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[image: image3.png]Since their inception, digital computers have contin-
uously become more efficient, expanding into new appli-
cations with each major technological improvement. The
advent of minicomputers enabled the inclusion of digital
computers as a permanent part of various process control
systems. Unfortunately, the size and cost of minicomputers
in “dedicated’’ applications has limited their use. Another
approach has been the use of custom built systems made up
of “random logic” (i.e., logic gates, flip-flops, counters, etc.).
However, the huge expense and development time involved
in the design and debugging of these systems has restricted
their use to large volume applications where the develop-
ment costs could be spread over a large number of machines.

Today, |ntel offers the systems designer a new alter-
native . .. the microcomputer. Utilizing the technologies and
experience gained in becoming the world’s largest supplier
of LS| memory components, Intel has made the power of
the digital computer available at the integrated circuit level.
Using the n-channel silicon gate MOS process, Intel engi-
neers have implemented the fast (2 us. cycle) and powerful
(72 basic instructions) 8080 microprocessor on a single LS|
chip. When this processor is combined with memory and
1/O circuits, the computer is complete. Intel offers a variety
of random-access memory (RAM), read-only memory (ROM)
and shift register circuivgs, that combine with the 8080 pro-
cessor to form the MCS-80 microcomputer system, a system
that can directly address and retrieve as many as 65,536
bytes stored in the memory devices.

The 8080 processor is packaged in a 40-pin dual in-line
package (DIP) that allows for remarkably easy interfacing.
The 8080 has a 16-bit address bus, a 8-bit bidirectional data
bus and fully decoded, TTL-compatible control outputs. In
addition to supporting up to 64K bytes of mixed RAM and
ROM memory, the 8080 can address up to 256 input ports
and 256 output ports; thus allowing for virtually unlimited
system expansion. The 8080 instruction set includes con-
ditional branching, decimal as well as binary arithmetic,

logical, register-to-register, stack control and memory refer-
ence instructions. In fact, the 80BO instruction set is power-
ful enough to rival the performance of many of the much
higher priced minicomputers, yet the 8080 is upward soft-
ware compatible with Intel’s edrlier 8008 microprocessor
(i.e., programs written for the 8008 can be assembled and
executed on the 8080).

In addition to an extensive instruction set oriented to
problem solving, the 8080 has aJnother significant feature—

SPEED. In contrast to random logic designs which tend to
work in parallel, the microcomguter works by sequentially
executing its program. As a resjlt of this sequential execu-
tion, the number of tasks a midrocomputer can undertake
in a given period of time is d‘rectly proportional to the
execution speed of the microcqmputer. The speed of exe-
cution is the limiting factor of the realm of applications of
the microcomputer, The 8080, with instruction times as
short as 2 usec., is an order of magnitude faster than earlier
generations of microcomputersl and therefore has an ex-
panded field of potential applica‘ftions.

The architecture of the 8080 also shows a significant
improvement over earlier microdomputer designs. The 8080
contains a 16-bit stack pointer that controls the addressing
of an external stack located in memory. The pointer can be
initialized via the proper instrudtions such that any portion
of external memory can be used as a last in/first out stack;
thus enabling almost unlimited subroutine nesting. The stack
pointer allows the contents of the program counter, the ac-
cumulator, the condition flags orjany of the data registers to
be stored in or retrieved from the external stack. In addi-
tion, multi-level interrupt procgssing is possible using the
8080's stack control instructiops. The status of the pro-
cessor can be “‘pushed” onto the¢ stack when an interrupt is
accepted, then “popped” off the tack after the interrupt has
been serviced. This ability to saye the contents of the pro-
cessor’s registers is possible even if an interrupt service
routine, itself, is interrupted. |
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Table 0-1. The Advantages of Using Microprocessors

ADVANTAGES OF DESIGNING
WITH MICROCOMPUTERS

Microcomputers simplify almost every phase of pro-
duct development. The first step, as in any product devel-
opment program, is to identify the various functions that
the end system is expected to perform. Instead of realizing
these functions with networks of gates and flip-flops, the
functions are implemented by encoding suitable sequences
of instructions (programs) in the memory elements. Data
and certain types of programs are stored in RAM, while the
basic program can be stored in ROM. The microprocessor
performs all of the system’s functions by fetching the in-
structions in memory, executing them and communicating
the resuits via the microcomputer’'s 1/0 ports. An 8080
microprocessor, executing the programmed logic stored in a
single 2048-byte ROM element, can perform the same logical
functions that might have previously required up to 1000
logic gates,

The benefits of designing a microcomputer into your
system go far beyond the advantages of merely simplifying
product development. You will also appreciate the profit-
making advantages of using a microcomputer in place of
custom-designed random logic. The most apparent advantage
is the significant savings in hardware costs. A microcomputer
chip set replaces dozens of random logic elements, thus re-
ducing the cost as well as the size of your system. In addi-
tion, production costs drop as the number of individual
components to be handled decreases, and the number of
complex printed circuit boards {which are difficult to lay-
out, test and correct) is greatly reduced. Probably the most
profitable advantage of a microcomputer is its flexibility
for change. To modify your system, you merely re-program
the memory elements; you don’'t have to redesign the entire
system. You can imagine the savings in time and money
when you want to upgrade your product. Reliability is
another reason to choose the microcomputer over random
logic. As the number of components decreases, the prob-
ability of a malfunctioning element likewise decreases. All

of the logical control functiorls formerly performed by
numerous hardware component$ can now be implemented
in a few ROM circuits which ate non-volatile; that is, the
contents of ROM will never be ‘ost, even in the event of a
power failure. Table 0-1 summarizes many of the advan-
tages of using microcomputers.

MICROCOMPUTER DESIGN AIDS

tf you're used to logic design and the idea of designing
with programmed logic seems like too radical a change, re-
gardless of advantages, there’s po need to worry because
Intel has already done most of the groundwork for you. The
INTELLEC® 8 Development Systems provide flexible, in-
expensive and simplified methods for OEM product develop-
ment. The INTELLEC® 8 proyides RAM program storage
making program loading and mqdification easier, a display
and control console for system monitoring and debugging,
a standard TTY interface, a PRQM programming capability
and a standard software packaga (System Monitor, Assem-
bler and Test Editor). In additian to the standard software
package available with the INTELLEC® 8, Intel offers a
PL/M"tompiler, a cross-assembleq and a simulator written in
FORTRAN IV and designed to tun on any large scale com-
puter. These programs may be pfocured directly from Intel
or from a number of nationwide computer time-sharing
services. Intel’s Microcomputer \Systems Group is always
available to provide assistance in eyery phase of your product
development.

Intel also provides complete documentation on all
their hardware and software products. In addition to this
User’s Manual, there are the:

PL/MMLanguage Refererjce Manual

8080 Assembly Language Programming Manual
INTELLEC®8/MOD 8 Operator's Manual
INTELLEC®8/MOD 8Q Hardware Reference
Manual |
o 8080 User’s Program Library
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The 8080 can be used as the basis for a wide variety
of calculation and control systems. The system configura-
tions for particular applications will differ in the nature of
the peripheral devices used and in the amount and the type
of memory required. The applications and solutions de-
scribed in this section are presented primarily to show how
microcomputers can be used to solve design problems. The
8080 should not be considered limited either in scope or
performance to those applications listed here.

Consider an 8080 microcomputer used within an auto-
matic computing scale for a supermarket. The basic machine
has two input devices: the weighing unit and a keyboard,
used for function selection and to enter the price per unit
of weight. The only output device is a display showing the
total price, although a ticket printer might be added as an
optional output device.

The control unit must accept weight information from
the weighing unit, function and data inputs from the key-
board, and generate the display. The only arithmetic func-
tion to be performed is a simple muitiplication of weight
times rate.

The control unit could probably be realized with
standard TTL logic. State diagrams for the various portions
could be drawn and a multiplier unit designed. The whole
design could then be tied together, and eventually reduced
to a selection of packages and a printed circuit board layout.
In effect, when designing with a logic family such as TTL,
the designs are “‘customized” by the choice of packages and
the wiring of the logic.

If, however, an 8080 microcomputer is used to realize

the control unit {(as shown in Figdure 0-1), the only “custom”
logic will be that of the interface circuits. These circuits are
usually quite simple, providing,electrical buffering for the
input and output signals. ‘

{nstead of drawing state diagrams leading to logic, the
system designer now prepares a flow chart, indicating which
input signals must be read, whpt processing and computa-
tions are needed, and what outptl‘lt signals must be produced.
A program is written from the flow chart. The program is
then assembled into bit pattern# which are loaded into the
program memory. Thus, this system is customized primarily
by the contents of program mermory.

For this automatic scale, the program would probably
reside in read-only memory (ROM), since the microcom-
puter would always execute the same program, the one
which implements the scale funttions. The processor would
constantly monitor the keyboard and weighing unit, and up-
date the display whenever necessary. The unit would require
very little data memory; it wopld only be needed for rate
storage, intermediate results, arjd for storing a copy of the
display.

When the control portion of a product is implemented
with a microcomputer chip set, functions can be changed
and features added merely by altering the program in mem-
ory. With a TTL based system, however, alterations may re-
quire extensive rewiring, alteration of PC boards, etc.

The number of applications for microcomputers is
limited only by the depth of the designer’s imagination. We
have listed a few potential applications in Table 0-2, along
with the types of peripheral deyices usually associated with
each product.
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Figure 0-1. Microcomputer Application — Automatic Scale





[image: image6.png]with a clearly defined activity is 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 c¢lock 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 to 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. If 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

e

|
had time to respond, it frees the‘ processor’'s READY line,
and the instruction cycle proceed$.

\
input/Output: ‘

Input and Qutput operations are similar to memory
read and write operations with the exception that a peri-
pheral |/O device is addressed instgad of a memory location.
The CPU issues the appropriate | input or output control
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 on a zero, Parallel 1/O con-
sists of transferring all bits in thé word at the same time,
one bit per line. Serial 1/0 consists of transferring one bit
at a time on a single line. Naturally serial 1/0O 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 ac¢tually print the character
specified by the data byte. The CRU 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 acc

pt the next data byte, it

can request an interrupt. When the CPU acknowledges the

interrupt, it suspends main proge

am execution and auto-

matically branches to a routine that will output the next

data byte. After the byte is out

put, 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 st
which several interrupting devices
but have different priority levels.

uctures are possible, in
share the same processor
nterruptive processing is

an important feature that enables maximum untilization of
a processor’s capacity for high system throughput.

Hold:

Another important feature tH
put of a processor is the Hold. TH
Direct Memory Access (DMA) ope

In ordinary input and output

at improves the through-
e hold provision enables
ations.

operations, the processor

itself supervises the entire data trqnsfer. Information to be

placed in memory is transferred fro
processor, and then from the pra
memory location. In similar fashig

m the input device to the
cessor to the designated
n, information that goes





[image: image7.png]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
¢) input/output {1/0) 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 4
output may constitute process cd
operations of another system, sud
line. Like input ports, output

input and output ports togeth
communicate with the outside w

The CPU unifies the syste
performed by the other compon
to fetch instructions from mel
contents and execute them. It m
memory and 1/O ports as necess
structions. In addition, the CPU
and respond to certain extern
INTERRUPT and WAIT requ
within a CPU that enable it to
described below.

THE ARCHITECTURE OF

A typical central processo

s a floppy disk unit, or the
ntrol signals that direct the
h as an automated assembly
ports are addressable. The
er permit the processor to
orld.

m. It controls the functions
ents. The CPU must be able
mory, decode their binary
ust also be-able to reference
sary in the execution of in-
should be able to recognize
al control signals, such as
sts. The functional units
perform these functions are

A CPU
i unit (CPU) consists of the

following interconnected functidnal units:

e Registers
e Arithmetic/Logic Unit
e Control Circuitry

Registers are temporary st

ALU)

prage units within the CPU.

Some registers, such as the proglam counter and instruction

register, have dedicated uses. Ot
cumulator, are for more general
Accumulator:

The accumulator usually
to be manipulated by the ALU.

her registers, such as the ac-
purpose use.

stores one of the operands
A typical instruction might

direct the ALU to add the conterjts of some other register to

the contents of the accumulatol
accumulator itself. In general,
source (operand) and a destinati

Often a CPU will inclu

and store the result in the
the accumulator is both a
bn (result) register.

a number of additional

general purpose registers that can be used to store operands

or intermediate data. The avai

iability of general purpose
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[image: image9.png]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 puises, 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

performs the arithmetic and logical operations on the binary
data. '

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

Using only the basic addet a capable programmer can
write routines which will subtrak:t, multiply and divide, giv-
ing the machine complete arithmétic capabilities. In practice,
however, most ALUs provide ?l\her built-in functions, in-
cluding hardware subtraction, b ;olean 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 incFude Carry, Zero, Sign, and
Parity. It is possible to prograj’n 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 functionat unit
within a CPU. Using clock inputs, the control circuitry
maintains the proper sequence of events required for any
processing task. After an instructipn is fetched and decoded,
the control circuitry issues the appropriate signals (to units
both internal and external to t*fe CPU) for initiating the
proper processing action. Often the control circuitry will be
capable of responding to externdl signals, such as an inter-

rupt or wait request. An Interry
control circuitry to temporaril

pt request will cause the
interrupt main program

execution, jump to a special routihe to service the interrupt-

ing device, then automaticaily re
A Wait request is often issued by

urn to the main program.
a memory or 1/0 element

that operates slower than the CPU. The control circuitry

will idle the CPU until the memor
the data.

COMPUTER OPERATIONS

There are certain operation]
any computer. A sound understa
tions is a necessary prerequisite
operations of a particular comput
Timing:

The activities of the central
processor fetches an instruction
required, fetches the next inst
orderly sequence of events requi
CPU therefore requires a free run
furnishes the reference for all pr
bined fetch and execution of a si

or 1/0O port is ready with

s that are basic to atmost
hding of these basic opera-
to examining the specific
er.

processor are cyclical. The
performs the operations
uction, and so on. This
es precise timing, and the
hing oscillator clock which
bcessor actions. The com-
hgle instruction is referred

to as an Instruction Cycle. The portion of a cycle identified





[image: image10.png]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. If 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 exampies. 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 finside 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 locationg; the destination is indi-
cated by two address bytes whi¢h are stored in the two
memory locations immediately following the operation code
byte. The following sequence of eyents occurs:

(1) A FETCH machine ¢ycle, 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 fincremented. The fourth
state is used for internal instruction decoding.

(20 A MEMORY READ nachine 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.

(3} 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 plaged in the W register. The
program counter is incfemented, in anticipation
of the next instructionlfetch.

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

{6) A MEMORY WRITE jmachine cycle, of three
states, in which the contents of the H register
are transferred to thq4 new memory location
pointed to by the W, Z fegister pair.

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

Most instructions fall someWwhere between the ex-
tremes typified by the “ADD r” aphd the “SHLD" instruc-
tions. The input (INP) and the oufput (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; arid an INPUT or an QUT-
PUT machine cycle, to complete the transfer.





[image: image11.png]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.





[image: image12.png]Instructions for the 8080 require from one to five machine
cycles for complete execution. The 8080 sends out 8 bit of 8080 STATUS LATCH
status information on the data bus at the beginning of each
machine cycle {during SYNC time). The following table defines 0
the status information. o,
STATUS INFORMATION DEFINITION 2:
Data Bus g‘
Symbols Bit Definition D:
INTA* Dg Acknowledge signal for INTERRUPT re- D,
quest. Signal should be used to gate are-
start instruction onto the data bus when
DBIN is active. .
WO D;  Indicates that the operation in the current avow
machine cycle will be a WRITE memory L2y oy LI
or QUTPUT function (WO = 0).Otherwise, 57' : S
a READ memory or INPUT operation will o™ :YL‘;;?(
be executed. 8212 % out
STACK D,  Indicates that the address bus holds the 5
pushdown stack address from the Stack cLOCK GEN.  ATTT) - 2 mema
Pointer. & DRIVER g g;;z wo 5,
HLTA D3 Acknowledge signal for HALT instruction. 32 11
ouT Dg4 Indicates that the address bus contains the =7 oBIN
address of an output device and the data
bus will contain the output data when Vee
WR is active.
My Dg Provides a signal to indicate that the CPU
is in the fetch cycle for the first byte of n 12
an instruction. RE/ N a\
INP* Dg Indicates that the address bus contains the
address of an input device and the input | —/N\ S\
data should be placed on the data bus sYNC / ™\
when DBIN is active. _ o
MEMR* D;  Designates that the data bus will be used DATA _-
for memory read data. -
*These three status bits can be used to controt STATUS
the flow of data onto the 8080 data bus.
STATUS WORD CHART
TYPE OF MACHINE CYCLE
I L |
& %
o Ly
S 3 [ S/ K & /& < |
s/ &8 /s/8/$/8/&/ S/ E/E/E/EE
s/ &8 /$/$/8/s/S/S/8/8) /88
§/) € /8//S/E/E/E/E/ S/ F/ES
S /&/¥/&8/)/)&)5S/8/&/5/&S
S &/ T/
N
S $ .
N) STATUS WORD
00000 e0|®|® o
Do | INTA olojo|ofo|lolo|[1]o] ‘
D1 | WO 1 l1rjo]l1rtol1r o1 ]1 1
D2 STACK 0 0 0 1 1 0 0 0 0 0
D3 HLTA 0 0 0 0 0 0 0 0 1 1
D4 ouT [ ) 0 0 0 0 1 0 0 0
Ds My 1 0 0 0 0 0 0 1 0 1
D¢ INP 0 0 0 0 0 1 0 0 0 0
D7 MEMR 1 1 0 1 0 0 0 0 1 0
Table 2-1. 8080 Status Bit Definitions
26





[image: image13.png]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 LSI chip (see Figure 3-1).
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-

i

bit 3-state Address Bus (Ag-A1b). Six timing and control
outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE} eman-
ate from the 8080, while four|coritrol inputs {READY,
HOLD, INT and RESET), four power inputs (+12v, +bv,
-6v, and GND} and two clock ihputs (¢1 and $2) are ac-
cepted by the 8080.
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Figure 2-1. 8080 Photomicrograph With Pin Designations





[image: image14.png]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. During a 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 OUTPUT or an INPUT operation
is involved.

Figure 2-6 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 “¢1—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 (tps2),
that precedes the rising edge of ¢2 in state Tg. This same

data must remain stable during!

the “data hold” interval

(tpH) that occurs following the rising edge of the ¢2 pulse.
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 shpuld 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 ¢9
during state T2 and terminated by the corresponding edge of

¢2 during T3. Any Ty phases int
T3 will therefore extend DBIN
periods,

ervening between T2 and
by one or more clock

Figure 2-7 shows the timing of a machine cycle in

which the processor outputs dat
tined either for memory or for p
of ¢2 within state T clears stat
CPU'’s data lines, and loads in the
to external devices. This substitut

h. Output data may be des-
pripherals, The rising edge
us information from the
ata which is to be output
ion takes place within the
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NOTE: @ Refer to Status Word Chart on Page 2-6.

Figure 2-5. Basic 8080 Instruction Cycle
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[image: image15.png]Arithmetic and Logic Unit (ALU):
The ALU contains the following registers:

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

o A 5.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 Chapter 4).

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 blocks. In addition, the outputs from the instruction
decoder and external contro! 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 {T3~described later in this chapter).

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 orithree bytes) is extracted
from memory and deposited in the CPU’s instruction regis-
ter. During the execution phase, ﬂjhe 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 meniory or an /O port. The
fetch portion of an instruction c%cle requires one machine
cycle for each byte to be fetched. T‘be duration of the execu-
tion portion of the instruction c%cle depends on the kind
of instruction that has been fetchéd. Some instructions do
not require any machine cycles other than those necessary
to fetch the instruction; other ipstructions, however, re-
quire additional machine cycles tb write or read data to/
from memory or 1/O devices. The DAD instruction is an
exception in that it requires two #dditional machine cycles
to complete an internal register-ﬁair add (see Chapter 4).

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 oscill%tor. All processing activ-
ities are referred to the period of Lthis clock. The two non-
overlapping clock pulses, labeled {1 and ¢2, are furnished
by external circuitry. It is the ¢1 £lock pulse which divides
each machine cycle into states. Timing logic within the
8080 uses the clock inputs to broduce a SYNC pulse,
which identifies the beginning of g¢very machine cycle. The
SYNC pulse is triggered by the lon~to-high transition of ¢2,
as shown in Figure 2-3.

FIRST STATE OF
*EVERY MACHINE
CYCLE

o\ /O
¢ /T \
SYNC 1 / \

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

Figure 2-3.¢ 1, ¢2 And SYNC Timihg

There are three exceptions tp the defined duration of
a state. They are the WAIT statej the hold (HLDA) state
and the halt (HLTA) state, described later in this chapter.
Because the WAIT, the HLDA, andjthe HLTA states depend
upon external events, they are by their nature of indeter-
minate length. Even these exceptiohal states, however, must
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Figure 2-11. HALT Timing
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Figure 2-12. HALT Sequence Flow Chart.
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[image: image17.png]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)

{2) MEMORY READ

(3) MEMORY WRITE
{4) STACK READ

(6) STACKWRITE

(6) INPUT

(7} OUTPUT

(8) INTERRUPT

(9) HALT
(10) HALTeINTERRUPT

The machine cycles that actuaily 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 always a 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
2-1 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 M4 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 2-1 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 five active states (referred toas T1, T2, T3,
T4, Ty or Tw). The actual number of states depends upon
the instruction being executed, and on the particular ma-
chine cycle within the greater instruction cyclie. The state
transition diagram in Figure 2-4 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

25

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, inth each state defined by
successive low-to-high transitions of the ¢ clock. Figure
2-5 shows the timing relationships in a typical FETCH
machine cycle. Events that occur m each state are referenced

|

to transitions of the ¢1 and ¢2 cldck pulses.

The SYNC signal identifi
every machine cycle, As shown

#s the first state (T1q) in
in Figure 2-5, the SYNC

signal is related to the leading edde of the ¢3 clock. There is

a delay (tpc) between the low-t

the positive-going edge of the SY
corresponding delay (also tpc) i
and the falling edge of the SYNC
is displayed on Dp-D7 during t
Switching of the status signals is

The rising edge of ¢2 dur
cessor’s address lines (AQ-A15).
within a brief delay (tDA) of t

b-high transition of ¢2 and
NC pulse. There also is a
etween the next ¢2 pulse
signal. Status information
e same ¢2 to ¢7 interval.
likewise controlled by ¢2.

ng T1 also loads the pro-
These lines become stable
he ¢2 clocking pulse, and

they remain stable until the firgt ¢ pulse after state T3.

This gives the processor ample
turned from memory.

Once the processor has se|

there is an opportunity for the nj

This it does by pulling the pro
prior to the “Ready set-up” in
during the ¢2 pulse within state
READY line remains low, the pr

time to read the data re-

nt an address to memory,
emory to request a WAIT.
cessor’'s READY line low,
terval {tgg) which occurs
T2 or Tyy. As long as the
pcessor will idle, giving the

memory time to respond to tHe addressed data request.

Refer to Figure 2-5.

The processor responds to
an alternative state (Tyy) at the
ceeding directly to the T3 state.
indicated by a WAIT signal from

la wait request by entering
end of Tg, rather than pro-
Entry into the Tyy state is
the processor, acknowledg-

ing the memory’s request. A low-to-high transition on the
WAIT line is triggered by the risirjg edge of the ¢1 clock and
occurs within a brief delay (tDC) of the actual entry into

the Tyy state.

A wait period may be of in|

cessor remains in the waiting cond

again goes high. A READY indic3
ing edge of the ¢2 clock by a

order to guarantee an exit fron
may then proceed, beginning w
next ¢1 ciock. A WAIT interval
integral number of Tyy states an
of the clock period.

definite duration. The pro-
ition until its READY line
tion must precede the fall-
specified interval (tgg), in
the Tyy state. The cycle
ith the rising edge of the
will therefore consist of an
d will always be a multiple





[image: image18.png]MNEMONIC OP CODE Ml M2
D7DgD504 | D3D2D1Dp T T2l T3 T4 15 T T2(2 T3
MOV r1,r2 01 DD {DS S S |PCOUT | PC=PC+ [INST-TMP/IR | (SSSI-TMP (TMP}-DDD
STATUS
MOV r, M 010D D1t 10 x[3) HLOUT DATA—»DDD
STATUSIE]
MOV M, r 0111 [0sSS (SSS}-TMP HLOUT |
STATUSLT (TMP) —»-DATA BUS
SPHL, 1111 1001 (HL) P
MVI r, data ooDD (D110 X PCOUT | 82 —»-DDDOD
STATUSIS]
MV1 M, data o011 |0110 X B2—j»-TMP
LXI rp, date co0RP |0001 X PC=PC+1 82—twr1
LDA addr 0011 1010 X PC=PC+1 B2—w2
STA addr o011 (6010 X PC=PC+1 B2—»Z
LHLD addr o010 |1010 X PC=PC+1 B2—»2
SHLD addr 0010 [0010 X PC OUT PC=PC+1 B2—{»Z
STATUSIS]
LDAX rpld 00RP 1010 X p OUT DATA—»A
STATUS6]
sTAX rpl4l 0OO0ORP [0DO10 X rp OUT (A} —»DATA BUS
sTATUS!?]
XCHG 1110|1011 {HL)+—+{DE)
ADDr 1000 [05SS (SSS)->TMP 18) (ACTH{TMPI=A
(A)+ACT |
ADD M 1000 (0110 (A)=ACT HLOUTJ DATA-—1»-TMP
STATUSH
ADI data 1100 0110 (A}-ACT PC OUT PC=PC+1 B2 —{»TMP
sTATUSIH
ADCr 1000 (16§8S8S (SSSI+TMP 5] (ACT)+{TMP)4CY-A
(A)~ACT
ADC M te00 | 1110 {Al+ACT HLOUT | DATA—»-TMP
STATUSIS
AC) data 1100 (1110 (A)-ACT PCOUT PC=PC+1 B2—»TMP
sTATUS
SUBr 7001 {0SS5S (SSSITMP 19 (ACT)-(TMP)~A
(A)~ACT
suBM 1001 (0110 (A)-ACT HL OUT DATA
STATUSIS
SUI data 1101 0110 (Al>ACT PC OUT PC=PC+1 82
STATUS(H
SBB ¢ 1001 188S {SSS)I-TMP ] (ACT)-(TMP)-CY—~A
{A)»ACT
SBB M 100 1110 (A)>ACT HL OUT DATA
sTATUSI
$BI data 1101 1110 (A)>ACT PCOUT PC=PC+1 B2—{»-TMP
STATUSI
INR ¢ 00DD D100 (DDD}-TMP ALU-DDD
(TMP) + 1-ALY
INR M 0011 0100 X HL OUT DATA —1»- TMP
STATUS! (TMP)+1 ~{» ALU
DCR ¢ 00DD | D101 (DDD)-TMP ALU-DDD
(TMP)+1-+ALU
DCR M 0011 0101 X HL OUT DATA —{» TMP
STATUSI (TMP)-1 —{»- ALU
INX rp OO0RP |[0011 (RP) +1 AP
DCX rp CORP [ 10011 (RP) -1 L RP
DAD rpl8 0OO0ORP | 1001 X (ril>ACT (LI>TMP, ALU-L, CY
(ACT)I+{TMP)>ALU
DAA 0010 01t DAA—A, FLAGS[10]
ANAT 1010|0s8S8S (SSSI-TMP )] (ACT)+(TMP}~A
(A}+ACT
ANA M 1010 0110 PCOUT PC=PC +1} INST-TMP/IR (A}+ACT HL OUT DATA T™P
STATUS sTaTustdl

216
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MNEMONIC OP CODE w1l M2
D7DgDg D4 | D30209 B0 L] 122 T3 T4 m T2(2 T3 |
AN deta t 110 0110 | PCOUT | PC=PC+1|INST-TMPIIR | (A}wACT PC OUT PC=PC+1 82l TMP i
STATUS sTaTUSIl
XRA ¢ t0o10{15S8SS {A)>ACT 3] || tac+ireMI~a
(SSSI-TMP |
XRA M 1010|1110 (A)+ACT HL OUT DATA —{»TMP
STATUSIB!
XRI data 1110|1110 (Al+ACT Pcou-rLI PC=PC+1 B2—{»TMP
STATUS!
ORAr 1011 ] 0sss (A)+ACT 19) (ACT)+{TMP)A I
(SSS)-TMP .
ORA M 10110110 (A)>ACT HLOUT | DATA ~1»-TMP
sTATUSIFl
ORI data 11110110 (A)=ACT |>cou'rk3 PC=PC+1 B2~ TMP
STATUSIP!
CMP ¢ 1011 1588 {A)>ACT (ACT)-{TMP), FLAGS ;
(SSSI-TMP i
CMP M 10t1 01110 (Al»ACT HL OUT | DATA —{»-TMP
STATUSIE!
CPI data t111 [ 1110 (Al+ACT PCOUTJh PC=PC +1 B2 ~{=TMP
sTaTuslBl
RLG 0000 0111 I {A}>ALU 63 i ALU—A, CY
ROTATE
RRC 0000 | 1111 (A)+ALY ] ALU=A, CY
ROTATE
RAL 0001|0111 {A), CY—ALU 191 ALU~A, CY
] ROTATE
RAR 6001 | t111 {A), CY=ALU &) ALU-A, CY
ROTATE
CMA 0010 | 1111 (A}-A
cMe 001t 1] 111 [
sTC 0011|0111 1-CY
IMP addr 1100|001 X PC=PC+1 82l»2
Jeondadarl?7l | 4+ 1 cc | co 10 JUDGE CONDITION PC=PC+1 B2 —{»2
CALL addr 1100 ) 1101 SP=SP-1 PC OUT PC=PC+1 82—{»2
STATUSI6]
Ceondadehl' {1 1 cCc | c100 JUDGE CONDITION PC OUT PC=PC+1 B2—{=2
IF TRUE,SP=5P - 1 STATUSHE!
RET 1100/ 1001 X SPOUT SPuSP+1  DATA—{»2Z
Y sTATUS|1S)
Recondaddr'?l [ 1 1 cc | coo 0 INST-TMP/IR JUDGE CONDITIONI4! SPOUT SP=SP+1 DATA—{»Z
STATUS|18]
RST n T 1UNN| N1 W SP=SP-1 SP OUT SP=SP-1  {PCH}—1»DATA BUS
INST-TMP/IR sTaTus|16]
PCHL 1t110} 1001 INST=TMPIR | (HL)—-—— - #PC
PUSH tp 1t 1TRP|[ 01021 SP=SP-1 SP OUT SP=SP-1 {rh)—{»DATA BUS
STATUS|16]
PUSH PSW 11110101 SP=SP-1 sP OUT SP=SP-1 (A} —+=DATA BUS
STATUS|16)
POP rp 11TRP [ 00O 1 X SP QUT SP=SP+1  DATA—imrl
STATUS|15]
POP PSW 11110001 X SP OUT SP=SP+1 DATA—{»FLAGS
STATUS|15}
XTHL 1110|001 X SP OUT SP=SP+1  DATA (w2
sTATUS]18!
IN port 1101 ] 1011 ’ x PC OUT PCwPC+1 62—z, W
STATUS6)
OUT port 11010011 X PC=PC+1 B2~{»Z, W
E t 11101011 SET INTE F/F
ol 11110011 HESET INTE F/F
HLT o111 }0110 X PCOUT HALT MODE!
STATU!
NOP 0000 | 0000 | PCOUT | PC=PC+1|INST-TMP/IR X
STATUS
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The 8080 has the built-in capacity to handle external
interrupt requests. A peripheral 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 2-8 shows, an interrupt
request (INT) arriving during the time that the interrupt
enable line (INTE) is high, acts in coincidence with the ()]
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 wusual during the SYNC interval. It is
accompanied, however, by an INTA status bit (Do) which
acknowledges the external request. The contents of the
program counter are latched onto the CPU’s address lines
during T1, 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 c@unter may be restored by
the interrupted program after the $nterrupt request has been
processed. 1

The interrupt cycle is otherwise indistinguishable from
an ordinary FETCH machine cycle. The processor itself
takes no further special action, It |s 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 bytgs). This is the RESTART
instruction (RST). A variable thrpe-bit field embedded in
the eight-bit field of the RST enabl{es the interrupting device
to direct a Call to one of eight fixdd memory locations. The
decimal addresses of these dedicatpd locations are: 0, 8, 16,
24, 32, 40, 48, and 56. Any of these addresses may be used
to store the first instruction(s) &f 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 cortents on the STACK.

My Mz M3
T3 T T2 T3 Ty Ts T1 T2 T3 T T2 T3
a 1\ A e e ne
Al T W L sy L Ly
Aso | pca / PC N\ " T T[T ‘ P2
T B T 7T X [ X X
SYNC T\ [T\
DBIN / \
WR
inreanal o \
INTE
wr |/
INT F/F
(INTERNAL)
INHIBIT STORE OF
PC+1 (INTERNAL)
INFORMATION / X@ ) ®

NOTE: @ Refer to Status Word Chart on Page 2-6.

Figure 2-8. Interrupt Timing
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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. |f 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 T6 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 Band 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.
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12. If the condition was met, the| contents of the register
pair WZ are output on the address lines {Ag1s) instead of
the contents of the program counter (PC).

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

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

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

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

2 — zero(Z=1) 001

NC — nocarry (CY=0) | 010

C —~ carry (CY=1) [ 011

PO - parity odd (P =0) 100

PE — parityeven (P=1) | 101

P — plus (S=0) 110

M — minus (S=1) 11

18. 1/0 sub-cycle: the |/O port’q 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 idat 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 professor returns to the halt
state. After a reset is accepted, the processor begins execu-
tion at memory location zero. Aftter an interrupt is accepted,
the processor executes the instrugtion forced onto the data
bus {usually a restart instruction).

$SS or DDD Value rp Value
A 111 B 00
B 000 D 01
[ 001 H 10
D 010 SP 11
E 011
H 100
L 101

%‘
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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, enabiing 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 (tyg), that precedes the rising edge of ¢,.

Figures 2-9 and 2-10 iliustrate 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 ¢1 clock pulse to
trigger the HLDA output.

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 2-9). Otherwise, acknowledgement is deferred
until the beginning of the state following T3 (see Figure
2-10). In both cases, however, the HLDA goes high within
a specified delay (tpg) of the rising edge of the selected ¢4
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 Ty 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 overlap 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

213

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 cycl¢ that was executed.

k

HALT SEQUENCES

When a halt instruction (HLT) is executed, the CPU
enters the halt state (Tyy) after istate. T2 of the next ma-
chine cycle, as shown in Figure 2:11. 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 Tq; RESET also clears the program
counter.

A HOLD input will cause the 8080 to enter the

hold state, as previous'y described. When the

HOLD line goes low, the 8080 re-enters the halt

state on the rising edge of the next ¢1 clock

pulse. !

e An interrupt (i.e., INT |goes high while INTE is
enabled) will cause the 8b80 to exit the Halt state
and enter state Tq on the rising edge of the next
¢1 clock pulse. NOTE: Thie interrupt enable (INTE)
flag must be set when the halt state is entered;
otherwise, the 8080 will pbnly be able to exit via a
RESET signal. |

Figure 2-12 illustrates halt sequencing in flow chart
form.

START-UP OF THE 8080 CPU

When power is applied initiélly to the 8080, the pro-
cessor begins operating immediad‘ely. The contents of its
program counter, stack pointer, anf 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 progessor's internal program
counter to zero. Program execution thus begins with mem-
ory location zero, following a RESET. Systems which re-
quire the processor to wait for j’x explicit start-up signal
will store a halt instruction (El, HLT) in the first two loca-
tions. A manual or an automatic INTERRUPT will be used
for starting. In other systems, the jprocessor may begin ex-
ecuting its stored program immediately. Note, however, that
the RESET has no effect on statup 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.





[image: image24.png]The following pages will cover the detailed design of
the CPU Module with the 8080. The three Busses (Data,
Address and Control) will be developed and the intercon-
nection to Memory and 1/0 will be shown.

Design philosophies and system architectures pre-
sented in this manual are consistent with product develop-
ment programs underway at INTEL for the MCS 80 Thus,
the designer who uses this manual as a guide for his total
system engineering is assured that all new developments in
components and software for MCS-80 from INTEL will be
compatible with his design approach.

CPU Module Design

The CPU Module contains three major areas:
1. The 8080 Central Processing Unit

A Clock Generator and High Level Driver

A bi-directional Data Bus Driver and System Control
Logic

The following will discuss the design of the three
major areas contained in the CPU Module. This design is
presented as an aiternative to the Intel® 8224 Clock Gener-
ator and Intel 8228 System Controller. By studying the
alternative approach, the designer can more clearly see the
considerations involved in the specification and engineering
of the 8224 and 8228. Standard TTL components and Intel
general purpose peripheral devices are used to implement

ional characteristics that
of the 8224 and 8228.

the design and to achieve opera
are as close as possible to thos
Many auxiliary timing functions and features of the 8224
and 8228 are too complex to practically implement in
standard components, so only the basic functions of the
8224 and 8228 are generated. Since significant benefits in
system timing and component tount reduction can be
realized by using the 8224 and 8228, this is the preferred
method of implementation, i

1. 8080 CPU

The operation of the 8080 CPU was covered in pre-
vious chapters of this manugl, so little reference will
be made to it in the design of the Module.

2.  Clock Generator and High Lgvel Driver

The 8080 is a dynamic device, meaning that its inter-
nal storage elements and fogic circuitry require a
timing reference (Clock), supplied by external cir-
cuitry, to refresh and provitde timing control signals.

The 8080 requires two (2) such Clocks. Their wave-
forms must be non-overlapping, and comply with the
timing and levels specified in the 8080 A.C. and D.C.
Characteristics, page 5-15.

Clock Generator Design

The Clock Generator consisw:ts of a crystal controlled,

GND -—zzo—b A0 ;Z > A0
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~5v—;;—§ a2 :; > A2
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svsTEm oma Re. —— 2l HoLo ao |2 » A9
a0 2 A10
A |48 Al
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Figure 3-2. 8080 CPU Interface
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[image: image26.png]Auxiliary Timing Signals and Functions 3. Bi-Directional Bus Driver and System Control Logic
The Clock Generator can also be used to provide The system Memory and, 1/O devices communicate
other signals that the designer can use to simplify with the CPU over the bl-directional Data Bus. The
large system timing or the interface to dynamic system Control Bus is uséd to gate data on and off
memories. the Data Bus within the proper timing sequences as
. -
Functions such as power-on reset, synchronization of ﬁlctatexfi bhy t;\;B%pzf:SOrl:A‘Of the 80?10!(/:;% T.h(: da::
external requests (HOLD, READY, etc.) and single ines o t € ' emotiy an 'evuc s a
X 3-state in nature, that is, their output drivers have
step, could easily be added to the Clock Generator to - R L
) . the ability to be forced into a high-impedance mode
further enhance its capabilities. N . .
and are, effectively, removed from the circuit. This 3-
For instance, the 20 MHZ signal from the oscillator state bus technique allowg the designer to construct a
can be buffered so that it could provide the basis for system around a single, eight (8) bit parallel, bi-direc-
communication baud rate generation. tional Data Bus and simply gate the information on
The Clock Generator diagram also shows how to gen- or off this bus by selecting or deselecting (3~-stating)
erate an advanced timing signal (¢1A) that is handy Memory and /O devices lwith signals from the Con-
to use in clocking D" type flipflops to synchronize trof Bus.
external requests. It can also be used to generate a e . . .
. . X Bi-Directional Data Bus Dtiver Design
strobe (STSTB) that is the latching signal for the sta- i ¢ .
tus information which is available on the Data Bus at The 8080 Data Bus {D7-D0) has two (2) major areas
the beginning of each machine cycle. A simple gating of concern for the designer:
of the SYNC signal from the 8080 and the advanced 1. Input Voltage level (V) 3.3 volts minimum.
1A) will do the job. See Figure 3-3. . .
(@1A] fo u 2. Output Drive Capability (l_) 1.7 mA maximum.
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Figure 3-5. 8080 System Control
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General Theory

As in any computer based system, the 8080 CPU must
be able to communicate with devices or structures that exist
outside its normal memory array. Devices like keyboards,
paper tape, floppy disks, printers, displays and other control
structures are used to input information into the 8080 CPU
and display or store the results of the computational activity.

Probably the most important and strongest feature of
the 8080 Microcomputer System is the flexibility and power
of its 1/O structure and the components that support it. There
are many ways to structure the 1/O array so that it will *‘fit”
the total system environment to maximize efficiency and
minimize component count.

The basic operation of the 1/0 structure can best be
viewed as an array of single byte memory locations that can
be Read from or Written into. The 8080 CPU has special in-
structions devoted to managing such transfers {IN, QUT).
These instructions generally isolate memory and /O arrays
so that memory address space is not effected by the 1/0
structure and the general concept is that of a simple transfer
to or from the Accumulator with an addressed "PORT". An-
other method of 1/O architecture is to treat the 1/O structure
as part of the Memory array. This is generally referred to as
“Memory Mapped 1/0” and provides the designer with a
powerful new “instruction set” devoted to 1/0 manipulation.

ISOLATED 1/0
—— e e )
: [ » 65K |
|
: MEMORY :
: 4 I
1 0 256 :
: i
H /0 |
| |
| |
[ e 4
] 32K esk |
| |
1 |
| MEMORY 10 |
1 1
I MEMORY MAPPED 1/0 J'
b L

Figure 3-8. Memory/I/O Mapping.

Isolated 1/0O

In Figure 3-9 the system control signals, previously de-
tailed in this chapter, are shown. This type of 1/0 architecture
separates the memory address space from the I/O address
space and uses a conceptually simple transfer to or from Ac-
cumulator technique. Such an architecture is easy to under-
stand because 1/0 communicates only with the Accumulator
using the IN or OUT instructions. Also because of the isola-
tion of memory and 1/0, the full address space (65K) is un-
effected by 1/O addressing.

3-8

+ MEMR
TO MEMORY
DEVICES

+ MEMW

SYSTEM ___
CONTROL tI/OR
(8228) 70 1/0 DEVICES

Figure 3-9. lIsolated 1/0.

Memory Mapped 1/0

By assigning an area of men;nory address space as 1/0 a
powerful architecture can be developed that can manipulate
1/0 using the same instructions that are used to manipulate
memory locations. Thus, a ‘new :' instruction set is created
that is devoted to 1/O handling.

As shown in Figure 3-10, ngw control signals are gene-
rated by gating the MEMR and MEMW signals with A1{g, the
most significant address bit. The new 1/O control signais con-
nect in exactly the same manner as Isolated /O, thus the
system bus characteristics are un¢hanged.

By assigning A1g as the 1/0 [‘flag”, a simple method of

1/0 discipline is maintained:

If A5 is a ““zero’”” then Mempry is active.
If Aqg is a “one’ then |/O is)

Other address bits can also be used for this function. A5 was
chosen because it is the most sighificant address bit so it is
easier to control with software and because it still allows
memory addressing of 32K.

1/0 devices are still considered addressed “ports” but
instead of the Accumulator as the only transfer medium any
of the internal registers can be ysed. All instructions that
could be used to operate on menjory locations can be used
in 1/0.

Examples:

MOVr, M {Input Port td any Register)
MOV M, r {Output any Register to Port)
MVIM {Output immediate data to Port)
LDA {Input to ACC)

STA {Output from]ACC to Port)
LHLD (16 Bit input)

SHLD (16 Bit Qutput)

ADD M {Add Port to ACC)

ANA M (""AND"* Port with ACC}

It is easy to see that from fthe list of possible “new’
instructions that this type of |/O|architecture could have a
drastic effect on increased system| throughput. It is concep-
tually more difficult to understanfl than Isolated 1/0 and it
does limit memory address space,|but Memory Mapped /O

can mean a significant increase in overall speed and at the’

same time reducing required program memory area.
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The three 8212s can be used| to drive long lines or LED
indicators due to their high drive capability. (15mA)

ELTe =X

L . 0-DATA
/D CONTROL 1 - COMMAND

8251 SELECT
(ACTIVE LOW)
w]a a0 [ [0 XX

[ 8212 #1 SELECT

Figure 3-13. 8251 Format. (ACTIVE HIGH)
8212 #2 SELECT

{ACTIVE HIGH} H

The two (2) 8255s provide twenty four bits each of ?igfg:f‘ll-ég{ '
programmable /O data and control so that keyboards, sen- !
sors, paper tape, etc., can be interfaced to the system.

Figure 3-15. 8212 Format.

0
I—OJ [ ° I ' I ' i I ] Ao] 8?::821;‘ Addressing the structure is described in the formats il-
1 commano  lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used so
}pom SELECT that no decoders are required thys, each device has an ex-
- clusive “‘enable bit"’.

8256 #1 SELECT

(ACTIVE LOW) The example shows how a powerful yet flexible 1/O

a(zAng’f\z,:EL"o%‘v:,T structure can be created using a mjnimum component count
with devices that are all members of the 8080 Microcomputer
System. |

Figure 3-14. 8255 Format.

fﬁﬁ'@#.?ﬁl.‘élu @ @ @ ‘ @ @

#2 1
8261 8285 8256
AD WR D;Dy &E T/ RD WA D;Dg TS5 Ay A RD WR D;-Dy T§ Ap Ay
|_0_T Tl/o_w TA. Ag T iow @ T Ay [Ay i7 RT Tl/_o;’W @ TAZ A |4,
§ DATA BUS R
CONTROL BUS
T ADDRESS BUS !
i DS2 DSt DSZ DST DS2
812 8212 | ez
#3 #2 #1
MD MD MD
Vee Vee Vee

Figure 3-16. Typical 1/0 Interface.
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[image: image31.png]This chapter will illustrate, in detail, how to interface
the 8080 CPU with Memory and 1/0. It will also show the
benefits and tradeoffs encountered when using a variety of
system architectures to achieve higher throughput, de-
creased component count or minimization of memory size.

8080 Microcomputer system design lends itself to a
simple, modular approach. Such an approach will yield the
designer a reliable, high performance system that contains a
minimum component count and is easy to manufacture and
maintain.

The overall system can be thought of as a simple
block diagram. The three (3) blocks in the diagram repre-
sent the functions common to any computer system,

CPU Module* Contains the Central Processing Unit, system
timing and interface circuitry to Memory
and 1/0 devices.

Memory Contains Read Only Memory (ROM) and
Read/Write Memory {RAM) for program and
data storage.

1/0 Contains circuitry that allows the computer

system to communicate with devices or
structures existing outside of the CPU or
Memory array.

for example: Keyboards, Fioppy Disks,
Paper Tape, etc.

There are three busses that interconnect these blocks:

Data Bus T A bi-directional path on which data can flow

between the CPU and Memory or 1/0.

Address Bus A uni-directional group of lines that identify

a particular Memory location or 1/0 device.

*"Module” refers to a functional block, it does not ref-
erence a printed circuit board manufactured by INTEL.

1Bus” refers to a set of signals grouped together because
of the similarity of their functions.
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A uni-directional sqt of signals that indicate
the type of activityiin current process.

Control Bus

Type of activities: 1. Memory Read
2. Memory Write
3. 1/0 Read
4. 1/0 Write
R

. Interrupt Acknowledge

ADDRESY BUS d

L,

CPU

MODULE @ T
< DATA BUS

CONTROL BUS

Figure 3-1. Typical Computer Systz;m Block Diagram

Basic System Operation

1. The CPU Module issues an a‘ tivity command on the
Control Bus. ‘

2. The CPU Module issues a birtary code on the Address
Bus to identify which particylar Memory location or
1/0 device will be involved in the current process
activity. ;

3.  The CPU Module receives oritransmits data with the
selected Memory location or §/0 device.

4. The CPU Module returns to @ and issues the next
activity command.

It is easy to see at this point] that the CPU module is
the central element in any computef system,





[image: image32.png]The 8080 can directly address up to 65,536 bytes of mem-
ory, which may consist of both read-only memory {(ROM)
elements and random-access memory (RAM) elements (read/
write memory).

Data in the 8080 is stored in the form of 8-bit binary
integers:
DATA WORD

Dy Dg'Ds D4 D3 Dy Dy Do
MSB LSB

When a register or data word contains a binary num-
ber, it is necessary to establish the order in which the bits
of the number are written. In the Intel 8080, BIT O is re-
ferred to as the Least Significant Bit (LSB), and BIT 7 (of
an 8 bit number) is referred to as the Most Significant Bit
(MSB).

The 8080 program instructions 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 instructions.
The exact instruction format will depend on the particular
operation to be executed.

Single Byte Instructions

|£7 | [ I ol Do—l Op Code
Two-Byte Instructions
Byte One I Dy l ! l I I ! ! Do l Op Code
Byte Two [ Dy ror P o Dg | Dataor
Address
Three-Byte Instructions
Byte One LD7 ! I I ! ! ' ! Dg l Op Code
P T [ |
Byte Two | Dy Do |) Pata
[0 1%
N N N Add
Byte Three | Dy Do ress
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, followed by increasingly
significant bytes. The 8080 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 address 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 reg-
ister-pair which contains the memory

4-2-

-_-*___—-___-—-—_-—._—-—1

address whereithe 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).

® |mmediate — The instruction contains the data it-
self. This is either an 8-bit quantity or a
16-bit quantity [(least significant byte first,
most significant byte second).

Unless directed by an interfupt or branch instruction,
the execution of instructions proceeds through consecu-
tively increasing memory locatipns. A branch instruction
can specify the address of the next instruction to be exe-
cuted in one of two ways:

® Direct — The branch ingtruction contains the ad-
dress of the néxt instruction to be exe-
cuted. (Except for the ‘RST’ instruction,
byte 2 containg the low-order address and

byte 3 the highiorder address.)

® Register indirect — The branch instruction indi-
cates a registef-pair which contains the
address of the hext instruction to be exe-
cuted. (The high-order bits of the address
are in the first register of the pair, the
low-order bits ip the second.)

The RST instruction is a sgecial one-byte call instruc-
tion {usually used during interfupt sequences). RST in-
cludes a three-bit field; program control is transferred to
the instruction whose address ig eight times the contents
of this three-bit field.

There are five condition flals associated with the exe-
cution of instructions on the 8080. They are Zero, Sign,
Parity, Carry, and Auxiliary Carry| and are each represented
by a 1-bit register in the CPU. A flag is "“set’’ by forcing the
bit to 1; ““reset” by forcing the bit/to 0.

Condition Flags:

Unless indicated otherwise] when an instruction af-
fects a flag, it affects it in the folldwing manner:

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

Zero:

Sign: If the most sign|ficant bit of the result of
the operation hds the value 1, this flag is
set; otherwise it s reset,

If the modulo 2jsum of the bits of the re-
sult of the opdration is 0, (i.e., if the
result has even |parity), this flag is set;
otherwise it is rdset (i.e., if the result has
odd parity).

Parity:

Carry: If the instructibn resulted in a carry
(from addition},| or a borrow (from sub-
traction or a comparison) out of the high-
order bit, this flag is set; otherwise it is

reset.
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Figure 3-3. 8080 Clock Generator

20 MHZ oscillator, a four bit counter, and gating
circuits.

The oscillator provides a 20 MHZ signal to the input
of a four (4) bit, presettable, synchronous, binary
counter. By presetting the counter as shown in figure
3-3 and clocking it with the 20 MHZ signal, a simple
decoding of the counters outputs using standard TTL
gates, provides proper timing for the two (2) 8080
clock inputs.

Note that the timing must actually be measured at
the output of the High Level Driver to take into ac-
count the added delays and waveform distortions
within such a device.

High Level Driver Design

The voltage level of the clocks for the 8080 is not
TTL compatible like the other signals that input to
the 8080. The voltage swing is from .6 volts ViLe)
to 11 volts (V|yc) with risetimes and falltimes under
50 ns. The Capacitive Drive is 20 pf (max.). Thus, a
High Level Driver is required to interface the outputs
of the Clock Generator (TTL) to the 8080.

The two (2) outputs of the Clock Generator are ca-
pacitivity coupled to a dual- High Level clock driver.
The driver must be capable of complying with the
8080 clock input specifications, page 5-15. A driver
of this type usually has little problem supplying the

3-3

positive transition when biased from the 8080 Voo
supply {12V) but to achieve the low voltage specifi-
cation (V| c) .8 volts Max. the driver is biased to the
8080 Vgg supply (-5V). This allows the driver to
swing from GND to Vpp with the aid of a simple

resistor divider.

A low resistance series netwérk is added between the
driver and the 8080 to elimirate any overshoot of the
pulsed waveforms, Now a cifcuit is apparent that can
easily comply with the 8080 specifications. In fact
rise and falltimes of this design are typically less than

10 ns.
+12v
1s
680 pF s 2 479 1
@1 T 0 ——fp—I AM—>
’ ! MH0026 YW (8080 PIN 22)
OR
80PF 1 quiv. |5 478 02
o2{TTL) YT (8080 PIN 15)

1N4002
68 uF = <
= 1000

= i

-5V

S5k

Figure 3-4. High Level Driver





[image: image34.png]6. The last four lines contain incidental information
about the execution of the instruction. The num-
ber of machine cycles and states required to exe-
cute the instruction are listed first. {f the instruc-
tion has two possible execution times, as in a
Conditional Jump, both times will be listed, sep-
arated by a slash. Next, any significant data ad-
dressing modes (see Page 4-2) are listed. The last
line lists any of the five Flags that are affected by
the execution of the instruction.

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 1, r2 {Move Register)
(r1) =— (r2)
The content of register r2 is moved to register r1.

[0'1[0'0'0]3'315

Cycles: 1
States: 5
Addressing:  register
Flags: none

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

Lo'1]D'D'D1'1'01

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

MVI r, data {Move Immediiate)
() =— (byte 2) ‘
The content of byte 2 of the instruction is moved to

register r,
0 ! 0 D ! D I D 1 ! 1 ! 0
data |
Cycles: 2
States: 7
Addressing:  immediate
Flags: mone
MVI M, data {Move to menﬁory immediate)

({(H) (L)) =— (byte 2)
The content of byte 2 of the instruction is moved to
the memory location whosg address is in registers H

and L.
ol ol 1 T TgT 1T 7Ty
data
Cycles: 3‘
States: 10
Addressing:  immed./reg. indirect
Flags: npne

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 in-
struction is moved into the low-order register (rl) of

MOV M, r (Move to memory) the register pair rp.
(H) (L) =~— (1) I I [
The content of register r is moved to the memory lo- 0 0 R P 0 0 0 1
cation whose address is in registers H and L. low-order ddta
Lol a7 4T 1Ty s's!s] high-order dita
Cycles: 2 Cycles: 3
States: 7 States: 10
Addressing:  reg. indirect Addressing:  immediate
Flags: none Flags: nane

4-4





[image: image35.png]The input level specification implies that any semi-
conductor memory or 1/0 device connected to the
8080 Data Bus must be able to provide a minimum of
3.3 volts in its high state. Most semiconductor mem-
ories and standard TTL 1/0 devices have an output
capability of between 2.0 and 2.8 volts, obviously a
direct connection onto the 8080 Data Bus would re-
quire pullup resistors, whose value should not affect
the bus speed or stress the drive capability of the
memory or 1/O components.

The 8080A output drive capability {Ig) 1.9mA max.
is sufficient for small systems where Memory size and
/0 requirements are minimal and the entire system is
contained on a single printed circuit board. Most sys-
tems however, take advantage of the high-perfor-
mance computing power of the 8080 CPU and thus a
more typical system would require some form of buf-
fering on the 8080 Data Bus to support a larger array
of Memory and 1/0 devices which are likely to be on
separate boards,

A device specifically designed to do this buffering
function is the INTEL® 8216, a (4) four bit bi-direc-
tional bus driver whose input voltage levekis compat-
ible with standard TTL devices and semiconductor
memory components, and has output drive capability
of 50 mA. At the 8080 side, the 8216 has a ‘’high”’
output of 3.65 volts that not only meets the 8080
input spec but provides the designer with a worse case
350 mV noise margin.

A pair of 8216's are connected directly to the 8080
Data Bus (D7-D0) as shown in figure 3-5. Note that
the DBIN signal from the 8080 is connected to the
direction control input (DIEN) so the correct flow of
data on the bus is maintained, The chip select (CS) of
the 8216 is connected to BUS ENABLE (BUSEN) to
allow for DMA activities by deselecting the Data Bus
Buffer and forcing the outputs of the 8216's into
their high impedance (3-state} mode. This -allows
other devices to gain access to the data bus (DMA).

System Control Logic Design

The Control Bus maintains discipline of the bi-direc-
tional Data Bus, that is, it determines what type of
device will have access to the bus (Memory or 1/0)
and generates signals to assure that these devices
transfer Data with the 8080 CPU within the proper
timing “windows’’ as dictated by the CPU operational
characteristics.

As described previously, the 8080 issues Status infor-
mation at the beginning of each Machine Cycle on its
Data Bus to indicate what operation will take place
during that cycle. A simple (8) bit latch, like an
INTEL® 8212, connected directly to the 8080 Data
Bus (D7-D0) as shown in figure 3-5 will store the
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Status information. The signal that loads the data
into the Status Latch comes from the Clock Gener-
ator, it is Status Strobe (§TSTB) and occurs at the
start of each Machine Cycle,

Note that the Status Latdh is connected onto the
8080 Data Bus (D7-D0) beflore the Bus Buffer. This is
to maintain the integrity ofgthe Data Bus and simplify
Control Bus timing inDMA ?dependent envirqnments.

As shown in the diagram, q simple gating of the out-
puts of the Status Latch with the DBIN and WR
signals from the 8080 gengrate the (4) four Control
signals that make up the baqic Control Bus.

These four signals: 1. Memci)ry Read (MEM R)
2. Memd;ry Write (M—EWW)
3. 1/0 Read (70 R)
4. 1/0 Write (70 W)
i

connect directly to the MC‘ST-M80 component ‘‘family’’
of ROMs, RAMs and 1/0 delices.

A fifth signal, Interrupt ‘jAcknowIedge (INTA) is
added to the Control Bug by gating data off the
Status Latch with the DBIN signal from the 8080
CPU. This signal is used jto enable the Interrupt
Instruction Port which hdlds the RST instruction
onto the Data Bus. ‘

Other signals that are part :of the Control Bus such as
WO, Stack and M1 are present to aid in the testing of
the System and also to simplify interfacing the CPU
to dynamic memories or very large systems that re-
quire several levels of bus byffering.

Address Buffer Design

The Address Bus (A1\5-AO) pf the 8080, like the Data

Bus, is sufficient to support
moderate size Memory and
a single card. To expand tH
the Address Bus can suppg
added, as shown in figure
8216 is an excellent devicd
provide low input loading
drive and insert a minima
Timing.

Note that BUS ENABLE (
the buffers so that they ar|
impedance (3-state) mode
that other devices can gain g

a small system that has a
/O structure, confined to
e size of the system that
rt a simple buffer can be
8-6. The INTEL® 8212 or
for this function. They
(.25 mA), high output
| delay in the System

BUSEN) is connected to
e forced into their high-

during DMA activities so

ccess to the Address Bus.





[image: image36.png]Arithmetic Group:

This group of instructions performs arithmetic oper-
ations 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 standard rules.

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

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

L1'0'0'0'0 s's's'

ADCr {Add Register with garry)
(A) =— (A} +{r) + (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 accumulator.

1T ol ol ol ]sTsTs

Cycles: 1

States: 4
Addressing:  register

Flags: 2Z,S,P,CY,AC

ADCM {Add memory with carry)
(A) =— (A) + ((H) (L)) + (CY)
The content of the memory|iocation whose address is
contained in the H and L repisters and the content of
the CY flag are added to thg accumulator. The result
is placed in the accumulator,

Cycles: 1
States: 4
Addressing:  register
Flags: 2,S,P,CY,AC
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 accumulator. The result is placed in
the accumulator.

L1'0'o'o'o'1'1'o

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 instruction is
added to the content of the accumulator. The result
is placed in the accumulator.

1'1'0'0'0'1I1I0
data
Cycles: 2
States: 7
Addressing:  immediate

Flags: 2,SP.CY,AC

L1I0I0[0I1 1'1'0
Cycles: 2
States: 7
Addressing:  reg. indirect

Flags: ZS,P,CY,AC

ACI data (Add immediate with carry)
(A) <«— (A) + (byte 2) + (CY)
The content of the second byte of the instruction and
the content of the CY flag are added to the contents
of the accumulator. The iresult is placed in the
accumulator,

T T T o To T4 T 75T,
data
Cycles: 2
States: 7
Addressing:  infmediate
Flags: Z5,P,CY,AC
SUBr {Subtract Register)

(A) -— (A} — (1)
The content of register r is Jubtracted from the con-
tent of the accumulator, THe result is placed in the

accumulator,
L1'o'o'1'o s's's—]
Cycies: 1
States:
Addressing:  register
Flags: Z$,P.CY,AC

a6





[image: image37.png]RAM memory must be provided, such as: Floppy Disk,
Paper Tape, etc.

The CPU treats RAM in exactly the same manner as
ROM for addressing data to be read. Writing data is very
similar; the RAM is issued an address during the first por-
tion of the Memory Write cycle (T1 & T2) in T3 when the
data that is to be written is output by the CPU and is stable
on the bus an MEMW command is generated. The MEMW
signal is connected to the R/W input of the RAM and
strobes the data into the addressed location.

In Figure 3-7 a typical Memory system is illustrated
to show how standard semiconductor components interface
to the 8080 bus. The memory array shown has 8K bytes
{8 bits/byte) of ROM storage, using four Intel®8216As
and 512 bytes of RAM storage, using Intel 8111 static
RAMs. The basic interface to the bus structure detailed
here is common to almost any size memory. The only ad-
dition that might have to be made for larger systems is
more buffers (8216/8212) and decoders (8205) for gener-
ating “‘chip selects.” ‘

The memories chosen for this example have an access
time of 850 nS {max) to illustrate that slower, economical
devices can be easily interfaced §to the 8080 with little ef-
fect on performance. When the| 8080 is operated from a
clock generator with a tCY of 5Q0 n$S the required memory
access time is Approx. 450-55Q nS. See detailed timing
specification Pg. 5-16. Using me(nory devices of this speed
such as Intel°8308, 8102A, 8101A, etc. the READY input
to the 8080 CPU can remain Thigh” because no “wait”
states are required. Note that thg bus interface to memory
shown in Figure 3-7 remains thd same. However, if slower
memories are to be used, suchl as the devices illustrated
(8316A, 8111) that have access L(imes slower than the min-
imum requirement a simple Iogic control of the READY
input to the 8080 CPU will insert an extra “wait state’’ that
is equal to one or more clock [periods as an access time
‘adjustment” delay to compens#te. The effect of the extra
“wait” state is naturally a slowpr execution time for the
instruction. A single “wait” changes the basic instruction
cycle to 2.5 microSeconds. '

8K + 512 8K 0o
RAM ROM
MEMORY MAP
ROM
RAM ! |
1 1 1
8111 8111 8316A cs3
cs2
MW OD 1/01-4  AO-A7 RW OD  1/01-4 AO0-A?7 (3 01-b8  A0-A10
PAN 2 AN
MEMW MEMR AC-AT MEMW MEMR AO-A7 TMEMR AO-A10 ::;'
DATA BUS (8
CONTROL BUS (6)
ADDRESS BUS (16]

Figure 3-7. Typical Memory Interface
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{Decrement memory)

((H) (L)) =— ({H) (L)) ~1

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

IR

0'1’0'1

Cycles:
States:
Addressing:
Flags:

INX rp

3

10

reg. indirect
ZSPAC

{Increment register pair)

{rh) (rl) <— (rh} (rl) +1
The content of the register pair rp is incremented by
one, Note: No condition flags are affected.

ERERER

P[O'o'1'1|

Cycles:
States:
Addressing:
Flags:

DCX rp

1

5
register
none

{Decrement register pair}
{rh} {rl) ~— (rh} (rl) ~1

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

Lololale]

1'0]1'1]

Cycles:
States:
Addressing:
Flags:

DAD rp

1

5
register
none

{Add register pair to H and L)

(H) (L} =— (H) (L} + (rh) {r])

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

lololrTr]

Cycles:
States:
Addressing:
Flags:

1'0,0117
3

10
register
cYy

48

{Decimal Adjust Accbmulator)
The eight-bit number in tHe accumulator is adjusted
to form two four-bit Binary-Coded-Decimal digits by
the following process: I

DAA

1. If the value of the lepst significant 4 bits of the
accumulator is greatef than 9 or if the AC flag
is set, 6 is added to the accumulator.

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 accumulator.

NOTE: All flags are affectdd.

[0'0'1'0'(3]1]1

I1J

Cycles:
States: 4
Flags: 2Z,S,P,CY,AC

Logical Group:

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

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

ANA ¢ (AND Register)
(A) =— (A)A(r)
The content of register.r i$ logically anded with the
content of the accumulatot. The result is placed in
the accumulator. The CY flag is cleared.

[1'0'110|0

s]s's]

Cycles: 1
States: 4
Addressing:  régister
Flags: 4,SP,CY,AC

ANA M (AND memory)
(A) =— (AYA((H) (L)
The contents of the memory location whose address
is contained in the H and L fegisters is logically anded
with the content of the a¢cumulator. The result is
placed in the accumulator. The CY flag is cleared.

|

|1|0'1|o]0'1'1

Cycles: 2
States: 7
Addressing:  rég. indirect

Flags: Z,S,P,CY,AC

st —.,
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Figure 3-10. Memory Mapped 1/0.

1/0 Addressing

With both systems of 1/0 structure the addressing of
each device can be configured to optimize efficiency and re-
duce component count. One method, the most common, is
to decode the address bus into exclusive “chip selects’” that
enable the addressed /O device, similar to generating chip-
selects in memory arrays.

Another method is called ““linear select”. In this method,
instead of decoding the Address Bus, a singular bit from the
bus is assigned as the exclusive enable for a specific 1/0 de-
vice. This method, of course, limits the number of 1/0 de-
vices that can be addressed but eliminates the need for extra
decoders, an important consideration in small system design.

A simple example illustrates the power of such a flexi-
ble I/0 structure. The first example illustrates the format of
the second byte of the IN or QUT instruction using the Iso-
lated 1/0 technique. The devices used are Intel®8255 Pro-
grammable Peripheral Interface units and are linear selected.
Each device has three ports and from the format it can be
seen that six devices can be addressed without additional de-
coders.

EXAMPLE #1

Lo lalo [a]m]mfn s

} PORT SELECTS

DEVICE SELECTS

ADDRESSES — 6 — 82555
(18 PORTS — 144 BITS)

Figure 3-11. Isolated 1/O — {Linear Select) (8255)

The second example uses Memory Mapped 1/0 and
linear select to show how thirteen devices {8255) can be ad-
dressed without the use of extra decoders. The format shown
could be the second and third byjrtes of the LDA or STA in-
structions or any other instructidns used to manipulate 1/0
using the Memory Mapped technidue.

It is easy to see that such a%flexible 1/0 structure, that
can be ““tailored” to the overall sygtem environment, provides
the designer with a powerful toolI to optimize efficiency and
minimize component count.

|
EXAMPLE #2
i

Lo laels [a s e ]a ]

i } PORT SELECTS

L
S

DEVICE SELECTS

[l ri [ 20 a2 T o]

DEVICE SELECTS

1=1/0
0 = MEMORY

1/0 FLAG

ADDRESSES — 13 — 825%s
(39 PORTS — 312 BIT$}

Figure 3-12. Memory Mapped 1/O - (Linear Select {8255)

1/0 Interface Example

In Figure 3-16 a typical 1/0 dystem is shown that uses a
variety of devices (8212, 8251 arjd 8255). It could be used
to interface the peripherals around an intelligent CRT termi-
nals; keyboards, display, and communication interface. An-
other application could be in a prdcess controller to interface
sensors, relays, and motor controls. The limitation of the ap-
plication area for such a circuit is polely that of the designers
imagination.

The 1/0 structure shown interfaces to the 8080 CPU
using the bus architecture develoged previously in this chap-
ter. Either Isolated or Memory Napped techniques can be
used, depending on the system [/Ojenvironment.

The 8251 provides a serial #ata communication inter-
face so that the system can tran$mit and receive data over
communication links such as telephone lines.

h——-—-—-h—-—_.,
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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 accumulator. The accumuiator 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)).

1'0'1'1'1'1'1'0]

CPi data

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

{Compare immediate)

(A) — {byte 2)

The content of the second byte of the instruction is
subtracted from the accumulator. 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 1 if
(A) < (byte 2}.

RLC

1!1I1I1I1I1I1I0
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 2Z,S,P,CY,AC
(Rotate left)

{Ant1) = (AL 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 posi-

RRC

(Rotate right)
(Ap) == (Anq)
(CY) =— (Ag)

The content of the accumy

position. The high order bi
set to the value shifted out
tion. Only the CY flag is aff|

(A7) +— (Ag)

lator is rotated right one
and the CY flag are both
of the low order bit posi-
ected.

|OI010'0|1l1I1'1
Cycles: 1
States: 4
Flags: QY
RAL (Rotate left through ¢arry)
(Ant1)  =— (AL (CY) — (A7)
(Ag) =— (CY)

The content of the accum

position through the CY fl3

equal to the CY flag and

wlator is rotated left one
g. The low order bit is set
the CY flag is set to the

value shifted out of the hig‘h order bit. Only the CY

flag is affected.

RAR

0‘0‘0'1I0I1|1|1J
Cycles: 1
States: 4
Flags: QY

(Rotate right through‘ carry)

(Ap) =— (Ansq) ; (CY)
(A7) ~— (CY)

The content of the accumd
position through the CY fla

to the CY flag and the C

shifted out of the low orde

4— (Ag)

fator is rotated right one
). The high order bit is set
flag is set to the value
bit. Only the CY flag is

affected.
0'0'0'1'111'1'1
Cycles: 1
States: 4
Flags: GY
CMA {Complement accumulator)
(A} -— (A)

The contents of the accum
{zero bits become 1, one bit

ulator are complemented
s become 0). No flags are

tion. Only the CY flag is affected. affected.
0'0'0'0'0'1'1'1' IOIOI1|O|1‘I1I1]1
Cycles: 1 Cycles: 1 :
States: 4 States: 4
Flags: CY Flags: néne

4-10





[image: image41.png]A computer, no matter how sophisticated, can only
do what it is “told”’ to do. One “tells” the computer what
to do via a series of coded instructions referred to as a Pro-
gram. The realm of the programmer is referred to as Soft-
ware, in contrast to the Hardware that comprises the actual
computer equipment. A computer’s software refers to all of
the programs that have been written for that computer.

When a computer is designed, the engineers provide
the Central Processing Unit (CPU) with the ability to per-
form a particular set of operations. The CPU is designed
such that a specific operation is performed when the CPU
control logic decodes a particular instruction. Consequently,
the operations that can be performed by a CPU define the
computer’s Instruction Set.

Each computer instruction allows the programmer to
initiate the performance of a specific operation. All com-
puters implement certain arithmetic operations in their in-
struction set, such as an instruction to add the contents of
two registers. Often logical operations {(e.g., OR the con-
tents of two registers) and register operate instructions (e.g.,
increment a register) are included in the instruction set. A
computer’s instruction set will also have instructions that
move data between registers, between a register and memory,
and between a register and an 1/0 device. Most instruction
sets also provide Conditional Instructions. A conditional
instruction specifies an operation to be performed only if
certain conditions have been met; for example, jump to a
particular instruction if the result of the last operation was
zero. Conditional instructions provide a program with a
decision-making capability.

By logically organizing a sequence of instructions into

a coherent program, the programmer can “tell” the com-
puter to perform a very specific and useful function,

The computer, however, can only execute programs
whose instructions are in a binary coded form (i.e., a series
of 1's and 0’s), that is called Machine Code. Because it
would be extremely cumbersome to program in machine
code, programming languages have been developed. There

are programs available which convert the programming lan-
guage instructions into machine: code that can be inter-
preted by the processor. i

One type of programming I‘@anguage is Assembly Lan-
guage. A unique assembly languagb mnemonic is assigned to
each of the computer’s instructipns. The programmer can
write a program {called the Sou;rce Program) using these
mnemonics and certain operands; the source program is
then converted into machine instructions {called the Object
Code). Each assembly language inétruction is converted into
one machine code instruction (:}l or more bytes) by an
Assembler program. Assembly languages are usually ma-
chine dependent (i.e., they are uijually able to run on only
one type of computer). L

;
i

|
THE 8080 INSTRUCTION SET
I

The 8080 instruction set in
of instructions:

tludes five different types

o Data Transfer Group —mqve data between registers
or between memory and registers

e Arithmetic Group — add, subtract, increment or
decrement data in registers or in memory

e Logical Group — AND; OR, EXCLUSIVE-OR,
compare, rotate or complement data in registers
or in memory

e Branch Group — condifional and unconditional
jump instructions, subrodtine call instructions and
return instructions

e Stack, 1/0 and Machine Contral Group — includes
1/0 instructions, as well jas instructiens for main-
taining the stack and intdrnal control flags.

Instruction and Data Formats

Memory for the 8080 is orTnized into 8-bit quanti-
ties, called Bytes, Each byte ha , a unique 16-bit binary
address corresponding to its sequential position in memory.





[image: image42.png]XTHL (Exchange stack top with H and L}

(L) <> ({SP})

(H) <= ((SP) + 1)

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

content of register SP.

BEREEEREEERERED
Cycles: 5
States: 18
Addressing:  reg. indirect
Flags: none

SPHL {Move HL to SP)
(SP) <— (H) (L)
The contents of registers H and L {16 bits) are moved

to register SP.

1'1]1I1,110]O|1|
Cycles: 1
States: 5
Addressing:  register
Flags: none
IN port (Input)

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

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 spec-
ified port.

port
Cycles: 3
States: 10
Addressing:  direct
Flags: none

414

El {Enable interrupts)
The interrupt system is en

tion of the next instruction.

abled following the execu-

LR

Cycles:
States:
Flags:

DI {Disable interrupts}
The interrupt system is
lowing the execution of the

disabled immediately fol-
t DI instruction.

R

BEEERER

Cycles:
States: 4
Flags: mone
HLT (Halt)
The processor is stopped, [The registers and flags are
unaffected.
lO]1|1,1|Dl1l1]0
Cycles: 1
States: [
Flags: none

NOP {No op)
No operation is performe

are unaffected.

Cycles:
States:
Flags:

%





[image: image43.png]Auxiliary Carry: {if the instruction caused a carry out
of bit 3 and into bit 4 of the resulting
value, the auxiliary carry is set; otherwise
it is reset. This flag is affected by single
precision additions, subtractions, incre-
ments, decrements, comparisons, and log-
ical operations, but is principally used
with additions and increments preceding
a DAA (Decimal Adjust Accumulator)
instruction.

Symbols and Abbreviations:
The following symbols and abbreviations are used in
the subsequent description of the 8080 instructions:

SYMBOLS MEANING

accumulator Register A

addr 16-bit address quantity

data 8-bit data quantity

data 16 16-bit data quantity

byte 2 The second byte of the instruction
byte 3 The third byte of the instruction
port 8-bit address of an 1/O device
rr1,r2 One of the registers A,B,C,D,E,H,L

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

DDD or S8§ REGISTER NAME

m
000
001
010
011
100
101

rp One of the register pairs:

rFTIMOO®>>

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.
RP The bit pattern designating one of the regis-
ter pairs B,D,H,SP:
RP REGISTER PAIR
00 B-C
01 D-E
10 H-L
11 SP

43

rh

rl

PC

SP

m

. S—————

The first (high-order) register of a designated
register pair. ‘
The second (low-arder) register of a desig-
nated register pair. |

16-bit program counter register (PCH and
PCL are used to refer to the high-order and
low-order 8 bits resbectively).

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

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

ZS,PCY,AC The condition flags:

NNN

Zero,
Sign,
Parity, !

Carry,

and Auxiliary Carry, respectively.

'

The contents of the memory location or reg-
isters enclosed in the parentheses.

“Is transferred to"" |

Logical AND

Exclusive OR

Inclusive OR

Addition

Two's complementisubtraction
Multiplication

“Is exchanged with‘f’

The one’s complemjbnt (e.g., (A))
The restart number:‘O through 7
The binary representation 000 through 111

for restart number [0 through 7 respectively.

Description Format:

The following pages provide ?a detailed description of
the instruction set of the 8080. {Each instruction is de-

scribed in the following manner: |
1.

The MAC 80 assembl}:r format, consisting of
the instruction mnemoni¢ and operand fields, is
printed in BOLDFACE 07 the left side of the first
line, |

. The name of the instruction is enclosed in paren-

thesis on the right side of ‘he first line.

. . . L
. The next line(s) containa symbolic description

of the operation of the instruction.

operation of the instructiop.

t
. This is followed by a naT:tive description of the

. The following line(s) contjbin the binary fields and

patterns that comprise the:machine instruction.
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8224 Clock Generator ... .....vvvvineraneneon 5-1
8228 System Controller . ......... ... .. 57
8080A Central Processor . ......... .o 513
8080A-1 Central Processor {1.3us) . ............... 5-20 ‘
8080A-2 Central Processor (1.5us) ................ 5-24 ‘
MB8080A Central Processor (-55° to +125°C) ......... 529 |
ROMs !
8702A Erasable PROM (266 x8) ............c.... 5.37
8708/8704 Erasable PROM (1K x8) .. ............. 545
8302 Mask ROM {266 x8) ..........ccvivurnnnn 561
8308 Mask ROM (1K x8) . . ... i, 5-59
8316A Mask ROM (2K x8) .. ................... 561
RAMs
8101-2 Static RAM (266 x4) ... ...........c.... 5-67
8111-2 Static RAM {256 x4} . .................. 571
81022 Static RAM (TK X 1) ..o iv et iiie et nnnn . 578
8102A-4 Static RAM (1K x 1) .. .. .. ... . u e 579
8107B-4 Dynamic RAM (4K x 1) .. ....... ...« .... 5-83
5101 Static CMOS RAM (256 x4) ................ 5-91
8210 Dynamic RAMDriver . .. .. ... 5-95
8222 Dynamic RAM Refresh Controller ............ 5-99
1/0 1
82128BitI/OPort . ...ttt i e 5101
8255 Programmable Peripheral Interface ............ 5113
8251 Programmable Communication Interface ........ 5135
Peripherals
82050ne of Eight Decoder . .. .................. 5147
8214 Priority Interrupt Control Unit .. ............ 5153
8216/8226 4-Bit Bi-Directional Bus Driver .. ......... 5163
Coming Soon
8253 Programmable Interval Timer . . ... ........... 5169
8257 Programmable DMA Controller .............. 5171
8259 Programmable Interrupt Controller ... ......... 5173
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{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,

oo T Ty T4 ol Ty

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 instruction.

0'0'1'1'0'0'1'0
low-order addr
high-order addr
Cycles: 4
States: 13
Addressing:  direct
Flags: none
LHLD addr (Load H and L direct)

(L) =— ({byte 3)(byte 2)}

(H) =— ((byte 3)(byte 2) + 1)

The content of the memory Iocétion, whose address
is specified in byte 2 and byte 3 of the instruction, is
moved to register L. The content of the memory loca-
tion at the succeeding address is moved to register H.

OIO‘I1'0I1I0I1'0
low-order addr
high-order addr
Cycles: 5
States: 16
Addressing:  direct
Flags: none

4.5

SHLD addr

(Store H and L, direct)

{{byte 3}(byte 2)) =~— (L)

{{byte 3)(byte 2} + 1) ~—| (H)

The content of register L is moved to the memory lo-
cation whose address is sp‘gcified in byte 2 and byte
3. The content of register H is moved to the succeed-

ing memory location.

o lol 1 ToTegToly Ty

fow-order addr
high-order addr
Cycles: %
States: 16

Addressing:  dlirect
Flags: hone

LDAX rp {Load accumulator indirect)

(A) «— ({rp))

i

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 (régisters B and C) or rp=D
(registers D and E) may be specified.

STAX rp

l 0 ! 0 l R ! P
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: none

i
(Store accumulator indirect)
((rp}} =— (A)
The content of register A isimoved to the memory lo-
cation whose address is in the register pair rp. Note:
only register pairs rp=B (rdgisters B and C) or rp=D
(registers D and E) may be specified.

o "o |rRTpPp]olo

Cycles: 2
States: 7
Addressing:  rég. indirect
Flags: njone
XCHG {Exchange H and L with D and E)
(H) < (D)
(L) =—(E)

The contents of registers H and L are exchanged with
the contents of registers D ahd E.

1'1'1'0'1'0'1'1
Cycles: 1
States: 4
Addressing:  rdgister
Flags: nbne
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SUBM
(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.

SBI data {Subtract immediate with borrow)
(A) -— (A) — (byte 2) — (CY) |
The contents of the second byte of the instruction
and the contents of the CY flag are both subtracted
from the accumulator. The result is placed in the
accumulator.

1'0'0'1'0‘1'1'0 1]1I0]1l1|1l1l0
Cycles: 2 data
States: 7 :
Addressing:  reg. indirect CS\::lt: 3
Flags:  2SP.CY.AC Addressing:  immediate
Flags: 2,5,P,CY,AC
SUI data {Subtract immediate)

(A) =— (A) — (byte 2)

The content of the second byte of the instruction is
subtracted from the content of the accumulator. The
result is placed in the accumulator.

1T To Ty T By Ty Ty
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z,5,P,CY,AC
SBB r (Subtract Register with borrow)

(A) =— (A) —{r) — (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 accumulator.

]1'1313131

1‘0'0

Cycles: 1
States: 4
Addressing:  register
Flags: Z,S,P,CY,AC
SBB M {Subtract memory with borrow)

(A) =— (A} —((H} (L) —(CY)

INR r (Increment Register)i
(r} <— (r}+1 I
The content of register rjis incremented by one.

Note: All condition flags ex¢ept CY are affected.

1'0'0J

fololololn

Cycles: 1
States: 5|
Addressing:  régister
Flags: 2Z.S,PAC

INR M {Increment memory)
((H) (L)) == ({H) (L)) +1
The content of the memor{/ location whose address
is contained in the H and u. registers is incremented
by one. Note: All conditi}on flags except CY are

affected.
[OIOI1I1IO‘I1IOIO
Cycles: 3
States: 10
Addressing:  rag. indirect
Flags: Z,5,P,AC
DCRr (Decrement Registejr)

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 accumula-
tor. The result is placed in the accumulator.

{r) =— (r) -1
The content of register r jis decremented by one.
Note: All condition flags exdept CY are affected.

1'0'011|1|1'1'0J IOIOIDID|D['1'0'1J
Cycles: 2 Cycles: 1!
States: 7 States: 5
Addressing:  reg. indirect Addressing:  rdgister
Flags: Z,8,P,CY,AC Flags: 2Z,S,P,AC

4.7
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SCHOTTKY BIPOLAR 8224

D.C. Characteristics
Ta = 0°C to 70°C; Ve = +5.0V #5%; Vpp = +12V £5%.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
g Input Current Loading -.25 mA Vg = .45V ‘
Ir Input Leakage Current 10 uA Vg =5.26V ‘
Ve Input Forward Clamp Voltage 1.0 \ c =-bmA |
I
ViL Input ""Low’’ Voltage .8 \ Vee = 5.0V \
Vin Input “"High"’ Voltage 2.6 \% Reset Input |
20 Alt Other Inputs !
ViH-ViL REDIN Input Hysteresis .25 mV Vee = 6.0V
VoL OQutput “Low’’ Voltage .45 \ kp1.02), Ready, Reset, STSTB
oL =2.5mA
.45 \) All Other OQutputs
oL = 15mA
VoH Output “"High” Voltage I
LT ) 9.4 v on = -100uA
READY, RESET 3.6 \% on = -100uA
All Other Outputs 24 \ oH =-1mA
lsc(M Output Short Circuit Current -10 -60 mA Vo =0V
(ANl Low Voltage Outputs Only) Mee =5.0V
lec Power Supply Current 115 mA
Ibp Power Supply Current 12 mA

Note: 1. Caution, ¢1 and ¢ output drivers do not have short circuit protection

CRYSTAL REQUIREMENTS

Tolerance: .005% at 0°C -70°C
Resonance: Series (Fundamental)™
Load Capacitance: 20-35pF
Equivalent Resistance: 75-20 ohms
Power Dissipation {Min}: 4mW

*With tank circuit use 3rd overtone mode.

54





[image: image49.png]CcMC {Complement carry)
(CY) =— (CY)
The CY flag is complemented. No other flags are
affected.
LO'OI1'1'1I1]1I1T
Cycles: 1
States: 4
Flags: CY
STC (Set carry)

(CY) = 1
The CY flag is set to 1. No other flags are affected.

Lo'o'1'1’o'1'1'ﬂ

Cycles: 1
States: 4
Flags: CY

Branch Group:

This group of instructions alter normal sequential
program flow.

Condition flags are not affected by any instruction
in this group.

The two types of branch instructions are uncondi-
tional and conditional. Unconditional transfers simply per-
form the specified operation on register PC (the program
counter). Conditional transfers examine the status of one of

the four processor flags to determine if the specified branch
is to be executed. The conditions that may be specified are

as follows:
CONDITION ccc
NZ — not zero {Z=0) 000
Z — zero(Z=1) 001
NC — nocarry (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 ad-

4-11

dress is specified in byte 3 and byte 2 of the current
instruction,

Jeondition addr

1|1I0|0l010l1,1
low-order adidr
high-order addr
!
Cycles: 3
States: 10
Addressing:  immediate
Flags:

none

(Condition&l jump)
If {(CCC), ;

(PC) <— (byte 3) (byte 2@
If the specified condition iF true, control is trans-
ferred to the instruction whose address is specified in
byte 3 and byte 2 of the chrent instruction; other-
wise, control continues sequentially.

1'10'0'0‘0'1'0

low-order addr

high-order addr

CALL addr

|

Cycles: 3
States:  1Q
Addressing:  immediate

Flags: nane

(Call)

((SP} — 1) <— (PCH)
({SP) —2) =— (PCL)

(SP) =— (SP) — 2

(PC) =— (byte 3) (byte 2)
The high-order eight bits of the next instruction ad-

dress are moved to the mj
address is one less than the
The low-order eight bits of
dress are moved to the m
address is two less than the
The content of register SP is
trol is transferred to the instn

emory location whose
content of register SP,
he next instruction ad-
emory location whose
icontent of register SP.
decremented by 2. Con-
uction whose address is

specified in byte 3 and byte 2 of the current
instruction.

1 T T T T T4 T
iow-order addr
high-order addr
Cycles: 5
States: 17
Addressing:  immediate/reg. indirect
Flags: nore
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WAVEFORMS
S 'C'V |
| e by %
L]
—
‘o1
A A
b2 Tl L S —»Z t g toz
—| toe2 g —
b20rTL)
SYNC \ /
{FROM 8080A) i
|
tow tos: tow
STSTB ') u
tons
toRH ]
RDYIN OR RESIN *
or
READY OUT X
P e o o e e mm | o ———— o o e e e m - - -
or
RESET OUT )k-

VOLTAGE MEASUREMENT POINTS: ¢4, ¢9 Logic 0"
EXAMPLE:
A.C. Characteristics (For tcy = 488.28 ns)
Ta = 0°C to 70°C; Vpp = +5V 5%; Vpp = +12V £5%.

= 1.0V, Logic "1’ = 8.0V. All other signals measured at 1.5V.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
teq ¢1 Pulse Width 89 ns || tky=488.28ns
142 $5 Pulse Width 236 ns 1
tp Delay ¢4 to ¢, 0 ns
tp2 Delay ¢ to ¢4 95 ns |l %1 & ¢, Loaded to
o3 Delay ¢; to ¢5 Leading Edges 109 129 ns ¢L =200 50pF
t Output Rise Time 20 ns
¢ Output Fall Time 20 ns |
tpss ¢, to STSTB Delay 296 326 ns
tne2 ¢o to ¢ (TTL) Delay -5 +15 ns
tpw Status Strobe Pulse Wi(.ii— 40 ns Heady & Reset Loaded
tDRS RDYIN Setup Time to STSTB -167 ns tb 2mA/10pF
tDRH RDYIN Hold Time after STSTB 217 ns All measurements
DR READY or RESET 192 ns referenced to 1.5V

to ¢ Delay unless s‘pecified

atherwise,

fmax Oscillator Frequency 18.432 MHz

5-6
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This group of instructions performs |/O, manipulates

the Stack, and alters internal control flags.

Unless otherwise specified, condition flags are not

affected by any instructions in this group.

PUSH rp {Push)

({SP) — 1) ~— (rh)

((SP) — 2) =— {(rl)

(SP) =-— (SP) — 2

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

L1I1,RIP

0'1lor1]

PUSH PSW

Cycles:: 3
States: 11
Addressing:  reg. indirect
Flags: none

(Push processor status word)

((SP) — 1) -— (A)

((SP) — 2)g =«— (CY), ({SP) — 2}y -1

((SP) —2)5 =— (P), ({SP) — 2} -— 0

({SP) — 2)4 =— (AC), ({SP) — 2lg =— O

((SP} —2)g =— (2), ({SP) — 2)7 -— (8)

(SP} =— (SP) — 2

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 processor 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 reg-
ister SP is decremented by two.

L1'1'1|1'o'1'0'1—|

Cycles: 3
States: 11
Addressing:  reg. indirect
Flags: none

4-13

FLAG WORD

D; De Ds Dy

D3 Dz Dy Dy

S Telolelo v ]

POP rp (Pop)

,

{rl) =— ((SP))

(rh} <— ((SP) + 1)

(SP} =— (SP) +2

The content of the memor\jy 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 pair rp. The content of reg-
ister SP is incremented by 2. Note: Register pair
rp = SP may not be specified.

POP PSW

[1'1 RIP 0'0'011—l
Cycles: 3
States: 10
Addressing: rei;g. indirect
Flags: none

(Pop processor status word)

(CY) = ((SP))g

(P) =— ((SP})y

(AC) =— ((SP))4

(Z) =— ((SP)g

(S) =— ((SP))7

(A) <-— ((SP} + 1)

{SP} =— (SP) +2 5

The content of the memory location whose address
is specified by the content pbf register SP is used to
restore the condition flags. [he content of the mem.-
ory location whose addresd is one more than the
content of register SP is i%:/ed to register A, The

content of register SP is incremented by 2.
[1'1'1'1'0'0'0'1]
Cycles: 3|
States: 10

Addressing:  reg. indirect
Flags: 2,$,P,.CY,AC
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FUNCTIONAL DESCRIPTION
General

The 8228 is a single chip System Controller and Data Bus
driver for the 8080 Microcomputer System. It generates all
control signals required to directly interface MCS-80™ family
RAM, ROM, and 1/0 components.

Schottky Bipolar technology is used to maintain low delay
times and provide high output drive capability to support
small to medium systems.

Bi-Directional Bus Driver

An eight bit, bi-directional bus driver is provided to buffer
the 8080 data bus from Memory and 1/O devices. The 8080A
data bus has an input requirement of 3.3 volts {min) and
can drive (sink} a maximum current of 1.9mA. The 8228
data bus driver assures that these input requirements will
be not only met but exceeded for enhanced noise immunity.
Also, on the system side of the driver adequate drive cur-
rent is available {10mA Typ.) so that a large number of
Memory and 1/0 devices can be directly connected to the
bus.

The Bi-Directional Bus Driver is controlled by signals from
the Gating Array so that proper bus flow is maintained and
its outputs can be forced into their high impedance state
(3-state) for DMA activities.

Status Latch

At the beginning of each machine cycle the 8080 CPU issues
“status’’ information on its data bus that indicates the type
of activity that will occur during the cycle. The 8228 stores
this information in the Status Latch when the STSTB input
goes “low”. The output of the Status Latch is connected to
the Gating Array and is part of the Control Signal generation.

Gating Array

o‘fsignals (MEM R, MEM W,
1/0 R, 1/0 W and INTA) by gating the outputs of the Status
Latch with signals from the 8080 CPU (DBIN, WR, and
HLDA).
The ‘“‘read’’ control signals (MENT&, 1/0 R and INTA) are
derived from the logical combination of the appropriate
Status Bit {or bits) and the DBIN jinput from the 8080 CPU.

The “write” control signals (MEM W, 1/O W) are derived
from the logical combination of the appropriate Status Bit
(or bits) and the WR input from the 8080 CPU.

All Control Signals are “active 1¢w’’ and directly interface
to MCS-80 family RAM, ROM anf |/0 components.

The INTA control signal is normally used to gate the “inter-
rupt instruction port” onto thg bus. It also provides a
special feature in the 8228. If on.y one basic vector is need-
ed in the interrupt structure, sudh as in small systems, the

The Gating Array generates contr

8228 can automatically insert a
bus at the proper time. To use t
the INTA output of the 8228
supply through a series resistor
sensed internally by the 8228 an
when the DBIN input is active a
on to the bus when an interrd
feature provides a single interrup
components, such as an interrupt|

When using CALL as an Inter

ST 7 instruction onto the
his option, simply connect
{pin 23) to the +12 volt
1K ohms). The voltage is
d logic is “set-up’’ so that
RST 7 instruction is gated
pt is acknowledged. This
vector with no additional
instruction port.

rupt instruction the 8228

will generate an INTA pulse for epch of the three bytes.

The BUSEN (Bus Enable) input
asynchronous input that forces t
and control signal buffers into 1
if itis a “‘one”, If BUSEN is a *
the data buffer and control signal

to the Gating Array is an
he data bus output buffers
heir high-impedance state
rero’ normal operation of
b take place.

8228 BLOCK DIAGRAM

Dy — ] 0B,
Dy — ] o8,
ou 7y — ] DB,
D, —»<— BIDIRECTIONAL DB
oatA 53 2T BlSoRiven D} [ SYSTEM DATA BUS
0 —+] DB,
Dy ] o8,
0f —wel o8,
DRIVER CONTROL
MEMR
STATUS MEMW
LATCH
cating P '/OR
ARRAY
b oW
5758
0BIN BUSEN
WR
HLDA iNTA

58
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Summary of Processor Instructions

Instruction Code!! Clock(? fnstruction Codel'! Clock (2!

Mnemonic  Description 07 Dg Ds Dg D3 D Oy Dy Cycles Mnemonic  Description D; Bg Dy D4 D3 D; Dy Dy Cycles
MOV .5, .2 Move register 1o register 01 0 D B S § 8 5 RZ Return on zero i1 0 90 1 0 0 0 5/11
MOV M, Move register to memory 0 1 11 0 8§ S S 7 RNZ Return on nu zero T v+ 0 0 0 0 ¢ 0 5/11
MOV,M  Move memory ta register 01 0O 0D D1 1 g 7 RP Return oo positive [ 1T 1t ¢ 0 ¢ ¢ M
HLT Halt [ 1 10 1 1 90 7 AM Return on minus 1 1 1 ¢ 0 0 5/11
MV ¢ Move immedtate register 00 D 0O D 1 V@ 7 RPE Return on parity even [ T 2 1 0 ¢ 0 s/11
MVI M Move immediate memory 0 0 1 10 1 t 0 0 RPO Return on parity odd 11 0 0 0 0 o 5/11
INR Increment register ¢ ¢ D D D1 OO Yy RST Restart 1T A A A1 1 n
DCR ¢ Decrement register 8 0 0O D D 1 0 1 5 IN Input T 9 1 1 0 1 10
INR M Increment memary 00 v 1 0 1t 0 O 10 our Output Tt 0 1 0 0 1t 1 10
DCR M Decrement memory 08 1t 0 v o0 0 LXiB Load rmmediate register 00 0 0 0 0 0 1 10
ADBD ¢ Add register to A T 0 0 0 0 § S 5§ 4 Pair 8 & C
ADC ¢ Add register to A with carry 10 0 0 1 S § S 4 LXI D Load immediate register 0 ¢ 0 1 0 0 8 1 10
Susr Subtract register from A 10 o 1 0 S S8 S 4 Pair D& E
S8B ¢ Subtract register from A o0 0 v 1t s s s 4 LXIH Load immediate register e o 1 0 0 0 ¢ 10

with horrow Pair H& L
ANA 1 And register with A o1 0 0§ s s 4 LXI P Load immediate stack pointer 0 0- 1 1 0 0 0 1 10
XRA 1 Exclusive Or register with A 0 Y g 1 s S s 4 PUSH B Push register Pair B & C on 0 0 010 n
ORA ¢ Ot register with A T o 1 0 8§ 8§ S 4 stack i
CMP ¢ Compare register with A o ot o1t s s 8 4 PUSH D Push register Par D & E on L N R R I I | n
ADD M Add memory to A o ¢ 0 0 1t 10 7 stack
AOCM Add memory to Awithearry 10 0 0 1 1 1 @ / PUSHH  Push register Pair H & L on T1 o1 0 0 1 0 1 1
SUB M Subtract memory from A 10 0 1T 0 1 1 9 7 stack
SBB M Subtract memory trom A LAV ¢ S R T T 7 PUSH PSW  Push A and Flags [ 1 10 1 0 1 n

with burrow o stack
ANA M And memory with A 10 ooy o1 g 1 PGP B Pap register pair 8 & C off 1t 0 ¢ 0 ¢ 0 1 10
XRAM Exclusive Or memory with A 10 1 0o 1 1 1 Q0 7 stack
ORA M O memory with A t 0 i 01 10 7 POP D Pop register pawr D & € off 11 ¢ 1 9 0 9 10
CMPM Compare memory with A 10 1 LA T T 7 stack
AD! Add immediate 1o A [ ¢ 0 0 1 o0 7 POPH Pop register pair H & L ott | 1.0 0 0 0 1 10
ACI Add immediate to A with [ [ A R N ! stack

carry POPPSW  Pop A and Flags [ 1 1.0 0 0 1 10
sl Subtract immediate from A L A S | R A O (] / ott stack
$BI Subtract immediate from A LA A T A ) i STA Store A direct 00 1 3 0 0 1 0 13

with borrow Lna Load A direct 0 01 1 1 6 10 13
ANI And immediate with A [ o o0 1 yo0 / XCHG Exchange D&E, H& L o 0 1 0 11 4
XRI Exclusive Or immedtate with [ LN R TR R B} 7 Registers :

A XTHL Exchaoge top of stack, H & L 1111 6 0 0 1o 18
ORl Or immeduate with A L (A B ] SPHL H & L to stack pointer 1o o1 1000 5
CPI Compare immediate with A L S R A A R I | 7 PCHL H & L to pragram counter T 1y 1 0 1 0 0 1 5
RLC Rotate A left 00 8 6 0 v o1 4 DADB AddB&CtoH&L 0 0ro ¢ 1 0 ¢ 1 10
RRC Rotate A right o0 0 11 o9 4 DAD D AdID & EWHSE L 0070 1 1 0 01 10
RAL Rotate A ieft through carry 00 o 1r 0 v 1 4 DADH AddH& Lo H& L [V 1 01 6 0 1 10
RAR Ratate A right through (U A R R 4 DADSP  Add stack pointer to H & L. 6 0:1 1 1 0 0 1 10

carry STAX B Store A indirect 0 0:0 0 00 1 O 7
Jmp Jump unconditionat 11 G 0 0 0 1 %t 10 STAX O Store A indirect 0 090 10 0 1 0 7
I Jump on carry | T R A I | 10 LDAXB  Load A indirect 0 0/0 0 1 0 1 0 7
INC Jump on no carry Prooo 00 10 10 LDAXD  Load A indirect e 0.0 1 1+ 0 1 o0 7
4 Jump on zero T 0 0 1 0 t oD 10 INX B Increment B & € registers 0 0:0 ¢ 0 0 1 1 5
INZ Jump on no zero 1 0 0 0 o0 1@ 0 INX D increment D & E registers 000 1 0 0 1 1 5
»P Jump on positive Tt 0 0 10 10 INX H increment H & L registers 6 01 0 0 0 1 5
M Jump on minus L R R A 10 INX §P Increment stack pointer 0 01 1 0 0 1 1 5
JPE Jump on parity even 11 10 1 0 10 10 ocxe Decrement B & ¢ 000 0 1 D 1 1 5
Jpa Jump on parity odd t1 1000 10 10 0Cx D Decrement D & £ 0 0fo 1t 1 0 11 5
CALL Call unconditional 11 g 0 1t 0 1 17 OCX H Oecrement H & L 0 0 1 o 1 0 1 1 [
cc Catl on carry 10 1 v 1 00 1" oCX sp Decrement stack pointer 0 0,t 1 1t 0 1 1 5
CNC Call on no carry 1 01 ¢ 1 0 0 11417 CMA Complement A 00 1 9 1 1 1 4
€z Call on zero 1t 0 0 1 1 0 0 1 STC Set carry o 0of/1 1t 0 1 1 1 4
CNZ Call on no zero T tr 0 0 6 t 0 0 1117 cmMe Complement carry e 01 o 1 4
cp Calt on positive Tt 1t v 6 1 0 0 17 DAA Decimal adjust A [V T R R I | 4
M Calf on minus LA S R R R N ] 1" SHLD Store H & L direct o ¢6iv ¢ 0 0 1 0O 16
CPE Call on parity even [ 10D 1 1 0 ¢ 17 LHLD Load H & L direct [ ] 0t 0 10 18
cPO Calt on parity odd 1 1 1 0 0 ¢t @ 0 nn? Ei Enable Interrupts 11 1 1T 1 0 1 1 4
RET Return 1T 1 0 0 1 0 ¢ 1 10 0! Disable interrupt T 11 0 0 1 1 4
RC Return on carry T o0 1 1 0 0 o0 $/11 NOP No-operation 0 040 0 ¢ 0 0 ¢ 4
ANC Return on no carry Pt 01 0 0 ¢ 0 S41

NOTES: 1. DDDorSSS — 0008 — 001 C - 010D — 011 E — 100 H — 101 L — 110 Memory — 111 A.
2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
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8080A FUNCTIONAL PIN DEFINITION

The following describes the function of all of the 8080A 1/O pins.
Several of the descriptions refer to internal timing periods.
Aq5.A¢0 (output three-state)

ADDRESS BUS; the address bus provides the address to memory
{up to 64K 8-bit words) or denotes the I/0 device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit.

D7-Dg (input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and 1/0 devices for instructions and
data transfers. Also, during the first clock cycle of each machine
cycle, the 8080A outputs a status word on the data bus that de-
scribes the current machine cycle. Dy is the least significant bit.

SYNC (output)
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to
indicate the beginning of each machine cycle.

DBIN {output)

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 I/0.

READY (input)

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 1/O
devices. If after sending an address out the 8080A does not re-
ceive a READY input, the 8080A will enter a WAIT state for as
long as the READY line is low. READY can also be used to single
step the CPU.

WAIT (output)

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT
state.

WR (output)

WRITE; the WR signal is used for memory WRITE or 1/0 output
control. The data on the data bus is stable while the WR signal is
active low (WR = 0).

HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the B08B0A address and data bus as soon as the 8080A has com-
pleted its use of these buses for the current machine cycle. It is
recognized under the following conditions:

® the CPU is in the HALT state.

® the CPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
(A15-Ag) and DATA BUS (D5-Dg} will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

HLDA loutput)
HOLD ACKNOWLEDGE; the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

I
Ap O=—]1 \4‘ 40 —0 Ay,
GND 0—— 2 ! 39 >0 Ay
D, O=—={3 ‘r 38 —=0 A3
Dy O=—=14 i 37 —0 Ay
Dy O+—|5 r 36 —>0 A5
D, O+ 6 35 —»0 Ag
[)3 Ol 7 34 —=0 Ag
o, o=—l8 INTEL 3}—o~
D, O=—=f9 32 f—»0 Ag
p, o+=—={10 8080DA 31 }—oa;
-5V O——1 11 ' 30 —=»0 Ay
RESET 0— 12 29 f—»0 Ay
HOLD O—»] 13 28 ——o0 +12v
INT 0—a] 14 27 —>0 A;
92 0wl 15 26 0 A,
INTE O+—1 16 25 —0 A,
DBIN Oe—— 17 24 |—=0 WAIT
WR O<+—] 18 23 O READY
SYNC O=+—1 19 22 f—0 ¢,
+65v 0——1 20 21 —>0 HLDA

Pin Configuration

will go to the high impedance statE. The HLDA signal begins at:

® T3 for READ memory or input.

® The Clock Period following T8 for WRITE memory or QUT-

PUT operation.

In either case, the HLDA signal appears after the rising edge of 01

and high impedance occurs after

INTE (output)

INTERRUPT ENABLE; indicates
rupt enable flip/flop. This flip/flg
able and Disable Interrupt instr
from being accepted by the CP
matically reset. (disabling further
struction fetch cycle (M1) when
also reset by the RESET signal.

INT (input)
INTERRUPT REQUEST; the C

the rising edge of ¢,.

the content of the internal inter-
p may be set or reset by the En-
lictions and inhibits interrupts

lJ when it is reset. It is auto-
interrupts) at time T 1 of the in-

an interrupt is accepted and is

U recognizes an interrupt re-

quest on this line at the end of {he current instruction or while
halted. If the CPU is in the HOLO state or if the Interrupt Enable

flip/flop is reset it will not honor

RESET (input){1]
RESET; while the RESET signal
program counter is cleared. After

the request.

s activated, the content of the
RESET, the program will start

at location 0 in memory. The INTE and HLDA flip/flops are also

reset. Note that the flags, accurnul
are not cleared.

tor, stack pointer, and registers

Vss Ground Reference.

Vop  +12 £ 5% Volts.

Vec  +5 + 5% Volts. ‘

VB -5 5% Volts (substrate Bias}).
$1. 62

2 externally supplied clogk phases. (non TTL compatible)

5-14
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CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

® Single Chip Clock Generator/Driver

for 8080A CPU

® Power-Up Reset for CPU

8 Ready Synchronizing Flip-Flop

8 Advanced Status Strobe

The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled b‘{l a crystal, selected by

System Timing
® Crystal Controlled for Stable System

Operation !
® Reduces System Package Count

the designer, to meet a variety of system speed requirements.

Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready.
The 8224 provides the designer with a si

for 8080A.

gnificant reduction of packages used to generate clocks and timing

m Oscillator Output for External

PIN CONFIGURATION

RESET[__11 16 t] Vee

fig> xraL1—
OSCILLATOR

XTAL2

> TANK ——r]

BLOCK DIAGRAM |

RESN ]2 B[] xTAL1 o[>
ROYIN[]3 U] xTAL2 cég,g"( D o
+8
READY [ 4 13[ ] Tank
H - #,0 ¢,A 6,(TTLI[6>
8224
syne[]s 12] " Josc
¢, TTL[ |6 1 B> swe—— o | >o-s_rsfs' >
STSTB 7 10 $2
- - [Z> #ESIm D
ono{ s s _JVoo SCHMITT
INPUT ca ReseT [1>
> rovin {5 a} READY [2>
_‘L__I
PIN NAMES
RESIN | RESET INPUT XTAL1 CONNECTIONS
RESET | RESET OUTPUT XTAL 2 FOR CRYSTAL
RDYIN | READY INPUT TANK USED WITH OVERTONE XTAL
READY | READY OUTPUT osc OSCILLATOR OUTPUT
SYNC | sYNCiINPUT 42 (TTL) 2 CLK (TTL LEVEL)
STSTE | STATUSSTB Vee +6V
(ACTIVE LOW) Voo T2V
L) 8080 GND ov
[ CLOCKS

5-1





[image: image58.png]et —— _ —w’
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A.C. CHARACTERISTICS |
Ta =0°C 10 70°C, Vpp = +12V + 5%, Vcc = +5V + 6%, Vgg = -5V £ 5%, Vss = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition !

tey (3] | Clock Period 0.48 | 2.0 | usec

ty, t¢ Clock Rise and Fall Time 0 50 | nsec

o1 ¢1 Pulse Width 60 nsec

tp2 @2 Pulse Width 220 nsec

tp1 Delay ¢¢ to ¢ 0 nsec

tp2 Delay ¢, to ¢ 70 nsec |

tp3 Delay ¢y to ¢; Leading Edges 80 nsec ‘

tpa (2] | Address Output Delay From ®o 200 | nsec } |
Cy = 100pf i

tpp [2] | Data Output Delay From ¢, 220 | nsec ]

tpc!2! | Signal Output Delay From ¢y, or ¢5 (SYNC, WRWAIT, HLDA) 120 | nsec ‘ |

tpr [21 | DBIN Delay From ¢ 25 140 | nsec } € = 50pf

tpy (1) Delay for Input Bus to Enter Input Mode tpe | nsec

tps1 Data Setup Time During ¢1 and DBIN 30 nsec

TIMING WAVEFORMS ral {Note: Timing measurements are made at the following referenc(‘t voltages: CLOCK 1" = 8.0V

0" =1.0V; INPUTS 1" = 3.3V, “0" = 0.8V; OUTPUTY *“1” = 2.0V, 0" = 0.8V.}
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B |
“ / L / N N
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e | J
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STSTB (Status Strobe)

At the beginning of each machine cycle the 8080A CPU is-
sues status information on its data bus. This information
tells what type of action will take place during that machine
cycle. By bringing in the SYNC signal from the CPU, and
gating it with an internal timing signal (¢#1A), an active low
strobe can be derived that occurs at the start of each ma-
chine cycle at the earliest possible moment that status data
is stable on the bus. The STSTB signal connects directly to
the 8228 System Controller.

The power-on Reset also generates STSTB, but of course,
for a longer period of time. This feature allows the 8228 to
be automatically reset without additional pins devoted for
this function.

Power-On Reset and Ready Flip-Flops

A common function in 8080A Microcomputer systems is the
generation of an automatic system reset and start-up upon
initial power-on. The 8224 has a built in feature to accomp-
lish this feature.

An external RC network is connected to the RESIN input.
The slow transition of the power supply rise is sensed by an
internal Schmitt Trigger. Thiscircuit converts the slow trans-
ition into a clean, fast edge when its input level reaches a
predetermined value. The output of the Schmitt Trigger is
connected to a ‘D’ type flip-flop that is clocked with ¢2D
{an internal timing signal). The flip-flop is synchronously
reset and an active high level that complies with the 8080A
input spec is generated. For manual switch type system Re-
set circuits, an active low switch closing can be connected
to the RESIN input in addition to the power-on RC net-
network.

The READY input to the 8080A CPU has certain timing
specifications such as “set-up and hold’' thus, an external
synchronizing flip-flop is required. The 8224 has this feature
built-in, The RDYIN input presents the asynchronous “‘wait
request” to the “D" type flip-flop. By clocking the fiip-flop
with ¢2D, a synchronized READY signal at the correct in-
put level, can be connected directly to the 80BO0A.

The reason for requiring an external flip-flop to synchro-
nize the “wait request” rather than internally in the 8080
CPU is that due to the relatively long delays of MOS logic
such an implementation would “rob’ the designer of about
200ns during the time his logic i$ determining if a “‘wait’’
is necessary. An external bipolar circuit built into the clock
generator eliminates most of this delay and has no effect on
component count.

27 J/LC

USED ONLY
1 310pF

FOR OVERTONE
CRYSTALS D
-—
| | (ONLY NEEDED
L

— 4~ —4 4 ABOVE 10 MHz)
13 14 15
12

0S¢ = 15

6p (TTL) =Y

3
RDYIN -~ —+—

Vee 8224

I——O O] RESIN
5 19
§¥STB (to s2z8PIN 1)
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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 mefnory, the six general registers
and the accumulator is provided as well as extended incre-
ment and decrement instructfons to operate on the register
pairs and stack pointer. Further capability is provided by
the ability to rotate the accdmulator left or right through
or around the carry bit.

!Input and output may be ac¢gomplished using memory ad-
dresses as 1/0 ports or the directly addressed |/O 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 instryction allows it to be comple-
mented. CMA complements thg contents of the accumulator
and XCHG exchanges the coptents of two 16-bit register
pairs directly.

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system] data bus will be in the

same format.

D; Dg Dg D4 D3 D, Dy

Do

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte insfructions must be stored

in successive words in program memory. The instruction formats then depend on

executed.

One Byte Instructions

| D7 Dg Ds Dy Dy Dy Dy Dy | OP CODE

Two Byte [nstructions
[ D; Dg Ds D4 D3 D, Dy
[ D; Dg Ds D4 D3 D, D,

Dy | OP CODE

Three Byte Instructions

[D; Dg Ds D4 D3 D, D;
[D; Dg Ds Dy D3 D, D;
[ D; Dg Ds D4 D3 D, Dy

Do | OP CODE

Do | OPERAND

001 LOWADDRESS OR OPERAND 1
DO] HIGH ADDRESS OR OPERAND 2

he particular operation

TYPICAL INSTRUCTIONS

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

Immediate rhode or 1/O instructions

Jump, cal! of direct load and store
instructionp

For the 8080A a logic ““1” is defined as a high level and a logic ““0"* is defined as a low Ibvel.
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SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

® Single Chip System Control for ® User Selected Single Level Interrupt
MCS-80 Systems Vector (RST 7) |

W Built-in Bi-Directional Bus Driver ® 28 Pin Dual In-Line Package
for Data Bus Isolation ™ Reduces System Package Count

B Allows the use of Multiple Byte
Instructions (e.g. CALL) for
Interrupt Acknowledge

The 8228 is a single chip system controller and bus driver for MCS-80. It generates iall signals required to
directly interface MCS-80 family RAM, ROM, and 1/O components. ;

A bi-directional bus driver is included to provide high system TTL fan-out. It also prpvides isolation of the
8080 data bus from memory and 1/0. This allows for the optimization of control si§1als, enabling the sys-

tems deisgner to use slower memory and 1/0. The isolation of the bus driver also provides for enhanced
system noise immunity. i

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte
instructions (e.g., CALL) in response to an INTERRUPT ACKNOWLEDGE by thg 80BOA. This feature
permits large, interrupt driven systems to have an unlimited number of interrupt levels.

The 8228 is designed to support a wide variety of system bus structures and also r?duce system package
count for cost effective, reliable, design of the MCS-80 systems.

PIN CONFIGURATION 8228 BLOCK DIAGRAM
P T N
stste []1 281 ]V, Dp —— =] [ DB,
E ] ce D) —w el }—» <— DB,
__ Dy ] |+ «— o8,
27 2 2
Hoa [ 2 [ i7ow DC:;"A Dy —me—] BIDIRECTIONAL | b OBy | (oo oie
wi]s 26 ] weww s D, —=<—{  BUSDRIVER | <— 08,
Dy —+<—] |—<— DB, i
21 70R D; — -1 j—<— DBy
pBIN [] 4 5[] ilor 2= 0"
os4 []s 24 [T] MEMR
pa[Je 23 [JiNTA DRIVER CONTROL |
oe7 []7 22 ;j BUSEN B
[: 8228 [ MEM R
o7 [ 21[Jos
STATUS MEMW
Y m E] 20 [ bee LATCH
o310 19[]os daring P 1OR
ARRAY o
pe2 [ n 18[Joes T e TOW
STSTB
p2 ]2 [ ]o
O u] DBIN BUSEN
oeg [ 13 16 [ o8 WR ‘
HLDA A p—— INTA
aenvo T4 15[] og :
PIN NAMES
D7-00 DATA BUS (8080 SIDE) INTA INTERRUPT ACKNOWLEDGE
DB7-DBO_| DATA BUS (SYSTEM SIDE) [ HLDA | HLDA (FROM 8080)
1/OR 1/0 READ WR WR (FROM 8080)
i7ow 1/0 WRITE BUSEN | BUS ENABLE INPUT
MEMR MEMORY READ STSTB | STATUS STROBE (FROM 8224)
MEMW MEMORY WRITE Vee i
DBIN DBIN (FROM 8080) GND 0VOLTS
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The 8080A is functionally and electrically compatible with the Intel® 8080.

n TTL Drive Capability = Sixteen Bit Stack Pointer and Stack
. Manipulation Instructions for Rapid
® 1.3 us Instruction Cycle Switching of the Program Environment
= Powerful Problem Solving = Decimal,Binary and Double
Instruction Set Precision Arithmetic
= Six General Purpose Registers = Ability to Provide Priority Vectored
and an Accumulator Interrupts
= Sixteen Bit Program Counter for » 512 Directly Addressed 1/0 Ports
Directly Addressing up to 64K Bytes
of Memory

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 six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions sét
or reset four testable flags. 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 six general purpose registers. The sixteen 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 bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/O are pro-
vided directly by the 8080A. Ultimate 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,

DATA BUS
UFFER/LATCH

TEMP. REG. INSTRUCTION ]
i REGISTER MULTIPLEXER
. w
TEMP REG.

ACCUMULATOR L REG .

LaTcH @] A
INSTRUCTION —

DECODER -

AND

MACHINE H @
CYCLE REG.

ENCODING

STACK POINTER

PROGRAM COUNTER

| INCREMENTER/DECRENENTER
ADDRESS LATC 116)]

TIMING
AND
CONTROL

DATA BUS INTERRUPT HOLD
WRITE CONTROL. CONTROL CONTR:
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A.C. CHARACTERISTICS

Ta =0°Cto 70°C, Vpp = +12V + 5%, Ve = +5V t 5%, Vgg = -5V + 5%, Vgg = OV, Unless Otherwise Noted

CAUTION: When operating the 8080A-1 at or nesr full speed, care must be taken to assure precise timing compatibility between 8080A-1, 8224 and 8228.

Symbol Parameter Min. | Max. | Unit Test Condition
tey (3] Clock Period 32 2.0 | usec

t,, t Clock Rise and Fall Time 0 25 | nsec

to1 ¢¢ Pulse Width nsec

to2 ¢ Pulse Width 145 nsec

tp1 Delay ¢¢ to ¢, 0 nsec

tp2 Delay ¢, to ¢, 60 nsec

tp3 Delay ¢y to ¢ Leading Edges 60 nsec

tpa (2] | Address Output Delay From ¢, 150 | nsec

tpp [} | Data Output Delay From ¢ 180 | nsec } Cu = 50pf
tpc{2! | Signal Output Delay From 1, or ¢ (SYNC, WR,WAIT, HLDA} 110 | nsec

tor (2] | DBIN Delay From ¢, 25 | 130 | nsec }C" = 800f
tpy{1} Delay for Input Bus to Enter Input Mode tpe | nsec

tpsy Data Setup Time During ¢4 and DBIN 10 nsec

TIMING WAVEFORMS '

(Note: Timing measurements are made at the following reference voltages: CLOCK 1" = 8.0V
Y0 = 1.0V; INPUTS 1" = 3.3V, /0" = 0.8V; OUTPUTS “1” = 2.0V, “0" = 0.8V.)

tey | —=|to1 |-
- - (01 |
o 7 7\ / N\ I\
(
- 152w i
. j :_.\ Z E 7 | h’
——; - I
<-lm->' | tgy |e— . |
: |
—-—— _—‘ —— - $
Ays-Ay - .4..__....._._._._.._._...{.,;_.._-‘.1_4
[+ 'pa—* ——t—taw :
~—too—| | o |- —H touf— Moo ‘
S | 5
"~
DATA IN DATA OUT
D,-0, L ______ »__L"' _.q._-.- ;"-——--_T———T‘—’
—>| tost [« w—tow t—= I
SYNC 1 ¥ tos2—> ‘ .
+ 1
~=| tpc [=— ~*i tpe |‘— ‘ i ;
DBIN &' i
i
e tpF -»| = tog | ! : ' '
i i
WR 1 j :
e e . e e e e e . ! —
toc|e—s| I
Ty —al
.
e @ j;@i_ !
tns the le—s|  toc e ‘
WAIT tyy ] | f ;
’ —
toc—> L—* W e R
HOLD B (&
+
— tyg le—
HLDA
{
INT - % @
g [
tH | -
INTE
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D.C. Characteristics Ta = 0°C to 70°C; Ve = 5V +5%.

Limits
Symbol Parameter Min. [Typ.[1])] Max. Unit Test Conditions
Ve Input Clamp Voltage, All Inputs 75 | -1.0 \Y Vcé=4.75V; Ic=-6mA
Ig Input Load Current,
STSTB 500 HA Vee=5.26V
D, & Dg 750 uA Ve £0.45V
Do, D1,D4,D5, }J.A
& Dy 250
All Other Inputs 250 uA i
IR lnpu_tl.gakage Current
STSTB 100 HA Vee¢ =5.26V
DBg-DB> 20 uA VR ‘= 5.25V
All Other Inputs 100 uA !
VTH Input Threshold Voltage, All Inputs 0.8 2.0 \ Ved=5V
lec Power Supply Current 140 190 mA Vc¢=5.25V
VoL Output Low Voltage,
Dg-D7 .45 \Y Ved=4.75V; lgL=2mA
All Other Outputs 45 A loi=10mA
VoH Output High Voltage, f
Do-D7 3.6 3.8 \ Ve¢=4.75V; loy=-10uA
All Other Outputs 2.4 \ loH = -1TmA
los Short Circuit Current, Alt Qutputs 15 90 mA Veg=bv
lo(otf) Off State Output Current,
All Control Outputs 100 uA Ved=5.25V; Vp=5.26
-100 uA Vo .45V
hNT INTA Current 5 mA (Se¢ Figure below)
Note 1:  Typical values are for Ta = 2509C and nominal supply voltages.

Capacitance This parameter is periodically sampled and not 100% tested.

Limits
Symbol Parameter Min. | Typ.1] | Max. | Unit
Cin Input Capacitance 8 12 pF
Output Capacitance
Cour Control Signals l 15 pF
/0O Capacitance
/0 (D or DB) 8 15 pF

TEST CONDITIONS: Vgjas = 2.5V, Voc=5.0V, Ta = 25°C, f = 1MHz.

Note 2: For Do-D7: Rq =4KQ, Ry = =,
CL = 25pF. For all other outputs:
A1 =500, Ry = 1KQ, C = 100pF.

TEST CIRCUITZ!

8228

INTA

+2v

1K +10%
b

©

IINT
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The 8080A is functionally and electrically compatible with the Intel® 8080.

s TTL Drive Capability » Sixteen Bit Stack Pointer and Stack
. Manipulation Instructions for Rapid
® 1.5 us Instruction Cycle Switching of the Program Environment
s Powerful Problem Solving = Decimal,Binary and Double
Instruction Set Precision Arithmetic
» Six General Purpose Registers = Ability to Provide Priority Vectored
and an Accumulator Interrupts :
= Sixteen Bit Program Counter for m 512 Directly Addressed 1/0 Ports
Directly Addressing up to 64K Bytes
of Memory

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

The B080A 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 six general purpose registers. The sixteen 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. |t also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 are pro-
vided directly by the 8080A. Ultimate 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.

DATA BUS |
BUFFER/LATC

INSTRUCTION ’
REGISTER 18 MULTIPLEXER

w z

TEMP REG.

ACCUMULATOR
LATCH (8)

INSTRUCTION )
DECODER REG.
H

REG.

ENCODING
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b
w
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w
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@
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o
x

STACK POINTH

PROGRAM COUNTER
DECIMAL
INCREMENTER/DECREMENTER
ADJUST ADDRESS LATICH {16)

TIMING

AND
CONTROL

! 116)
DATA BUS INTERRUPT . HOLD  WAIT ADDRESS BUFFER

RITE CONTROL CONTROL CONTROL CONTROL SYNC' CLOCKS
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SINGLE CHIP 8-BIT N-CHANNEL MICROPRQCESSOR

The 8080A is functionally and electrically compatible with the Inte/® 808@.
s TTL Drive Capability = Sixteen Bit Stack Pointer and Stack

® 2 us Instruction Cycle

Manipulation Instructions for Rapid
Switching of the Program Environment

= Powerful Problem Solving » Decimal,Binary and Double
Instruction Set Precision Arithmetic

» Six General Purpose Registers = Ability to Provide Prlohty Vectored
and an Accumulator Interrupts <

= Sixteen Bit Program Counter for = 512 Directly Addresseﬂ 1/0 Ports

Directly Addressing up to 64K Bytes
of Memory

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a sihgle LS! chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution to control a d processing applications.
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set

or reset four testable flags. A fifth flag provides decimal arithmetic operation.

retrieve the contents of the accumulator, flags, program counter and all of the six general purpos

registers. The sixteen bit

The 8080A has an external stack feature wherein any portion of memory may be used as a last Ln/first out stack to store/

stack pointer controls the addressing of this external stack. This stack gives the 8080A the abilit
level priority interrupts by rapidly storing and restoring processor status. It also provides aimost unl
This microprocessor has been designed to simplify systems design. Separate 16-line address and
busses are used to facilitate easy interface to memory and {/0, Signals to control the interface to
vided directly by the 8080A. Ultimate control of the address and data busses resides with the H(
ability to suspend processor operation and force the address and data busses into a high impedan
tying these busses with other controlling devices for (DMA) direct memory access or multi-process

to easily handle multiple
mited subroutine nesting.

8-line bi-directional data
memory and 1/0 are pro-
LD signal. It provides the
te state. This permits OR-
pbr operation.
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A.C. CHARACTERISTICS
Ta =0°Cto 70°C, Vpp = +12V + 6%, Ve = +5V £ 5%, Vg = -5V % 5%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition
tey (3] Clock Period .38 2.0 | usec

te, t Clock Rise and Fall Time 0 50 | nsec

g1 ¢1 Pulse Width 60 nsec

ty2 ¢, Pulse Width 175 nsec

tp1 Delay ¢¢ to ¢, 0 nsec

tpo Delay ¢5 to ¢ 70 nsec

tp3 Delay ¢ to ¢, Leading Edges 70 nsec

tpa (2] | Address Output Delay From ¢, 175 | nsec } CL = 100pt
tpp [2] | Data Output Delay From ¢ 200 | nsec

tpc (2! | Signal Output Delay From @1, Oor Po (SYNC, WRWAIT, HLDA) 120 | nsec

tpr [2] | DBIN Delay From ¢, 25 140 | nsec } Cr = 80pf
tp it Delay for Input Bus to Enter Input Mode tpr | nsec

tps1 Data Setup Time During ¢ and DBIN 20 nsec

TIMING WAVEFORMS

[14]

(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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S |
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P
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ABSOLUTE MAXIMUM RATINGS™

Temperature UnderBias . ... ...........
Storage Temperature .. ............. -65°C to +150°C
All Input or Output Voltages

*COMMENT: Stresses above those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in

With Respectto Vgg - .. ..o vvvn e -0.3V to +20V the operational sections of this specification is not implied. Ex-
Vee, Vop and Vgs With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended
Power Dissipation .. .......... . 1.5W periods may affect device reliability.

D.C. CHARACTERISTICS
Ta =0°C to 70°C, Vpp = +12V £ 5%, Vg = +6V £ 5%, Vgg = -6V 5%, Vgs = OV, Unless Otherwise Noted.
Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 Vgst08 | V '
Vine Clock Input High Voltage 9.0 Vppt1 \
Vi Input Low Voltage Vgg—1 Vgs+0.8 \
ViH Input High Voltage 3.3 Veetl \)
VoL Output Low Voltage 0.45 v loL = 1.9mA on all outputs,
VoH Output High Voltage 3.7 v lon =-150uA.
Ibo(av) | Avg. Power Supply Current (Vpp) 40 70 mA
} Avg. Power Supply Current {Vgc) 60 80 A Operation
CC(AV) 9. Fower Supply cc m Tey = .48 usec
Igg (av) | Avg.Power Supply Current (Vgg) .01 1 mA
I Input Leakage 10 HA Vgs < ViN < Ve
oL Clock Leakage 10 MA Vss < Verock < Vop
Ip 2l Data Bus Leakage in Input Mode -100 HA Vgs SVin SVgs +0.8V
S20 | mA | e +0.8V<ViNS Ve
Address and Data Bus Leakage +10 VaDDR/DATA = Vee
FL During HOLD -100 | MA
9 VapDR/DATA = Vg + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS.
1]
T, =25°C Ve = Vpp = Vss = OV, Vgg = -5V . TEMPERATURE, NORMALIZED. 3]
Symbol Parameter Typ. Max. Unit Test Condition 5
Co Clock Capacitance 17 25 pf fe=1MHz E ‘1
2
Cin Input Capacitance 6 10 pf Unmeasured Pins ; e
Cout Output Capacitance | 10 20 pf Returned 1o Vgg 5 T
NOTES: b
1. The RESET signal must be active for a minimum of 3 clock cycles. 0‘50 ‘ +25 +50 +76
2. When DBIN is high and V|N > V)4 an internal active pull up will ; o
be switched onto the Data Bus. AN;’B'ENT TEMPERATURE (*C)
3. Alsupply / AT = -0.45%/°C. K
DATA BUS CHARACTERISTIC
i DURING DBIN
MAX | — — —-3— —
oL
% Veo
Vin
_ E
515
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A.C. CHARACTERISTICS (Continued)

Ta =0°Ct070°C, Vpp = +12V * 5%, Vg = +6V * 5%, Vgg = -5V * 5%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition
tps2 Data Setup Time to ¢, During DBIN 150 nsec

tpu [l | Data Hold Time From ¢ During DBIN (11 nsec

tie 2] INTE Output Delay From ¢, 200 | nsec C, = 60pf

trs READY Setup Time During ¢, 120 nsec

ths HOLD Setup Time to ¢o 140 nsec

g INT Setup Time During ¢ (During ¢1 in Halt Mode) 120 nsec

ty Hold Time From ¢, (READY, INT, HOLD) 0 nsec

trp Delay to Float During Hold (Address and Data Bus) 120 | nsec

taw (2! | Address Stable Prior to WR 5] nsec ||

tpw!2! | Output Data Stable Prior to WR (6] nsec

twp!2! | Output Data Stable From WR [7} nsec

twal2l | Address Stable From WR {7 nsec | |- gt:;gngﬁdﬁig:ﬁg‘sm
tyel2 HLDA to Float Delay (8] nsec

twe (2] | WR to Float Delay (91 nsec

tan[2] | Address Hold Time After DBIN During HLDA ~20 nsec _J

NOTES:

1.

Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.
tpH = 80 ns or tpF, whichever is less.

2. Load Circuit.

] \ } 8080A
OUTPUT
b d - g —
twa 3.ty =tp3 *trg2 +tp2 * tg2 + tD2 + trgq > 480ns, -
5 It e AN TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
[ R A - +20
wo H
: +10
o
—»| |« Tan 8
. 0
/ 2 SPEC.
E
. 3 -1
a
;._,_] | —— __F e -20
| -100 -50 ] ‘+50 +100
7 A CAPACITANCE (pf)
bt ] Cacruar ~ Cspec!
4. The foll are relevant when interfacing the 80B0A to devices hd}ding Vi = 3.3Vv:
a) Maximum output rise time from .8V to 3.3V = 100ns @ C| = SPEC.
Lol b} Output detay when measured to 3.0V = SPEC +60ns @ CL= SPﬁf.
f €} If €L # SPEC, add Bns/pF if C| > Cgpgc, subtract .3ns/pF (from madified delay} if C|_ < Cgpgc.
—»| tpc |e— 8. taw = 21tCYy -tD3 ~trp2 ~140nsec. i
= [rm— 6. tpw=1CY -tD3 -tr¢2 -170nsec. i
P x 7. If not HLDA, twp =twA = tD3 + trp2 +10ns. If HLDA, twp = twa S twr.
8. tHF = tD3 * ty¢7 -50ns. i
o 9. tWF = tp3 + trg2 -10ns i
10. Data in must be stable for this period during DBIN ‘T3, Both tpg1 dnd tpgy must be satisfied.
11. Ready signal must be stable for this period during T or Tw. (Must be externally synchronized.)
PR 12. Hold signal must be stable for this period during T3 or Tyy when entering hold mode, and during 73.7T4. T
- and TyyH when in hold mode. (External synchronization is not required.)
13. 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 i$ not required. }
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle.

6.17





[image: image72.png]SILICON GATE MOS M8080A

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 M808OA. 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 1/O ports or the directly addressed /O provided
for in the M8B080A instruction set.

The following special instruction group completes the
MB8O80A instruction set: the NQP instruction, HALT to stop
processor execution and the DAA instructions provide deci-
mal arithmetic capability. STC allows the carry flag to be di-
rectly sei, 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 M80BOA is stored in the form of 8-bit binary integers. All data transfers to the systerﬁ data bus will be in the

same format.

B7 Dg Ds D4 D3 Dy Dy Dg|

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 D4 D3 Dy Dy Do | OP CODE

Two Byte Instructions

| D7 Dg Ds D4 D3 Dy Dy Dy | OP CODE
[ D7 Dg Ds Dy D3 Dy Dy Dy | OPERAND

Three Byte Instructions

[ D7 Dg Ds D4 D3 D, Dy Dy | OP CODE
[D7 Dg Ds D4 D3 Dy Dy Dy | LOWADDRESSOR OPERAND 1

TYPICAL INSTRUCTIONS

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

fmmediate mbde or 1/0 instructions

-
Jump, call oridirect load and store
instructions!

[ D7 Dg Ds Dy D3 Dy Dy Dy | HIGH ADDRESS OR OPERAND 2

For the M8080A a logic /1" is defined as a high level and a logic ““0"* is defined as a low [level.
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INSTRUCTION SET

Summary of Processor Instructions

Instruction Code[1] Clock (2] instruction Code[t! Clock(2)

Mnemonic  Description D, Dg Dg D3 D; Dy Dy  Cycles Mnemonic  Description 0; Og Dg Dy D3 Dp Di Dy  Cycles
MOV,  Move register to register 01 5 D DS § S8 ] RZ Return on zero 11 0 0 1 0 0O §/11
MOV M, s Move register to memary 01 1 1 0§ S S 7 fANZ Return on no 2ero0 1 1+ 0 0 0 0 ¢ O s
MOVr,M  Move memory to register 9 ¢+ 0o 0O D1 1 0O 7 RP Return on positive 1+ 1 1 00 0 0 5/11
HLT Halt o1 1 1 0 1 1 0 7 /M Return on minus t vt 1 1 1.0 00 5/11
MVIr Move immediate register 00 0 D D1 1 0 7 RPE Return on parity even 11 1 0 1t 0 00O 5/11
MVI M Move immediate memory o0 1V t 0 t 10 10 RPO Return on parity odd 1 1+ 1 0 0 0 0 O 5/11
INR ¢ Increment register ¢ 0 DO D1 00O 5 RST Restart t 1 A A A1 1 1"
OCRr Oecrement register 00 DO DT 01 5 IN [nput 11 0 1 10 1 10
INR M Increment memory o0 t 1.0 1 0 O 10 ouT Qutput 11 0 1 0 C 1 1 10
DCR M Decrement memory o0 1 1 0 1 01 10 LXtB Load immediate register 6 0o 0 0 0 0 0 % 10
ADDr Add register to A 1 0 0 0 0 S 8§ § 4 PairB & C
ADCr Add register ta A with carry 10 0 0 t 8§ § § 4 LXID L.oad immediate register 60 0 1 0 0 0 1 10
sugr Subtract register from A t 0 ¢ 1 0 S 8§ § 4 Pair D& E
S8 r Subtract register from A Tt o ¢ t 18 88§ 4 LXIH Load immadiate register 00 1 0 00 01 10

with borrow Pair H& L
ANA ¢ And register with A 10 1 0 0 S S S 4 LXISP  Load immediate stackpointer ¢ 6 1 t 0 0 0 1 10
XRA T Exclusive Or register with A 1 0 1 0 1 8 § § 4 PUSHB Push register Pair 8 & C on t 1 0 0 0 1 0 11
ORATr Or register with A 1 0 1 1. ¢ 8 S 8§ 4 stack
CMPe Compare register with A 1o 1 1 18 8 S 4 PUSHD  Push register Pair D & E on t 10 1 0 1t 01 11
ADD M Add memory to A 10 0 0 0 1 10 7 stack .
ADCM Add memory ta A with carry 1 ¢ 0 0 1 1 1 0 7 PUSH H Push register Pair H & L on T 1t 00 1 01 n
SUBM Subtract memary from A 10 0 10 1 10O 7 stack i
SBB M Subtract memary from A 10 ¢ t 1 1 1 0 7 PUSH PSW  Push A and Flags 11 1 1 0 t 0 1 n

with borrow on stack
ANAM And memory with A 10 1 0 0 1 10 7 PoP B Pogp register pair B & C off 11 0 0 06 0 01 10
XRA M Exclusive Or memory with A 10 1 0 t 1 10 7 stack
ORAM Or memory with A 10 1 vt 0 1 10 7 POPO Pop register pair O & E off 11 6 t 0 0 0 1 10
CMP M Compare memory with A 1 0 1 1 1 1 10 7 stack
ADI Add immediate to A 11 0 6 0 1 1 0 7 POPH Pop register pair H & L off 11 1 0 0 0 0 1 10
AC! Add immediate 10 A with 11 0 0 ¥ U 1 0 7 stack

carry POP PSW Pop A and Flags t A 1 10 0 0 t 10
SUl Subtract immediate from A 1+ 0 1 0 1 1 ¢ 7 off stack
S8l Subtract immediate from A 11 0 1t 11 10 7 STA Store A direct 00 1 1 ¢ 0 1O 13

with borrow LDA Load A direct 90 1 1 10 1 0 13
ANt And immadiate with A 11 1t 0 0 1 1 0 7 XCHG Exchange D& E,H& L 1 1 10 1 0 1 1 4
XRi Exclusive Or immediate with Tt 1 0 1 1 19 7 Registers

A XTHL Exchange top of stack H & L 11 1 0 ¢ 0 1 1 18
ORI Or immadiate with A Tt 1 1 1. 011 t 90 7 SPHL H & L to stack pointer 11 1 1t 1 0 01 5
cPl Compare immediate with A ) I I E NS NS NS B 7 PCHL H & L to program counter 11 t 0 1 0 0t 5
fLC Rotate A left 00 0 0 0 1 1 1 4 DAD B AddB&CtoH&L 6 ¢ 0 0 1 0 0 1 10
RRC Rotate A right 00 0 0 1 1 ¥ 4 DAD D AddD & EtoH&L 00 0 1 10 0 1 10
RAL Rotate A left through carry o 0 ¢ 1 0 1 1 1t 4 DADH AddH& LtoH& L 0 ¢ Tt 0 1 0 0 1 10
RAR Rotate A right through 60 0 1 1 1 1 1 4 DADSP  Add stack pointer 1o H & L. 00 v 1 1 0 0 1 10

carry STAX B Store A indirect 60 0 000 10 7
Jmp Jump unconditional 11 06 ¢ 0 0 t 1 10 STAX D Store A indirect 00 0 1 0 0 1 0 7
Jc Jump on carry 11 0t t 0 10 10 LDAXB  Load A indirect ¢clo o 0 1 0 10 7
INC Jump on no carry Tt 1.0 1 00 1 0 10 LDAXD  Load A indirect o0 0 1 10 1 0 7
1z Jump an zero Tt 1+ 0 0 1 0 10 10 INX B Increment B & C registers 000 0 0 0 0 11 5
INZ Jump on no zero t 1 0 0 00 10 10 INX D Increment D & E registers 60 0 1 0 0 1 1 5
» Jump on positive T 1 1t 160 10 10 INX H Increment H & L registers 60 t 0 0 0 11 5
M Jump on minus T 11 1 10 10 10 INXSP - Increment stack pointer 0 1t 1 00 11 5
JPE Jump on parity even 11 1 ¢ 1 0 1 0 10 0CX B Decrement B &.C 00 0 0 1 0 11 5
JPO Jump on parity odd t 1 1 000 10 10 DCX D Decrement D & E 00 0 1 1 0t 5
CALL Call unconditional 11 0 0 1 1 01 17 DCXH Qecrement H & L 00 1 0 v 0 t 1 5
cc Call on-carry Tt 0 1 1 1 00 1w DCXSP  Decrement stack pointer 00 1 1 1 0 11 5
CNC Call on no carry 1Y 0 1 061 00 1nn? CMA Complement A 0w 1 0 1 1 1 4
cz Call on zero tr+ 0 0 11 00 11/17 STC Set carry 00 1 1 0 1 1t 4
CNZ Call on no zero 11 0 0 0¢ 1 0 O nni CMC Complement carry 000 1 1 1t 1 4
[44 Call an positive o 11 0 1 0 0 1n? DAA Decimal adjust A 0 1 0 0 1 11 4
CcM Call an minus L | 1Tt 1 1 0 0 1n7 SHLD Store H & L direct 00 1 0 0 0 1 0 16
CPE Call an parity even 11t 0 1 1t 0 0 117 LHLD Load H & L direct 00 t o6 1 0 1 0 16
cPo Calt on parity odd 11 1 0 0 1 00 nn? Et Enable Interrupts 11 1 10 1 4
RET Return 1 1+ 0 0 31 0 0 1 10 0l Oisable interrupt Tt 1 1 00 1 1 4
AC Return on carry 11 0 t 1 0 0 O 5/11 NOP No-operation 00 0 0 0 0 ¢ 0 4
RNC Return on no carry 11 0 t 0 0 0 O $/1
NOTES: 1. DDD or SSS — 0008 —001 C~ 010D — 011 E— 100 H — 101 L — 110 Memory — 111 A,

2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
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M8080A FUNCTIONAL PIN DEFINITION ‘
T‘he following describes t.he. function of ‘aII of tlhe- MBOBOA IéO Arg . A 20 A
pins. Several of the descriptions refer to internal timing periods. GND ) 39 0 Arq 1
Aqg.Aq (output three-state) o, O+—~|3 38 F—=0 Aq3 {
ADDRESS BUS; the address bus provides the address to memory Dy O=—>{4 37 —>0 Ay |
{up to 64K 8-bit words) or denotes the I/O device number for up Dy O+—>|5 36 —=0 Aqg
to 256 input and 256 output devices. Ag is the least significant D, O*—{6 35 f—»0 Ag
address bit. Dy O+—>17 ® 34 —0 Ag
D3-Dg {input/output three-state) [;2 oc<—> g lNTEL ::; :;? ::;
DATA BUS; the data bus provides bi-directional commu.mcatlon D1 o=} 10 M8080A - 0 Ag
between the CPU, memory, and |/O devices for instructions and 0 A

. . . -5v o— 11 30 b—=0 A4
data transfers. Also, during the first clock cycle of each machine RESET 12 29 o As
cycle, the MBO8OA outputs a status word on the data bus that de- HOLD 13 28 o +12V
scribes the current machine cycle. Dg is the least significant bit. INT © 14 27 f—»0 A,
SYNC (output) 2 O—] 15 26 }—=0 Ay
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to INTE O=+——] 16 25 F—=0 Ap
indicate the beginning of each machine cycle. DBIN O=—r] 17 24 —=0 WAIT

WR O=— 18 23 f+—0 READY

DBIN {output) syNe O<+— 19 22 f+—0 ¢,
DATA BUS IN; the DBIN signal indicates to external circuits that +5v 0— 20 21 b—+0 HLDA

the data bus is in the input mode. This signal should be used to
enable the gating of data onto the M8080A data bus from memory
or /0.

READY (input)

READY; the READY signal indicates to the M8080A that valid
memory or input data is available on the MBO8OA data bus. This
signal is used to synchronize the CPU with slower memory or 1/0
devices. If after sending an address out the M8B080A does not re-
ceive a READY input, the M8080A will enter a WAIT state for as
long as the READY line is low. READY can also be used to single
step the CPU.

WAIT (output)
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT
state.

WR (output)

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

HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the MB080A address and data bus as soon as the M8B080A has
completed its use of these buses for the current machine cycle. It
is recognized under the following conditions:

® the CPU is in the HALT state.

® the CPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
(Atg-Ag) and DATA BUS (D5-Dg) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

HLDA (output)
HOLD ACKNOWLEDGE; the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

Pin Configuration

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 QUT-
PUT operation.

In either case, the HLDA signal appears after the rising edge of ¢4
and high impedance occurs after the rising edge of ¢,.

INTE (output)

INTERRUPT ENABLE; indicates the content of the internal inter-
rupt enable flip/flop. This flip/flop may be set or reset by the En-
able and Disable Interrupt instructions and inhibits interrupts
from being accepted by the CPU when it is reset. It is auto-
matically reset {disabling further interrupts) at time T 1 of the in-
struction fetch cycle (M1) when an interrupt is accepted and is
also reset by the RESET signal.

INT (input)

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
guest 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 (input) (1]
RESET; while the RESET signal is activated, the content of the
program counter is cleared. Aftey RESET, the program will start
at location 0 in memory. The INTE and HLDA flip/tlops are also
reset. Note that the flags, accumulator, stack pointer, and registers
are not cleared.

Vss  Ground Reference

VoD  +12 Volts £10%.

Vee  +5 Volts £10%.

VBE -5 Volts +10%.
?1. %2 2 externally supplied clock phases. {non TTL compatible)
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ABSOLUTE MAXIMUM RATINGS*

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

Temperature Under Bias
Storage Temperature
All tnput or Output Voltages

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

*COMMENT: Stresses above those listed under ""Absolute Maxi-
mum Ratings' may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

D.C. CHARACTERISTICS

Ta = 0°C 10 70°C, Vpp = +12V £ 5%, Ve = +6V 5%, Vgg = -5V * 5%, Vss = OV, Unless Otherwise Noted.

Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock nput Low Voltage Vgg—1 Vsst+0.8 \
Vine Clock Input High Voltage 9.0 Vpp+1 Y
ViL Input Low Voltage Vgg—~1 V55+0.8 \
Vin Input High Voltage 3.3 Veet+t \
VoL Output Low Voltage 0.45 \ J’lOL ="1.9mA on all outputs,
Vou Output High Voltage 3.7 v lon = 150uA.
Ipotav) | Avg.Power Supply Current (Vpp) 40 70 mA )
Icc (av) | Avg. Power Supply Current (Vee) 60 80 mA g')(fjriu.g;usec
Isg (av) | Avg. Power Supply Current (Vgg) .01 1 mA
U Input Leakage 10 HA Vss < Vin < Ve
leL Clock Leakage 10 UA Vss < VeLoek < Vpp
IpL (2] Data Bus Leakage in Input Mode -100 | pA Vss SVin <Vsg+0.8V
201 mA v +0lBY < Vin <Vee
- Adgres§ and Data Bus Leakage +10 uA VADDF;/DATA = Vee
uring HOLD -100 VADDADATA = Vs + 0.46V
CAPACITANCE TYPIGAL SUPPLY CURRENT VS,
T,=25°C Vg = Vpp = Vgg = 0V, Vgg =-5V s TEMP%RATURE, NORMALIZED. [3]
Symbol Parameter Typ. Max. Unit Test Condition 5 ;
o Clock Capacitance 17 25 pf fe =1MHz % ‘
Cin Input Capacitance 6 10 pf Unmeasured Pins ; 10 :
CouT Output Capacitance | 10 20 pf Returned to Vgg § : I
NOTES: :

1. The RESET signal must be active for a minimum of 3 clock cycles.

2. When DBIN is high and Vi > V)14 an internal active pull up wili
be switched onto the Data Bus.

3. Al'supply / AT =-0.45%/°C.

05
0 § +25 +50 +75
A‘;ABIENT TEMPERATURE (°C)
DAT4 BUS CHARACTERISTIC
DURING DBIN
MAX |- — — —e o
Tou
o
[ Vee
Vin
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WAIT

HOLD

HLDA

iNT

INTE

A.C. CHARACTERISTICS (Continued)
Ta =0°C 10 70°C, Vpp = +12V + 5%, Ve = +5V =

5%, Vgg = -5V * 6%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition
tps2 Data Setup Time to ¢ During DBIN 120 nsec
tpu (1] | Data Hold Time From ¢, During DBIN 4] nsec
tye (2] INTE Output Delay From ¢ 200 | nsec Cp = 80pf
tRs READY Setup Time During ¢ 90 nsec
ths HOLD Setup Time to ¢, 120 nsec
tig INT Setup Time During ¢ (During ¢4 in Halt Mode) 100 nsec
tH Hold Time From ¢, (READY, INT, HOLD) 0 nsec
teD Delay to Float During Hold (Address and Data Bus) 120 | nsec
taw!2] | Address Stable Prior to WR (5] nsec ||
towl2] | Output Data Stable Prior to WR (6] nsec
twpl2! | Output Data Stable From WR 7] nsec
twal2l | Address Stable From WR 171 nsec | C= 50pf: Address, Data
CL=50pf: WR, HLDA, DBIN
tyrl2l |} HLDA to Float Delay (8l nsec
twe (2] | WR to Float Delay 19} nsec
tan (2] | Address Hold Time After DBIN During HLDA -20 nsec | |
NOTES:

1

Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.

tpH = 50 ns or tp g, whichever is less.

2. Load Circuit.
+5Y
}F \ ~ 21K
2 8080A
l OUTPUT
—» O |
———tme—————-——
S dee o o — {. -
twa 3. tCY =tp3 * trp2 + 192 * te2 + 1D2 * trg1 > 320ns. =
£ - —— et TYPICAL A QUTPUT DELAY VS. A CAPACITANCE
A S S - +20
wp E /
> +10
* 3
el e tay &
0
s / S 2 SPEC
= ;
, 3 -0
-
$— [ -}J‘F‘ e -20 i\
t -100 -60 0 50 +100
_2 @
3 CAPACITANCE (pf) |
C - Cpc!
|l te —] (Cactuat ~ Cspec |
§
4. The foll ara retevant when interfacing the 8080A to devices having V([ = 3.3V:
al Maximum output rise time from .8V to 3.3V = 100ns @ CL = SPEL.
- b} Output delay when measured to 3.0V = SPEC +80ns @ C) = SPEQ.
£ c) tf €| # SPEC, add Bns/pF if C| > Cgpgc, subtract .3ns/pF {from modified delay) if Ct, <Cspgc.
—=| tpe e 5. taAw = 21CY ~tD3 -trg2 ~110nsec. !
o == 6. IDW=tCY -1D3 -trp2 -160nsec. !
¢ ; 7. It not HLDA, twp = twa = tD3 + trp2 +10ns. If HLDA, twp = twa = ‘;NF
8. tHF = D3 * trp2 -50ns. ;
— 9. tWF = tp3 * trg2 ~10ns |
. 10. Data in must be stable for this period during DBIN -T3. Both tps1 anit tpgy must be satisfied.
11. Ready signal must be stable for this period during To or Tyy. (Must be externally synchranized.)
e tyg 12. Hold signal must be stable for this period during T2 or Ty when entering hold mode, and during T3, Tq, Tg
- and Ty when in hold mode. (External synchronization is not required.)
13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be
-—’, [ ized on the following instruction. (External synchranization is not required.)
any specific

- This timing diagram shows timing relationships only; it does not r pres

cycle.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ... ........... 0°Cto+70°C
Storage Temperature .. ............. -65°C to +150°C
All Input or Output Voltages

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

*COMMENT: Stresses above those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

D.C. CHARACTERISTICS

Ta =0°C to 70°C, Vpp = +12V £ 5%, Vg = +5V * 5%, Vgg = -5V * 5%, Vss = OV, Unless Otherwise Noted.

Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock input Low Voltage Vgs—1 Vest08 |V )
Viue Clock Input High Voltage 9.0 Vppt1 Vv
ViL Input Low Voltage Vgs—1 Vgs+0.8 \
Vi Input High Voltage 3.3 Vet \
Vou Output Low Voltage 0.45 \ J‘IOL = 1.9mA on all outputs,
VoH Output High Voltage 3.7 \ lon = 150uA.
Ipp(av) | Avg.Power Supply Current {Vpp) 40 70 mA
lcc(av) | Avg. Power Supply Current (Vec) 60 80 mA Operation
Tcy = .38usec

Ig(av) | Avg.Power Supply Current (Vgg)

.01 1 mA

Vin < Vee

<
+10 UA Vgs < VgLock < Vpp

I8 Input Leakage +10 MA Vss
lcL Clock Leakage
o [2] Data Bus Leakage in Input Mode

-100 | pA | Veg<ViN<Vgs+0.8V
-2.0 mA V55 +0.8V<Viy<Vee

Address and Data Bus Leakage

V, =V
+10 s ADDR/DATA = Ve

‘FL .
During HOLD ~100 VADDR/DATA = Vss + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS.
Tp=25°C Vg = Vpp = Vgs =0V, Vgg =-5V .5 JEMPERATURE, NORMALIZED. 3]
Symbol Parameter Typ. Max. Unit Test Condition 5
C¢ Clock Capacitance 17 25 pf fo=1MHz E
=
Cin Input Capacitance 6 10 pf Unmeasured Pins ; 0 :
CouTt Output Capacitance 10 20 pf Returned to Vgg § 1 ——
NOTES:
05 ‘

1. The RESET signal must be active for a minimum of 3 clock cycles.

2. When DBIN is high and Vi > Viy an internal active pull up will
be switched onto the Data Bus.

3. Alsupply / ATp = -0.45%/°C.

[ k25 +50 +75

AMBIENT TEMPERATURE (°C)

1

DATA dUS CHARACTERISTIC
ZDURING DBIN

!

MAX |- — — — —
|
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PIN CONNECTIONS

The external lead connections to the 8702A differ, depending on whether the device

mode. (See following table.)

is being programmed (1) or used in read

PIN 12 13 14 15 16 22 23
MODE (Vec) | (Program) T | Vgg) | (Vgg) Vee) | Ve
Read Vee | Vec GND | Ve | Voo Vee | Vee
Programming GND | Program Pulse | GND | Vgg Pulsed Vg (VjLep ) | GND | GND
ABSOLUTE MAXIMUM RATINGS*
i
Ambient Temperature Under Bias 0°C t0 +70°C *COMMENT

Storage Temperature . ............ —65°C to +125°C
Soldering Temperature of Leads (10sec) ........ +300°C
Power Dissipation . ...................... 2 Watts
Read Operation: Input Voltages and Supply

Voltages with respectto Ve . ... ... ... +0.5V to —20V

Program Operation: Input Voltages and Supply
Voltages with respect to Ve

Stresses above those listed under Y’ Absolute Maximum Rat-
ings’”’ may cause permanent damage to the device. This is a
stress rating only and functional gperation of the device at
these or at any other condition above those indicated in
the operational sections of this specification is not implied.
Exposure to Absolute Maximum Rating conditions for ex-
tended periods may affect device lreliability.

READ OPERATION
D.C. AND OPERATING CHARACTERISTICS

T
|
|

) . :
T4 =0°C to 70°C, Ve = +6V+5%, V= —~9V15%, VG(G’= —9V+5%, unless otherwise noted.
SYMBOL TEST MIN.  TYPS) MAX. |UNIT CONDITIONS
W Address and Chip Select 10 pA | V) =00V
Input Load Current i
Lo Output Leakage Current 10 BA | Vgur = 0.0V, CS = V4. -2
lopo | Power Supply Current 5 10 mA Vge=Vee! C—S=VCC -2
lo, = 0.0mA, T, = 25°C
Ipp1 | Power Supply Current 35 50 mA | CS=V¢o -2 ‘ W
lor =0.0mA, T, = 25P°C
lbpz | Power Supply Current 32 46 mA | C5=0.0 :
loL =0.0mA T, =25°C L c
— ; ontinuous
P = —
Ihos ower Supply Current 38.5 60 mA Cs YCC 2 . Operation
toL =0.0mA , T, =0°C
ler Output Clamp Current 8 14 mA Vour = 1.0V, T, =0°C
- = o
legp | Output Clamp Current 13 mA | Vour=-1.0V,T, =25°C |
s Gate Supply Current 10 A
ViL1 Input Low Voltage for -1.0 0.65 A !
TTL Interface 1
ViL2 Input Low Voltage for Vbp Vee —6 \4
MOS Interface !
Vi Address and Chip Select Vee—2 Vee 10.3 \Y :
Input High Voltage
oL Outpu.t Sink Cunf?,t, 1.6 4 mA Vour = 045V
Vou Cutput Low Voltage -7 0.45 A\ lOL = 1.6mA
Vou Output High Voltage 3.5 Y lon = —200 pA
Note 1:  In the programming mode, the data inputs 1—8 are pins 4—11 respectively. CS = GND.
Note 2: V@gg may be clocked to reduce power dissipation. In this mode average Ipp increases in proportion to Vg duty cycle, {See p. 5)
Note 3:  Typical values are at nominal voltages and Ta=25°C.
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A.C. CHARACTERISTICS (Continued)

Ta = 0°C1070°C, Vpp = +12V + B%, Ve = +5V £ 5%, Vgg = -5V * 5%, Vg = 0V, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition

tps2 Data Setup Time to ¢ During DBIN 130 nsec

tpu [l | Data Hold Time From ¢5 During DBIN 5] nsec

tyg (2] INTE Output Delay From ¢, 200 | nsec C = 50pf

trs READY Setup Time During ¢o 90 nsec

tHs HOLD Setup Time to ¢o 120 nsec

tig INT Setup Time During ¢ (During 61 in Halt Mode) 100 nsec

tH Hold Time From ¢, (READY, INT, HOLD) 0 nsec

tep Delay to Float During Hold {Address and Data Bus) 120 | nsec

taw (2 | Address Stable Prior to WR (51 nsec ||

tpwl2 | Output Data Stable Prior to WR [6] nsec

twpl2! | Output Data Stable From WR (71 nsec

twal?l | Address Stable From WR (71 nsec | C.= 100pf: Address, Data
C_=50pf: WR, HLDA, DBIN

tyrl2] | HLDA to Float Delay {8] nsec

twr 2l | WR to Float Delay (9] nsec

tap (2 Address Hold Time After DBIN During HLDA ~-20 nsec | |

2]

®2

Ars-Ag

D;-0q

SYNC

OBIN

READY

WAIT

HOLD

HLDA

INT

INTE

3 R AR N

two

[ tan

b thr —

4. The foll.

NOTES:
1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.

tpH = 50 ns or tnF, whichever is less.
§ 21K

2. Load Circuit.

8080A
ouTPUT

e

3. tCY = 1D3 + trg2 + 192 + tip2 + (D2 + trpe > 380ns.

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
+20

+10

SPEC

A QUTPUT DELAY (ns)
o

-20
-100

-50 0 +30 +100

A CAPACITANCE (pf}
(CacruaL — Cspec!

ing are relevant when interfacing the 8080A to devices havhig VIH =3.3V:

Coue;m

a) Maximum output rise time from .8V to 3.3V = 100ns @ C=SPEC,
b) Output delay when measured to 3.0V = SPEC +60ns @ CL =SPEC.}
c) It Cp + SPEC, add .Bns/pF if C) > CsPEC. subtract 3ns/pF {from madified delay) if C|_ < CspPEC.
- AW = 2tCY -tD3 ~trg2 -130nsec. .
- IDW =ICY -tD3 ~trp2 ~170nsec.
- 1 not HLDA, twp = twa = tD3 + trp2 +10ns. If HLDA, twp = twa = tWF.
- tHF = tD3 *+ teg2 -50ns.
- 'WF =tD3 + trg2 -10ns :
. Data in must be stable for this period during DBIN ‘T3. Both tpgy and tpgy must be satisfied.

11. Ready signal must be stable for this period during Ty or Tyy. {Must be ‘axternally synchronized.)

. Hold signal must be stable for this period during T3 or Tyy when entering hold mode, and during T3.74. T
and Ty when in hold mode. (External synchronization is not required.)
. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be

r on the following instruction. {External synchronization is not required.)
. This timing diagram shows timing relationships only; it does not represant any specific machine cycls,
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The M8080A is functionally compatible with the Intel® 8080,

= Full Military Temperature Range = Sixteen Bit Stack Pointer and Stack
—55°Cto +125°C Manipulation Instructions for Rapid

Switching of the Program Environment

Decimal,Binary and Double
Precision Arithmetic

Ability to Provide Priority Vectored
Interrupts

512 Directly Addressed 1/0 Ports
TTL Drive Capability

® *+10% Power Supply Tolerance
® 2 us Instruction Cycle

= Powerful Problem Solving
Instruction Set

= Six General Purpose Registers
and an Accumulator

= Sixteen Bit Program Counter for
Directly Addressing up to 64K Bytes
of Memory

The Inte!® MB08OA is acomplete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications.
The MB080OA contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set
or reset four testable flags. A fifth flag provides decimal arithmetic operation.

The MB08B0A 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 six general purpose registers. The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the MBOBOA 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 $-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0O are pro-
vided directly by the MBOBOA. Ultimate 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 impedancla state. This permits OR-
tying these busses with other controlling devices for (DMA) direct memory access or multi-processoq operation.

DATA BUS
BUFFER/LATCH
ACCUMULATOR TEMP. REG. INSTRUCTION
81 @ REGISTER () MULTIPLEXER
w L 4 18
,::,t_AF?_ofs) TEMP REG. TEMH REG.
ACCUMULATOR - B 8) 18)
LATCH () 2 REG. REG.
INSTRUCTION p -
ARITHMETIC o D@ E]
LOGIC Dsgggsn 4 REG, REG
UNIT MACHINE 2 H @ 8
(ALUH CYCLE @ REG. REG.
8 ENCODING & e
= STACK POINTER |
16)
PROGRAM COUNTER]
DECIMAL INCREMENTER/DECREMENTER
ADJUST ADDRESS LATCH] (1)
TIMING
AND
CONTROL

! 116)]
DATA BUS INTERRUPT  Hi ADDRESS BUFFER |
ERRUI oLD WAI

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS
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Absolute Maximum Ratings *

Temperature Under Bias . . .. . T -25°C to +85°C
Storage Temperature . ........................ -65°C to +125°C
All Input or Output Voltages with Respect to Vg

{exceptProgram) .. ... .............. . ... ... +15V to -0.3V
Program Inputto Vg . . . .. ..o +35V to -0.3V
Supply Voltages Voc and Vgs with Respectto Vgg. . .. ... +15V to -0.3V
Vpp with Respectto Vg . ... ..ot +20V to ~0.3V
Power Dissipation ... ........... ...t 1.5W

READ OPERATION
D.C. and Operating Characteristics

*COMMENT |

Stresses above those Ifsted under “Absolute Maximum
Ratings’’ may cause germanent damage to the device.
This is a stress ratin¢ only and functional operation
of the device at thesp or any other conditions above
those indicated in the operational sections of this
specification is not limplied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Ta=0°C t0 70°C, Ve = +5V 5%, Vpp = +12V 6%, Vgg = -5V 5%, Vgg = OV, Unless Otherwise Noted.

Symbol Parameter Min.  Typ.[1 Max. | Unit Conditions

I Address and Chip Select Input Load Current 10 HA Vinj=6.25V

ILo Output Leakage Current 10 HA Vour = 5.25V, CS/WE = 5V
Ibp Vpp Supply Current 50 65 mA Worist Case Supply Currents:
lee Vee Supply Current 6 10 mA All [nputs High

Igg Vgg Supply Current 30 45 mA | CS/WE=5V; T, =0°C

ViL Input Low Voltage Vss 0.65 \

ViH Input High Voltage 3.0 Veet+1 \

Vou Output Low Voltage 0.45 \ loLF 1.6mA

Vo1 | Output High Voltage 3.7 \Y lon = -100uA

VoHz Output High Voltage 2.4 \ lor[= -TmA

Pp Power Dissipation 800 | mW | Ta #70°C

NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages.

2. The program input (Pin 18) may be tied to Vigg or Ve during the read mode.
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INSTRUCTION SET

Summary of Processor Instructions

instruction Code!(?) Clack(2) Instruction Code 1! Clock(2)

Mnemanic  Description D; Dg Ds Dg Dy D Dy Dg Cycles Mnemonic  Description Dy Dg Dg Dq D3 O Dy Og Cycles
MOV, ;2 Move register to register 6+ D D D S S S 5 RZ Return on zero t 1 0 0 1 0 0 ¢ 5/11
MOV M.t Move register to memory 0 11 0 § S S 7 RNZ Return on no zero 11 0 0 0 0 ¢ O 511
MOV .M Move memary to register 01 00D 01 1o 7 RP Return on positive 1t 1 t 0 0 0 O 5/11
HLT Halt [ 2 R T R I ] 7 RM Return on minus 11 1 vy 0 000 §/11
MV Move immediate register 60 D O D1V 10 7 RPE Return on parity even t 1 v 0 1 0 0O S/
MVI M Move immediate memory ¢ 0 1 1 0 1 10 10 RPO Return on parity odd 11 1 0 0 0 0 O s/
INR ¢ Increment register 00 D D D1 0 O 5 RST Restart 1A A AT 1T 1
OCR Decrement register 6 0 0 D D ¥ 0 5 IN Input T o0 ot 1t 0 1 10
INR M Increment memory ¢ 0o 1 1 0 1 0 0 10 ouT Output Tt 0 v 00 1 10
DCR M Decrement memory 00 v 1 0 1 0 1t 10 LXIB Load ymmediate register 00 0 0 0 0 & 1 10
ADD ¢ Add register to A 10 0 0 0 S S S 4 Pair 8 & C
ADCr Add register to A with carry T 0 0 0 t S § S 4 LXI D Load immediate register 00 0 1 0 0 0 10
SuBr Subtract register fram A 0 0 1 0 S s S 4 Pair D & E
SeBr Subtract register from A T o 0o 1 1 8 8§ S 4 LXI R Load immediate register ¢ ¢ 1 0 0 0 ¢ 1 10

with borrow Pair H & L
ANAr And register with A 0 1 0 0 8 8 S 4 LXI 8P Load immediate stack pointer 0 0 1 1 0 0 O 10
XRA Exclusive Or register with A 16 1 0 1t 8§ § 8 4 PUSH B Push register Pair B & C on 11 0 86 01 0 1"
0RA T Or register with A 10 1t 1 0 § S§$ S 4 stack
CMP ¢ Compare register with A o 1 1 1 8 § S 4 PUSHD  Push register Pair 0 & € on T 1 0 1 86 1 0 1 1
ADOM Add memory to A 19 ¢ 0 0 1 1 0 7 stack
ADCM Add memary to Awithcarry 1 0 0 0 1 t 1 0 7 PUSH H Push register Pair H & L on t 1 1 ¢ 0 1 0 1 n
SUBM Subtract memory from A t o o 1t 0 1 1 0 7 stack
SBB M Subtract memory from A LI N R S R R A 7 PUSH PSW  Push A and Flags 1 1 11 0 1 0 1 n

with borrow on stack
ANA M And memory with A o 1 0 0 1 1 0 7 POPB Pop register pair B & C off 1Tt 0 0 0 0 0 t 10
XRAM Exclusive Or memory with A 10 t 0 1 1 1 0 7 stack
ORA M Or memory with A T 0 1t 1 0 1 10 7 POPD Pop register pair D & E oft T 1 0 1 0 0 0 1 10
CMPM Compare memory with A t0 1 1 1 1t 7 stack
ADI Add immediate to A 1 00 0 1t 1 0 7 POP H Pop register pair H & L off 11 1 0 0 0.0 1 10
ACH Add immediate to A with 1 0 0 1t 1 10 7 stack

carry POPPSW  Pop A and Flags 1 Tt 1 0 0 0 10
Sul Subtract immediate from A Tt o0 1 0 1 10 7 off stack
SBI Subtract immediate from A LA 11 10 7 STA Store A direct o 1 1 0 0 1 0 13

with borrow LDA Load A direct 00 t 1 1 0 10 13
AN{ And immediate with A T 1t 1 0 0 1 10 7 XCHG Exchange D& E, H&L 141 10 1 0 11 4
XRI Exclusive Or immediate with LA T TR ) N N R A 7 Registers i

A XTHL Exchangetopof stack H&L 1 k1 1 0 0 0 1 1 18
OR1 Or immediate with A 11 1T 1 0t 10 7 SPHL H & L to stack pointer 19 T 1 1 0 0 1 5
cPl Compare immediate with A LA R TS H NS T ) 7 PCHL H & L to program counter o1 0 10 0 5
RLC Rotate A ieft 60 0 0 0 1 1 4 DAD B AddB&CtoHAL 00 0 0 1V 0 0 10
RRC Rotate A right 00 0 0 1t 1 11 4 DADD AddD&EtwHA&L 00 0 1 1 0 0 1 10
RAL Rotate A left through carry 00 0 1 0 1 1 1 4 DADH AddH& LtoH& L 00 + 0 1 0 0 1 10
RAR Rotate A right through 00 0 1 1 1 1 4 DADSP  Add stack pointer to H & L 60t 1 10 0 1 10

carry STAX B Store A indirect 00 ¢ 0 0 0 1 0 7
IMP Jump unconditional 1 0 0 00 11 10 STAXD  Store A indirect 00 0 1 00 1 0 7
i Jump on carry L I 10 LDAXB  Load A indirect 0 0 0 1 o8 1o 7
INC Jump on no carry 1 0 1 00 10 10 LDAXD  Load A indirect 00 0 1 1 0 10 7
ir4 Jump on zero 1 0 0 v 0 1o 10 INX B Increment 8 & C registers 000 0 0 0 0 1 1t 5
INZ Jump on no zero t 1 0 0 00 t o0 10 INX D increment D & E registers 6.0 0 1 0 0 1 1 5
P Jump on positive 1 1 1 00 10 10 INX H Increment H & L registers 00 1 0 0 0 t 1 5
M Jump on minus Tt 1 010 10 INX SP Increment stack painter 00 1 1 6 0 11 5
JPE Jump on parity even 11 10 1 0 1t 0 10 pCx B Decrement B & € 0 1‘[] 0 0 1t 0 1 1 5
PO Jump on parity odd T 1 1 0 00 1 0 10 DCX D Decrement 0 & E 000 0 1 1 0 1 1 5
CALL Call unconditional 1 1 ¢ 0 1 1t 0 1 17 DCX H Decrement H & L 0 ‘ 1 0 1 0 1 1 5
cc Call on carry L A R nn? DCX SP Decrement stack pointer 00 1 1 1 0 1 5
CNC Call on no carry 1Y 0 0 o100 nnz CMA Complement A 00 1 0 1 1 v 4
cz Call on zer0 11 0 0t 1t 00 ot sTC Set carry oD 11t 01 o1 4
CNZ Call on no zero T+ 0 0 0 1 0 0 nni CMC Complement carry [N A 4
cp Cal! on positive 11 1 1 0 1t 0 0 nni DAA Decimat adjust A 0 0 1 0 0 1 3 4
CM™ Call on minus 111 1 11 000 1n/17 SHLD Store H & L direct 00 1 0 0 0 1 0 16
CPE Call on parity even Tt 1 0 t 1 0 O 1n? LHLD Load H & L direct 0 | i 0 v 0 1 0 16
PO Cail on parity odd Tt 1 1 0 p 1 0 © 117 E) Enable Interrupts [ rt 1t 1 0 v 4
RET Return 11 0 0 1 0 0 1 10 DI Disable interrupt a1t 1 0 0 11 4
fC Return on carry Y 0 1t 1 0 00 5 NOP No-operation ob o o 00 00 4
RNC Raturn on no carry 11 ¢ 1 0 0 0 0 5/11

i

NOTES: 1. DDD or SSS ~ 000 B —~ 001 C— 010D — 011 E— 100 H — 101 L — 110 Memory — 111 A,

2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

All Input or Output Voltages

With RespecttoVgg . . (.- .o ..o .. ..

VCC , VDD and

Power Dissipation

Vgg With Respect to Vg

-55°C to +125°C
-65°C to +150°C

-0.3V to +20V
-0.3V to +20V
.. LW

*COMMENT: Stresses above those listed under "'Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

D.C. CHARACTERISTICS
Ta =-865°C to +125°C, Vpp = +12V $10%, Ve = +5V £10%, Vgg = -5V +10%, Vss = OV, Unless Otherwise Noted.

Symbot Parameter ! Min. Typ. | Max. | Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 Vgst0.8 Vv
Vine Clock Input High Voltage 8.5 Vpp+1 A
ViL Input Low Voltage Vgs—1 Vg5+0.8 \
Vi Input High Voltage 3.0 Veet \
VoL Output Low Voltage 0.45 v lot = 1.9mA on all outputs,
Vou Output High Voltage 3.7 v low = 150uA.
lpp (av) | Avg. Power Supply Current (Vpp) 50 80 mA ;
! Avg. Power Supply Current (Vo) 60 | 100 A || Operation
cc(av) g. pply cc m Tey = .48 usec
I (av) | Avg. Power Supply Current (Vgg) .01 1 mA
TR Input Leakage +10 HA Vss S Vin < Ve
lcL Clock Leakage +10 uA Vss < Vcrock < Vpp
Ip (2] Data Bus Leakage in tnput Mode -100 UA Vss SVin<Vgg+0.8V
20 mA V0.8V Vi <Vig
Address and Data Bus Leakage +10 VADDR/IDATA = Ve
FL During HOLD 100 | HA
9 VADDR/DATA = Vss + 0.45V
CAPACOITANCE TYPICAL SUPPLY CURRENT VS,
TA =25°C  Vge = Vpp = Vgg =0V, Vgg = -5V 15TEMPERATURE, NORMALIZED. 3
Symbol Parameter Typ. Max. Unit Test Condition 5
Co Clock Capacitance 17 | 25 pf | .= 1MHz g0 ~
=1
Cin Input Capacitance 6 10 pf Unmeasured Pins _‘;: \
CouTt Output Capacitance | 10 20 pf Returned to Vgg ,%, o8
NOTES:
1. The RESET signal must be active for a minimum of 3 clock cycles. -55 : +60 +125
2. When DBIN is high and V| > ViH an internal active pull up will AMI?;IENT TEMPERATURE {°C)
be switched onto the Data Bus. ;
3. Alsupply / AT = -0.45%/°C.
DATA Bgs CHARACTERISTIC
DURING DBIN
MAX |- — — —
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Absolute Maximum Ratings *

b

Ambient Temperature Under Bias . ....... 0°C 10 +70°C *COMMENT |

Storage Temperature .. ........... —65°C to +125°C

Soldering Temperature of Leads (10sec) .. ... ... +300°C

Power Dissipation . ...................... 2 Watts stress rating only and functional

Input Voltages and Supply these or at any other condition
Voltages with respect to Vee ... ... .. .. +0.5V to —20V

Exposure to Absolute Maximumy
tended periods may affect device

Stresses above those listed unden ““Absolute Maximum Rat-
ings” may cause permanent dampge to the device. This is a
operation of the device at

above those indicated in

the operational sections of this specification is not implied.

Rating conditions for ex-
reliability.

READ OPERATION

D.C. and Operating Characteristics

Ta = 0°C to 70°C, Vg = +5V+5%, Vo= —9V+5%,

(1)

Vaa = —9V+5%, unless otherwise nofted.

SYMBOL TEST MIN.  Typi2 max. [uniT CONDITIONS
W Address and Chip Select 1 A | V) = 0.0V
Input Load Current
Lo Output Leakage Current 1 HA Vour = 0.0V, CS = Vi —2
Iboo | Power Supply Current 5 10 mA | Vgg=Vee, C8=V e
loL=0.0mA, T, =25°C
Iop: | Power Supply Current 35 50 mA | CS=V¢ -2 | A
loL =0.0mA, T, =28°C
lop2 Power Supply Current 32 46 mA €5=0.0
loL =0.0mA, T, =258°C
— Continuous
lopg | Power Supply Current 38.5 60 mA CS=\~/CC -2 ] r Operation
lop =0.0mA , T, =0%C
lcgy | Output Clamp Current 8 14 mA | Vo= —1.0V, T, 30°C
lcrp | Output Clamp Current 13 mA | Voyr = =10V, T, = 5°C J
lag Gate Supply Current 1 A ]
T Input Low Voltage for -1.0 0.65 \
TTL Interface
ViLz Input Low Voltage for Vbp Vee —6 A
MOS Interface
Vin Address and Chip Select Vcc -2 VCC +0.,3 \%
Input High Voltage
IOL Output Sink Current 1.6 4 mA VOUT = 0.45v
IOH Output Source Current —-2.0 mA VOUT = 0.0V
VoL Output Low Voltage -7 0.45 \ lo = 1.6mA
Vo | Output High Voltage 35 45 V| lgy = ~100pA
Note 1. VGG may be clocked to reduce power dissipation. In this mode average ipD 'ncreases in proportion to VGg duty cycle,

Note 2. Typical values are at nominal voltages and Ty = 250C.
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A.C. CHARACTERISTICS (Continued)

Ta =-55°C to +126°C, Vppp = +12V £10%, Ve = +5V £10%, Vg = -5V £10%, Vss = 0V, Unless Otherwise Noted.

Symbol Parameter Min. | Max. | Unit Test Condition

tps2 Data Setup Time to ¢ During DBIN 130 nsec

tpp {1l | Data Hold Time From ¢ During DBIN 50 nsec

tie (2] INTE Output Delay From ¢, 200 | nsec Cp = 50pf

trs READY Setup Time During $2 120 nsec

ths HOLD Setup Time to ¢, 140 nsec

tis INT Setup Time During ¢3 (During ¢4 in Halt Mode) 120 nsec

ty Hold Time From ¢, (READY, INT, HOLD) 0 nsec

tFD Delay to Float During Hold (Address and Data Bus) 130 | nsec

taw!2l | Address Stable Prior to WR 18] nsec |7

tpwf2l | Output Data Stable Prior to WR 16] nsec &
twp!2] | Output Data Stable From WR (71 nsec [
twal2l | Address Stable From WR (71 nsec | CL=50pf

tur(2l | HLDA to Float Delay (8 nsec

twe 2] | WR to Float Delay )] nsec

tan (2] | Address Hold Time After DBIN During HLDA -20 nsec | |

NOTES:
1.

2. Load Circuit.

3.

Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.
tDH = 50ns or 1pE, whichever is less.

8080A
OUTPUT

ICY =1D3 * trg2 + 192 + g2 + D2 + trp1 > 480ns. -

TYPICAL 4 OUTPUT DELAY VS. A CAPACITANCE
+20

+
=
=3

A QUTPUT DELAY (ns)
©

SPEC
N -10
1 - — ..%— Yy | -20
i-1._.4 toe 100 -60 ] +50 +100
o
3 CAPACITANCE (pf)
C, - C, )
’<—'nr - CacruaL ~ Cspec
4. The following are relevant when interfacing the MBOBOA to devices havéng ViH = 3.3V:
al Maximum output rise time from .8V 10 3.3V = 100ns @ CL = SPEC.
- b} Output delay when measured to 3.0V = SPEC +60ns @ CL = SPEC,
j S—— ¢} If C| # SPEC, add .8ns/pF if C > Cspec, subtract .3ns/pF {from fhodified delay) if C{_ < Cgpgc.
—| toc e 5. taw = 21CY -1D3 -t - 140nsec.
6. tpw=tcy -tp3 ~trgp2 -170nsec.
% 7. 1f not HLDA, twp =twa = tp3 + trp2 *10ns. If HLDA, twp = twa = WE.
8. tHF =tp3 + trg2 -50ns. :
—_ 9. twr =tp3 + trp2 ~10ns :
. 10. Data in must be stable for this period during DBIN ‘T3. Both tpgy anc! 1D§2 Must be satisfied.
11. Ready signal must be stable for this period during T3 or Tyy. (Must be externally synchronized.)
-ty 12, Hold signsl musf be stable for this period during T3 or Ty when entering hold mode, and during T3, Ty, Tg
- and Tyyy when in hold mode. {External synchronization is not required.}
13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order 10 be i
—-J‘ 1 ized on the following instruction. (External synchronization is not required.) ‘
14

. This timing diagram shows timing relationships only; it does not represent any specific machine cycle, \
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Absolute Maximum Ratings*

Ambient Temperature Under Bias . . . . . . -25°C to +85°C
Storage Temperature .. ........... -65°C to +150°C
Voltage On Any Pin With Respect

To VBB .................... -0.3V to 20V
Power Dissipation . ................... 1.0 Watt

D.C. and Operating Characteristics

*COMMENT

Stresses above those listed under **Absolute Maximum Ratings’’ may
cause permanent damage to the ddvice. This is a stress rating only
and functional operation of the device at these or any other condi-
tions above those indicated in the gperational sactions of this speci-
fication is not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affe¢t device reliability.

Ta = 0°C t0 +70°C, Ve = 5V 5%; Vpp = 12V 6%, Vgg = -5V 5%, Vgg = OV Unless Otherwise Spdcified.
B i

|
Limits :
Symbol Parameter Unit Test Conditions
Min. | Typ."] Max.
I Input Load Current 10 uA Vin = 0ito 5.25V
(All Input Pins Except CSy)
tLel Input Load Current on CS; 1.6 mA Vin = 0j45V
ILpe Input Peak Load Current on CS; 4 mA Vin=0i8V to 3.3V
lLkc Input Leakage Current on &1 10 MA Vin = 313V to 5.25V
Lo Output Leakage Current 10 HA Chip Dgselected
ViL Input “Low” Voltage Vgs-1 0.8v \
ViH Input “‘High’’ Voltage 3.3 Vec*1.0 \
Vou Output “Low"” Voltage 0.45 \ loL = 2mA
VoH1 Output “High" Voltage 2.4 \% lon = -fmA
Vou2z Output “High” Voltage 3.7 \ lon = -1mA
lce Power Supply Current Ve .8 2 mA
Ibp Power Supply Current Vpp 32 60 mA
lgg Power Supply Current Vgg 10uA 1 mA
Po Power Dissipation 775 mW
NOTE 1: Typical values for Ta = 25°C and nominal supply voltage
D.C. OUTPUT CHARACTERISTICS D.C. OUTPUT CHARAGTERISTICS
9 -
t]A-OItoﬂ;"C /’ "
8 -9
/ ‘i
7 / . KN ty = 010170°C
y, 8 \\ A j" ‘
6 # 7 L ——
TYPICAL 4 N TYAICAL
g s 7 6 \\\
_a‘ 4 7 ] _5_5 hY
3 Vi - T “ N
/
2 v ,e// 3 /
¥ L1 SPEC N
1 A —= SPEC -2 ]
g
0 -1 ?\\ \\
6 1 2 3 4 5 6 7 8 9 10 (24 26 28 30 32 34| 36 38 40 42
Vo, VOLTS Voy VOLTS

556
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a. Title Card

NO OF QUTPUTS

4008
;:aTstérf::lgN CUSTOMER'S INTEL P/Ni DECIMAL NUMBER Column Data
CUSTOMER'S DIVISION OR INDICATING THE 1 Purcha T
COMPANY NAME LOCATION cusmmen S PIN f[mum TABLE NUMBER 2. Blank
et — ym\ ,~ FER 6-30 Customer Company Name
31-34 Blank
[ I I B | [] 35-54 Customer’s Company Division or location
QoocogaRe “"““!“P”°|“QE“““”““Pﬂﬂ!ﬂ:‘ﬂ&,“]‘ﬂ?j"['l?ﬂ,“Q"??_E&ﬂ“ﬂ&ﬂ”ﬂﬁ&ﬂ?ﬂa,l”””“" 55--57 Blank
H;HH:II‘HI‘I‘\\llv\lfvvl’l”l’\‘l”l“HlllUlllH'|\I|HIIIIHII|HI|I!H\IIIHIIH»H 58-66 Customer Part Number
I I IR I I 2202110 67 Blank . i
CERRRRRERE] BI T REREI ER] ERRRERERRERREER] BRI  REEE! 1 EEREERERREE] ERREER] | EXSRERERERE! 68—75 Punch thelntel 4-d|g|tba$|cpartnumt.>er
RNy PRy e R R Ry RN NN R RN RN R RN R RN R RRRRRVRAYNY [RRNRRANT TXNRNRRRY] 3nd in { | the number of output bits,
REE R ERTI 1 KRR ERRRRIRRR R R RNRRE) AR R RRRTRRRRSASERSEATNEY [RRRRUTIY 1Y IRERRT! 76-78 Blar!.kg.' 8308(8).
‘SiiBSSGBGES&H'Gi(BGGI‘SEKS‘EK(‘[KEEEI(SEEBBSGEBﬁlﬂi“SS‘5555&5}66.5.5‘5‘5665ilib&>£i’ 79_80 Punchaz.digi‘ decimal number © iden_
IR EER RN NN R R DR N R R R R R R RN NN R N R R R N R SRR R N DR |fv [he truth tab|e numbe( (mask
T N L LR N TS SR LR NP RN TR Y] I AT RLE brogrammed chip select number).
R R T L D L
b. For a 1024 word X 8-bit organiza-
i i Column Data
tion Only, cards 2 and the follownng 1-5 Punch the 5-digit decimal equivalent of
cards should be punched as shown. he binary coded location which be-
gins each card. The address is right
ustified, i.e., 30008, 00308, 00016,
S8 Ls8 ptc.
Roomessseamwing || 1ot 6 Blank
EACH CARD 8 DATA FIELDS TRUTH TABLE NUMBER 7-14  Datp Field
T_Hl 3 3333 3 ln TR TR T “,,,_] rLI 161—523 g?t;kFie|d
/ o FDELbt FRREREOE FROLEE R FREIREELe CF OLEERE  FEEEFF fatsk b T RGO \ 33 Blahk
34-41 Datp Field
42 Blank
43-50 Datp Field
W NI N 51 Blank
NI 03 33103805 652-59 Datp Field
R R E Y N T SRS N RN 60 Bla"k .
FRRRERRY 1Y T[T T EEESY TTERNN TTT IO T PRY FXRY 1] FR | 61-68 Datp Field
SRRERLAREbABENNERELEEEI( tevbrbbtoinbibotbistabo, s 69 Blank .
Vi NN RIE STTINt  1e0 ] IR RN 70-77 Datp Field
RO RS BEE AP c kGBI cSUBBNDDANBNABIERER Y EF 78 Bla"k “ N N
L T T T PO S PO 79-80 Punch same 2-digit decimal number as in
\. ok ) ‘ , itle card.
2. Paper Tape Format NO OTHER CHARACTERS, SUCH just before each word field (or at least
1" wide paper tape using 7- or 8-bit AS RUBOUTS, ARE ALLOWED ANY- betwean every four word fields). When

ASCII code, such as a model 33 ASR
teletype produces, or the 11/16" wide
paper tape using a 5-bit Baudot code,
such as a Telex produces.

The format requirements are as fol-
lows:

a. All word fields are to be punched in
consecutive order, starting with word
field O (all addresses low). There must
be exactly 1024 word fields for the
1024 X 8 ROM organization.

b. Each word field must begin with
the start character B and end with the
stop character F, There must be ex-
actly 8 data characters between the B
and F.

Stant Characier

Leader: Rubout Key for TWX and Letter
Key for Telex {at least 25 trames).

Stop Character

BPPPNNNNNFBNNNNNNPPF
L J L J

WHERE IN AWORD FIELD. if in pre-
paring a tape an error is made, the en-
tire word field, including the B and F,
must be rubbed out. Within the word
field, a P results in a high level output
and an N results in alow level output.

¢. Preceding the first word field and
following the last word field, there
must be a leader/trailer length of at
least 25 characters. This should consist
of rubout or null punches (letter key
for Telex tapes).

d. Between word fields, comments not
containing B’s or F's may be inserted.
Carriage return and line feed characters
should be inserted as a “‘comment’}

Data Freld MsB

these carriage returns, etc., are inserted,
the tape may be easily listed on the
teletyge for purposes of error check-
ing. The customer may also find it
helpful to insert the word number (as
a comment) at least every four word
fields.

e. Included in the tape before the
leader should be the customer’s com-
plete ‘elex or TWX number and, if
more than one pattern is being trans-
mitted} the ROM pattern number,

f. MSB and LSB are the most and least

significant bit of the device outputs.
Refer jto the data sheet for the pln
numbefs.

L58

\
BNPNPPPNNF
L J

Word Field 0

-
Word Field 1

Word Filald 1023

Trater Ruboul Key for TWX and Letter
Key for Telex (at least 25 trames)
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2048 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

= Access Time — 1.3 usec * Inputs and Outputs TTL Compatible
Max. = Three-State Output — OR-Tie

» Fast Programming — 2 Minutes for Capability
All 2048 Bits

L = Simple Memory Expansion Chip
= Fully Decoded, 256 x 8 Organization Select Input Lead

= Static MOS — No Clocks Required

The 8702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system
development where fast turn-around and pattern expertimentation are important. The 8702A undergoes
complete programming and functional testing on each bit position prior to shipment, thus insuring 100%
programmability.

The 8702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz
lid allows the user to expose the chip to ultraviolet fight to erase the bit pattern. A new pattern can then be
written into the device. This procedure can be repeated as many times as required.

The circuitry of the 8702A is entirely static; no clocks are required.

A pin-for-pin metal mask programmed ROM, the Intel 8302, is ideal for large volume production runs of
systems initially using the 8702A.

The 8702A is fabricated with silicon gate technology. This low threshold technology altows the design and
production of higher performance MOS circuits and provides a higher functional density on a monolithic
chip than conventional MOS technologies.

PIN CONFIGURATION BLOCK DIAGRAM
ATA OUT 1 ATA OUT
Nt —_ 7T Voo o tou DATA OUT 8
e
a2 23[ JVec
, OUTPUT
a0 s 2] JVee o5 — BUFFERS
*DATA 0UT 1[4 (LsB) 2] Ja, t
*DATA OUT 2[ |5 20{ JA 2048 BIT
PROGRAM —» PROM MATRIX
oataout3[Je 1] JAs (256 X 8)
87024 *
*DATA OUT 4[ |7 18] A r
*pataouts[Ja 17 A, DECODER
*DATA 0UT 6[ ]9 18] Ve ?
*0aTA out 7[J10 1 v,
C :] 88 INPUT
*DATA ouT 8[| 11 (Ms) L s RIvERS,
vee [ 112 13 prOGRAM f ?—_‘——‘_1
Ao Ay Ay

*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING,

PIN NAMES i
| _AcAy ADDRESS INPUTS !
[3 CHIP SELECT INPUT :

D0,- DO, DATA OUTPUTS

537
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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 Respect
To Ground

Power Dissipation

-0.5V to +7V
1.0 Watt

*COMMENT: Stresses above thos$ listed under "‘Absolute Maximum
Ratings’' may cause permanent damage to the device. This is a stress
rating only and functional operat'on of the device at these or any
other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS

Tp =0°Cto+70°C, V¢ =5V 5% unless otherwise specified

LIMITS
i TEST CONDITIONS
SYMBOL PARAMETER MIN. | Typ.D MAX. UNIT ‘
I fnput Load Current 10 uA Vin = 0 t0 5.25V
(All Input Pins)
ILOH Qutput Leakage Current 10 HA CS =22V, Vgur = 4.0V
lLoL Output Leakage Current -20 BA CS =22V, Vouyr =0.45V
lee Power Supply Current 40 98 mA All inputs 5.25V Data Out Open
Vi Input “Low’” Voltage -0.5 0.8 \
ViH input “‘High’" Voltage 2.0 Vcet1.0V \
VoL Qutput “Low” Voltage 0.45 \ loL =2.0 mA
VoH Output "“‘High' Voltage 2.2 A lon = +100 A
(1) Typical values for Ta = 25°C and nominal supply voltage.
A.C. CHARACTERISTICS
Ta =0°Ct0+70°C, V¢ = +5V 5% unless otherwise specified
LIMITS
SYMBOL PARAMETER MIN. Tvp MAX. UNIT
ta Address to Output Delay Time 400 850 nS
tco Chip Select to Qutput Enable Delay Time 300 nS
toF Chip Deselect to Output Data Float Delay Time 0 300 nS
CONDITIONS OF TEST FOR CAPACITANCE? T, = 25°C,f = 1 MHz
A.C. CHARACTERISTICS
Output Load ... 1T = LIMITS
utput Loa TL Gate, and C gap = 100 pF SYMBOL TEST
Input Pulse Levels . ... ........... 0.8 to 2.0V TYP. MAX.
Input Pulse Rise and Fall Times .{10% to 90%) 20 nS
Timing Measurement Reference Level Cin All Pins Except Pin Under 4 pF 10 pF
Input . ... 1.5V Test Tied to AC Grounj
OUtput ..o 0.45V t0 2.2V ;
P Cour All Pins Except Pin Under 8 pF 15 pF
Test Tied to AC Ground

{2} This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS

T, =0°C to +70°C, Voo =15V 5%, Vop = —9V 15%, Vag = —9V £5% unless otherwise noted
SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT
Freq. Repetition Rate 1 MHz
ton Previous read data valid 100 ns
tace Address to output delay 1.3 Mus
thvgg Clocked Vag setup 1.0 us
tes Chip select delay 400 ns
teo Output delay from CS 900 ns
top | Output deselect 400 ns
toHe | Data out hold in clocked V;; mode (Note 1) 5 s

Note 1. The output will remain valid for toHC as long as clocked Vgg is at Ve, An address change may occur as soon as the output is sensed

(clocked VGG may still be at Vece). Data becomes i

nvalid for the old address when clocked VGG isreturned 10 Vgg.

CAPACITANCE* T, =26°C
SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT CONDITIONS
Cin Input Capacitance 8 15 pF Mn= Vee All .
Cour Output Capacitance 10 15 pF €S = Ve unused pins
- Vour =Vge | areatAC.
CVGG Vgg Capacitance 30 pF Ve = Vee ground
(Clocked Vg Mode)
« This parameter is periodically sampled and is not 100% tested.
B) Clocked VGG Operation
SWITCHING CHARACTERISTICS - CYCLE TIME 1 FREQ -

Conditions of Test:
Input pulse amplitudes: 0 to 4V; tq, ty <50 ns
Output load is 1 TTL gate; measurements made
at output of TTL gate {top <15 ns)

A} Constant V. Operation

CYCLE TIME

FREQ

DATA QUT
INVALID

DESELECTION OF DATA OUTPUT N OR.TIE QPERATION
A,
¢

Vin

ADDRESS

4 |
10%

Vin

ADDRESS

1
i
Vo=
| |
cs !

DESELECTION OF DATA OUTPUT IN DR-TIE OPERATION
v,

ADDRESS

L

pmm———teaa
cs

: :X
)
i
!
™ i
| /
/
L

L 0

t
vi
Vi
k]

CLOCKED
Voo
v,

(]

Vou
DATA OUT

I -
i

|

:‘"‘Acc -

Vou
NOTE 1: The outbut will remain valid for 1o as long as clocked Vg g
is at Vge. An address change may occur as so0n'as the output is sensed
{clocked Vg may stitl be at V¢! Data becomes invalid for the oid
address when clocked Vg is returned to Vea-

NOTE 2: 1t C8 makes a transition from V| to V| while clocked \ZeTe)
15 at V5, then deselection of output occurs at 10D as shown in static
operation with constant Vg g.
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NO. OF QUTPUTS

a. Title Card

4or8
gleTsll.érf::gN CUSTOMER'S INTEL P/N DECIMAL NUMBER Column Data
T CoupaNY NAME D'fc'fc'ff,gﬁ cusrongason | INDICATING THE 1 PunchaT
rL L - ) TRUTH TABLE NUMBER 2.5 Blarik
L T T ‘ew m. TN 6-30  Customer Company Name
/ [ E R RIN]] 31-34 Blank
T m 1 1 1 35-54 Customer's Company Division or iocation
BI000RRNOG0TIRROT0 G00000RDURO0TL00000000000000000000000000040000000 008 56—67 Blank
Vire W b 0420 A5 51515005 RIS AU O 11011 0 D10
HIIIII|HHIIIIIHIIIII‘IIIIIHIII|||IHI||H|IIIlllHIIlIIH!HIII|IIIHIIKII 58—66 Customer Part Number
67 Blank

mmunnnuunuupnnannERRINNIRRRRIIIInAnY
IJJHl]l.l1|J|Il]]!I]JIIHJH]]7]IH1].!JII]]l]l)lllHJUUHIJHHJIIHZ]]l]]]]l
ll(llIllllHllIlllHHAIlHllllllUIlll“lIlllHUIlllllllllllllllll“l“lllil“
SSH55555.5'5555.555SS!';S55SSSH!SSSISSSSUSSSHSSSHSSSSSHSSISHSSS§5|S|SHSH
(HHHUHG“IISGEHBIHEBHSEGHUGGGHESEGSBHGISESEESHHHHHEEHHHHHG
HHIIIIIHHNIYHHl1IIHIIIY7l”lllYll”lYYl”I”IHHH”“HHHHHIIIIHY
B“HulﬂHMI!IHH“IEHIHlllllllHIHHHBMHl!HBHHH“EHHHH..I“HH
e g e e
. L

68—75 Punch the Intel 4-digit basic part number
dandin ( ) the number of output bits,
d.9., 8316A(8).

76—-78 Blank
79-80 Pune¢h a 2-digit decimal number to iden-
tify the truth table number {mask !
programmed chip select number).

b. For a 2048 word X 8-bit organiza- i

. . Column : Data

tion only, cards 2 and the following 1-56 Punth the 5-digit decimal equivalent of

cards should be punched as shown. he binary coded location which be-
dins each card. The address is right
justified, i.e., GOVOO, 0GOBS, BOV16,

MsB
LSB te.
(ouTPUT8) —
DECIMAL WORD (OUTPUT 1) DECIMAL NUMBER 6 Blank
ADDAESS BEGINNING INDICATING THE 714 Dath Field
EACH CARD 8 DATA FIELDS TRUTH TABLE NUMBER - ata Fie
I—J"'r 1 b 15 Blank
] i .
FiFthhtl PREFLIRE FRRGMNEE PERIEET CERHNEEE NRMPNFFE !((W'F'mif FHIEFHHE uu\ 16_23 Dat* F'e‘d
33 Blank
DORNERYE BUANRADE RRAROURA FURREUNN DUONOUAS ERRANDES CRRDDERA NBEOAND 34-41 Data Field
' nuuunonuunnnnouununnnnnauunnnnnnnnnnnnnnnMuunuunnvnonnuununauunnnuuncnnnll 42 Blank
SIS b s .
IIIIIIIHIIIIIH|IIIIHHIIIIIHIIHIIIIIIIII||||IIIIHIIHH1|||1Hl||lll|||ll\ 43-50 Dat F|9|d
I I I I T N 1IN NN 51 Blank
33333330333330033333009333340533333333333333331133031333300333333313333393333333 52-59 Dat Field
AUAE 8 T es e sy H 60 Bla k
IEEETESY B TUT T EERRRT 11 SNSRT [T T NRSWSY TEET ERE] [T FEERT LTI ERRSY T BRY (T EFRY | I8 61-68 Datp Field
COBESEABEEOEEbbE6bEEEEFEiuctkEobtobohibobbpooibobosEbEb Plopcbfining 69 Blak ;
SR R R UL L T 70-77  Data Field
78 Blank
YT ciit . R o 79-80  Punch same 2-digit decimal number as in
\ ! s BEEAIE SR ) title card.
!

2. Paper Tape Format

1 wide paper tape using 7- or 8-bit
ASCIl code, such as a model 33 ASR
teletype produces, or the 11/16" wide
paper tape using a 5-bit Baudot code,
such as a Telex produces.

The format requirements are as fol-
lows:

a. All word fields are to be punched in
consecutive order, starting with word
field 0 (all addresses low). There must
be exactly 2048 word fields for the
2048 X 8 ROM organization.

b. Each word field must begin with
the start character B and end with the
stop character F. There must be ex-
actly 8 data characters between the B
and F.

NO OTHER CHARACTERS, SUCH
AS RUBOUTS, ARE ALLOWED ANY-
WHERE IN AWORD FIELD. If in pre-
paring a tape an error is made, the en-
tire word field, including the B and F,
must be rubbed out. Within the word
field, a P results in a high level output
and an N results in a low level output.

c. Preceding the first word field and
following the last word field, there
must be a leader/trailer length of at
least 25 characters. This should consist
of rubout or null punches (letter key
for Telex tapes).

d. Between word fields, comments not
containing B's or F's may be inserted.
Carriage return and line feed characters
should be inserted as a ““comment”)

just be}fore each word field (or at least
betwedn every four word fields). When
these cjarriage returns, etc., are inserted,
the tape may be easily listed on the
teletype for purposes of error check-
ing. The customer may also find it
helpful to insert the word number (as
a cominent) at least every four word
fields.

Included in the tape before the
leader ishould be the customer’s com-
plete Telex or TWX number and, if
more than one pattern is being trans-
mitted; the ROM pattern number.

f. MSB and LSB are the most and least
signifigant bit of the device outputs.
Refer {to the data sheet for the pin
numbeys.

Data Field MSB LS8

Start Character Stop Character

Leader: Rubout Key for TWX and Letter
Key for Telex (at least 25 trames).

Trailer: Rubout Key for TWX and Letter
Key for Telex {at least 25 frames}. i

¥ \
BNPNPPPNNF
d

Word Field 2048

’BPPPNNNNNFB‘NNNNNNPPF
4L J

Y
Word Field 0

Word Field 1
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PROGRAMMING OPERATION
D.C. AND OPERATING CHARACTERISTICS FOR PROGRAMMING OPERATION

Ta=25°C, Voo =0V, Vgg =+12V + 10%, CS = OV unless otherwise noted
SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS
I Address and Data Input 10 mA Vy = =48V
Load Current
fLiop Program and Vg ¢ 10 mA Viy = —48V
Load Current
lag Vgg Supply Load Current .05 mA
Ippe!! | Peak 15, Supply 200 mA 'VDD = Vprog = —48V
Load Current Vag = -35%/
Viup Input High Voltage 0.3 \%
Viae Pulsed Data Input —46 —48 \Y
Low Voltage
Ve Address Input Low —-40 —48 Vv
Voltage
ViLap Pulsed Input Low Voo —46 —48 \}
and Program Voltage
Ve Pulsed Input Low -35 —40 v
Vgg Voltage
Note 1:  Ippp flows only during Voo, VGG on time. Ippp should not be allowed to exceed 300mA for greater than 100usec Average power

supply current Ippp is typically 40mA at 20% duty cycle.

A.C. CHARACTERISTICS FOR PROGRAMMING OPERATIOIN.
Tamsient = 25°C, Voo = 0V, Vgg =+ 12V + 10%, CS = OV unless otherwise noted

SYMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS
Duty Cycle (Vpp , Vg ) 20 % ‘

topw Program Pulse Width 3 ms VGé =-35V,Vpp =

prog = —48YV

tpw Data Set Up Time 25 us

tpH Data Hold Time 10 us ;

tyw Vbp » Vgg Set Up 100 us 1

typ Vop . Vg Hold 10 100 us \

tacw 2 | Address Complement 25 Hs
Set Up :

tacH @ | Address Complement 25 us ;
Hold ;

taTw Address True Set Up 10 us :

tATH Address True Hold 10 us

Note 2. Al 8 address bits must be in the complement state when pulsed Vpp and Vg move to their negative levbls. The addresses (0 through

265} must be programmed as shown in the timing diagram for a minimum of 32 times,

541
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PROGRAMMING INSTRUCTIONS
FOR THE 8702A

I. Operation of the 8702A in
Program Mode

Initially, all 2048 bits of the ROM are in
the ““0” state (output low). Information
is introduced by selectively program-
ming “1"'s (output high) in the proper
bit locations.

Word address selection is done by the
same decoding circuitry used in the
READ mode (see table on page 6 for
logic levels). All 8 address bits must be
in the binary compiement state when
pulsed Vy, and Vg move to their nega-
tive levels. The addresses must be held
in their binary complement state for a
minimum of 25 usec after V,p and Ve
have moved to their negative levels.
The addresses must then make the
transition to their true state a minimum
of 10 usec before the program pulse

is applied. The addresses should be
programmed in the sequence 0 through
255 for @ minimum of 32 times. The
eight output terminals are used as data
inputs to determine the information
pattern in the eight bits of each word.
A low data input fevel (—48V) will pro-
gram a ‘1"’ and a high data input level
(ground) will leave a “0” (see table on
page 6). All eight bits of one word are
programmed simultaneously by setting
the desired bit information patterns on
the data input terminals.

During the programming, Vg, Voo and
the Program Pulse are pulsed signals.

Il. Programming of the 8702A Using
Intel ®Microcomputers

Intel provides low cost program devel-
opment systems which may be used to
program its electrically programmable
ROMs. Note that the programming
specifications that apply to the 8702A
are identical to those for Intel’s 1702A.

A. Intellec®

The Intellec series of program de-
velopment systems, the Intellec
8/Mod 8 and Intellec 8/Mod 80, are
used as program development tools
for the 8008 and 8080 microproces-
sors respectively. As such, they are
equipped with a PROM programmer
card and may be used to program
Intel’s electrically programmable
and ultraviolet erasable ROMs.

An ASR-33 teletype terminal is used
as the input device. Through use of
the Intellec software system monitor,
programs to be loaded into PROM
may be typed in directly or loaded
through the paper tape reader. The
system monitor allows the program
to be reviewed or altered at will
prior to actually programming the
PROM. For more complete informa-
tion on these program development
systems, refer to the Intel Micro-
computer Catalog or the Intellec
Specifications.

B. Users of the SIM8 microcomputer
programming systems may also
program the 8702A using the
MP7-03 programmer card and the
appropriate control ROMs:

SIM8 system—Control ROMs
A0860, A0861 and A0863.

543

lIl. 8702A Erasing Procedure

The 8702A may be erased by expo-
sure to high intensity short-wave ultra-
violet light at a wavelength of 2537A.
The recommended integrated dose (i.e.,
UV intensity x exposure time) is
6W-sec/cm?2. Examples of ultraviolet
sources which can erase the 8702A

in 10 to 20 minutes are the Model
UVS-54 and Model S-52 short-wave
ultraviolet lamps manufactured by
Ultra-Violet Products, Inc. (5114 Walnut
Grove Avenue, San Gabriel, California).
The lamps should be used without
short-wave filters, and the 8702A to

be erased should be placed about one
inch away from the lamp tubes.
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Absolute Maximum Ratings™

*COMMENT:

Stresses above those listed under "Absolute Maximum

Ambient Temperature Under Bias . . . . . . 0°Cto 70°C Rating'' may cause permanent damage to the device. This
Storage Temperature .. ......... _65°C to +150°C is a stress rating only and fun¢tional operation of the de-
i vice at these or at any other condition above those indi-

Voltafge On Any Pin cated in the operational sections of this specification is
With Respect to Ground . .. . .. o -0.5V to +7V not implied. Exposure to absplute maximum rating con-
Power Dissipation ... ................. 1 Watt ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

Ta =0°C to 70°C, Vg = BV #5% unless otherwise specified.

|
|
i
T

Symbol Parameter Min. Typ.[1 1 Max, Unit Test Conditions
I Input Current 10 HA Vin = 0to 5.25V
ltoH 1/0 Leakage Current[2] 15 uA CEF 2.2V, Voyur = 4.0V
ltoL 1/0 Leakage Current(2] -560 HA CE=2.2V, Voyr = 0.45V
lect Power Supply Current 30 60 mA ViN =5.26V, 1o = OmA
Ta = 25°C
leez Power Supply Current 70 mA | VN =525V, Ig =0mA
Ta=0°C
ViL Input ““Low’’ Voltage -0.5 +0.65 \
ViH Input “High” Voltage 2.2 Vece \
VoL Output “Low’’ Voltage +0.45 \ loy = 2.0mA
Vou Output “High” Voltage 2.2 \ loH = -150 KA
NOTE: 1. Typical vatues are for Ta = 25°C and nominal supply voltage.
2. Input and Output tied together.
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE OUTPUT VOLTAGE
L rempena T 1T T 1T 77
AMBIENT TEMPERATURE AMBIENT TEMPERATURE = 0°C, /
JRTY WAL Y o°c 15 LA
_-428°C
\ }70°C //’4 ///
i O 4 7 4
E £
3 \\ 2 // /
-5 \ Ve = 4.75V ﬁ 5 _évcc =|4.75v -
OUTPUT “HIGH" TYPICAL / OUTPUT “LOW" TYPICAL
N
L] \ 0
1 2 3 4 L] 05 0 15
Vou (VOLTS) Voo (VOLTS)

5-68
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8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

¢ 8708 1024x8 Organization
e 8704 512x8 Organization

® Fast Programming — _ ® Static—No Clocks Required

¥ Low Power During Programming Compatible During Both Read

® Standard Power Supplies — ® Three-State Output—-OR-Tle
+12V, =5V Capability

The Intel 8708/8704 are high speed 8192/4096 bit erasable and electrically reprogrammable ROM" sHEPROM) ideally suited
where fast turn around and pattern experimentation are important requirements. §

The 8708/8704 are packaged in a 24 pin dual-in-line package with transparent lid. The transparent Jid allows the user to ex-
pose the chip to ultraviolet light to erase the bit pattern A new pattern can then be written into the dewces

A pin for pin'mask programmed ROM, the lnteI 8308, is available for large volume production runs pf systems initially using
the 8708.

The 8708/8704 is fabricated with the time proven N-channel silicon gate technology.

PIN CONFIGURATIONS BLOCK DIAGRAM
s "DATA OUTPUT
A 28 vee | 0, O
i I
as ]2 23] as f ! —
A5E 3 22 : N ;
a]e 2117) s '
asl]s ooy ] e e CHIP SELECT !
2, 8704 19 [ ] wo ' Logic QUTPUT BUFFERS
M 18 {_] prOGRAM
——
=) = I M Y GATING
0.9 w[Jo, DECODER
o[ 151J 06 Ag-ag
ADDRESS
o[ 1u[Jos INPUTS
—
12 13 o] .
%0 o P X . 64 X 128
J— DECODER ROM ARRAY
*8704 = Vg ——
8708 = A,
PIN NAMES

Ag-Ag | ADDRESS INPUTS
01-03 | DATA QUTPUTS
CSMWE | CHIP SELECTWRITE ENABLE INPUT

5-45
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A.C. Characteristics ,
Ta =0°C 10 70°C, Vg = +5V 5%, Vpp = +12V #5%, Vgg = -5V 5%, Vgg = 0V, Unless Otherwise Noted.

Symbol Parameter Min. Typ. Max. Unit
tace Address to Output Delay 280 450 ns
tco Chip Select to Output Delay 120 ns
tpE Chip De-Select to Output Float 0 120 ns
toH Address to Output Hold 0 ns

Capacitancell) T, = 25°C, f = 1MHz

Symbol

Parameter Typ. | Max. | Unit

Conditions

Cin Input Capacitance 4 6 pF

Vin=0V

Cout |Output Capacitance| 8 12 | pF

VouT=0V

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

A.C. Test Conditions:

Output Load: 1 TTL gate and C;_ = 100pF
Input Rise and Fall Times: <20ns

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8V and 2.4V for outputs

Input Pulse Levels: 0.65V to 3.0V

Waveforms

ADDRESS

CS.WE

DATA
our
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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 Respect to Ground . . ....... ~-0.5V to +7V
Power Dissipation . ................... 1 Watt

*COMMENT :

Stresses above those listed under "Absolute Maximum
Rating" may cause permanent damage to the device. This
is a stress rating only and functional operation of the de-
vice at these or at any other cohdition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

Ta = 0°C to 70°C, Vee = 5V 8% , unless otherwise specified.

Symbol Parameter Min. |Typ.[1]| Max. | Unit | Test Qonditions
IR Input Load Current 10 uA Vin = 0to 5.25V
ILoH I/0 Leakage Current 15 MA | CE=2.2V,V)0=4.0V
ILoL 1/0 Leakage Current -50 uA CE=2.2V, V5 =0.45V
tee Power Supply Current 30 60 mA Vin =5.25V
ljo = 0mA, Tp = 25°C
leea Power Supply Current 70 mA Viy =15.26V
Ijo=DmA, Ta = 0°C
Vi Input Low Voltage -0.5 +0.65 \
Vin Input High Voltage 2.2 Vee \
VoL Output Low Voltage 0.45 Vv loL =12.0mA
VoH Output High Voltage 2.2 A lor =-150 uA

NOTES: 1. Typical values are for T = 25°C and nominal supply voltage.

OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

T T !
AMBIENT TEMPERATURE
JRT:Y W U . 0°C

(| __t2sc
—}70°C

Ton (mA}
P

5 \ Voo = 4.75V .
OUTPUT "HIGH"” TYPICAL
‘\

1 2 3 4

Vou (VOLTS)

OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE

T 11 77

J
AMBIENT TEMPERATURE = 0% /
V

YV
/A/m ]
0 // /f
/ 7

[  Vecmarsk ]
OUTPUT fLOW" TYPICAL

Iy (mA)

o 05 1.0 15

Vou {VOLTS}
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Waveforms

{Logic levels and timing reference levels same as in the Read Mode unless noted otherwise.)
A) Program Mode

CS/WE = +12V
| ONE PROGRAM LOOP I
<
l L
ADDRESS ADDRESS 0 ADDRESS 1 PR ADDRESS 1023
(
¥
e-tas>]
v
PROGRAM

PULSE
ov

DATA
0,04

LN
o

B} Read/Program/Read Transitions

READ 1 PROGRAM : READ
Loop LooP LooP

ADDRESS —— - r— —

12v

= —— == \

° -
[ tag —= :
toy |
t,
C88 i o 4,
28V ‘ACC
PROGRAM —_———— torn
PULSE
o , 7
o [e— || tng
- tppn
DATA DATA OUT DATA DATA IN DATA IN DATA OUT
0,-0g VALID FLOAT VALID VALID ; VALID
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Silicon Gate MOS 8302

2048 BIT MASK PROGRAMMABLE

READ ONLY MEMORY

= Access Time —1 usec Max.

o |
The Intel 8302 is a fully decoded 256 word by 8 bit metal mask ROM. It is ideal for large volume produc-
tion runs of microcomputer systems initially using the 8702A erasable and electricall

Capability

Fully Decoded, 256 x 8 Organization
Inputs and Outputs TTL. Compatible
Three-State Output — OR-Tie

The 8302 has the same pinning as the 8702A.,

The 8302 is entirely static — no clocks are required. Inputs and outputs of the 8302 are TTL compatible.
The output is three-state for OR-tie capability. A separate chip select in

= Static MOS — No Clogks Required

= Simple Memory Expansion — Chip
Select Input Lead

® 24-Pin Dual-In-Line Hermetically

Sealed Ceramic Package

put allows easy:memory expansion.

The 8302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package.

¥
The 8302 is fabricated with p-channel silicon gate technology. This low threshold alilows the design and
production of higher performance MOS circuits and provides a higher functional dengity on a monolithic

chip than conventional MOS technologies.

PIN CONFIGURATION

i C ) o U
a2 23 Vee
A |3 22| Vvee
DATA QUT 1[4 (LSB) 211714
DATA OUT 2[ s 20{ )4
pata out 3[ |6 19 )45
8302
oaTA OUT o[ ]7 18 )R
pataout s{ s ] A,
DATA OUT 8|9 18] Vge
paTA ouT 7[_J10 s Ine
DATA OUT 8[| 11 (msB) i
vee[ |12 13 ne.
PIN NAMES
Ag Az ADDRESS INPUTS
cs CHIP SELECT INPUT
DO;- DOg DATA OUTPUTS

DATAOUT 1

BLOCK DIAG H‘AM

DATAOUTS

I

OUTPUT
BUFFERS !

[

2048 BIT
ROM MATRIX -

{256 X 8)

T

DECODER

T

INPUT

DRIVERS

551

y frogrammable ROM.
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Absolute Maximum Ratings*

Ambient Temperature Under Bias . . . . . . 0°Cto 70°C
Storage Temperature . .......... -65°C to +150°C
Voltage On Any Pin

With Respect to Ground . . ....... -0.5V to +7V
Power Dissipation .................... 1 Watt

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating'' may cause permanent dsmage to the device. This
is a stress rating only and functipnal operation of the de-
vice at these or at any other condition above those indi-
cated in the operational sectionls of this specification is
not implied. Exposure to absoltte maximum rating con-
ditions for extended periods may affect device reliability.

i

D.C. and Operating Characteristics
Ta =0°C 10 70°C, V¢ = 5V 5% unless otherwise specified.

li

Symbol Parameter Min. Typ.[” Max. Unit Test Conditions

I Input Current 10 HA Vin =010 5.25V

LoH 1/0 Leakage Currentl2] 15 pA | CE =22V, Vou1 = 4.0V

lLoL 1/0 Leakage Current(2] -50 uA | CE =22V, Voyt = 0.45V

lecs Power Supply Current 30 60 mA Vin =5.25V, Ig = OmA
Ta = 25°C

leca Power Supply Current 70 mA Vin = 5.25V, Ig = OmA
Ta =0°C

ViL Input “Low” Voltage -0.5 +0.65 Vv

Vin Input “High” Voltage 2.2 Vee \

VoL Output “Low”” Voltage +0.45 v lor =2.0mA

Vou Output “High” Voltage 2.2 \Y lon = +150 uA

NOTE: 1. Typical values are for TA = 25° C and nominal supply voltage.

2. Input and Output tied together.

OUTPUT SOURCE CURRENT VS,
OUTPUT VOLTAGE

T T
AMBIENT TEMPERATURE
15 A A\ oC
s
1roc

\

-5 \ Veg = 475V 4
OUTPUT "HIGH" TYPICAL

: N

1 2 3 4

\

Ion (mA)

Vou (VOLTS)

5-76

I
OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE

T 1 T 1.7
AMBIENT TEMPERATURE = 0}//

-
/AZ /’/
i /A/ {
2 i
s / oSiror vgw- TvpicaL |
/
o

0 05 10 15

Vou (VOLTS)
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A.C. Characteristics

T, =0°C to+70°C, Voe =+5V £5%, Vi, =—9V 156%, Vog = —9V £5% unless otherwise noted

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT
Freq. Repetition Rate 1 MHz
ton Previous read data valid 100 ns
tace Address to output delay .700 1 us
tovgg Clocked Vg setup 1 us
tes Chip select delay 200 ns
tco Output delay from [ - 500 ns
top Output deselect 300 ns
toHe Data out hold in clocked Vg mode (Note 1) -] us

Note 1. The output will remain valid for topc as long as clocked Vg is at Ve, An address change may occur as soon:as the output is sensed
(clocked Vg may still be at Vo). Data becomes invalid for the old address when clocked Vga Is returned 10'VgG.

Capacitance” 1, - 25°c

¥

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT ‘CONDITIONS
Cin Input Capacitance 5 10 pF iy = ‘;/cc All
Cout Output Capacitance 5 10 oF CS = Vi¢ unused pins
C Vo Canaci 3 Vour ¥ Ve | areatAC,
Y98 | (Gocked Vg Mod % "] Ves Vo | around
GG ode) :

*This parameter is periodically sampled and is not 100% tested.

Switching Characteristics

Conditions of Test:
Input pulse amplitudes: O to 4V, tg, te <50 ns
Output load is 1 TTL gate; measurements made
at output of TTL gate (t,, <15 ns)

A) Constant V;, Operation

o CYCLE TIME - H/FREQ ————=
l

Vin ™
ADORESS X| t
90%
A\

|
—~| lcg [ I

Vin T | [l 'un->:
& | | | |
| L
Vie ' X
! [
Vo == 1
DATA i DATA OUT \
our 1 INVALID ! f
}
V, " T T
o acc y DATA OUT
INVALID

DESELECTION OF DATA QUTPUT IN OR.TIE OPERATION

Vin ady
ADDRESS x
A
A\

nyy

6553

[+

Vec! : *
CLOCKED || | i
g ]
Ve ’
Voo |} ! !
oM | N
pataour ! ' . |
:*"'Acc

L
B) Clocked V,, Operation

Le————— CYCLE TIME - | FREQ ———e
v, i

™ 0% X
ADDRESS ) !
90% )

{ ;
Vi 1 ' 1
-t bt §
v (I ©Ves p
“CN\I
CLOCKED \I | 1
Vae t |
¢ Voo | | (SEE NOTE 1}
to——tacc— = k towe i
Vou 1 1
DATA OATA OUT | | DATA OUT
out INVALID INVALID
Vou T T

V,

} DESELECTION OF DATA OUTPUT IN :QR-TIE OPERATION

H
ADDRESS \ :
v ',
(19 : . \
\ NOTE 2 .. foeq e 20ns
Vg =\ | oo e
: / 1
/ ' !
rl 1
Vi ! T o
DVge ‘ou’: ‘I
1
(

V,

Vou

NOTE 1: The output will remain valid tor tgc ps long asclocked Vg g
is at Voo An address change may occur as soonjas the output is sensed
(clocked VGG may still be at Vo). Data becores invalia for the old
address when clocked Vg is returned 1o V.

NOTE 2: 1f €S makes a teansition from V|| to V) while clocked Vg g
is at Vg, then deselection of output occurs at top as shown in static
operation with constant Vgg.
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TYPICAL D.C. CHARACTERISTICS

INPUT CURRENT VS§.
INPUT VOLTAGE

I
Vec = 8.0V
+28
0 @
7 YPICA! 5
H
-
-28 2
-85
Ty 0 1 42 +3  +4 5 8
vy {VOLTS)
OUTPUT SOURCE CURRENT VS,
OUTPUT VOLTAGE
5
T T 1 *
AMBIENT TEMPERATURE
—18 _—0°C
|-28°¢ [
- Lo
z -5
-10 E
A 5
\ =2 10
-5 \ Veg = 475V R
DQUTPUT “HIGH” TYPICAL
-15
] \ -20
1 2 3 4 -
Vou (VOLTS)

EFFECTIVE INPUT

CHARACTERISTIC
Vee = 60V
DEVICE eyt [~ ¥
vi, Max | SPECT Ty i,
0 1 2 3

Vi (VOLTS}

OUTPUT CURRENT VS. OUTPUT
VOLTAGE WITH CHIP DISABLED

TYPICAL

CE=~22v

Vee = B0V —

0 +1 +2 3 44 +6 +8
Vouy {VOLTS)

OUT‘PUT SINK CURRENT VS,
OUTPUT VOLTAGE

7

! |
!
AMBIENTITE! ?tHATUREIOy

15
' Y,
i /A4 /A
i /A/ m/c
2
/ . i
s /V g :ffmjﬁtm " TYPICAL
Z“
[] 05 70 15
I Vou (VOLTS)
RELATIQNSHIP BETWEEN OUTPUT
SINK CURRENT, NUMBER OF OR-TIES,
AND OUTPUT VOLTAGE
.3
vm]- v
39
35 2
N 18
3 27 12
23 [
18 4
15

40 45 | 50 86 80 65 70 .75
Vou IVOLTS)

TYPICAL A.C. CHARACTERISTICS

ACCESS TIME VS,
LOAD CAPACITANCE

1400 R
Ta = 25°C
Vec =4.75v |
1200 177U LoAD
1000
SPEC. POINT
¢
800
¥
& 400
| e} TYPICA]
400
200
i S0 100 150 200 260 300 350,

LOAD CAPACITANCE (pF)

1400

1200

1000

800

T, fos)

600

400

5-78

ACCESS TIME VS.

AMBIENT TEMPERATURE

T T
Vo= 4,75V

17TL 104D |
€y = 100pF

SPEC. POINT
L

et PICAL

20 30 40 50 60 0

AMBIENT TEMPERAYU"E ek

P

NUMBER OF OR TIES

e S
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8192 BIT STATIC MOS READ ONLY MEMORY
Organization-- 1024 Words x 8 Bits

® Fast Access — 450 ns ® Three State Output — OR-Tie
Directly Compatible with 8080 CPU Capability
at Maximum Processor Speed ® Fully Decoded

#@ Two Chip Select Inputs for Easy m Standard Power Supplies
Memory Expansion +12V DC, +5V DC

® Directly TTL Compatible — All Inputs
and Outputs

The Intel® 8308 is an 8,192 bit static MOS mask programmable Read Only Memory organized as 1024 words by 8-bits. This
ROM is designed for 8080 microcomputer system applications where high performance, large bit storage, and simple inter-
facing are important design objectives. The inputs and outputs are fully TTL compatible.

A pin for pin compatible electrically programmed erasable ROM, the intel® 8708, is available for system development and
small quantity production use.

Two Chip Selects are provided — CSy which is negative true, and CS,/CS, which may be programmed either negative or
positive true at the mask level,

The 8308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with
high performance, easy-to-use MOS circuits.

PIN CONFIGURATION BLOCK DIAGRAM
v/ DATAOUT1  DATAOUTS
A7C 1 24 3Vcc ; T
A 2 23[]a 3 :
O (145 CS1— ouTPUT
as[13 22[ ) Ay €5,/C5; —= BUFFERS
as 21 vas 1
ass 20 s, 8192 81T
ROM MATRIX
A [e 8308 198 wo (1024 X 8)
A 18] ] cs, /S, T
A ] 17 0 . DECODER °
o1[]e 16[Jo, 1
15 Jo
0:[Jr0 10 INPUT
os[n 14 Jos t tlsumfens . 1
vss (]2 13[Jo, - T
C : Ag Ay + Ag
i
PIN NAMES
Ag- Ag ADDRESS INPUTS !
0,-Og DATA OUTPUTS ;
C5,. CS2 CHIP SELECT INPUTS

6-55
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Typical D. C. and A. C. Characteristics
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1, (o)

POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

45

“© Ve MAX. ——

36

s N i
TYPICAL
N\

T, 0

OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

20 N
\ TYPICAL
-18 .
Ty -25°C
10 VCC MIN,

. N

N

] 1
Vou (VOLTS)

Vin LIMITS VS. TEMPERATURE
18

TYPICAL
18 —+
[r——t— Vi (MiNy
I ——
14 }
Vir (MAx;
Pt
1.2
Veg =50V
1.0
1 20 30 4 8 e 70

T, 0

ACCESS TIME VS.
__ AMBIENT TEMPERATURE

)
Ve MIN.
1TTL LOAD
€, = 100pF
20 TYPICAL !
FICAL f et
I
150
ouTPUT ICE LEVELS: Vg, = 20V
Vo 0.8V
80

o 0 20 2 & 8 8 70
T\ °0)

Iec (mA)

1o (ma)

NORMALIZED ACCESS TIME

i

POWER SUPPLY CURRENT VS,
SUPPLY ‘ OLTAGE
% 1, -25°¢
/
]
//'rmcm.
] / vl
15
/
1
s
12 3 45 s
Vg IVOLTS)
OUTPUT SINK/CURRENT VS.
OUTPUT YOLTAGE
® L]
L1 TYPICAL
ot
o/
/ T, = 28°C
. / Joc MIN.
[ 1 3
Voo (VOLTS)
ACCESS TIME VS. Ve
NORMALIZED|TO V¢¢ = 5.0V
108 T
\ T, = 70C
CYCLE TIME = 350ns
1.00 [—
095
40 4s [37] 55 6.0
Ve (VOLTS)
ACCESS TIME Vs.
LOAD CAPACITANCE
T, =2C
Vee MIN.
1TTL LOAD
|1
250 H
TYpicAL
7 "
ouTPUT ne;sneuchstsL I 18v
mo 100 200 304 40 8500 800
€, 8F)





[image: image113.png]SILICON GATE MOS 8308

A.C. Characteristics

Ta=0°C 10 +70°C, Vce = +5V #5%; Vpp = +12V £5%, Vgg = -5V 6%, Vs = OV, Unless Otherwise Specified.

Limits(2) )
Symbol Parameter Unit
Min. Typ. | Max.
tace Address to Output Delay Time 200 450 ns
tcoy Chip Select 1 to Output Delay Time 85 160 ns
tcos Chip Select 2 to Output Delay Time 125 220 ns
tpF Chip Deselect to Output Data Float Time 125 220 ns

NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at

VOH =3.7V @ IgH = -1mA, C_ = 100pF.

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

OutputLoad........ 1 TTL Gate, and C_ gap = 100pF
Input Pulse Levels . ................ .65V to 3.3V
Input Puise Rise and Fall Times ........... 20 nsec

Timing Measurement Reference Level
.................. 2.4V Vi, Von: 0.8V ViL. Voo

CAPACITANCE T, =25°C, f=1MHz, Vgg =-5V, Vpp,
Vec and all other pins tied to Vgg,

Limits
Symbol Test
Typ. Max.
Cin Input Capacitance 6pF
Cout Output Capacitance 12pF

————

tace

ADDRESS
AoAg

X

| —t—
- \C /

" -y

D G mm o e Gk o En e En e e = = R e . S e T S e em

- toF -+

CS,/CS, g

T e e ven e W e T G b o

o g —

! -
/|

DATA0,.0,

557

(—

DATA
VALID

A I X R
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Absolute Maximum Ratings*

Temperature Under Bias . .......... S ) A 0°C to 70°C
Storage TeMPerature . . . . . .. ... vt e n st et ittt o i et s . —65°C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg ... ... ...... .| .... +25V to —0.3V
Supply Voltages Vpp, Vo, and Vgg with Respectto Vgg . . . .. ... oo v e s +20V to —-0.3V

............ 1.25W

Power Dissipation . . .. ... . e e e e e s

*COMMENT:

Stresses above those listed under "'Absolute Maximum Ratings'' may cause permanent damage to tie devit
only and functional operation of the device at these or any other conditions above those indicated in th
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may|

te. This is a stress rating
b operational sections of
\affect device reliability.

D.C. and Operating Characteristics

I
Ta = 0°C to 70°C, Vpp = +12V £ 5%, Ve = +6V + 5%, Vgg[1] = -5V £ 5%, Vgg = OV, unless otherwise hoted.
Symbol P Limits Unit | Conditions *
v e Min. | Typ.[2] Max.
Input Load Current
| . = \

L (all inputs except CE) o1 10 KA VI = ViL i to YiH max
e Input Load Current .01 10 A | ViN = Vi MmN 10 YiH MAX
ltLol Output Leakage Current .01 10 uA CE=Vcor CS3 Vi

for high impedance state Vo =0V t0 6.25V |

Vpp Supply Current i

=. +.

lop1 during CE off(3) 110 200 MA CE =-1V to +.6V

Vopp Supply Current = = 2k
Iop2 during CE on 80 100 mA | CE=Vjuc, Ta =25°C
lopavi | Average Vpp Current 55 80 mA Cycle time=470ns,

tcg = 300ns o
: Ta = 26°C
lpo av2 | Average Vpp Current 27 40 mA Cycle time=1000n§,
tee = 300ns
Vgc Supply Current ~a
4] 6C Supply = d
L during CE off .0t 10 HA CE=Vj_corCS : ViH
Igg Vgg Supply Current 5 100 MA
ViL Input Low Voltage -1.0 0.6 v t1=20ns — See Fjigure 4
Vin Input High Voltage 2.4 Veet+! \ ‘
ViLe CE Input Low Voltage -1.0 +1.0 \
Vine CE input High Voltage Vop-1 Vpp+1 \
VoL QOutput L.ow Voltage 0.0 0.45 \ loL = 2.0mA
Vou Output High Voitage 24 Vee \ lon = -2.0mA
NOTES:
1. The only requirement for the sequence of applying voltage to the device is that Vpp, Ve, and Vgg should never be 3V more

negative than Vgg.
2. Typical values are for Ta = 25°C and nominal power supply voltages.
3. The Ipp and Icc currents flow to Vgg. The Igg current is the sum of all leakage currents.

4. During CE on Vg supply current is dependent on output loading, V¢ is connected to output buffer only.
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MCS™
CUSTOM ROM
ORDER FORM

ROM

CUSTOMER
P.O0. NUMBER
DATE

For Intel use only
S# PPPP
STD 2Z

DD

APP DATE

All custom 8308 ROM orders must be submitted on this form. Programming information should be s

punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel.

ent in the form of computer

CUSTOMER NUMBER

MARKING '—INTEL PATTERN NUMBER
o :
The marking as shown at the right must contain the [ntel logo, the . 8308 PPPP
product type (P8308), the 4-digit Intel pattern number (PPPP), a date ;
code (XXXX), and the 2-digit chip number (DD). An optional customer XXX X zZZ |
identification number may be substituted for the chip number (ZZ). L*“}—‘J 'ﬁ"‘ji
Optional Customer Number {maximum 9 characters or spaces). L €HIP NUMBER OR
DATE CODE CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS

A. CHIP NUMBER (CHIP SELECT
OPTION)

Must be specified 0 or 1.

The chip number will be coded in

terms of positive logic where a logic

“1" is high level input.

Chip Select Truth Table

Chip .
Number Cs1 CS2 Selected
0 0 0 Yes
1 0 1 Yes
0 1 0 No
1 1 1 No
Chip Number

B. ROM Truth Table Format

Programming information should be
sent in the form of computer punched
cards or punched paper tape. In either
case, a printout of the truth table
should be accompanied with the order.

The following general format is applic-
able to the programming information
sent to Intel:

® Data fields should be ordered begin-
ning with the least significant address
(0000) and ending with the most sig-
nificant address {1023}.

® A data field should start with the
most significant bit and end with the
least significant bit.

® The datajfield should consist of P's
and N's. A P is to indicate a high level
output (most positive) and an N a low
level outpui‘ {most negative). In terms
of positive :Iogic, a P is defined as a
logic 1" and an N is defined as a logic
“Q0”. If the iprogramming information
is sent on a}punched paper tape, then
a start character, B, and an end charac-
ter, F, must be used in the data field.
See paragraph 2.

1. Punched Card Format

An 80-column Hollerith card (prefer-
ably interprgted) punched by an IBM
026 or 029:keypunch should be sub-
mitted. The first card will be a title
card; the format is as follows:
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A.C. Characteristics 1,-0°c ©70°, vy = 12V £ 5%, Vo =5V £ 10%, Vgg = -5V
READ, WRITE, AND READ MODIFY/MWRITE CYCLE vgg = 0V, unless otherwise noted.

Symbol Parameter Min. Max. Unit Conditions
tREF Time Between Refresh 2 ms
tac Address to CE Set Up Time| O ns tac is measured from end af address transition
taH Address Hold Time 100 ns
tce CE Off Time 130 ns
ty CE Transition Time 10 40 ns
ter CE Off to Output 0 ns
High Impedance State
READ CYCLE
Symbol Parameter Min. Max Unit Conditions
tey Cycle Time 470 ns tt =20ns
tce CE On Time 300 | 4000 ns
tco CE Output Delay 250 ns Cioad = 50pF, Load = Orje TTL Gate,
tace Address to Output Access 270 ns Ref = 2.0V.
twi CE to WE 0 ns tacc =tac *tco + Tty
we WE to CE on 0 ns
WRITE CYCLE
Symbol Parameter Min. Max Unit Conditions |
toy Cycle Time 470 ns tt = 20ns
| tce CE OnTime 300 | 4000 ns
tw WE to CE Off 150 ns
tow CE to WE 150 ns
tpw [2] Dy to WE Set Up 0 ns
toH Dy Hold Time 0 ns
twp WE Pulse Width 50 ns
Read Modify Write Cycle
Symbol Parameter Min. Max Unit Conditions
tawe Read Modify Write(RMW) | 590 ns tt = 20ns
Cycle Time
terw CE Width During RMW 420 | 4000 ns
twe WE to CE on 0 ns
t WE to CE off 150
w TEoEe " Cioaq = 5OPF, Load = Orje TTL Gate,
twp WE Pulse Width 50 ns Ref = 2.0V
tow Dy to WE Set Up 0 ns
ton DIN Hold Time 0 ns
teo CE to Output Delay 250 ns
tace Access Time 270 ns tacc = tac ttco * Itr
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16,384 BIT STATIC MOS READ ONLY MEMORY
Organization—2048 Words x 8 Bits
Access Time-850 ns max

= Single +5 Volts Power Supply Voltage = Three-State Output — OR-Tie
= Directly TTL Compatible — All Inputs Capability

and Outputs = Fully Decoded — On Chip Address
= Low Power Dissipation of 31.4 .W/Bit Decode

Maximum = Inputs Protected — All Inputs Have
= Three Programmable Chip Select Protection Against Static Charge

inputs for Easy Memory Expansion

®
The [ntel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is
designed for microcomputer memory applications where high performance, large bit storage, and simple inter-
facing are important design objectives.

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The
three chip select inputs are programmable. Any combination of active high or low level chip select inputs can be
defined and the desired chip select code is fixed during the masking process. These three programmable chip
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memory expansion.

The 8316A read only memory is fabricated with N-channel silicon gate technology. Thig technology provides the
designer with high performance, easy-to-use MOS circuits. Only a single +5V power 'supply is needed and all
devices are directly TTL compatible.

¥

PIN CONFIGURATION BLOCK DIAGRAM
0, 0, 0,0, 0, O, 0, O
4 t 2 3 T4 5 76 ? 8
A, 2403V, -0V,
I m }) 1o, «—O0 GND
a [l 220
s O Ho, Ao OUTPUT BUFFERS Decc»gog
a4 2100, R
A, L5 200, o “—l L [T Tl T 47
A |
= O g3ea PO e~ ., [ —3 voecoper10F 1638
- 5 S K EREERREI
ra
A []s 7o, A & ! PROG
6 —1 © ™1
A, Qs 1o, e
- A
Ao 1s]cs, 5 :H . T 11
- o~
A O 13 cs, e I = cs
——
nD [12 3Pc )
G D: 130 5 A e é - g 16,384 BIT
? a ] CELL MATRIX | CHIP
L S— - SELECT cs
< INPUT 2
VY - BUFFERS
Ay — | -~—— s,
PIN NAMES

Ag- Ao | ADDRESS INPUTS
0,0y | DATA OUTPUTS
CSy CSy | PROGRAMMABLE CHIP SELECT INPUTS
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Typical System

Below is an example of a 16K x 8 bit memory circuit. Device decoding is done with the
are unselected during refresh with CS input. The 8210, 8205 and 8212 are standard Intel

CE input. All devices

products.
ov o—{os Mp}—oov
8212 INPUT DRIVER
+5v o——DS2 Dy D, sTB|—0+5
T
210784 810784 810784 210784, 810784 2103641 810784 810784
e
810784 810784 810784 810784/ 810784 810784 810784 810784
210784 810784 810784 410784 810784 8101B4; 810784 810784
T il
810784 810784 81078-4 810784 810784 810le4 810784 810784
DS1 Dy D, MD}—oov
8212 OUTPUT BUFFER
+5V 0-——1D82 STB 0 +5'

AD‘ A|' sz AS
8210
Ay Ag. Ag, Ay
8210
A‘Z'A'ﬂ
8206 __.]
Ag. Ag. Arg. Ay
8210
WE, €S
8210 | 'i
REFRESH
cs
CONTROL
MEMW J
8228 | MEWY
Ag:
080 | A
D, -
: D 4
D7
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WAVEFORMS

- X X

o tpp

4 A
PROGRAMMABLE
CHIP SELECTS
N

ta

I

s

16K ROM PROTOTYPING

ROM systems may be developed and programs may be verified using Intel's 1702A or 2708 PROM:s.
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A.C. Characteristics 14=0°C to 70°C, V¢

=5.0V + 5%, Vpp =12V £ 5%

Symbol Parameter Min. Typ. Max. Unit
tL g+ Delay Plus Rise Time for Low Voltage Drivers 5 13 20 ns
g Delay Plus Fall Time for Low Voltage Drivers 5 13 20 ns
tHa+ Delay Plus Rise Time for High Voltage Driver 10 30 40 ns
tHd— Delay Plus Fall Time for High Voitage Driver 10 30 40 ns

Capacitance™ 7= 25°c

Symbol Test Typ. Max.

Cin Input Capacitance 6pF 12pF

*This parameter is periodically sampled and is not 100% tested.
Condition of measurement is f = 1 MHz, Vij35=2V, Vcc=0V,
and Tp, = 25°C.

Waveforms

HIGH VOLTAGE DRIVER

OUTPUT

INPUT

=g

1.5V
INPUT —%

GND — — = — = e e e e e o e _——
T 1TTTTT

- g -

| 15V
- g -

A.C. CONDITIONS OF TES

Test Load: C= 200pF for
C=350pF for

Input Pulse Amplitudes: 3.
Input Pulse Rise and Fall Ti
1 volt and 2 volts
Measurement Points: See W

Application

HIGH VOLTAGE QUTPUT

T
Low Voltage Drivers,
\High Voltage Drivers
OV

mes: bns between

javeforms

t CONNECTIONS

OouTPUT

‘) USE 2N5057 OR
EQUIVALENT PNP

o «p

mf v

mE [

- o]

u

s a1l

o [

mf | S—
s o —

T TRANSISTOR
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MCS™
CUSTOM ROM
ORDER FORM

8316A
ROM

CUSTOMER
P.O. NUMBER
DATE
For Intel use only

S# PPPP
STD Y4

DD
APP DATE

All custom 8316A ROM orders must be submitted on this form. Programming information should be sent in the form of computer
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel.

MARKING

The marking as shown at the right must contain the Intel®logo, the
product type (P8316A), the 4-digit Intel pattern number (PPPP), a date
code {(XXXX), and the 2-digit chip number (DD). An optional customer
identification number may be substituted for the chip number {ZZ).

I—INTEL PATTERN NUMBER

B 3316A 'PPPP

—

XXXX 22
l__]q

l—T_,

Optional Customer Number {(maximum 9 characters or spaces).

CUSTOMER NUMBER

L_CHIP NUMBER OR
DATE CODE CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS
A.CHIPNUMBER _____ (Mustbe
specified—any number from O through
7-DD).

The chip number will be coded in
terms of positive logic where a logic
1" is a high level input.

Chip

Number Ccs3 Cs2 cs1
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

B. ROM Truth Table Format

Programming information should be
sent in the form of computer punched
cards or punched paper tape. In either
case, a printout of the truth table
should be accompanied with the order.
The following general format is applic-
able to the programming information
sent to Intel:

® Data fields should be ordered begin-
ning with the least significant address
(0000) and ending with the most sig-
nificant address (2047).

® A data field should start with the
most significant bit and end with the
Jeast significant bit.

® The data field should consist of P's
and N's. A P is to indicate a high level
output {most positive) and an N a low
level output {most negative). In terms
of positive logic, a P is defined as a
logic 1" and an N is defined as a logic
“0”. If the§ programming information
is sent on a punched paper tape, then
a start charécter, B, and an end charac-
ter, F, mus? be used in the data field.

1. Punched f.Card Format

An 80-column Hollerith card (prefer-
ably interpreted) punched by an IBM
026 or 029 keypunch should be sub-
mitted, The first card will be a title
card; the format is as follows: ‘
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Typical System

Below is an example of a 16K x 8 bit memory circuit. Device decoding is done with thd CE input. All devices

are unselected during refresh with CS input. The 8210, 8205 and 8212 are standard Inte| products.
oV o—-4DS1 MD
8212 LINPUT DRIVER
+5V 0——DS2 Dy D, sTBj—0 48V
T |
Ag. AL A,y Ay
8210 CE 8107A | 8107A 8107A 8107A 8107A #1074 8107A 8107A
el
Ay Ag, Ag, Ay
8210 CE 8107A 8107A 8107A 81074 B8107A B107A 8107A 8107A
Ar2. Ay
8206 r-
AB' AS‘ Am' AH
8210 cE 8107A 8107A 8107A 8107A B8107A #1074 81074 8107A
WE, Cs
8210 ce | 8107A B8107A 8107A 8107A 8107A |_8107A 8107A 8107A
E L
T —['j T“' "!ﬂ_
REFRESH
cs
CONTROL l 1 t 1
DSt Dy D, MO [
MEMW l 8212 OUTPUT BUFFER
8228 1 WEme +5V 0-—]DS2 ST8 }—o0 +pv
Ay ]
8080 | A1z
D, .
(]
3 Xt (E
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1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE I/0

= 256 x 4 Organization to Meet Needs = Inputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge

» Access Time — 850 nsec Max. = Low Cost Packaging — 22 Pin Plastic

= Single + 5V Supply Voltage Dual-In-Line Configuration

= Directly TTL Compatible — All Inputs = Low Power — Typically 150 mW

and Output = Three-State Output — OR-Tie
= Static MOS — No Clocks or Capability

Refreshing Required
= Simple Memory Expansion — Chip
Enable Input

= Output Disable Provided for Ease of
Use in Common Data Bus Systems

®
The Intel 8101-2 is a 256 word by 4 bit static random access memory element using notmally off N-channel
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data.

The 8101-2 is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that
data inputs and outputs can be tied for common 1/0 systems. Qutput disable is then used to eliminate any
bidirectional logic. :

® 1! .
The Intel 8101-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate technology.

Intels silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

- PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A\ d
a [ 22 :Vcc - A oty o
e Y = P AR R
—f A Dt - 0 Vgc
Y . 20 ] aw o el A ©l2:
a ] 19 ]ce 1: D|2 [ @ Aow CELL ARRAY ano
-] A, 3 b g Py 32 ROWS
SELECT 32 COLUMNS
a [1s 18 [ op — A po, b— ® 2
81012 8101-2 Az =¥
A ]s 17 ] ce2 i W @ 1
= - . oo, }— Ag —L¥F ]
A, 7 16 DO, @ 1 1
avo e s o, ol am COLUMN 1/0 §IRCUITS
o ”'—(@—m COLUMN SELECTOR
o, ] 1 [ oo, ! @ INPUT
O} DATA D0,
oo, [ 10 13 [Joi, 2(FED:commm
oI, " 12 ; 00, o1y ——Py 0O,
RMW CE2 CE1 @
Dlq DOjy
] | g1 DO4
PIN NAMES )
DIN DATA INPUT oD OUTPUT DISABLE oD O' PIN NUMBERS
Z ADDRESS INPUTS Doyr _ DATA OUTPUT
AW READWRITE INPUT || Voo~ POWER (36V]
CEY, CE2_CHIP ENABLE
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Functional Description

Data Latch

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

The data latch is cleared by an asynchrohous_reset
input (CLR). (Note: Clock (C) Overides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected to
3-state, non-inverting output buffers. These buifers
have a common control line (EN); this control line
either enables the buffer to transmit the data from
the outputs of the data latch (Q) or disables the
buffer; forcing the output into a high impedance
state. (3-state)

This high-impedance state allows the designer to
connect the 8212 directly onto the microprocessor
bi-directional data bus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and
STB. These inputs are used to control device selec-
tion, data latching, output buffer state and service
request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When
DS1 is low and DS2 is high (DS1 + DS2) the device is
selected. In the selected state the output buffer is
enabled and the service request flip-flop (SR) is
asynchronously set.

MD (Mode)

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

When MD is high (output mode) the output buffers
are enabled and the source of clock (C) to the data
latch is from the device selection logic (D§7 - DS2).
When MD is low (input mode) the output buffer state
is determined by the device selection logic (DS1 -
DS2) and the source of clock (C) to the data latch is
the, STB (Strobe) input.

STB (Strobe)

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

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

5-102

Service Request Flip-Flop
The (SR) flip-flop is used to generate and control
interrupts in microcomputer systems. It is asyn-
chronously set by the CLR input (active low). When
the (SR) flip-flop is set it is In the non-interrupting
state. ‘

The output of the (SR) flip-flop (Q) is connected to
an inverting input of a “‘NOR” gate. The other input
to the “NOR”’ gate is non-invarting and is connected
to the device selection logic (P$1 - DS2). The output
of the “NOR” gate (INT) is active low (interrupting
state) for connection to active low input priority
generating circuits.

SERVICE REQUEST FF

DEVICE SELECTION | - E _r]

> 55 W B>
3> ps2 _D (ACTIVE LOW)
+EN
2> wo WR
> ste T 777 71 oureur
| | | BUFFER
1 It |
B> o1 | {0 q} t Do [£>
DATA LATCH | "l&é‘ | |
o \: o a : BTDOZE>
»’IC R
[ !
2 LTP o o =Do3
el
=1l
B>0o1, ; o aH+ DOy
RSy
[E>ois l} 2 a IT | Dog [lB>
R
Lr_'L |
iE>01 } foa} ;&-}005@
c l
Bi==3t
B> D1, o q} I, Il Doy
P il
B> o1, L o3 }—$+ o0g >
RESET DRIVER | Cq | |
__ \t L
o> ceR (ACTIVE LOW) i | l
L 1
TB | MD LlD‘s,«Dsz) j DATA OUT EQUALS | I[CLR | (DS,:DS,) | STB | *SR | INT
(o] o 0 3STATE I 0
} (1) I { 3STATE 1 R T B N 0|
V[0 0| Baataron —% -
sre ] i g
0 1] 1 DATA IN =
[ DATA IN *INTERNAL SR FLIP-FLOP

CLR — RESETS DATA LATCH
SETS SR FLIP-FLOP
(NO EFFECT ON OUTPUT BUFFER)
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A.C. Characteristics
READ CYCLE T, = 0°C to 70°C, V¢ = BV £5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tRCy Read Cycle 850 ns

ta Access Time 850 ns

tco Chip Enable To Output 650 ns {See below)
top Output Disable To Output 550 ns

tpg (1] Data Output to High Z State 0 200 ns

ton Previous Data Read Valid 0 ns

after change of Address
WRITE CYCLE

Symbol ~ Parameter Min. Typ. Max. Unit Test Conditions
wey Write Cycle 850 ns

taw Write Delay 150 ns

tew Chip Enable To Write 750 ns (See below)
tow Data Setup 500 ns

tIDH Data Hold 100 ns

twe Write Pulse 630 ns

twr Write Recovery 50 ns

A.C.CONDITIONS OF TEST

Input Pulse Levels:

+0.65 Volt to 2.2 Volt

Capacitance T, -25°c. = 1mH:

Limits {pF)
Symbol Test Tye. | Max.
Cin Input Capacitance 4 8
(All Input Pins) V|5 = 0V
CouT Output Capacitance Vgyt = 0V 8 12

Input Pulse Rise and Fall Times: 20nsec
Timing Measurement Reference Level: 1.5 Volt
Output Load: 1TTL Gate and C_ = 100pF
Waveforms
READ CYCLE

[+ tacy

ADDRESS ’(
B

CE2

op
(COMMON 1/0) (3]

DATA
out

-

DATA OUT
VALID

toy —»| |e—

—tor

ol

—-

WRITE CYCLE [2!

ADDRESS ,(

—--—tyey

]
|
7

— tow s
oD
—— ——wltgy
DATA DATA IN
IN STABLE,
—| taw }4« e - lyp ——|
Am /

NOTES: 1. tpp is with respect to the traiting edge of CE1, CE2, or OD, whichever occurs flrst.
2. During the write cycle, OD is a logical 1 for common 1/0 and *‘don’t care’’ for separate I/Q operation.
3. OD should be tied low for separate |/O operation.
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VIIl. 8008 System

This shows the 8212 used in an 8008 microcomputer
system. They are used to multiplex the data from
three different sources onto the 8008 input data bus.
The three sources of data are: memory data, input
data, and the interrupt instruction. The 8212 is also
used as the uni-directional bus driver to provide a
proper drive to the address latches (both low order
and high order are also 8212’'s) and to provide ade-
quate drive to the output data bus. The control of
these six 8212’s in the 8008 system is provided by
the control logic and clock generator circuits. These
circuits consist of flip-flops, decoders, and gates to
generate the control functions necessary for 8008
microcomputer systems. Also note that the input
data port has a strobe input. This allows the proces-

sor to be interrupted from the input port directly.
The control of the input bus consists of the data bus
input signal, control logic,|and the appropriate
status signal for bus discipline whether memory
read, input, or interrupt ackndwledge. The combina-
tion of these four signals determines which one of
these three devices will have access to the input
data bus. The bus driver, which is implemented in
an 8212, is also controlled by the control logic and
clock generator so it can be |3-stated when neces-
sary and also as a control transmission device to
the address latches. Note: The address latches can
be 3-stated for DMA purposes and they provide 15
milli amps drive, sufficient for large bus systems.

8008 SYSTEM
INPUT BUS
Vee DATA Ve DRIVER ADDRESS
— BUS LATCHES
MEMORY ‘ LOW ORDER
Ky C'_'> 8212 8212 8212 :> 8 BITS)
—qCtR CLR | COR
| T T
T GND GND
INPUT Vee
STROBE | ] —_—
SYNCA
T P—
T2
INPUT 8212 . | 8212 HIGH ORDER
DATA | (6 BITS)
CLR INT : el
] o
i GND ] — l 9
4 [ Vee
—O0] MEM READ DA;S_EUS
o} INPUT | (Pe.5.6.7
o INT ACK
INTERRUPT {DATA BUS IN !z% WA
INSTRUCTION C:> 8212 P OJINT REQ. i ouT
CLR [ S |
CONTROL LOGIC
T & CLOCK GEN.
i GND
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1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

= Organization 256 Words by 4 Bits = Fully Decoded — On Chip Address

= Access Time — 850 nsec Max. Decode

= Common Data Input and Output * Inputs Protected — All Inputs Have

= Single +5V Supply Voltage Protection Against Static Charge

= Directly TTL Compatible — All Inputs * Low Cost Packaging — 18 Pin Plastic
and Output Dual-In-Line Configuration

= Static MOS — No Clocks or * Low Power — Typically 150 mW
Refreshing Required » Three-State Output — OR-Tie

= Simple Memory Expansion — Chip Capability

Enable Input

The Intei®8111-2 is a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data. Common input/output pins are provided.

The 8111-2 is designed for memory applications in small systems where high performance, low cost, large bit
storage, and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable
(CE) leads allow easy selection of an individual package when outputs are OR-tied. -

The Intel®8111-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channel siticon gate technoélogy.

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
e _——
a; [ 18 Jvee 14, ®
L > v
a2 17 ) A, A, o, |— ® ] -—-e ‘cc
R P a—
Y [ [ JRwW A, 1o, @ 1 row MEMORY ARRAY Gne
Ayo=—P¥ ] 32 ROWS
? SELECT OLUMNS
Ag[]4 s[]cE, —a, 1105 f—r Ap@_{: 32¢
’ - i
as s 81112 14 Jwo. _da, o, — Ad,@;{t:
A 6 13 110 1. I
oL] i %5 8111-2 R/W COLUMN (/0 CIRCUITS
A7: 7 12[Juo, Ag ob Vo, @ _—
NP
GND )8 n[TJio, A, 110, ® DATA
] @ CONTROL
op[Je [ Jce, RAW CE, CE, 1104 | @}
I Asi Ag Ay |
T ]
PIN NAMES E—*
" = ©® ]
0-A7  ADDRESS INPUTS
oD OUTPUT DISABLE (3 6~
RW READWRITE INPUT
CE, CHIP ENABLE 1 op P QO - PN NumBERS
CE, CHIP ENABLE 2
1/01-1/04 DATA INPUT/OUTPUT
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Typical Characteristics

OUTPUT CURRENT {mA} INPUT CURRENT (zA}

DATA YO QUTPUT DELAY ins)

INPUT CURRENT VS. INPUT VOLTAGE

T
Ve = +5.0V
50 ////
-100
‘ Ty =25'C
Ta=07C Ty =75°C
-150
-200 o
-250
-300; -2 1 0 +1 +2 +3
INPUT VOLTAGE (V)
OUTPUT CURRENT VS.
OUTPUT “HIGH” VOLTAGE
¢ T
Vgg = +6.0V
-5 /7
-10 Ta =75 cy//
-15
//( NTa=25¢
-20 I TR

//7

-25

Yy /4

22

10 2.0 3.0 4.0

OUTPUT “HIGH" VOLTAGE {V)

DATA TO OUTPUT DELAY
VS. TEMPERATURE

5.0

T
Ve = +6.0V

[ 25 50 75

TEMPERATURE ("C)

100

OUTPUT CURRENT VS. OUT

DATA TO OUTPUT DELAY {ns) OUTPUT CURRENT (mA)

WRITE ENABLE TO QUTPUT DELAY (ns)

PUT “LOW” VOLTAGE

100 I
Vgg = +5.0V
80
Ty =75°C b/%
T, =25°C
40 A %/
/ T, =0°C
2 ////
0
0 2 4] 0 8
OUTPUT “LOW” VDLTAGE (V)
DATA TO OUTAUT DELAY
VS. LOAD CAPACITANCE
50 T
Vgg = +6.0V
T, =25°C
40
30 —
‘*Lj’, r —
» -1l LT
P
//
10
% 50 100 150 | 200 250 300
LOAD CAPACITANCE (pF)
WRITE ENABLE TO QUTPUT DELAY
VS. TEMPERATURE
40 (
Ve = +6.0V
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x x
//\’/
25 = T -t
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08, e T I
i g — =i
15
10 ‘
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A.C. Characteristics
READ CYCLE Tp =0°C to 70°C, V¢ = 5V #5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tReyY Read Cycle 850 ns

ta Access Time 850 ns

tco Chip Enable To Output 650 ns (See below)
top Output Disable To Output 550 ns

tpr (1] Data Output to High Z State 0 200 ns

ton Previous Data Read Valid 0 ns

after change of Address
WRITE CYCLE

Symbol Parameter Min. Typ. Max. | Unit Test Conditions
twey Write Cycle 850 ns

taw Write Delay 150 ns

tow Chip Enable To Write 750 ns (See below)
tow Data Setup 500 ns

toH Data Hold 100 ns

twp Write Pulse 630 ns

twr Write Recovery 50 ns

A.C.CONDITIONS OF TEST

Capacitance T, -25°C, i = 1MHz

Input Pulse Levels: +0.65 Volt to 2.2 Volt Limits (pF)
Symbol Test

Input Pulse Rise and Falt Times: 20nsec Typ. | Max.

Timing Measurement Reference Level: 1.5 Volt Cin Input Capac'ltance 4 8

(Ail Input Pins) Vjy = OV

Output Load: 1 TTL Gate and C_ = 100pF Cour Output Capacitance Vout =0V | 10 15

Waveforms

READ CYCLE WRITE CYCLE

tacy

ADDRESS :)L

)&

CHIP
ENABLES

ouTPUT
OISABLE

et ———]
(&8, CEZ)
— ~— ‘oo~ I
oy —=| -
—— tp ]

—

DATA O

X

VALID

DATA OUT

wey
ADDRESS }( )<
— ! tow -
CHIP /
ENABLES i
ouTPUT 4
DISABLE / .
—| ‘oM
-~ tp¢ [ ‘o
DATA I/0 Ay
e tyg——]
READ/ i
WRITE N/
- gy ]

NOTE: 1. tpF is with respect to the trailing edge of CE1, CEZ, or OD, whichever occurs first.
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A.C. Characteristics
Ta=0°Cto +75°C Ve = +5V + 5%

Symbol Parameter Limits Unit 'Test Conditions
Min, Typ. Max.
tow Pulse Width 30 ns
tod Data To Output Delay 30 ns
t.. Write Enable To Output Delay 40 ns
toot Data Setup Time 15 ns
t, Data Hold Time 20 ns
t. Reset To Output Delay 40 ns
t Set To Output Delay 30 ns
t. Output Enable/Disable Time 45 ns
t. Clear To Output Delay 55 ns
CAPACITANCE"™ F=1MHz Vi =25V Vec = +5V T = 25°C
Symbol Test LIMITS
Typ. Max.
Cin DS, MD Input Capacitance 9 pF 12 pF
Cin DS,, CK, ACK, DI,-Dl, 5 pF 9 pF
Input Capacitance
Cour DO ,-DO; Output Capacitance 8 pF 12 pF
*This parameter is sampled and not 100% tested.
Switching Characteristics |
CONDITIONS OF TEST TEST LO.

Input Pulse Amplitude = 25V
Input Rise and Fall Times 5 ns

Between 1V and 2V Measurements made at 1.5V

with 15 mA & 30 pF Test Load

15mA & 3(

TO ‘
D.UT. I
*30 pF I

* INCLUDING JIG & PROBE CAPACITANCE
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1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE I/0

= 256 x 4 Organization to Meet Needs = Inputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge
= Access Time — 850 nsec Max. » Low Cost Packaging — 22 Pin Plastic
= Single +5V Supply Voltage Dual-In-Line Configuration
s Directly TTL Compatible — All Inputs = Low Power — Typically 150 mW
and Output = Three-State Output — OR-Tie
= Static MOS — No Clocks or Capability

R?freshmg Required . . = Qutput Disable Provided for Ease of
® Simple Memory Expansion — Chip Use in Common Data'Bus Systems
Enable Input

The Intel 8101-2%s a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data.

The 8101-2 is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that
data inputs and outputs can be tied for common 1/0 systems. Output disable is then used to eliminate any
bidirectional logic.

The Intel 8101-2 is fabricated with N-channel silicon gate technology. This technolo%y allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functjonal density on a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate technology.

fntel’s silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

i
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A
- 22 Vee —] A, oty -
[ . ) 2 [ a, — A 0o, }— @
o o——L¥ ]
A []s 20 [J rw — % Ol |— NRE, ; vee
o —] A, oo, |— 1 o——Lr ] o GN
. 19 [ CEl A ot 6] RoW CE{L ARRAY oo
— A 3 — Ag Py SOR. zknows
A s 18 ] oo - A 003 fo @ 32LOLUMNS
81012 a 81012 Aa ==
Al 17 ] ce2 —1 % G @ [
— A 00, b Aq o——¥ ]
A [ 16 [ ] oo, T T
ano [ 15 T o, = Rw ——P5 ] coLUMN /O CIRCUITS
oo ,._@)_.m COLUNIN SELECTOR
o, ] e 14 [] oo, ot ) wpuT
DIy ~——L¥F ] DAT. Do
oo, [] 0 13 oy z @ ConTROL @ !
oty o——P¥ ®Bo 00,
oI, " 12 [ oo, ® ' @
AW CE2 CE1 Dy o——PF ] As A A7 005
e e D0,
PIN NAMES ez @
O DATA INPUT GD  OUTPUT DISABLE oD ; (O = P numBERS
ﬁ - A7 ADDRESS INPUTS DOUT DATA QUTPUT
RW READ/WRITE INPUT Veo POWER (+5V)
TET.CEZ_CHIP ENABLE
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8255 BASIC FUNCTIONAL DESCRIPTION

General

The 8255 is a Programmable Peripheral Interface (PPI) de-
vice designed for use in 8080 Microcomputer Systems, Its
function is that of a general purpose 1/0 component to inter-
face peripheral equipment to the 8080 system bus. The
functional configuration of the 8255 is programmed by the
system software so that normally no external logic is nec-
essary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to inter-
face the 8255 to the 8080 system data bus. Data is trans-
mitted or received by the buffer upon execution of INput
or OUTput instructions by the 8080 CPU. Control Words
and Status information are also transferred through the Data
Bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the 8080 CPU Address and
Control busses and in turn, issues commands to both of the
Control Groups.

(CS)
Chip Select: A “low"” on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

DATA

BUS
BUFFER

8255 Block Diagram

5114

(RD)
Read: A “low” on this input pin
the Data or Status information

DataBus. In essence, it allows the|
the 8255.

(WR)

enables the 8255 to send
'to the 8080 CPU on the
8080 CPU to “‘read from”

Write: A “low” on this input pifh enables the 8080 CPU to

write Data or Control words into

(Ag and Aq)

Port Select 0 and Port Select 1:
junction with the RD and WR inpuy
one of the three ports or the Ca

ithe 8255,

These input signals, in con-
its, control the selection of
ntrol Word Register. They

are normally connected to the least significant bits of the

Address Bus (Ag and Ay).

8255 BASIC OPERATION

Ay | Ag| RD | WR | TS | [NPUT OPERATION (READ)

) 0 1 0 | PORT A= DATABUS

0 1 0 1 0 | PORTB=DATABUS

1 0 0 1 0 | PORT C=DATABUS
DUTPUT OPERATION
WRITE)

o] o 1 0 0 | DATABUS=PORTA

0 1 1 0 0 | DATABUS=PORTB

1 0 1 0 0 | DATABUS=PORTC

1 1 1 0 0 | DATA BUS= CONTROL
PISABLE FUNCTION

X | x X X 1 DATA BUS = 3-STATE

1 1 0 1 0 LLEGAL CONDITION
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A.C. CHARACTERISTICS T, =0°C to 70°C, Vee =5V +5% unless otherwise specified

LIMITS
SYMBOL PARAMETER 1) UNIT
MIN, l TYP."' [ MAX.
READ CYCLE
tre READ CYCLE 850 ns
ta ACCESS TIME 500 850 ns
teo CHIP ENABLE TO OUTPUT TIME 500 ns
ton1 PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS
tonz PREVIOUS READ DATA VALID WITH RESPECT 0 ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITE CYCLE 850 ns
taw ADDRESS TO WRITE SETUP TIME 200 ns
twp WRITE PULSE WIDTH 600 ns
twr WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 650 ns
ton DATA HOLD TIME 100 ns
tew CHIP ENABLE TO WRITE SETUP TIME 750 ns
(1) Typical values are for T o=25°C and nominal supply voltage,
CAPACITANCE Tp =25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST TLyI’l:IIITSn;pF))(
{nput Pulse Levels: +0.65 Volt to 2.2 Volt . AX.
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
ALL INPUT PIN =
Timing Measurement Reference Level: 1.5 Volt (ALL ut S) V'Nc ov
(o] UTPUT CAPACITAN
Output Load: 1 TTL Gate and C_ = 100 pF out 8 91(-)v ¢ E 7 10
ouT ~
WAVEFORMS ;
READ CYCLE WRITE CYCLE
|a— the | twe >
ADDRESS >< ADDRESS
co—n] : twe
e [ 1, I
CHIP CHIP \ i :
ENABLE ENABLE
oHy
ta taw—t tp
DATA
X e T\ A
‘4 toHy L . > fou

DATA STABLU

3

DATA CAN
CHANGE

DATA DATA CAN
IN CHANGE
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MODE 0 PORT DEFINITION CHART

A GROUP A GROUPB ;
PORTC | PORT C
D, [»] D Dy PORT A # PORT B
4| P3| D1 Doy PO (UPPER) {LOWER)
0 0 0 0 QUTPUT OQUTPUT 0 QUTPUT OUTPUT
0 0 0 1 OuUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 o] 0 OUTPUT INPUT 4 OUTPUT OUTPUT:
4] 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 QUTPUT INPUT 7 INPUT INPUT
1 4] 0 0 INPUT OUTPUT 8 OUTPUT OQUTPUT
1 4] 4] 1 INPUT QUTPUT 9 QUTPUT INPUT
1 0] 1 0 INPUT OUTPUT 10 INPUT OUTPUTi
1 4] 1 1 INPUT OUTPUT 11 INPUT INPUT
1 1 0 o] INPUT INPUT 12 OUTPUT OUTPUT.
1 1 4] 1 INPUT INPUT 13 OQUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT:
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 CONFIGURATIONS
CONTROL WORD #0 CONTROL WORD #2
D, Dg Dy D, D, D, D, D, D, Dy Dy D D, D, D, D,
Llefefofofefo]e] [lofefefelo] ]
A -+—>8 PA-,vPAo A +>8 PA'I'PAO
8255 8255
L /%« pc,pc, b e, pe,
L — c{ DDy < ¢
A 3 SV
8 A8, P, 8 fe—rt— pu, P8,
CONTROL WORD #1 CONTROL WORD #3
D; Dg D5 D, Dy D, Dy Dy D, Dg Dg D, D3 D, D, Dy
Llefefefefole]"] Llefofefelof 0]
At—tE o papa, At pn,pa,
8256 8266
———/—4—' PCy-PC, +— PC,-PC,
D;-Dy +——————>] [ { D,-Dy ¢ c {
——t— peype, b PG, P,
) L g je—r® — pa,pp,
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1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

s Access Time — 450 ns Max. = Simple Memory Expansion — Chip

» Single +5 Volts Supply Voltage Enable Input

» Directly TTL Compatible — All Inputs * Fully Decoded — On Chip Address
and Output Decode

s Static MOS — No Clocks or = Inputs Protected — All Inputs Have
Refreshing Required Protection Against Static Charge

* Low Power — Typically 150 mW = Low Cost Packaging — 16 Pin Plastic

» Three-State Output — OR-Tie Dual-In-Line Configuration
Capability

The Intel®8102A-4 is a 1024 word by one bit static random access memory element using normally off
N-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and there-
fore requires no clocks or refreshing to operate. The data is read out nondestructively and has the same
polarity as the input data. ;

The 8102A-4 is designed for microcomputer memory applications where high performance, low cost, large
bit storage, and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip
enable (CE) fead allows easy selection of an individual package when outputs are OR-tied.

The Intel 8102A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functi¢nal density on a2 mon-
olithic chip than either conventional MOS technology or P-channel silicon gate techndlogy

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRA;!VI
W ™ TS Ao% :
. Ao —0) Ve
A 2 156 A
s 1% i L) A.o% -—@-ocno
rRw[]3 [ ]A —] A2 Owj—
—1 Az ® CELL
Al ]s 1024 413 [ jce — a, ‘19—%: seLEeTon ;;".{‘é‘v!s
8 - —] 8102A-4 32 COLUMNS;
2[5 12] _]Joataout _| ':: Aw@_&: i
A —]A
N [ Joatam ] As  Douth— A‘%
I 0 ) Vee —J A | T T
Ay 8 9 jGND RW CE n/wo% weur COLUMN 1/0 CIRCUI§'S ® T
l T DATA
IJIANTAO% CONTROL COLUMN SELECTOR
PIN NAMES ® I
[
Div  DATA INPUT TE  CHIP ENABLE N AVA /_‘~ A
Ag Ay ADDRESS INPUTS | Doyr DATA OUTPUT o ®
RW READ/WRITE INPUT | V¢ POWER (+5V) Q- ein NUmBERS
As Ag Ay 3 Ay

@
3
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CONTROL WORD #12
D, Dg By D, D D, D, D,

CONTROL WORD #14
D, Dg Dy B, D D, D, D,

8
8
A 7 PA7-PAy A fe——sf——— PA,-PR,
8256 8266
4
£4 PC,-PC, |[«——~——- ¢c;-pe,
DDy e [ «lj 0y-Dy 4] [
'y
4 ey re, - pe,PC,
8
8 ya PB,-PBy 8 |[e———rp—— B,-PB,
i
CONTROL WORD #13 CONTROL WORD #15 ,
D, Dg Dg Dy Dy D, Dy Dy D, Dg Dy D, D3 D, D Db,
+
; 8
A PA,-PAy A fe——f— PA,PA,
8266 8256
4 a
v £C,-PC, [ —mml o
DDy 4> c { . DyDy +———————» c -{: .
A/ PC4-PCy e———rf—— PCyPC,
8 8
8 |——/—— PB,-PB, B je——pm PB,-PB,

Operating Modes
Mode 1 (Strobed Input/Output)

This functional configuration provides a means for trans-
ferring 1/0 data to or from a specified port in conjunction
with strobes or ““handshaking” signals. In Mode 1, Port A
and Port B use the lines on Port C to generate or accept
these “handshaking” signals.

5120

Mode 1 Basic Functional Defﬁnitions:

® Two Groups (Group A and Group B)

® Each group contains one §-bit data port and one 4-bit
control/data port. ;

® The 8-bit data port can jibe either input or output.
Both inputs and outputs afe latched.

® The 4-bit port is used for control and status of the
8-bit data port.
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A. C. Characteristics T, =0°C to 70°C, V., =5V 5% unless otherwise specified

Symbol P . Limits Unit
mbol arameter ni
v a Min, l Typ.“]l Max.
READ CYCLE
trc Read Cycle 450 ns
ta Access Time 450 ns
tco Chip Enable to Output Time 230 ns
toH1 Previous Read Data Valid with Respect to Address 40 ns
tOH2 Previous Read Data Valid with Respect to Chip Enable 0 ns
WRITE CYCLE
twe Write Cycle 450 ns
taw Address to Write Setup Time 20 ns
twp Write Pulse Width 300 ns
twRr Write Recovery Time 0 ns
tow Data Setup Time 300 ns
tOH Data Hold Time 0 ns
tew Chip Enable to Write Setup Time 300 ns
NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage.
s 2
Capacitance'” 1, = 25°C, f= 1MH:z
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF)
TYP,[1]] MAX.
Input Puise Levels: 0.8 Volt to 2.0 Volt
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  Inputs: 1.5 Volts (ALL INPUT PINS) V| =0V
Reference Levels Output: 0.8 and 2.0 Volts COUT OUTPUT CAPACITANCE R 0
Output Load: 1 TTL Gateand C|_= 100 pF VOUT =0V :
NOTE: 2. This parameter is periodically sampled
and is not 100% tested.
Waveforms
READ CYCLE WRITE CYCLE
fe the fe twe ; )
ADDRESSX@ 3( ADDRESS 0]
teo——— i twr
+— —
cHIP CHIP \ o :
ENABLE ENABLE :
OH,
ta taw — twe
DATA r /
out e werre k } /|
®
® 1svoLTs ™ '°”‘L_ ‘ tow : > o
@ 20voLts -
 osvaurs oA BTN AT

|
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Output Control Signal Definition

OBF (Output Buffer Full F/F)

The OBF output will go “low’ to indicate that the CPU has
written data out to the specified port. The OBF F/F will be
set by the rising edge of the WR input and reset by the fall-
ing edge of the ACK input signal.

ACK (Acknowledge Input)

A “low” on this input informs the 8255 that the data from
Port A or Port B has been accepted. In essence, a response
from the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an output device has accepted data transmitted by the
CPU. INTR is set by the rising edge of ACK if OBF is a
“one’ and INTE is a “‘one”. It is reset by the falling edge
of WR.

INTE A
Controlled by bit set/reset of PCg.
INTE B
Controlled by bit set/reset of PCo.

MODE 1 (PORT A)

PA, PR, 1>

CONTROL WORD
D; Dg Dg Dy D3 D, Dy Dy
PC.
G Lo AXXY] o
INTE | .
|
PCys EoA PCq ACK,
1= INPUT
0= OUTPUT
WR O

CONTROL WORD
D, Dg Dy D, Dy D, D, D

L DD+ o ]

3

PCy 5 fe—rf—-

MODE 1 (PORT B)

)

|——— INTRg

Mode 1 Output

INTR

GBF
({OUTPUT BUFFER FULL}
Wh f

NO PROTECTION

A

FOR THIS OPERATION

(DOUBLE
WRITE
W/0 ACK)

DATA BUS

ouUTPUT

s
g

Basic Timing Output
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intal

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time -- 270 ns max.
* Read, Write Cycle Times--470 ns max.
* Refresh Period --2 ms

s Low Cost Per Bit » Address Registers

» Low Standby Power Incorporated on the Chip

= Easy System Interface " Simple Memory Expansion —

* Only One High Voltage Chip Select Input Lead
Input Signal —Chip Enable * Fully Decoded—On Chip

= TTL Compatible -- All Address, Address Decode
Data, Write Enable, * OQutput is Three State and
Chip Select Inputs TTL Compatible

» Read-Modify-Write Cycle = Industry Standard 22-Pin
Time--590 ns Configuration

The Intel 8107B is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for memory applications where
very low cost and large bit storage are important design objectives, The 81078 uses dynamic circuitry which reduces the
standby power dissipation.

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is re-
freshed whether Chip Select is a logic one or a logic zero.

The 8107B is fabricated with n-channel silicon gate technology. This technology allows the design and production of
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other
MQOS technologies. The 8107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for
the 81078B.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
81078 81078
Ves 1 b Vss — A Ag O—m «—o ‘pp
[ =l ~{ 4, Ay O MEMORY 0 Ve
= Y = Tx o o e ronseooe | =
== [ 2 e Aa REGISTER : 64 x 64 Yoo
&]s ™ Voo P A :
oy ] 6 1 ce ] ag o A :
ooy O] 7 [ ne . :; ouT T % 64
Ay 8 -y — &
Ao [ A, —1 Ao TIMING COLUMN
a1 1314, - An CE O— va?:::ti%n AMPLIFIERS
Vee QM 12 1 we CS CE WE
T l }
PIN NAMES ’
Dy O ¥ COLUMN DECODE
Ag-A;; ADDRESSINPUTS®* | Vs  POWER (-5V) WE o 1o i and
CE_ CHIP ENABLE Vee _ POWER [+6V) & o= - BUPFER REGISTER
€8 CcHIPSELECT Vop  POWER (+12V) l i I I I I I
Dy  DATAINPUT Vs GROUND s
Bour  DATA OUTPUT WE  WRITE ENABLE Four fo A1 Ag Ag Ao Ay
NC NOT CONNECTED
*Refresh Address Aj-Ag.
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MODE DEFINITION SUMMARY TABLE

MODE 0 MODE 1 MODE 2
IN ouT IN ouT GROUP A ONLY

PAg IN ouT IN ouTt -
PA{ IN out N ouT -
PA, IN ouT IN out -
PA3 IN ouT N out -
PA4 IN ouT IN ouT -
PAg IN ouT IN ouT -
PAg IN out IN ouT -
PA7 IN ouT IN ouT -
PBg IN ouTt IN out _— ]
PB4 IN out IN ouT —_—
PBy N ouT IN out _
PB3 IN out IN ouTt —_— MODE 0
PBg IN ouT IN ouT _ - OR MODE 1
PBg IN ouT IN ouT _— ONLY
PBg IN out IN ouT e
PB7 IN out IN ouTt —
PCo IN ouT INTRp INTRg 1/0
PCy IN ouTt IBFg OBFg 110
PCy IN ouT STBp ACKg 1j0
PC3 iN out INTRA INTRA INTRA
PCa IN ouT §TBA 1o STBa
PCs IN out IBFp 1/0 1BF A
PCg IN ouT 1/0 ACKa ACKa
PCy IN out 10 OBF OBF

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
All input lines can be accessed during a normal Port C
read.

If Programmed as Outputs —
Bits in C upper (PC7-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source 1TmA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “‘hand-shaking’ signals
with the peripheral device. Reading the contents of Port C

5-126

allows the programmer to test or Verify the “status”’ of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION
D, Dg Dy D, Dgi D, D Dy

1o 110

IBFA

INTE,

1BFy

INTR), [ INTEg INTRg

u T
GROUP A | GROUP B

OUTPUT CONFIGURATION
o, Dg Dy D, D D, D D,

OBF, | INTE,| 1O l /0 |INTR, | INTEg | OBFg |INTRy
T : T
GROUP A GROUP B
Mode 1 Status Word Format
D;  Dg D D, Dy Dy D, Dg

Iv:ﬁA INTE, | IBF, | INTE, INTR,\|><1><|>Q
h . N - S

GROUP A - GROUPB

{DEFINED BY MODE 0 OR MODE 1 SELECTION)

Mode 2 Status Word Format
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Read and Refresh Cycle (] {Numbers in parentheses are for minimum cycle timing in ns)
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Write Cycle
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ﬁ

=
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L
ADDRESS ©)
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X

ADDRESS STABLE

ADDRESS CAN CHANGE (7) DRESS STABLE
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UNDEFINED

VoL o m =

NOTES: 1. For Refresh cycle row and column addresses must be stable before tAC and remain stabl,
- VIL MAX is the reference level for measuring timing of the addresses, CS, WE, and DIN-
. VIH MIN is the reference level for measuring timing of the addresses, CS, WE, and DIN-
- Vg§ +2.0V is the reference level for measuring timing of CE,

. VDD -2V is the reference level for measuring timing of CE.

. Vgg +2.0V is the reference level for measuring the timing of DoyT.

During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.

2
3
4

5
6
7.

- - -

torl0) |

e for entire tA 4 period.
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L Pes PC, DATA READY
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Typical Characteristics
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D.C. CHARACTERISTICS Ta =0°C to 70°C; Vg = +6V 15%; Vgg = OV

Symbol Parameter Min. Typ. | Max. Unit | Test Conditions
ViL Input Low Voltage .8 \Y
ViH tnput High Voltage 2.0 \
VoL Output Low Voltage 4 \ loL=1.6mA
Vo Output High Voltage 24 \ lon =-50uA (-100uA for D.B. Port)
lonM! Darlington Drive Current 2.0 mA Von = 1.5V, RgxT =390Q
lce Power Supply Current 40 mA
NOTE:

1. Available on 8 pins only.

A.C. CHARACTERISTICS Ta=0°Cto 70°C; Ve = +5V £6%; Vgg = OV

Symbol Parameter Min. | Typ. |Max. Unit Test Condition
twp Pulse Width of WR 430 ns
tow Time D.B. Stable Before WR 10 ns
two Time D.B. Stable After WR 65 ns
taw Time Address Stable Before WR 20 ns
twa Time Address Stable After WR 35 ns
tew Time CS Stable Before WR 20 ns
twe Time CS Stable After WR 35 ns
twe Delay From WR To Output 500 ns
tRe Pulse Width of RD 430 ns
tiR RD Set-Up Time 50 ns
tHR Input Hold Time 50 ns
trD Delay From RD = 0 To System Bus 350 ns
top Delay From RD = 1 To System Bus 180 ns
taR Time Address Stable Before RD 50 ns
tcr Time CS Stable Before RD 50 ns
tak Width Of ACK Pulse 500 ns
tsT Width Of STB Pulse 350 ns
tps Set-Up Time For Peripheral 150 ns
tpy Hold Time For Peripheral 160 ns
trA Hold Time for A;, Ag After RD = 1 379 ns
tre Hold Time For CS After RD = 1 5 ns
tap Time From ACK = 0 To Output(Mode 2) 500 ns
tkp Time From ACK = 1 To Output Floating 300 ns
two Time From WR = 1 To OBF = 0 300 ns
ta0 Time From ACK = 0 To OBF = 1 500 ns
tg) Time From STB = 0 To IBF 600 ns
tR| Time From RD = 1 To iBF = 0 300 ns
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Typical Current Transients vs. Time
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Applications
Refresh

The 8107B-4 isrefreshed by either a read cycle, write cycle, or read-modify write cycle. Only the selected row of
memory array is refreshed. The row address is selected by the input signals Ag thru Ag. Each individual row
address must reczive at least one refresh cycle within any two milliseconds time period.

If a read cycle is used for refreshing, then the chip select input, CS, can be a logic high ot a logic low. If a write
cycle or read-mcdify write cycle is used to refresh the device, then CS must be a logic high. This will prevent
writing into the memory during refresh.

Power Dissipation

The operating power dissipation of a selected device is the sum of Vpp x Ippav and Vg x Igg. For a cycle of
400ns and tce of 230ns typical power dissipation is 456mW.

Standby Power

The 8107B-4 is a dynamic RAM therefore when Vg = V)¢ very little power is dissipated. In a typical system
most devices are in standby with Vcg at V|_c. During this time only leakage currents|/flow (i.e., Ipp1. lcc1,
I88, ILo~ IL1). The power dissipated during this inactive period is typically 1.4mW. The typical power dissipa-
tion required to perform refresh during standby is the refresh duty cycle, 1.3%, multiplied by the operating
power dissipation, or 5.9mW. The total power dissipation during standby is then 7.3mW typical.

System Interfaces and Filtering

On the following page is an example of a 16K x 8 bit memory system. Device decoding |s done with the CE in-
put. All devices are unsefected during refresh with CS. It is recommended that 1uF high frequency, low induc-
tance capacitors be used on double sided boards. V¢c to Vgg decoupling is required only/on the devices located
around the periphery of the array. For each 36 devices a 100uF tantalum or equivalent capacitor should be
placed from Vpp to Vsg close to the array.
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1024 BIT (256 x 4) STATIC CMOS RAM
*Ultra Low Standby Current: 15 nA/Bit for the 5101

!
= Fast Access Time—650 ns * Directly TTL Compatible—All
* Single +5 V Power Supply Inputs and Outputs

» CE, Controls Unconditional * Three-State Output |
Standby Mode |

The Intel® 5101 end 5101-3 are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricatéd with an advanced ion-

implanted silicon gate CMOS technology. The devices have two chip enable inputs. When CE, is at j low level, the minimum

standby current is drawn by these devices, regardless of any other input transitions on the addresses and other control inputs. ‘
Also, when C_E1 is at a high level and address and other control transitions are inhibited, the minimum standby current is
drawn by these devices, When in standby the 5101 and 5101-3 draw from the single 5 volt supply only 15 microamps and
200 microamps, respectively. These devices are ideally suited for low power applications where battery operation or battery
backup for non-volatility are required. i

The 5101 and 5101-3 use fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition.
The data is read out non-destructively and has the same polarity as the input data. All inputs and gutputs are directly TTL
compatible. The 5101 and 5101-3 have separate data input and data output terminals. An output dls:;ble function is provided
50 that the data inputs and outputs may be wire OR-ed for use in common data I/O systems. 1

The 5101L and 5701L-3 are identical to the 5101 and 5101-3, respectively, with the additional feﬁture of guaranteed data
retention at a power supply voltage as low as 2.0 volts.

A pin compatible N-channel static RAM, the Intel 2101, is also available for low cost applications where a 256 x 4 organi-
zation is needed.

The Intel ion-implanted, silicon gate, complementary MOS (CMOS) allows the design and production of ultra-low power,
high performance memories.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
510° 5101
7 @
N N = v lllnllE
A GND
4 [- 2] A, — A Ao @ | aooress ROW CEY Ay °
20 — 32 ROWS
A s 20 1 rw —] A, aog G | BUFFERS DECODERS 32 RoLumMAS
i Y
N P o [ v 2 ro 2 —
i —{ (DisaBLE)
& oo —a
37,
A 17 [ ce2 = % CE2 54
— A CE1
A1 16 :DO‘ p— G DO.
— o, oo, |— L1 (DisABLE) | cduumn 10
o []e 15 _Joi, or ® QARCUITS
— o 0O, [— 00,
o, []e 14 [ oo, — oy po, — ®
— o po, b— dOLUMN
oo, [ 10 3oy ‘ ‘ DECODER 3@0”3
——t 0D
o1, [ 11 12 [7] 0o, RW CE2 CEl 0 bo,
ors.| COLUMN
' 179 105 SELECT
! BUFFERS
PIN NAMES I
D1y -Dly DA_ [A INPUT o _9‘?,,7,,,0,qu DISABLE_
Ry— R,  RDORESSINPUTS §0,- D0, DATA OUTPUT A i
R READWRITE INPUT | Vo POWER {+6V) s A
|_TET.CE2_ CRIP ENABLE ®0 O = PN NUMBERS
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8251 BASIC FUNCTIONAL DESCRIPTION
General

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-
computer System. Like other 1/0 devices in the 8080 Micro-
computer System its functional configuration is programmed
by the systems software for maximum flexibility. The 8251
can support virtually any serial data technique currently
in use (including IBM “bi-sync’’).

In a communication environment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear ‘‘transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8251 to the 8080 system Data Bus. Data is transmitted
or received by the buffer upon execution of INput or OUT-
put instructions of the 8080 CPU. Control words, Command
words and Status information are also transferred through
the Data Bus Buffer.

Read/Write Control Logic

This functional block accepts inputs from the 8080 Control
bus and generates control signals for overall device operation.
It contains the Control Word Register and Command Word
Register that store the various control formats for device
functional definition.

RESET (Reset)

A “high” on this input forces the 8251 into an “Idle’’ mode.
The device will remain at ““Idle” until a new set of control
words is written into the 8251 to program its functional
definition.

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 {TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter clock in-
puts for synchronous mode {4.5 times for asynchronous
mode).

WR (Write)
A “low" on this input informs the 8251 that the CPU is

outputting data or control words, in essence, the CPU is
writing out to the 8251,

RD (Read)

A “low" on this input informs the 8261 that the CPU is in-
putting data or status information, in essence, the CPU is
reading from the 8251.

€/D (Control/Data)

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word oh the Data Bus is either a
data character, control word or status information.
1=CONTROL O0=DATA

CS (Chip Select)

A “low" on this input enables the?8251. No reading or writ-
ing will occur unless the device is felected.

t

|

i

c/OC RD WR CS L
0 0 1 0 8251 = DATA BUS
0 1 0o o DATA BUS = 8251
1 0 1 0  STATUS= DATABUS
1 1 0 0 DATABUS=CONTROL
X X X 1 DATABUS= 3-STATE
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SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

A.C. Characteristics for 5101, 5101-3, 5101L, 5101L-3 ‘;

READ CYCLE T4 =0°C to 70°C, V¢ = 5V 5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions

trc Fead Cycle 650 ns ‘
ta Access Time 650 ns
t Chip Enable (CE1) to Output ns
co1 .p able { ) utp 600 (See below)
tco2 Chip Enable (CE2) to Output 700 ns
top Cutput Disable To Output 350 ns
tpg Ciata Output to High Z State 0 150 ns
t Previous Read Data Valid with 0 ns
OHY’ Fespect to Address Change
1 Previous Read Data Valid with
OH2 Fespect to Chip Enable 0 ns
WRITE CYCLE
Symbol Parameter Min. Typ. Max. Unit Test Conditions
twc Write Cycle 650 ns
taw Write Delay 150 ns
t Chip Enable (CE1) To Write 50 ns
cw .p ( ) - 5 " {See below)
tow2 Chip Enable (CE2} To Write 550 ns ‘
tow Data Setup 400 ns i
tDH Cata Hold 100 ns
twe Write Pulse 400 ns
twr Write Recovery 50 ns
tps Qutput Disable Setup 150 ns
. [2]
A.C.CONDITIONS OF TEST capacnance Ta = 25°C, f= 1MHz
Input Pulse Levels: +0.65 Volt to 2.2 Volt —
Svmbol Test Limits (pF)
i imes: mbol es
Input Pulse Rise and Fall Times: 20nsec y Typ. | Max.
Timing Measurement Reference Level: 1.6 Volt Cin Input Capacitance R 8
Output Load: 1 TTL Gate and C, = 100pF (All Input Pins) Viy = 0V
Cout Output Capacitance Voyt I= OV 8 12

593
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Receiver Buffer

The Receiver accepts serial data, converts this serial input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an
‘“‘assembled’’ character to the CPU. Serial data is input to
the RxD pin.

Receiver Control

This functional block manages all receiver-related activities.

RxRDY (Receiver Ready)

This output indicates that the 8251 contains a character that
is ready to be input to the CPU. RxRDY can be connected
to the interrupt structure of the CPU or for Polled opera-
tion the CPU can check the condition of RxRDY using a
status read operation. RxRDY is automatically reset when
the character is read by the CPU.

RxC {Receiver Clock)

The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the frequency of
AxCisequal to the actual Baud Rate (1x). In Asynchronous
Mode, the frequency of RxC is a multiple of the actual
Baud Rate. A portion of the mode instruction selects the
value of the multiplier; it can be 1x, 16x or 64x the Baud
Rate,

For Example: if Baud Rate equals 300 Baud,
RxC equals 300 Hz (1x)

RxC equals 4800 Hz (16x)

RxC equals 19.2 kHz (64x),

If Baud Rate equals 2400 Baud,
RxC equals 2400 Hz (1x)

RxC equals 38.4 kHz (16x)

RXC equals 153.6 kHz (64x).
Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be

handling both the transmission and reception operations of

a single link. Consequently, the Receive and Transmit Baud
Rates will be the same. Both TxC and RxC will require iden-
tical frequencies for this operation and can be tied together
and connected to a single frequency source {Baud Rate
Generator) to simplify the interface.

SYNDET (SYNC Detect)

This pin is used in SYNChronous Mode only. It is used as
either input or output, programmable through the Control
Word. It is reset to “low’ upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
“high” to indicate that the 8261 has located the SYNC
character in the Receive mode. If the 8251 is programmed
to use double Sync characters {bi-sync), then SYNDET will
go “high” in the middle of the last bit of the second Sync
character. SYNDET is automatically reset upon a Status
Read operation.

When used as an input, (external SYNC detect mode), a
positive going signal will cause the 8251 to start assembling
data characters on the falling edbe of the next RxC. Once
in SYNC, the “high” input signal i:an be removed. The dura-
tion of the high signal should be at least equal to the period
of RxC.

RECEIVE
BUFFER
{$-+P)

RECEIVE
CONTROL

g ADDRESS BUS 1

S ] .

{ CONTROL BUS | \
o R oW RESETI [
; (7L

DATABUS |

D,-D, RD . WR RESET CLK

8251

8251 Interface to 8080 Standard System Bus
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TTL-TO-MOS LEVEL SHIFTER AND
HIGH VOLTAGE CLOCK DRIVER |

» Four Low Volitage Drivers » Operates from Sta.nrard Bipolar and
= One High Voltage Driver MOS Power Supplies
= TTL and DTL Compatible Inputs = Maximum MOS pevﬁce Protection —
= Outputs Compatible with Output Clamp Diodes

8107A MOS Memories

The Intel®82’lO is a Bipolar-to-MOS level shifter and high voltage driver which accepts TTL and DTL inputs.
It contains four (4) low voltage drivers and one high voltage driver, each with curfent driving capabilities
suitable for driving N-channel MOS memory devices. The 8210 is particularly suitable for driving the 8107A
N-channel MOS memory chips. The 8210 operates from the 5 volt and 12 volt power supplies used to bias
the memory devices.

The four low voltage drivers feature two common enable inputs per pair of drivers thich permits address or
data decoding. The high voltage driver swings the 12 volts required to drive the cﬁlip enable (clock) input
for the 8107A. ‘

The 8210 high voltage driver requires an externally connected PNP transistor. The PNP base is connected
to pin 12, the collector to pin 11, and the emitter to pin 10 or Vpp . The use of a fast switching, high voi-
tage, high current gain PNP, like the 2N5057 is recommended.

PIN CONFIGURATION LOGIG SYMBOL
\/ Dy
DATA INPUT D, [] 1 18 b Vee
Ep —mee——m
ENABLE INPUT E4 [ ]2 17]"Jo, paTA INPUT "
DATA INPUT D, [ |3 18 Jo, Low voLTAGE OuTPUT 0, 01
DATA iINPUT D, [ |4 15[ J o, Low voLTAGE ouTPUT Dy o,

ENABLE NPUTE[ |5 8210 14 ] 03 Low voLTaGE ouTeUT

Eg 0,

DATA INPUT 0, [

)
w

)0, Low vOLTAGE OUTPUT
Dy 04

DATA INPUT D5 [

~
-
XY

] 8 Base oF pne

D,
DATA INPUT D [

[
-

[ o, HIGH voLTAGE OUTPUT
Dg
Og

ono[Jo 0] JVep
Dg

5
%
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251 has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in- Sync Mode) then the device is ready to be
used for data communication. The Command Instruction
controls the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251
and Sync characters inserted, if necessary, then all further
“control writes” (C/D = 1) will load the Command In-
struction. A Reset operation (internal or external) will
return the 8251 to the Mode Instruction Format.

STATUS READ DEFINITION

In data communication systems it is often necessary to
examine the “status” of the acb;ive device to ascertain if
errors have occurred or other conditions that require the
processor’s attention. The 8251 has facilities that allow the
programmer to “read” the status ‘of the device at any time
during the functional operation.

A normal “read” command is issted by the CPU with the
C/D input at one to accomplish this function.

Some of the bits in the Status Read Format have identical
meanings to external output pins so that the 8251 can be
used in a completely Polled envirbnment or in an interrupt
driven environment, ‘

D, Dg D D, D D, D, D
LEH I R |RTS| ER |SBRKI RxE | DTR |TxE;|

L TRANSMIT ENABLE
1 = enable
0 = disable

DATA TERMINAL
READY

“high” will force DTR
output to zero

RECEIVE ENABLE
1 = enable
0 = disable

SEND BREAK
CHARACTER
1 = forces TxD “low”
0 = normal operation

ERROR RESET
1 = resst all error flags
PE, OE, FE

REQUEST TO SEND
“high*’ will force RTS
output to zero

INTERNAL RESET
“high”’ returns 8251 to
Mode Instruction Format

ENTER HUNT MODE
1 = gnable search for Sync
Characters

Command Instruction Format

5-142

o, Dg Dg Dg Dy; D, D, Dy

DSR | SYNDET FE OE PE TxE RxRDY | TxRDY

L 1]

i SAME DEFINITIONS AS 1/0 PINS
i

PARITY ERROR

The PE flag is set when a parity
preor is detected. It is reset by
he ER bit of the Command
Instruction. PE does not inhibit
pperation of the 8251.

PVERRUN ERROR

The QE tlag is set when the CPU
floes not read a character before
he next one becomes available.
t is reset by the ER bit of the
Command Instruction. OE does
pot inhibit operation of the 8251;
however, the previously overrun
gharacter is lost.

FRAMING ERROR {Async only)
Jhe FE flag is set when & valid
top bit is not detected at the
dnd of every character. It is reset
y the ER bit of the Command
ion. FE does not inhibit
he operation of the 8251.

Status Read Format
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Absolute Maximum Ratings*

Temperature Under Bias .. ........... 0°Cto 70°C All input Voltages . ............... ~1.0 to +5.5V
Storage Tempe-ature . ........... —65°C to +150°C Outputs for Low Voltage Drivers . .j. ... .. —0.56 to +7V
Supply Voltage, Vee -« v oo o v vl —~0.5to +7V Outputs for Clock Driver . ........... —1.0to +13V
Supply Voltage, Vpp « -« o oo v e —0.5 to +13V Power Dissipation at 25°C .. ... .. ... ........ 2w

*COMMENT: S3tresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This.is a
stress rating or ly and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this sy ecification is not implied. Exposure to absolute maximum rating conditions for extended pefiods may affect device
reliability.

D.C. Chariacteristics Ta =0°C to 70°C, Ve =5.0V £ 5%, Vpp = 12V £ 5%

Symbol Parameter Min. Max. Unit Test Conditions.
lep Data input Load Current -0.25 mA Ve 2045V
lrg E'nable Input Load Current —0.50 mA Vg 5 0.45V
lrp Data Input Leakage Current 10 MA Vg ¥ 12.6V
Ire f:nable Input Leakage Current 20 MA Vg # 12.6V
VoL i)utput Low Voltage 0.45 \4 loLF 3mA, iy =2V
or all Drivers -1.0 Vv loL F—5mA
Vo g'utput High Voltage Vee ~1.0 v fonfF —1mA, Vi, = 0.8V
or Low Voltage Drivers Vee +1.0 v lonF 5mA
Vo E'utpgt High Voltagg Vpp —0.75 \" lonF —~1mA, Vj = 0.8V
or High Voltage Driver Vpp + 0.5 Vv lo=5mA
o | o S ST G z o | orav vy
o2 | | vt S Coren ma | voTav.uw-2v
log Fulsed Output Sourge Current _75 mA Vo 5 Vee —-1.6V,
for Low Voltage Drivers ViL ¥ 0.8V
o | mmmmme | w | Bl
Vi 1 put Low Voltage, All Inputs 0.8 \
Vin I put High Voltage, All Inputs 2 \

POWER SUPPLYY CURRENT DRAIN AND POWER DISSIPATION
All driver outputs are in the state indicated

Test Conditions -- Input states to ensure
the following output states: Additional Test
0] . All Low Voltage High Voltage Conditions
Symbol >arameter Typ. Max. Unit Outputs Output
lcct Curient from Vge 26 35 mA Low Low
Ipp1 Curient from Vpp 12 16 mA Low Low
Pp1 Power Dissipation 290 3380 mw Low Low
lce2 Curient from Vee 21 28 mA Low High
lob2 Curient from Vpp 26 35 mA Low High
Pp2 Power Dissipation 450 600 mw Low High Ve =5.26V,
Vpp = 12.6V
leca CurtentfromVge | 19 | 25 mA High Low oD
lbps Curtent from Vpp 12 16 mA High Low
Pp3 Pow zr Dissipation 260 340 mW High Low
lcca Curient from Vee 14 18 mA High High
lopa Curtent from Vpp 26 35 mA High High
Poa Power Dissipation 410 550 mwW High High

111 This parameter it periodically sampled and is not 100% tested. Condition of measurement is Ta = 25°C, Vee = 5V, |Vpp = 12V.
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D.C. Characteristics:

Ta =0°Cto 70°C; Vg = 5.0V % 5%; Vgg = OV

Symbol Parameter Min. Typ. Max. Unit Test Conditions i
ViL Input Low Voltage Vgs-.5 0.8 \4
ViH Input High Voltage 2.0 Vee \Y ‘
VoL Output Low Voltage 0.45 \% loL = 1.6mA
Vou Output High Voltage 2.2 v loy = -100uA (DBg-7)
lon = -100uA (Others)
IbL Data Bus Leakage 50 MA Vour = 4.5V
Igg Input Load Current 10 UA @ 5.5V
lec Power Supply Current 45 80
Capacitance

Ta = 25°C; Vee = Vss =0V

Symbol Parameter Min. Typ. Max. Unit Test Condlitions
Gn Input Capacitance 10 pF fc = 1MHz
Ciio 1/0 Capacitance 20 pF Unmeasuted pins returned to Vsg.
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intgl

DYNAMIC MEMORY
REFRESH CONTROLLER

= Adjustable Refresh = Internal Address
Requast Oscillator Multiplexer

* |deal for 8107A,8107B * Up to 6 Row Input Addresses
4K RAM Refresh (64 x 64 Organization)

The 8222 is a refrash controller for dynamic RAMs requiring row refresh of up to 6 row input addrdsses {(or 4K bits for 64 x
64 organization). The device contains an accurate refresh timer (whose frequency can be set by an|external resistor and ca-
pacitor) plus all n:cessary control and 1/O circuitry to provide for the refresh requirements of dynpmic RAMs. The chip’s
high performance makes it especially suitable for use with high speed N-channel RAMs like the 8107B. The 8222 is designed
for large, asynchronously driven, dynamic memory systems.

PIN CONFIGURATION BLOCK DIAGRAM
REF. REQ. START CYCLE
CYC.REQ. REFRESH ACK
v p REQUEST S
i 22[] V¢ SUPPLY VOLTAGE BUSY Logic REF.ON
— —
REFRE I []2 21 Rx/ex
evrea[]s 20 [ Aek l
sTARTCY []4 19 [ ] REFON
ADDRESS INPUT £, [] 5 18 [ BUSY CENTER :>
ADDRESS INPUT / 6 222 17 _] A; ADDRESS INPUT
O 8 [] A, OUTPUT
ADDRESS INPUT £, [ 7 16 [} A, ADDRESS INPUT MUX :> ADDRESSES
’ INPUT Pohe
ADDRESS OUTPUT €, (] 8 15 [ ] Az ADDRESS INPUT ADDRESSES
ADDRESS ouTPuT ¢, [} @ 14 [7] o5 ADDRESS oUTPUT Vee
ADDRESS OUTPUT ¢, []10 13 [ ] 0, ADDRESS OUTPUT REF. B
aroun ) [ 12 [T] 0, ADDRESS OUTPUT e e
CX/RX ¢ — -~ ———
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READ AND WRITE TIMING

Jp— - L=
ou © tRA— |4—

*WRITE
WR - L twa - |<— oo o > e
taw ~—»{tARle—
*READ *x

*WRITE AND READ PULSES HAVE NO TIMING LIMITATION WITH RESPECT TO CLK, !

TRANSMITTER CLOCK AND DATA

i

TxC (1x BAUD) S / >
16 TXC PERIODS —— el
TG (16x BAUD) /S =/
—orx .
™w__ T~ — . X~ ~=

RECEIVER CLOCK AND DATA

fxD %
< - tsRx

tHRx 1
RxC (1x BAUD) \ o
INTERNAL
SAMPLING
PULSE
f START BIT 15t DATA BIT
> T — ] S
tsRx { tax —

RxC {16x BAUD)

INTERNAL r—a RxC PERIODS»H; 16 RxC PERIODS ———— :

SAMPLING

PULSE

Tx RDY AND Rx RDY TIMING (ASYNC MODE)

3

RxD LstarTeiT [ DATABAS .\

L
[PARITY BIT [STOP | BIT | STA&T BIT |

tax 7?'__\\

i
Rx RDY
! i
h—EA_-D 1
Tx EMPTY ]
try —»f
Tx RDY ﬁ
|
WRITE 1] '
WRITE 1st BYTE WRITE 2nd BYTE WRITE 3rd BYTE
TxD MARKING|_STARTBIT [ DATABIT [PARITY BIT] STOP| BIT | STARTBIT |
e 15t DATA BYTE <t 2nd DATA BYTE
INTERNAL SYNC DETECT
-~ SYNC CHARACTER (01101001) ——————————»

RxD st BIT [ I LASTBIT
SYNDET ts 7 /
{oUTPUT)

EXTERNAL SYNC DETECT
RxC 1 I
1,
SYNDET v’J*‘ e —
{INPUT} >
mo__ T T T T I N I I ]

—
}*H 1st DATA BYTE ‘—>|

5-146





[image: image159.png]8261

1/0
COMMUNICATION
INTERFACE

8212
8255

/0
PERIPHERAL
INTERFACE

I/0

8212
8255
8251

s





[image: image160.png]SCHOTTKY BIPOLAR 8205

e ——— .

Logic Element Example

Probably the most overlooked application of the 8205 is
that of a general purpose logic element. Using the “on-chip”
enabling gate, the 8205 can be configured to gate its de-
coded outputs with system timing signals and generate
strobes that can be directly connected to latches, flip-flops
and one-shots that are used throughout the system.

An excellent example of such an appllcat|on is the ”state
decoder”” ip.an 8008 CPU based systent:”

sues three bits of information (S0, S1, $2) that indicate the
nature of the data on the Data Bus during each machine
state. Decoding of these signals is vital to generate strobes
that can load the address latches, control bus discipline and
general machine furictions.

In the figure below a circuit is shown using the 8205 as the .

“state decoder” for an 8008 CPU that not only decodes the
S0, S1, S2 outputs but gates these signals with the clock
(phase 2) and the SYNC output of the 8008 CPU. The T1

and T2 decoded strobes can conrject directly to devices like
8212s for latching the address ihformation. The other de-
coded strobes can be used to generate signals to control the
system data bus, memory timing functions and interrupt
structure. RESET is connected to the enable gate so that
strobes are not generated duringﬂ system reset, eliminating
accidental loading. I

- The power of such a circuit becomes evident when a sin‘gle‘

decoded strobe is logically broken down. Consider T1 out-
put, the boolean equation for it wrould be:

T1 = (S0-51-52)-(SYNC-Phase 2-Reset)
A six input NAND gate plus a feV\i/ inverters would be need-
ed to implement this function. Thﬁe seven remaining outputs
would need a similar circuit to! dupllcate their function,
obviously a substantial savings . in components can be
achieved when using such a technlque.

1 - -
s, 12 Ag 2p i
2 _ _
s, |12 A, ) L.
1 3 -1
s T T3
8008 2 A
cPU 7bZ Ta
8206 10
svnc sp—T
i il [ -
16 15 12
3 p—=— ST0P
9
S
8201 s
cLocK
GENERATOR

SYSTEM RESET

QUTPUTS

State Control Coding

$

STATE

saacscoood

O =20 00w

—-—soooc-=ol

T ;
T .
T2

WAIT

hE]
SsTOP
T4

15
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Schottky Bipolar 8212
EIGHT-BIT INPUT/OUTPUT PORT

intal

= Fully Parallel 8-Bit Data = 3.65V Output High Voltage
Register and Buffer for Direct Interface to 8080
= Service Request Flip-Flop CPU or 8008 CPU
for Interrupt Generation = Asynchronous Register
= Low Input Load Current — Clear
.25 mA Max. = Replaces Buffers, Latches
» Three State Outputs and Multiplexers in Micro-
. computer Systems
= Qutputs Sink 15 mA P y
» Reduces System Package
Count
The 8212 input/cutput port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.
The device is mul imode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi-
pal peripheral and input/output functions of a microcomputer system can be implemented with this device.
PIN CONFIGURATION LOGIC DIAGRAM
v, SERVICE REQUEST FF
ok 2 v, ®_ N\
vmo[ 2 23 [JiNT DEVICE SELECTION e )
oLLd3 22 [ _]Dig . \ Ei cSR
oo, [} 4 21| Joo, > ost INT 23>
o, [ s 20 { o1, (3> os2 (ACTIVE LOW)
—E
9 {Joo
9%y ! ? > v =
o, []7 18 [ Joig
oo, & 17 [ J oo, > s78 —4 717 71 oureur
o, L] 16 [ Joug : ] | BuFFer
oo, [ 10 15 [ J oo, — | |
st 11 14 [ JER E>on = i f%
ano[] 12 13 [ Jos patatatcH | 7"'-& | |
2 o \] (W ey ! 34 0o
2 I 2
[ R | |
|
B>o01 o 9] : { oog
c
g
B>o1, o a4 DOy
PIN NAMES : Calil |
, |
Dh-Dig | DAT/IN fe>pig +Hp ot I Do B>
D0y-DOg | DAT/. OUT I CR ‘ |
D8;-DS; | DEVI 3E SELECT | | |
™MD MOD.
ST STRC BE [g>o14 I {o o} I %DOG®
NT INTE 3RUPT (ACTIVE LOW] Calll |
CLR CLEZ R (ACTIVE LOW) I | I
DYy % [cq ] ] DOy
ey
B> o L e },5+ o0 B>
reseToRIVER | fl]c A |
o T
&> cLr 2 Pan
(ACTIVE LOW)
L —
s101
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8205 SWITCHING CHARACTERISTICS

Vee
CONDI!TIONS OF TEST: TEST LOAD:

. 3900 i :
Input pulse amplitudes: 2.5V [

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

Measurements are made at 1.5V

TEST WAVEFORMS

ADDRESS OR ENABLE
INPUT PULSE

>

—-— —>1_+,l__’<—‘
|

AL T L L PP P VLY T

A

OuUTPUT
Ay

L LY LY T )

Vrmmm e ——————

t

A.C. CHARACTERISTICS T, =0°C to +75°C, V¢ = 5.0V £5% unless otherwise specified.

SYmMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS
tyy 18 ns |
o, | ADDRESS OR ENABLE TO 18 ns i
t,_ | OUTPUT DELAY 18 I ‘
t__ 18 ns
Cn'" | INPUT CAPACITANCE P8205 4{typ.) pF f= 1 MHE, Vg = OV
C8205 5(typ.) pF VBiAg =2.0V.Tp =259C
1. This parameter is periodically sampled and 1s not 100% tested, :
TYPICAL CHARACTERISTICS
ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
20 20 T
Ve = 5.0V ) = 6.0V
T, =28°C - cfc: 30 pF
AY <
] 15 [t ] o 15
"o - L [
L = 3
%‘E =" E$
g 10 ] @ 10
62 o ™ g0
gg // §§ oy
53 E5
a° a3
. sl 2 s
L , 1
4] 50 100 150 200 0 25 50 75 !
LOAD CAPACITANCE (pF} AMBIENT TEMPERATURE (°C)
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Applications Of The 8212 -- For Microcomputer Systems

1 Basic Schematic Symbol
i Gated Buffer

n Bi-Directional Bus Driver
IV Interrupting Input Port

\ Interrupt Instruction Port
VI Output Port

I. Basic Schematic Symbols

Two examples of ways to draw the 8212 on system
schematics—(1. the top being the detailed view
showing pin nuinbers, and (2) the bottom being the
symbolic view ¢howing the system input or output

VIl 8080 Status Latch
VHI 8008 System
IX 8080 System:
8 Input Ports
8 Output Ports
8 Level Priority Interrupt

as a system bus (bus containing 8 parallel lines).
The output to the data bus is symbolic in referenc-
ing 8 parallel lines.

BASIC SCHEMATIC SYMBOLS

INPUT DEVICE OUTPUT DEVICE
S 1 [T
3 S8 4 3 sT8] 4
— — DOb—
o poj=— —or o<
7 8 7 8
9 10 9 10
61 gz 5 (DETAILED) 6 g212 S
8 17 18 17
20 19 ) 19
22 ]ctr WNT [ 21 22 JINT CLR| 21
141/ mp \[23 23 |~ mMD_\[14
DS, | Ds,[ ~os, | b5,
Y1 |2 |13 EERERE
v,
INPUT _ GND —~) ~ ce | ouTpuT
STROBE™ ] [ “TT FLAG
SYSTEM YMBOLIC SYSTEM
INPUT E> 812 :> ® ) 8212 OUTPUT
— CLR INT o~ —o INT CLR jo—

N

GND

b~
DATA BUS

LT

DATA BUS Vee

Il. Gated Bufier ( 3- STATE)

The simplest use of the 8212 is that of a gated
buffer. By tying the mode signal low and the strobe
input high, the data latch is acting as a straight
through gate. T1e output buffers are then enabled
from the device selection logic DS1 and DS2.
When the device: selection logic is false, the outputs
are 3-state.

When the device selection logic is true, the input
data from the system is directly transferred to the
output. The inpuit data load is 250 micro amps. The
output data car sink 15 milli amps. The minimum
high output is 3.35 volts.

5-103

GATED BUFFER

3-STATE
Vec 1
STB
INPUT OUTPUT
DATA s:> 8212 DATA
(250 wA) (15mA)
(3.65V MIN)
TR
GATING [—————F |
CONTROL GND
(B557.Ds2)
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INTERRUPTS IN MICROCOMPUTER SYSTEMS

Microcomputer system design requires that 1/0 devices such
as keyboards, displays, sensors and other components re-
ceive servicing in an efficient method so that large amounts
of the total systems tasks can be assumed by the micro-
computer with little or no effect on throughput.

The most common method of servicing such devices is the
Polled approach. This is where the processor must test each
device in sequence and in effect “ask’ each one if it needs
servicing. It is easy to see that a large portion of the main
program is looping through this continuence polling cycle
and that such a method would have a serious, detrimental
effect on system throughput thus limiting the tasks that
could be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

A more desireable method would be one that would allow
the microprocessor to be executing its main program and
only stop to service peripheral devices when it is'told to do
so by the device itself. In effect, the method would provide
an external asynchronous input that would inform the
processor that it should complete whatever instruction that
is currently being axecuted and fetch a new routine that
will service the requesting device. Once this servicing is com-
plete however the processor would resume exactly where it
left off.

This method is callad Interrupt. 1t is easy to see that system
throughput would drastically increase, and thus more tasks
could be assumed by the microcomputer to further enhance
its cost effectiveness.

The Priority Interrupt Control Unit (PICU) functions as an
overall manager in an Interrupt-Driven system environment.
It accepts requests from the peripheral equipment, determ-
ines which of the incoming requests is of the highest im-
portance {priority), ascertains whether the incoming request
has a higher priority value than the level currently being
serviced and issues an Interrupt to the CPU based on this
determination.

Each peripheral device or structure usually has a special
program or “‘routine’’ that is associated with its specific
functional or operational requirements; this is referred to
as a “‘service routine’’. The PICU, after issuing an interrupt
to the CPU, must somehow input information into the CPU
that can “point” the Program Counter to the service rou-
tine associated with the requesting device. The PICU en-
codes the requesting level into such information for use as
a “‘vector”’ to the correct Interrupt Service Routine.
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<:> /0 (2}

|
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VI. Output Port (With Hand-Shaking) OUTPUT PORT (WITH HAND-SHAKING)

The 8212 can be used to transmit data from the data DATA

bus to a system output. The output strobe could be BUS

a hand-shaking signal such as “‘reception of data” —~) | < OUTPUT STROBE

from the device that the system is outputting to. It sTB

in turn, can interrupt the system signifying the re-

ception of data. The selection of the port comes

from the device selection logic. (DS1-DS2) N 8212 :j> SYSTEM OUTPUT

INT CLR Jo—— SYSTEM RESET
b~ I L-——— PORT SELECTION

SYSTEM Vee :|>(E°«_TCH CONTROL)
INTERRUPT (DS1.DS2)

VII. 8080 Stat s Latch
Here the 8212 is used as the status latch for an 8080 Note: The mode signal is tied high so that the output
microcomputer system. The input to the 8212 latch  on the latch is active and enabled all the time.

is directly from the 8080 data bus. Timing shows |t is shown that the two areas of concern are the
that when the SYNC signal is true, which is con-  bidirectional data bus of the migroprocessor and the
nected to the D32 input and the phase 1 signal is control bus.
true, which is & TTL level coming from the clock

generator; then, the status data will be latched into

the 8212.
8080 STATUS LATCH
Y Dy
o, |2 D,
8
D, D,
D, Dy
el E o DATA BUS
4 4
80130 Dy 4 Dg
5
Dy Dg
6
D, D,
syne 2
orin |22
o1 $2 STATUS
2 5 LATCH
12v 310, D, 2— INTA
-/-\- 5 6 w5 T T2
ov o \( 7 |8 STACK \ \
12 % HLTA A ‘
1'% out
18] 8212 [17 BASIC N\
20 o m - controL 2 S\
—_— BUS
CLOCK GEN. {o1TTL) 22 . 121 MEMR SYNC / \__
— CLR o
& DR VER 14| DS, mp DS, - _——
T3 |2 T 1 DATA —_—
} DBIN ‘ -
STATUS {
Vee
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8080 BI-DIRECTIONAL BUS
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16 Level Controlter
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IX. 8080 System

This drawing st ows the 8212 used in the 1/0 section
of an 8080 miciocomputer system. The system con-
sists of 8 input ports, 8 output ports, 8 level priority
systems, and s bidirectional bus driver. (The data
bus within the system is darkened for emphasis).
Basically, the cperation would be as follows: The 8
ports, for exarm ple, could be connected to 8 key-
boards, each keyboard having its own priority level.
The keyboard could provide a strobe input of its
own which would clear the service request flip-flop.
The INT signals. are connected to an 8 level priority
encoding circuit. This circuit provides a positive
true level to the central processor (INT) along with
a three-bit cod: to the interrupt instruction port for
the generation of RESTART instructions. Once the
processor has k een interrupted and it acknowledges
the reception of the interrupt, the interrupt Acknowl-
edge signal is 1yenerated. This signal transfers data
in the form of it RESTART instruction onto the buf-
fered data bus When the DBIN signal is true this
RESTART instruction is gated into the microcom-
puter, in this case, the 8080 CPU. The 8080 then per-
forms a softwar 2 controlled interrupt service routine,
saving the stawus of its current operation in the
push-down stack and performing an INPUT instruc-
tion. The INPU™ " instruction thus sets the INP status

5107

bit, which is common to all input ports.

Aiso present is the address of the device on the
8080 address bus which in this system is connected
to an 8205, one out of eight decoder with active low
outputs. These active low outplts will enable one of
the input ports, the one that interrupted the proces-
sor, to put its data onto the buffered data bus to be
transmitted to the CPU when the data bus input
signal is true. The processor can aiso output data
from the 8080 data bus to the buffered data bus
when the data bus input signal is false. Using the
same address selection technique from the 8205
decoder and the output status bit, we can select
with this system one of eight output ports to trans-
mit the data to the system’s output device structure.

Note: This basic I/0 configuration for the 8080 can
be expanded to 256 input devices and 256 output
devices all using 8212 and, of course, the appropri-
ate decoding.

Note that the 8080 is a 3.3-volt minimum high input
requirement and that the 8212 has a 3.65-volt mini-
mum high output providing the designer with a 350
milli volt noise margin worst case for 8080 systems
when using the 8212.
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FUNCTIONAL DESCRIPTION

Microprocessors like the 8080 are MOS devices and are
generally capable of driving a single TTL load. The same is
true for MOS mernory devices. While this type of drive is
sufficient in small systems with few components, quite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a multi-board
system.

The 8216/8226 is a four bit bi-directional bus driver specif-
ically designed to buffer microcomputer system components.

Bi-Directional Driver

Each buffered line of the four bit driver consists of two
separate buffers that are tri-state in nature to achieve direct
bus interface and bi-directional capability. On o¢ne side of
the driver the output of one buffer and the input of another
are tied together {DB), this side is used to interface to the
system side components such as memories, 1/0, etc., be-
cause its interface is direct TTL compatible and it has high
drive (50mA)}. On the other side of the driver the inputs
and outputs are separated to provide maximum’ flexibility.
Of course, they can be tied together so that the driver can
be used to buffer a true bi-directional bus such as the 8080
Data Bus. The DO outputs on this side of the driver have a
special high voltage output drive capability (3.65V} so that
direct interface to the 8080 and 8008 CPUs is achieved with
an adequate amount of noise immunity (350mV worst case).

Control Gating f)IEN, cs

The CS input is actually a device select. When it is “"high"
the output drivers are all forced to their high-impedance
state. When it is at ‘“zero’ the device is selected (enabled)
and the direction of the data flow is determined by the
DIEN input.

The DIEN input controls the direction of data flow (see
Figure 1) for complete truth table. This direction control
is accomplished by forcing one of the pair of buffers into its
high impedance state and allowing the other to transmit its
data. A simple two gate circuit is used for this function.

The 8216/8226 is a device that will reduce component count
in microcomputer systems and at the same time enhance
noise immunity to assure reliable, high performance op-
eration.
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Figure 1. 8216/8226 Logic Diagrams
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Absolute Maximum Ratings*

Temperature Ur der Bias Plastic .. —=65°C to +75°C

"COMMENT: Stresses above those listed unde
may cause permanent damage to the device,

Storage Tempeiature ....... ... —B5°C to +160°C  [nctionsl operation of the dovice at hess or at any iner condition avove
All Output or Su pply Voltages ....—0.5to +7 Volts
Al Input Voltages ............... —1.0to 5.5 Voits
OutputCurrents .. ....................... 125 mA
D.C. Characteristics
TA = 0°Cto +75°C Vcc = +5V *5%
Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.
Ie input _oad Current -.25 mA Ve = 45V
ACK, JS,, CR, DI,-Dl; Inputs
Ir Input _oad Current -.75 mA Ve = 45V
MD Input
I Input _oad Current -1.0 mA Ve = 45V
DS, trput
le Input _eakage Current 10 WA Ve = 5.25V
ACK, 18, CR, DI,-Di; Inputs
I Input _eakage Current 30 HA Ve = $.25V
MO Irput
Ie Input Leakage Current 40 HA Ve = 5.25V
DS, Ir:put
Ve Input Forward Voltage Clamp -1 \ lc = +5mA
Vi Input “Low’ Voltage .85 Vv
Viu tnput “High” Voltage 2.0 \
Vou Outptt “Low” Voltage .45 \ loo = 15 mA
Vou Outpt t “High” Voltage 3.65 4.0 \ lon =[—1mA
tse Short Circuit Output Current -15 -75 mA Vo=DV
[lo] Outpit Leakage Current 20 A Vo = 145V/5.25V
High Impedance State
lee Powe - Supply Current 90 130 mA
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SCHOTTKY BIPOLAR 8216/8226

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ... .......... 0o vureennnnnenn. e Lo 0°C to0 70°C
Storage TEMPErature . .. ... ... ... ..ottt et e et e et e b -65°C to +150°C
All Output and Supply VOIEgES . . . . . .ottt ittt et ettt e e e A -0.5V to +7V
Al TNpUt Voltages . . .. ...ttt e e e [ ~1.0V to +5.5V
OUtPUL CUITENTS .« . . . . . it et e e e e ‘ ............ 125 mA

|
*COMMENT: Stresses above those listed under ““Absolute Maximum Rating’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or-at any other condition above those indicated in the ope}ational sections of this specifi-

cation is not implied. I

Ta = 0°C to +70°C,Vc=+5V 5%
Limits
Symbol Parameter Min. Typ. Max, Unit Conditions
Igq Input Load Current-DIEN, C§ -0.15 -5 mA Vg =0.45
g Input Load Current All Other Inputs -0.08 -.25 mA Ve =0.45
Ir1 Input Leakage Current DIEN, CS 20 MA VR|=5.25V
lr2 Input Leakage Current DI inputs 10 HA VR[=56.25V
Ve Input Forward Voltage Clamp -1 \% Ic = -6mA
ViL Input “Low"’ Voltage .95 \
Vin Input “High” Voltage 20 \
liol Output Leakage Current DO 20 HA Vo £ 0.45V/5.25V
(3-State) ‘DB 100 .
| p Suroly C . 216 95 130 mA
ower Su urren
ce PRy 8226 8 | 120 | mA
Vou1 Output “Low” Voltage 0.3 .45 \ DO|Outputs lg =15mA
DB QOutputs Igy =25mA
05 \ DB Outputs lg =55mA
VoLz Output “Low"” Voltage
226 05 v DB Outputs g =50mA
VoH1 Output ""High” Voltage 3.65 4.0 \ DO |[Outputs lgy = -1mA
VoH?2 Output “High’’ Voltage 24 3.0 v DB Outputs lgy = -10mA
los Output Short Circuit Current -15 -35 -65 mA DO |Outputs Vo=0V,
-30 -75 -120 | mA DB Dutputs Vpe=5.0V
NOTE: Typical values are for T = 26°C, Ve =5.0V.
k
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Timing Diagi'am
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PROGRAMMABLE PERIPHERAL INTERFACE

E 24 Projjrammable 1/0 Pins m Direct Bit Set/Reset Capability
= Compl:tely TTL Compatible Easing Control Application Interface
® Fully Compatible with MCS™ -8 and B 40 Pin Dual In-Line Package

MCS™ 80 Microprocessor Families ® Reduces System Package Count

The 8255 is a g2neral purpose programmable 1/0O device designed for use with both the 8008 and 8080
microprocessors. It has 24 /0 pins which may be individually programmed in two groups of twelve and
used in three major modes of operation. In the first mode (Mode 0), each group of twelve 1/0 pins may be
programmed in s:ts of 4 to be input or output. In Mode 1, the second mode, each group may be programmed
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt
control signals. The third mode of operation (Mode 2} is a Bidirectional Bus mode which uses 8 lines for a
bidirectional bus and five lines, borrowing one from the other group, for handshaking.

Other features o’ the 8255 include bit set and reset capability and the ability to sourceé TmA of current at
1.5 volts. This allows darlington transistors to be directly driven for applications such gs printers and high
voltage displays.

PIN CON “IGURATION 8255 BLOCK DIAGRAM
Paz]1 \/ 40 PA4
raz[]2 28] pas ‘
pat 3 38[] pas ]
pao ] e 37[) par POWER v GRoup
mB0s 3[R S o | g U Gmm—
& 5[ RESET 1 contror [N -
GND 5 7 3a[7) b, [~
a1(s 33[7] b, T
ao[]e 32(71 D, l
pc7 {10 8255 3100, pr—
pee )11 3] o, A e 10
= e (— o ;:J> ey
pca []13 28] b, 81 DIRECTIONAL DATA BUS oaTA
pco 14 27[1p, o, n,‘< > oo
per s %1 Yee INTERNA anou
pc2 (16 25 P87 DATA BUS : : Poﬁnrc _ : o
rpea []17 24 rB6 1 Rl D Feteo
peo (|18 23] pB5
re1]19 22/ Pea
Pe2[}20 21 E PB3 . I
[ J——
R —————o] EAD aRouP aRouP
p—] conTROL contron [N ——_—> 08T :::’> ouops,
PIN NAMES P
RESET —————=| L =
D,-Dy D ATA BUS {BI-DIRECTIONAL) f
RESET R ISET INPUT
=] CHIP SELECT
RI) R ZAD INPUT = ?
WR WRITE INPUT
AQ, A1 PORT ADDRESS
PA7-PAQ PORT A (BIT)
PB7-PBO PORT 8 (BIT)
PCT-PCO PORT C (BIT)

Vee | +.voLTS
GND 1 @voLts
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8253 PRELIMINARY
FUNCTIONAL DESCRIPTION

In Microcomputer-based systems the most common inter-
face is to a mechanical device such as a printer head or step-
per motor. AH such devices have inherent delays tHat must
be accounted for if accurate and reliable performance is to
be achieved. The systems software allows for such delays by
programmed timing loops. This type of programming re-
quires significant overhead and maintenance of multiple
loops gets extremely complicated.

The 8253 Programmable Interval Timer is a single chip so-
lution to system timing problems. In essence, it is a group of
three 16-bit counters that are independent in nature but
driven commonly as /O peripheral ports. Instead of setting
up timing loops in the system software, the programmer
configures the 8253 to match his requirements. The pro-
grammer initializes one of the three counters of the 8253
with the quantity and mode desired then, upon command,
the 8253 will count out the delay and interrupt the micro-
computer when it has finished its task. It is easy to see that
the software overhead is minimal and that multiple delays
can be easily maintained by assigned interrupt levels to dif-
ferent counters. Other functions that are non-delay in nature
and require counters can also be implemented with the 8253.

® Programmable Baud Rate Generator
® Event Counter

® Binary Rate Multiplier

® Real Time Clock

System Interface

The 8253 is a component of the MCS-80 system and inter-
faces in the same manner as all other peripherals of the
family. It is treated by the systems software as an array of
1/0 ports; three are counters and the fourth is a control
register for programming. The OUT lines of each counter
would normally be tied to the interrupt request inputs of
the 8259.

The 8253 represents a significant improvement for solving
one of the most common problems in system design and
reducing software overhead.

6170

DATA

8uUs
BUFFER

j#———— CLK O
CDU#I\:,TER GATEO

" {————a0UT 0

1

L R ——
e e LK1
i ——)
- READ/ OUNTER
WRITE N COUNTER L GaTE
A LoGIC
| out1
A >
CONTROL e CLK 2
REGISTER | — <::> counTeR GATE 2
mope | ¥ !
SELECTION et OUT 2
INTERNAL 8US /,\_ :
8253 Block Diagram.
( ADDRESS BUS (16) §
A (A
g CONTROL BUS )
| I l II/OR iow
¢ DATA BUS (8) B
Ay A, CS DyDy RD  WR
8253 |
COUNTER COUNTER COUNTER
0 1 2
I . 1T L T . 1
OUT GATE CLK ' ' OUT GATE CLk' |ouT GATE cLK

8253 System Interface.
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(RESET)

Reset: A “*high’’ on this input clears all internal registers in-
cluding the Contiol Register and all ports (A, B, C) are set
to the input mode..

Group A and Group B Controls

The functional configuration of each port is programmed
by the systems s>ftware. In essence, the 8080 CPU “‘out-
puts” a control wvord to the 8255. The control word con-
tains informatior such as “‘mode’”, “bit set’, ‘‘bit reset”
etc. that initialize:: the functional configuration of the 8256.
Each of the Cont ol blocks {Group A and Group B) accepts
“commands” froin the Read/Write Control Logic, receives
“‘control words” from the internal data bus and issues the
proper command: to its associated ports.

Control Group A - Port A and Port C upper (C7-C4)

Control Group B — Port B and Port C lower {C3-C0)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

8255 BLOCK DIAGRAM

Ports A, B, and C

The 8255 contains three 8-bit ports (A, B, and C). All can
be configured in a wide variety of functional characteristics
by the system software but each hgs its own special features
or “personality”’ to further enhance the power and flexi-
bility of the 8255,

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B: One 8-bit data input/output latch/buffer and one
8-bit data input buffer,

Port C: One 8-bit data output latch/buffer and one 8-bit
data input buffer {no latch for input). This port can be di-
vided into two 4-bit ports under the mode control. Each 4-
bit port contains a 4-bit latch antl it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B.

PIN CONFIGURATION

Pas[J1 S 40[7) pas
paz (2 [ Pas
Pa1 [ 38[]ras
Pao (|8 37| ] ea7
RO[]p 36 ] WR
Cs [k 35 [ ] RESET

GND [ 7 34[] b,
Aar1[]p 3{]o,
Ao []p 2{]0,
ec7 o 31[] D,
eca ()1 8255 5o,
pcs[])2 28{] Dg
rca (13 228[J o,
eco[])e 27 p,
pct[]15 26 Ve
rc2[]16 26[ ] P87
pca []17 24 ) PB6
peo (18 23{ ] P85S
#8119 22( ] PB4
pez2[]30 21[Jras

PIN NAMES

D;-Dy DATA BUS (BI-DIRECTIONAL)

RESET RESET INPUT

[ CHIP SELECT

AD READ INPUT

WR WRITE INPUT

AQ, A1 PORT ADDRESS

PA7-PAD] | PORT A (BIT)
PB7-PBO PORT B (BIT)
PC7-PCO PORT C (BIT)
Vee +5 VOLTS
GND @ VOLTS

w
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8257 PRELIMINARY FUNCTIONAL DESCRIPTION

The transfer of data between a mass storage device such as
a floppy disk or mag cassette and system RAM memory is
often limited by the speed of the microprocessor. Removing

. the processor during such a transfer and letting an auxillary
device manage the transfer in a more efficient manner; would
greatly improve the speed and make mass storage devices
more attractive, even to the small system designer.

The transfer technique is called DMA (Direct Memory Ac-
cess); in essence the CPU is idled so that it no loni;er has
control of the system bus and a DMA controller takes over
to manage the transfer.

The 8257 Programmable DMA Controller is a single chip,
four channel device that can efficiently manage DMA activ-
ities. Each channel is assigned a priority level so ‘that if
multi-DMA activities are required each mass storage device
can be serviced, based on its importance in the systiem. in

|
i

operation, a request is made from a peripheral device for
access to the system bus. After: its priority is accepted a
HOLD command is ussued to the CPU, the CPU issues
a HLDA and that DMA channel has complete control of the
system bus. Transfers can be made in blocks, suspending
the processors operation during|the entire transfer or, the
transfer can be made a few bytes at a time, hidden in the
execution states of each instru@ion cycle, {cycle-stealing).

The modes and priority resolvi‘hg are raintained by the
system software as well as initia!ihing each channel as to the
starting address and length of tralﬁsfer.

The system interface is similar to the other peripherals of
the MCS-80 but an additional 8212 is necessary to control
the entire address bus. A special control signal BUSEN is
connected directly to the 8228 so that the data bus and
control bus will be released at th4 proper time.

ADDRESS BUS (18}

CONTROL BUS )
[ I l ’ l ilo—w1 liﬁ)ﬁ I 1 Homl l | I i AESET
( DATA BUS (8) )
AuA MEMR MEMW READY| |
L 3att] !
]
AD'A!, A"A7
pu——
8212 8
N i
HLDA SarrTLd
BUSER
8228 J)
O v A) [e NN o]
€5 AgAg Agh; ADSTB  AEN 0,0y 110 MEM HOLD HLDA cLK RDYIN  RESET
W R R W
8267
128/266 DACK DRQ DACK DRQ DACK DRQ DACK ORa
MOD  TC 3 3 2 2 1 1 ) )
T L O O A (O
OMA CHANNEL REQUESTS AND ACKNOWLEOGES
System Interface 8257.
{ ADDRESS BUS ; i
CONTROL BUS ‘ 3
] ihi bl ] L
¢ DATA BUS 3
DRQO
. 3
DACK 0 -+ DISK 1 YoM
DRO1 - MEMORY
4 DACK 1  _
8212 DRQ 2
DACK 2
oRQ 3 DISK 2
DACK 3

DMA CONTROLLER

DL!AL FLOPPY DISK CONTROLLER

System Application of 3257,
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CONTRIL WORD

D, {Dg | D5 | Dy | Dy | D, | Dy | Dy

BIT SET/RESET
X X x 1= SET
0 = RESET
DON'T
CARE
BIT SELECT
o[1[2[3[4]5[6[7
o[1]0]1[0}1[0[1]Bq]
oJo[1]1]o[o]1]1]e4]
ofolofo[1{11]1]B,]

8IT SET/RESET FLAG
0= ACTIVE

Bit Set/Reset Forn at

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255 is programmed to| operate in Mode 1 or
Mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt request
signals, generated from Port C, can be inhibited or enabled
by setting or resetting the associated INTE flip-flop, using
the Bit set/reset function of Port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the| CPU without effecting
any other device in the interrupt strycture.

INTE ftip-fiop definition:

(BIT-SET) — INTE is SET - Interrupt enable
(BIT-RESET) — INTE is RESET » Interrupt disable

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Mode::

Mode 0 (Basic Ir put/Output)

This functional ccnfiguration provides simple Input and
Output operations for each of the three ports. No “hand-

shaking” is required, data is simply written to or read from
a specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit gorts.
Any port can be input or output.
Outputs are latched.

Inputs are not latched.
16 different Input/Output configurations are possible
in this Mode.

BASIC INPUT
TIMING (D7-L g

FOLLOWS INI'UT, INPUT

NO LATCHIN 3)

e - — — e E— e s A S E——
By, % ¥
o — —— — e ———
t DELAY TIME t DELAW TIME
FROM RD FROM ENPUT DATA

N 7

BASIC OUTPLT ——— N SET-UP VIOLAYI--N_ _—

TIMING (OUT UTS D, 0, )( X X:X
LATCHED) -——— —————— o ————

ouTPUT
tDATA | e tDATA A
SET-UP
—] CDELAYTIME 0 OUTPUT DATA
FROM WR INVALID

Mode 0 Timing
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8259 PRELIMINARY
FUNCTIONAL DESCRIPTION

In microcomputer systems, the rate at which a peripheral
device or devices can be serviced determines the total amount
of system tasks that can be assigned to the control of the |
microprocessor. The higher the throughput the more jobs ¢ ADDRESS BUS (16) 3
the microcomputer can do and the more cost effective it be- I i

comes. Interrupts have long been accepted as a key to im- ONTROLEUS |
proving system throughput by servicing a peripheral device ]

only when the device has requested it to do so. Efficient

managing of the interrupt requests to the CPU will have a DATABUS (&) ‘ )

§
significant effect on the overall cost effectiveness of the '
microcomputer systerri. ‘

The 8259 Programmable Interrupt Controller is a single-chip 5 0%05 Ay DyDp; RD WR INT INTA
device that can manage eight levels of requests and has built- CASCADE i - ! a259

in features for expandability to other 8259s {up to 64 levels). LINES @5 o mo m‘o 10 180 130 mo ma
It is programmed by the systems software as an /O periphe- 5

ral. A selection of priority algorithms is available to the pro-

grammer so that the manner in which the requests are pro-

cessed by the 8259 can be configured to match his system SLAvE

. . . . . : INTERRUPT
requirements. The priority assignments and algorithms can | REQUESTS

be changed or reconfigured dynamically at any time during
the main program. This means that the complete interrupt
structure can be defined as required, based on the total sys-
tem environment.

8259 System Interface.
The system interface is the same as other peripheral devices

in the MCS-80. A special input is provided (SP) to program

the 8259 as a slave or master device when expanding to

more than eight levels. Basically the master accepts INT in-

puts from the slaves and issues a composite request to the

8080A; when it receives the INTA from the 8228 it puts

the first byte on the CALL on the bus. On subsequent

INTAs the interrupting slave puts out the address of the

vector.

I ADDRESS BUS (18) {
CONTROL BUS y 1
L | || | L T
( DATA BUS (8) §
>
— b4 SN2 A 4
b. b o
sfi{,’% 2 o SL?SQE 1 o O MX?TQER
o1 o 9 ;
SP 5B 5P
21 20 19 18 17 18 15 14 1121110 9 8 7 6 5 4.3 2 1 0

(. I
T
INTERRUPT REQUESTS

Cascading the 8259 22 Level Controller (Expandable to 64 levels).
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Dimensions in inches and {millimeters).

16-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)
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I
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[I—

]
|
} E !
| T PN D
380 {9,652)
00 {10,16) ™25 R. REF
(NOTCH OPTIONAL)
I
i
010 {9,354)
040 (1.018)
i \] e —
200 5.0
MAX.
LA : ]
| o _offl
| - I 2
100 i284) i 043 (1,002} " 0,406) {020 L.MI -
750 (381) > -~ {960 (1 nouom)
060 (152) 023 (0.584) )‘ 010 0.250)
e 10 EQ. SPACES @ 100 12,540) <P‘
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Input Control Signal Definition

MODE 1 (PORT A)
STB (Strobe Input

A “low" on this in ut loads data into the input latch. CONTROL WORD PAy PRy
IBF (Input Buffar Full F/F) e T B e B T N B v T B
Llofn [ [uDAXD | LA i ™ "
A “high” on this output indicates that the data has been pe j PC; — 15,
loaded into the input latch; in essence, an acknowledgement. 1:.’,:””
IBF is set by the falling edge of the STB input and is reset 0= ouTPUT ;
by the rising edge ¢ f the RD input. | PCy[——> INTR,
INTR (1 R ) " C
2
nterrupt Request e s o
A “high” on this cutput can be used to interrupt the CPU
when an input device is requesting service. INTR is set by MODE 1 (PORT B)
the rising edge of STB if IBF is a “one” and INTE is a
“one”. It is reset by the falling edge of RD. This procedure CONTROL WORD PerPB -F.
allows an input device to request service from the CPU by b, Dy Dy D, Dy D, Dy D, P
simply strobing its data into the port. I T I><]><]><]>q B | , [><| } e PCy J+— 8T8,
p =
j PC f—— 1BF,
INTE A j
PCyt—— INTR
Controllzd by bit set/reset of PC,. i °
RD ——0)
INTEB
Controll:d by bit set/reset of PCo.

Mode 1 Input

MODE 1 (STROBED INPUT}

BASIC TIMING

IBF
{INPUIT BUFFER FULL)

L N/

NO PROTECTION
FOR THIS OPERATION

DATA
INPUT

INTERNAL ’ \

INPUT LATCH

INTR \
.

Basic Timing Input
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TWX: 910-338-0026

TELEX: 34-6372

SALES AND MARKETING OFFICES

U.S. AND CANADIAN SALES OFFICES

ALABAMA

Barnhill and Associates
7844 Horseshoe Trail
Huntsville 35802

Tel: {205) 883-9394

ARIZONA

Sales Engineering, Inc.
7155 E. Thomas Road, No. 6
Scottsdale 85252

Tel: {602) 045-5781

TWX: 910-950-1268

CALIFORNIA

Intel Corp.*

990 E. Arques Ave.
Suite 112
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Tet: (408) 738-3870
TWX: 910-338-9279
Mac-|

P.Q. Box 1420
Cupertino 95014
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Earle Associates, Inc.
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Tel: (714) 278-5441
TWX: 9‘0 335 1585
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Suite
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Tel: {714) 835-9642
TWX: 910-595-1114

COLORADO

tntel Corp.
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Suns

Tel: 1303) 373- 1920
TWX: 910-932-0322

FLORIDA

Intel Corp.

1090 NE 27th Terrace
Pompano Beach 33062
Tei: (305) 761-7450
TWX: 510-958-9407

FLORIDA (cont.)
Intel Corp.

5151 Adanson Street, Suite 200-3
Orlando 32804

Tel: (305) 628-2383

TWX: 810-853-9219

ILLlNOlS
Intel Cor)
900 Jone Buulavaru
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Tel: (312) 325 95‘0
TWX: 910-651-5881

IOWA

Technical Representatives, Inc.
1703 Hillside Drive

Cedar Rapids

Tel: (319) 396 5662

KANSAS

Technical Representatives, inc.
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Olathe 68061

Tel (913) 782-1177

TWX; 910-749-6412

MARYLAND

Barnhill and Associates
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Timonium 21083

Tel: (301) 252-7742

intel Corp.*

57 West Timonium Road
Suite 307

Timonium 21083

Tel: (301) 252-7742
TWX: 710-232-1807
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Tel (617) 891-4600
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EUROPEAN MARKETING OFFICES
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Intel Internationai*
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Tel: (02) 660 30 10
TELEX: 24814
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Intel Corporation, S.ARL."
74, Rue D'Arcusil
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Tel: (01) 687 22 21
TELEX: 270475

ORIENT MARKETING OFFICES

JAPAN
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1-23-9, Shinmachi, Setagaya-ku
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Tel: (03) 426-9261
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Hong Kon
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AUSTRIA
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TELEX: 484426
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Intel Corp.
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TELEX: 231143
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Tel: {812) 835-6722
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Trade Center Bidg.

300 Prookes Drlve, Suite 108
Hazdlwood 63042

Tet: (314) 731-5200

TWX: 910-762-0618

NEW JERSEY
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2 Kilmer Road
Edison 08817
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TWX: 710-480-6238
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6901 Jericho Tunpike
Syosset 11791

Tel: (518) 364-9860
TWX: §10-221-2198
Intel Corp.
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Tel: {716) 328-7340
TWX: 510-253-3841
T-Squared

3522 James Street
Syratuse 13206

Tel: (315) 463-8592
TWX: 710 541-0554

SCANDINAVIA

Inte! | Scandinavia A/$*
Lyngbyvej 32 2nd Floor
DK-2100 Copenhagen East
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01) 18 20 00

TELEX 19567

Intel Sweden AB*

Box 86

S-16212 Vallingby 1
Sweden

Tel: (08) 3

TELEX: 13154 (ABCENT)

TAIWAN

Tatwan Automation Co.*
8th Rloor, 140, Section 1
Chung Hsiao E. Road
Taipei

Tel: 3983-1115

TELEX: 11942 TAIAUTO

HONG KONG

ASTEC Intarnational
Keystone House, 2nd Floor
Hankow Road, Kowloon
Tel: 3-687760

TELEX: 74899 ASCOM

ISRAEL

Telsys Ltd.,

54, Jabotinsky Road
IL-Rgmat - Gan 52 464
Tel: (3} 73 98 65
TELEX: 32392
Eastronics Lid.

11 Rozanis Street
P.O.

Tel-Aviv

Tel: 475151

TELEX: 33638

ITALY

Eledra 3S S.P.A,

Viale, Eivezia, 18

20154 Mitan,

Tei: (02} 3493041

TELEX: 39332

Eledta 38 S.P.A.

Via Giuseppe Valmamna 63
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Tel: (06) 8127 290 8127324
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P.O. Box W
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Tel: (716) 381-2551
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Tel: (914) 473-2303
TWX: 510-248-0080
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Barnhill and Associates
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Raleigh 27609

Tel: (919) 878-5617

OHIO

Intel Corp.

8312 North Main Street
Dayton 45415

Tel: (513) 890-5350
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Intel Corp.*

27801 Euclid Ave.
Suite 450

Euctid 44132
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Vantage Sales Company
21 Bala Avenue
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Tel: (2!5) 667-0980
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Broadfield House
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Tel: (0865) 77 14 31

TELEX: 837203

Intel Corporation (U.K.) Ltd.
46-50 Beam Street
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TELEX: 36620

TAIWAN (cont)
Asionics-Taiwan, inc.

205 Pa-Teh Road, Saction 4
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No. 1 Higashikata-Machi
Midori-Ku, Yokohama 226
Tel: (045} 471-8811
TELEX: 781-4773

NETHERLANDS
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Tel: {020) 934824
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Nordisk Elekironik (Norge) A/S
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N-Oslo 2

Tei: (02) 55 38 93

TELEX: 16963

SOUTH AFRICA

Electronic Bmldmg Elements
P.O. Box

Pretoria

Tel: 78 92 21

TELEX: 30181

SPAIN
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Ronda Genera! Mitre *7
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Tel: {93) 203-53-30
TELEX: 52838

TENNESSEE

Barnhill and Assoclates
206 Chickasaw Drive
Johnsdn City 37601
Tel: (615) 928-0184
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Evans & McDowell Associates
13777 N. Ceniral Expressway
Suite 4p5

Dallas 75231

Tel: (2)4) 238-7157

TWX: 910-867-4763

Evans & McDowell Associates
6610 Harwin Avenue, Suite 125
Houstdn 77036
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Suite 178

Dallas 75240

Tel: (2]4) 661-882¢
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4 Barren Street
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Combinations ¢f Mode 1

Port A and Port 3 can be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications.

3 p— Pc4<——-STBA WR ——0f PCy |—— OBF,
PCg |——» IBF, PCg |«——n ACK,
CONTROL WORD CONTROL WORD
D; Dg D5 Dy Dy D 11y Dy PCyf——» INTR, D, Dg Dy D, D; D, Dy D, PCy |—— INTR,
BRORRZa Z@ 2 L e[t Te]e[r T TX] 2
PCq. 7 [w—st— 110 I I PCy g f+—~— 10
PCq 7 PCas
1= NPUT PB4 1= INPUT '
0= SUTPUT BrP% I> 0=0OUTPUT PBr PR K =2
Wi ——»0 PC, f——» OBF, RD—>0) PCfe— 515,
#C, [«—— ACK, PCy—— IBF,
PCyf—INTR, PCo [—— INTR,
PORT A — (STROBED INPUT) PORT A — (STROBED OUTPUT}
PORT B ~ (STROBED OUTPUT) PORT B — (STROBED INPUT)
Operating Modes Output Operations

Mode 2 (Strobed Bi-Directional Bus 1/0)

This functional co figuration provides a means for com-
municating with a peripheral device or structure on a single
8-bit bus for both 1ransmitting and receiving data (bi-direc-
tional bus 1/0). “Hadshaking" signals are provided to main-
tain proper bus flowv discipline in a similar manner to Mode
1. Interrupt generétion and enable/disable functions are
also available.

Mode 2 Basic Fu.ictional Definitions:

® Used in Groug A only.

® One 8-bit, bi-lirectional bus Port {Port A) and a 5-bit
control Port (P’ort C).

® Both inputs ard outputs are latched.

® The 5-bit cor trol port (Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bi-Directional Bu; 1/0 Control Signal Definition
INTR (Interrupt Rejuest)

A high on this outp 4t can be used to interrupt the CPU for
both input or outpu : operations.

5-123

OBF (Output Buffer Full)

The OBF output will go “low” to indicate that the CPU has
written data out to Port A.

ACK (Acknowledge)

A “low"” on this input enables the trijstate output buffer of
Port A to send out the data. Otherwjise, the output buffer
will be in the high-impedance state.

INTE 1 (The INTE Flip-Flop associated with OBF)
Controlled by bit set/reset pf PCg.
Input Operations
STB (Strobe Input)
A “low’ on this .input loads data into the input latch.
IBF (Input Buffer Full F/F)

A “high” on this output indicates thag data has been loaded
into the input latch,

INTE 2 (The INTE Flip-Flop associated with IBF)
Controlled by bit set/reset of PCy4.
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MODE 2 AND MODE 0 (INPUT)

PCy |——* INTR,

PA,-PAG

pC, |————s OBF,

CONTROL WORD PCy j+———— ACK,
Dy Dy Dg Dy Dy D, 11, Dy
S Y% Y%

] DX e ] oe,Jl—— =,
PCyq PCy f————— IBF,
1=1pPUT
0=0JTPUT s

PCy g fo—rf—r 110

s I

WR — ——q

MODE 2 AND MODE p {(OUTPUT)

CONTROL WORD
D, Dg Dy D, Dy D, D, D,

LXK e )

PCag
1= INPUT
0=QUTPUT

pC; |———r INTR,

PA,-PA

PCg |a——— AcK,

pC, |+——— T8,

PCg f————> 1BF,

3
PCpo |[+—F— 110

P8P8, s >

MO JE 2 AND MODE 1 (OUTPUT)

#C; s INTR,

PA,-PA

PC; |——— GBF,
CONTROL WORD

D, Dg D5 Dy Dy D, D D,
D [ DX °]X PC, |e——— 578,

PCy f—— 1BF,

PC | OBF,

RO o —— PC, fo——— ACKg

WR — —qf PCo e INTR

MODE 2 AND MODE 1 (INPUT}

CONTROL WORD

D; Dg Dg Dy D3 D, Dy Dy

L DX IX

[T Je—

[ ———

PCy |o——— INTR,

ec, p-e——n 0O8BF
PCq fo———— ACK,

PC, fe—— 578,

PCs [——— 18F,

| PB,-PB,

75,

PCy ———— 18,

PCy [———— INTR,

Mode 2 Combinaticns

5125
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Summary of Processor Instructions

Instruction Codel1) Clock (2} " Instruction Code(1} Clock(2)
Mnemonic  Description 0y Dg Dg Dy D3 D Dy Dp Cycies Mnemeonic  Description 0y Qs O; Dg D3 D2 Dy Dg Cycles
;

MOV,q, 2 Move register to register 0y D D DS S8 § 5 ¥4 Return an zero 11 0 0 10 0 O s/
MOV M, r  Move register to memory ¢ 1 1 1 0 8 § 8 7 ANZ Return on no zero 1 o 6 0 0 € 0 5/
MOV, M Move memory to register [ 0o D D1 1 @ 7 RP Return on positive 1 1 1 0 0 0 0 s/
HLT Halt v o1 1t 1 0 1t 10 7 L1 Return on minus T 1 1 1 1 0 00 §/1t
MVir Mave immediate register 00 0 0O D 1 1 0 1 RPE Return on parity even 11 1 ¢ v 0 0 0 511
MVIM Move immediate memory o0 1 t 0 ' 1t 0 10 RPO Return on parity odd 1 10 0 06 0 0 s
INR ¢ increment register 0 0 D D D1 0O O 5 RST Restart 11 A A AT 1T "
DCR v Decrement register ¢ 6 0D O D Vv 0 1 5 IN input t ) 0 110 1 10
INR M Increment memory 090 + 1 0 1 00 10 ouT Output 1+ 0 1 0 0 1 1 10
OCR M Decrement memory 0 0 1 1 0 1 0 1 10 LXI B {oad rmmediate register 0 0 0 ¢ 0 0 0 1 10
ADD ¢ Add register to A 1 0 0 0 0 S S 8§ 4 Pair8 & C
ADCr Add register to A with carry t 0 0 0 1 S8 § S 4 LXI D Load immediate register 06 0o 1 0 0 0 1 10
SuBr Subtract register from A 10 0 3 0 8 § S 4 PairD & E
SBB Subtract register from A 10 0 1 1 8 S8 S 4 LXIH Load immediate register 6 0 t 0 0 0 0 1 10

with borrow Pair H& L
ANA ¢ And register with A 10 1 0 0 S S S 4 LXI SP Load immediate stack pointer 0 - 90 1 1 0 0 0 10
XRA T Exclusive Or register with A 10 1 6 1§ S § 4 PUSH B Push register Pair B & € on 1 | 0 ¢ 0 1 0 1
ORAT Or register with A 10 1 10 S § S 4 stack
CMPy¢ Compare register with A T o 1 1 t s 8 8§ 4 PUSH Push register Pair 0 & E on T 1Y 0 1 0 1 0 1
ADDM Add memory to A 10 0 0 0 t 1 0 7 stack
ADCM Add memory to Awithcarry 1 0 0 0 1 1 t 0 7 PUSH H Push register Pair H & L on Py o100 10 1
SUBM Subtract memory from A t 0o 0 1 0 ¥ VO 7 stack .
SBBEM Subtract memary from A 10 0 1 1 1y 10 7 PUSH PSW  Push A and Flags LI 1 1 0 1 0 1 n

with borrow on stack ;
ANA M And memory with A 1o 1 o0 0 1 10 7 POP B Pop register pair B & C off 11 0 0 0 0 0 1 10
XRA M Exclusive Or memory with A 10 t 0 1t 1 1 0 7 stack :
ORAM Or memory with A o0y 10 1 10 7 POPD Pop register pair D & E ot 11 0 1 0 0 0 1 10
CMPM Compare memory with A 10 1 | I S T B 1) 7 stack !
ADI Add immediate to A 11 00 0 v Y O 7 POP H Pop register pair H & L off L | 10 0 0 0 1 10
ACI Add immediate to A with 110 0 1t 10 7 stack ;

carry POPPSW  Pop A and Flags 1y 1 10 0 81 10
sul Subtract immediate “rom A t 10 1 0 1 ' o0 1 off stack '
SBI Subtract immediate “rom A t 1 0 1 1t 1 v 0 7 STA Store A direct oD 1 1 0 0 1O 13

with borrow LDA Load A direct 0 b S S R 13
ANI And immediate with A 11 t 0 0 v 10 7 XCHG Exchange D& E, H& L 1 10 1 0 11 4
XRi Exclusive Or immediate with 1 10 1 1 10 7 Registers

A XTHL Exchange top of stack H & L to Tt 6 0 0 1 % 18
ORI Or immediate with A L I I I 1 SPHL H & L 10 stack pointer Tt 00 5
cPl Compare immediate with A LS S S R H R T () 7 PCHL H & L to program counter Tt F Y 0 1Y 0 0 i §
RLC Rotate A left 6 0 0 0 0 1 1 1 4 DAD B AddB&CroH&L o p 0 0 1 0 0 1 10
RRC Rotate A right 0o 0 0 1T 1T 1 4 DAD D AddDSEtoH&L op 0 1t 1t o0 01 10
RAL Rotate A left through carry 0 0 0 Y 0 1 11 4 DADH AddH& LtoH&L o p 1 0 1 0 0 i 10
RAR Rotate A right through g 0 0 1 1 v o1 4 DADSP  Add stack pointer to H & L o.b 1+ 1 1 0 01 10

carry STAXB Store A indirect ¢ p 0 0 0 0 1t O 7
JMP Jump unconditional 1 ¢ 06 0 0 1 10 STAX D Store A indirect 0 b 0o 1 0 0 10 7
i Jump on carry t 0 1 1 0 10 10 LDAX 8 Load A indirect e p 0 0 1V 0 10 7
INC Jump on no carry tr o0 1 60 10 10 LDAXD  Load A indirect oD 0 1 1 0 10 7
iz Jump on zero T 1o0 0 1 0 10 10 INXB Increment B & C registers Q D 0 0 0 0 1 5
INZ Jump on no zero 1T 1 0 06 6 0 10 10 INX D Increment D & E registers conp o0 1 0 0 11 5
» Jump on positive [ 10 INX H Increment H & L registers 6Dt 00 0 1 5
M Jump an minus o111 0 0 10 INX 8P Increment stack pointer 60 1t 1 0 0 1 1 5
JPE Jump on parity even L N O 10 ocx 8 Decrement 8 & C 0o 0 06 1V o 1 5
PO Jump on parity odd 110 00 10 0 DCX D Decrement D & E 00 0 1 1 0t 5
CALL Call unconditiona! t 1 06 0 v 1 01 17 DCX H Decrement H & L 0o 1 0 t o0 1 1 5
cc Call on carry T 1 0 1 1 1 00 nni DCX SP Decrement stack pointer 000D 1t 1 10 1 1 [
CNC Call on no carry t vt 0 1 0 t 0 O 117 CMA Complement A o0 v 0 ¥ 1 1t 4
cz Call on zero 11 0 0 1 1 00 1Nz STC Set carry g0 1t 0 1 1 1 4
CNZ Call on no zero t 10 0 0 1 0 0 nna CMC Complement carry 0 0 DI S A | 4
cP Call on positive 11 11 0 1 0 ¢ nn? DAA Decimal adjust A o6 1t 0 0 1 1 4
CM Call on minus LI T AR TR N B mnn SHLD Store H & L direct ¢ 0 1 0 0 0 1 O 16
CPE Call on parity even 11t + 0 1 1 00 nn7 LHLD Load H & L direct 6o t 0 1 o0 t 0 18
CPO Call on parity odd 1t 1 1 0 o 1 00 nnz El Enable interrupts DI T A 4
RET Return i1 0 0 1 0 0 10 ]| Disable interrupt 1 T 1 0 0 1 1 4
RC Return on carry 1 1 ¢ 1 1 0 0 0 s/ NOP No-operation 6 ¢ 0 0 0 0 0 O 4
RNC Return an no cerry Tt 1 ¢ 1 0 0 0 O 5/ :
NOTES: 1. DDD or S85 -~ 0008 — 001 C—- 010D — 011 E~100H — 101 L — 110 Memory — 111 A.

2. Two possible cycie times, {6/11) indicate instruction cycles dependent on condition flags.
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SILICON CGATE MOS 8255
INTERRUPT
REQUEST
APPLICATIONS OF THE 8255
. . . . Pes [ Pa, Ro
The 8255 is a v:ry powerful tool for interfacing peripheral - PA, R,
equipment to thi: 8080 microcomputer system. It represents PA, R, FULLY
the optimum usz of available pins and is flexible enough to PA, Ry omer
interface almost any /O device without the need for ad- PA, Ry
i . PA, R
ditional external logic. MODE 1 s s
. L . unpuT) | PAe SHIFT
Each peripheral device in a Microcomputer system usually PA, CONTROL
has a "service rcutine” associated with it. The routine man-
. . P 0BE
ages the software interface between the device and the CPU. Pz‘ i::(
The functional dzfinition of the 8255 is programmed by the L
1/0 service rout ne and becomes an extension of the sys-
tems software. 'y examining the 1/0 devices interface char- -
acteristics for bcth data transfer and timing, and matching Py By
this information to the examples and tables in the Detailed ::‘ ';1 BURROUGHS
Operational Des:ription, a control word can easily be de- PBZ Bz sg'rsﬁ;fi@"
T " . 3 '3
veloped to initizlize the 8255 to exactly ““fit” the applica- rB, B,
tion. Here are a few examples of typical applications of the PBy By
8255. (g‘l?TDPE,})— PByg BACKSPACE
rB, CLEAR
PC, DATA READY
INTERRUPT PC, AcK
REQUEST PCq BLANKING
PC, LPC, CANCEL WORD
] |
PCs b,
oA INTERRUPT
1 REQUEST
PA, HIGH-SPEED
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PC STROBE
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