ﬂm_n
Ats0 PCA / [ NI "7/ ) OEES
e | e e e
. [ ([::\,”A,_‘ RST 1B / ) B X PCL
svnc / 1\ T Ia
08IN /
WR y
onrennal) t—t \
INTE
INT /
INT F/F
(INTERNAL)
INHIBIT STORE OF \
PC+1 (INTERNAL)
f;:gg;;mon / X@ ) ®

NOTE: @ Refer to Status Word Chart on Page 4-6.

Figure 4~-8. Interrupt Timing
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HOLD SEQUENCES

The 8080A CPU contains provisions for Direct Mem-
ory Access {(DMA) operations. By applying a HOLD to the
appropriate control pin on the processor, an external device
can cause the CPU to suspend its normal operations and re-
linquish control of the address and data busses. The proces-
sor responds to a request of this kind by floating its address
to other devices sharing the busses. At the same time, the
processor acknowledges the HOLD by placing a high on its
HLDA outpin pin. During an acknowledged HOLD, the
address and data busses are under control of the peripheral
which originated the request, enabling it to conduct mem-
ory transfers without processor intervention.

Like the interrupt, the HOLD input is synchronized
internally. A HOLD signal must be stable prior to the ‘'Hold
set-up” interval (tys), that precedes the rising edge of ¢,.

Figures 4-9 and 4-10 illustrate the timing involved in
HOLD operations. Note the delay between the asynchronous
HOLD REQUEST and the re-clocked HOLD. As shown in
the diagram, a coincidence of the READY, the HOLD, and
the ¢2 clocks sets the internal hold latch. Setting the latch
enables the subsequent rising edge of the ¢ clock pulse to
trigger the HLDA output as described below.

Acknowledgement of the HOLD REQUEST precedes
slightly the actual floating of the processor’s address and
data lines. The processor acknowledges a HOLD at the begin-
ning of T3, if a read or an input machine cycle is in progress
(see Figure 4-9). Otherwise, acknowledgement is deferred
until the beginning of the state following T3 (see Figure
4-10). In both cases, however, the HLDA goes high within
a specified defay (tpc) of the rising edge of the selected ¢1
clock pulse. Address and data lines are floated within a
brief delay after the rising edge of the next ¢2 clock pulse.
This relationship is also shown in the diagrams.

To all outward appearances, the processor has suspend-
ed its operations once the address and data busses are floated.
Internally, however, certain functions may continue. If a
HOLD REQUEST is acknowledged at T3, and if the pro-
cessor is in the middle of a machine cycle which requires
four or more states to complete, the CPU proceeds through
T4 and Tg before coming to a rest. Not until the end of the
machine cycle is reached will processing activities cease.
Internal processing is thus permitted to overiap the external
DMA transfer, improving both the efficiency and the speed
of the entire system.

The processor exits the holding state through a
sequence similar to that by which it entered. A HOLD
REQUEST is terminated asynchronously when the external
device has completed its data transfer. The HLDA output
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returns to a low level following the leading edge of the next
¢1 clock pulse. Normal processing resumes with the ma-
chine cycle following the last cycle that was executed.

HALT SEQUENCES

When a halt instruction (HLT) is executed, the CPU
enters the halt state (Tyy) after state T2 of the next ma-
chine cycle, as shown in Figure 4-11. There are only three
ways in which the 8080 can exit the halt state:

e A high on the RESET line will always reset the
8080 to state Tq1; RESET also clears the program
counter.

A HOLD input will cause the 8080 to enter the
hold state, as previously described. When the
HOLD line goes low, the 8080 re-enters the halt
state on the rising edge of the next ¢1 clock
pulse.

An interrupt (i.e., INT goes high while INTE is
enabled) will cause the 8080 to exit the Halt state
and enter state Tq on the rising edge of the next
¢1 clock pulse. NOTE: The interrupt enable (INTE)
flag must be set when the halt state is entered;
otherwise, the 8080 will only be able to exit via a
RESET signal.

Figure 4-12 illustrates halt sequencing in flow chart
form.

START-UP OF THE 8080 CPU

When power is applied initially to the 8080, the pro-
cessor begins operating immediately. The contents of its
program counter, stack pointer, and the other working regis-
ters are naturally subject to random factors and cannot be
specified. For this reason, it will be necessary to begin the
power-up sequence with RESET.

An external RESET signal of three clock period dura-
tion (minimum) restores the processor’s internal program
counter to zero. Program execution thus begins with mem-
ory location zero, foilowing a RESET. Systems which re-
quire the processor to wait for an explicit start-up signal
will store a halt instruction (EI, HLT) in the first two loca-
tions. A manual or an automatic INTERRUPT will be used
for starting. In other systems, the processor may begin ex-
ecuting its stored program immediately. Note, however, that
the RESET has no effect on status flags, or on any of the
processor’s working registers {accumulator, registers, or
stack pointer). The contents of these registers remain inde-
terminate, until initialized explicitly by the program.
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MNEMONIC OP CODE M1 M2
D7DgD5 D4 | D3D2D10g T T2l2 T3 Ta TS gl T2(2 T3
MOV r1,r2 010D [ DS S S [PCOUT | PC=PC+ [INST-TMP/IR | (SSS)-TMP (TMP)~-DDD
STATUS
MOV, M 01 DD D110 x(3) HL QUT DATA DDD
STATUSI6!
MOV M, r 0t11 {oasss (S5S)~TMP HL OUT
STATUSIT) (TMP) —{»-DATA BUS
SPHL 1111 1001 (HL) P
MVI r, data 00DD D110 X PCOUT PC=PC+1 B2 —»pDD
STATUs!6)
MVI M, data 0011 {0110 X PC=PC+1 B2—»-TMP
LXI rp, data 00 RP 0001 X PC=PC+1 EZ»«‘D!I
LDA addr 0011 1010 X PC=PC+1 82—»2
STA addr 0011 o010 X PC=PC+1 B2—»2
LHLD addr 0010|1010 X PC=PC+1 82 —{»-2
SHLD addr 0010 0010 X PC OUT PC=PC +1 B2—m2
STATUS(E]
LDAX rpl4! OO0ORP [ 1010 X p OUT DATA—1»A
STATUS(6!
STAX rpl4 0O0RP [0010 X p OUT (A)-+»DATA BUS
STATUSI?!
XCHG 1110 1011 x (11] (HL) -- (DE)
ADD 1000 [0S S S (SS5)~+TMP 6] (ACT)+(TMP)~A
(A}=ACT .
ADD M 1000 (0110 (A)~ACT HL OUT DATA—»TMP
STATUSIS!
AD data 1100 o110 (A)>ACT PC OUT PC=PC+1 82 —»TMP
STATUSIE]
ADCr 1000 | 18sSS (SSS)I+TMP ] (ACT)+(TMP)+CY—A
{A}=ACT
ADCM 1000 | 1110 {A)~ACT HL OUT DATA—{»TMP
STATUS!8]
AC data 1100 (1110 (A)-ACT PCOUT PC=PC+1 B2 —{»-TMP
STATUSIE!
susr 1001 |0sSSS (SSS)~TMP [C)] (ACT)-(TMP}—A
A)=ACT
SUBM 1001 0110 (A)>ACT HL OUT DATA—{»-TMP
STATUSIE!
SUI data 11001 0110 (A)-ACT PC OUT PC=PC+1 B2—{-TMP
STATUS!E!
SBBr 1001 188S (SSS)-TMP €] (ACT)-(TMP}-CY-A
(A)-ACT
SBBM 1001 1110 {A)>ACT HL OUT DATA—1-TMP
STATUSIE)
5Bl data 11001 1110 (Al-ACT PCOUT PC=PC+1 B2 TMP
STATUSIE!
INR ¢ 00DO|{D10O (DDD)TMP ALU-DDD
(TMP) + 1-ALU
INR M 0011 0100 X HL OUT DATA —1=TMP
STATUSIE! (TMP)+1 ALU
DCRr 0o0DD | D101 (DDD)—~TMP ALU-DDD
(TMP)-1—ALU
DCR M 00 11 0101 X HL OUT DATA —» TMP
STATUS(E! (TMP)-1 ALU
INX rp 0O0RP OO 1 (RP)+1____ LRP
7
oCXrp 0O0RP | 1011 (RP) -1 | RP
DAD rpl8] 00CRP 1001 X (e)~ACT {L)->TMP, ALU-L, CY
(ACTI+H{TMPI=ALU
DAA 0010|0111 66-ACT (10] €] DAA--A
(A)=TMP FLAGS {10]
ANA T 1010 )| 065sSS (SSSI=TMP 19) (ACTH{TMPI-A
(Al>ACT
1010 11 PCOUT | PC=PC+1| INST>TMPIR | (Al=ACT HLOUT DATA > TMP
ANAM ° 0 STATUS sTATUSIS!
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M3 M4 M5
T T2(2 T3 T 1212 73 ™ T2l2 T3 T4 T5
HL OUT (TMP) —»DATA BUS
sTATUsl a
PCOUT PC=PC+1 B3 —{wrh
STATUS!E!
PC=PC+1 B3 —{»W WZ OUT DATA - A
STATUSIS)
PC=PC+1 B3—{»-W wzour (Al —— ¢ DATA BUS
sTaTusl?
PC=PC+1 B3—{mW Wz ouT DATA———¢ L W2Z OUT, DATA
sTaTusBl | wz-wz+1 STATUSI6
PC OUT PC=PC+1 B3—{»W WZouT (L) b DATA BUS | wzouT (H) ATA BUS
STATUsI6) staTusl? | wz-wz+1 STATUS[?)
i) (ACT)+{TMP)-A
19} (ACT)+{TMP}=A
[} (ACT)HTMP)+CY-A
&) (ACT)+(TMP)+CY—A
f9) (ACT)-(TMP)>A
tal {ACT)-(TMP)>A
9 (ACT)-{TMP)-CY—A
19 (ACT)-(TMP)-CY-A
HL OUT ALU—{sDATA BUS
STATUS7]
HLOUT ALU—> DATA BUS
STATUSI7)
{rhi»ACT | (HI>TMP ALU-H, CY
(ACT)+(TMP)+CY—ALU
19} (ACTIH{TMP)>A




MNEMONIC OP CODE w1 M2
D7DgD5D4 | D3D2D4Dg T T212 T3 T4 r 15 gl T2(2 T3
AN data 1110 0110 PC OUT PC = PC + 1| INST-TMP/IR (A)>ACT PCOUT PC=PC+1 B2 1y TMP
STATUS STATUSIS!
XRA r 1010 188Ss {A)>ACT &) {ACT)+H{TPM)>A
(SS5)-TMP
XRA M 1010|1110 (A)=ACT HL OUT DATA
STATUSI®!
XRI data 11101110 (A}>ACT PC OUT PC=PC+1 82
STATUSIE!
ORAr 10611 0Sss s {A}>ACT ) (ACT)+(TMP)-A
(SSSI-TMP
ORA M 10110110 {A)-ACT HLOUT DATA
STATUSI6
ORI data 1111 0110 (A)>ACT PC OUT PC=PC+1 B2-
STATUSIE!
CMP ¢ 101 1 155s (A)-ACT 19 (ACT)-(TMP), FLAGS
(SSS)-TMP
CMP M 1011 1110 (A}=ACT HL OUT DATA
STATUS(6]
CPI data 1111 1110 (A)-ACT PCOUT PC=PC+1 B2 —1»-TMP
sTATUSI6)
ALC 0000 | 01 11 (A)~ALU tol ALU-A, CY
ROTATE
RRC 0000 [ 1111 (A)>ALU 5] ALU-A, CY
ROTATE
RAL 0001 0111 (A), CY=ALU G} ALUSA, CY
ROTATE
RAR 000 1 111 (A), CY=ALU 19 ALU-A, CY
ROTATE
cMA 0010 | 1111 A-ALU (9 ALU-A
COMPLEMENT
cMC 0011 1111 CY—ALU (9! ALU—CY
COMPLEMENT
sTC 0011 0111 1—ALU (9) ALU-CY
JMP addr 1100|0011 X PC OUT PC=PC+1 B2 a2z
STATUSIE!
Jeondaddrl'? | 1 1 cc | co 10 JUDGE PCOUT PC=PC+1 82 {»2Z
CONDITION STATUSIE]
CALL addr 1100|1101 SP=5P-1 PC OUT PC=PC+1 82 —»Z
STATUS!6]
Ccondadarl | 1 1 cc | c10 0 JUDGE CONDITION PC OUT PC=PC+1 B2—{»>2
IF TRUE,SP=SP - 1 STATUSIE]
RET 1100|1001 X SPOUT SP=SP+1 DATA—{»PCL
sTATus(15]
Reondadarl” | 1 1 cc ) coo o INST-TMP/IR JUDGE CONDITION(14] SPOUT SP=SP+1 DATA—{»PCL
sTATUS[1S)
RSTn 1T 1 NN| N1 oW SP=5P-1 SP OUT SP=SP-1  (PCH)—{=DATA BUS
INST-TMP/IR sTaTuslel
PCHL 1110 1001 INST-TMP/IR (HL)—*PC
PUSH rp 11 RP | 0101 SP=SP-1 SP OUT sp (rh)—{=DATA BUS
STATUS!16)
PUSH PSW t1 110101 SP=SP-1 SP OUT SP=5P- 1 (A)—1=DATA BUS
statusliel
POP rp 1T1RP | 0001 X SP OUT SP=SP+1 DATA—fer!
STATUsI5]
POP PSW 1111|0001 X SPOUT SP=SP+1 DATA—{»FLAGS
STATUS(15]
XTHL 1t10| 0011 X SP OuUT SP=SP+1 DATA—leZ
sTATUS(1S]
IN port 1101 1011 X PC OUT PC=PC+1 B2—»-2Z, W
STATUSI6!
OUT port 1101 0011 X PC OUT PC=PC+1 B2-{e-Z,W
o STATUSI6] I~
El 1111 101 1 X SET INTE
FIF [11]
Dl t1 1100611 X RESET INTE
F/E [11]
11 0110 3 PC OUT HALT MODEID)
HLT 0 STATUS
NOP 0000 | 0000 | PCOUT [ PC=PC+1|INST-TMPIIR x
STATUS




M3

M4 MS

™

1202

(ACT)+H{TMP}>A

{ACT)+{TMP)>A

(ACTI+(TMP}

(ACTIHHTMP}-A

—A

(ACTI+{TMP)

(ACT)-{TMP); FLAGS

—A

(ACT)-(TMP)

: FLAGS

sPOUT
STATUS[6]

SPOUT
sTATusl6l

{TMP = OONN|

INOOO}
(PCL)

{rl) —~

-2
»-DATABUS |-

WZ OUT
STATUS[!]

PCOUT PC=PC+1 83 —{mW | wzout (WZ) +1-+PC
STATUS!B] | staTusin

PCOUT PC=PC+1 B3 (=W ' Wz ouT (W2) +1-+PC
STATUSIE] . e ’ | sTaTusin2l

PCOUT PC=PC+1 B3 —[=W SP OUT (PCH) >-DATABUS | SPOUT (PCLI—4- DATA BUS | wzout (W2Z) +1-PC
STATUSIS) sTATUs(16] | sp=sp-1 STATUS[16] STATUSI1Y)

PCOUT PC=PC+1 83 —»-w13 SP OUT (PCH) l>-DATABUS | SPOUT (PCL)—- DATA BUS WZ OUT (W2) +1-+PC
STATUSI6! sTaTusl6l | sp=sp-1 STATUSI16} STATUSI1112)

sPoUT SP=SP+1 DATA—j»pCH . .

STATUS(18] -

SP OUT SP=SP+1 DATA-I»PCH

STATUSI15!

{W2) +1-PC

t~-DATA BUS

SP OUT
sTATusl6l

FLAGS —»DATA BUS

SPOUT SP=SP+1 DATA —t»rh b
sTATUSIS! v ; e
SPOUT SP=SP+1 DATA—{»A / : - . s
sTaTUS!15] . 1 . .
$POUT DATA—{»-W SP OUT DATABUS | SPOUT w DATA BUS HL
STATUSDS! STATUs16) STATUs[16]

WZouT, DATA —>-A . " Lo pEman
STATUSI18] . : : . - .

WZ OuT
sTATUs[18!

(A} —» DATA BUS




NOTES:

1. The first memory cycle (M1) is always an instruction
fetch; the first (or only) byte, containing the op code, is
fetched during this cycle.

2. If the READY input from memory is not high during
T2 of each memory cycle, the processor will enter a wait
state (TW) until READY is sampled as high.

3. States T4 and T5 are present, as required, for opera-
tions which are completely internal to the CPU. The con-
tents of the internal bus during T4 and T5 are available at
the data bus; this is designed for testing purposes only. An
“X" denotes that the state is present, but is only used for
such internal operations as instruction decoding.

4. Only register pairs rp = B (registers B and C) or rp=D
(registers D and E) may be specified.

5. These states are skipped.

6. Memory read sub-cycles; an instruction or data word
will be read.

7. Memory write sub-cycle.

8. The READY signal is not required during the second
and third sub-cycles (M2 and M3). The HOLD signal is
accepted during M2 and M3. The SYNC signal is not gene-
rated during M2 and M3. During the execution of DAD,
M2 and M3 are required for an internal register-pair add;
memory is not referenced.

9. The results of these arithmetic, logical or rotate in-
structions are not moved into the accumulator (A) until
state T2 of the next instruction cycle. That is, A is loaded
while the next instruction is being fetched; this overlapping
of operations allows for faster processing.

10. If the value of the least significant 4-bits of the accumu-
lator is greater than 9 or if the auxiliary carry bit is set, 6

is added to the accumulator. If the value of the most signifi-
cant 4-bits of the accumulator is now greater than 9, or if
the carry bit is set, 6 is added to the most significant

4-bits of the accumulator.

11. This represents the first sub-cycle (the instruction
fetch) of the next instruction cycle.

12. If the condition was met, the contents of the register
pair WZ are output on the address lines (Ag 15) instead of
the contents of the program counter (PC).

13. Iif the condition was not met, sub-cycles M4 and M5
are skipped; the processor instead proceeds immediately to
the instruction fetch (M1) of the next instruction cycle.

14. If the condition was not met, sub-cycles M2 and M3
are skipped; the processor instead proceeds immediately to
the instruction fetch (M1) of the next instruction cycle.

15, Stack read sub-cycle.
16. Stack write sub-cycle.

17. CONDITION ccc
NZ — not zero (Z =0) 000

Z — zero(Z2=1) 001

NC — no carry (CY = Q) 010

C — carry (CY=1) 011

PO — parity odd (P =0) 100

PE — parity even (P =1) 101

P — plus (S=0) 110

M — minus (S=1) 111

18. 1/0 sub-cycle: the 1/ port’s 8-bit select code is dupli-
cated on address lines 0-7 (Ag.7) and 815 (Ag.15).

19. Output sub-cycle.

20. The processor will remain idle in the halt state until

an interrupt, a reset or a hold is accepted. When a hold re-
quest is accepted, the CPU enters the hold mode; after the
hold mode is terminated, the processor returns to the halt
state. After a reset is accepted, the processor begins execu-
tion at memory location zero. After an interrupt is accepted,
the processor executes the instruction forced onto the data
bus (usually a restart instruction).

S$SS or DDD Value rp Value
A 11 B 00
B 000 D 01
C 001 H 10
D 010 SP 11
E 011
H 100
L 101
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5.1 WHAT THE INSTRUCTION SET IS

CHAPTER 5
THE INSTRUCTION SET

DDD,SSS

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

the chip.

Each computer instruction allows you to ini- p
tiate the performance of a specific operation.
The 8085A implements a group of instructions
that move data between registers, between a
register and memory, and between a register
and an 1/O port. It also has arithmetic and logic

instructions,

conditional

and unconditional

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

5.2 SYMBOLS AND ABBREVIATIONS:

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

SYMBOLS
accumulator
addr

data

data 16

byte 2

byte 3

port
r,ri,r2

MEANING RP

Register A

16-bit address quantity

8-bit quantity

16-bit data quantity

The second byte of the instruc-

tion

The third byte of the instruc- rh
tion

8-bit address of an I/O device rl

One of the registers A,B,C,
D,E,H,L

*All mnemonics copyrighted ©intel Corporation 1976. 5-1

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

DDD or
SSS

111
000
001
010
011
100
101

One of the register pairs:

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

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

SP represents the 16-bit stack
pointer register.

The bit pattern designating

REGISTER
NAME

FImMooOw>

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

RP PAIR

00 B-C

01 D-E

10 H-L

11 SP

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

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

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

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

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

z Zero

S Sign

P Parity

cY Carry

AC Auxiliary Carry

() The contents of the memory
location or registers enclosed
in the parentheses.

- “Is transferred to”

A Logical AND

v Exclusive OR

A Inclusive OR

+ Addition

- Two's complement subtraction

* Multiplication

“Is exchanged with”

The one’s complement (e.g., (A))
n - The restart number 0 through 7
The binary representation 000

through 111 for restart number
0 through 7 respectively.

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

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

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

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

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

*All mnemonics copyrighted ©intel Corporation 1976.
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5. The boxes describe the binary codes that
comprise the machine instruction.

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

5.3 INSTRUCTION AND DATA FORMATS

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

Data in the 8085A is stored in the form of 8-bit
binary integers:
DATAWORD -
T 1 1
D, Dy Do

LSB

T T 1
D; Dg Ds Dy D3

MSB

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

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

Single Byte Instructions

1T 1 1T T 1 1
D; Do | Op Code

Two-Byte Instructions

Byte T 7T 1T 1T 1T 1T 71
One D, Dy | Op Code
Byte[ | I | T T | [, |Dataor
Two | °7 Do| Address
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Three-Byte Instructions

Byte 1 17 T T 7

Oyr:e 0; Do| Op Code

Byte T T 1T 17T 1T 11

Two | 7 Do|) Data
or

Byte[ I T T T T T 1 Address

Three |07 Do

5.4 ADDRESSING MODES:

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

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

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

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

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

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

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

*All mnemonics copyrighted ©Intel Corporation 1976.

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

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

5.5 CONDITION FLAGS:

There are five condition flags associated with
the execution of instructions on the 8085A.
They are Zero, Sign, Parity, Carry, and Auxiliary
Carry. Each is represented by a 1-bit register (or
flip-flop) in the CPU. A flag is set by forcing the
bit to 1; it is reset by forcing the bit to 0.
Unless indicated otherwise, when an instruc-
tion affects a flag, it affects it in the following
manner:

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

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

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

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

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

Parity:

Carry:
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5.6 INSTRUCTION SET ENCYCLOPEDIA

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

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

2. Arithmetic Group — Adds, subtracts, in-
crements, or decrements data in
registers or memory. (See page 5-13.)

3. Logic Group — ANDs, ORs, XORs, com-
pares, rotates, or complements data in
registers or between memory and a
register. (See page 5-16.)

4. Branch Group — Initiates conditional or
unconditional jumps, calls, returns, and
restarts. (See page 5-20.)

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

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

5.6.1 Data Transfer Group

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

MOV ri, r2
(r1) — (r2)
The content of register r2 is moved to
register ri.

{(Move Register)

MOV, M

) - (H) (L)

{Move from memory)

The content of the memory location, whose
address is in registers H and L, is moved to

MOV M, r

register r.
T ] I I |
0 1 D D D 1 1 0
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none

(H) L) -

(Move to memory)

The content of register r is moved to the
memory location whose address is in

registers H and L.

! | I T
0 1 1 1

0o}]s s S

MVI 1, data

Cycles:
States:
Addressing:
Flags:

() — (byte 2)

2

7

reg. indirect
none

(Move Immediate)

The content of byte 2 of the instruction is

moved to register r.

0o o D D D |1 1 0

MVI M, data

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

(H) (L)) — (byte 2)

(Move to memory immediate)

The content of byte 2 of the instruction is
moved to the memory location whose ad-
dress is in registers H and L.

| | | | T
0 1 D D D|Ss S S8

{ | { B
0 1 1 0

I 1 I

Cycles: 1
States: 4 (8085), 5 (8080)
Addressing: register
Flags: none

*Ali mnemonics copyrighted ©intel Corporation 1976.

0 1 1 0
data
Cycles: 3
States: 10
Addressing: immed./reg. indirect

Flags:

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

(rh) — (byte 3),

(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
p. :

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

low-order data

high-order data

LDA addr

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

(Load Accumulator direct)

(A) — ((byte 3)byte 2))

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

I | | T I I ]
Q 0 1 1 1 0 1 0

low-order addr

high-order addr

STA addr

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

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

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

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

low-order addr

LHLD addr

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

(H)—((byte 3)(byte 2)+1)

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

{ | [ | L I
o 0 1 0 1 0 1 0

low-order addr

high-order addr

SHLD addr

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

(Store H and L direct)

((byte 3)byte 2))-—(L)

((byte 3)byte 2)+ 1)—(H)

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

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

low-order addr

LDAX rp

high-order addr
Cycles: 5
States: 16
Addressing: direct
Flags: none

(Load accumulator indirect)

(A) — ((rp)

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

| [ I 1 |

high-order addr 0 0 R P 1 0 1 0
Cycles: 4 Cycles: 2
States: 13 States: 7
Addressing: direct Addressing: reg. indirect
Flags: none Flags: none

*All mnemonics copyrighted ©Iintel Corporation 1976,
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STAX rp
(rp) — (A)
The content of register A is moved to the
memory location whose address 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 T I
0 0 R P 0 0 1 0

(Store accumulator indirect)

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.
| I 1 ] | | |
1 1 1 0 1 0 1 1
Cycles: 1
States: 4
Addressing: register
Flags: none

5.6.2 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) + 1
The content of register r is added to the
content of the accumulator. The result is
placed in the accumulator.

[ 1 T I 1 ]
1 0 0 0 0 S S S

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

*All mnemonics copyrighted ©Intel Corporation 1976.

ADD M (Add memory)
(A) — (A) + (H) (L)
The content of the memory location whose
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: Z,S,P,CY,AC

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

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

ADCr

(Add Register with carry)

(A) — (A) + (N + (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:
States:
Addressing:
Flags:

1

4

register
Z,S,P,CY,AC
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ADC M {Add memory with carry)
(A) — (A) + ((H) (L)) + (CY)
The content of the memory location whose
address is contained in the H and L
registers and the content of the CY flag are
added to the accumulator. The result is
placed in the accumulator.

SUB M (Subtract memory)
(A) — (A) — ((H) (L)
The content of the memory location whose
address is contained in the H and L
registers is subtracted from the content of
the accumulator. The result is placed in the
accumulator.

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: 25,P,CY,AC

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

Cycles: 2

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

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

| ] | T I I ] I T I ] I I I
1 1 0 0 1 1 1 0 1 1 0 1 0 1 1 0
data data
Cycles: 2 Cycles: 2
States: 7 States: 7
Addressing: immediate Addressing: immediate
Flags: Z,S,P,CY,AC Flags: 2,S,P,CY,AC

SUB r (Subtract Register)
(A) - (A) — ()
The content of register r is subtracted from
the content of the accumulator. The result
is placed in the accumulator.

SBBr (Subtract Register with borrow)
(A) - (A) - () - (CY)
The content of register r and the content of
the CY flag are both subtracted from the
accumulator. The result is placed in the ac-

cumulator.
I T T 1 I ] | | | ] ] ]
1 0 0 1 0 S S S 1 0 0 1 S S S
Cycles: 1 . ‘
States: 4 gﬁ:gzi 1
Addressing:  register Addressing:  register
Flags:  ZS,P.CY,AC Flags:  Z8P.GY.AC

*All mnemonics copyrighted ©Intel Corporation 1976.
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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 -y +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: Z2,S,P,CY,AC

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: ZS,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 accumuiator.

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

Cycles: 1
States: 4 (8085), 5 (8080)
Addressing: register
Flags: ZS,P,AC

DCRM

(Decrement memory)

(H L) = (H L) -1

| I | | I ] I
1 1 0 1 1 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,5,P,CY,AC
INRT (Increment Register)

n—@+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:
States:
Addressing:
Flags:

1
4 (8085), 5 (8080)
register
ZS,P,AC

*All mnemonics copyrighted © intel Corporation 1976.

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z,S,P,AC
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INXrp . (Increment register pair)
(rh) () = (rh)(r)) + 1
The content of the register pair rp is in-
cremented by one. Note: No condition flags
are affected.

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none

DCXrp . (Decrement register paur)

(rh) (r1) — (rh) (rl) — 1

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

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none

DAD rp (Add register pair to H and L)

H L) — H O + (rh) (1)

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

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

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

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

NOTE: All flags are affected.

Cycles: 1
States: 4
Flags: Z,8,P,CY,AC

5.6.3 Logical Group

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

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

ANAT (AND Register)

(A) = (A) A (D

The content of register r is logically ANDed
with the content of the accumulator. The
result is placed in the accumulator. The CY
flag is cleared and AC is set (8085). The CY
flag is cleared and AC is set to the OR’ing
of bits 3 of the operands (8080).

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

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

*All mnemonics copyrighted © Intel Corporation. 1976.

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

(A) — (A) A ((H) (L) )
The contents of the memory location
whose address is contained in the 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 (8085). The CY flag is
cleared and AC is set to the OR’ing of bits 3
of the operands (8080).

Cycles: 2

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

ANI data (AND immediate)

(A) — (A) A (byte 2)

The content of the second byte of the in-
struction is logically ANDed with the con-
tents of the accumulator. The result is
placed in the accumulator. The CY fiag is
cleared and AC is set (8085). The CY flag is
cleared and AC is set to the OR’ing of bits 3
of the operands (8080).

data

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

XRATr (Exclusive OR Register)

(A) — (A) v (1)
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.

XRA M (Exciusive OR Memory)

(A) — (A) v (H) (L)

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

Cycles: 2
States: 7
Addressing: reg. indirect

Flags: Z,S,P,CY,AC

XRI data (Exclusive OR immediate)
(A) — (A) (byte 2)
The content of the second byte of the in-
struction is exclusive-OR'd with the con-
tent of the accumulator. The result is
placed in the accumulator. The CY and AC
flags are cleared. '

T | | | 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~ AV
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

*All mnemonics copyrighted © Intel Corporation 1976.

Cycles: 1
States: 4
Addressing: register

Flags: Z,S,P,CY,AC
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ORA M (OR memory)

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

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

CMP M (Compare memory)

(A) = ((H) (L)

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

Cycles: 2

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

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

cleared..
T I | | | I T
1 1 1 1 0 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,5,P,CY,AC
CMP r {Compare Register)
(A) - (n

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

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

*All mnemonics copyrighted © Intel Corporation 1976.

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z2,S5,P,CY,AC

CPI data (Compare immediate)

(A) — (byte 2)

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

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

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

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

T ] | T 1 ] ]
0 0 0 0 1 1 1
Cycles: 1
States: 4
Flags: cY
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RRC

(Rotate right)
(An) = (An 4 1); (A7) — (Ag)
(CY) — (Ag)

The content of the accumulator is rotated

CMA

__ (Complement accumulator)
(A) - (A)
The contents of the accumulator are com-

plemented (zero bits become 1, one bits

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

become 0). No flags are affected.

| | | | | | |
CY flag is affected. 0 0 1 0 1 1 1 1
0 | 0 1 0 Fo I ] | | | ;
! 1 Cycles: 1
States: 4
Flags: none
Cycles: 1
States: 4
Flags: CcY
CMC ___(Complement carry)
(CY) — (CY)

The CY flag is complemented. No other

RAL (Rotate left through carry) f re aff i
(An s =(A; (CY)—(Ar) lags are affected
(Ag)—(CY)
The content of the accumulator is rotated | T R I | |
left one position through the CY flag. The o o0 1 1 1 1 1 1
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-

Cycles: 1
fected. States: 4
Flags: cY
] T T ] 1 I [

STC (Set carry)
) (CY) — 1
g{:{:g; 1 The CY flag is set to 1. No other flags are
Flags: cY affected.

RAR (Rotate right through carry)

(An) = (An +1(CY) — (Ao)
(A7) — (CY)

The content of the accumulator is rotated Cycles: 1
right one position through the CY flag. The States: 4
high order bit is set to the CY flag and the Flags: CcY

CY flag is set to the value shifted out of the
low order bit. Only the CY flag is affected.

| | T T 1 ! |
0 0 1 1 1 1 1
Cycles: 1
States: 4
Flags: cY

* All mnemonics copyrighted ©intel Corporation 1976. 5-12
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5.6.4 Branch Group

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

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

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

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

(PC) ~ (byte 3) (byte 2)

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

low-order addr

high-order addr
Cycles: 3
States: 10
Addressing: immediate
Flags: none

“All mnemonlcs copyrighted © Intel Corporation 1976.

Jcondition addr (Conditional jump)
It (CCC),

(PC) — (byte 3) (byte 2)

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

low-order addr

high-order addr

Cycles: 2/3 (8085), 3 (8080)

States: 7/10(8085), 10 (8080)
Addressing: immediate
Flags: none
CALL addr (Call)

((SP) — 1) — (PCH)

((SP) -2) — (PCL)

(SP) — (SP) — 2

(PC) — (byte 3) (byte 2)

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

low-order addr

high-order addr

Cycles: 5
States: 18 (8085), 17 (8080)
.. immediate/
Addressing: reg. indirect
Flags: none
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Ccondition addr (Condition call)
If (CCC),

((SP) — 1) — (PCH)

((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.

low-order addr

high-order addr

‘Cycles: 2/5 (8085), 3/5 (8080)
States: 9/18 (8085), 11/17 (8080)

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

(PCL) — ((SP));

(PCH) — ((SP) + 1);

(SP) — (SP) + 2;

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

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

*All mnemonics copyrighted © Intel Corporation 1976.

Rcondition (Conditional return)
If (CCC),

(PCL) — ((SP))
(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.

Cycles: 1/3
States: 6/12 (8085), 5/11 (8080)
Addressing: reg. indirect
Flags: none

RST n (Restart)
((SP) - 1) — (PCH)
(SP) - 2) — (PCL)
(SP) —~ (SP) - 2
(PC) — 8 * (NNN)
The high-order eight bits of the next in-
struction address are moved to the
memory location whose address is one
less than the content of register SP. The
low-order eight bits of the next instruction
address are moved to the memory location
whose address is two less than the content
of register SP. The content of register SP is
decremented by two. Control is transferred
to the instruction whose address is eight
times the content of NNN.

[ 1 | 1 I
1 1 N N N 1 1 1

Cycles: 3
States: 12 (8085), 11 (8080)
Addressing: reg. indirect
Flags: none

1514131211109 8 7 6 56 4 3 2 1 0
0{0{0[{0|0|0|O{0|O|O|NIN|NJO]O(O

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

(PCH) — (H)

(PCL) -~ (L)

The content of register H is moved to the

high-order eight bits of register PC. The

content of register L is moved to the low-

order eight bits of register PC.

[ T T T 1 T |
1 1 1 0 1 0 0 1
Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none

5.6.5 Stack, 1/O, and Machine Control Group

This group of instructions performs 1/O, manipu-
lates the Stack, and alters internal control
flags.

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

PUSH rp (Push)
(SP) = 1) — (rh)
((SP) — 2) — ()
((SP) — (SP) - 2

The content of the high-order register of
register pair rp is moved to the memory
location whose address is one less than
the content of register SP. The content of
the low-order register of register pair rp is
moved to the memory location whose ad-
dress is two less than the content of
register SP. The content of register SP is
decremented by 2. Note: Register pair rp =
SP may not be specified.

| L ! | I
1 1 R P 0 1 0 1
Cycles: 3
States: 12 (8085), 11 (8080)
Addressing: reg. indirect
Flags: none
PUSH PSW (Push processor status word)

((SP) — 1) — (A)

((SP) — 2)o — (CY),((SP) — 2}y — X

(SP) ~ 2); — (P), ((SP) — 2)3 — X

((SP) — 2); — (AC), ((SP) ~ 2)5 — X

((SP) — 2)g — (2), (SP) — 2)7 — (S)

(SP) — (SP) — 2 X: Undefined.

*All mnemonics copyrighted © Intel Corporation 1976.

5-16

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

] 1 I I |
1 1 1 1 0 r1 0 ! 1
Cycles: 3
States: 12 (8085), 11 (8080)
Addressing: reg. indirect
Flags: none
FLAG WORD
D7 De D5 D4 Ds Dg D1 Do
S z X JAC | X P X jCcY
X: undefined
POP rp (Pop)

(r) — (SP)

(rh) — ((SP) + 1)

(SP) — (SP) + 2

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

| I i | 1
1 1 R P 0 0] 0 1
Cycles: 3
States: 10
Addressing: reg.indirect
Flags: none
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POP PSW

(Pop processor status word)
(CY) — ((SP)o

(P)— ((SP)2

(AC)— ((SP))4

(2) — (SP)e

(S) — (SP)y

(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.

XTHL

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z,5,P,CY,AC

{Exchange stack top with H
and L)

(L) - (SP)

(H) —~ ((SP) + 1)

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

SPHL

(Move HL to SP)

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

IN port

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none
(Input)
(A)—(data)

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

| | | 1 | | ]
1 1 0 1 1 0 1 1
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.

I 1 | | | T
1 1 0 1 0 0 1 1
| ] ] | | | i
1 1 1 0 0 0 1 1 port
Cycles: 5 Cycles: 3
States: 16 (8085), 18 (8080) States: 10
Addressing: reg. indirect Addressing: direct
Flags: none Flags: none

*All mnemonics copyrighted ©Intel Corporation 1976.
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El (Enable interrupts)
The interrupt system is enabled following
the execution of the next instruction. Inter-
rupts are not recognized during the EIl

instruction.
I ] | | 1T T
1 1 1 1 1 0 1 1
Cycles: 1
States: 4
Flags: none

NOTE: Placing an El instructibn on the bus in
response to INTA during an INA cycle is pro-

hibited. (8085)

DI (Disable interrupts)
The interrupt system is disabled immedi-
ately following the execution of the DI in-
struction. Interrupts are not recognized
during the DI instruction.

Cycles: 1
States: 4
Flags: none

NOTE: Placing a DI instruction on the bus in
response to during an INA cycle is pro-
hibited. (8085)

HLT (Halt)
The processor is stopped. The registers
and flags are unaffected. (8080) A second
ALE is generated during the execution of
HLT to strobe out the Halt cycle status in-
formation. (8085)

Cycles: 1+ (8085), 1(8080)
States: 5 (8085), 7 (8080)
Flags: none

NOP (No op)

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

*All mnemonics copyrighted ©Intel Corporation 1976.

| ! T 1 i | |
0 0 0 0 0 0 0 0
Cycles: 1
States: 4
Flags: none

RIM (Read Interrupt Masks) (8085 only)

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 below.)

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 5.5, 6.5, 7.5, or
INTR interrupt, the interrupt flag flip-flop
reflects the current interrupt enable status.
Bit 6 of the accumulator (I7.5) 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

Accumulator
Content
After RIM:| SID |17.5|16.5 | 16.5| IE lM?.S M6.5]M5.5

L 4

llnterrupt Masks
Interrupt Enable Flag
Interrupts Pending
Serial Input Data

Cycles: 1
States: 4
Flags: none



THE INSTRUCTION SET

SIM (Set Interrupt Masks) (8085 only)

The execution of the SIM instruction uses
the contents of the accumulator (which
must be previously loaded) to perform the
following functions:

* 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 3 is 0 when the
SIM instruction is executed, the interrupt
mask register will not change. If ac-
cumulator bit 4 is 1 when the SIM instruc-
tion is executed, the RST 7.5 latch is then
reset. RST 7.5 is distinguished by the fact
that its latch is always set by a rising edge
on the RST 7.5 input pin, even if the jump to
service routine is inhibited by masking.
This latch remains high until cleared by a
RESET IN, by a SIM Instruction with ac-
cumulator bit 4 high, or by an internal pro-
cessor acknowledge to an RST 7.5 interrupt
subsequent to the removal of the mask (by
a SIM instruction). The RESET IN signal
always sets all three RST mask bits.

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

signal.
7 0
I 1 I | T | T
Opcode: 0 0 1 1 0 0 0 0
Accumulator 7 6 5 4 3 2 4 o
Content
gm‘?’e SOD|S0OE| X |R7.5|MSE|M7.5|M6.5M5.5
¥
lRST 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

*All mnemonics copyrighted < Intel Corporation 1976. 5-18



8085A

8080A/8085A INSTRUCTION SET INDEX

Code

i

Machine Cycles

OORP 0001 data16
0100 DSSS
0111 0SSS
01DD D110
0000 D110 data
36 data

00

1011 08S$
B6

F6 data

D3 data

E9

11RP 0001
11RP 0101
17

1F

D8

ce

20

07

F8

00

co

FO

E8

€0

OF

TIXX X111
ce

1001 188§
9E

DE data

22 addr

30

F9

32 addr
000X 0010
37

1001 0SSS
96

D6 data

EB

1010 1SSS
AE

EE data

E3

- N s o o R e s om0 e o WON e ek b e ek o e e e e e e m NN = = RN o e o WD

T States
8085A | 8080A
10 10
4 5
7 7
7 7
7 7
10 10
4 4
4 4
7 7
7 7
10 10
6 5
10, 10
12 1
4 4
4 4
6/12 | 5/11
10 10
4 -
4 4
6/12 5/11
6/12 | 5/1
6/12 | 5/11
6/12 t s/11
6/12 5/11
6/12 | 5/
4 4
12 n
6/12 5/1t
4 4
7 7
7 7
16 16
4 -
6 5
13 13
7 7
4 4
[ 4
7 7
7 7
4 4
4 4
7 7
7 7
16 18

FRR
£
FW
FR
FR
FRW
F

F

FR
FR
FRO
¢
FRR
swwr

S/SRR*
FRR

S/SR R*
S/SRR*
S/SRR*
SISRR*
S/SR R*
S/SRR*

SWWw*
S/SRR*

FR
FR
FRRWW

§*
FRRW
FW

FR
FR

FR
FR
FRRAWW

B =000, C=001,D =010 Memory = 110

E=011,H=100,L =101 A=111

Table 5-1
Instruction Code Bymes ‘T:;A&.%fo'f Machine Cycles Instruction

ACI DATA CE data 2 7 7 |FR LXI RP,DATA16
ADC REG 1000 1SSS 1 4 4 |F Mov REG,REG
ADC M 8E 1 7 7 |FR MOV M,REG
ADD REG 1000 0SSS 1 4 4 IF MOV REGM
ADD ] 86 1 7 7 |FR MvI REG,DATA
ADI DATA C6 data 2 ? 1 FR Mvi M,DATA
ANA REG 1010 0SSS 1 4 4 |F NOP
ANA ] AB 1 7 7 |FR ORA REG
ANI DATA E6 data 2 7 7 |FR ORA M
CALL  LABEL CD addr 3 18 17 {SRRWW* ORI DATA
cc LABEL DC addr 3 8/18 | 11/17 |SRe/SRRWW* out PORT
cm LABEL FC addr 3 9/18 | 11/17 {SRe/SRRWW* PCHL
CMA 2F 1 4 4 F PoOP RP
cmc 3F 1 4 4 F PUSH RP
cme REG 10111888 1 4 4 F RAL
Cmp M BE 1 7 7 FR | RAR
CNC LABEL 04 addr 3 8/18 1 11/17 |SRe/SRAWW* RC
CNZ LABEL C4 addr 3 9/18 | 11/17 [SRe/SRRWW* RET
ce LABEL F4 addr 3 9/18 | 11/17 |SRe/SRRWW* RIM (8085A only)
CPE LABEL EC addr 3 9/18 | 11/17 |SRe/SRRWW* RLC
cPl DATA FE data 2 7 7 FR RM
cPo LABEL E4 addr 3 8/18 | 11/17 |SRe/SRRWW* ANC
cz LABEL CC addr 3 9/18 | 11/17 |SRe/SRRWW* RNZ
DAA 21 1 4 4 F RP
DAD RP DORP 1001 1 10 10 |FBS RPE
DCR REG 008S $101 1 4 5 F* RPO
OCR M 35 1 10 10 |FRW RRC
ocx RP Q0RP 1011 1 6 5 s RST N
b} F3 1 4 4 F RZ
3] f8 1 4 4 |F SBB REG
HLT 76 1 7 FB $BB M
N PORT DB data 2 10 10 |FRI SBI DATA
INR REG 00SS S100 1 4 5 F* SHLD ADDR
INR M 34 1 10 10 |FRW SIM (B08SA only)
INX RP 00RP 0011 1 6 5 s SPHL
Jc LABEL DA addr 3 mo 10 |FR/IFRRT STA ADDR
M LABEL FA addr 3 710 10 [FR/FRRT STAX RP
JMp LABEL C3 addr 3 10 10 |FRR STC
JNC LABEL 02 addr 3 170 10 |FRIFRRT sus REG
JINZ LABEL C2 addr 3 /10 10 |FR/FRAT SuB M
N4 LABEL F2 adds 3 mo 16 [FRIFRAT sut DATA
JPE LABEL EA addr 3 710 10 |FR/FRRT XCHG
JPO LABEL E2 addr 3 710 0 |FR/FRAT XRA REG
Jz LABEL CA addr 3 7710 10 |FR/FRRT XRA M
LDA ADDR 3A addr 3 13 13 |FRRR XRI DATA
LDAX RP 000X 1010 1 7 7 FR XTHL
LHLD ADDR 2A addr 3 16 16 |FRARR

Machine cycle types:

F Four clock period instr fetch

S Six clock period instr fetch

R Memory read

{ 1/Q read

w Memary write

0 1/0 write

B Bus idle

X Variable or optional binary digit

DDD Binary digits identifying a destination register

SSS Binary digits identifying a source register

RP Register Pair gg:g‘:" :;: 17‘0

*Five clock period instruction fetch with 8080A.

tThe longer machine cycle sequence applies regardless of condition evaluation with 8080A..
eAn extra READ cycle (R) will occur for this condition with 8080A.
*All mnemonics copyrighted © Intel Corporation 1976.




8085A

8085A CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE

Table 5-2

oP oP opP oP oP oP

CODE MNEMONIC |CODE| MNEMONIC | CODE | MNEMONIC | CODE [ MNEMONIC | CODE | MNEMONIC | CODE | MNEMONIC
00 NOP 2B DCX H 56 MOV DM] 81 ADD C AC | XRA H D7 |RST 2
01 LX1 B,D16] 2C INR L 57 mMov DA | 82 ADD D AD | XRA L D8 |RC
02 STAX B 2D |DCR L 58 MOV  EB | 83 ADD E AE | XRA M D9 |-
03 INX B 2E Mvi L,D8 59 MOV EC | 84 ADD H AF | XRA A DA ]JC Adr
04 INR B 2F CMA 5A |MOV ED| 85 ADD L BO | ORA B DB |IN D8
05 DCR B 30 SiM 58 MOV EE | 86 ADD M B1 ORA C DC |CC Adr
06 MVI B,D8 31 LXl sP,D16 5C MOV EH | 87 ADD A B2 | ORA D oD |-
07 RLC 32 STA Adr 5D | MOV E|L | 88 ADC B B3 | ORA E DE |sBI D8
08 - 33 INX SP 5E MOV EM| 89 ADC C B4 | ORA H DF |RST 3
09 DAD B 34 INR M 5F MOV EA|8A |ADC D B5 | ORA L EO RPO
0A LDAX B 35 DCR M 60 MoV HB |8 |ADC E B6 | ORA M E1 POP H
0B DCX B 36 MVI M,D8 61 MOV HC|8C |ADC H B7 ORA A £2 [JPO Adr
oc INR Cc 37 STC 62 MOV HOD|]8D |ADC L B8 | CMP B E3 XTHL
oD | DCR C 38 - 63 MOV HE 8 |ADC M B9 | CMP C E4 CPO  Adr
0E MV c.D8 39 DAD sP 64 MOV HH| 8F ADC A BA | CMP D E5 PUSH H
OF RRC 3A | LDA Adr 65 MOV  H,L | 90 SUB B BB | CMP E E6 ANI D8
10 - 3B DCX SsP 66 MOV HM| 91 sus [ BC | CMP H E7 RST 4
1 LX1 D,D16| 3C INR A 87 MOV HA| 92 SUB D BD | CMP L E8 RPE
12 STAX D 3D [DCR A 68 MOV LB | 93 suB E BE | CMP M E9 PCHL
13 INX D 3E MVI  A,D8 69 MOV L,C | 94 SUB H BF [ CMP A EA |JPE. Adr
14 INR D 3F cMmC 6A | MOV LD| 95 suB L co RNZ EB | XCHG
15 DCR D 40 MOV B,B 68 MOV L,E | 96 SuB M c1 POP B EC | CPE Adr
16 Mvi D,D8 41 MOV B,C 6C MOV LH| 97 SuB A C2 | JNZ Adr| ED |-
17 RAL 42 MoV B8,D 60 | MOV L.L |98 SBB 8 C3 | JMP Adr| EE | XRI D8
18 - 43 MOV B,E 6E MOV L M| 99 SBB (o} Cc4 CNZ Adr| EF |RST 5
19 DAD D 44 MOV B,H 6F MOV LA | 9A |SBB D C5 PUSH B FO RP
1A | LDAX D 45 MOV B.L 70 MOV MB| 98B [sSBB E C6 | ADI D8 | F1 POP PSW
18 DCX D 46 MOV 8.M " MOV Mm,C| 9C |sSBB H c7 RST O F2 {JP Adr
1Cc INR E 47 MOV BA 72 MOV MD{ 9D {sBB L cs RZ F3 Dl
1D { BCR E 48 MOV C,B 73 MOV ME |} 9E SBB M c9 RET Adr| F4 |CP Adr
1E MVI E,D8 49 MOV C.C 74 MOV MH| 9F SBB A CA | JZ F5 PUSH PSw
1F RAR 4A | MOV CD 75 MOV M\L| A0 |ANA B c8 | —- F6 |ORI D8
20 RIM 4B MOV C.E 76 HLT Al ANA C cc | cz Adr] F7 RST 6
21 LXI H,D16] 4C MOV CH 77 MOV  M,A| A2 |ANA D CD | CALL Adr] F8 /M
22 SHLD Adr 4D | MOV C,L 78 MOV AB| A3 |ANA E CE | ACI D8 | FO |SPHL
23 INX H 4E MOV CM 79 MOV AC| A4 |ANA H CF RST 1 FA (M Adr
24 INR H 4F MOV C,A 7A | MOV AD} A5 |ANA L DO | RNC FB |EI
25 DCR H 50 MOV D,B 78 MOV AE| A6 [ANA M D1 POP D FC |CM Adr
26 MV H,D8 51 MOV D,C 7C MOV  AH| A7 |ANA A D2 } UNC Adr| FD |-
27 DAA 52 MOV D,D 7D [ MOV A,L| A8 [XRA B D3 | OUT D8 | FE |cCPI D8
28 - 53 MOV D.,E 7€ MOV  AM| A9 |XRA C D4 | CNC Adr| FF RST 7
29 DAD H 54 MOV D,H 7F MOV  AA| AA |XRA D DS | PUSH D
2A | LHLD Adr 55 MOV D,L 80 ADD B AB |XRA E D6 | sul D8

D8 = constant, or logical/arithmetic expression that evaluates
to an 8-bit data quantity.

Adr = 16-bit address.

*All mnemonics copyrighted © intel Corporation 1976.
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D16 = constant, or logical/arithmetic expression that evaluates
to a 16-bit data quantity.




8085A

8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 5-3
Instruction Code (1) Instruction Code (1}
Mnemonic  Description D7 Dg Ds D D3 D2 Dy Dp Page Mnemonic  Description D7 Dg Dg Dg O3 D2 Dy Dg Page
MOVE, LOAD, AND STORE
MOVr1r2  Move register to register 0 1 D D D S S § 54 cz Call on zero 1 1 0 0 1 1 0 0 514
MOV M.r  Move register to memory 0 1 1 1 0 S S S 54 CNZ Call on no zero 1 1 o ¢ 0 1 0 0 514
MOV M  Move memory to register 0 1 D 0O D 1 1 0 54 cP Call on positive 1 1 1 1 0 1 0 0 514
MVIr Movs immediate register 0 0 D D D 1 1 0 54 cM Call on minus 1 1 1 1 1 1 0 0 514
MVIM Move immediate memory 0 0 1 1 0 1 1 0 54 CPE Call on parity even 1 1 1 0 1 1 0 0 514
LXIB Load immediateregister 0 0 0 0 0 0 0 1 55 CPO Call on parity odd it 1t 0 0 1t 0 0 514
PairB&C RETURN
LXin Load immediate register 0 [} 0 1 0 0 0 1 5% RET Return 1 1 0 0 1 0 0 1 514
Pair D& E RC Return on carry Tt 1 0 1 1 0 0 0 514
LXIH Lo.ad immediate register 1] ] 1 0 1] 0 0 1 &8 RNC Return on no carry ] 1 0 1 0 0 0 6 514
PairH & L RZ Return on zero 1 t 0 0 1 0 0 0 514
STAXB Store A indirect 0 0 0 0 0 0 1 0 56 RNZ Return on no zero 7 1 ) 0 0 0 0 514
STAXD Store A indirect 0 0 0 1 0 0 1 0 56 RP Return on positive 1 1 11 0 0 0 0 514
LDAX B Load A indirect 0 0 0 O 1 0 1 0 55 AM Return on minus T P P 1 0 0 0 5
LDAXD  Load A indirect ¢ 00010 s RPE Rewmonparityeven 1 1 1 0 1 0 0 0 &4
ﬂ; i‘“’: ::f’“: : '; : : ? ‘; : ‘; ZZ APO Rewmonparityodd 1 1 1 0 0 0 0 D &
0 ire -
SHLD St:fe H& Lcdirect 0 o 1 0 0 O 1 0 55 RESTART
RST Restart 1 1 A A A 1 1 1 514
LHLD Load H & L direct 6 0 1 0 1 0 1 0 556
XCHG Exchange D& E. H& L 1 1 1 0 1 4 1 1 56 INPUT/QUTPUT
Registers IN Input 1 1 0 1 1 L] 1 1 516
STACK OPS ouT Output 1 1 1] 1 0 0 1 1 616
PUSHB  Push register Pair B & 1 1 0 0 0 1 © 1 55 INCREMENT AND DECREMENT
C on stack INR¥ Increment register 0 0 D D D 1 0 0 58
PUSH D Push register Pair 0 & 1 1 [N | 0 1 0 1 515 DCRr Decrement register 0 o D D D 1 0 1 58
E on stack INRM Increment memory 0 0 1 1 0 1 0 0 58
PUSHH Push register Pair H & 1 1 1 0 0 1 Q 1 515 pDCAM Decrement memory 0 0 1 1 0 1 0 1 58
L on stack INXB  Increment B & C 0o 0 0 0 0 0 1 1 59
PUSH PSW  Push A and Fiags 1 1 1 1 a 1 0 1 515 registers
on stack INX D Increment D & E 0 0 0o 1 0 0 1 1 59
POPB Pop register Pair B & 1 1 o o 0 0 0 1 518 registers
C off stack INX H Increment H & L 0 0o 1 0 0 0 1 1 58
POPD Pop register Pair D & 1 1 0 1 0 0 0 1 515 registers
Eoffstack DCXB  Decrement B&C 0 0 o 1 0 1 1 59
POPH Pop register Pair H & 1 1 1 0 0 0 0 1 515 DEX D Decrement D & E 0 0 0 1 1 0 1 1 58
L off stack
POPPSW  Pop A and Flags 1 1 1 1 0 0 0 1 515 DCXH Decrement H & L 0 0 1 0 1 0 1 1 59
off stack ADD
XTHL Exchange top of 1 1t 1 0 0 0 1 1 518 ADDr Add register to A 1 0 0 0 S S S5 56
stack. H & L ADCr Add register to A 1 0 0 0 1 S S § 56
SPHL H & L to stack pointer 11 t 1 1 0 0 1 516 with carry
LXI SP Load immediate stack o 0 1 1 0 0 0 1 55 ADDM Add memory to A i 0 ¢ 0 0 1 1 0 56
pointer ADCM Add memory to A 1 0o 0 0 1 1 1 0 57
INX SP Increment stack pointer 6 0 1 1 o0 0 1 1 58 with carry
DCX SP Decrement stack 0 0 1 1 1 0 1 1 59 ADI Add immediate to A 1 1 0 0 0 1 1 0 56
pointer ACI Add immediate to A 1 1 0 0 1 1 1 0 &7
JUMP with carry
P Jump unconditional 1 1 0 0 0 0 1 1 53 DADB  AddB&CtoH&L 0 00010 0T 58S
I Jump on carry 1 1 0 1 . 0 1 0 513 DAD D AddD&EtoH &L 0 0 0 1 1 0 9 1 539
INC Jump on no carry 1 1 0 1 0 0 1 0 513 DAD H AddH&Ltt{H&L 0 0 1 0 1 0 0 1 59
2 Jump on zero 1 1 0 0 1 0 10 513 DAD SP :ﬂ: stack pointer 10 0 0 1 1 1 0 0 1 59
INZ Jump on no zero 1 1 0 0 0 0 1t 0 513 t
JP Jump on positive 1 1 1 1 0 0 1 0 513 SUBTRACT .
™ Jump on minus 1 1 1 ' 1 0 10 513 SUB ' 'S(uul:vl‘rz:t register 1 0o 0 1 0 8§ S S 57
JPE Jump an parity even oo b0 0ss $BB ¢ Subtract register from 1t o 0 1 1 § S s 57
JPO Jump on parity odd 1 1 1 0 0 0 1 0 513 A with borrow
PCHL  H&L toprogram L L L o SUBM  Subtract memory 10 0 1 0 1 1 0 87
counter from A
CALL SBBM Subtract memory from 1 0 0 1 1 1 1 0 58
CALL Call unconditional 1 1 6 0 1 1 1 513 A with borrow
cc Call on carry 1 1 0 1 1 1 ¢ 0 514 Sul Subtract immediate 1 1 0 1 0 1 1 0 57
CNC Call on na carry 1 1 0 1 0 1 0 0 514 from A

*All mnemonics copyrighted © Intel Corporation 1976.
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8085A INSTRUCTION SET SUMMARY (Cont'd)

Table 5-3
Instruction Code (1) Instruction Code (1)

Mnemonic  Description D7 Dg D5 Dy D3 D2 Dy Do Page Mnemonic  Description D; Dg D5 Dg D3 Dz Dy Dp Page
SBI Subtract immediate 1 1 0 1 1 1 1 0 58 RRC Rotate A right 0 0 0 0 1 1 1 1 612

from A with borrow RAL Rotate A left through 00 0 1 0 1 1 1 512
LOGICAL carry
ANA 1 And register with A 1 0 1 0 0 S S 59 RAR Rotate A right through 0 0 0 1 1 1 1 1 512
XRA 1 Exclusive OR register 1 0 1 0 1 S § § 510 carry

with A

P

QRAT OR register with A 1 0 1 1 6 S § s 510 SPECIALS
CMP ¢ Compareregisterwith A~ 1 0 1 1 1 S § § 511 CMA Complement A o0 1 0 1 1 1 512
ANAM  And memory with A 10 1 06 0 1 1 0 510 sTC Set carry ¢ 0 1 1 0 11 1512
XRAM  ExclusiveORmemory 1 0 1 0 1 1 1 0 510 cMe Complement carry L L U R R I

with A DAA Decimal adjust A 0 0 1 0 0 1 1 1 58

ith -11

ORAM OR memory with A 1 0 1 1 1] 1 1 0 5 CONTROL
CMP M Compare memory with A 1 0 1 1 1 1 1 0 &1
ANI Andimmediatewith A 1 1 1 0 0 1 1 0 510 El Enable Interrupts torotr o0 1 18
XRI Exclusive OR immediate 1 1 1 0 1 1 1 0 510 of Disable Interrupt | L L S )

with A NOP No-operation 0 6 ¢ 0 0 0 0 0 517
ORI OR immediate with A LI N B 1 1 0 51 HLT Halt 0 1 1 1 0 1 1 0 517
CPI Compare immediate 1 1 1 1 1 1 1 0 5N

with A NEW 8085A INSTRUCTIONS
ROTATE RIM Read Interrupt Mask 0 ¢ 1 0 0 0 0 0 517
RLC Rotate A left 0 0 0 o0 o 1 o1 5N SIM Set Interrupt Mask 0 0 1 1 0 0 0 0 518
NOTES: 1. DDS or $SS: B 000, C 001, D 010, EO11, H 100, L 101, Memory 110, A 111,

2. Two possible cycle times. {6/12) indicate i cycles d dent on dition flags.

*All mnemonics copyrighted © intel Corporation 1976.
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'ntd 8080A/8080A-1/8080A-2
8-BIT N-CHANNEL MICROPROCESSOR

u TTL Drive Capability . ?VIG-Bit Stack Pointer and StfackR
_1- _o : anipulation Instructions for Rapid
. %#glé 1:1.3 ps, —2:1.5 ps) Instruction Switching of the Program Environment
. . m Decimal, Binary, and Double Precision
= ggrlerful Problem Solving Instruction Arithmetic
. Ability to Provide Priority Vectored
m 6 General Purpose Registers and an .
Accumulator In::r:;fpts |
m 16-Bit Program Counter for Directly "5 irectly Addressed I/0 Ports
Addressing up to 64K Bytes of m Available in EXPRESS
Memory - Standard Temperature Range

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LS| chip using
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing
applications.

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions
set or reset 4 testable fiags. A fifth flag provides decimal arithmetic operation.

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine
nesting.

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and /O are
provided directly by the 8080A. Uitimate control of the address and data busses resides with the HOLD signal. It provides
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation.

NOTE:
The 8080A is.functionally and electrically compatibte with the intel® 8080.

o0, v,
BIDIRECTIONAL

ATA BUS. e
* g Ay O=—11 40 f—=0 Ays
RO o n
BUFFER/LATCH N
@BIT) BBIT) DA 3 38 13
INTERNAL DATA BUS {1 INTEANAL DATA BUS D, Oe—nfs 37 p—=0 A2
& o L—=0 A
i ki 1 ¥ 1 ER O O=—=15 36 15
FSTRUCTION D, o=—+l6 35 —=0 Ag
TE EG i
A e, Reisten ) MuLTIRLExER D, o=—=sl7 34 |0 A
Py LL W ™ z o] 0, o=—{8 33 }—=0 A;
‘ veweseq | Tewmec |
ACCUMULATOR fLroes - B @ c 0, O=—=19 32 0 Ag
LATCH ® 2 REG REG. p, 0= 10 8080A 3 pb—o0 Ay
INSTRUCTION H R SO
ECODER 2 REG REG. -5v o—— 11 30 p—=0 Ag
wioame [ (BT E T W] L necwren RESET O—e] 12 » Ay
CveLE g
ENCODING g P HOLD O] 13 28 +12v
1 — INT O—{ 14 27 —0 A,
X PROGRAM COUNTER PG 26 |—e0 A,
DECIMAL (NCREMENTER/DECREMENTER INTE Oe—— 16 25 p—=0 4,
T -t
o—o] le—o0 READY
I TIMING WR 18 23 E
| ANo SYNC O=—1 19 22 f+—0 2
CONTROL oA
SUPPLIES | — +5V DATA BUS INTERRUPT  HGLD WAIT
sv WRITE CONTROL CONTAOL CONTROL CONTROL SYNC CLOCKS
—= GND I
@R DBIN INTE INT HOLOHOLOWAIT | SYNC 1 -2 RESET A B
Ack REAQY ADDRESS BUS
Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol

Type

Name and Function

Ays-Ag

Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O
device number for up to 256 input and 256 output devices. Aq is the least significant address bit.

D7-Dg

l{e]

Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O
devices for instructions and data transfers. Aiso, during the first clock cycle of each machine cycle, the
8080A outputs a status word on the data bus that describes the current machine cycle. Dy is the least
significant bit.

SYNC

Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle.

DBIN

Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This
signal should be used to enable the gating of data onto the 8080A data bus from memory or /0.

READY

Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending
an address out the 8080A does not receive a READY input, the 8080A will enter a WAITstate for as long as
the READY line is low. READY can also be used to single step the CPU.

WAIT

Wait: The WAIT signal acknowledges that the CPU is in a WAIT state.

WR

Write: The__W_R signal is used for memory WRITE or I/O output control. The data on the data bus is stable
while the WR signal is active low (WR = 0).

HOLD

Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external

device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of

these busses for the current machine cycle. It is recognized under the following conditions:

e the CPU is in the HALT state.

® the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state
the CPU ADDRESS BUS (A45-Ag) and DATA BUS (D;-Dg) will be in their high impedance state. The CPU
acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin.

HLDA

Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data
and address bus will go to the high impedance state. The HLDA signal begins at:

® T3 for READ memory or input.

¢ The Clock Period following T3 for WRITE memory or OUTPUT operation.

in either case, the HLDA signal appears after the rising edge of ¢o.

INTE

interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/flop may be set
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by
the CPUwhen it is reset. It is automatically reset (disabling further interrupts) at time T1 of the instruction
fetch cycle (M1) when an interrupt is accepted and is also reset by the RESET signal.

INT

Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current
instruction or while halted. if the CPU is in the HOLD state or if the interrupt Enable flip/flop is reset it will
not honor the request.

RESET'

Reset: While the RESETsignal is activated, the content of the program counter is cleared. After RESET,
the program will start at location 0 in memory. The INTE and HLDA flip/flops are also reset. Note that the
flags, accumulator, stack pointer, and registers are not cleared.

Ground: Reference.

Voo

Power: +12 +5% Volts.

Vee

Power: +5 5% Volts.

Ves

Power: -5 +5% Volts.

&1, 62

Clock Phases: 2 externally supplied clock phases. (non TTL compatible)
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

All Input or Output Voltages

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

With RespecttoVgg . .. ........ -0.3V to +20V
Vce. Vpp and Vgg With Respect to Vgg  -0.3V to +20V
Power Dissipation . .............. ....... 1.5W

D.C. CHARACTERISTICS (T, = 0°C to 70°C, Vipp =
Vee = +5V £5%, Vgg =

*NOTICE: 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
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

+12V £5%,
—5V £5%, Vgg =0V; unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 Vsst0.8 \
ViHe Clock Input High Voltage 9.0 Vpp+1 \Y
ViL Input Low Voltage Vgg—1 V5s10.8 \
Vin Input High Voltage 3.3 Veet1 \%
VoL Output Low Voltage 045 | v } loL = 1.9mA on all outputs,
Vou Output High Voltage 3.7 v lon =-150uA.
lop (av) | Ava. Power Supply Current {Vpp) 40 70 mA
lcc(av) | Avg. Power Supply Current (V) 60 80 mA ?pera:tizn
cy = .48 usec
lgg (av) | Avg.Power Supply Current (Vgg) .01 1 mA
I Input Leakage +10 MA Vss S VN < Ve
leL Clock Leakage +10 MA Vss < VeLock < Vbp
Ip (2] Data Bus Leakage in Input Mode -100 LA Ves <Vin<Vgs +0.8V
“20 1 mA 1\ +0.8VSViy <Vee
ey . Address and Data Bus Leakage +10 A VADDR/DATA = Ve
During HOLD -100 VADDR/DATA = Vgs +0.45V
15
CAPACITANCE (15 = 25°C, Vec = Vpp =Vss = OV, Vgg = —5V) N
5
Symbol Parameter Typ. Max. Unit Test Condition % o
Cy Clock Capacitance 17 25 pf fo=1MHz ;
Cin Input Capacitance 6 10 pf Unmeasured Pins = —
Cout Output Capacitance 10 20 pf Returned to Vgg o
NOTES: ° ' 0 "

1. The RESET signal must be active for a minimum of 3 clock cycles.
2. Alsupply / AT A =-0.45%/°C.

6-3
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A.C. CHARACTERISTICS (8080A) (T, = 0°C to 70°C, Vpp = +12V +5%, Vee = +5V £5%,

Ve =—5V 5%, Vgg =0V; unless otherwise noted)

Symbol Parameter Min. | Max. Ml1n M‘:x. an M:x Unit Test Condition
tcyl®l | Clock Period 048 | 20 | 032 20 | 038 | 20 | usec
tr, tf Clock Rise and Fall Time 0 50 0 25 0 50 | nsec
a1 21 Pulse Width 60 50 60 nsec
L7} @5 Puise Width 220 145 175 nsec
tD1 Delay @4 to 27 ] [¢] 0 nsec
tn2 | Delay @5 to @4 70 60 70 nsec
tps Delay 24 to 22 Leading Edges 80 60 70 nsec
tpa Address Output Delay From &p 200 150 175 | nsec CL =100 pF
top Data Output Delay From @, 220 180 200 | nsec
toc Signal Output Delay From @3 or 5 (SYNC, WR, WAIT, HLDA) 120 110 120 | nsec CL=50 pF
toF DBIN Delay From 25 25 | 140 | 25 | 130 | 25 | 140 | nsec
tpfl | Delay for input Bus to Enter Input Mode toF tpF tpF | nsec
tpst Data Setup Time During 24 and DBIN 30 10 20 nsec
tps2 Data Setup Time to @2 During DBIN 150 120 130 nsec
tpul!) | Data Holt time From @5 During DBIN [y} {1} M nsec
YE INTE Output Delay From &g 200 200 200 | nsec CL=50 pF
tRs READY Setup Time During @3 120 90 90 nsec
tys HOLD Setup Time to @2 140 120 120 nsec
tis INT Setup Time During 25 120 100 100 nsec
tH Hold Time From 25 (READY, INT, HOLD) 0 ] 0 nsec
tFD Delay to Float During Hold {Address and Data Bus) 120 120 120 | nsec
taw Address Stable Prior to WR 5] 5] {5) nsec ]
tow Output Data Stable Prior to WR (6] (6] [6) nsec
twD Output Data Stable From WR 7 71 7 nsec
twa Address Stable From WR m m m nsec ’gt:;gopfi\fv%‘::z;i;:z
tHF HLDA to Float Delay ()] (8l {8} nsec
tWE WR to Float Delay 191 191 19) nsec
tAH Address Hold Time After DBIN During HLDA ~20 -20 -20 nsec | _|
A.C. TESTING LOAD CIRCUIT
WE
TesT € = 100 pF
C = 100

C, INCLUDES JIG CAPACITANCE

6-4
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WAVEFORMS

[ t gy —————] —otg |—
Q—lo‘
. i) AN Fi N ,
— 12— )
g Y )\ S -
L—‘e:’l —’t o2 [=— l | ! ;
—_— i —_— i - ; —
Ay ——— S AN SR SO FpSIOS S
le-tpa - {Lwﬁv 1 :
[+ too—| | to | ‘ _+ toufe— || i top—=|| ; o
s foatamw li DATA OUT
0,0, X ____I¢ T D B [ TS
. —o! tpgy e | R i
| |
SYNC 1 N - tpsy — " ‘1 ! } L
—=| tpe |e— —»‘ toc |.~ \‘ i 1 : |
DBIN ! ! | i . i"} ;
e toe - toe = | ‘1 Do i '
—— — j IS
R
READY S L®[ x ’ — H—
tas ._.i s <—>T toc le— l
WAIT ty | |
[— A
HOLD wl X
] g
HLDA
NT @)
Ys
Ty —)
INTE
NOTE:

Timing measurements are made at the following reference voltages: CLOCK "1” = 8.0V,

"0" = 1.0V; INPUTS "1” = 3.3V, "0" = 0.8V; OUTPUTS "1" =

2.0V, "0" = 0.8V.
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WAVEFORMS (Continued)

AsAg

D;-Dg

SYNC

DBIN

READY

WAIT

HOLD

HLDA

INT

INTE

S

== 3 —

J ! twa

L A
-

H__._‘_r._.._..__ -———
-

ot = e e = 1
' - typ

i

| toc

la— typ —o]
o
PR |
o -
—_

[ —

—

NOTES: (Parenthesis gives -1, -2 specifications, respectively)
1. Data input should be enabled with DBIN status. No bus con-

flict can then occur and data hold time is assured.
tpH = 50 ns or tpr, whichever is less.

2.tcy = tpg + trg2 +ty2 + tgo + tp2 + trgq =480 s (~ 1:320

12,

13.

ns, — 2:380 ns).

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
+20

+10

SPEC

A OUTPUT DELAY (ns)
©

-100 -50 0 +50 +100

A CAPACITANCE {pf)
{CacruaL — Cpec!

- The following are relevant when interfacing the 8080A to

devices having Vi = 3.3V:

a) Maximum output rise time from .8V to 3.3V = 100ns @ C_
= SPEC.

b) Outputdelay when measured to 3.0V = SPEC +60ns @ C_
= SPEC.

c) IfC = SPEC, add .6ns/pF if C > CgpEgc, subtract .3ns/pF
(from modified delay) if C; < Cgpgc.

. taw =2tcy—tp3z - trp2 — 140ns( — 1:110ns, — 2:130 ns).

tow = tcy — tpg ~ trg2 — 170 ns (- 1:150 ns, — 2:170 ns).

. If not HLDA, twp = twa = tpa + trg2 + 10 ns. If HLDA, twp

= twa = twr.

. tHF = tp3 + trg2 —50 ns).
- twr = tpz + trp2 — 10ns.
. Data in must be stable for this period during DBIN Ts.

Both tpgy and tpgs must be satisfied.

. Ready signal must be stable for this period during T or Ty.

(Must be externally synchronized.)

. Hold signal must be stable for this period during T or Tw

when entering hold mode, and during T3, T4, Ts and Twy
when in hold mode. (External synchronization is not re-
quired.)

Interrupt signal must be stable during this period of the last
clock cycle of any instruction in order to be recognized on the
following instruction. (External synchronization is not re-
quired.) »

This timing diagram shows timing relationships only; it does
not represent any specific machine cycle.

AFN-00735C
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INSTRUCTION SET

The accumulator group instructions include arithmetic and
logical operators with direct, indirect, and immediate ad-
dressing modes.

Move, load, and store instruction groups provide the ability
to move either 8 or 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
direct, and immediate addressing modes.

The ability to branch to different portions of the program
is provided with jump, jump conditional, and computed
jumps. Also the ability to call to and return from sub-
routines is provided both conditionally and unconditionally.
The RESTART (or single byte call instruction) is useful for
interrupt vector operation.

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the 8080A. The ability to

Data and Instruction Formats

increment and decrement memory, the six general registers
and the accumulator is provided as well as extended incre-
ment and decrement instructions to operate on the register
pairs and stack pointer. Further capability is provided by
the ability to rotate the accumulator left or right through
or around the carry bit.

Input and output may be accomplished using memory ad-
dresses as }/O ports or the directly addressed 1/0 provided
for in the 8080A instruction set.

The following special instruction group completes the 8080A
instruction set: the NOP instruction, HALT to stop pro-
cessor execution and the DAA instructions provide decimal
arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the 80BOA is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format.

[D7 Dg Ds D4 D3 Dy D; Do

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored
in successive words in program memory. The instruction formats then depend on the particular operation

executed.

One Byte Instructions

[D; Dg Ds Dy D3 Dy Dy Dy | OP CODE
Two Byte Instructions
[ D; Dg Ds D4 D3 D, Dy Dy | OP CODE

[D; Dg Ds D4 D3 D, Dy Do | OPERAND

Three Byte Instructions

[D; Dg Ds D4 D3 Dy D4
[D; Dg D5 D4 D3 Dy Dy
| b; Dg D5 D4 D3 Dy Dy

Do | OP CODE

Do | LOWADDRESSOR OPERAND 1
Dg | HIGH ADDRESS OR OPERAND 2

TYPICAL INSTRUCTIONS

Register to register, memory refer-
ence, arithmetic or logical, rotate,
return, push, pop, enable or disable
Interrupt instructions

Immediate mode or 1/0 instructions

Jump, call or direct load and store
instructions

For the 80B0A a logic “*1" is defined as a high level and a logic “/0"" is defined as a low level.

6-7
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Table 2. Instruction Set Summary

Clock | Clock
Instruction Code (1] Operations Cycles Instruction Code {1] Operations Cycles
Mnemonic| Dy Dg D5 D4 D3 D2 Dy Dg Description [2] Mnemonic|Dy Dg Dg D4 D3 D2 D¢ Dg Description 2]
MOVE, LOAD, AND STORE JPO 111 00 0 1 O [Jumpon parity odd 10
Movrir2 [0 1 D D D S S S |Moveregister toregister| 5 PCHL 11101 0 0 1 |H&Ltoprogram 5
MOVMr |0 1 1 1 0 S S S |Moveregister to counter
memory 7 CALL
MOVrM [0 1 DO O D 1 1 0 (Movememory toregis- CALL 11 0 0 1 1 0 1 |Callunconditional 17
ter 7 cC 11 0 1 1 1 0 0 [Calloncarry 117
MVIr 0 0 DDD 1 1 0 |[Moveimmediate regis- CNC 11 01 0 1 0 O {Callonnocarry 117
ter 7 cz 110 0 1t 1 0 0 |Callonzero 117
MVIM 0 01 1 0 1 1 0 |Moveimmediate CNz 1100 0 1 0 O |Callonnozero 1117
memory 10 CP 1 1 1 1 0 1 0 0 (Callonpositive 1117
LXiB 0 0 0 0 0 0 0 1 |Loadimmediate register| 10 CM 111 1 1 1 0 0 |Calonminus 1Nn7
PairB& C CPE 1 1 1 0 1 1 0 0 |Callonparityeven 117
LX1D 00 0 1 0 0 0 1 |Loadimmediate register| 10 CPO 1 1.1 0 0 1 0 O |Callonparityodd 11117
PairD&E RETURN
LXiH 0 0 1 0 0 0 0 1 |Loadimmediate register| 10 RET 11 0 0 1 0 0 1 |Retun 10
PairH& L RC 110 1 1 0 0 0 [Returnoncarry 5/11
STAX B 0 0 0 0 0 0 1 O |StoreAindirect 7 RNC i1 0 1 0 0 0 O [Retunonnocarry 51
STAX D 0 0 01 0 0 1 0 [StoreAindirect 7 Rz 1 1.0 0 1 0 O O |Returnonzero 5111
LDAX B 0 0 0 0 1 0 1 O jlLoadA indirect 7 RNZ 1 1.0 0 0 0 0 O |Returnonnozero 511
LDAX D 0 00 1 1 0 1 0 [LoadAindirect 7 RP 1 1 1 1 0 0 0 O]Returnon positive 511
STA 0 0t 1 0 0 1t 0 StoreAdirect 13 RM 111 1 1 0 0 O0]Returnonminus 511
LDA 0 0 1 1 1 0 1 0 |LoadAdirect 13 RPE 1 1 1 0 1 0 0 O ]Returnon parityeven 511
SHLD 0 01 0 0 0 1 0O |StoreH&L direct 16 RPO 1 1 1 0 0 0 0 0| Returnon parity odd 5/11
LHLD 0 01 0 1 0 1 O |LoadH & Ldirect 16 RESTART
XCHG 111 0 1 0 1 1 [ExchangeD&E H&L 4 RST |1 1 A A A 1 1 1]Restart 11
Registers INCREMENT AND DECREMENT
STACK OPS INRT 0 0 DD D 1 0 O]}incrementregister 5
PUSH B 1 1 0 0 0 1 0 1 {PushregisterPairB& 1 DCRr 0 0 DDD 1 0 1 [Decrementregister 5
C on stack INRM 00 1 1t 0 1t 0 O]incrementmemory 10
PUSHD 1 1 0 1 0 1 0 1 |PushregisterPairD& 1" DCRM 0 0 1 1 0 1 0 1 |Decrementmemory 10
E on stack INXB 00 00 O0 O 1 1]IncrementB&C 5
PUSHH 1 1 1 0 0 1 0 1 |PushregisterPairH& 1 registers
L on stack INXD 0 00 1t 0 0 1 1 IncrementD&E 5
PUSH 1 1 1 1 0 1 0 1 |PushAandFlags 1 registers
PSW on stack INX H 0 0 1 0 0 0 1 1][IncrementH&L 5
POP B 11 0 0 0 0 0 1 |PopregisterPairB& 10 registers
C off stack 0CcxB 00 00 1 0 1 1 |DecrementB&C 5
POPD 11 0 1 0 0, 0 1 |PopregisterPairD& 10 DCX D 0001101 Decrement D & E 5
E off stack DCXH 0 0 1 0 1 0 1 1 |DecrementH&L 5
POPH 111 0 0 0 0 1 |Popregister PairH& 10 ADD
L off stack ADD r 1 0 0 0 0 S S S|AddregistertoA 4
POPPSW |1 1 1 1 0 0 O 1 |PopAand Flags 10 ADCr 1 0 0 0 1 S S S|AddregistertoA 4
off stack with carry
XTHL 11 1 0 0 0 1 1]Exchange top of 18 ADD M 1 0 0 00 1 1 0|AddmemorytoA 7
stack, H& L ADCM 1 0 0 0 1 1 1. 0]|AddmemorytoA 7
SPHL 1 1 1 1 1 0 0 1|H&Ltostack pointer 5 with carry
LXI SP 0 0 1 1 0 0 0 1/|Loadimmediate stack 10 ADI 11 0 0 1 1 0O |AddimmediatetoA 7
pointer ACH 11 0 0 1 1 1 0]|AddimmediatetoA 7
INX SP o0 1 0 0 1 1 [Incrementstack pointer 5 with carry
DCX SP 0 0 1t 1 1 0 1 1] Decrementstack 5 DADB 00 00 1t 00 1|AddB&CtoH&L 10
pointer DADD 00 01100 1]AMD&EtoH&L 10
JUMP DADH 0 0106100 1|[AddH&LtoH&L 10
JMP 1 1 0 0 0 0 1 1] Jumpunconditional 10 DAD SP 0 0 1 1 1 0 0 1| Addstack pointerto 10
Jc 11 01 1 0 1 OfJumponcarry 10 H&L
JNC 11 0 1 0 0 1 0]Jumponnocarry 10
JZ 11 00 1 0 1 0}Jumponzero 10
JINZ 1 1 0 0 0 0 1 0]Jumponnozero 10
JP 1t 1t 1 1 0 0 1 0[Jumponpositive 10
JM 1 1 1 1 1 0 1 0]Jumponminus 10
JPE 1 1 1 0 1 0 1 0] Jumpon parity even 10
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S| y of P (Cont.)
Clock Clock
Instruction Code [1] Operations |Cycles Instruction Code |1] Operations Cycles
Mnemonic | Dy Dg D5 D4 D3 D2 Dy Dy Description 2] Mnemonic| D7 Dg D5 D4 D3 D, D4 Dy Description / 12}
SUBTRACT ROTATE 1
suBr 1 0 0 1 0 S S S |Subtract register 4 RLC 0 0 00 0 t 1 1 |RotateAleft 4
from A RRC 0 0 0 0 1 1 1 1 |RotateAright 4
SBBr 1 0 0 1 1 S S S [Subtract register from 4 RAL 0 0 0 1 0 1 1 1 |RotateA leftthrough 4
Awith borrow carry
SUB M 100 1 0 1 1 0 [Subtract memory 7 RAR 0 0 0 t 1t 1 1 1 |RotateA rightthrough 4
from A carry
SBB M 10 01 1 1 1 0 |Subtractmemory from 7 SPECIALS
Awith borrow CMA 0 01 0 1 1 1 1 ComplementA 4
sul 11 0 1 0 1 1 0 |Subtractimmediate 7 STC 0 0 11 0 1 1 1 |Setcarry 4
from A CMC 0 0 1 1 1t 1 t 1 |Complementcarry 4
sBI 11 0 1 1 1 1 0 Subtractimmediate 7 DAA 0 0 -0 0 1 1 1 {DecimaladjustA 4
from A with borrow INPUT/OUTPUT
LOGICAL IN 1 0 1 0 1 1 !linput 10
ANAr 1 0 1 0 0 S S S |Andregister with A 4 ouT 1 0 1.0 0 1 1 |Output 10
XRA 1 1 01 0 t S S S |ExclusiveOr register 4 CONTROL
with A El 1 1 1 1 1 0 1 1 |Enablelnterrupts 4
ORA 1 01 1 06 S S S iOrregister withA 4 DI 1t 11 1 0 0 1 1 |Disableinterrupt 4
CMPr 1 0 1 1 1 S8 S S |Compareregister withAl 4 NOP 0 0 0 0 0 0 O O [No-operation 4
ANAM 1 01t 0 0 1 1 0 [Andmemorywith A 7 HLT 01 1 1 0 1 1 0|Halt 7
XRAM 101 0 1 1 1 0 |Exclusive Or memory 7
with A
ORAM 1 01 1 0 1 1 0 |OrmemorywithA 7
CMPM 10111t Compare memory with
A 7
AN| 111 0 0 1 1 0 [Andimmediate with A 7
XRI 1 1 1 0 1 1 1 0 |Exclusive Orimmediate 7
with A
ORI 1 1 1 1 0 1 1 0 |Orimmediatewith A 7
CPI 111 1 1 1 1 0 |Compareimmediate 7
with A
NOTES:

1. DDD or $SS: 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

6-9

AFN-00735C




8085AH/8085AH-2/8085AH-1
8-BIT HMOS MICROPROCESSORS

n Single +5V Power Supply with 10% = On-Chip System Controller; Advanced

Voltage Margins Cycle Status Information Available for
; Large System Control

3 MHz, 5 MH

- AvaiI:b‘Ije zand 6 MHz Selections s Four Vectored interrupt Inputs (One is

m 20% Lower Power Consumption than ::s'gxa'::ﬁbﬂuﬁag rupt
8085A for 3 MI-!z and 5 MHz = Serial In/Serial Out Port

= 1.3 us Instruction Cycle (8085AH); 0.8 = Decimal, Binary and Double Precision
us (8085AH-2); 0.67 us (8085AH-1) Arithmetic

= 100% Compatible with 8085A = Direct Addressing Capability to 64K

= 100% Soft c ., . Bytes of Memory

s On-Chip Clock Generator (with - Standard Temperature Range
External Crystal, L.C or RC Network) - Extended Temperature Range

The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel,
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A
microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed. Its
high level of system integration allows a minimum system of three IC’s [8085AH (CPU), 8156H (RAM/I0) and
8355/8755A (ROM/PROM/I0)]} while maintaining total system expandability. The 8085AH-2 and 8085AH-1 are
faster versions of the BO85AH.

The 8085AH 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 8085AH 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 8155H/8156H/8355/8755A memory products allow a direct interface with
the 8085AH.

INTA RSTES5 TRAP
INTR ’ RSTSS l lswsl sb sop

!

L INTERRUPT CONTROL ] rsﬁRlAL ] CONTROL1
. 8-BIT INTERNAL DATA BUS . X [= £ 40 vee
rey X2 g2 393 HOLD
W RESET OUT 3 38 HLoA
sop [}4 37 cuk oum
ACCUMULATOR TEMP. REG. | | o~ st 5 36 g RESET IN
R TAAP 6 35 READY
‘L‘I:‘;‘}_Og RST75 }7 333 10/M
B - c RST65 [J8 330 5y
REG REG RD
ARITHMETIC INSTRUCTION o w €W RST55 9 32 RD
LOGIC Dfﬁgg‘“ | REG REG. INTR ] 10 31 WR
UNIT MACUINE LR T REGISTER INTA Q11 30 ALE
ALY CYCLE REG REG ARRAY 12 2
l!v ENCODING oo ADo O So
STACK POINTER ao1 3 28 Ats
PROGRAM COUNTER "] AD2 14 27 A
| AD3 15 6P a3
POWER | — +5V ENTER/DECRE|
SUPPLY | — GND R OORESS LAYC:EN'E:M ADg4 16 250 A
U ADs Q17 24P Al
ADg [ 18 23 A
AD? 419 228 A9
TIMING AND CONTROL. = S 0 vss ] 20 21 Ag
x P RESET I ADORESS BUFFER k JI l DATA/ADDRESS IUFFER;]
X2 GEN CONTROL STATUS OMA ety —ll @
cLx out RD WR ALE S¢Sy 10/M l HLDA ‘ RESET OUT
READY HOLD RESETTN o) e nta BUS
Figure 2. 8085AH Pin
Figure 1. 8085AH CPU Functional Biock Diagram Configuration
Intel C ion A No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intei Product. No Other Circuit Patent Licenses ave Implied.

®INTEL CORPORATION, 1981.
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Table 1. Pin Description
Symbol Type Name and Function Symbol Type Name and Function
Ag-Aqg [0} Address Bus: The most significant READY | Ready: If READY is high during a
8 bits ot the memory address or the read or write cycle, it indicates that
8 bits of the I/O address, 3-stated the memory or peripheral is ready to
during Hold and Halt modes and send or receive data. if READY is
during RESET. low, the cpu will wait an integral
ADy—, 0 | Multiplexed Address/Data Bus: number of clock cycles for READY
Lower 8 bits of the memory address to go high before completing the
(or 1/O address) appear on the bus read or write cycle. READY must
during the first clock cycle (T state) gonform to specified setup and hold
of a machine cycle. It then becomes times.
the data bus during the second and HOLD | Hold: Indicates that another master
third clock cycles. is requesting the use of the address
ALE 0 Address Latch Enable: It occurs and data buses. The cpu, upon
during the first clock state of a ma- receiving the hold request, will
chine cycle and enables the address relinquish the use of the bus as
to get latched into the on-chip latch soon as the completion of the cur-
of peripherals. The falling edge of rent bus trans_fer. Internal process-
ALE is set to guarantee setup and ing can c© ontinue. The processor
hold times for the address informa- can regain the bus only after the
tion. The falling edge of ALE can ,HOLD is removed. When the HOLD
also be used to strobe the status is acknowledged, the_A}:ldress,
information. ALE is never 3-stated. gastt‘:tz:' WR, and IO/M lines are
So.S1.and 10M © Maclﬂne Cycle Status: HLDA o Hold Acknowledge: Indicates that
IO/M S, §; Status the cpu has received the HOLD re-
0 0 1 Memory write quest and that it will relinquish the
Y 1 0 Memory read bus in the next clock cycle. HLDA
1 0 1 VO write goes low after the Hold request is
1 1 0 V/Oread removed. The cpu takes the bus one
0 1 1 Opcode fetch half clock cycle after HLDA goes
1 1 1 Opcode fetch low.
! vt ,'la:z:gvsltedge INTR | interrupt Requestl: Is used as .a
N 0 0 Halt general purposg interrupt. It is
. X X Hold sampled only during the next to the
B X X Reset last clock cycle of an instructiop
* = 3-state (high impedance) gnd quing Hold and Halt states. If it
X = unspecified is active, the Program Counter (PC)
will be inhibited from incrementing
d RIW and an INTA will be issued. During
S e e s yco a RESTART o GALL -
valid at the beginning of a machine strugtlon can be |n§erted tq;ump to
. the interrupt service routine. The
cycle and remain stable throughout INTR is enabled and disabled by
the c;cle‘ TZetfalllir:ghetdhge ?;‘ALEf software. It is disabled by Reset and
mae);e I?n:? o latc e state o immegiately after an interrupt is ac-
— — cepted.
RD o Begd Control: A low level on RD NTA 5 Interrupt Acknowledge: Is used in-
indicates the selected memory or A
1/O device is to be read and that the stead of (ap d has the same timing
Data Bus is available for the data as) RD durmg_the Instruction cycle
transfer, 3-stated during Hold and after an INTR is accepted. It can be
Halt modes and during RESET. usgd to activate an E}259A Interrupt
— — chip or some other interrupt port.
WR o wﬂ.te Control: A low level on Wﬁ RST 5.5 | Restart Interrupts: These three in-
indicates the data on the Data Bus is L
to be written into the selected RST 6.5 puts have the same hmlng'as INTR
memory or |/O location. Data is set RST 7.5 except they cause an mtgrnal
up at the trailing edge of WR. 3 BESTART to be automatically
stated during Hold and Halt modes inserted.
and during RESET. The priority of these interrupts is
ordered as shown in Table 2. These
interrupts have a higher priority
than INTR. In addition, they may be
individually masked out using the
SIM instruction.

6-11
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Table 1. Pin Description (Continued)

Symbol Type Name and Function Symbol Type ~~Name and Function
TRAP | Trap: Trap interrupt is a non- RESET OUT o Reset Out: Reset Outindicates cpu
maskable RESTART interrupt. It is is being reset. Can be used
recognized at the same time as as a system reset. The signal is
INTR or RST 5.5-7.5. It is unaffected synchronized to the processor
by any mask or Interrupt Enable. It clock and lasts an integral number
has the highest priority of any inter- of clock periods.
rupt. (See Table 2,) X1, X2 I |X; and X,: Are connected to a
RESET IN ] Reset In: Sets the Program crystal, LC, or RC network to drive
Counter to zero and resets the Inter- the internal clock generator. X4 can
rupt Enable and HLDA flip-flops. also be an external clock input from
The data and address buses and the a logic gate. The input frequency is
control lines are 3-stated during divided by 2 to give the processor's
RESET and because of the asyn- internal operating frequency.
chronous r:aturel of F_‘EtSET' ':ef::m; CLK O | Clock: Clock output for use as a sys-
cessor's internal registers and ag tem clock. The period of CLK is
may be altered by RESET with un- twice the X1, X, input period
predictable results. RESET IN is a 1. 72 :
Schmitt-triggered input, allowing SID 1 Serial Input Data Line: The data on
connection to an R-C network for this line is loaded into accumulator
power-on RESET delay (see Figure bit 7 whenever a RIM instruction is
3). Upon power-up, RESET IN must executed.
remain low for at feast 10 ms after SoD O | Serial Output Data Line: The out-
minimum Vcc has been reached. put SOD is set or reset as specified
For proper reset operation after the by the SIM instruction.
power-up duration, RESET IN v P -
should be kept low a minimum of cc ower: +5 volt supply.
three clock periods. The CPU is held Vss Ground: Reference.
in the reset condition as long as
RESET IN is applied.
Table 2. 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 acknowiedged.

Vec O—4

RESET IN
A, A e
—— WA — ——

<t -

TYPICAL POWER-ON RESET RC VALUES"
Ry = 75KQ

Cr=14F

“VALUES MAY HAVE TOVARY DUE TO
APPLIED POWER SUPPLY RAMP UP TIME.

Figure 3. Power-On Reset Circuit
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FUNCTIONAL DESCRIPTION

The 8085AH is a complete 8-bit parallel central pro-
cessor. it is designed with N-channel, depletion
load, silicon gate technology (HMOS), and requires
a single +5 volt supply. Its basic clock speed is
3 MHz (8085AH), 5 MHz (8085AH-2), or 6 MHz
(8085AH-1), thus improving on the present 8080A’s
performance with higher system speed. Also it is
designed to fit into a minimum system of three IC’s:
The CPU (8085AH), a RAM/IO (8156H), and a ROM or
EPROM/IO chip (8355 or 8755A).

The BO85AH 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 8085AH
register set is 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
Flags or F Flag Register

The B085AH 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 |/O data.

16-bit address
5 flags (8-bit space)

The 8085AH provides RD, WR, S,, Sy, and I0M
signals for bus control. An Interrupt Acknowledge
signal (INTA) is also provided. HOLD and all Inter-
rupts are synchronized with the processor’'s internal
clock. The 8085AH also provides Serial Input Data
(SID) and Serial Output Data (SOD) lines for simple
serial interface.

In addition to these features, the 8085AH has three
maskable, vector interrupt pins, one nonmaskable
TRAP interrupt, and a bus vectored interrupt, INTR.

INTERRUPT AND SERIAL 1/O

The 8085AH 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 RE-
START 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
execution 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 nonmaskable TRAP causes the inter-
nal execution of a RESTART vector independent
of the state of the interrupt enable or masks. (See
Table 2.)

There are two different types of inputs in the restart
interrupts. 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 inter-
nal flip-flop which generates the internal interrupt
request (a normally high level signal with a low
going pulse is recommended for highest system
noise immunity). The RST 7.5 request flip-flop
remains set until the request is serviced. Then
it is reset automatically. This flip-flop may also be
reset by using the SIM instruction or by issuing a
RESET IN to the 8085AH. 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 interrupt is masked out.

The status of the three RST interrupt masks can only
be affected by the SIM instruction and RESET IN.
(See SIM, Chapter 5§ of the MCS-80/85 User’s
Manual.)

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

The TRAP interrupt is useful for catastrophic events
such as power failure or bus error. The TRAP input is
recognized just as any other interrupt but has the
highest priority. It is not affected by any flag or mask.
The TRAP input is bothedge 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 4
illustrates the TRAP interrupt request circuitry
within the 8085AH. Note that the servicing of any
interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR)
disables all future interrupts (except TRAPs) until an
El instruction is executed.
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INSIDE THE
EXTERNAL | BOBSAH
TRAP

INTERRUPT
REQUEST | TRAP

RESET IN SCHMITT

TRIGGER

RESET

INTERRUPT
REQUEST

+sv—{D CLK

D
FIF

CLEAR

INTERNAL TRAP F.F.
TRAP

ACKNOWLEDGE

Figure 4. TRAP and RESET IN Circuit

The TRAP interruptis special in that it disables inter-
rupts, but preserves the previous interrupt enable
status. Performing the first RIM instruction follow-
ing a TRAP interrupt 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 Interrupt Enable status, revealing
that Interrupts are disabled. See the description of
the RIM instruction in the MCS-80/85 Family User’s
Manual.

The serial I/O system is also controlled by the RIM
and SIM instructions. SID is read by RIM, and SIM
sets the SOD data.

DRIVING THE X; AND X; INPUTS

You may drive the clock inputs of the 8085AH,
B8085AH-2, or 8085AH-1 with a crystal, an LC tuned
circuit, an RC network, or an external clock source.
The crystal frequency must be at least 1 MHz, and
must be twice the desired internal clock frequency;
hence, the 8085AH is operated with a 6 MHz crystal
(for 3 MHz clock), the 8085AH-2 operated with a 10
MHz crystal (for 5 MHz clock), and the 8085AH-1 can
be operated with a 12 MHz crystal (for 6 MHz clock).
If a crystal is used, it must have the following
characteristics:

Parallel resonance at twice the clock frequency
desired

C, (load capacitance) < 30 pF

Cg (shunt capacitance) < 7 pF

Rs (equivalent shunt resistance) < 75 Ohms
Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

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

f= 1
27VL(Cext + Cint)

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

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

Figure 5 shows the recommended clock driver cir-
cuits. Note in D and E that pullup resistors are re-
quired to assure that the high level voitage of the
input is at least 4V and maximum low level voltage
of 0.8V.

For driving frequencies up to and including 6 MHz
you may supply the driving signal to X4 and leave Xa
open-circuited (Figure 5D). If the driving frequency
is from 6 MHz to 12 MHz, stability of the clock
generator will be improved by driving both Xy and Xz
with a push-pull source (Figure 5E). To prevent
self-oscillation of the 8085AH, be sure that X3 is not
coupled back to X4 through the driving circuit.
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i
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20pe A% __
CRYSTAL FREQUENCY =< 4 MHz ONLY.
a. Quartz Crystal Clock Driver
— -
By E
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b. LC Tuned Circuit Clock Driver
8085AH

Xq

Xz

c. RC Circuit Clock Driver

+5V

LOW TIME > 60 ns

TO
1KQ

*

—

Xy

X2

—

d. 1-6 MHz Input Frequency
Driver Circuit

"Xz LEFT FLOATING

+5V

-
External Clock

LOW TIME > 40 ns

4709}

X4

X2

e. 1-12 MHz Input Frequency External Clock

Driver Circuit

Figure 5. Clock Driver Circuits

GENERATING AN 8085AH WAIT STATE

If your system requirements are such that slow
memories or peripheral devices are being used, the
circuit shown in Figure 6 may be used to insert one

WAIT state in each 8085AH machine cycle.

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

6-15

CLEAR 8085AH 1o
ALE —»|CLK cLK outPuT* —=JCLk
8085AH
e pe READY
FIF FF | | NeUT
+5V —={D D

EXCEEDS 8085AH 10L OR IOH.

“ALE AND CLK (OUT) SHOULD BE BUFFERED IF CLK INPUT OF LATCH

Figure 6. Generation of a Wa
CcPU

it State for 8085AH
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As in the 8080, the READY line is used to extend the
read and write pulse lengths so that the 8085AH can
be used with slow memory. HOLD causes the CPU to
relinquish the bus when it is through with it by float-
ing the Address and Data Buses.

SYSTEM INTERFACE

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

2K Bytes ROM

256 Bytes RAM

1 Timer/Counter

4 8-bit 1/0 Ports

1 6-bit 1/0 Port

4 Interrupt Levels

Serial In/Serial Out Ports

This minimum system, using the standard 1/O tech-
nique is as shown in Figure 7.

In addition to standard 1/0, the memory mapped 1/O
offers an efficient I/O addressing technique. With
this technique, an area of memory address space is
assigned for I/O address, thereby, using the memory
address for 1/0 manipulation. Figure 8 shows the
system configuration of Memory Mapped /0 using
8085AH.

The 8085AH CPU can also interface with the stan-
dard memory that does not have the multiplexed
address/data bus. It will require a simple 8212 (8-bit
latch) as shown in Figure 9.

6-16

X X
TRAP 2
RST7S
RST6,5
RST55
INTR s,
RESET
NTA  aopR/ out S
ADDR DATA ALE RD WR 10/M__RDY CLK
Pay Vss  Veo
(81

ARRERE

(8)

T Al

188y

N
10/R TimMER

reser  OUT

2

mini

La

Vss Veg Voo PROG
_AAA

VW
AAA,
VWA
AAA

v VWA

*NOTE: OPTIONAL CONNECTION

Vee

Vee

Figure 7. 8085AH Minimum System (Standard /0
Technique) )
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A8-15 ~ ~— pops >
<:‘aoq >
ALE /\ —
8085AH RD
R —Vee
10/M Vee
CLK
RESET OUT |
READY | |
l { - | Voo
1 N
|
TIMER _ |
RESET : IN WR|RD| ALE | CE vﬁ? 10/M Vﬁ“ :3 CE 'g/ ALE RT)‘IEW‘CLKRSH'RDV
TIMER |
ouT
8156H 8355 (ROM + 1/0]
[RAM + /O + COUNTER/TIMER] OR
8755A [PROM + 1/0]
*NOTE: OPTIONAL CONNECTION ‘ I ‘ t t
Figure 8. MCS-85® Minimum System (Memory Mapped 1/0)
doh 7y
X, X, RESET IN
TRAP HOLDY{=—
—=1RST7 HLDA
—=|{RST6 SOD
RSTS 8085AH SID |-
:l INTR Sy
o RESET
INTA ADDR/ ouT So
ADDR DATA ALE RD WR 10/M RDY CLK
@) (&)
10/ (CS)
WR
-4 H o
DATA
STANDARD
MEMORY
} ADDR (CS)
|y
e}
L—— cLK
RESET
10/M (CS} 10 PORTS,
- CONTROLS
WR
RD
N
DATA
STANDARD
N 1o
'3 y ADDR
\/[ [\/ l l [ AAAN— Ve
AMA— Ve
AM— Ve
Figure 9. MCS-85® System (Using Standard Memories)
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BASIC SYSTEM TIMING Table 3. 8085AH Machine Cycle Chart
. . STATUS
The 8085AH has a multiplexed Data Bus. ALE is used MACHINE CYCLE o 51 Tso |75 [ R [TWTa
as a strobe to sample the lower 8-bits of address on OPCODE FETCH  (OF) o1l 1fo] 1] 1
H H H MEMORY READ (MR} [} 1 0| O 1 1
the Data Bus. Figure 10 shows an instruction fetch, MOy WEITE (o I I I I
memory read and 1/O write cycle (as would occur 1/0 READ (10R) 11 ofof 1] 1
during processing of the OUT instruction). Note that XEIPINJVEE . (low) 1jofrfr]op o
during the /O write and read cycle that the /O port B NTLEDGE A R 0
address is copied on both the upper and lower haif BUS (DLE (81): DAD ofi1fo 1
ACK. OF
Of the address' RST,TRAP 1 1 1 1 1 1
HALT TS 0| O|TS| TS 1
There are seven possible types of machine cycles.
Which of these seven tak_es place is defined by the Table 4. 8085AH Machine State Chart
status of the three status lines (I0/M, S4, Sp) and the
three control signals (RD, WR, and INTA). (See Table Machi Status & Buses Control
N lachine
3.) The status lines can be used as advanced con- State | 51,50 |10/ | Ag-A1s| ADG-AD. | F5.WR INTA|ALE
trols (for device selection, for example), since they T x | x X X 1 T
become active at the T, state, at the outset of each T | x | x x x | x1o
. . 2
machine cycle. Control lines RD and WR become foar | x| x | x . « I xlo
active later, at the time when the transfer of datais to Ts % | x 1 x x x | x| o
take place, so are used as command lines. Ta 1 o E X s 11l
X X Ts 1o X TS 1 110
A machine cycle normally consists of three T states, Te by o x 1 oTs . 110
with the exception of OPCODE FETCH, which nor- [ : ‘
N . TRESET X TS TS T8 Ts 1,0
mally has either four or six T states (unless WAIT or T o l1s 16 | Ts sl 1o
A HALT :
HOLD states are forced by the receipt of READY or TwoLo 5 x |1s 15 | 718 s 1 o |
HOLD inputs). Any T state must be one of ten :
possible states, shown in Table 4. 0= Logic “0” TS = High Impedance
1 = Logic 1" X = Unspecified
* ALE not generated during 2nd and 3rd machine cycles of DAD instruction.
110/M = 1 during T4-~Tg of INA machine cycle.
M, M, My
CLK T T, T3 Ts T T2 T ~7| l T T3 \ T ,
Ag-Agg PC, (HIGH ORDER ADDRESS) (PC+ 1)y, Xi 10 PORT
(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL
ALE (INSTRUCTION} m
RD \ ’ ~ '
WR ~ ’
10/M \ \
STATUS 8,5y (FETCH) 10 (READ) X 01 WRITE n
Figure 10. 8085AH Basic System Timin
g
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ABSOLUTE MAXIMUM RATINGS*

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

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

.............. -0.5V to +7V
........................... 1.5 Watt

D.C. CHARACTERISTICS

*NOTICE: 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.

8085AH, 8085AH-2: (Tp = 0°C to 70°C, Vg = 5V +10%, Vgg =0V; unless otherwise specified)*
8085AH-1: (Tp = 0°C to 70°C, Vo = 5V £5%, Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \
ViH Input High Voitage 20 Vee +0.5 \
VoL Output Low Voitage 0.45 \ loL = 2mA
VoH Output High Voltage 24 v lon = —400uA
135 mA 8085AH, B0B5AH-2
lcc Power Supply Current 200 mA 8085AH-1 (Preliminary)
e Input Leakage +10 nA 0=<VN =Vcc
ILo Output Leakage +10 uA 0.45V < Voyt1 = Ve
VILR Input Low Level, RESET -0.5 +0.8
VIHR Input High Level, RESET 24 Vce +0.5
VHy Hysteresis, RESET 0.25
A.C. CHARACTERISTICS

80B5AH, 8085AH-2: (Tp = 0°C to 70°C, Vg = 5V =10%, Vgg = OV)*

B085AH-1: (Tp = 0°C to 70°C, Vo = 5V +5%, Vgg = 0V)

8085AH?' | 8085AH-2'2 | 8085AH-1
Symbol Parameter (Final) (Final) (Preliminary) Units
Min. | Max. | Min. | Max. | Min. | Max.
teye CLK Cycle Period 320 | 2000 | 200 | 2000 | 167 | 2000 ns
t4 CLK Low Time (Standard CLK Loading) 80 40 20 ns
123 CLK High Time (Standard CLK Loading) 120 70 50 ns
tr, tf CLK Rise and Fall Time 30 30 30 ns
tXkR X, Rising to CLK Rising 25 120 25 100 20 100 ns
tXKF X4 Rising to CLK Falling 30 150 30 110 25 110 ns
tac Ag_15 Valid to Leading Edge of Control 1 | 270 115 70 ns
tacL Ag-7 Valid to Leading Edge of Control 240 115 60 ns
tap Ap-15 Valid to Valid Data In 575 350 225 ns
tAFR %i%)at After Leading Edge of 0 0 0 ns
taL Ag_15 Valid Before Trailing Edge of ALE [V | 115 50 25 ns

*Note: For Extended Temperature EXPRESS use MBO85AH Electricals Parameters.

6-19
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A.C. CHARACTERISTICS (Continued)

" 8085AH2 | 8085AH-22 |  8085AH-1
Symbol Parameter (Final) (Final) (Preliminary) Units
Min. | Max. | Min. | Max. | Min. | Max.
tALL Ag.7 Valid Before Trailing Edge of ALE 90 50 25 ns
tARY READY Valid from Address Valid 220 100 40 ns
tca Address (Ag.15) Valid After Control 120 60 30 ns
Width of Control Low (RD, WR, INTA)
, WR, 4
tce Edge of ALE 00 230 150 ns
Trailing Edge of Control to Leading Edge
toL of ALE 50 25 0 ns
tow Data Valid to Trailing Edge of WRITE 420 230 140 ns
tHABE HLDA to Bus Enable 210 150 150 ns
tHABF Bus Float After HLDA 210 150 150 ns
tHACK HLDA Valid to Trailing Edge of CLK 110 40 0 ns
tHDH HOLD Hold Time 0 0 0 ns
tHDS HOLD Setup Time to Trailing Edge of CLK 170 120 120 ns
tiNH INTR Hold Time 0 0 0 ns
INTR, RST, and TRAP Setup Time to
tiNs Falling Edge of CLK 160 150 150 ns
tLA Address Hold Time After ALE 100 50 20 ns
e Trailing Edge of ALE to Leading Edge 130 60 25 ns
of Control
tLck ALE Low During CLK High 100 50 15 ns
tLDR ALE fo Valid Data During Read 460 270 175 ns
tLow ALE to Valid Data During Write 200 120 110 ns
teL ALE Width 140 80 50 ns
tRY ALE to READY Stable 110 30 10 ns
Trailing Edge of READ to Re-Enabling
tRAE of Address 1%0 % 50 ne
trRD READ (or INTA) to Valid Data 300 150 75 ns
Control Trailing Edge to Leading Edge
tRV of Next Control 400 220 160 ns
tRDH Data Hold Time After READ INTA 0 ] ns
tRYH READY Hold Time 0 0 5 ns
READY Setup Time to Leading Edge
tRys of CLK 110 100 100 ns
twp Data Valid After Trailing Edge of WRITE 100 60 30 ns
twpL LEADING Edge of WRITE to Data Valid 40 20 30 ns
6-20 AFN-01836C



intel

8085AH/8085AH-2/8085AH-1

NOTES:

1. Ag-A;s address Specs apply I0/M, Sy, and S; except Ag-Aqs
are undefined during T4—Tg of OF cycle whereas I0/M, Sy, and
S, are stable.

2. Test Conditions: tcyc = 320 ns (8085AH)/200 ns (8085AH-2);/
167 ns (8085AH-1); Ci = 150 pF.

A.C. TESTING INPUT, OUTPUT WAVEFORM

3. For all output timing where C_ # 150 pF use the following
correction factors:
25 pF < C| < 150 pF: —0.10 ns/pF
150 pF < C = 300 pF: +0.30 ns/pF
4. Output timings are measured with purely capacitive load.
5. To calculate timing specifications at other values of tcyc use
Table 5.

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT
# 20 20 DEVICE
UNDER

045 ><N :> " < 08 s ——-]-ICL 150pF

AEEETIC NS DL RS, LR OSR )

AND 0BV FOR A LOGIC 10 gL wéfﬁBEs JIG CAPACITANCE

Table 5. Bus Timing Specification as a Tcyc Dependent
Symbol 8085AH 8085AH-2 B8085AH-1
taL (1/2) T - 45 (12)T - 50 (1/2) T — 58 Minimum
tLa (1/2) T - 60 (1/2)T - 50 (1/2) T - 63 Minimum
tL (12) T - 20 (1/2)T - 20 (1/2) T - 33 Minimum
tLek (12) T - 60 (12) T - 50 (1/2) T - 68 Minimum
tLe (1/2) T - 30 (12) T - 40 (1/2) T - 58 Minimum
tap (52 +N)T - 225 (5/2 + N) T — 150 (5/2 + N) T — 192 Maximum
tRD (3/2+N)T - 180 32+ N)T — 150 (B2+N)T—-175 Maximum
tRAE (1/2) T - 10 (12)T-10 (1/2) T - 33 Minimum
tca (12) T - 40 (1/2) T - 40 (1/2) T - 53 Minimum
tpw 32+ N)T - 60 82+N)T N 70 32+ N)T - 110 Minimum
twp (1/2) T - 60 (1/2) T - 40 (1/2)T-863 Minimum
tee (32 +N)T - 80 B32+N)T~-70 (3/2+ N)T - 100 Minimum
toL (12T - 110 1/2)T-75 (1/2) T - 83 Minimum
taRy (3/2) T — 260 (3/2) T - 200 (3/2) T - 210 Maximum
tHACK (1/2) T ~ 50 (1/2)T-60 (1/2)T - 83 Minimum
tHABF (1/2) T + 50 (1/2) T + 50 (12) T + 67 Maximum
tHABE (1/2) T + 50 (1/2) T + 50 (1/2) T + 67 Maximum
tac (2/2) T - 50 (212)T - 85 (212) T — 97 Minimum
t4 (1/2) T - 80 (1/2) T - 60 (1/2) T — 63 Minimum
t2 (1/2) T — 40 (1/2) T - 30 (12) T - 33 Minimum
tRv (3/2)T — 80 (3/2) T~ 80 (3/2) T - 90 Minimum
tLDR (4/2) T — 180 (4/2) T - 130 4/2) T — 159 Maximum
NOTE: N is equal to the total WAIT states. T = tcyc.
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WAVEFORMS
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WAVEFORMS (Continued)

READ OPERATION WITH WAIT CYCLE (TYPICAL) — SAME READY TIMING APPLIES
TO WRITE
T T2 Twart T3 T
CLK \ ‘ % J \ i \ /—_\__——_/
e tiex 'l - tca —=
Ag A x ADDRESS
| -~— tra —>|
— o fe—m o B ~tap 4 — RoM > = |
t 1 [
Ay AD; ADDRESS }_—< oATAIN |
A IE ‘ ,
et e — ta e . i
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ALE + tWwoR - !
t — i
- faL - . 14 | tRD - - — ’i i 1
RD/INTA . e ,y,NT ‘ i I j——_—r—_
- A R '
[ Y = ®vs | tRvH tRvs TRy
READY \ ! 1
NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES.
INTERRUPT AND HOLD
: .
l K] ‘ T ‘ T ’ T ‘ Ts T I Twowo 1 T )
i
i Ag1s X J . { §
| I
] |
i
| ADg x H CALL INST. ) —f
i
| |«—————— . —— BUS FLOATING* ——
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INTA \ ’ \
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wiR,/ )/ \ ! )
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4
HOLD i N . ‘_-L
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| e
HLDA / ‘_\
tHack [+ tHaer *1O/M 1S ALSO FLOATING DURING THIS TIME.
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Table 6. Instruction Set Summary

. Instruction Code Operations Instruction Code Operations
Mnemonic | Dy Dg D5 D4 D3 D, Dy Dy Description Mnemonic | Dy Dg D5 D4 D3 D, Dy Dy Description
MOVE, LOAD, AND STORE cz 1 10 0 1 1 0 0 |Calonzero
MOVri r2 0 1+ D D D S S S |Move register to register ONz 10001 0 0 Calonno ;gro
MOV M.r 0 1 1 1 0 S S S |Moveregister to memory cP 111 1.0 1 0 0 Callon positive
MOV rM 0 1 DDD 1 1 0 |Movememory to rregister M 11 111 0 0 Call on minus
MVI r 0 0 DD D 1 1 0]|Moveimmediate register CPE 111 0.1 1 0 0 Callon parity even
MVI M 0 0 1 1 0 1 1 0 |Moveimmediate memory CPO 1 1 1.0 0 1 0 0 Call ari
LXI B 0 0000 0 0 1 |Loadimmediate register RETURN

Pair B & C RET 1 1 0 0 1 0 O 1 |Return
LXI D 0 00 1 0 0 0 1 |Loadimmediate register RC 11 0 110 0 0 |Returnon carry
Pair D & E RNC 1 1 01 0 0 0 O |Returnon no carry
LXIH 00100 0 0 1 |Loadimmediate register Rz 1100 1 0 0 0 |Returnon zero
PairH& L RNZ 1 1.0 0 0 0 0O O [Returnon nozero
STAX B 000 0 0 0 1 O]StoreA indirect Re T 1.1 1.0 0 0 0 Return on positive
STAX D 000 1 0 0 1 0]StoreA indirect RM 111110 0 0 |Aeturn on minus
LDAX B 000 0 1 0 1 0]LoadA indirect RPE 111 0 1 0 0 0 |Returnon par!'(y even
LDAX D 0 00 1 1 0 1 0]LoadA indirect RPO 1 1100 0 0 0 |Returncn parity odd
STA 0 0 1 1 0 0 1 O|StoreA direct RESTART
LDA 001 1 10 1 0]LoadA direct RST 1 1 AAA1 1 1 |Restart
SHLD 0 0 1 0 0 0 1 O|StoreHa&L direct INPUT/OUTPUT
LHLD 00101 0 1 0LoadH &L direct IN T 101 10 11 input
XCHG 11101 0 1 1|ExchangeD&E H&L OuT t 10100 1 1 |Output
Registers INCREMENT AND DECREMENT
STACK OPS| INR r 0 0 DD D 1 0 0 |Increment register
PUSH B 110 0 0 1 0 1 |Push register Pair B & DCR r 0 0 DDD 1 0 1 [Decrement register
C on stack INRM 0 0 1t 1 0 1 0 O }increment memory
PUSH D 1 1.0 1 0 1 0 1 |Pushregister Pair D& DCR M 0 0 1 1t 0 1 0 1 Decrement memory
E on stack INX B 0 000 0 O0 1 1 [incrementB&C
PUSH H 1 1 1 0 0 1 0 1 |Pushregister Pair H & registers
L on stack INX D 0 00 1 0 0 1 1 |IncrementD&E
PUSHPSW| 1 1 1 1 0 1 0 1 |PushA and Flags registers
on stack INX H 0 01 0 0 0 1 1 |incrementH &L
POP B 110 0 0 0 0 1 |Pop register Pair B & registers
C off stack DCX B 0 0 00 1 0 1 1 |DecrementB&C
POP D 1101 0 0 0 1|Pepregister Pair D & DCX D 0 00 1 10 1 1 DecrementD&E
E off stack DCX H C 0 1 0 1 ¢ 1t 1 [DecrementH&L
POP H 11 1 0 0 0 0 1 |Pop register Pair H & ADD )
L off stack ADD r 1 0 0 0 0 S S S |Add registerto A
POPPSW | 1 1 1 1 0 0 0 1 |PopAand Flags ADC r 1000 1 8 S S|AddregistertoA
off stack with carry
XTHL 1T 1100 0 1 1 |Exchange top of ADD M 10 C0 0 1 1 0 AddmemorytoA
stack, H & L ADC M 1 0 0 0 1 1 1 0 |Add memorytoA
SPHL 11 1 1 1 0 0 1|HB&L tostack pointer with carry
LXI SP 0 0 1 1 0 0 0 1]Loadimmediate stack ADI 1 0 0 0 1 1 0 |Addimmediate to A
pointer ACH 1 0 0 1 1 1 0 |Add immediate to A
INX SP 00 11 0 1 1 |Increment stack pointer with carry
DCXSP [0 0 1 1 1 0 1 1 |Decrement stack DAD B 0000 100 1]AdB&CIoH&L
pointer DAD D 000 1 100 1|AddD&EtOH&L
JUMP DAD H 0 01 0 1 00 1 |AddH&LtoH&L
IMP 11000 0 1 1|Jumpunconditional DAD SP 0 0 1 1 1 0 0 1 |Add stack pointer to
JC 1 1.0 1 1 0 1 0 |Jumpon carry H&L
JNC 1 1.0 1 0 0 1 0 |Jumponnocarry SUBTRACT .
9z 1100 1 0 1 0|Jumponzero SUB r 1t 0 0 1 0 S S S |Subtract register
INZ 1100 0 0 1 0|Jumponnozero fromA
P 11110 0 1 0]Jumpon positive SBB r 1 0 0 1 1 S S S |Subtract register from
M 1 1111 0 1 0 |Jumpon minus A with borrow
JPE 111 0 1t 0 t 0 |Jumpon parity even SUB M 1 0 01 0 1t 1 0 |Subtract memory
JPO t 1 1 0 0 0 1 0]|Jumpon parity odd from A
PCHL 111010 0 1|H&Ltoprogram SBB M 1 0 0 1 1 1 1 0 [Subtract memory from
counter A with borrow
CALL SuI 1 1 0 1 0 1 1 O |Subtractimmediate
CALL 1100 1 0 1 |cCall unconditional from A
cC 110 1 1 1 0 0|Calloncarry SBI 1 1 0 t 1 1 1 0 |Subtractimmediate
CNC 110 1 0 1 0 0 |Callonnocarry from A with borrow
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Table 6. Instruction Set Summary (Continued)

Instruction Code Operations Instruction Code Operations
Mnemonic | D; Dg D5 D4 D3 D> Dy Dy Description Mnemonic | D; Dg D5 D4 D3 Dy D¢ Dy Description
LOGICAL SPECIALS
ANA r 1 0 1 0 0 S S S |Andregister with A CMA 0 01 0 1t 1 1 1|Complement
XRA r 1 0 1 0 1 S S S |Exclusive OR register A
with A STC 00 1 1 0 1 1t 1|Setcarry
ORAT 1 01 1 0 S S S [OR register with A CMC 0 0 1 1 1 1 1 |Complement
CMP r 1 0 1 1 1 S S S [Compare register with A carry
ANA M 1 01 0 0 1 1 0 |And memory with A DAA 9 0 1 0 0 1 1 1 |DecimaiadjustA
XRA M 1 01 0 1 1 1 0 |Exclusive OR memory CONTROL
with A El 1 1 1 1 1 0 1 1 |Enablelnterrupts
ORA M 101 1 0 1 0 | OR memory with A DI 1 1 1 1 0 0 1 1|Disable Interrupt
CMP M 1o 1 11 0 | Compare NOP 0 0 0 0 0 0 O 0 |No-operation
memory with A HLT 0 1 1 1 0 1 1 Q}Halt
ANI 1 11 0 0 1 1 0 |Andimmediate with A NEW 8085A INSTRUCTIONS
XRI 111 0 1 1 1 0 |Exclusive OR immediate RIM 0 0 1 0 0 0 O O]ReadInterrupt Mask
with A SiM ¢ 0 11 0 0 0 0)Setinterrupt Mask
ORI 111 0 1 1 0 |OR immediate with A
CPI 1 1 1 1 0 | Compare immediate
with A
ROTATE
RLC 0 0 0 0 0 1 1 1 |RotateA left
RRC 0 0 0 0 1 1 1 1|RotateA right
RAL 9 0 0 1 0 1 1 1 |RotateA left through
carry
RAR 0 0 0 1 1 1 1 1 [RotateA right through
carry
NOTES:

1. DDS or SSS: B 000, C 001, D 010, EO11, H 100, L 101, Memory 110, A 111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

*All mnemonics copyrighted ©lntel Corporation 1976.

AFN-01835C
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

m Single +5V Power Supply s Four Vectored iInterrupt Inputs (One is
= 100% Software Compatible with 8080A 20"-"":;;3':'9') P'l'sta" 8080A-
# 1.3 us Instruction Cycle (8085A); ompatible Tnterrup
0.8 us (8085A-2) m Serial In/Serial Out Port
s On-Chip Clock Generator (with External : -
Crystal, LC or RC Network) ] Rﬁf;‘l:'ael‘,i:inary and Double Precision

8 On-Chip System Controller; Advanced
Cycle Status Information Available for m Direct Addressing Capability to 64k
Large System Control Bytes of Memory

The Intel® 8085A is a complete 8 bit paraliel Central Processing Unit (CPU). Its instruction set is 100% software compatible
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed.
Its high level of system integration allows a minimum system of three IC’s [8085A (CPU), 8156 (RAM/IO) and 8355/8755A
(ROM/PROM/I0)] while maintaining total system expandabifity. 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 products allow a direct interface with the 8085A.

INTA RSTES TRAP
INTR Lnsrss J RST75 l s sop
[ INTERRUPT CONTROL I rSERIAl 1/0 CONTROL ]
ﬁ 8-BIT INTERNAL DATA BUS x1 O 40 vee
e Py X2 g2 39 HOLD
RESETOUT Q3 380 HLDA
sop 4 373 cLK (ouT)
ACCUMULATOR TEMP. REG siD gs 36 RESETIN
Y ) L REGISTER ) TRAP EE 35 reaoy
FLaG ] L RST75 (}7 34 10M
LLbrLoPS IR B RST65 C]& 3p sy
INSTRUCTION PR E ® RSTS5S Cfo 2R RO
DECODER AEG. REG. INTR (10 goacp 313 WR
MACHINE W S REGISTER INTA 11 300 ALE
CYCLE REG. REG. ARRAY ADU [= RF] 290 So
ENcooING STACK POINTER el AD1 13 280 A5
PROGRAM COUNTER  '*| :32 :; i; g :“
POWER | —> 45V INCREMENTER/DECREMENTER 3 1% PY1 =] AI3
SUPPLY | — GND ADDRESS LATCH 16 AD4 12
L Aps 17 24 g An
ADg [}18 230 A
Ap7 ]9 28 A
TIMING AND CONTROL k! vss 20 21 Ag
xr e neser l ADDResssuFFER [_ DATA/ADDRESS aunsn"'l
Xz —=  GEN CONTROL STATUS DMA Pl
CLK OUT 1 RD WR  ALE s.,s1 no‘/ﬁ rHLDA I RESET OUT
READY " oo RESETIN oy 2 N
Figure 2. 8085A Pin
Figure 1. 8085A CPU Functional Block Diagram Configuration
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ABSOLUTE MAXIMUM RATINGS"

Ambient Temperature Under Bias. . . . ... .. 0°C to 70°C
Storage Temperature . . . .. ......... —65°C to +150°C
Voltage on Any Pin

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

Power Dissipation . ... .............. 1.6 Watt

*NOTICE: 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
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C, Vg = OV 5%, Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 v

Vin Input High Voltage 2.0 Ve +0.5 \

VoL Output Low Voltage 0.45 v oL = 2mA

Vou Output High Voltage 2.4 v loy = ~400uA
lee Power Supply Current 170 mA

'S Input Leakage +10 HA 0= V|ny <V
o Output Leakage +10 HA 0.45V < Vg, < Ve
ViLR Input Low Level, RESET -0.5 +.8 \

ViHR . Input High Level, RESET 24 Ve +0.5 v

Vhy Hysteresis, RESET 0.25 \
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A.C. CHARACTERISTICS (T5 = 0°C to 70°C, V¢ = OV 5%, Vgg = OV)

Symbol Parameter 8085A% soasA-2 Units
Min. Max. Min. Max.
teye CLK Cycle Period 320 2000 200 2000 ns
t CLK Low Time (Standard CLK Loading) 80 40 ns
t, CLK High Time (Standard CLK Loading) 120 70 ns
tot CLK Rise and Fall Time 30 30 ns
YR X3 RisIng to CLK Rislng 30 120 30 100 ns
txxe X4 Rising to CLK Falling 30 150 30 110 ns
tag Ag_45 Valid to Leading Edge of Controllf 270 115 ns
ta Ag.; Valid to Leading Edge of Control 240 115 : ns
tap Ag-15 Valid to Valld Data In 575 350 ns
“tarR Address Float After Leading Edge of
READ (INTA) 0 0 ns
taL Ag_15 Valid Before Tralling Edge of ALE!! 115 50 ns
taLL Aoz Va ore Trailing Edge of ALE 90 50 ns
tARY READY Valld from Address Valld 220 100 ns
tea Address {(Ag. alld After Control 120 80 ns
tec Width of Control Low (RD, WR, INTA)
Edge of ALE 400 230 ns
teL Trailing Edge of Control to Leading Edge
of ALE 50 25 ns
tow ‘Data Valid to Trailing Edge of WRITE 420 230 ns
“taBE HLDA to Bus Enable 210 150 ns
_Yuasr Bus Float After HLDA 210 150 ns
! tHack HLDA Valid to Trailing Edge of CLK 110 40 ns
tHom HOLD Hold Time 0 0 ns
HDS HOLD Setup Time to Tralling Edge of CLK 170 120 ns
Ting INTR Hold TTme 0 0 ns
“Tins INTR, RST, and TRAP Sefup Time to
Falling Edge of CLK 160 150 ns
ta Address Hold Time After ALE 100 50 ns
tie Trailing Edge of ALE to Leading Edge
of Control 130 60 ns
tick ALE Low During CLK High 100 50 ns
tor ALE to Valid Data During Read 460 270 ns
tow ALE to Valld Data During Write 200 120 ns
tLL ALE Width 140 80 ns
Ay ALE to READY Stable 110 30 ns
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A.C. CHARACTERISTICS (Continued)

Symbol Parameter 8085A12) 8085A-212) Units
Min. Max. Min. Max.
tRAg | Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
trp | READ (or INTA) to Valid Data 300 150 ns
trv Control Trailing Edge to Leading Edge 400 220 ns
f of Next Control
tRpH | Data Hold Time After ﬁ_E_ﬁ INTA!"! 0 ns
tryn | READY Hold Time Q 0 ns
trys | READY Setup Time to Leading Edge 110 100 ns
of CLK
twp Data Valid After Trailing Edge of WRITE 100 60 ns
twpL | LEADING Edge of WRITE to Data Valid 40 20 ns
NOTES:

1.

Ag-A4g address Specs apply to 10/M, Sq, and Sy except Ag-Aqs are undefined during T4 Tg of OF cycle
whereas 10/M, Sy, andS, are stable.

2. Test conditions: tgyg = 320 ns (8085A)/200 ns (8085A-2); C|_= 150 pF.
3. For all output timing where C| = 150 pF use the following correction factors:
25pF < C < 150pF: —0.10ns/pF
150pF < C|_ < 300pF: +0.30ns/pF
4. Output timings are measured with purely capacitive load.
5. All timings are measured at output votage Vi =0.8V, Vi;=2.0V, and 1.5V with 20ns rise and fall time on inputs.
6. To calculate timing specifications at other values of tcyc use Table 7.
7. Data hold time is guaranteed under all loading conditions.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/OUTPUT

24

20 20 8%‘82‘
R
TEST POINTS < TEST I
> C, = 150 pF
0.8 0.8
045

AC.TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR
A'LOGIC "0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1"
AND 0.8V FOR A LOGIC "0." Cy = 150 pF

C\ INCLUDES JIG CAPACITANCE
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APPENDIX 1
APPLICATIONS OF MCS-85™

SECTION 1
INTRODUCTION TO MCS-85™ APPLICATIONS

When the first microprocessor was introduced
about five years ago, it was largely ignored by
the electronics industry. However, since that in-
asupicious beginning, this new device has
become the hottest topic in current technology.
As more and more product designers become
familiar with the capabilities of microcom-
puters, the number of new applications in-
creases geometrically. In most of these applica-
tions, the new technology has been used to
replace designs which were formerly im-
plemented with TTL logic and under-utilized
minicomputers. However, an increasing number
of products are surfacing which wouid have
been impractical prior to the microcomputer
era.

Microcomputers are being applied to a wide
range of data communications tasks. The field
of telephone equipment is being invaded by
systems which control and monitor calls. Point
of sale terminals are increasing daily with the
addition of interface to coin changers, elec-
tronic scales and remote computers. Small
stand-alone computers are relying heavily upon
microcomputers in teleprocessing, time-
sharing, data base management and similar in-
teractive applications. An increasing number of
microcomputer-based data terminals are pro-
viding local interactive intelligence with pro-
grammable character sets, vector generation
and the pre-processing of data.

Al-1

Instrumentation is widely utilizing the micro-
processor for a variety of control and arithmetic
processing functions. Microcomputers are con-
trolling laboratory equipment such as oscillo-
scopes, DVM’s, network analyzers and frequen-
cy synthesizers. Medical electronics are
crediting microcomputers with tasks such as
patient monitoring, blood analysis and X-ray
scanning. Travel is becoming microcomputer-
ized by automotive control, air and ocean
navigation equipment and rapid transit
systems.

MCS-85™ SYSTEM

Many possible microcomputer applications
have been overlooked because of the design
tasks required to build the microcomputer.
These tasks include the system clock, read/
write memory, /O ports, serial communications
interface and bus control logic. The MCS-85
system will enable the design engineer to con-
centrate on the application of the microcom-
puter, rather than on the implementation
details.

The MCS-85 is yet another family of com-
ponents which has the potential to provide a
solution to the three problems which will
always plague designers: cost, size and power.
The reduced component count of an MCS-85
microcomputer, coupled with the increased in-
tegration of functions reduces both cost and
size while increasing power.
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Sample Applications

Calculating Oscilloscope
Blood Analyzer
Programmable Video Game
Process Control System

Intelligent Terminal
N.C. Machine
Digital Multimeter
Graphic Terminal

Disk Controller
Patient Monitor
Network Analyzer
Frequency Synthesizer

Navigation Equipment
Vending Machine
Spectrum Analyzer
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 8158 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 RST 7.5 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. BAUD RATES
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1

TRANSMIT RECEIVE
INTERFACE| INTERFACE

l

Vee
> MANUAL RESET
< Q 9 - a o )
a4 aa g & E; 8 & ~ < RESET o_l-
GRND —»-| -t
T~
8085A x1 L 1
£ - ] = =
Vee— & 5 o . =
10 w 1= 8 < ] ~ ™ X2 <——:
$ YpETi g3 zyoze
< IRES < T I <da I
17 1 l j l l
[}
m
m
(8) @ {2z
| 20 | SEE NOTE 2
6 | Vee j
PROG/CE
vee —>|ce
READY
cLK
Vec ——]ioR
) AgP10
B355/8755A
RESET
10/M
WR
RD
A
ALE pag-PA; K PORT A (8)
"
N
< ‘> ADy-AD, A
PB,PE PORT B (8)
] N
GRND  vic
cE
Veo
8156
SEE NOTE 4
RESET 4
1o/m pag-pA, K PORT A (8)
\—
WR
AD A
P PORT B (8)
ALE ialid
P
rcgpes K PORT C (6)
\
o
<‘ 4> ADgaD, TIMER IN
A\, TIMER OUT
GRND Ve

NOTE 1: TRAP, INTR, AND HOLD MUST BE GROUNDED IF THEY AREN'T USED.

NOTE 2: USE 10/M FOR STANDARD 1/0 MAPPING. USE A15 FOR MEMORY MAPPED 1/0.

NOTE 3. CONNECTION iS NECESSARY ONLY IF ONE Ty 1 STATE IS DESIRED.

NOTE 4&: ;ULIA»'lrJE':ESISTORS RECOMMENDED TO AVOID SPURIOUS SELECTION WHEN RD AND WR ARE
-ST. .

FIGURE 2. MINIMUM SYSTEM CONFIGURATION
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MCS-85™ APPLICATIONS

Small System

The schematic in Figure 3 is of a complete
microcomputer with only 6 ICs. The system con-
tains its own serial 1/0 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

of programmable /0.

Vee

|0

Block Move, Block Search

In a large system application high speed block
moves may be necessary. The addition of an
8257 Direct Memory Access (DMA) controller
and an 8255 Programmable Peripheral Interface
(PPI) 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.)

RESET IN
TRAP

RST75

RST6,5

RSTS.S 80854
INTR

INTA

ADDR ADDR/DATA ALE RD WR 10/

RESET

RDY C

So

LK

370

DECOD!

3

HOLD HLDA

READY DRQ

— o
now DACK

CLK
TEMW

DRQ

1
DACK

RESET DRQ

2
MEMR DACK [—

10R

8257

AEN

Dy D; lAgAis)

ADSTB

cs

AgA7

16}

PA

RESET

8BIT

come.
wR

L]

8255 EN

0,0

AgAy

PCo

o

3

B E

FIGURE 4. BLOCK MOVE, BLOCK SEARCH addition of an 8257 Direct Memory Access (DMA) con-
troller and an 8255 Programmable Peripheral Interface (PPI) device permits block searches, high

speed block moves. (2.5 us/word).
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MCS-85™ APPLICATIONS

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 0 reaches TC
and is disabled. Priority rotates to Channel 1
which will repeatedly write into the destination
block the value stored in the latch until TC is
reached.

Block search operations use the 8-bit compara-
tor and Ports A & B of the 8255 and Channel 2 of
the 8257. The CPU loads Port B with the search
value and the DMA channel with the search
area (starting address and length). A Port C bit
initiates the DMA READ request. Channel 2
DMA Acknowledge sets Port A of the 8255 up as
the receiver for the DMA READ cycle by
multiplexing Ap, 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.)
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pointed-to location in the block. When Port A
equals Port B, the output of the comparator will
gate off the DMA request. The requesting pro-
gram can now read the Channel 2 address
which is pointing to the search value plus one.
However, if the status register of the 8257 in-
dicates that TC of Channel 2 has been reached,
then no match was found.

RST 7

On the 8080A/8228 system if one tied INTA out
of the 8228 to + 12 volts through a 1KQ resistor,
the 8228 would generate a RST 7 instruction to
the 8080A upon interrupt. This was a very inex-
pensive mechanism. .

The 8085A has expanded this facility with the
RST 5.5, 6.5, 7.5 inputs but is not compatible
with the RST 7 generated by the 8228. (Figure 5)
To maintain this compatibility it can be achieved
by adding an 8212 which will force a RST 7 in-
struction into the bus upon interrupt acknowl-
edge (INTA). (Figure 6)

RESTART | VECTOR LOCATION
RST 7 38,6
RST 5.5 2C,q
RST 6.5 34,6
RST 7.5 3C6
TRAP 24,4

FIGURE 5. ADDITIONAL 8085A INTERRUPTS

ADDR/|
DATA
8085A
RST5.5

{8)

Vee

L

-l

RST6.5
INTA
RST7.5

—]

DB2

8212 STB

DSt

—

v Dl b1, CLR

= UL

e— “RST 7"

INTR

FIGURE 6. 8085A “RST 7” IMPLEMENTATION



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 in this Appendix a section is devoted to an ap-
proach 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.
7) 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 8 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 9
where an output enable (OE) signal will prevent any bus
contention. This output enable is controlled by the read con-
trol signal, RD, of the 8085A. This signal only occurs after
addresses have stabilized.*

Note also that a PROM is recommended for the
decoding function vs. an 8205 (1 of 8 decoder). Why?
This PROM allows the user to easily upgrade his system
to the 32 and 64K versions with minimum rewiring. As
seen in Figure 3, only 4 pins are being altered (18-21) in
the Intel ROM/EPROM family to allow for this upward
compatibility. All a user would need to do is initially
design his layout for 28 pin devices, thereby allowing
total flexibility from 8K through 64K with the ease of
only changing a decoding PROM and a few wires.t
Application Note AP-30 can be ordered at no charge
which fully discusses the application of Intel’'s 5 Volt
EPROM and ROM family for microprocessor systems.

*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.

8K 16K 32K 64K
(8 x 1K) (8 x 2K) (8 x 4K) {8 x 8K)
NC Vee
2708 2716 2732 A1z s
Ay 1 20 lvVee  2af=lVee 2aBvee cs;
Ag o = J.¥ Ag Ag Ag
A5= =l Ag Ag o Ag_ o ig _
Asld 21 Bver 21flver 21 f=lATy A1
A3 20 §=ll OF 20 = OE 20 OENVpp OE PINS THAT
A2 IT] = T RRTY = F9P 19f=lag Ay CHANGE
A 18 Eﬁ_ 18 _CE'_ 8 93 o _c—g_
Ap = fo7} 07 07 07
Op d =l O
016 =l O5
02 04
GND 03

Figure 7. Intel® EPROM/ROM Compatible Family
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ADDRESS

EPROM/ EPROM/ L—{ errow L—{ eprOm/
ROM ROM ROM ROM
-1 ] -2 ] =3 — -4
cs, cs, cs, cs,

DATA

DECODE

POSSIBLE BUS CONTENTION

Ag15
AD,

0.7

8212 v
ADDRESS cc
LATCH A A
8~ Mo
ALE

A A
2716

Doz

8085A PD/PGM

Anag €Sy
iy S -
1.8
L —
+5V 8205 __\ l
10/M j 'i‘ VL
i tacc
ADDRESS x
cs \\
DATA OUT AAMNNNY
o

Figure 8. Traditional 16K EPROM System
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ADDRESS

EPROM/ EPROM/ L— Eeprow/ EPROM/
ROM ROM ROM ROM
#1 ] #2 ] #3 ] #4
OF, CE, OF, CE, OF, CE, OE, CE,

2 CONTROL 7/

77777

72

|
%

T
DATA
DECODE
Ag1s
ADg,
8212 v
ADDRESS cc
LATCH
Ag - Ay
ALE
V5V A
i OF QUALIFIES o By
DATA OUT OF 2716
8ossA = o

RD

512X8

oc
PROM
3604A
48V
cs, ¢s, s, s,
10/M ——T

ADDRESS x
SELECTION \

OUTPUT ENABLE
(READ)

DATA OUT

Figure 8. Correct 16K EPROM System
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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.

This section uses the APR-1 2116 {multiplexed address 16K)
example modified for the 2117-4 dynamic RAM. These
devices have some differences from the 2116. One is that the
output is not latched and is 3-stated during a write operation.
This allows a user to tie both the data in and data out pins
together at the device and at the data buffers, saving board
traces. The 2117 also have hidden refresh capabilities where
if CAS is held low, RAS can be toggled to refresh the device.

The schematic shown in Figure 10 is aimed at a high
performance, relatively inexpensive solution (disregard-
ing 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.
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Addresses

The lower 14 addresses (AD-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-
dresses are used as row addresses and the lower order
addresses are used as column addresses. This ‘does not
create problems because this is invisible to the CPU. Re-
freshing is done properly as the 3242 controls the addressing
for this. The upper two address lines (A-As;) are decoded to
qualify one of the four RAS (Row Address Strobe) lines to
select one of the four 16K byte data banks of memory.

Cycle Requests

Cycle requests are generated from several sources; ALE
automatically initiates a request when S1 indicates that there
is a read taking place (flip-flop C), WR during write cycles (D)
and refresh delayed (Q output of refresh flipflop (B)) when
there is a refresh. ALE is used to start a read (qualified by S1)
to provide ample time for access from the memories. This
cycle request signal (A) immediately creates a RAS and
starts a timing chain (745174 shift register (E)) to generate
the remaining signals. Synchronization between this cycle
request pulse and the 4x clock is accomplished by the first D
flip-flop in the 'S174 shift register (timing chain).

RAS/CAS

When RAS is enabled by a cycle request, it is qualified with
either a refresh request (all RAS’s turn on) or the decoded
upper two bits of the address bus. A careful reader may
question whether address is valid prior to RAS being enabled.
This question can be answered by noting that the 8212 passes
the address through before the falling edge of ALE latches it.
TALT (115 ns for 320 ns BO85A 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.

+Note that Tag 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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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
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
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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 11 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 atiractive as an alternative.
Again, as with any refresh routine, reset and excessive holds
must be dealt with to guarantee proper refresh.

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 systern 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 controller via the DRQ lines, with the
8237 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 in-
put. With this technique the designer must not allow
DMA to monopolize the bus when refresh is needed.



During initialization:

MVI A,D5H SET TIMER COUNT TO 5550* FOR REFRESH COUNT
ouT TIMER MSBYTE -
MVI A, AdH INTERRUPT CPU AT TO (TIMER OUT)
ouT TIMER LSBYTE
MV A, COH START COUNTER, PLACE CO IN 8155 STATUS REG.
OUT TIMER COMMAND
Program
AT RST 7.5 RETURN ADDRESS CALL RFRS (REFRESH SERVICE)
TOTAL #CYCLES
CYCLES
10 RFRS: LXIHL 0 SAVE STACK POINTER IN HL
10 DAD SP
30 10 LXI SP, 0080 32K - 48K REFRESH
10 POP BC
10 POP BC REFRESH, DUMMY READ
64 TIMES
640
6 SPHL RESTORE STACK POINTER
4 El ENABLE INTERRUPTS
20 10 RET RETURN
690 TOTAL CYCLES (round up to 700)

Figure 11. 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 D5A4H and for 8085A-2 use
E454H.

The standard technique for interfacing the 8085A proc-
essor to the 8237 DMA controller is shown in the
MCS-85 User's Manual and is reproduced in Figure 12.
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 com-
ponents (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 com-
ponents, bus contention may result if this is not done
and DMA tries to use the bus.
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Figure 12. Detalled System Interface Schematic
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SYSTEM TIMINGS
8085A CLK-IN vs. CLK-OUT vs. Control Timings

This section shows timing characteristics that relate the input
clock to the control signals and the output clock. These timings
can be treated as constants, that is, within the normal opera-
tive range of the processor, they are cycle or 8085A, A-2
speed independent.

Be careful about manipulating the timings given in this section
with the specifications in the data sheet. The specifications
on the 8085A, A-2 are not mutually exclusive; that is, you
can't add minimums to minimums and obtain a valid mini-
mum for some other timing parameter. Where the timing
parameter is specified directly, this takes precedence over
any other method you come up with to find that specification
(through adding and subtracting others). This was not done
to confuse the user, but to provide him with the most optimal
timings for his system!

To understand the timing parameters in this section it
would be helpful to understand how the internal signals
are generated in the 8085A. Referring to Figure 13, it is

seen that the rising edge of the X1 input causes flip-flop
A to toggle. From this flip-flop two internal signals are
generated that drive all functions in the 8085A, A-2 and
produce the output control signals and clock. Referring
to Figure 15, it is seen that clock output is derived from
the internal ¢1 signal in the schematic of Figure 14. This
output signal is a MOS output unlike the bipolar outputs
of the 8224 in the 8080A system. This restricts the user
to the loading limitations of a MOS driver (for further
details see bus loading section). The rest of the output
control signals with their respective internal controlling
edges are also shown in Figure 14,

Since the path between the X1 input and the clock out-
put can have a considerable amount of variance, the
relationships of these two clocks vary significantly.
Figures 15 and 16 are a set of timing diagrams il-
lustrating the relationship of the clock input to the clock
output to the various control signals. For designs that
require these relationships to synchronize different
systems, components, etc; the designer must allow for
these variances in the reiationships.

Parameter Description Min Max Units
toaL Time from C.F. to next Address valid (Ao - A7) 130 ns
téaLU Time from C.F. to next Address valid (Ag - A15 only) 70 ns
toAT Time from C.F. to present Address remaining valid (Ag - Aqg only) -20 ns
tocL Time from C.F. to control low (L.E.) -10 60 ns
téct Time from C.R. to control low (T.E.) -10 60 ns
téoL Time from C.F. to Data Out becoming valid 65 ns
téoT Time from C.F. to Data Out remaining valid -20 ns
téDs Data-in set up time to C.R. 100 ns
téDH Data-in hold time to C.R. 0 ns
téLL Time from C.F. to ALE high (L.E.) —60 0 ns
téLt Time from C.R. to ALE high (T.E.) 0 70 ns
tXKF Time from X1 input to C.F. 30 150 ns
txkr Time from X1 input to C.R. 30 120 ns

C.F. = Clock Falling, C.R. = Clock Rising, L.E. = Leading Edge, TE. = Trailing Edge
NOTE: These numbers are guaranteed by design and are not tested by Intel.

8085A, 8085A-2 Clock Parameters
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3.125 vs. 5 MHz Considerations

The 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 BOB5A-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
(Figure 19).

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 re-
quires the following crystal specifications to run
at top bus speed:

8085A 6.25 MHz frequency, parallel resonant,
fundamental, 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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3.125 MHz (8085A) 5 MHz (8085A-2)
(ns) (ns)
Parameter Min | Max Cycle Dependencies Min | Max Cycle Dependencieé
tcyc 320 | 2000 200 | 2000
t1 80 1/2T—80 40 1/2T-70
t2 120 1/2T—40 70 1/2T-50
tr 30 30
tf 30 30
tAL 115 1/2T-45 50 1/2T-50
tLA 100 1/2T-60 50 1/2T-50
tLL 140 1/2T7-20 80 1/2T-20
tLCK 100 1/2T-60 50 1/2T-50
tLC 130 1/2T-30 60 1/2T-40
tAFR 0 0
tAD 575 (5/2+N)T—-225 350 (5/2+N)T—-150
tRD 300 (3/2+N)T—-180 150 (3/2+N)T-150
tRDH 0 0
tRAE 150 1/2T-10 90 1/2T-10
tCA 120 1/2T-40 60 1/2T-40
tDW 420 (3/2+N)T-60 230 (3/2+N)T-70
tWD 100 1/2T-60 60 1/2T-40
tCC 400 (3/2+N)T-80 230 (3/2+N)T-70
tCL 50 1/2T-110 25 1/2T-75
tARY 220 3/2T-260 100 3/2T-200
tRYS: 110 100
tRYH 0 0
tHACK 110 1/2T-50 40
tHABE 210 1/2T+50 150 1/2T+50
tRV 400 3/2T-80 220 3/2T-80
tAC 270 T-50 115 T-85
tHDS 170 120
tHDH 0 0
tINS 360 1/2T+200 150 1/2T+50
tINH 0 0
tLDR 460 2T-180 270 4/2T-130

Where T = tcyc and N = the number of wait states that are incorporated.

All mathematical operations in Table 2 are performed from left to right, except where qualified with parenthesis.

Table 2. 8085A and 8085A-2 Cycle Dependencies
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Memory Device Compatibility

Determining What Memory to Select For Your Application
When developing a system which will use sufficient memory
to require buffering (see the capacitive loading section to
determine when it is needed), it is important to understand
how to select the slowest, lowest cost memory and still be
compatible with the bus timings with minimum wait states. A
generalized procedure has been developed in the following
section for determining the memory access needed for dif-
ferent applications and the number of wait states required
(if any). In general the amount of time available for access-
ing the memory can be obtained from the following formula:
Available memory access = B085A access time (from con-
trol signal of interest) - Buffering/Decoding delay (to and
from memory)

The three main “control” signals of interest which determine
memory access are that of tRp (read to valid data in), taAD
(valid address to valid data in)and t| pR (address latch enable
to valid data in). When dealing with different types of
memories, one or more of these signals becomes important.
Even though memory access compatibility is probably one of
the most important parameters to consider, as this is directly
reflected in the price of the memory, it is not the only param-
eter that is important. Some of the other major timing con-
siderations are as follows:

WRITE ENABLE - Is the write enable signal sufficiently long
to guarantee a write?

Is data set up properly with respect to this write to be compat-
ible with the memory's requirements?

Is data heid 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

oM

8355

OR

SR e B
ADg-ADy

< )

T |

8155
8156

3.125MHz | 5MHz
tRD 300ns 150ns

1AD 575 350

Figure 17. 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. 17). The two timing specs were
taken from the data catalog for tRp and tAp (t{LDR is irrele-
vant here). Looking at the 8155/6 and 8355/8755A, a com-
parison can be made for the access times:

8085A (3.125 MHz) 8155/6 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 configura-
tion as shown in Figure 18. Using the generalized
available memory access formula, tap, trp and t pg for
the memory can be determined using the data sheet tim-
ing delays for the buffers.

3.125MHz | 5MHz

Tao 250 100
Tan 500 275
T, 390 200
{BUFFERS) LOR
BN
|
WR Ny
Vo
1o/ D
8085A
Dy-D, Yo
s1
DEMULTIPLEXED
ADDRESSES
T & DEMULTIPLEXED
: DATA

Figure 18. Medium Buffered System
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tAD MEMORY = tAD8085A — (8282 + 8205 delay) — (8286
delay) + transitional gain due to buffering*

=taAp85 — (Tivov + ) - (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 = top 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. tgp can be obtained
in a similar manner.

The read signal RD goes through a buffer before it reaches
the memory. This must be taken into consideration when
calculating effective trp for the memory.

tRD MEMORY = tgp 8085A — (buffer delay) — (8286
delay) + transitional gain due to buffering

= tRp 85 — (delay) — (TIvOvV) + tCAPB
= (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 tlme thrown back in for impwvemant in signal transi-
tions. This is b g the he capacitive loading
considerably. The data sheet gives tlmings for maxlmum capagitive 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 15ns
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
butfering 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 = tgrp memory
8085A-2 timing  100ns = tRpD memory

Therefore for t pR:

tL. DR MEMORY = t| pR 8085 — (buffer delay) —
— (8286) + tcaPB
= 1. DR — (delay)—(t-)—(T)vov)+1CAPB
= 2T —180 —30 —-20 —35 +15
= 2T —250 for 8085A
= 2T —200 for 8085A-2

(8205)

= 390ns
= 200ns

For minimum 8085 timing
8085A-2 timing

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 - tAD MEM

Chip select access -t DR MEM**
2142

Address access -taAD MEM

Chip select access - tLDR MEM**

Output enable - tRD MEM
ROM

**Chip selects for these static RAMs need notbe qualified with ALE. If 2114
or 2142 chip selects are generated directly from the address lines, the
relevant timing is tap MEM.

3.125 MHz 5 MHz
MINIMUM SYSTEM:
STATIC RAM 8155/8156, (256x8) 8155-2/8156-2
8185 (1Kx8) 8185-2
ROM/EPROM 8355 (2Kx8) 8355-2
8755A (2Kx8) 8755A-2
BUFFERED SYSTEM:
2114 (1Kx4) 2114-2
STATIC RAM 2142 (1Kx4) 2142-2
ROM/EPROM 2732 (4Kx8)
2716-2 (2Kx8) 2716-2**

**With 1 wait state.

*Contact Intel for high performance EPROM/ROM Family.

Table 3. 8085A, A-2 Memory Compatibility.



In general, tAp MEM and t pR MEM are the parameters
needed for chip enabling, selection and address access
times, and probably are the most important considerations
when determining which memory device to use. When there
is an output enable, tRD MEM is also used. All relevantaccess
times must be met by the resulting system configuration to be
compatible.

This note will not attempt to generalize a procedure that deals
with the interface to dynamic RAM, but the 2117 example
shown earlier is described below. In the dynamic RAM sys-
tem, many variables come into play upon which the memory
access is dependent. Among these are refresh controliers,
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 sytem will piay, 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 12. When look-
ing at the following timing comparisons, remember that
the read cycle is initiated by the falling edge of ALE (Ad-
dress Latch Enable) and the write from the falling edge of
WR (Write). For descriptions of the parameters in Table 4,
please refer to a 21174 data sheet. Delay assumptions
used are shown in Table 5.

READ TAKEN FROM 2117-4 DATA SHEET DYNAMIC RAM CONFIGURATION
CYCLE
MIN MAX MIN MAX

tRAC 250 ns Doesn’t apply
tCAC 165 ns 210 ns
tREF 2ms Not Shown
tRP 150 ns 279 ns
tCPN 25 ns 472 ns
tCRP —-20 ns 193 ns
tRCD 35ns 65ns Outside spec, CAS access limited
tRSH 165 ns 177 ns
tCSH 250 ns 300 ns
tASR O ns 55 ns
tRAH 35 ns 82 ns
tASC —-10 ns -4 ns
tCAH 75 ns 205 ns
tAR 160 ns 410 ns
toff 70 ns See Below*
tRC 410 ns 720 ns
tRAS 250 ns 307 ns
tCAS 165 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 toff 70 ns max
B8085A tRAE 150 ns min
Therefore compatible as WR is used to deselect the 8216's.

Table 4. Bus Compatibility Analysis (see Figure 11)
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TAKEN FROM 2117-4 DATA SHEET | DYNAMIC RAM CONFIGURATION

WRITE
CYCLE MIN MAX MIN MAX
tRC 410 ns 720 ns
tRAS 250 ns 307 ns
tCAS 165 ns 198 ns
tWCS —-20 ns 34 ns
tWCH 75 ns 164 ns
tWCR 160 ns 287 ns
tWP 75 ns 205 ns
tRWL 100 ns 205 ns
tCWL 100 ns 205 ns
tDS Ons 23 ns **
tDH 75 ns Data held until next cycle
tDHR 160 ns Data held until next cycle
**Data is not valid from the 8085A

until 40 ns after WR falls.

Table 4. Bus Compatibility Analysis (see Figure 11) (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
Filip Flops Ons 15ns
8216s Ons 30ns
D flip flop 41ns 41ns
(Timing Chain)
3242 Ons 25ns (Min Ons for
8212 Ons 30ns  synchronization D FF)

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.11, WR qualifies a write). Subtract these
resulting delays from step 1 to get an effective access for
the memory. If multiplexed address RAM is used go to 3, if
not go to 4.

. 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.

Steps 1, 2 and 4 have been done for you in the Memory
Compatibility Table for ROM, EPROM and Static RAM mem-
ories in a medium and minimum system. Remember - for
dynamic RAM, Intel will soon be providing an 8202, a refresh,
dynamic RAM controller that generates all RAS, CAS control
signals for a 64 kByte memory (made of 2117s).

Peripheral Compatibility - 3.125 and 5 MHz

Intel supports its processors with many LS| peripheral com-
ponents that do a wide range of functions to simplify circuit
design. The 8085A compatible peripherals have been denoted
the “—5” notation to show compatibility. The “—5" notation
also signifies that these devices are compatible with the
8085A-2 with one wait state interjected. This wait state is
produced by taking the ready line low at the proper time as
shown in Figure 19.

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
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similar to the analysis in the previous memory compatibility
section.

60ns

Ag-Ars
50,81 ~10ns
WAIT
10/M  —— ROM EADY
etc. —
L . |
100 ns AVAILABLE TIME TO
SET-UP READY
v l
R
D a o o} o
ALE > 74574
74574 _
Q
tpa ~ 16ns tpg ~ 15ns
CLK OUT

Figure 19. 8085A-2 Wait State Generator




‘ 8085A-2 Margin
Part No. L\C. Parameter Min. Max AC. Parameter vs. —2 Spec.
; (ns) (ns) (ns)
! trp 200 taD *150
tRA & twa 0 tca 60
8251A tow 150 tow 80
twb 0 twp 60
tRR & tww 250 tcc *180
taR & taw 0 tac
tRD 200 tRD *150
tRA 5 tca 55
twa 30 tcA 60
8253-5 tow 250 tow “180
twb 30 twD 30
RR & tww 300 tcc *130
trv 1000 trv **
tAR & taw 50 tac 65
tRD 200 trp *160
tRA 0 icA 60
twa 20 tca 40
8255A-5 tow 100 tow 130
twp 30 twbp 30
AR & tww 300 tcc *130
trv 850 tRy *H
tAR & taw 0 tac 115
tRD 200 tRD *150
tRA & twa 0 tca 60
tow 200 tow 30
8257-5 two 0 twp 60
tRR 250 tcc *180
tww 200 tce 30
taR 0 tac 115
taw 20 tac 95
tap 200 tap *350
tRo 150 trRD *200
tca 0 tca 60
8271 & tow 150 tow 80
8273 two 0 twb 80
tRR & tww 250 tcc *180
tac 0 tac 115
tRp 200 tRD *150
tRa & twa ° tca 60
8275 tow 150 tow 80
twp 0 twp 60
tRR & tww 250 tcc *180
tap & taw 0 tac 115
taD 250 tap 300
tRD 150 trRD 200
tRA & twa 0 tcA 60
8279-5 tow 150 tow 80
twp 0 twD 60
tRR & tww 250 tcc *180
trey 1000 tav s*
tap & taw 0 tac 115

Table 6. Peripherals vs. 8085A-2
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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 ail
taken care of by introducing a wait state. The double aster-
isked margins deal with the try spec on the 8255A-5,
8253-5 and 8279-5 peripherals. tRy is the time from the rising
edge of WR or RD to the next falling edge. To allow sufficient
time for this spec it is necessary to delay the commands sent
to these three peripherals. Enough dead time must occur to
make up for the entire negative portion of the margin (for
example: 790ns in the 8253-5 medium system). Since in the
8085A-2 every machine cycle is at least 200ns long, 4 ma-
chine cycles are sufficient time to allow peripheral control
signal recovery (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. 1/0
mapped /O, which results in using the Input, Output instruc-
tions has this delay time built in when moving the data to be
transferred into the accumulator. With memory mapped 1/O,
any instruction that accesses memory for data will provide
the time necessary to not violate tgy as a second fetch
is performed.

Bus - Loading Considerations - Decoupling

For the cost conscious designer it is always helpful to know
when buffering is needed and when it is not. How much can |
load the 8085A output pins down? To answer this it is helpful
to first list the DC requirements of the common types of logic
loading and compare this to the capabilities of the 8085A.

Maximum Maximum
High-Level Low-Level
Input Current Input Current
TTL (single load) 40uA 1.6mA
Schottky or HTTL 40uA 2.0mA
MOS 10uA 10uA
LSTTL (single load) 20pA 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 LOwW
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.



APPLICATION EXAMPLE 1

MINIMUM SYSTEM APPLICATION AS A TEMPERATURE SENSOR

Overview

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 o;)eration behind this application is a monostable
multivibrator having its timing puise 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 20 is a schematic of the SDK-85 Kit with only one 8155
and 8355. There is no buffering in this system as all compo-

nents are on the same board and far below the maximum
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 muitivibrator 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/ 1/O compo-
nent in the basic SDK-85 system is enabled by a signal com-
ing from the 8205 address decoder. Since no expansion chips
are used, output enables 00 (8355 monitor ROM), 03 (8279
Keyboard) and 04 (8155 RAM) were the only ones needed.
Additional memory and/or 1/0 could have been incorporated
using other output enables from the 8205.

Memory/1/O Device  Function
8155 RAM space
8355 ROM space
8279 Keyboard/display
controller

stack pointer

Output from 8205

code space

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

04 2000 - 20FF
(20 - 20FF are reserved
for monitor RAM locations)
00 0000 - O7FF
03 1800 - 1FFF

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)

[0}} 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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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 21is a flow diagram of the program. It has been cross
referenced with program lines to the actual software for the
reader's convenience. Following through the flow diagram it
is seen that the interrupts are disabled in the beginning as the
one shot is outputting a high level on its Q output and interrupt
pin 6.5 is high level sensitive. However, this high level will not
be recognized until the level goes low and then high again. If
the user would prefer a positive pulse interrupt the 8085A a
dual one shot can be used with one triggering the other, or
just a simple inverter. Starting and loading the counter is as
described in the 8155 data sheet with the Port addresses
being given in the previous Table (7). Code lines 18-23 repre-
sent placing the counter in the counter mode (single terminal
count pulse at the end of count) and starting the count, having
the count clocked by the 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 twa'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:

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 puise 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).

HWN =

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



SUBROUTINE ADJUST CODE LINES

RESET MODE BITS 179-199

CODE LINES
RESET CARRY AND
ROTATE RIGHT
INITIALIZE
STACK POINTER THROUGH CARRY
DISABLE INTERRUPTS
18-23 | START COUNTER @3FFE NO
PULSE ONE SHOT
28-32 ENABLE INTERRUPTS VES
ADD IN % FULL COUNT
(% FULL COUNT-1) IF ODD
INTERRUPT 1
36-37 FROM TEMP
SENSOR? SUBROUTINE SEARCH 118144
COMPARE MEMORY  [*—]
TO COUNT ..
5
STOP COUNTER
42-47 READ VALUE IN }
COUNT 1
1 p) LESS THAN |
MEMORY? e
CALL COUNTER 1
ADJUST ROUTINE i
|
— INCR MEMORY POINTER _!
LOOP 8 TIMES B
CALL SEARCH
ROUTINE ‘
DECREMENT 8 8YTE
COUNTER
ENTIRE
BLOCK SEARCHED?
69-74 SEARCH SOFTWARE MAP 70.82

SUCCESSFUL? TEMP. IN DEG.C

EXPAND TEMP, DISPLAY
FOR DELAY PERIOD

BELOW
RANGE?

SUBROUTINE TOO LOW | SUBROUTINE TOO HIGH

OUTPUT 1's TO OUTPUT 1's TO
101-105 PORT A hos-112 PORT B

/RE::RN TO

MONITOR

Figure 21. Temperature Sensor Flow Diagram
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For an example with N = 256, CC = .32 usec at 3.125 MHz;
Byte time = 6.7 usec. A match search routine with minimum
memory usage is given below:

Search CmpM compare byte
RZ return if match
INX H else increment pointer
DCRC 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
MOVL, 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

A1-31

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”).



APPLICATION EXAMPLE 2
CRT INTERFACE

Most microprocessor systems require some sort of
serial communications. This may be selected for
reasons of economy (to reduce the number of
interconnections required in a distributed system),
or it may be necessary in order to communicate
with such common peripherals as CRT’s or tele-
typewriters.

These peripherals all use a standard convention for
transmitting serial ASCII code. Each data byte is
transmitted as a series of 10 or 11 bits. The uni-
form time per bit corresponds to the data trans-
mission rate. For example, if the transmission rate
is to be 2400 baud (2400 bits per second), each bit
time must be 1/2400 bps =416.7 usec/bit. The
standard 10-bit sequence consists of a logically
zero “Start” bit, 8 data bits (least significant bit
first), and one or more stop bits (logic 1). An
11-bit sequence with two stop bits is used for 110
baud TTY’s. The logic one level continues until the
start bit of the next byte to ensure that each 10-bit
sequence is initiated with a one-to-zero transition.
The 8 bits transferred might be raw binary data or
alphanumeric characters using the standard ASCII
code. In this case, the most significant bit — the
last data bit transmitted — will depend on the
parity convention being used. This sequence is
illustrated for the ASCII “space” character in
Figure 22,

The algorithm for receiving serial code involves
sampling the incoming data at the middle of each
bit time. The eight sampled values are shifted into
a serial byte corresponding to the data originally
transmitted. The one-to-zero transition at the
beginning of each byte makes it possible to syn-
chronize the sampling points relative to the start
of each data sequence.

Hardware Interface

In general, any serial communications system will
require both hardware and software interfaces.
Since the SOD line can drive only one TTL load,
additional current and voltage buffering is required
to be compatible with the RS-232C interface
standard used by most peripherals. A schematic for
achieving this buffering is shown in Figure 23. The
MC1488 and MC1489 circuits interface positive
logic TTL signals with the RS-232 high voltage
inverted logic levels.

Software Package

The software needed to drive the CRT interface is
divided into three parts. All three use software
timing and delay loops, with fixed and variable
parameters. In conjunction, they are able to
identify incoming signals at any rate from below
110 to over 9600 baud and respond at the same
rate.

START
8IT

Op Dy Oz D3 Dy Dg Dg D7

sTOP
8ITs

Figure 22. ASCIl Space Character
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Figure 23. RS-232C Interface Schematic

Upon power-up or reset, or when the console
device baud rate is changed, the baud rate identifi-
cation subroutine (BRID) is called. This routine
waits until an ASCII space character (20H) is
received from the console. (Any other character
will result in a case of mistaken identification.)
When a space character is received, two time
parameters are computed which correspond to the
bit time and one-half the bit time of the baud rate
being used. These are stored as variables BITTIME
and HALFBIT. To output a character to the con-
sole, the character code is placed in register C, and
the subroutine COUT is called. This routine uses
BITTIME as a parameter for the software delay

loop which determines the baud rate. To accept -.

character from the keyboard, CIN is called. CIN
returns after the next key is typed, with the corre-
sponding character code in register C. CIN uses
both parameters BITTIME and HALFBIT.

Since COUT and CIN use time parameters com-
puted by BRID, they will function at a rate the
same as that of the initial space character input.
Because of the nature of the software, the rate
does not depend on the CPU clock frequency. This
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results in additional flexibility in the following
respects:

1. The software does not need to be modified
if the 8085 crystal frequency is changed or
Wait states are added.

2. Since the time base is no longer critical, the
quartz crystal could be replaced by a less
expensive RC network, provided the fre-
quency does not drift by more than a few
percent during a session. Additional drift can
be accommodated by periodically recalling
the BRID routine.

3. Communication is possible at non-standard
baud rates which relaxes the constraints on
system peripherals.

It should be noted, though, that slowing down the
CPU clock will decrease its throughput proportion-
ately. In addition, it will degrade the maximum
resolution of the delay loops, with the result that
the highest baud rates may no longer be achievable.

A more detailed analysis of the CRT interface
routines will be presented in the order of increasing
complexity: COUT, CIN, and BRID. Since SID and



SOD are ideal for many applications which involve
critical I/O timing, the timing techniques used here
may be of interest to software designers. Accord-
ingly, the mathematical derivation of the timing
parameters is included in this analysis, as well as a
justification for the BRID algorithm. The algebra
involved might be a bit too tedious for designers
unconcerned with generating software delays. If so,
they (and other bored readers) have the freedom of
choice to skip over the sections they find objec-
tionable.

OUTPUT ROUTINE

It would seem natural to write data in the standard
format in three stages: output a zero start bit, then
the 8 data bits (using a loop sequence), then the
stop bits. Each stage would incorporate its own
appropriate delay and output sections, leading to
unnecessary duplication. Instead, the code below
executes the same main loop 11 times. Its bit
manipulation routine inherently results in the cor-
rect data sequence being formed. It accomplishes
this by using the carry and C register as a 9-hit
pseudo-circular shift register. Initially CY=0. The
algorithm outputs CY, waits one bit time, sets
CY=1, and then rotates the pseudo-register right
one bit. This repeats for 11 cycles. On the tenth
and all subsequent loops, the output bit will be a
logical one, since that bit had been set nine loops
earlier while in the CY (see Figure 24).

When COUT is called the registers to be used must
be preserved and interrupts disabled so the timing
loop will not be disrupted. Clear the CY in prepara-
tion for outputting the start bit, and set the loop
counter for 11 bits (if 110 baud will never be used,
the counter could be set to 10):

T PIH @

PISH H

bl

vpa f
Myl g.11

Output of the contents of the CY:

S O G- o
opp 0
< @

The numbers in brackets indicate how many ma-
cine cycles are required for each instruction. They
will be referred to in the timing analysis section.

cLe
necistenc:  [07] o6 [0s| 4] 03] 02| 01| Do

OUTPUT
cy:
STC START BIT

RAR

Eé—!ﬁwlneloslmlmloz 5
OuTPUT
STC m Do

————————— .
OUTPUT

sTC

&01!!]1!1%]1[12

Figure 24. Data Serialization Algorithm

Get stuck in a loop for-the appropriate time (don’t
worry for now how “BITTIME” is determined):

LHLD  BITTIHE e’

e N L i
INZ cae D
OCF H D
N {iz i

Rotate the contents of register C right into the CY,
while moving a one into the left end. Continue
until all bits have been transmitted:

ST E
Wy AT <>
PAF o
Wy R 4
R e R
mom 18>

Restore processor status and return:



eop H
POP 4
£l

BET

INPUT ROUTINE

The console input routine uses the opposite pro-
cedure; instead of moving a bit from register C to
the CY, then to A7, then to SOD, CIN loads a bit
from SID into A7, then moves it to CY, then into
register C.

First, set up the CPU as before:

LN BEM M
0l
mwio B9

When a start bit transition arrives, the first sam-
pling should not be taken until the middle of the
first data bit, one and one-half bit times after the
transition. Await the start bit transition, then set
up the delay parameter for one-half bit time:

£ PIM o>
PR R A
™ (95} B
LHLE HALFRIT °

Loop for one-half bit time before starting to

sample data:

cle ME L o
m:ocI (o
pe M i
moocr it

Wait until the middle of the next bit before sam-
pling SID, then move the data bit into CY:

12 LHLD  RITTIME ks 132
Ll4: LR L iy
N2 (L] (2]
e H R
mz Cl4 oDy
oM 4
18 4

Decrement the bit counter. If this is the ninth
cycle, the 8 data bits are in register C, so quit (the
first stop bit will already have been received, and

be in CY):

ung

2

E

CIs
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Otherwise, continue. Rotate the data bit right into
register C, and repeat the cycle:

MYV AL 4
PR Ay
MY 0B A
NP
™Iz 1

(A NOP is needed to make the COUT and CIN
loops exactly equal in number of machine cycles,
so that each can use the same delay parameter.)
Restore status and return.

IS PR H
El
FET
TIMING ANALYSIS

COUT and CIN now need to be provided with
parameters: for BITTIME and HALFBIT. It can be
seen from the above code that each routine uses
61 + D machine cycles per input or output bit,
where D is the number of cycles spent in either
four line delay segment. If (H) and (L) are the
contents of the H and L registers going into this
section of code, then:

D=2+(D-DX14+({HD-1)X

[(255 X 14) + 25] e9)]
If W) = (-1, =W~ 1, and
(HL) =256 () + (L 2)
then , ,
D = 22+ 14 (Y +3595 (H) (3)

This can be approximated by:

D = 22+ 14 HLY 4)

This approximation is exact for ® = 0; otherwise,
it is accurate to within 0.3%. Thus each loop of
COUT or CIN uses a total of:

C = 61+D = 83+ 14 (HL) machine cycles (5)

Each machine cycle uses two crystal cycles in the
8085, so the resulting data rate is:

B = cycle frequency
C
_ (crystal frequency) +2

; 6)
83 + 14 (HL) ©




For a typical calculation, see the example below.

EXAMPLE

To produce 2400 baud with the standard 6.144 MHz
crystal:

_ (6144 X 106) =2

2400 ;
83 + 14 (HL)
, f6.144x 106+ 2
14(HL) = ( 5400 )— 83
, 6.144 X 106 + 2
(HL) = [(—2703—)—83]
+14 = 855 ~ 86
HLY = 8610 = 0056H
(HL) = 0157H = BITTIME

To determine the true data rate this parameter will
produce, substitute into equation (6):

6.144 X 106 + 2

Date Rate 83 + 14(86)

2387 baud, which is 0.54% slow.

For 9600 baud, the same calculations will yield (HLY
=17, which is actually 0.3% slow; a sizzling 19200
baud or 38400 baud could each be generated to with-
in 5% if (HL) = 6 or 0! Table 9 presents the param-
eters for several standard baud rates.

Notice that the resolution of the delay algorithm —
the difference between bit times resulting from
parameters which differ by one — is 14 machine
cycles. As a result, the true bit delay produced can
always manage to be within 2.3 usec of the delay

desired. This guarantees that at rates up to 9600
baud, where each 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 pattern received
when the space bar is pressed on the console
device. Since a space character has the ASCII code
20H = 001000008, 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 for 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 two 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+14 (HLY @)
F_ (M*6)-83

(HL) —r— 8
, M .

(HL) = 27 -6 (approximately) ©)

This value can be determined by setting register
pair HL to -6, then incrementing it once every 84
machine cycles during the period that the incom-

DELAY PARAMETERS FOR STANDARD BAND RATES USING 6.144 MHz CRYSTAL

Table 9

TARGET . . HL)or ACTUAL
BAUD HL) 10 HL 16 BITTIME HALFBIT BAUD RATE %
RATE (See Text) (See Text) (See Text) PRODUCED ERROR

110 1989 07Cs 08C6 04E3 109.99 -0.006
150 1457 0581 0682 03D9 149.99 -0.005
300 726 0206 03D7 026C 299.80 -0.068
600 360 0168 0269 01A5 599.65 -0.059
1200 177 0081 0182 0159 1199.5 -0.039
2400 86 0056 0157 012C 2386.9 -0.547
4800 40 0028 0129 0115 47776 -0.469
9600 17 0011 0112 0109 9570.1 -0.312
19200 6 0006 0107 0104 18395.2 -4.37
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ing signal is zero. BITTIME is then obtained by
individually incrementing registers H and L. To
obtain HALFBIT, divide the value of (HL) deter-
mined above by two before incrementing each
register.

In order to implement this algorithm, set HL to -6,
verify that the incoming signal is a logic one, then
wait for the start bit transition.

BRID: Wi £, are

SIM

Lyl H. -¢H
BRI{: RIM

ORfA ]

Jp BrIL
BPI2: PIM

oeA fi

AL eei2

Increment register pair HL, then delay so that each
cycle will require 84 machine cycles:

BRIZ N H £
Lig! E.84H T
BRI4: DR E 1523

N BRI4 LS

Check if SID is still low. If so, repeat:

RIM A
OrRp R 4
*® BRIZ 4a:
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Otherwise continue. Store HL temporarily for the
HALFBIT calculation. Obtain and store BITTIME:

PUSH H
INR H
TR L
SHD  BITTIME

Restore HL, calculate HALFBIT, and return:

POP H
oFA R
MM ALK
PRR

MoY H.#
po LS
RAF

Mo L.#
ne H
N L
SHLD  HRLFBIT
PET

The assembled listings for these subroutines, along
with a simple test program, is presented in the CRT
and Cassette Code.



APPLICATION EXAMPLE 3
CASSETTE RECORDER INTERFACE

There are many situations where data has to be
transmitted through a non-ideal medium. To give
three typical examples, a system with electrically
isolated elements might require that signals be AC
coupled, communications through an audio net-
work (such as telephone or radio) are greatly band-
width limited, and some applications (such as a
distributed network in an industrial environment)
must tolerate random electrical noise. Attempting
to record data on a cheap cassette recorder (the
one used for this note cost $17.00) will reveal all
of these shortcomings, plus one: The tape speed
fluctuates significantly and varies as the batteries
run down, hence the data rate is inconsistent.

The recording scheme used here makes very few
demands on the transmission medium. It makes no
attempt to transmit DC voltage levels. Instead, data
is transmitted by a series of variable length tone
bursts. The dominant frequency of the tone used
can be selected to be within the passband of the
particular medium. Data is transmitted with each
bit composed of a tone burst followed by a pause.
The first third of a bit period is always a tone
burst, the middle third is either a tone burst con-
tinuous with the first or a pause corresponding to,
respectively, a one or zero, and the final third is
always a pause, as shown in Figure 25. Thus, data
is distinguished by the burst/pause ratio.

Hardware Design

These tone bursts are obtained from the 8085 SOD
line, using analog signal conditioning to eliminate
the DC component of the waveform. (This low
frequency component is due to the single-ended
nature of the SOD line: it’s deviations from ground
are all positive, which unbalances the capacitive
input stage of the recorder.) A suggested interface
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circuit is shown in Figure 26, using one LM324
quad op amp and a few standard value discrete
components which should be available in even a
digital design laboratory. On playback, analog cir-
cuitry is again used to detect the presence of a tone
burst. In Figure 26, A2 buffers the incoming signal,
and A3 inverts it. The peaks of these two signals
are transmitted through D1 or D2 and are filtered
by an RC network. Comparator A4 then squares
up the output and produces the logic signal read
by the SID pin. Since the op amps are powered by
the single 5-volt supply, a 2.0-volt reference level
is obtained from a resistive voltage divider. The
waveforms present at several points in the circuit
are shown in Figure 27.

Software

The algorithm for reading a data bit off the tape is
simple and straightforward: If the tone burst is
longer than the pause, the bit is a one. Otherwise,
it is a zero. Since only the time ratio is considered,
any variation in tape speed will not affect the data
determination.

VOLUME CONTROL

A question that arises with any audio cassette inter-
face is how to set the volume control. (Recording
level is usually determined internally.) When the play-
back level is correct, the logic signal output from A4
will have either a one-third or two-thirds duty cycle.
This can be readily observed with an oscilloscope. In
the field, an old-fashioned mechanical-type voltmeter
could be connected to the A4 output, and the volume
adjusted until the meter needle hovered somewhere
between 1/3 and 2/3 the high level output voltage.
With random data, the reading would be about 2
volts. There will be a fairly wide range of acceptable
volume settings. (Since the quivering meter needle is
being used here for inertial signal averaging, a digital
voltmeter would not be very helpful in this applica-
tion.)
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After the CRT software analysis, the tape routines
are almost trivial. TAPEO is a subroutine for out-
putting the contents of register C to a cassette
recorder. TAPEIN reads 8 bits into register C.

OUTPUT ROUTINE

TAPEO calls a subroutine named BURST three
times for each bit. If Ag (the SOD enable bit) is set
when BURST is called, a square-wave tone burst
will be transmitted. If Ag is not set, BURST
simply delays for exactly the same amount of time
before returning. The three calls are used to,
respectively, output the initial burst, output the
data burst/space, and create the space at the end of
each bit. Nine bits will be output: the eight data
bits (LSB first) followed by a zero bit. The start of
the initial burst of the trailing zero is needed to
mark the end of the final space of the preceding
data bit.

Start each bit by outputting a tone burst:

TAPED:  MYI B9
ToL WD ROCEH
CALL  BURST

Rotate register C through CY:

MOY AL
RAR
MY C.A

Move CY to the SOD enable bit position, Ag.
Simultaneously set A7 to one, and clear all other
bits. Output a tone burst or space, depending on
the previous contents of CY:

MYl A. 214
FAR
kAR
CRALL  BURST

Clear the accumulator, and output a space:

f
BURET

#RR
CALL

Keep cycling until the full 9-bit sequence is fin-
ished:

DiF
INZ
RET

T01

The BURST subroutine executes the SIM in-
struction CYCNO times, at intervals of 29 + 14
(HALFCYC) machine cycles. In between each SIM,
bit A7 is complemented. CYCNO should be an
even number. If Ag is set upon calling BURST a
square-wave will be created. Otherwise, the same
code sequence is followed but SOD does not
change — thus a space results.

BlPST HYI 0. CYCNOD

Biil SIM
My ] E, HALFCYC

Buz: DR E
N gir2 7018
#R1 2aH L
DCR b 4
INZ Bilt
FET

INPUT ROUTINE

TAPEIN uses a subroutine called BITIN to move
the data at the SID pin into the CY. The maximum
rate at which SID is read is limited by a delay loop
in BITIN.

Initialize the bit counter and the register D, which
will keep track of the tone burst time. If a tone



burst is being received when TAPEIN is called,
wait until the burst is over:

TAPEIN: MvI B, 2
Myl {1, @Bk

TIt: ALt BITIN
J TI1
CALL  BITIN
I Tit

(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:

TI CALL BITIN
e Ti2
CALL  BITIM
NG Ti2<°

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

Continue until the last bit has been received:

LR E
2 T2
FET -

(Notice that the first half of this subroutine is
incorporated in the second half. In fact, the as-
sembled listing included in the Appendix makes
use of this fact to eliminate 24 bytes of duplicated
code.)

BITIN waits a short time in order to regulate the
sampling rate, then reads SID and moves the data
bit into the CY:

iTIN: M1 £, CKRATE £
Blf;  O(R E 4>
JINZ 8M1 <718y
PiM <>
RAL 4>
RET <18

detected:

Ti3 o{R I
(AL BITIN
JC 112
(L BITIN
Je 112

Now continue reading the SID pin, incrementing
the D register (back towards zero), each cycle until
the next burst is received:

The tone burst frequency and duration, and
the TAPEIN sampling rate are determined by
HALFCYC, CYCNO, and CKRATE. Tables 10 and
11 give typical values.

Table 10

EXAMPLE COMBINATIONS OF HALFCYC AND CYCNO.
ALL VALUES IN DECIMAL

114 IR D
CALL - BITIN
JNC T4
CALL  RITIN
NC 14

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:

Hov AD
kAL
MV A C
RAR

MoV A
Ml D, B

APPROXIMATE | CORRESPONDING RESULTING DATA RATE
TONE HALFCYC 8 | 20 [100 CYCNO
FREQUENCY VALUE 4| 10| 50 | cyc/BURST
500 Hz 217 a2 | 17| 33 bps
1 kHz 108 83 33 6.6 bps
2 kHz 53 166 | 66 | 13 bps
5 kHz 20 414 | 166 | 33 bps
10 kHz 9 826 | 330 | 66 bps
Table 11

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




The CRT and Cassette Code also includes a simple
block record routine utilizing TAPEO. Before
calling BLKRCD, 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 incorpor-
ate 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 1/O electrical characteristics.

The CRT interface was tested with a Beehive Mini-
Bee Il 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 28). Three of the
MC1488 drivers have Enable inputs which can be
controlled by the output port. One AND gate can
be used to buffer the SOD line and drive the
MC1488 Data inputs. The rest of the 7408 can be
configured as a four input AND gate. This would
act as an inverted logic OR gate to reduce the four
MC1489 receiver outputs to a single line, which
could be read by the SID. This assumes that only
one input device (CRT, PTR) at a time will be used
(which is usually the case in a non-time shared,
interactive application), and that the unused
devices are transmitting a logic one level (which
should also be the case).
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Figure 28. 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 CRT Code 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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Temperature Sensor Code

ASMB (F1:TEST. SRC MODES

ISIS-11 8688/8865 MACRD RSSEMBLER, V2 @ MODULE PAGE 1
LoC 08 SEQ SOURCE STRATEMENT
1;
2;
82¢6C 3 HXDSP  EQU 826CH +EXPAND HEX TO DISPLAY, SDK MONITOR ROUTINE
287 4 WTPUT EQU B287H SQUTPUT TO DISPLAY, SDK MONITOR ROUTINE
[~ 2] S DELAY EQU 85F1H +DELAY DISPLAY, SDK MONITOR ROUTINE
6;
2009 7 ORG 20004
8
9
16 ;
11
2008 310628 12 LXI SP, 20C8H + INITIRLIZE STRCKPOINTER
2003 F3 13 D1 +DISRBLE INTERRUPTS
14

15 INITIALIZE COUNTER IN 8155 FOR COUNTDOMN MOOE. LOAD COUNTER
16 ;i WITH HIGHEST VALUE (3FFF).

17 ;
2004 3EBF 18 wi R, 8BFH
2086 D325 19 wT 2 i ADDRESS FOR TOP HALF OF COUNTER
2008 3EFF 2 L2 A OFFH
200R D324 21 ot 244 it * LOWER HALF OF COUNTER
208C 3ECH 2 i R, 8COH
200 D320 23 ot 24 ;COUNT DOWN MODE START

4

25 ; PULSE THE ONE SHOT WITH A POSITIVE GOING PULSE ON THE S00
26 ;  OUTPUT PIN OF THE 8885

27 ;
2818 3EC8 28 L2 f, 8COH
2012 30 3 SN ;OUTPUT A HIGH ON SOD LINE
2013 3E48 38 L) A, 48H
2015 30 3 Sin ;OUTPUT A LOW ON SO0 LINE
2016 FB 32 El ENABLE INTERRUPTS(RFTER PULSE)
33
34 5 IDLE UNTIL ONESHOT INTERRUPTS THE RST 6.5 PIN ON THE 8885.
35
2817 00 36 WO
2818 (31720 k14 b 4 NPO + IDLE UNTIL INTERRUPT
38,

39 ; AFTER INTERRUPT, STOP COUNTER AND RERD IN FINAL COUNT FROM
49 : 8155, STORE IN REGISTER PRIR BC.

4 ;
201B 3E40 42 CNTU. vl A, 404
201D D320 43 wT 2 STOP COUNTER
281F DB24 44 N 244
2621 4F 45 Moy CA i STORE LOWER ORDER BYTE IN C
2822 DB2S 46 IN 2
2024 47 Ll Moy B +STORE HIGHER ORDER BYTE IN B
2025 26%F 48 L H, 3FH ;LORD HL WITH FULL START COUNT
2027 2EFF 49 L] L, OFFH

59 .

S1 : ADJUST THE COUNT VALUE IN REGISTEK BC TO REPRESENT ACTUAL
S2 . COUNT (SEE TEXT FOR EXPLANATION)
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- Temperature Sensor Code (Cont’d)

1SIS-11 8868/9885 MACRO ASSEMBLER. V2 @

Loc o8)

2829 (D682

262C %00
202€ 2626
2030 B
2831 78
2032 981
2034 (09229

2037 €89
2039
203R CRAF29
203D 308
203F B9
2048 CRBS29

2043 3E6R
2045 85
2046 6F
2047

204A CD6CB2
204D 3£00
204F CDB762
2052 11FF08
2855 (DF185
2858 OF

20RF 3E63
681 D320
2083 EFF
2085 D321
2087 CF

8

fER SRR E SRR EIIINANIINITEARARIB2BLLYURYLY

SOURCE STRTEMENT

CALL

AOJUST

MOWLE PAGE 2

i CONVERTS 8155 COUNT TO ACTUAL COUNT

SETUP INITIRLIZATION FOR SEARCH ROUTINE. ROUTINE LOOKS FOR TEMPERRTURE
RANGE OF COUNT (SEE TEXT). SERRCH ONLY FOR UPPER HALF TO SINPLIFY CODE.

wi
wI
ORA
v
wl
cALL

L, 880
H, 204
B

B

C 14

SERRCH

iSET HL TO BEGINNING OF SERRCH
;STRING IN MEMORY.

;CLEAR CARRY FOR ROUTINE.

;PLACE B INTO ACCUMULATOR

FSET TINES THROUGH SEARCH

;LOOKS FOR TEMP RANGE COUNT IS IN

CHECK IF SEARCH WRS SUCCESSFUL IF NOT THEN OUTSIDE ACCEPTABLE

RANGE.

wl
XA
JZ
LJ¢
e
3z

A, 80H
L
TLOW
A, 0aH
¢
THIGH

;010 L FIND LESS THAN AT

AT BEGINNING OF STRING?

 TEMP BELON ALLOMED LIMITS, SET PORT A’
iDID C GET DECREMENTED?

i IF S0, SEARCH DID NOT FIND

; TEMP ABOVE LIMITS, SET PORY B

SOFTHARE MAP THE WHTCH TO A TEMPERATURE IN DEGREES C BY RODING
16 TO SERRCH ADDRESS. PLACE TEMPERATURE IN REGISTER E

w1
ADD
v
v

A ORH
L

LA
EN

i SHIFT HL BY 10 (SOFTHARE WAP)

;RERD IN TENPERATURE

SET UP INITIALIZATION FOR DISPLAYING TENPERATURE USING SDK
MONITOR ROUTINES. FIRST EXPAND DE REGISTER AND THEM DISPLAY

FOR DELRY PERIOD.

L] B, 90H
CALL  HXDSP
w1 A, 06H
CRL  ountpuT
i D, OFFH
CALL  DELAY
RST 1

95

96 ;  SUBROUTINES

97 ;

98 ORG 20AFH

99 ;

108 :

161 TLOW.  MvI R, O34

162 T 20

103 mwi i, OFFH

154 o 214

165 RST 1

106 :

167 ;

CLERR DOT AT ADDRESS FIELD
s CALL EXPAND

SOUTPUT TO SDK DISPLAY

+ SET DELAY PERI0D
iDISPLAY FOR DELRY PERIOD
 SOFTWARE RESTART

+SET PORT R RS 1S
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Temperature Sensor Code (Cont’d)

1515-11 §888/8885 MACRO ASSEMBLEK, V2.0 MODULE  PAGE
Loc 08J SEQ SOURCE STRTEMENT
2088 3£03 168 THIGH: mv] A 034
206A 0328 169 T 204
208C 3EFF 110 L2 R, OFFH iSET PORT B RS 1’S
208E 0322 11t wT 220
2000 CF 112 RST 1
13
114 ;
29 115 ORG 2092H
116 ;
117 ;
2092 BE 118 SEARCH: O® L}
2093 18 19 RC
2094 23 120 INX H +ELSE INCREMENT POINTER
2895 BE 124 P L} +CONPRRE 20D BYTE
2896 08 122 RC
2897 23 123 N H
2898 BE 124 oe L  COMPARE 3RD BYTE
2099 08 125 RC
209R 23 126 INX H
2898 BE 127 or L} i COMPARE 4TH BYTE
289C 08 128 RC
28% 23 129 e H
0% BE 138 o ] + COMPARE STH BYTE
20 08 131 RC
28R0 23 132 X H
20R1 BE 133 oe L} +COMPARE 6TH BYTE
20R2 18 134 RC
2073 23 135 INX H
20R4 BE 136 [*, 4 L} s CONPRRE 7TH BYTE
2085 08 137 RC
206 23 138 L H
20A7 BE 139 [», 4 ]  COMPARE 8TH BYTE
Z6R8 D8 148 RC
R 3 1M I H
20FF 80 142 R c +HRS ENTIRE BLOCK BEEN
28R8 29220 143 N SEARCH + SERRCHED? 1F SO SET NO
20°E C9 144 RET +LESS THAN AND RETURN.
145 .
146 . KRESTART 6.5 JUNF HODRESS
147 :
20CE 148 0RG Z8CEH
149 ;
159 .
20t (31820 154 N, CNTY
152 :
153 ,
154 .
155 .
156 .
157 .
158 . SERRCH COMPARE DHTA STRING (SEE TEXT)
159 .
168 ,
2859 161 ORG 26804
162 .
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Temperature Sensor Code (Cont’d)

ISIS-11 9888/8685 MACRD RSSEMBLER, V2 8 MODLLE PAGE ¢
Loc o8 SEQ SOURCE STRTEMENT
163 ;
2008 35 164 ] 35, 36H, 37H, 38H, 39H, 3AH, 3BH, 3CH
2081 36
2082 37
2063 38
2084 39
2085 3R
2086 38
2087 3C
165 ;
166 ; SOFTHARE MAP TO TEMPERATURE
167 ;
2088 168 ORG 2086H
169 ;
17 ;
2088 21 in o8 24H, 23H, 25H, 28H, 31H, 35, 394
288C 23
2080 25
200 28
206F 31
2090 35
2091 39
172 ;
173 ;
2068 174 ORG 20604
1755
176 ;
177 i SUBROUTINE ROJUST FOR COUNT IN 8155
178 ;
2060 78 179 ROJUST: MOV AB s LORD ACCUMULATOR WITH UPPER HALF
2061 E63F 189 ANl 3FH SRESET UPPER TWO BITS, CLEAR CARRY
2063 IF 181 RAR 7 ROTATE RIGHT THROUGH CRRRY
2064 47 18 nov BA +STORE SHIFTED VALUE BACK IN B
2065 79 183 v RC +LORD ACCUMULATOR WITH LOWER HALF
2066 1F 184 RAR ;ROTATE WITH CARRY RIGHT
2067 4 185 v ] »STORE SHIFTED VALUE IN C
2068 08 186 RNC +4ST HALF OR SECOND? IF SECOND RETURN
2069 3F 187 o 5 CLEAR CARRY
206 7C 188 L1 R H ;OBTAIN ONE HALF OF FULL COUNT.
2068 {F 189 RAR i IF HL 1S 00D THIS CONTRINS
206C 67 19 "y WA ONE HALF(FULL COUNT-1), MHICH
2060 191 L AL i 1S CURRECT.
206E IF 192 RAR
206F 6F 193 L LA
2078 89 194 DAD 8 ;DOUBLE PRECISION ADD
2071 M4 195 v BH +RESTORE BC REGISTERS WITH COUNT
2872 4 196 v CL
2673 (9 197 RET
198 .
199 ;
208 EN
PUBLIC SYMBOLS
EXTERNAL 5YMBOLS
USER SYMBOLS
1515-11 900.8085 MACKY HSSEMBLER. v2 @ MOOULE PAGE S

ADJUST A 2068 (NTU A 2618 UELAY A BSF1  HXDSP R 8260  NPO
THIGH A 2688  TLOW A 206F

RSSENBLY COMPLETE, NC ERRORS

QUTPUT R 8287

SEARCH R 2692




CRT and Cassette Code

ICIS-1T 3082/209% ASCEMELER, 1 4 S sLE
Lecoer SED SOURCE STRTEMENT

# & MOGET TITLE 9285 SERTAL 19 NOTE SPPENDE:"
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CRT and Cassette Code (Cont’d)
151S-11 3@30/9ROS ACSEMELER. 4 A MODIILE b 3
2805 SEPIAL 10 MOTE APPENDI:

toc ners R SOURCE STATEMENT

THE FOLLOWING PROSGRAMS AND SUBROUTINES ARE DESCRIBED IN DETRIL

1M INTEL CORPERATION'S APPLICATION MOTE AP-23, "USING THE 9885
SERIAL 10 LIMES"  THE FIRST SECTIOM IS A GEMERAL PURPOSE CRT
INTERFACE H1TH PUTOMRTIC BAUEC RATE IDENTIFICATION: THE SECOND
SECTION IS A WAGNETIC TAPE INTERFACE FOR STORING DATA ON CRSSETTE
TAPES  THE CODE PRESEMTED HERE IS TRIGINED AT LOCATION £0dH,

RHG MIGHT PE FRRT OF AN EXPANSION PROM IN AN INTEL 5IK-85

SYSTEM DESIGN KIT

OO T AT AR da ) P b

12 -
14
12
2808 1% BITTIME EOU 2009H  (ADDRESS OF STORRGE FOR COMPUTED BIT DELAY
26CA 14 HALFEIT EOH 20CPH :ACDPESS OF STORAGE FOR HALF BIT DELAY
6988 15 RITSD EM) 1 i CRTR BITS PUT OUT CINCLUDING THWG STOP BITS
2009 16 BITSI  EOU a SORTA BITS T BE FECIEVED <INCLUDIMG ONE STOP BIT)
E
@ 12 RS SAaH  STARTING ADDPESS OF SDK-S5 EXPANSION PROM
12
2@ :[RTTST CRY IMTEPFOACE TEST  MHEN (ALLED. AWAITS THE SPRCE BAR BEING PRESSED ON
21 THE SYSTEM COMSOLE. SN THEN RESPONDS WITH A DATA RATE YERIFICRTION

2 MECSAGE  THERE AFTER. CHARRITERS TYFED ON THE KEYBUARD ARE ECHOED
2 D THE DISPLAY TUBE  WHEN R EPERK KEY 15 TYPED. THE ROUTINE IS
2 PE-STAPTED. ALLOWING R DIFFERENT BAUD RATE TO BE SELECTED ON THE CRT.
8290 310020 35 ORTTET- LMD EP.2EA
9397 2608 26 CRTL- MWYT AOCBH . S0D MUST BE HIGH BETHEEN CHARRCTERS
2205 30 7 SIM '
299 (DAAR 2 DAL BRID IDENTIFY ORTA PATE USED BY TERMINAL
8293 C047R2 20 AL SIGNOM . OUTPUT SISNON MESSAGE AT PATE DETELTED
8987 Ch2RRe 20 ECHG CALL CIN S RERD NEXT KEYSTROVE INTO PERISTER £
go8F 79 2 ww o oac
2819 R7 2 R R (CHECY TF CHARRLTER MRS A CBRERKD (RSCII BBH)
2011 CAAZAR & 12 CRTL  :IF S0 RE-ICENTIFY DATR RATE
) . THIS ALLOMS AMOTHER RATE TD BE SELECTED ON CRT
%14 CDERS % CALL  COUT . OTHERWISE COPY REGISTER C TG THE SCREEN
3217 29089 % I ECHD S COWTINUE IMGEFINITELY (UNTIL BRERK)
7
28 JBRID  BAUD BATE IDENTIFICATION SUBROLTINE
29, EXFECTS A CCR: (RSCIT 20M: TO BE FECIEVED FROM THE CONSOLE.
49 ; THE LENGTH OF THE TMITIAL ZERQ LEVEL (SIn BITS WIDE) 5 MERSURED
4 IN ORDER T0 DETEFMINE THE DRTR RATE FOR FUTURE COMMUNICATIONS,
#81A 20 42 BRIG- PN JVEPIFY THAT THE "ONE™ LEYEL HAS BEEN ESTRBLISHED
818 B? 4 wR P i, RS THE CRT 1S POMERING P
2015 F21002 44 FRID
921F 28 45 BRIL RIM SMONTTOR SIC LINE STATUS
2220 B7 3% wR R
221 FRIFAS 47 Mo BRIL LOOS UNTIL STRRT EIT I3 RECIEVED
2024 21FRFF 42 LYT W~ BIAS COUNTER USED IN CETERMINING ZERD DUPATION
8027 1E04 30wl Lo
8829 10 Ri4- R (52 MPCHINE CYOLE CELAY LOOP
992R £22002 51 N BRI
220 22 s2 NG H - INCPEPENT COUNTER EVERY 84 CYCLES HHILE SID IS LOW
292¢ 20 52 RIM
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CRT and Cassette Code (Cont’d)
IEIS-1T 2290./2395 RSSEMBLER. Y1 @ MAOLE PRGE 3
2025 SERIAL 10 NOTE RPPEMDIY

<ER

Ty ¥y Ty Ty
R e

Ty Ty
VL e

Do AN S g’

S g T Wy
™ ;

-
1 0o b

-3
£ o1

-SINOM

-4
n

£ SIGNON
&1

OO o B TIOUT I ¢ I O By B IERDY B
D B O R R N > Y I R B 1

STRNG:

28

% ; CoUT

2 oot

SOURCE STATEMENT

URR A
r ERIZ

HL NOW CORRESPONDS TO INCOMING DATA RATE
PUSH H (SAYE COUNT FOR HRLFRIT TIME COMPUTATION
INR H ‘RITTIME 15 DETERMINED BY INCREMENTING
INR L 25 HOANG L INDIVIDUALLY
SHLE BITTIME
Fop H -PESTORE COUNT FOR HALFRIT DETERMINATION
PR A CLERR CRRRY
M B-H :ROTATE RIGHT EXTENDED <HL>
oRe <L TRDIVIDE COMNT BY 2
Moy H A
MY Bl
AR
Py LR
IR H (FUT H AND L IN PROPER FORMAT FOR DELAY
e L % SEGMENTS (INCREMEMT ERCH:

SHLD  HALFRIT ;SPYE AS HALF-BIT TIME DELAY PRRAMETER
PET

HRITES 8 SIGN-ON MESSRGE TO THE CRT AT WHAT SHOULD BE THE CORRECT RATE.
IF THE HESSAGE TS UNINTELLIGIBLE. WELL. 50 IT GOES.

L¥T H: STRNG i LORD START OF SIGN-ON MESSAGE

Mo 9 ] ~GET NEXT CHARACTER

wRE a CLEAR RCCUMULATOR

0eR C <CHECYK IF CHARACTER 1< END OF STRING
FZ SPETUPH IF SIGN-ON COMPLETE

CRLL (0T ELSE TUTPUT CHARACTER TO CPT

INY H + INDEY POINTER

TMp =1 ECHY HEXT CHARACTER

re 2DH. BRH < TCRILF

DE "BAUD PRTE CHECK”

ce B0H, oA ; CCRMLFD
e H -END-QF-STRING ESCRPE CODE
CONSOLE DLTPUT SUBROUTINE

HRITES THE CONTENTS OF THE C PEGISTER TO THE CRT DISPLAY SCREEN
g

PUSH  E

PUSH H

Myl 2.81730 . SET NUMBER OF BITS TO BE TRANSMITTED
“PA R - CLEAE CRRRY

Mg A 38H . SET WHAT WILL BECOME SOU ENABLE BIT
PRP {MOYE CARPY INTO SO0 CATA BIT OF ACC
SIM JUTPUT DRTR BIT T0 S0D

LMD BITTIME

bLe L JWAIT UNTIL APFROPRIATE TIME HAS PASSED
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CRT and Cassette Code (Cont’d)

ISIS-11 2086/0985 ASSEMBLER. vi 8 MODULE PAGE 4
085 SERIAL 1/0 NOTE RPPENDIX

LoC oeJs SEO SOURCE STATEMENT
Ae77 [2veeg 162 Nz coz
8878 25 182 LN H
8378 C27688 124 N2 co2
8e7E 27 103 S1C SSET WHAT WILL EVENTUALLY BECOME A STOP BIT
8s7F 79 186 MO A ;ROTATE CHARACTER RIGHT ONE BIT.
8288 1F 107 PAR P\ MOYING NEXT DATAR BIT INTO CARRY
8381 4F 162 py C.R
age2 &5 189 beR [ :CHECK IF CHARACTER (AND STOP BIT(S)) DUNE
8882 C26Fa8 11 Nz £o1 :IF MOT, OUTPUT CURRENT CARRY
A286 E1 111 poe H +RESTORE STATUS AND FETURN
8887 [1 112 Pop 4
aese Fe 112 El
8089 2 114 PET
115
115 ;0IN CONSOL INPUT SUBRIUTINE WAITS FOR A KEYSTROKE BND
17 PETUPNS HITH 3 BITS IN PEG C
829R F2 118 £IN: DI
8e3g E° 148 PYSH M
8050 ve@? 128 1 . BiTSI :DATA BITS 7O BE PERD (LAST RETURNED IN CY)
A3%E 20 2 LI RIM CHALT FOR SN BIT TRANSITION
888F B7 122 ORA ]
7esa Frstee 122 ™ ci
8897 2RCA2A 124 LHLD  HALFEIT
a9ss 20 125 €12 e L SHRIT UNTIL MIDILE OF STRRY BIT
B297 [2%a 12€ INZ Lo
@298 25 127 IR H
B9p 2% 122 ™z c12
229E 27229 129 £12 LML BITTIME S HRIT QUT BIT TIME
AgAL 20 438 014 e L
ASA2 C2R182 mz 14
@At 28 noe H
8RR L2R1eS N2 Cl4
A2es @ FIM (CHECE SID LINE LEVEL
A2rq 17 FRL (DPTR BIT IN LY
#25E 35 o B DETERMINE IF THIS IS FIRST STOP 81T
B2RC CRBAS 2 {Is JIF S0, JiMP DUT OF LOOF

f‘L"— LI

A%AF 79 LELZE QOTATE INTO PARTIAL CHARRCTER INC
B3pa 1F PR R HOLDS GPDATED CHARRCTER
B2P1 4F M L8
A2e2 99 niE CEQALTZES COUT PMD CIN LOOP TIMES
2opT C7acae e iz
A8 Ed FOE H
a%7 FE 31
Ag3 (& RET i CHARACTER COMPLETE
147 R R R L e Y S A R La ARt AR R LA E e PR P A PR R AR AT SRR 22252 2 S22
145
149 ;
152 !
151 Tid UTRUT YE RN ETGMT BIT BYTE OF DRTA.  REGISTER C
152 HLTS THE DRTA TN EITHER (PS5 REGISTERS H.B. 4C ARE ALL DESTROVED.
aate 157 YOMD FOH 1 THICE THE MMBER OF CYOLES PER TONE BURST
ARiE 154 HALFTYT BN ks DETERMINES ToNE FREQUEMLY
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L oer

ame
AaFR
BOFR

A203 GEFA
a2Bg 3ECD
BRED CDF@32
ogte ap
901 CopDed
8oC4 AP
AR COFams
#3Ce 4t
23C9 Colda2
a0
8gCh C200eS
espa C2

o301 F2
2ED2 05
8202 B50%
eaLs AF
8eDs 7Ece
P32 COFRRE
#a0e 79
oRLC 2F
8een 4F
PebE 2£01
93E6 1F
BSEL 1F
RSE2 COFABE
PEES AF
R3EE (DFR8?
BEE9 05
PRER C20508
@8ED D1
REEE FE
BOEF (2

82Fa 161
29F2 34
82F2 1EIE
BgFs 10
8eFe C2F5e3
6eF2 EER9
83FR 13
BEFC C2F2A3

SEQ

CRT and Cassette Code (Cont’d)
ISIS-11 2099/2935 RISEMELEP, Y1 @
2085 CERIAL 1.1 NOTE AFPENLIY

MO[LILE PRGE 5

SURJRTE STRTEMENT

195 ChRATE BV
15¢ LERDER ROU

157
15
13%

LORCH

(RLVRCD

15
161

12 .

163
164
163
leg
1e7
182
1@
170
171

BLEPCD

BPL

i TRPED

2 TRPED:

2 T

BLRST:
Bt

BUZ

el

M1
T
CALL
e
Nz
¥RA
CRLL
i
CALL
(]
INZ
PET

1
FiJsH
My
YRR
MI
CARLL
MY
FRR
M
MY
L
Pag
CRLL
vRa
CRLL
bR
RLES
PP
El
RET

Myl
SIM
Myl
LLE
N
*RI
oLR
Nz

22 . SETS SHIPLE RATE
254 CHUMBER OF SUCCESIVE TOME BURSTS COMPRISING LEADER
58 CUSED IN PLRYEE TO VERIFY PRESENCE OF LEADER

QUTRUTE & VERY LONG TONE BURSY - LERDER: TIMES
THE MOPMAL EURST DURRTTOND TO ALLOW RECORDER ELECTRONICS
RHD: RS TO STABILIZE.  THEN GUTPUTS THE PEMAINDER OF THE
256 BYTE PASE POINTED T BY <M. STRARTING AT BYTE L
. LRRDER: SET P LERGER BURST LENGTH

LRTOR TG RESLLT IN TONE BURST

CEUSTRIR LERDER TONE
] :CLERR RCCUMULATOR & DUTPUT SPACE. 50 THAT
BUSST % STHRT OF FIRST DATR BYTE CAN BE DETECTED

CH (GET DATH] BYTE TO BE RECORDED
TAPED  ; DUTPUT FESISTER C T RECORDER
L S POINT T NEXT BYTE

g

-AETER BLOCY. 1S COMPLETE

QUTPUTS THE BYTE IN REGISTER £ TO THE RECORDER.
PEGISTERS A B.0. [ ¢E 8PE ALL LSED.

] :ORE WJSED RS COUNTERS BY SUBROUTINE BURST
] sWILL RESULT IN & DATA BITS AMD ONE STOP BIT
A CLERR RCCUMULATOR

A BCRE L SET ACCUMUALRTOR TO CAUSE R TONE BURST

6.z CMOWE NEST DRTA BIT INTO THE CRRRY

.8 - CRRRY wILL BECOME 500 ENABLE IN BURST ROUTINE
A.@4H  LSET BIT TD BE REPERTEDLY COMPLEMENTED IN BURST

BURST  ;OMTPUT EITHEP A TOME OR A PRUSE

A : CLERR ACCUMULATOR

EURST  ;DUTPUT PAUSE

e

™ PEPERT UNTIL EYTE FINISHED
L (RESTORE STATUS ARD RETURH

[+ CYCND 5 SET NUMBER OF CYILES
s COMPLEMENT SOU LINE IF SOD ENABLE BIT SET
EHALFCYD

E REGULATE TONE FREGUENCY

Bz

2ed i COMPLEMENT SO0 DATA BIT IN ACCUMULATOR
D

et s CONTINUE UNTIL BURST (OR EQUIVILENT PRUSE) FINISHED
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CRT and Cassette Code (Cont’d)

ISIS-11 8688/8885 ASSEMBLER, Vi 8 MODILLE PRGE &
8885 SERIAL /0 MOTE APPENDTX

Loc oeJ SEQ SOURCE STATEMENT
88FF 9 288 RET
209
240 ; PLAYBK HAITS FOR THE LONG LERDER BURST TO ARRIVE, THEN CONTINUES
241 RERDING BYTES FROM THE RECORDER AND' STORING THEM
22 ; IN MEMORY STARTING AT LOCATION <HL>.
A3 ; CONTINUES IMTIL THE END OF THE CURRENT PAGE ((L=8FFH) IS REACHED:
8990 8EFA 214 PLAYRK- MW C. LORCHY. : {LDRCHE SUCCESSIVE HIGHS MUST BE RERD
8992 (D089 245 fe1- - CAU BITIN ;% T0 YERIFY THAT THE LEADER IS PRESENT
8905 D2eaed ¢ INC PLAYEK i % PHD ELECTRONICS HRS STRBILIZED
2982 & 47 DeR C
8989 28209 218 N PE4
@%9C CD1599 219 PB2:  CALL  TAPEIN :GET URTA BYTE FROM PECOPLER
899F 74 229 g e (STORE IN MEMORY
8918 224 NP L - TNCPEMENT POIMTER
A%11 2880 222 mz Pe2 ;REPERT FOR REST OF CURRENT PRGE
2914 039 223 PET
224
225 : TRPEIN [RSSETTE TAPE INPUT SUBROUTINE.  RERDS [ME BYTE OF DATR
226 FROM THE PECORDER INTERFRCE ANC RETURNS WITH THE BYTE IN REGISTER C.
8915 8689 227 TEPEIN: MvI B2 L READ EIGHT LR7R BITS
8917 1600 28 T W] 0234 CLERR UPCOUMN COUNTER
8919 15 229 T12: LR L . GECREMENT COUNTER EACH TIME OME LEVEL 1S PERD
891A CD2099 229 AL BITIH
@910 DA1989 21 I T12 +FEPERT IF STILL AT ONE LEWEL
2920 CO3003 222 CALL  BITIN
8923 DA198I 222 I T2
8926 14 234 TI3. N8 b ; INCREMENT COUNTER ERCH TIME ZERQ 1S READ
8927 COIDR? 225 CALL  EITIN
292R D22609 236 M Tiz i PEPEAT EPCH TIME ZERD IS READ
8920 CD3D8? 37 cALL  BITIN
@938 D22609 228 N T2
8932 78 229 Moy Al
8934 17 248 RAL 1 MOVE COUNTER MOST SIGNIFICANT BIT INTO CARRY
8935 79 24 MoV AL
8936 1F 242 RAR .WWE CRTR BIT PECIEVED (CY» INTO BYTE REGISTER
8937 4F 243 MoY LR
8928 @5 244 peR e
8939 217089 245 INZ m ;REPEAT UNTIL FULL BYTE ASSEMBLED
892C C9 246 RET
247
8930 1E1€ 243 RITIN: M¥I E. CKRATE
@93F 1D 249 BIL:  DCR E
8949 C22F89 250 Nz 8l sLIMIT INPUT SAMPLING PATE
8943 29 251 RIM i SRMPLE SID LINE
8944 17 252 RAL {MOVE DATA INTO CY BIT
9945 C2 252 PET
234
253 END
PUBLIC SYMBOLS
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CRT and Cassette Code (Cont’d)
ISIS-1T 9838/9925 AZCEMBLER, ¥1 A MIGAE PRGE 7
2085 SEFISL 1.0 MATE AFPENDIY

EXTERNAL SyMROLS

UZER SYMROLS
gl R AdIF RITIM

930 BITED A 93 BITSC R O88R  BITTIM A 2808  BLKRID A @883 BRI R @8BD
BR2 e BRI 5 237

A

8 ERIT A BFI4 R G223 BRI AR B3R BUL A @BF2  BUZ R 08FS
BUPST PR BSFR 011 AREE T12 RGeS I3 AWM L4 RaRL CIS  Ae@sBe  CIN A 838A
CKRATE R Bede o0l A @@sF 002 R @A™ COUT R 289 (RTL A B3B3 CRTTST R @238  CYONG A @da
ECHD A 3280 HALFBI 2 260R  HALFCY A wAdE LDRCHK A 39FR LERDER A Q9FR  PBL R 838  PBZ A 698C
PLRYEK A A38@ 51 A OEMA SIGNON R @247 ZTRNG A 8235 TAPEIN R 91T TAPED A @30 TIL R @97
Tiz  8as18  TIZ 4838 T0L QA3S

ACSEMELY COMPLETE. N ERPOR- S

A1.54



CRT and Cassette Code (Cont’d)

1S16-11 ASSEMBLER SYMROL CROSS PEFEREMCE Y4 @

o
BITIN
BITSE
BITS
BITTIM
BLYRCD
Er1
BR2
BrI1
BPI2
erl4
ERID
B
B2
BURST
931
£
cIz
c14
cIs
CIN
CKPATE
o
co2
couT
CRT1
CRTTET
CYeND
ECH
HALFRI
HALFCY
LORCHY
LEFDER
PE1
pe2
PLAYRK
51
CTGHON
STRNG
TAPEIN
TAPEC
™m
TI2
Tz
™

249
218
13 ]
154
12%
1€34%
1654
47

454
494
e
28
2818
2834
163
214
1254
12o%
1208

7
=1}

2
155¢
974
191%
7%
%4
5
1528
208
14t
1548
1570
1564
2154
2108
2148
7
29
7%
219
171
220
2294
248
1924

250
23
129
9%
L)

167

172

i
71
282
244
162
218
222
248
23
TEH
25
227
1798
245
23
23

g

193

22

i

L.

134
ik

124

3 o
DN
0 )

CPOSS PEFEPENCE COMPLETE

23§ 7 4

19 193 Zegw
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MCS®-80/85 Microprocessors

Course Description

® 8085 architecture
explained in detail

® Assembly language
programming for
8080/8085

® Design and development
of systems using Intel
8080, 8085 chips

® Interfacing and
programming techniques

® “Hands-on” lab sessions
using the Intellec Micro-
computer Development
System

® |CE-85 In-Circuit
Emulator used to
debug programs

Attendees

@ Design engineer or pro-
grammer who is familiar
with binary numbers and
logic functions

® Prior attendance at Intro-
duction to Microcom-
puters Workshop or
equivalent knowledge is
recommended

Length: 5 Days

Tuition: $995
$850 (Group rate)

“

8080, 8085

Course Outline

DAY 1

Introduction to
Microprocessors

Assembly Language
Instructions

Programmed Input and Output

Microcomputer Development
System Monitor

Lab: Using System Monitor

DAY 2

Microcomputer Development
System

Disk Operating System

CREDIT Text Editor and Macro
Assembler

The Processors

Lab: Using Text Editor
and Assembler -

DAY 3

Stacks and Subroutines

Interrupts

In-Circuit Emulator

Lab: in-Circuit Emulator
Introduction

DAY 4

input and Output Techniques

Programming Techniques

Lab: Using 8085 In-Circuit
Emulator ‘

DAY §

8555, 8355, 8185, 8251A
Peripherals

Tools for Modular Program
Development

Lab: Multimodule
Programming

AFN-01608C



Included in the price of the
course is an SDK-85 kit which
includes:
3 MHz 8085 CPU
(enhanced 8080)
Keyboard—24 keys
Display—6 digits
Monitor ROM 2048 bytes
RAM Memory 256 bytes
38 1/O Lines
Teletype interface
Complete documentation

Course Description

® Fundamental computer
concepts and termin-
ology introduced

e Operation of the Intel
8085 microprocessor
explained

® 8085 assembly language
programming

o Stacks, subroutines,
interrupts and I/O
interfacing introduced

® |ab sessions on SDK-85
System Design Kit

® An SDK-85 Kit (valued at
$300) is yours to keep

Attendees

® Engineers, scientists, or
other technical people
with limited computer
or digital electronics
background.

Length: 4 Days

Tuition: $895 (includes
SDK-85 Kit)

AFN-01608C

Introduction to Microprocessors

Course Outline

DAY 1

DAY 3

Introduction to
Microelectronics

Computer Concepts

Computer Languages

Using the SDK-85

Lab: Kit Operation and
Programming

Moving Data

DAY 2

Logic Instructions

Lab: Handshaking Techniques
Addition

Lab: Multi-Function Programs
Microprocessor Operation

DAY 4

Delay Loops

Lab: Audio Oscillator Using
Digital Techniques

Subroutines

Stack Operation

Lab: Using Subroutines

Interrupts

Memory Operation and
Address Decoding

Programmable Peripheral
Chips

Lab: Chip Programming
Exercises

Introduction to the
Development System,
ICE, Assembler, and
High Level Languages
Course Summary and

Review

5 ——
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Where Is Intel Training?

Workshops are presented in the local language.

FOR MORE
INFORMATION

For more information, or to
schedule a Customer Site
Workshop at your facility,
call your local Intel Field
Sales Engineer or Sales
Representative. Or contact
the customer site coordi-
nator at your nearest Intel
training center.

Intel Customer Training is

a worldwide organization
with workshops scheduled
nearly every week of the
year in our training centers:

BOSTON AREA
(617) 256-1374
TWX 710-343-6333

CHICAGO AREA
(312) 981-7250
TWX 910-651-5881

DALLAS AREA
(214) 241-8087
TWX 910-860-5617

SAN FRANCISCO
BAY AREA

(408) 734-8395
Telex 352-005
TWX 910-338-7811

WASHINGTON, D.C. AREA
(617) 256-1374
TWX 710-343-6333

LONDON AREA
SWINDON (0793) 488-388
Telex 444447

MUNICH AREA
(089) 5389-1
Telex 523177

PARIS AREA
RUNGIS (01) 687-22-21
Telex 270475

STOCKHOLM AREA
BROMMA (08) 98.53.85
Telex 12261

TOKYO AREA
03-437-6611

BENELUX AREA
Rotterdam (10) 149-122
Telex 844-22283

COPENHAGEN AREA
(1) 182-000

Telex 19567

ISRAEL

(972) 452-4261
Telex 46511

AFN-01608C



Training in
Microcomputers
Whether your present
involvement with micro-
computers is a result of
long-term planning or
simply an exploratory proj-
ect undertaken by your
company in response to
external circumstances,
there exists an obvious

and urgent need for you to
familiarize yourself with this
exciting new technology. If
the microcomputer is, or is
destined to become, a part
of your working scene, then
the importance of carefully
planned training cannot be
over-emphasized. A modest
outlay in time and money
now can save many weeks
of self-study and could well
prevent some very expen-
sive mistakes during the
initial development of

your systems.

Why Intel Training?
EXPERIENCE

Intel has been training engi-
neers in the application of
microprocessors and the
development of microcom-

Intel Workshops

puter systems since the
early '70s, and there are
now many thousands of en-
gineers creating the most
advanced microcomputer
systems as a direct result of
successful training with us.

VARIETY OF COURSES
Intel offers a wide spectrum
of workshops covering all
Intel microprocessor
families from components
to the board and system
levels. Microcontroller and
microprocessor workshops
cover assembly language
programming; high level
languages are covered in
separate intense courses.
Your particular training re-
quirement may involve just
one or several courses, so
we have taken care to en-
sure that each workshop is
a high-quality training mod-
ule that can either stand
independently or integrate
with other modules to com-
pletely cover the subject.
The workshops are fre-
quently updated to include
the latest developments in
devices, boards, software,
and development tools, and
reviewed on a regular basis
for clarity and content.

PRODUCT KNOWLEDGE
As the designers and
manufacturers of the most
widely accepted microcom-
puter products in the world,
our knowledge is both com-
prehensive and topical. Re-
member the saying about
“the horse's mouth”!

EXTENSIVE MATERIAL
Teaching aids include slide
and video tape equipment,
student notebooks and a
wide range of printed ma-
terials which are designed
to provide post-training as-
similation and act as practi-
cal reference manuals in
your own laboratory.

“HANDS-ON” EXPERIENCE
We believe that students
learn better by doing than
by listening, so a sizeable
proportion of course time is
devoted to dynamic training
via the INTELLEC develop-
ment System, appropriate
single-board computers, In-
Circuit Emulators (ICE), /O
units for programming exer-
cises, and computer kits for
design and debugging ses-
sions. Each student there-
fore receives valuable
“hands-on” experience of
the principles and tech-
niques featured in the
lecture sessions.

Accreditation for
Workshops

Intel Customer Training
offers Continuing Educa-
tion Units (CEUs) for com-
pletion of our workshops.
Attendees of our 5-day
workshops receive 3.5
CEUs, while attendees of
our 4-day and 3-day work-
shops receive 3.0 CEU and
2.0 CEUs respectively.
Education Units provide
recognition of pro-
fessional growth and
achievement.

AFN-01608C



ALABAMA
intet Corp.

303 williams Avenue, S.W.
422

Suite 1.
Huntsville 35801
Tel: (205) 533-9353

ARIZONA

intet Corp.

10210 N. 25th Avenue,
Suite 11

Phoenix 85021

Tel: (602) 869-4980

CALIFORNIA

intel Corp.
1010 Hurley Way
Suite 300

Sacramento 95825
Tet: (916) 920-4078
Intel Corp.

7670 Opponunny Road
Suite 135

San Diego 82111
Tel: (714) 268-3563
Intel Corp.*

2000 East 4th Street
Suite 100

Santa Ana 92705
Tel: (714) 835-9642
TWX: 910-595-1114
Intel Corp.*

3375 Scott Boulevard
Santa Clara 95051
Tel: (408) 987-8086
TWX: 810-339-9279
910-338-0255

Intel Corp.*

5530

Tarzana 91356

Tel: (213) 708-0333
TWX: 910-495-2045
COLORADO

Intel Corp.

4445 Northpark Drive
Suite 100

Colorado Springs 80907
Tel: (303) 594-6622
Intel Corp.*

650 S. Cherry Street
Suite 720

Denver 80222

Tel: (303) 321-8086
TWX: 910-931-2289
CONNECTICUT

Intel Corp.

36 Padanaram Road
Danbury 06810

Tel: (203) 792-8366
TWX: 710-456-1199

EMC Corp.

48 Purnell Place
Manchester 06040
Tel: (203) 646-8085

EMC Corp.
393 Center Street
Wallingford 06492

Tel: (203) 265-6991
FLORIDA

Intei Corp.

1500 N. W 62nd Street
Suite 104

Ft. Lauderdale 33309
Tel: (305) 771-0600
TWX: §10-956-3407

Intel Corp.

Maitiand 32751
Tel: (305) 628-2393
TWX: 810-853-9219

U.S. SALES OFFICES

GEORGIA

Intei Corp.

3300 Holcomb Bridge Road
Suite 225

Norcross 30082

Tel: (404) 449-0541

ILLINOIS

Tel: (312) 981-7200
TWX: 910-651-5881

INDIANA

Intel Corp.

9100 Purdue Road
Suite 400
Indianapolis 46268
Tel: (317) 875-0623
IOWA

intel Corp.

St. Andrews Building
1930 St. Andrews Drive N.E.
Cedar Rapids 52402
Tel: (318) 383-5510
KANSAS

Intel Corp.

8400 W. 110th Street
Suite 170

Overiand Park 66210
Tel: (913) 642-8080

LOUISIANA

Industrial Digital Systems Corp.

2332 Severn Avenue
Suite 202

Metairie, LA 70001
Tel: (504) 831-8492
MARYLAND

Intel 3

7257 Parkway Drive
Hanover 21076

Tel: (301) 796-7500
TWX: 710-862-1944
Intel Corp.

1620 Elton Road
Silver §

Tel: (301) 31 1200
MASSAC“USETI’S
Intel

27 lnaumml Avenue

Cheimsford 01824
Tel: (617) 256-1800
TWX: 710-343-6333

EMC Corp.
381 Elliot Street

Newton 02164
Tel: (617) 244-4740
TWX: 922531

MICHIGAN

Intet Corp.*

26500 Northwestern Hwy.
Suite 401

Southfield 48075

Tel: (313) 353-0920

TWX: 810-244-4915

MINNESOTA

intel Corp.
3500 W. 80th Street

Suite 360

Bloomington 55431

Tel: (612) 835-6722

TWX: 910-576-2867
MISSOURI

Intel Corp.

4203 Earth City Expressway
Suite 131

Earth City 63045

Tel: (314) 291-1980

NEW JERSEY
Intel Corp.*
Raritan Plaza ill

‘l‘el (201) 225-3000
TWX: 710-480-6238

NEW MEXICO

BFA Corp.

P.O. Box 1237

Las Cruces Al
Tel: (505) 523-0601
TWX: 910-983-0543
BFA Corp.

3705 Westerfield, N.E.
Albuquerque 87111
Tel: (505) 282-1212
TWX: 910-989-1157
NEW YORK

Intel Corp.*

300 Motor Parkway
Hauppauge 1178

Tel: (516) 231-3300
TWX: 510-227-6236
Intel Corp.

80 Washington Street
Poughkeepsie 12601
Tel: (914) 473-2303
TWX: 510-248-0060
Intel Corp.*

211 White Sprm Boulevard

Rochester

Tel: (716) l24-1050

TWX: 510-253-7391

T-Squared

4054 Newcourt Avenue

Syracuse 13206

Tel: (315) 463-8592
X: 710-541-0554

T-Squared

7353 Pittsford

Victor Road

Victor 14564

Tel: (716) 924-9101

TWX: 510-254-8542

NORTH CAROLINA

Intel Corp.

2306 W. Meadowview Road
Suite 206

Greensboro 27407

Tel: (919) 294-1541

OHIO

Intei Corp.*

6500 Poe Avenue

Dayton 45414

Tel: (513) 880-5350

TWX: 810-450-2528

Intel Corp.”
Chagrin-Brainard Bidg., No. 300
28001 Chagrin Boulevard
Cleveland 44122

Tel: (216) 464-2736

TWX: 810-427-9298

OKLAHOMA

Intel Corp.

4157 S. Harvard Avenue
Suite 123

Tulsa 74101

Tel: (918) 749-8688

OREGON

Intel Corp.

10700 S.W. Beaverton
Hillsdale Highway
Suite 324

Beaverton 97005

Tel: (503) 641-8086
TWX: 910-467-8741

PENNSYLVANIA

Intel Corp.”

510 Pennsyivania Avenue

Fort Washington 19034

Tel: (215) 641-1000
TWX: ID—66|-2077

Intel

201 Penn cmr Boulevard

Suite 301W

Fittsburgh 15235

Tel: (412) 823-4970

Q.E.D. Electronics

300 N. York Road

Hatboro 19040

Tel: (215) 674-9600

TEXAS

Intel Corp.”

12300 Ford Road

Suite 380

Dallas 75234

Tel: (214) 241-8087

TWX: 910-860-5617

Intel Corp.*

7322 S.W. Freeway

Suite 1490

Houston 77074

Tei: (713) 9868-8086

TWX; 910-881-2490

Industrial Digital Systems Corp.

5925 Sovereign.

Suite 101

Houston 77036

Tel: (713) 988-9421

intel Corp.

313 E. Anderson Lane

Suite 314

Austin 78752

Tel: (512) 454-3628
UTAH

ntel Corp.

268 West 400 South
Salt Lake City 84101
Tel: (801) 533-8086
VIRGINIA

Intel Corp.

1501 Slma Rosa Road
Suite C-7

Richmond 23288

Tel: (804) 262-5668
WASHINGTON

intef Corp.

110 110th Avenue N.E.
Suite 510

Bellevue 98005

Tel: (206) 453-8086
TWX: 910-443-3002

WISCONSIN

Intel Corp.

150 S. Sunnyslope Road
Brookfield 53005

Tel: (414) 784-3060

“Field Application Location



ALABAMA

tArrow Electronics

3611 Memorial Parkway So.
Huntsville 35405

Tel: (205) 830-1103
tHamilton/Avnet Electronics
4812 Commercial Drive N.W.
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162
tPioneer/Huntsville

1207 Putnam Drive N.W.
Huntsville 35805

Tel: (205) 837-9300

TWX: 810-726-2197

ARIZONA

‘fHamilton/Avnet Electronics
505 S. Madison Drive
Tempe 85281

Tel: (602) 231-5140

TWX: 910-950-0077

tWyle Distribution Group
8155 N. 24th Street
Phoenix 85021

Tel: (602) 249-2232

TWX: 910-951-4282

CALIFORNIA

tArrow Electronics, Inc.

521 Weddell Drive
Sunnyvale 94086

Tel: (408) 745-6600

TWX: 910-339-9371

tArrow Electronics, Inc.
19748 Dear Born Street
Chatsworth 91311

Tel: (213) 701-7500

TWX: 910-493-2086

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-8051

TWX: 810-585-1828
tHamilton/Avnet Electronics
19515 So. Vermont Avenue
Torrance 90502

Tel: (213) 558-2987
tHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94086

Tel: (408) 571-7526

TWX: 910-339-9332
tHamilton/Avnet Electronics
4545 Viewridge Avenue

San Diego 92123

Tel: (714) 563-1969

TWX: 910-335-1218
‘tHamitton/Avnet Electronics
10912 W. Washington Boulevard
Culver City 902

Tel: (213) 558-2193

TWX: 910-340-6364 or 7073
tHamilton Electro Sales
3170 Pullman Street

Costa Mesa 92626

Tel: (714) 641-4109

TWX: 910-595-2638
tHamiton/Avnet Electronics
4103 Northgate Boulevard
Sacramento 95834

Tel: (916) 920-3150

Kierulff Electronics, Inc.
3969E. Bayshore Road
Palo Aito 94303

Tel: (415) 968-6292

1Wyle Distribution Group
124 Maryland Street

El Segundo 90245

Tel: (213) 322-8100

TWX: 910-348-7140 or 7111

1Wyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

Tel: (714) 565-9171

TWX: 910-335-1590
1Wyle Distribution Group
3000 Bowers Avenue
Santa Clara 95052

Tel: (408) 727-2500
TWX: 910-338-0451 or 0296
1Wyle Distribution Group
17872 Cowan Avenue
irvine 92713

Tel: (714) 641-1600

TWX: 910-595-1572
COLORADO

1Wyle Distribution Group
451 E 124th Avenue
Thornton 80241

Tel: (303) 457-9953
TWX: 910-936-0770

{Hamitton/Avnet Electronics
8765 E. Orchard Road
Suite 708

Englewood 80111

Tel: (303) 740-1017

TWX: 910-935-0787

U.S. DISTRIBUTORS

CONNECTICUT

tArrow Electonics

12 Beaumont Road
Wallingford 06512

Tel: (203) 265-7741

TWX: 710-476-0162
THamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX: 710-456-9974
tHarvey Electronics

112 Main Street

Norwalk 06851

Tet: (203) 853-1515

TWX: 710-468-3373

FLORIDA

tArrow Electronics
1001 N.W. 62nd Street
Suite 108

Ft. Lauderdaie 33309
Tel: (305) 776-7790
TWX: 510-955-9456

‘tArrow Electronics

50 Woodlake Drive W.

Bidg. B

Palm Bay 32905

Tel: (305) 725-1480

TWX: 510-959-6337
tHamilton/Avnet Electronics
6801 N.W. 15th Way

Ft. Lauderdale 33309

Tel: (305) 971-2900

TWX: §10-956-3087
‘tHamilton/Avnet Etectronics
3197 Tech. Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

tPioneer/Orlando

6220 S. Orange Blossom Trail
Suite 412

Oriando 32809

Tel: (305) 859-3600

TWX: 810-850-0177

tPioneer/Ft. Lauderdale
1500 62nd Street

Suite 506

Ft. Lauderdale 33309
Tel: (510) 955-9653
TWX: 305-771-7520
GEORGIA

tArrow Electronics

2979 Pacific Drive

Norcross 30071

Tel: (404) 449-8252

TWX: 810-766-0439
tHamilton/Avnet Electronics
5825 D. Peachtree Corners
Norcross 30092

Tei: (404) 447-7500

TWX: 810-766-0432
tPioneer/Georgia

6835 B Peachtree Carners E
Norcross 30092

Tel: (404) 448-1711

TWX: 810-766-4515

iLLINOIS

tArrow Electronics

492 Lunt Avenue

P.O. Box 94248
Schaumburg 60193
Tel: (312) 893-9420
TWX: 910-291-3544
‘tTHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (312) 860-7780
TWX: 910-227-0060
tPioneer/Chicago

1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA

tArrow Electronics
2718 Rand Road
Indianapolis 46241
(317) 243-9353
TWX: 810-341-3119
tHamilton/Avnet Electronics
485 Gradle Dnve
Carmel 460

Tel: (317) 844 9333
TWX: 810-260-3966

INDIANA (Cont.)

tPioneer/Indiana

6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS

tHamilton/Avnet Electronics
9219 Quivera Road
Overland Park 66215

Tel: (913) 888-8900

TWX: 910-743-0005
MARYLAND

‘tHamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045
Tel: (301} 995-3500
TWX: 710-862-1861
tMesa

16021 Industrial Dr.
Gaithersburg 20877
Tel: (301) 948-4350
TWX: 710-825-9702
tPioneer

9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS
tHamilton/Avnet Electronics
50 Tower Office Park
Woburn 01801

Tel: (617) 935-9700
TWX: 710-383-0382
tArrow Electronics
Arrow Orive

Woburn 01801

Tel: (617) 933-8130
TWX: 710-393-6770
tHarvey/Boston

44 Hartwell Avenue
Lexington 02173

Tel: (617) 863-1200
TWX: 710-326-6617

MICHIGAN

tArrow Electronics
3810 Varsity Drive

Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020
tPioneer/Michigan
13485 Stamtord

Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271
‘tHamilton/Avnet Electronics
32487 Schooicraft Road
Livonia 48150

Tei: (313) 522-4700
TWX: 810-242-8775

tHamilton/Avnet Electronics
2215 29th Street S.E.
Space AS

Grand Rapids, 49508

Tel: (616) 243-8805

TWX: 810-273-6921
MINNESOTA

tArrow Electronics
5230 W. 73rd Street
Edina 55435

Tel: (612) 830-1800°
TWX: 910-576-3125
tHamilton/Avnet Eiectronics
10300 Bren Road East
Minnetonka 55343
Tel: (612) 932-0666
TWX: (910} 576-2720
Pioneer/Twin Cities
10203 Bren Road East
Minnetonka 55343
Tel: (612) 935-5444
TWX: 910-576-2738
MISSOURI

tArrow Electronics

2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
‘tHamilton/Avnet Electronics
13743 Shoreline Court
Earth City 63045

Tel: (314) 344.1200

TWX: 910-762-0684

NEW HAMPSHIRE

tArrow Electronics
1 Perimeter Drive
Manchester 03103
Tel: (603) 668-6968
TWX: 710-220-1684

NEW JERSEY

tArrow Electronics
Pleasant Valtey Avenue
Moorestown 08057
Tel: (215) 928-1800
TWX: 710-897-0829
tArrow Electronics

285 Midland Avenue
Saddle Brook 07662
Tel: (201) 797-5800
TWX: 710-998-2206
‘tHamilton/Avnet Electronics
1 Keystone Avenue
Bldg. 36

Cherry Hill 08003

Tel: (609) 424-0100
TWX: 710-940-0262

tHamilton/Avnet Electronics
10 Industrial Road

Fairfield 07006

Tel: (201) 575-3390

TWX: 710-734-4388
tHarvey Electronics

45 Route 46

Pinebrook 07058

Tel: (201) 227-1262

TWX: 710-734-4382
tMeasurement Technology Sales Corp.
383 Route 46 W

Fairfield 07006

Tel: (201) 227-5552

NEW MEXICO

tAlliance Electronics Inc.
11030 Cochiti S.E
Ailbuquerque 87123

Tel: (505) 292-3360

TWX: 910-989-1151
‘tHamilton/Avnet Electronics
2524 Baylor Drive S.E.
Albuquerque 87119

Tel: {505) 765-1500

TWX: 910-989-0614

NEW YORK

‘tArrow Electronics

900 Broad Hollow Road
Farmingdale 11735

Tel: (516) 694-6800

TWX: 510-224-6494
tArrow Electronics

3000 South Winton Road
Rochester 14623

Tel: (716) 275-0300

TWX: 510-253-4766
tArrow Electronics

7705 Maltage Drive
Liverpool 13088

Tel: (315) 652-1000

TWX: 710-545-0230
‘tArrow Electronics

20 Oser Avenue
Hauppauge 11787

Tel: (516) 231-1000

TWX: 510-227-6623
‘tHamilton/Avnet Electronics
333 Metro Park

Rochester 14623

Tel: (716) 475-8130

TWX: 510-253-5470
‘tHamilton/Avnet Electronics
16 Corporate Circle

E. Syracuse 13057

Tel: (315) 437-2641

TWX: 710-541-1560
‘tHamilton/Avnet Electronics
5 Hub Drive

Melville, Long Island 11746
Tel: (516) 454-6000

TWX: 510-224-6166
tHarvey Electronics

P.O. Box 1208
Binghampton 13902

Tel: (607) 748-8211

TWX: 510-252-0893

‘tMicrocomputer System Technical Demonstrator Centers



NEW YORK (Cont.)

tHarvey Electronics

60 Crossways Park West
Woodbury, Long Island 11797
Tel: (516) 921-8920

TWX: 510-221-2184
‘tHarvey/Rochester

M_D Fairport Park

Tel: (716) 381-7070

TWX: 510-253-7001

‘tMeasurement Technology Sales Corp.
38 Harbor Park Drive

Port Washington 11050

Tel: (516) 621-6200

TWX: 510-223-0846

NORTH CAROLINA
tArrow Electronics
938 Burke Street
Winston-Salem 27102
Tel: (919) 725-8711
TWX: 510-931-3169
tArrow Electronics
3117 Poplarwood Court
Suite 123

Raleign 27265

Tel: (919) 876-3132
TWX: 510-928-1856
tHamilton/Avnet Electronics
2803 Industrial Drive
Raleigh 27609

Tel: (919) 829-8030
TWX: 510-928-1836
tPioneer/Carolina
106 Industrial Avenue
Greensboro 27406
Tel: (919) 273-4441
TWX: 510-925-1114

OHIO

tArrow Electronics

7620 McEwen Road
Centerville 45459

Tel: (513) 435-5563

TWX: 810-453-1611

tArrow Electronics

6238 Cochran Road

Solon 44139

Tel: (216) 248-3990

TWX: 810-427-9409
‘tHamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 433-0610

TWX: 810-450-2531
tHamilton/Avnet Electronics
4588 Emery Industrial Parkway
Warrensville Heights 44128
Tel: (216) 831-3500

TWX: 810-427-9452
‘tPioneer/Dayton

4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

TWX: 810-459-1622
TPioneer/Cleveland

4800 E. 131st Street
Cleveland 44105

Tel: (216) 587-3600

TWX: 810-422-2211

U.S. DISTRIBUTORS

OREGON

tAlmac/Stroum Electronics
8022 S.W. Nimbus, Bidg. 7
Beaverton 97005

Tel: (503) 641-8070

TWX: 910-467-8743
tHamilton/Avnet Electronics
6024 S.W. Jean Road
Bldg. C, Suite 10

Lake Oswego 97034

Tel: (503) 635-7848

TWX: 910-455-8179

PENNSYLVANIA
tArrow Electronics
650 Seco Road
Monroeville 15146
Tel: (412) 856-7000
tPioneer/Pittsburgh
259 Kappa Drive
Pittsburgh 15238
Tel: (412) 782-2300
TWX: 710-795-3122
tPioneer/Delaware Valley
261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778

TEXAS

tArrow Electronics
13715 Gama Road
Dallas 75234

Tel: (214) 386-7500
TWX: 910-860-5377
tArrow Electronics, Inc.
10700 Corporate Drive,
Suite 100

Stafford 77477

Tel: (713) 491-4100
TWX: 910-880-4439
‘tHamilton/Avnet Electronics
10508A Boyer Boulevard
Austin 78757

Tel: (512) 837-8911
TWX: 810-874-1319

tHamilton/Avnet Electronics
2111 W. Walnut Hill Lane
Irving 75062

Tel: (214) 859-4100

TWX: 910-860-5929

‘tHamilton/Avnet Electronics
8750 West Park

Houston 77063

Tel: (713) 780-1771

TWX: 810-881-5523

tPioneer/Austin
9901 Burnet Road
Austin 78758

Tek: (512) 835-4000
TWX: 910-874-1323
1Pioneer/Dallas
13710 Omega Road
Dalias 75240

Tel: (214) 386-7300
TWX: 910-850-5563

tPioneer/Houston
5853 Point West Drive
Houston 77036

Tel: (713) 988-55565
TWX: 910-881-1606

UTAH

tHamilton/Avnet Electronics
1585 West 2100 South
Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018
tArrow Electronics

4980 Amelia Earhart Drive
Salt Lake City 84116

Tei: (801) 539-1135
WASHINGTON

tAlmac/Stroum Electronics
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992

TWX: 810-444-2067
tHamilton/Avnet Electronics
14212 N.E. 215t Street
Bellevue 98005

Tel: (206) 453-5844

TWX: 910-443-2469

1Wyle Distribution Group
1750 132nd Avenue N.E.
Bellevue 98005

Tel: (206) 453-8300

TWX: 810-443-2526
WISCONSIN

tArrow Electronics

430 W. Rausson Avenue
Oakcreek 53154

Tel: (414) 764-6600

TWX: 910-262-1193
tHamilton/Avnet Electronics
2975 Moorland Road

New Beriin 53151

Tel: (414) 784-4510

TWX: 910-262-1182

tMicrocomputer System Technical Demonstrator Centers



Inter EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA
Bacher Elektronische Geraete GmbH
Rotemuehigasse 26
A 1120 Vienna
Tel: (222) 83 63 96
TELEX: 11532 BASAT A
BELGIUM
Inelco Belgium S.A.
Ave. des Croix de Guerre 94
81120 Brussels
Tel: (02) 216 01 60
TELEX: 25441

DENMARK
Multikomponent A/S

Toi (02) 45 66 45

Scandmawan Semiconductor
Supply A/S

Nanni e 18

DK-2200 Copenhagen

Tel: (01) 83 50 90

TELEX: 19037

FINLAND
Oy Fintronic AB
Metkonkatu 24 A
-00210
Helsinki 21
Tel: (0) 692 60 22
TELEX: 124 224 Ftron SF

FRANCE

Celdis S.A."

53, Rue Charles Frerot
F-84250 Gentilly

Tel: (01) 546 13 13
TELEX: 200 485
Jermyn S.A.

rue Jules Ferry 35
93170 nolet

Tel: (1) 859 04 04
TELEX: 213810 F
Metrologi
La Tour d' Asnieres

1, Avenue Laurent Cely
92606-Asnieres

Tel: (1) 791 44 44
TELEX: 611 448
Tekelac Airtronic*

Cite des Bruyeres

Rue Carle Vernet
F-92310 Sevres

Tel: (01) 534 75 35
TELEX: 204552

WEST GERMANY

Electronic 2000 Vertriebs A.G.
Neumarkter Strasse 75
D-8000 Munich 80

Tel: (89) 43 40 61

TELEX: 522661 EIEC D
Jermyn GmbH

Postfach 1180

Schulstrasse 48

D-6277 Bad Camberg

Tel: (06434) 23

TELEX: ‘8“25 JERM D
Celdis Enatechnik Systems GmbH
Schillerstrasse 14

D-2085 Quickborn-Hamburg
Tel: (4106) 6121

TELEX: 213580 ENA D
Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 Dreieich bei Frankfurt
Tel: (6103) 33564

TELEX: 417983

IRELAND

Micro Marketing
7 Ontario Terrace
Canal Road

TELEX: 31584

ISRAEL
Eastronics Ltd.”
11 Rozanis Street
P.O. Box 39300
Tel Aviv 61390
Tel: (3) 47 5151
TELEX: 33638
ITALY

Eledra 38 S.P.A*
Viale Elvezia, 18
120154 Milano
Tel: (2) 34 97 51
TELEX: 332332

NETHERLANDS

Ineico Nether. Comp. Sys, BV
Turfstekcfstrut 63
x 360

NL Aalsmeer 1430

Tel: (2977) 28855
TELEX: 14693

Koning & Hartman
Koperwerf 30

P.O. Box 43220

2544 EN 's Gravenhage
Tel: 31 (70) 210.101
TELEX: 31528
NORWAY

Nordisk Elekttomc (Norge) AIS
Postoffice Box 1
Smedsvingen 4

1364 Hvaistad

Tel: (2) 786 210

TELEX: 16963

PORTUGAL

Ditram

Componentes £ Electronica LDA
Av. Miguel Bombarda, 133
P1000 Lisboa

Tel; (19) 545 313

TELEX: 14182 Brieks-P
SPAIN

Interface S.A.

Ronda San Pedro 22, 3
Barcelona 10

Tet: (3) 301 78 51

TWX: 51501

ITT SESA

Miguel Angel 233

Madrid 10

Tel: (1) 419 54 00

TELEX: 27707

SWEDEN

AB Gosta Backstrom
Box 12009
Aistrahergatan 22
$-10221 Stockholm 12
Tel: (8) 541 080
TELEX: 10135

Nordisk Electronik AB
Box 27301

$-10254 Stockhoim
Tel: (8) 635 040
TELEX: 10547

SWITZERLAND
industrade AG
Gemsenstrasse 2
Postcheck 80 - 21190
CH-8021 Zurich

Tel: (01) 363 23 20
TELEX: 56788 INDEL CH

UNITED KINGDOM
Bytech Ltd.

Unit 57

London Road
Earley, Reading
Berkshire

Tel: (0734) 61031
TELEX: 848215

Comway Microsystems Ltd.
Market Street
UK-Bracknell, Berkshire
Tel: 44 (344) 55333
TELEX: 847201
DECADE Ltd.

100 School Road
Tilehurst

Reading, Berkshire

Tel: (0734) 413127
TELEX: 837953

Jermyn Industries (Mogul)
Vestry Estate
enoaks, Kent
Tel: (0732) 450144
TELEX: 95142
MEDL.
East Lane Road
North Wembley
Middlesex HA9 7PP
Tel: (01) 9049307
TELEX: 28817
Rapid Recall, Ltd.
Rapid House/Donmark St
High Wycombe
Bucks, England HP|1 2ER
Tel: (0494) 26 2
TELEX: 837931

YUGOSLAVIA
H. R. Microelectronics Enterprises
P.O. Box 5604
San Jose, California 95150
Tel: 408/978-8000
TELEX: 278-559
*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

VLCS.R.L.

Sarmiento 1630, 1 Piso-{1042)
(1042) Buenos Aires

Tel: 35-1202/9242

TELEX: Public Booth 9900 or 8901
AUSTRALIA

Total Electronics

9 Harker Street

Burwood

Victoria 3125

Tel: 61 3 288-4044

TELEX: AA 31261

Mailing Address

Private Bag 250

Burwood, Victoria 3125
Australia

A.J.F. Systems & Components, Pty. Ltd.

#1 Johnstone Lane

Lane Cove, N.S.W. 2066

TELEX: 26297

BRAZIL

lcotron S.A.

05110 Av. Mutinga 3650-6 Andar
6 Andar

Pirituba Sao Paulo

Tel: 261-0211

TELEX: 1122274/ICOTBR

CHILE

DIN

Av. Vic. MacKenna 204
Casilla 6055

Santiago

Tel: 227 564

TELEX: 352003

CHINA

Schmidt & Co. Ltd.

Wing On Centre, 28th Floor
Connaught Road

Hong Kong

Tel: 011-852-5-455-644
TELEX: 74766 SCHMC HX

COLOMBIA

International Computer Machines
Carrera 7 No. 72-34

Apdo. Aerec 18403

Bogota 1

Tel: 211-7282

TELEX: 45716 ICM CO.
HONG KONG

Schmidt & Co. Ltd.

Wing on Center, 28th Floor
Connaught Road

Hong Koﬂu

Tel: 5-455-84¢

TELEX: 74766 SCHMC HX
INDIA

Micronic Devices
104/109C, Nirmal Industrial Estate
Sion (E)

Bombay 400022, India

Tel: 486-170

TELEX: 011-5847 MDEV IN

JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. Room 407
2-14-1 Asano, Kokura
Kita-Ku, Kitakyushu City 802
Tel: (093) 511-6471

TELEX: AECKY 7126-16

Hamilton-Avnet Electronics Japan Ltd.

YU and YOU Bldg. 1-4 Horidome-Cho
Nihonbashi Chuo-Ku, Tokyo 103
Tel: (03) 662-9911

TELEX: 2523774

Ryoyo Electric Corp.

Konwa Bldg.

1-12-22, Tsukiji

Chuo-Ku, Tokyo 104

Tel: (03) 543-7711

Tokyo Electron Ltd.

Shin Juku, Nomura Bldg.

26-2 Nishi-Shin Juku-ichome
Shin Juku-Ku, Tokyo 160

Tel. (03) 343-4411

TELEX: 232-2220 LABTEL J

KOREA

Koram Digital

Room 909 Woonam Bidg.
7, 1-KA Bongre-Dong
Chung-Ku Seoul 100

Tel: 2-753-8123

TELEX: K25299 KODIGIT

NEW ZEALAND

McLean Information Technology Ltd.
459 Kyber Pass Road, Newmarket,
P.O. Box 9464, Newmarket
Auckland 1, New Zealand

Tel: 501-801, 501-219, 587-037
TELEX: NZ21570 THERMAL

SINGAPORE

General Engineers Corporation Pty. Ltd.
Bk 3, Units 1003-1008, 10th Floor
P.S.A. Muiti-Storey Complex

TELOK BLANGAH/Pasir Panjang
Singapore 0511

Tel: 271-3167

TELEX: RS23987 GENERCO

SOUTH AFRICA

Electronic Building Elements, Pty. Ltd.
P.O. Box 4609

Hazelwood, Pretoria 0001

Tel: 011-27-12-46-9221 or 9227
TELEX: 3-0181 SA

TAIWAN

Taiwan Automation Co.*

3d Floor #75, Section 4

Nanking East Road

Taipei

Tel: 771-0940

TELEX: 11942 TAIAUTO
YUGOSLAVIA

H. R. Microelectronics Enterprises
P.O. Box 5604

San Jose, California 95150

Tel: (408) 978-8000

TELEX: 278-559

*Field Apptication Location
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BELGIUM
Intel Corporation S.A.
Parc Sen:

Y
Rue du Moulin a Papier 51
Boite 1

B-1160 Brussels
Tel: (02) 661 07 11
TELEX: 24814

DENMARK

Intel Denmark A/S*
Lyngbyvej 32F 2nd Fioor
DK-2100 Copenhagen East
Tel: (01) 18 20 00

TELEX: 19567

FINLAND
Intel Finland OY

. Hameentie 103
SF - 00550 Helsinki 55
Tet: 0/716 955
TELEX: 123 332
FRANCE
Intel Corporation, S.A.R.L.*
5 Place de la Balance
Silic 223
94528 Rungis Cedex
Tel: (01) 687 22 21
TELEX: 270475

Intel Corporation, SARL. -
Immeuble BBC
4 Quai des Etroits
5 Lyon
Tel: (7) 842 40 89
TELEX: 370700

AUSTRALIA

Intel Semiconductor Pty. Ltd.
Spectrum Building

200 Pacific Highway

Level 6

Crows Nest, NSW, 2089
Australia

Tel: 011-61-2-436-2744
TELEX: 790-20097

HONG KONG

Intel Semiconductor Corp.
99-105 Des Voeux Rd., Central
18F, Unit B

Hong Kong

Tel: 011-852-5-499-432
TELEX: 63869

ISRAEL

intel Semiconductor Ltd."
P.O. Box 1659

Haifa

Tel: 4/524 261

TELEX: 46511

WEST GERMANY
Intel Semiconductor GmbH*
Seidistrasse 27
D-8000 Muenchen 2
Tel: (89) 53891
TELEX: 05-23177 INTLD
Intel Semiconductor GmbH*
Mainzer Strasse 75

1
Tel: (6121) 70 08 74
TELEX: 04186183 INTW D
Intel Semiconductor GmbH
Brueckstrasse 61
7012 Fellbach
West Germany
Tel: {711) 58 00 82
TELEX: 7254826 INTS D
Intel Semiconductor GmbH*
Hohenzollern Strasse 5*
3000 Hannover 1
Tel: (511) 34 40 81
TELEX: 923625 INTH D
Intel Semiconductor GmbH
Ober-Ratherstrasse 2
D-4000 Dusseidorf 30
Tel: (211) 65 10 54
TELEX: 08-58977 INTL DO

JAPAN

Intel Japan K.K.

5-6 Tokodai, Toyosatc-machi
Tsukuba-gun, Ibaraki-ken 300-26
Tel: 029747-8511

TELEX: 03656-160

Intel Japan K.K.

2-1-15 Naka-machi

Atsugi, Kanagawa 243

Tel: 0462-23-3511

intel Japan K.K.

2-51-2 Kojima-cho

Chofu, Tokyo 182

Tel: 0424-88-3151

ITALY

Intel Corporation Italia Spa*
Milanofiori, Palazzo E
20094 Assago (Milano)

Tel: (02) 824 00 06

TELEX: 315183 INTMIL

NETHERLANDS

Intel Semiconductor Nederland B.V."
Cometongebouw

Westblaak 106

3012 Km Rotterdam

Tel: (10) 149122

TELEX: 22283

NORWAY

Intel Norway A/S
P.O. Box 92
Hvamveien 4
N-2013

Skjetten

Tel: (2) 742 420
TELEX: 18018

Intel Japan K.K.

2-69 Hon-cho
Kumagaya, Saitama 360
Tel: 0485-24-6871

Intel Japan K.K

2-4-1 Terauchi
Toyonaka, Osaka 560
Tel: 06-863-1091

INTEL EUROPEAN SALES OFFICES

SWEDEN

Intel Sweden A.B."
Box 20082
Archimedesvagen §
§-16120 Bromma
Tel: (08) 98 53 85
TELEX: 12261

SWITZERLAND

Intel Semiconductor A.G.*
Forchstrasse 95

CH 8032 Zurich

Tel: (01) 55 45 02

TELEX: 57989 ICH CH

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.*
5 Hospital Street

Nantwich, Cheshire CW5 SRE
Tel: (0270) 626 560

TELEX: 36620

Intel Corporation {U.K.) Li1d.”
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (0793) 488.388

TELEX: 444447 INT SWN

“Field Application Location

INTEL INTERNATIONAL SALES OFFICES

Intel Japan K.K

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3621/3681
Intel Japan K K.

1-23-9 Shinmachi
Setagaya-ku, Tokyo 154
Tel: 03-426-2231-427-8845

“Field Application Location



CALIFORNIA

intel Corp

1601 Old Bayshore Hwy.
Suite 345
Burlingame 94010
Tel: (415) 692-4820
TWX: 910-375-3310
Intel Corp.

2000 E. 4th Street
Suite 110

Santa Ana 92705
Tei: (714) 835-2670
TWX: 910-595-2475
intel Corp

7670 Oppartunity Road
San Diego 92111
Tel: (714) 268-3563
Intel Corp.

5530 N. Corbin Ave.
Suite 120

Tarzana 91356

Tel: (213) 708-0333
COLORADO

intel Corp.

650 South Cherry
Suite 720

Denver 80222

Tel: (303) 321-8088
TWX: 910-931-2289

CONNECTICUT

Intel Corp.

36 Padanaram Rd.
Danbury 06810

Tel: (203) 792-8366
FLORIDA

Intel Corp.

1500 N.W. 62nd Street
Suite 104

Ft. Lauderdale 33309
Tel: (305) 771-0600
TWX: 510-956-3407

Intel Corp.

500 N. Maitiand Ave.
Suite 205

Maitiand 32751

Tel: (305) 628-2393
TWX: 810-853-9219
Intel Corp.

5151 Adanson St
Orlando 32804

Tel: (305) 628-2393
GEORGIA

Inte! Corp.

3300 Hoicomb Bridge Rd. #225
Norcross 30092
Tel: (404) 449-0541
ILLINOIS

Intel Corp.

2550 Golf Road

Suite 815

Rolling Meadows 60008
Tel: (312) 981-7230
TWX: 910-253-1825

KANSAS

intel Corp.

9393 W. 1101h Street
Suite 265

Overlahd Park 66210
Tel: (913) 642-8080

MARYLAND

Intel Corp.

7257 Parkway Drive
Hanover 21076

Tel: (301) 796-7500
TWX: 710-862-1944

U.S. SERVICE OFFICES

MASSACHUSETTS
Intel Corp.

27 industrial Avenue
Cheimsford 01824
Tel: (617) 256-1800
TWX: 710-343-6333

MICHIGAN

Intel Corp.

26500 Northwestern Hwy.
Suite 401

Southfield 48075

Tel: (313) 353-0920

TWX: 810-244-4915

MINNESOTA

Intet Corp.

7401 Metro Blva.
Suite 355

Edina 55435

Tel: (612) 835-6722
TWX: 910-576-2867

MISSOUR!

intel Corp.

4203 Earth City Expressway
Suite 143

Earth City 63045

Tel: (314) 2911990
NEW JERSEY

intel Corp.

2460 Lemoine Avenue
1st Floor

Fi. Lee 07024

Tel: (201) 947-6267
TWX: 710-991-8593
NEW YORK

Intei Corp.

2255 Lyell Avenue
Rochester 14606

Tel: (716) 254-6120
NORTH CAROLINA
Intel Corp

2306 W. Meadowview Rd.
Suite 206

Greensboro 27407
Tel: (919) 294-1541
OHIC

Intel Corp.

Chagrin-Brainard Bidg. Suite 300

28001 Chagrin Biva.
Cieveland 44122
Tel: (216) 464-2736
TWX: 810-427-8298
intel Corp.

6500 Poe Avenue
Dayton 45414

Tet: (513) 890-5350
TWX: 810-450-2528

OKLAHOMA

Intel Corp

4157 S. Harvard
Suite 123

Tulsa 74101

Tel: (918) 749-8688

OREGON
Intel Corp.

10700 S.W. Beaverton-Hillsdate Hwy.

Suite 22

Beaverton 97005
Tel: (503) 641-8086
TWX: 810-467-8741

PENNSYLVANIA

inte! Corp.

500 Pennsylvania Avenue
Fort Washington 19034
Tel: (215) 641-1000

TWX: 510-661-2077

intel Corp.

201 Penn Center Bivd
Suite 301 W
Pittsburgh 15235

Tel (313) 354-1540

TEXAS

intel Corp.

313 E. Anderson Lane
Suite 314

Austin 78752

Tel: (512) 454-8477
TWX: 810-874-1347
intel Corp.

2925 L.B.J. Freeway
Suite 175

Dallas 75234

Tel: (214) 241-2820
TWX: 910-860-5617
Intet Corp.

6420 Richmond Avenue
Suite 280

Houston 77057

Tel: (713) 784-1300
TWX: 810-881-2490

VIRGINIA

Intel Corp.

7700 Leesburg Pike
Suite 412

Falls Church 22043
Tel: (703) 734-9707
TWX: 710-031-0625

WASHINGTON

Intel Corp.

1603 116th Ave. N.E.
Suite 114

Bellevue 98005

Tel: (206) 232-7823
TWX: 910-443-3002
WISCONSIN

intel Corp.

150 S. Sunnysiope Road
Suite 148

Brookfield 53005

Tel: (414) 784-9060



N

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

Intel Corporation S.A.
Parc Seny

Rue du Moulin a Papier 51
Boite 1

B-1160 Brussels

Belgium

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Japan
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